From: Mary Hughes

To: Gross Reservoir S1-20-0003
Subject: Re: Docket#Docket # SI-20-0003:Gross Reservoir &Dam expansion
Date: Friday, December 18, 2020 3:30:32 PM

Dear County Commissioners’s,

In regards to the proposed expansion of Gross Reservoir Please read this article in the
Associated Press, dated 12/16/20, as well as The Colorado Sun titled:

US: More must be done to protect Colorado River
from drought

This has been put out by the US Bureau of Reclamation. Please heed their concerns and deny
this expansion.

Thank you,

Mary Hughes
Nederland Colorado

On Sun, Dec 6, 2020 at 8:09 AM Mary Hughes <hughesmj52@gmail.com> wrote:
Dear Board of County Commissioners,

As a 38 yr long resident of Western Boulder County I’m writing to say | vehemently oppose
the expansion to Gross Reservoir. This boondoggle being proposed by Denver Water
violates many of the land Use Codes put forth in Boulder County’s Land Use permit
application. This project will affect the forests, flora, fauna, rocks, air and citizens in a
profoundly negative way for many many years to come.

Taking water from the already depleted and overused Colorado River must stop. There are
so many critical issues due to climate change and the loss of critical snow mass which feeds
this beautiful river that this project will alter it and our lives for centuries to come.

The only solution is to educate and implement strict regulations to the public and
municipalities that live along the Front Range. Significant fines need to be legislated to the
extent that the practice of water conservation is the #1 priority of our citizens, state and local
governments.

Please heed my cry for conservation and education for the sake of the Colorado River.

Thank you,

Mary Hughes

31 Wildewood Dr
Nederland, Colorado 80466
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From: Norman Lederman/Oval Window Audio

To: Gross Reservoir SI1-20-0003

Cc: Norman Lederman/Oval Window Audio

Subject: Public comments re: Docket SI-20-0003: Gross Reservoir & Dam Expansion
Date: Friday, December 18, 2020 1:57:44 PM

December 17, 2020

EMAIL TO: grossreservior@bouldercounty.org
SUBJECT: Docket SI-20-0003: Gross Reservoir & Dam Expansion

Thank you for extending the comment period during this time of national chaos that is
affecting many aspects of America’s present and future.

We support the conservation & sustainability of existing natural resources, rather than
new development & expansion projects that threaten them, such as the proposed
Gross Reservoir & Dam plans.

Historically, the West has engaged in “water wars” in which the biggest, politically and
economically strongest and, for awhile, the best armed, were the winners. This is an
approach that is no longer sustainable or viable in the long term. While our future is
uncertain, this summer’s burning West brought the issues into clearer focus.

Responsible water conservation is the only meaningful pathway open to us. Even
Denver, instead of just taking, can learn new ways of living more in line with a future
of limited resources.

Sincerely,

Paula Hendricks & Norman Lederman
33 Wildflower Ct.

Nederland, CO 80466
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From: dan

To: Gross Reservoir SI1-20-0003
Subject: gross reservoir expansion
Date: Thursday, December 17, 2020 4:30:23 PM

Dear Planners and Commissioners,

The proposed expansion of the Gross reservoir resulting in the largest dam in Colorado would have
only aminor impact on Denver's water storage capacity, but would have major detrimental effects on
Boulder County, its residents, and surrounding forest ecosystems. It would constitute the largest
construction project in Boulder County's history, located less than 5 miles from the city of Boulder
and practically in the back yards of hundreds of mountain residents. It would require clear-cutting
of hundreds of thousands of trees and destroy sensitive habitats and alter migration paths of elk

and other wild animals. The project is expected to last for 7 years and would involve years of
round-the-clock blasting and other heavy construction activities introducing abundant air, noise,
and light pollution that would not only make life miserable for hundreds of local Boulder County
mountain residents, but also impact Boulder city residents living down-wind from the construction
site and those who recreate at Walker Ranch, Meyers Gulch, and Gross Reservoir itself. The
proposed project does not adequately address these issues, violates Boulder County ordinances on
noise and light pollution, and makes ajoke of Boulder County's stringent measures to protect the
environment and its enjoyment by its residents, such as restrictions on size, lighting, and

visibility of new residential construction. Moreover, the proposed expansion of the reservoir would
only exacerbate the already monumental depletion of Frasier and Colorado rivers. Allowing this
project to proceed would go against everything Boulder County stands for.

Sincerely,
Daniel Feldkhun

71 Benthaven Pl.
Boulder O 80305
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From: Bill Merline

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: STOP Gross Dam project
Date: Thursday, December 17, 2020 4:21:24 PM

Dear Boulder County Commissioners:

Thisisafollow up to my letter of Nov 13in
objection to the Gross Reservoir project.

| have spent significant additional time studying
the incomplete, insufficient, and incompetent plans
of Denver Water in this project and related analyses.

In particular, | urge you to study again the letter
submitted by my colleague, also in November, Dr. Clark
Chapman, who has been heavily involved in opposition
for well more than adecade. It demonstrates that the
plans and voluminous documentation from Denver Water
is mostly fluff and not at all relevant and does not
address the real problems. It demonstrates what | have
seen from consultants and other government entities
elsawhere --- in response to any questions, they simply
repeat what they said before, they pile on huge numbers
of tangentially relevant or irrelevant documentsinto

the record, and then hope that no one notices or that
people get tired of questioning their plans or

assertions.

Today, | attended a Board meeting of the Gilpin
Commissioners, and you will see aletter of
opposition to this project from them. They not only
have mgjor environmental concerns for the project
overall, but the plans for traffic through Gilpin
County for large trucks is simply unacceptable.

| would say, as an observer, that any plan to
funnel 1ogging trucks down the entire length of
Gilpin County on Hwy 119, every 20 minutes for
years and years, isinsane and irresponsible.

That section of 119 isjust recovering from the
same level of truck traffic for the last 1.5 years
for the Exel pipeline expansion. It nearly drove
residents out of their minds.

Let me suggest that if Boulder County REALLY thinks
it isagood ideato approve this absurd project,

then they need to direct all truck traffic to use

only Boulder County roads to move materials. It

is not acceptable to approve it and then push the
problems off to another county. Shame on you for
even considering it.
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Further, | have just heard that the updated number

of treesto be removed is 650,000 not 200,000 as

my previous letter used in my estimate of the lost

value to Boulder County from the treesaone. This
brings my new estimate to 6.5 BILLION dollars instead
of 2 BILLION dollars previously. Really? Doesthe
County REALLY want to throw away nearly $7B in
resources to help Denver's quest for thirsty and
unrestrained expansionism?

And what really takes the cake is that we learned
from the Gilpin County attorney today that the

fate of 85% of the removed treesis to be moved

to alandfill near US 6 and Hwy 93, where they

will be chipped and BURIED!! What kind of an
environmental terrorist came up with thisingenious
plan? To bury that volume of organic material

in the time of climate change has to be perhaps

the largest environmental crime in the history

of thisregion. They couldn't even have the
common decency to suggest that they be turned into
usable lumber?

Thisis not only the largest construction project
in Boulder County history, it will be the County's
largest environmenta nightmare ever.

Someone is out of their rocker on this project
and it simply needsto be stopped in its tracks.

Thanks for the consideration. Please do the right
thing.

Dr. William J. Merline

Staff Scientist

Southwest Research Institute
Boulder CO 80302

(Boulder County and Gilpin County property owner)
merline@boul der.swri.edu

303.582.9691
720.878.7858



From: Diane Merline

To: Gross Reservoir S1-20-0003
Subject: Opposition to Gross Reservoir Expansion Project
Date: Thursday, December 17, 2020 4:03:44 PM

To Whom it May Concern,

Since| last wrote to you in early November, | have learned more about
this project and it has only served to make me MORE adamantly opposed to
this project.

It would be detrimental to the environment and lifestyle of many and |
urge you to consider an alternative project.

Thank you for your consideration.
Sincerely,

Diane (Merline) Miller
Boulder County Property Owner
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From: James M. Ausberger, AIA

To: Gross Reservoir S1-20-0003
Subject: Docket S1-20-003 Gross Reservoir & Dam Expansion
Date: Thursday, December 17, 2020 4:03:37 PM

Re: Traffic & CDOT

As a resident of Lakeshore Park, | want to bring up the issue of increasing traffic congestion on
Flagstaff. We have noticed a significant increase in traffic following the opening of the reservoir to
recreational boating. Some drivers are oblivious to others, leading to unsafe conditions. Speeding
drivers are not the issue; It’s the slow drivers. On multiple occasions we witness cars stopping in the
middle of the road to photograph wildlife. At other times, drivers move at speeds between 10 and

20 mph, never checking their mirrors as cars accumulate behind. At one time this fall, | was the 14th
car behind such a driver.

To the best of my knowledge, there is no other 10 mile stretch of state highway in Colorado without
a passing lane.

To accommodate the ever increasing load on the highway, | would like to request a few items to
help reduce the potential hazards of the current situation.

1. Add an official passing lane north of Kosler Reservoir.

2. Add designated pull outs for slower traffic to pull over.

3. Add a signs at the bottom of the hill requesting the use designated pull-offs to allow commuters
to pass. “Please show courteously to all: Slower traffic please pull-over.”

With additional traffic, potential for conflict increases. It’s in everyone’s best interest to address this
in a manner that reduces the potential for automobile collisions, bicycle safety, and the avoidance
of potential conditions leading to road rage.

It's a beautiful area, and we are blessed as residents (unless it’s a Saturday or Sunday afternoon).
We are more than willing to share. Let’s work together to foster a good relationship between
residents and visitors.

Thank you.

James M. Ausberger, AIA, LEED AP

Associate

VAN TILBURG, BANVARD & SODERBERGH, AIA
SUITE 2250, 1670 BROADWAY, DENVER, CO 80202
T:303 6750041 x 208 C: 303 642 0500 www.vtbs.com
jausberger@vtbs.com
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From: johnwmackay@gmail.com

To: Gross Reservoir S1-20-0003

Cc: Lorena de Santa

Subject: GROSS RES: COMMENT AND REQUEST TO TABLE
Date: Thursday, December 17, 2020 3:23:48 PM
Attachments: Gross Res - MacKay.pdf

Thank you, please confirm receipt. JM
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JOHN MACKAY

1742 Lazy Z Road
Post Office Box 2
Nederland, CO 80466

johnwmackay(@gmail.com
720.361.6023

17 December 2020

Boulder County
grossreservoir@bouldercounty.org

RE: DENVER WATER'S GROSS RESERVOIR EXPANSION PROJECT, COMMENT AND
REQUEST TO TABLE

Dear Boulder County:

My wife and I own the property located at 1742 Lazy Z Road, Nederland, CO 80466. Our property is
adversely impacted by the project proposed in Denver Water's Areas and Activities of State Interest
(1041) permit application. I request that the application process be tabled until we get through the
COVID-19 public health crisis. These are my concerns:

DENVER WATER EXPECTS YOU TO RUSH.

In the cover letter that accompanied its application, Denver Water explained that it “seek[s] expeditious
review and consideration", and went on to request:

"that the County process this application in a timely manner, as any delay would jeopardize Denver
Water’s ability to comply with federal permits and the Federal Energy Regulatory Commission’s July
16, 2020 Order, which amended the hydropower license for the Project and requires construction of the
Project according to specified deadlines and milestones. Any undue delay in the County’s processing of
this 1041 permit application would compromise Denver Water’s ability to plan for Project construction
consistent with its schedule, the needs of its customers, federal permits, and the FERC Order." (Emph.
added.)

Denver Water is in a hurry. It expects you to jump to attention and rush this application through.
Perhaps its own haste is why the same cover letter fails to mention a significant and inconvenient loose
end — the coronavirus.

WE'RE IN THE MIDST OF THE PANDEMIC.

When the letter and application were submitted, Colorado was six months into the COVID-19 disaster
emergency. On November 20, 2020, the Department of Public Health and Environment issued its
Second Amended Public Health Order 20-36, imposing severe restrictions on the movement, activities,
and assembly of all Coloradans, based on how a community scores on the COVID-19 dial. Boulder
County is presently at Level Red: Severe Risk. The county, the citizens of this state, and the residents
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of this county cannot effectively examine, research, and fact-check the application, much less confer
and respond.

Yet Denver Water has the effrontery to insist that Boulder County race through its examination and
consideration of a project that would “build the tallest dam in the history of Colorado and be the
biggest construction project in Boulder County history” (Pagosa Daily Post, December 11, 2020.) It
expects you to slop together some sort of quick approval, public be damned, lest it be inconvenienced
like the rest of us.

Denver Water's proposal is itself compromised by COVID-19. Under Recreation Surveys, Denver
Water reports that “These on-site outreach and survey activities will continue during future summer
recreation seasons, when COVID-19 social distancing guidelines are no longer required.” (Emph.
added, page 30.) At page 31, Events, One-on-one/group outreach, Office hours, Denver Water admits:
“When the COVID-19 social distancing guidelines began in March 2020, Denver Water paused all in-
person activities to ensure the safety of staff and the public.”

NEVER HAS AN APPLICATION CALLED FOR MORE SCRUTINY.

The scope of the proposal is heart-stopping. I haven't been through it all (there is a pandemic going on)
but this one example stands out:

Denver Water proposes to flood SR 72 with heavy truck traffic: “up to 7,200 tons (approximately 288
trucks) of cement and fly ash deliveries will be required every week during RCC production.”
(Supply Trucks for Gross Reservoir Expansion, page 304.) That's 288 huge haulers per week, one trip
up, then one trip down. Assuming a 40 hour week, that's 14.4 cement and fly ash haulers per hour,
about one every four minutes, coming up or down Coal Creek Canyon - a winding, two-lane
mountain road. Not to mention tree removal material transporters (page 306), construction workers’
vehicles, concrete mixers, and other haul trucks. A road we mountain people use to escape fires, and
firefighters use to get to fires, when need be and on a moment's notice.

I would call that a colossal impact. Denver Water instead says this, as to recreational safety: “the
presence of additional heavy truck traffic may present a temporary moderate adverse impact on the
recreational experience and on the safety of road bicyclists who utilize this road.” (Emph. added, page
259.) “Moderate” seems nothing more than an effort to minimize the enormous and outlandish scale of
this project.

Denver Water doubles down on its artful choice of words with this: “The timing for deliveries of
cement and fly ash can easily be adjusted to accommodate the traffic restrictions established by Denver
Water for the GRE project, as well as critical commute times.” (Emph. added, page 302.) I call BS!
Have you ever been caught behind a fully-loaded hauler, going up a steep, winding, two-lane mountain
road? Much less a day-long caravan of them spaced eight minutes apart? With another caravan of
haulers coming down the other side of the road, also spaced eight minutes apart? The line-up builds
quickly and there aren't many places for those haulers to pull over. How easy will it be to “adjust”
when we've gotten the reverse 911 call, we're on our way down, and the firefighters are on their way
up? By the way. does Denver Water propose to continue these 288 weekly cement and fly ash

deliveries, plus 288 weekly return trips, during Red Flag warnings?






A brief digression re word choice: this is what Denver Water says about Lazy Z Road, the steep,
winding, always bumpy, and usually icy or muddy dirt road on which dogs and wildlife run, children
ride their bicycles and sleds, neighbors gather, and Lorena and I live:

“For tree removal from the west side of the Gross Reservoir, the proposed route includes approximately
3.2 miles of travel on Lazy Z (CR 97E) road to CR 132 and approximately 24 miles of travel on SH

119 between US 6 and County Road (CR) 132. Transport of these materials will result in increased
traffic on the west side access routes, however the existing traffic volumes on these roadways are very
low and impacts to the traveling public will not be significant. The Corps considered that traffic related
to tree removal would result in moderate temporary impacts.” (Emph. added, Tree Removal, page 306.)

I live on Lazy Z. I know Lazy Z. I've talked to my Lazy Z neighbors about the traffic on Lazy Z.
Without more analysis, “will not be significant” is Denver Water's way of saying “we don't know”;
“moderate temporary impacts” (there you go again, Denver Water), is its way of saying “we don't
care”.

LISTEN TO DR. FAUCI.
Here's what Dr. Fauci said this last Monday, December 14, 2020:
“By the time we get to the fall, we can start approaching some degree of relief where the level of

infection will be so low in society we can start essentially approaching some form of normality.”
(www.msn.com, Money Talk News.)

How can you — how can we, the people of this state and this county — examine, investigate, consider,
confer, and respond to a proposal of this magnitude under our current circumstances? A proposal that, if
approved without significant trimming, will change Boulder County for the worse. Forever. We cannot.
The just approach is to table this application until the fall — when we have essentially approached some
form of normality. That is my request.

Thank you for your consideration.

Sincerely,

John MacKay
JWM/ae



http://www.msn.com/




JOHN MACKAY

1742 Lazy Z Road
Post Office Box 2
Nederland, CO 80466

johnwmackay(@gmail.com
720.361.6023

17 December 2020

Boulder County
grossreservoir@bouldercounty.org

RE: DENVER WATER'S GROSS RESERVOIR EXPANSION PROJECT, COMMENT AND
REQUEST TO TABLE

Dear Boulder County:

My wife and I own the property located at 1742 Lazy Z Road, Nederland, CO 80466. Our property is
adversely impacted by the project proposed in Denver Water's Areas and Activities of State Interest
(1041) permit application. I request that the application process be tabled until we get through the
COVID-19 public health crisis. These are my concerns:

DENVER WATER EXPECTS YOU TO RUSH.

In the cover letter that accompanied its application, Denver Water explained that it “seek[s] expeditious
review and consideration", and went on to request:

"that the County process this application in a timely manner, as any delay would jeopardize Denver
Water’s ability to comply with federal permits and the Federal Energy Regulatory Commission’s July
16, 2020 Order, which amended the hydropower license for the Project and requires construction of the
Project according to specified deadlines and milestones. Any undue delay in the County’s processing of
this 1041 permit application would compromise Denver Water’s ability to plan for Project construction
consistent with its schedule, the needs of its customers, federal permits, and the FERC Order." (Emph.
added.)

Denver Water is in a hurry. It expects you to jump to attention and rush this application through.
Perhaps its own haste is why the same cover letter fails to mention a significant and inconvenient loose
end — the coronavirus.

WE'RE IN THE MIDST OF THE PANDEMIC.

When the letter and application were submitted, Colorado was six months into the COVID-19 disaster
emergency. On November 20, 2020, the Department of Public Health and Environment issued its
Second Amended Public Health Order 20-36, imposing severe restrictions on the movement, activities,
and assembly of all Coloradans, based on how a community scores on the COVID-19 dial. Boulder
County is presently at Level Red: Severe Risk. The county, the citizens of this state, and the residents


mailto:johnwmackay@gmail.com
mailto:grossreservoir@bouldercounty.org

of this county cannot effectively examine, research, and fact-check the application, much less confer
and respond.

Yet Denver Water has the effrontery to insist that Boulder County race through its examination and
consideration of a project that would “build the tallest dam in the history of Colorado and be the
biggest construction project in Boulder County history” (Pagosa Daily Post, December 11, 2020.) It
expects you to slop together some sort of quick approval, public be damned, lest it be inconvenienced
like the rest of us.

Denver Water's proposal is itself compromised by COVID-19. Under Recreation Surveys, Denver
Water reports that “These on-site outreach and survey activities will continue during future summer
recreation seasons, when COVID-19 social distancing guidelines are no longer required.” (Emph.
added, page 30.) At page 31, Events, One-on-one/group outreach, Office hours, Denver Water admits:
“When the COVID-19 social distancing guidelines began in March 2020, Denver Water paused all in-
person activities to ensure the safety of staff and the public.”

NEVER HAS AN APPLICATION CALLED FOR MORE SCRUTINY.

The scope of the proposal is heart-stopping. I haven't been through it all (there is a pandemic going on)
but this one example stands out:

Denver Water proposes to flood SR 72 with heavy truck traffic: “up to 7,200 tons (approximately 288
trucks) of cement and fly ash deliveries will be required every week during RCC production.”
(Supply Trucks for Gross Reservoir Expansion, page 304.) That's 288 huge haulers per week, one trip
up, then one trip down. Assuming a 40 hour week, that's 14.4 cement and fly ash haulers per hour,
about one every four minutes, coming up or down Coal Creek Canyon - a winding, two-lane
mountain road. Not to mention tree removal material transporters (page 306), construction workers’
vehicles, concrete mixers, and other haul trucks. A road we mountain people use to escape fires, and
firefighters use to get to fires, when need be and on a moment's notice.

I would call that a colossal impact. Denver Water instead says this, as to recreational safety: “the
presence of additional heavy truck traffic may present a temporary moderate adverse impact on the
recreational experience and on the safety of road bicyclists who utilize this road.” (Emph. added, page
259.) “Moderate” seems nothing more than an effort to minimize the enormous and outlandish scale of
this project.

Denver Water doubles down on its artful choice of words with this: “The timing for deliveries of
cement and fly ash can easily be adjusted to accommodate the traffic restrictions established by Denver
Water for the GRE project, as well as critical commute times.” (Emph. added, page 302.) I call BS!
Have you ever been caught behind a fully-loaded hauler, going up a steep, winding, two-lane mountain
road? Much less a day-long caravan of them spaced eight minutes apart? With another caravan of
haulers coming down the other side of the road, also spaced eight minutes apart? The line-up builds
quickly and there aren't many places for those haulers to pull over. How easy will it be to “adjust”
when we've gotten the reverse 911 call, we're on our way down, and the firefighters are on their way
up? By the way. does Denver Water propose to continue these 288 weekly cement and fly ash

deliveries, plus 288 weekly return trips, during Red Flag warnings?




A brief digression re word choice: this is what Denver Water says about Lazy Z Road, the steep,
winding, always bumpy, and usually icy or muddy dirt road on which dogs and wildlife run, children
ride their bicycles and sleds, neighbors gather, and Lorena and I live:

“For tree removal from the west side of the Gross Reservoir, the proposed route includes approximately
3.2 miles of travel on Lazy Z (CR 97E) road to CR 132 and approximately 24 miles of travel on SH

119 between US 6 and County Road (CR) 132. Transport of these materials will result in increased
traffic on the west side access routes, however the existing traffic volumes on these roadways are very
low and impacts to the traveling public will not be significant. The Corps considered that traffic related
to tree removal would result in moderate temporary impacts.” (Emph. added, Tree Removal, page 306.)

I live on Lazy Z. I know Lazy Z. I've talked to my Lazy Z neighbors about the traffic on Lazy Z.
Without more analysis, “will not be significant” is Denver Water's way of saying “we don't know”;
“moderate temporary impacts” (there you go again, Denver Water), is its way of saying “we don't
care”.

LISTEN TO DR. FAUCI.
Here's what Dr. Fauci said this last Monday, December 14, 2020:
“By the time we get to the fall, we can start approaching some degree of relief where the level of

infection will be so low in society we can start essentially approaching some form of normality.”
(www.msn.com, Money Talk News.)

How can you — how can we, the people of this state and this county — examine, investigate, consider,
confer, and respond to a proposal of this magnitude under our current circumstances? A proposal that, if
approved without significant trimming, will change Boulder County for the worse. Forever. We cannot.
The just approach is to table this application until the fall — when we have essentially approached some
form of normality. That is my request.

Thank you for your consideration.

Sincerely,

John MacKay
JWM/ae
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From: Gary Wockner

To: Gross Reservoir SI1-20-0003; John Barth

Subject: Comment letter and Exhibits-Gross Reservoir-12-16-2020
Date: Wednesday, December 16, 2020 9:59:09 AM
Attachments: Gross-Res-comments-12-16-2020.pdf

Exhibit-1 Woodling Aquatic Resources Assessment.PDF
Exhibit-2-CoE-Letter-on-Moffat-GHG-Emissions-6-18-20151.pdf

Exhibit-3-Final Firm Yield Calculation LRB 1 Oct 2015.pdf

Exhibit-4-Udall and Overpeck - 2017 - The twenty-first century Colorado River hot drouagh.pdf
Exhibit-5-Hydros Risk Phase 11l Final Report.pdf

Hello Boulder County Land Use:

On behalf of The Environmental Group and Save the Colorado, attached
please find a comment letter and 5 exhibits regarding the proposed Gross
Reservoir and dam expansion. Please confirm receipt.

Thank you,
Gary Wockner, Save The Colorado

Cc: John Barth, attorney

Gary Wockner, PhD, Director

Save the Colorado: Colorado River Waterkeeper Network

Author: "River Warrior: Fighting to Protect the World's Rivers' (2016)
PO Box 1066, Fort Collins, CO 80522

http://savethecol orado.org
http://www.facebook.com/savethecol orado

https://twitter.com/savethecol orado
970-218-8310

The mission of Save The Colorado isto protect and restore the Colorado River

and its tributaries from the source to the sea. Save The Colorado focuses on

fighting irresponsible water projects, supporting alternatives to dams and

diversions, fighting and adapting to climate change, supporting river and fish

species restoration, and removing deadbeat dams. Save The Colorado has thousands
of supporters throughout the Southwest U.S. from Denver to Los Angeles and beyond.
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Save The Colorado  The Environmental Group

December 16, 2020

By email at: grossreservoir@bouldercounty.org

Dale Case, Director

Boulder County Community Planning and Permitting
P.O. Box 471

Boulder, CO 80306

Re: Denver Water’s Gross Reservoir Expansion 1041 permit application, Docket S1-20-
0003

Dear Mr. Case:

On behalf of The Environmental Group and Save the Colorado (“local community groups”) and
their numerous Boulder County members living near the proposed expansion of the Gross
Reservoir and related dam, we submit these additional comments on the current 1041 application
materials posted by the County to its website!. These comments below (with exhibits) are in
addition to the previous comments we submitted on November 13, 2020.

Comment #1, pertaining to: 8-507,D.7.b.iii (A)(B)(C) and 8-511-B.5.c.i, iv,vi,ix, x and 8-
511,B.5.f. all subheadings.

The Woodling (2018, Exhibit #1) report on aquatic life refutes Denver Water claims that
increased water volume in upper South Boulder Creek and prolonged colder temperatures of
water below Gross Reservoir do not have any long-term impacts on fish populations. The 1041
permit is incomplete because aquatic resources in Boulder Creek both upstream and downstream
of Gross Reservoir have not been fully defined, increases of upstream flows and reduced
temperatures of stream flow downstream of the reservoirs would adversely impact trout
populations in South Boulder Creek, and proffered mitigations are ineffective. In his report he
states that:

1. multi-staged release structures from the dam would mitigate aquatic life impacts on
South Boulder Creek between Gross Reservoir and the South Boulder Diversion
structure.

2. Denver Water has failed to adequately describe aquatic resources in South Boulder Creek
thus there is no basis for an impact analysis

3. higher flows in South Boulder Creek upstream of Gross Reservoir would reduce trout fry
survival and increase erosion of banks - adding sediment to the stream.

! See, https://landuse.boco.solutions/boco.lu.docketlistings/app/detail.ntml?docket=SI-20-0003 (as of November 13,
2020).

1
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4. downstream of Gross Reservoir water temperatures are already colder than would be
expected on similar streams because releases are taken from the bottom of the reservoir
which stratifies into October and that expansion of the reservoir would result in a 30 percent
decrease in “degree days that are currently available for fish growth.”

5. the SEA does not provide any proof of their claim that fish populations in Gross Reservoir
will benefit from a larger reservoir

6. monitoring and placement of signs warning of fish consumption do not decrease the
likelihood of increased mercury in fish

7. the 5,000 AF environmental pool is not well thought out as further increasing the size of the
reservoir it would exacerbate downstream water temperature issues

8. Of the 8 “mitigation” projects proffered by Denver Water, 6 entail monitoring only which do
not qualify as mitigation. Two mitigations are the environmental pool (#7 above) and the
tree removal program (which does not benefit aquatic resources).

Comment #2, pertaining to: 8-507.D.7.v: Air quality analysis in the 1041 application for the
Moffat project is incomplete because it does not address greenhouse gas emissions (GHG) of the
project reported and requested in the STC’s July 18, 2015 letter (Exhibit #2). GHG emissions
would be included under Section B of (v), “other adverse impacts on air quality anticipated from
the proposal.”

Exhibit 14 of the 1041 application examines:

1. exhaust emissions associated with construction equipment

2. on-road vehicle engines

3. fugitive dust emissions associated with equipment and vehicle travel on unpaved roads,
material handling, excavation activities and wind erosion.

Air quality analyses reported in Exhibit 14 of the 1041 permit focus on estimates of carbon
monoxide (CO), nitrous oxides (NOXx), sulfur dioxide (SO2), and particulate matter (PM10 and
PM2.5) emissions.

Carbon dioxide emissions were evaluated in Appendix C of the Final Borrow Haul Study
included in the FERC Final License Amended Application Volume I11. This analysis included
only direct GHG emissions - those owned and controlled by the reporting entity - of hauling
materials to and from the site (page C-6). The Borrow Haul Study discusses the February 18,
2010 Council on Environmental Quality (CEQ) Draft Guidance Memorandum requirements
under NEPA (page C-7) for

* “the treatment of GHG emissions that may directly or indirectly result from proposed federal
action” and
* “the analysis of potential climate change impacts upon the proposed federal action.”

In addition, they note that “the threshold of 25,000 metric tons of CO»-equivalent GHG
emissions annually is suggested as a “useful, presumptive, threshold for discussion and
disclosure . ...” All federal agency actions requiring NEPA review . . . . are covered by this
guidance” (page C-7).





Direct CO2 emissions noted in the Final Borrow Haul Study amount to 4,247 tons/year due to
fuel consumption when hauling aggregate, cement, fly ash, timber and ash slash one-way to the
site (Table C-3). It is anticipated that GHG emissions would approximately double if trucks
were to drive both to and from the site.

The 1041 permit is incomplete because it fails to include indirect GHG emissions of the
Moffat project - in particular, the large amount of GHG emissions from production of
cement - and fails to include direct GHG emissions from construction and tree removal
activities at the site.

Comment #3, pertaining to: 8-511:B.3: “Adequate water supplies, as determined by the
Colorado State Engineer, are available for the proposal if applicable.”

Full Use to Project Water Supply Not Sufficient to Provide 18,000 AF of Firm Yield

The 1041 application on page 5 states that “Water diverted under existing water rights and
facilities from the Upper Williams Fork and Fraser Rivers and South Boulder Creek to the
expanded Gross Reservoir will provide 18,000 acre feet per year of additional supply and
improve Denver Water’s system reliability.”

This statement is not consistent with the FEIS in which only additional diversions between their
Full Use Baseline and the Project would be available to supply the additional 18,000 AF — thus
limiting potential impacts of the project on both the east and west slope streams to this smaller
portion of the additional diversions. In addition, system reliability also depends on how climate
change will impact streamflow in the source basins — a factor that has not been addressed in the
FEIS, the 401 certification, the SEA, or the 1041 application.

Table H.7-1 of the FEIS provides PACSM model results of Gross Reservoir levels and resultant
stream flow for both the east and west slope streams. In particular, the FEIS claims that an
increase of 10,285 AF per year on average (the difference in Moffat Tunnel flows between their
Full Use baseline and the project diversions) is all that is required to supply an expanded Gross
Reservoir with 18,000 AF of additional water supply. This additional supply is needed to
maintain flows of 30 mgd at the Moffat Water Treatment Plant (MWTP) during the winter
months. Previously, the MWTP was shut down in the winter time. Table H.7-1 shows that, per
their PACSM model, post-project Gross Reservoir storage in average years would decrease by
24,243 AF between November and April. This compares to a pre-project (Full Use) decrease of
6,111AF in these months; or a difference of 18,132 AF.

An increase in supply of only 10,285 AF is not sufficient to supply this additional amount of
water to the MWTP. A water balance estimate completed in 2014 (Buchanan, 2014 revised in
2015, Exhibit #3) showed that all additional water at diversion structures (between the existing
measured baseline equal to the average Moffat Tunnel flows through 2012 and the Project) in
both the Williams Fork and Fraser River basins is necessary to provide an additional 18,000 AF
of firm yield to the expanded Gross Reservoir. However, the FEIS states that this additional firm
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yield will be attained only with the addition of water supply between the Full Use and Project
amounts. If the latter is true, e.g. if the amount of water that can be diverted under Full Use is
already allocated elsewhere, then additional water must be supplied by another source, one that
must be available to Gross Reservoir and the Moffat Water Treatment Plant. Please explain
where the additional water would come from and if it would increase flows in upper South
Boulder Creek.

When finalizing the South Boulder Creek Stability and Monitoring Plan design criteria
need to include the highest flows that are anticipated from western slope diversions. If an
additional water source is to be used to supplement the 10,285 AF then additional flows
through the Moffat Tunnel into South Boulder Creek need to be incorporated into that
design.

Additional withdrawals combined with climate change increases the risk of a compact call on the
Colorado River

Temperature increases caused by climate change have been linked to reduced streamflow in the
Colorado River basin (Udall and Overpeck, 2017, Exhibit #4). In particular, the drought that
started in the early 2000s and continues into the present has resulted in very low levels in both
Lake Powell and Lake Mead - 44% and 39 % of full capacity as of November 23, 2020 (Glen
Canyon Institute, Vol 19, No 11, Nov 24, 2020 - Colorado River Lowdown). Climate change
and additional trans-mountain diversions (TMD) from the upper Colorado to the eastern slope of
Colorado raise two concerns.

1. Limiting the PACSM analysis to the 1947 to 1991 time frame does not reflect how climate
change has impacted Denver Water’s water supply in the upper Fraser and Williams Fork
basins. It is unclear if this water supply will continue to provide the same yield as in the
1947 to 1991 historical hydrologic record. The PACSM model period needs to be
extended to 2020 to evaluate how drought would affect operation of the expanded Gross
Reservoir.

2. Additional TMDs compound the effects of climate change on Upper Colorado River
basins. If Lake Powell levels decline to the point where the upper basin cannot provide the
7.5 MAF or 8.25 MAF (including our obligation to Mexico) per year (75 MAF or 82.5 MAF
average over 10 years) allocation to the lower basin states the risk of a compact call
increases.

The Phase I11 Hydros report (2019, Exhibit #5) evaluated which water rights would be most at
risk if a compact call were to occur by quantifying post-compact (post-1922) water right
depletions or usage in each Colorado basin. In-basin or western slope use was separated from
Trans Mountain Diversions in the Upper Colorado River Basin. If a compact call were to require
a full curtailment of all post-1922 water rights, the Upper Colorado TMDs would make up 57.1
percent or, on average, 531,952 AF of the total post-compact curtailment (931,969 AF) - Table 6
and Figure 12 of the Hydros report. Note that it is still undecided how Colorado would
administer a compact call on the Colorado River.





TMDs that transfer upper Colorado River water to the eastern slope include Colorado Big
Thompson (CBT), Windy Gap, and Moffat projects. Though Moffat project water via Gross
Reservoir is used by customers in Denver, removal of additional water from the Upper
Colorado River’s western slope streams could contribute to risk of a compact call on CBT
and Windy Gap water used by other Front Range communities within Boulder County.
These include Boulder, Longmont, Louisville, Lafayette, Erie, Lyons, and Superior.

At this time, Denver Water has not evaluated how the Moffat project would factor into the
risk of a compact call on the Upper Basin of the Colorado River. Denver Water has also
not evaluated how climate change would impact the Moffat Project. Its assessment of
water supply is therefore, incomplete.

Comment #4, pertaining to: 8-507:D.7.b.ii (D), 8-511:B.5.d.i, i, iii: Groundwater quality
and Water Levels

Earlier comments (Nov.13, 2020) submitted by John Barth for Save the Colorado and The
Environmental Group discuss how Denver Water has omitted any analysis of impacts to
residential groundwater wells per i, ii, and iii below. The following comment is in addition to
earlier comments.

i .Changes to aquifer recharge rates, groundwater levels, aquifer capacity including seepage
losses

ii. changes in capacity and function of wells within the impact area

iii. Changes in quality of well water within impact area.

The Moffat 1041 application does not address the impact of substantially higher reservoir levels -
up to 142 feet - on water supply wells at nearby residences - particularly at the nearest residences
on the north shore of Gross Reservoir. Per Appendices in the FEIS, Table H.7-1, the average
change in reservoir elevations between the lowest level, typically seen in April, and the
maximum level, typically seen in June or July, averages approximately 50 feet. Reservoir
levels, particularly as they vary each year, could have a substantial impact on the operation
of residential wells. Denver Water needs to include annual April (minimum) and June
(maximum) levels for each year of the model period. Average reservoir levels do not provide
enough information to determine how reservoir levels will vary each year - important
information for residences that need to operate their residential groundwater wells.

In addition, it is unclear if boat ramps extend far enough to be useable when reservoir levels are
low, for instance under drought conditions. Annual minimum reservoir levels need to be used to
design recreation facilities at the expanded reservoir. Extending the model period beyond 1947
to 1991 would provide valuable information on how the expanded Gross Reservoir would
respond to more extensive droughts of the early 2000s. This information is important for
residential wells as well as for design of recreation facilities.





Comment #5, pertaining to: Tree Removal Plan: (Appendix E-6 of the FERC Application)
Land Stewardship LLC, February 2008). This plan needs to be completed.

A preliminary plan for tree removal was completed in 2008 by Land Stewardship LLC. In this
report, the area that would be inundated by the expanded Gross Reservoir, that would be logged,
IS separated into Stand numbers based on types of trees, hillside slope (greater or less than 40
percent slope), access to existing roads, and anticipated methods of logging the trees. The acres,
hillside slope compared to 40 % grade, number of “stems” or trees, and tonnage of material to be
removed is noted in Table 2 of the report. This report compared various methods of slash/tree
disposal including:

* Air Curtain Destructors which entails burning slash in an efficient incinerator. One ton of
slash would produce 48 to 80 pounds of ash for disposal in a landfill.

 Grinding of whole trees which produces a large volume of chipped wood. A grinder can grind
22.5 tons per 20 minutes and would take 2,666 hours to grind slash from the project. They
anticipate using several grinders but would then be limited by the ability to transport chipped
wood from the site; anticipated to be 23 tons/truckload or a total of 2,174 loads.

 Hauling timber which is less efficient than removing chipped wood and would require more
truckloads.

The western staging area would be located on Winiger Ridge at a helicopter pad site.
Helicopters would be used to remove individual trees from hard to access areas and to remove
logs from staging areas where ground based logging methods are employed.

To reduce the number of temporary roads and volume of chipped wood, Land Stewardship also
prepared an Alternative Tree Removal document that utilizes a slash bundler which wraps or
bundles the upper “slash” portion of trees that would be placed in landings for transport to the
helipad by helicopter.

Here are some comments on the preliminary plan that need to be addressed in a final Tree
Removal Plan:

1. chipped wood should be delivered to a composting facility rather than placed in a landfill.
Anaerobic degradation of wood in the landfill will produce methane. If composted, wood
materials can be used as amendments to soils in the future. The report states, that as of 2008,
a compost facility of sufficient size was not available to handle the volume of slash or
chipped wood. Additional compost facilities may be currently available.

2. Itisassumed that logging roads will likely be installed to access trees for removal. Also, the
report states that “portions of Forest Roads 359 and 68 would need to be improved in order to
haul the necessary equipment for logging, residue removal etc.” The final Tree Removal
Plan needs to provide details for improvement of FS 359 and 68 and for additional temporary
roads.

3. The preliminary Tree Removal plan fails to describe the number of helicopter trips that will
be required both under the original and alternative plans to bring slash and logs to the helipad
staging area. For instance, can helicopter deliveries keep up with removal/treatment
activities.





4. The final Tree Removal Plan needs to provide details of staging areas on both the east and

west sides of Gross Reservoir including areas where tree debris are handled.

The final Tree Removal Plan must finalize which slash/tree disposal techniques will be used.

6. The final Tree Removal Plan must provide a schedule of operations over the entire tree
removal period.

7. The final Tree Removal Plan must also provide an erosion control plan for deforested and de-
vegetated areas that lie below the full reservoir elevation that will be exposed when reservoir
levels drop. Steep denuded slopes below the water line of the expanded Gross Reservoir
would be more prone to erosion than prior to implementation of the project.

o

Comment #6, pertaining to: Traffic Impact Analysis (Stantec, September 17, 2020, Exhibit
4 of the Moffat 1041 Application): 8-511-J2. “The volume of traffic to be generated by the
proposed development shall be compatible with the traffic handling characteristics of the
interchange and the access road and existing, affected traffic roads.” This plan needs to be
finalized.

A total of 288 truckloads per week of cement and fly ash need to be delivered to the Gross
Reservoir staging area on the east side of the dam via SH72 and Gross Dam Road. Deliveries
will be made on four days per week (M, W, Th, S or F) over 8 hours a day; this means that 72
truckloads per day (9 per hour) with an interval between truckloads of 7 minutes. During peak
construction times Stantec estimated that 15 truckloads of construction materials would be
delivered each hour; this reduces the interval between truckloads to 4 minutes. Construction
would take place over two years; 2025 and 2026. Tree removal would occur in 2026 and 2027
overlapping deliveries of construction materials in 2026. On the east side they estimate that 2
logging trucks would need to use the Gross Dam Road and SH72 per hour for a total of 17 trucks
per hour on this road with an interval of every 3.5 minutes. Construction is expected to last from
April through November.

Trees would be removed from the west side of the reservoir via FS road 359, CR 68 to FS 359, to
Lazy Z Road (CR97E), Magnolia Road (CR132) to SH119 (plugging into SH119 just south of
Nederland) and exiting onto HWY 6 (in Clear Creek Canyon) and finally onto HWY 93 where
trucks will travel either to the Republic Services landfill on HWY 93 or to Longmont with
salvageable timber. Per the Stantec report, removal of trees and slash would take 36 truckloads
per day for one week per month or 4 truckloads per hour during that time.

Some comments are:

1. The Stantec report states that vehicles traveling behind trucks will be delayed 12 minutes on
the Gross Dam Road (likely due to the difference in speed limits between trucks and
passenger cars). With trucks arriving at the staging area every 3 to 4 minutes during the day,
there is a high probability that vehicles will be delayed whenever they travel the Gross dam
road whether they are traveling to or from the reservoir. Vehicles traveling behind trucks on
the west side will be delayed by 25.5 minutes (for instance on Magnolia Road). Yet the
traffic impact analysis states that construction traffic will not impact local traffic
significantly. For people who live along these roads, this is a major imposition.





2. Cement and fly ash need to be utilized shortly after delivery to the site. If it rains or snows,
the materials will not be useable. Is there sufficient capacity in the concrete production plant
and construction work on the dam to utilize the trucked in materials as they are delivered?
Similarly, is there sufficient storage area at the staging areas to handle this many loads of
cement and fly ash per day?

Comment #7, pertaining to: Noise; page 81 of EA. The application states that “construction
noise effects will be short-term - only 4.1 years of direct, moderate adverse effects. Noise effects
over 4 years will adversely affect local residents that do not live in the area to be part of a
construction site.

“Denver water intends to use noise studies to work with community to develop measures that
aim to monitor, minimize, and mitigate noise disturbance during construction to the extent
reasonable and possible. DW is considering project noise goals and potential forms of restitution
when construction activities exceed those goals at determined monitoring locations.”

There are no details in this description. What are the project noise goals, what are the
forms of restitution and where would the monitoring locations be installed?

Potentially all of the following could occur at the same time increasing noise levels:

* the aggregate processing plant that will produce enough aggregate for the concrete production
plant.

* blasting at the quarry and during dam foundation excavation would occur once per day for
over one year.

* Burrow Haul trucks between the quarry and processing location

* Tree Removal activities including noise from numerous helicopter trips, chainsaw, Grapple
Skidder, Hydro-ax, cable yarding, grinding of slash and trees in one or more grinders, truck
traffic to haul tree materials, and potentially incinerators for high efficiency burning of slash.

* Truck trips to deliver cement and fly ash to east side of Gross Dam.

Two reports are included in the 1041 application for the Moffat project, both authored by
Behrens & Associates Inc. The 2014 report, included as Attachment E-9 to the Final FERC
License Amendment Application Volume 1l evaluates noise and vibration impacts at 6
locations caused by haul trucks along SH72 and Gross Dam Roads as well as vibration impacts
of a test blast at a residence on the north shore and at the existing dam. The 2017 report
evaluates noise impacts of blasting and construction activities at the dam site at 3 locations.
Neither report evaluates noise issues associated with tree removal activities alone or in
conjunction with other construction at the site.

Table 4-1 of the Behrens & Associates In (2017) provides Non-Vehicular Boulder County noise
standards for sources located in a residential area (Boulder County Noise Ordinance 1.01.050d):

* 55dBA from7amto 7 pm
* 50 dBA from 7 pmto 7 am





For construction sites this noise standard is raised to 80.0 dBA for continuous noise and 75 dBA
for instantaneous noise levels such as for blasting (Tables 6-5 and 6-6). Additionally, the 2014
report, page 14, states that the noise threshold would be exceeded if the “proposed project
generates noise levels significantly greater than the existing ambient noise levels around the
project site” - this threshold is set at 5 dBA.

The Behrens (2014) report measured ambient noise levels at six locations; two along SH72 and 4
locations along the Gross Dam Road - locations are shown on Figure 5-1 of the 2014 report.

* Location 1: Highway 72 below turnoff to Gross Dam Road, 82 feet from road
* Location 2: Highway 72 above turnoff to Gross Dam Road, 30 feet from road
* Location 3: Lichen Lane off Gross Dam Road; 360 feet away

* Location 4: On Gross Dam Road at Crescent park Drive, 15 feet away

* Location 5: On Gross Dam Road at Chute Road, 82 feet away

* Location 6: 18 Juniper Heights Road; 15 feet off of Gross Dam Road

Ambient noise levels at these locations are compared to anticipated noise levels from haul trucks
taking cement and fly ash to the staging area at the dam site.

Table 1: Ambient Versus Haul Road Noise from Behrans (2014)

Location Daytime Ambient Haul Truck Noise Difference in Noise
Noise Level Level Levels
(dBA) (dBA) (dBA)
1 57.9 61.6 3.7
2 65.4 68.8 3.4
3 46.3 55.3 8.4
4 62.3 67.4 5.1
5 56.0 64.4 8.4
6 56.6 63.1 6.5

At four of the six locations, the increase of 5 dBA threshold was exceeded in this analysis.
Further modeling brought the average of all 6 locations to 5 dBA and it was stated that the
average was good enough. This will not mitigate noise impacts at 4 of the 6 locations evaluated.
Denver Water’s results show that haul trucks along the Gross Dam Road will raise noise
levels to greater than the allowable threshold of 5 dBA above ambient conditions at several
locations. Residents close enough to Gross Dam Road would routinely be affected by truck
noise during the daytime.

The Behrens (2017) report evaluates how construction noise at the processing and blasting site
will impact three locations: Receptor 1 at 370 Lakeshore Drive on the north shore and 0.65 miles
away from the staging area at the dam, Receptor 2 at Miramonte Road 0.4 miles away from
Osprey point, and Receptor 3, Coal Creek Canyon Road 1.18 miles from Osprey Point. Ambient
noise data show that background noise ranged from 30 to 55 dBA in the February 22 to March 1
test period (Table 5-1).






Noises from several construction activities were combined in this assessment. The resultant
construction noise level at each receptor was between 30 and 50 dBA all below construction
standards of 80.0 dBA. Blasting noises ranged from 34 to 65 dBA, again below the
instantaneous limit of 75 dBA. However, Receptor 2 in this study is located close to Osprey
Point and to the haul route between Osprey point and the processing area for aggregate. Table 2
shows how this location would be impacted the most by construction activity at the blasting and
dam site with the noise threshold routinely exceeded in all of the first three years of
construction.

Table 2: Ambient Versus Construction Noise at Receptor 2 : Behrens (2017)

Ambient Daytime Osprey Quarry Change in Osprey Quarry | Change in Noise
Noise (dBA) With Haul Trucks | Noise Levels With Conveyor Levels (dBA)

(dBA) (dBA) (dBA)
Year 1 and 2 of Construction Activities
41.6 | 47.0 | 5.4 | 48.9 ] 7.3
Year 3 of Construction Activities
41.6 | 47.2 | 5.6 | 49.0 | 7.4
Blasting Alone
41.6 | Noise of Blast at Receptor 2 = 64.4 dBA | Change of 22.8 dBA

Residents in areas surrounding the Gross Dam construction site are accustomed to natural
outdoor noises. Additional noise caused by construction activity, even if those noises would
potentially be below standards for construction activities, would deleteriously alter the
environment for residents at Receptors 1 through 3 but particularly and routinely for
residents on Miramonte Road as this area is closest to the Osprey Point quarry area and
the construction haul route.

In both Behrens reports, noise from either delivery trucks on the Gross Dam road or
construction/blasting noise were addressed. Combined noise levels for both of these activities
were not addressed. In addition, noise from logging operations was not included in either report.
Logging has the potential to affect residents on both the north and south sides of Gross Reservoir
since trees and brush need to be removed from the entire shoreline of the new reservoir bringing
these activities close to residences. Helicopter and grinder noises are certainly noticeable even if
they do not exceed thresholds or noise standards.

How will these noises, that impact nearby neighbors, be addressed and mitigated.

Comment #8, pertaining to: Cumulative Effects: page 87 of EA; “Denver Water would
monitor water guality and aquatic biota in compliance with WQC conditions, which would
reduce effects of these resources.” then they list all the plans they are going to produce which
will reduce cumulative effects on resources. The plans are not done and there is no discussion of
how success of the plans will be evaluated; i.e. what monitoring results will be a threshold for
changing operations at the construction site. These need to be clearly defined.
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The following is a list of Plans that Denver Water needs to complete before Boulder County can
issue a 1041 permit for the Moffat Project. Noted are Boulder County’s Land Use Code
associated with LUC 8-511. Also noted are the document, primarily the FERC Environmental
Assessment (EA), where each required plan was listed. Most of the plans have not been included
in the 1041 Application for the Moffat Project. Some such as the Traffic Management Plan, the
Tree Removal Plan, and a Quarry Operation (or Noise) Plan are drafted but need to be finalized.
These plans are discussed in more detail above. Many of these plans were included in a list
provided by STC in their preliminary comments on the completeness of Denver Water’s 1041
permit application for the Moffat project.

1. South Boulder Creek Channel Stability and Monitoring Plan - B.5.c.iv, iX, X.

DO and Temperature Monitoring Plan - B.5.c.i, ix. B.5.f.all subheadings: need tiered release

structures

Stormwater Management Plan - B.5.c.i, iv, v, vii

Erosion Control and Reclamation Plan - B.5.c.i, iv, v, vii on FS lands

Quarry Reclamation Plan - B.5.c.i, iv, v, vii - for osprey point quarry

Reclamation and Revegetation Seed Mixes and Mulch Materials - B.5.c.iv, v, vii pg 20 EA

Erosion and Sediment Control Plan - B.5.c.iv, v,vii

Pit Development and Reclamation Plan - B.5.c.iv, v, vii for Final EIS quarry on FS lands

Bank Stability Monitoring Plan - B.5.c.iii,iv,v,vi, Vii

0. Quarry Operation Plan - 1.5. will not cause nuisance factors such as excessive noise or

obnoxious odors at Osprey Point quarry - discussed further in STC comments.

11. Tree Removal Plan: 1 1,2,4,5. by FERC order 423; one year after the order a draft to Boulder
county of preliminary concept- will be expanded for a final plan. Discussed further in STC
comments.

12. Aquatic Nuisance Invasive Species Monitoring Plan

13. Recreation Management Plan (Article 416) page 16 of the EA; May 14, 2004.

14. Invasive and noxious Weed species Management Plan - page 17 of EA

15. Winter Ridge Recreation Management Plan + Monitoring - page 17 & 20 of EA

16. Fire Management and Response Plan - page 21 of EA

17. Special Status Plants Relocation Plan - special status plants on FS land page 21 of EA; A list
of special status plants for Boulder county has been compiled in Exhibit 18 but a relocation
plan needs to be completed.

18. Visual Resources Management Plan - page 22 of EA

19. Traffic Management Plan - F1,2,3 per order 425; page 22 of EA - manage construction
traffic; required road maintenance and improvements, road damage due to construction
activities, ensuring community traffic patterns are not disrupted. Will provide traffic
management plan to Boulder county for review and comment within 1 year of FERC order.
Discussed further in STC comments.

20. Historic Properties Mangement Plan - manage and protect cultural resources. page 23 EA.

21. Road Maintenance Plan: EA page 77; requirements for road work on FS lands.

22. Fugitive Dust Control Plan: EA page 84 to include measures to reduce fugitive dust from
construction activities.

23. Public Safety and Law Enforcement Plan: revise old plan as needed for after construction is
completed for recreation at the new reservoir.

24. Road Management Plan; page 91 EA.
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Thank you for the opportunity to comment on the incompleteness of Denver Water’s 1041
application for the Gross Reservoir and dam expansion. For the reasons stated herein, we request
that you make a finding that the 1041 application is incomplete and direct Denver Water correct
these deficiencies as outlined in this letter.

Please include Save the Colorado and The Environmental Group on all further correspondence
and public notices for this project.

Sincerely,

Gary Wockner

Director, Save The Colorado
PO Box 1066

Fort Collins, CO 80522
Gary@SaveTheColorado.org
970-218-8310

List of Exhibits
1. Woodling Report, 2018, “Aquatic Resources Assessment Of Federal Energy Regulatory
Commission Supplemental Environmental Assessment For Gross Reservoir Project &
Denver Water’s Proposed Moffat Collection System Project”
2. Save The Colorado et al. “Climate Change and Greenhouse Gas Impact Analysis”
3. Buchanan Report, 2015, “Final Firm Yield Calculation LRB 1 Oct 2015”
4. Udall and Overpeck, 2017, “The twenty-first century Colorado River hot drought”

5. Hydros Risk Phase Il Final Report
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Agquatic Resources Assessment
Oof
Federal Energy Regulatory Commission
Supplemental Environmental Assessment

For

Gross Reservoir Project & Denver Water’s Proposed Moffat Collection System Project

John Woodling, Ph.D., Woodling Aquatics

April 2018






Executive Summary

Denver Water wants to divert additional water from the Fraser River Basin and the Williams
Fork Basin to the South Fork of Boulder Creek on the eastern slope of Colorado. The Federal
Energy Regulatory Commission released a Supplemental Environmental Assessment (EA) that is
part of the approval process for The Moffat Project. The EA, like the Final Environmental
Impact Statement (FEIS) failed to adequately describe the environment that will be potentially
impacted, failed to describe and measure the impacts and failed to describe appropriate
mitigation measures that would reduce these negative impacts. The failure of the EA to achieve
these three objectives occurred due to general issues and specific issues pertaining to aquatic
resources.

General Issues

The EA was written in such a manner as to guide the reader to the conclusion that introduction of
nonnative flows to South Boulder Creek basin (including Gross Reservoir) from the Fraser River
may improve fisheries or have almost no impact. The message was conveyed that artificially
increasing the flow regime in the South Boulder Creek basin does not have any long term
negative impacts. Another general message was that reducing temperatures in part of South
Boulder Creek will likewise have little impact. Aquatic communities develop in response to all
environmental factors, including elevated spring flows during the snowmelt period that maintain
stream channel integrity. The value of a natural temperature regime was distorted to indicate
abnormally low water temperatures in summer months will not have any impact on fisheries.
Decreases in stream temperature were minimized.

Specific Issues relating to the EA

The EA failed to accurately describe the aquatic resources in South Boulder Creek. Information
presented for each stream reach was limited to a few general claims and the naming of a few
species. Potential environmental impacts to the section were presented in a few sentences
without any support from the peer reviewed literature, data analysis or support documentation.
The EA failed to accurately describe the potential impacts to aquatic resources in the South
Boulder Creek basin. The main assessment tool utilized to assess potential impacts to fish
population was an interpretation of Weighted Usable Area (WUA). WUA as utilized in the EA,
which was not an appropriate tool to assess impacts to fish populations. The observation that
WUA failed as an analytical tool is supported by multiple articles in the peer reviewed literature,
the review of the draft FEIS by the US EPA, the US BLM EIS and by the authors of the FEIS.
The environmental impacts to fish resources in the EA were opinions expressed by the
document’s authors, not an assessment based on analysis of data.





Other specific issues that contributed to the failure of the EA to accurately assess the aquatic
resources in the south Boulder Creek basin included,

1. An assertion in the EA that enlarging Gross Reservoir could result in increased fish
diversity in that water. The fish assemblage is comprised of mostly nonnative fish
species. Size of the reservoir does not preclude stocking of other fish species. That could
be done at any time.

2. An assertion in the EA that fish density in Gross Reservoir would increase as would
productivity. Some increased productivity is possible but the level of increased
productivity will be reduced by the tree removal program that is also scheduled.

3. The failure of the EA to recognize that mercury levels in fish flesh will continue at
existing levels or increase. The 401 certification presented two reasons why mercury
may increase in fish tissues if Gross reservoir is enlarged.

4. The failure of the EA to recognize the impact of increased flow levels on fish populations
in South Boulder Creek upstream of Gross Reservoir attributable to increased spring
flows

5. The failure of the EA to recognize the impact of reduced temperatures on fish populations
in South Boulder Creek downstream of Gross Reservoir.

The EA did not accurately describe the aquatic resources in South Boulder Creek basin. The
description of aquatic resources in the Study Area was not of sufficient detail and accuracy to
serve as a basis of defining and assessing environmental impacts to aquatic resources. As a result
the EA failed to identify, quantify or qualitatively measure potential environmental impacts to
the waters throughout the South Boulder Creek basin.

Mitigation

The EA listed a series of eight projects and described those projects as mitigation. Six of the
eight actions were limited to monitoring. Monitoring is not mitigation. Actual mitigation
actions were not described, except for the creation of a 5,000 acre Environmental Pool and
removal of trees from the area that would be inundated in an expanded Gross reservoir if the
Moffat Project is completed. The 5,000 Environmental Pool may actually make temperature
issues in South Boulder Creek worse if the Moffat Project is completed. The tree removal
project does not benefit fish populations in Gross Reservoir. The best available mitigation
project was not included in the EA. A multi-stage release from Gross Reservoir would eliminate
all environmental impacts in South Boulder Creek downstream of Gross Reservoir. Denver
Water refuses to consider this option. Denver Water could have earned a lot of respect from the
environmental community by agreeing to install and operate a multistage drain system. As
written, the mitigation section of EA tries to claim the monitoring projects are actually mitigation
projects. The EA, like the FEIS did not assess potential environmental impacts and did not
include appropriate mitigation projects.





Federal Energy Regulatory Commission

Analysis of Supplemental Environmental Assessment

Pertaining of Aquatic Resources

Introduction

Denver Water seeks to enlarge Gross Reservoir and transfer additional water from the western
slope of Colorado (The Fraser River Basin and the Williams Fork Basin) to the South Fork of
Boulder Creek on the eastern slope of Colorado for delivery to customers via the reservoir and
South Boulder Creek. The Federal Energy Regulatory Commission prepared a Supplemental
Environmental Assessment (EA) that will be part of the basis for the approval process for
enlarging Gross Reservoir.

A purpose of the EA is review environmental effects related to a Federal Energy Regulatory
Commission approval of Denver Water’s proposal to increase the size of Gross Reservoir that
were not addressed in the Corps’ 2014 Final Environmental Impact Statement. The EA has to
describe and measure the impacts and to describe the mitigation measures that will be used to
reduce these negative impacts. This EA reflects and addresses comments to FEIS that were
received from a wide range of public and private entities.

| have been asked by Mike Chiropolos to review the portions of the EA that deal with aquatic
natural resources of South Boulder Creek and Gross Reservoir. However, other waters involved
in the Moffat project will be indirectly impacted by actions described in the EA. The other
waters that are involved include the Fraser River Basin, the Williams Fork Basin, and the Blue
River downstream of Dillon Reservoir, and the mainstem Colorado River to a point downstream
of the confluence with the Williams Fork.

| have reviewed the sections of the EA that pertain to aquatic resources within South Boulder
Creek and Gross Reservoir and have found several topics that warrant concern. First, the aquatic
resources within the project area are not adequately described and assessed. Secondly, the
impacts to the aquatic resources within the project area are consistently diminished in scope and
magnitude. As a result, the EA underestimates the actual negative environmental impacts of the
Denver Water Project and does not provide adequate mitigation measures for some of the actual
impacts to aquatic resources.

The following sections of this manuscript describe issues that | found with the EA. My
comments are primarily limited to sections of the EA addressing aquatic resources. Other issues





that require attention include water quality, water temperature and the interaction of stressors on
aquatic resources.

General Comments

Stream and river ecosystems are the result of a complex and millennial-long sets of interactions
between geological and climatological factors. Precipitation levels, temperature, and wind
interact with local geology to create drainage basins as water flows from areas of higher
elevation to lower elevations. In Colorado, the local geology includes the Rocky Mountains,
rising to more than 14,000 feet above sea level. Eon- long interactions resulted in the drainage
basins that are found along the backbone of the Continental Divide in Colorado.

The resulting stream and river systems support diverse and abundant flora and fauna as the
waters flow from the highest mountains to the warmer desert and grassland regions at lower
elevations. The highest elevation headwater streams tend to have lower water temperature
regimes, a steep gradient (thus faster water velocities) and substrates comprised of mixed
materials ranging in size from very large boulders to cobble, gravel sand and silt. Lower
elevation streams and rivers increase in size as small tributaries merge with the mainstem. At the
same time water temperatures increase, water velocity slows and silt, sand and gravel substrates
become more prevalent. River valleys become wider so streams meander back and forth across
the floor of these valleys.

Stream and river systems in Colorado continue to be comprised of interactions between water
and rock. The larger bed load material (boulders and large cobble) moves downstream during
peak flood events such as the one hundred-year and one thousand-year flood events. A hundred-
year flood results from a storm event that occurs on the average once every 100 years. On the
average the stream becomes bank full once every two years. The bank full events help maintain
channel integrity.

Seasonal patterns of flow and temperature exist in the streams and rivers that drain the Rocky
Mountains in Colorado. Base (or low flows) are routinely present in late fall and winter months,
as most if not all precipitation is in the form of snow that covers the ground until the spring thaw.
Stream flows increase in the spring as snow melts. Silt and sand are picked up and borne
downstream by the quickly moving, high flow level stream conditions. Snow melt flows reach
maximum levels usually in May or early June, every two years on the average reaching bank full
levels. Water levels then decline (often quite rapidly) to lower levels in the summer. Late in the
summer water levels start down to base flows once again.





Over longer time periods stream flow responds to drought and wet-year cycles. During severe
drought, spring snow melt flow levels do not increase stream flows much over the base flow
condition. Smaller headwater streams may even be dry. During wet cycles, spring snowmelt
levels may reach bank full levels frequently, and over top the river banks. Stream channels are
created and maintained by the water regime of the basin over long periods of time.

The stream channels of the Fraser River basin and South Boulder Creek basin were formed and
maintained over eons. These channels are now responding to changes in flows that have existed
only for decades. The proposed additional diversions of water and the manner in which the water
is moved and then used will further alter not only South Boulder Creek but the Fraser River
system. The following sections will assess the EA in relation to the interaction of altered flows,
stream habitat and aquatic life in the South Boulder Creek basin and some portions of the Fraser
River.

Gross Reservoir

The EA included sections concerning Gross Reservoir. Gross Reservoir would be enlarged to
store the additional water diverted from the western slope as part of the Moffat Project. Water
stored in spring and summer months will be released for use in late fall and winter months. The
EA included the following statement concerning fish populations in Gross Reservoir,

“The Final EIS found that enlargement of the reservoir would cause a short-term,
beneficial increase in reservoir productivity that would result in higher fish
densities. It also found that the additional shoreline habitat resulting from the
enlargement would increase reservoir fish population fish diversity and abundance
through increases in available habitat” (Section 5.1.4, first paragraph).

These sentences are misleading and partially incorrect. First, one phrase in the preceding
statement from the EA asserts the “additional shoreline habitat resulting from the enlargement
would increase reservoir fish population fish diversity.” This statement is incorrect in relation to
diversity as related to the number of fish species present. The fish populations found in Gross
Reservoir are, for the most part, nonnative species that were stocked to produce sport fishing
opportunities. Longnose sucker and white sucker are two native fish species found in Gross
Reservoir (in large numbers) and neither are target species sought by anglers. The only native
fish species sought by anglers is the native cutthroat trout which is mostly extirpated from the
South Platte basin and is not found in Gross Reservoir. Other nonnative fish species were
stocked to create fishing opportunity, ranging from the lake trout to the rainbow trout. Nothing
precludes introduction of other nonnative fish species at the present time to increase diversity.
Enlargement of the reservoir is simply not a needed component of a decision to stock additional
species. Enlarging the reservoir would likewise not mandate the stocking of additional species to
increase diversity.





Similarly, the claim was made that fish numbers would increase “through increases in available
habitat,” a reference to a larger reservoir. The reservoir will increase seasonally in spring and
summer and then decrease as water is released. Fish density is not regulated by the maximum
amount of habitat available for a short time periods, but by a complex interaction of fish
spawning times, seasonal water levels, amount of critical habitat for emerging fry and
fingerlings, food supply, etc. The author of the EA did no analysis to demonstrate that fish
populations would increase simply due to a short-term seasonal increase in habitat.

The statement is also made that enlargement of the “reservoir would cause a short-term,
beneficial increase in reservoir productivity,” leading to increased fish densities. A well
accepted fact of fisheries management is that productivity increases as a land mass is first
impounded upstream of a filling reservoir. The productivity increase is the result of the
decomposition of terrestrial vegetation that is inundated by the rising waters. In the case of
Gross Reservoir, the increase in productivity will not be nearly as pronounced, as the terrestrial
vegetation will be removed prior to impoundment. The vegetation is being removed in an
attempt to modulate the mercury levels in the fish populations of Gross Reservoir (see following
paragraphs). The claim that fish densities would increase is not supported by literature citations
or other examples. Some increase in productivity will result for a few years at a much reduced
level. The EA failed to analyze the interaction of vegetation removal and claims of increased
reservoir productivity.

Language in the EA likewise asserted that,

“Raising the maximum reservoir elevation from 7,282 feet to 7,406 feet,
would increase the surface area of the reservoir from 418 acres to as much as 842
acres, and increase the total length of the reservoir shoreline from 11 miles to as
much as 14 miles. This would result in the development of as much as 3 additional
miles of littoral shoreline aquatic habitat, which would benefit those fish species
that currently utilize littoral areas. Similarly, increasing the maximum storage
capacity of the reservoir from 41,811 acre-feet to 118,811 acre-feet would create
additional pelagic habitat, benefiting fish that utilize open-water habitat areas.
Overall, the effect of reservoir enlargement on littoral and pelagic species would be
long-term and beneficial” (EA page 55).

These statements are also misleading. Water levels in the enlarged Gross Reservoir will
fluctuate. The water level is likely to fluctuate to a greater degree than under current conditions
(Colorado Water Quality Control Division Rationale for conditional 401 certification of Moffat
Collection System Project, page 23). As noted above, fish density is not regulated by the
maximum amount of habitat available for a short time period (when the reservoir is filled to
capacity) but a complex interaction of fish spawning times, seasonal water levels, amount of
critical habitat for emerging fry and fingerlings, food supply, etc. The author of the EA did no





analysis to demonstrate that fish populations would increase simply due to a short-term seasonal
increase in reservoir volume.

The EA does not provide any proof that fish populations in Gross Reservoir will benefit from a
seasonal increase in reservoir size due to the Moffat Project. Productivity would increase for a
short time but that benefit does not provide a substantive mitigation for any long term habitat
loss due to the project.

Mercury levels in fish flesh is an existing issue in Gross Reservoir. Mercury levels currently
warrant a Fish Consumption Advisory. (Colorado Water Quality Control Division Rationale for
conditional 401 certification of Moffat Collection System Project, page 23). For example,
mercury levels in lake trout routinely exceeded the Colorado Health Department action level of
0.3 ppm from 2011 through 2015 and a large brown trout (18 inches) likewise exceeded the
action level in 2011 (Colorado Department of Public Health data). The single tiger muskie
sampled (2007) had a mercury level of 0.56 ppm.

The enlargement of Gross Reservoir is likely to create conditions “conducive to the methylation
of mercury” (Colorado Water Quality Control Division Rationale for conditional 401
certification of Moffat Collection System Project, page 24). The first condition is the
decomposition of newly submerged plain material as the newly enlarged reservoir fills. In
addition, the fluctuation of water level may result in additional methylation of mercury as
reservoir surface is alternately “exposed and rewetted,” and when volumetric oxygen demand
increases as the level of water in the reservoir falls resulting in a smaller hypolimnion. Mercury
levels in fish will not diminish but likely increase since the reservoir substrate will alternately
experience the recolonization of terrestrial plants during dry years and subsequent inundation
when water levels increase. This pattern of plant growth on a dry section of a reservoir substrate
during dry years can be seen in reservoirs throughout Colorado and other western states.

Language in the EA asserts that,

“The Final EIS also found that short-term increases in methylmercury levels would
be expected in tissue of fishes in Gross Reservoir,” (page 52),

and

“Implementation of Denver Water’s tree removal plan and compliance with WQC
condition 13 would reduce the likelihood of significant elevations in mercury levels
in fish, and would also help to protect human health,” (EA page 55).

The tree removal program will mitigate against the increase in mercury levels in fish, via
the food chain, when the enlarged reservoir is first filled. However, fluctuating reservoir
levels will result in periodic episodes of terrestrial plant regrowth on the reservoir





substrate during drought periods. Mercury levels could increase as enlarged reservoir is
refilled and the newly grown plant material begins decomposing. No proof is offered that
any increased mercury in fish flesh will be short-term. “Condition 13 refers to a
monitoring program and a signing program. The monitoring will measure fish mercury
levels and the signs will be a public warning concerning fish consumption. The
implementation of Condition 13 in no way will “reduce the likelihood” of an increase in
mercury levels in fish in Gross Reservoir if he Moffat Project is completed.

No actual mitigation for increased mercury levels is included in the FEIS, the 401 or this
EA. Nothing in either the FIES or EA does anything past the first tree removal program
to prevent adverse impacts to the ecosystem and food chain in Gross Reservoir relative to
mercury in fish flesh.

South Boulder Creek Moffat Tunnel to Gross Reservoir

The object of the Moffat Project is to move additional waters from the west slope of Colorado
for use by Denver Water via Moffat Tunnel. These waters would be diverted to South Boulder
Creek during the spring and summer months. The amount of water being diverted is relatively
large compared to the existing stream channel of South Boulder Creek. The changes in water
flow would be rather dramatic. Mean monthly flows could be up to 25% greater in South
Boulder Creek from the Moffat Tunnel to Gross reservoir in the months of June and July (FEIS
Chapter 4-514). High flow events would occur more often such that the five year maximum
flow event would occur every four years and the ten year event would occur every seven years.
As a result increased bank instability (FEIS Chapter 4-514) would occur and erosion rates would
increase. The increased bank instability is an expected response to increased flows. The stream
bed will begin to be modified by the higher flows until an equilibrium is reached and once again
the five year flow event will happen on the average every five years and the ten year event every
ten years.

Increased summer flows negatively impact trout reproduction when stream flows reach, or
exceed, bank full events. Bank full events are those flows that occur every two years in most
Colorado trout streams. Those flows would be more common in this section of South Boulder
Creek after the Moffat Project is completed due to increases in June and July. Recently emerged
trout fry require habitat with a zero stream flow and a shallow depth to avoid predation by adult
trout. These zero flow areas are less abundant as the water volume in a stream increases.
Survival of trout fry is negatively correlated to stream flow levels. Ironically, fry survival is high
in periods of drought and low in wet years. Fingerling survival is further reduced when stream
flows are so high that bank instability leads to bank erosion. The impact of increased June and
July flows on fry survival was not specifically included in the FEIS or EA.





The FEIS included language that asserted changes in the Weighted Usable Area? for trout would
decrease but that the changes would be “negligible for all life stages in all year types (FEIS
Chapter 4-5-5). The FEIS included a recommendation that “further ‘bank’ stabilization could
become necessary,” but that “no changes is Water quality would occur,” while there “would be
mostly minimal changes in trout habitat availability,” (FEIS Chapter 4-515). The FEIS did not
adequately describe the impact of habitat change due to increased water flows in South Boulder
Creek upstream of Gross Reservoir. Instead, qualifying words were used such as further bank
stabilization “could” become necessary and changes in trout habitat would “mostly” be minimal.
The success of bank stabilization is highly questionable. The flow regime in a stream determines
stream bed morphology. Permanently higher spring flows will widen and deepen the stream
channel over time without regard to human attempts to stabilize a stream bank that is too narrow
and too shallow.

The FEIS did not address the impact of the Moffat Project on South Boulder Creek just upstream
of Gross Reservoir. The EA attempts to describe the impact of the Moffat Project on the 5,000
feet of South Boulder Creek immediately upstream above Gross Reservoir that would be
periodically inundated after reservoir enlargement. The following language was included in the
EA,

“Specifically, water levels in Gross Reservoir after the reservoir enlargement would
be lowest in April. The reservoir would then begin to fill in May, and would be
highest from June through September. It would then decrease from October
through March. Because water levels would be increasing in May through June,
when rainbow trout and sucker spawning occurs, spawning areas for these species
near the mouths of Winiger Gulch and South Boulder Creek would not likely be
affected. Eggs of rainbow trout and suckers require flowing water to provide and
replenish oxygen to survive; therefore, already incubating eggs would be deprived
of oxygen and likely be lost as lotic habitat transforms into lacustrine habitat.
Spawning areas and eggs of brook trout and brown trout, which also require
flowing water for oxygenation, would largely be unaffected, because brook and
brown trout spawn in October and November when reservoir water levels would
generally be decreasing. Surviving trout and sucker fry would move to suitable
areas of the tributary to rear,” (EA page 54).

This paragraph is incomplete, contains factual errors and is misleading to some degree. Both
white sucker and longnose sucker spawn in rivers and streams but both species can spawn in
lakes. The presence of both sucker species in Gross Reservoir is independent of flow regimes in
South Boulder Creek and Winiger Gulch. Incubating eggs of rainbow trout indeed would likely

1] would assert the WUA is not appropriate and several peer reviewed publications support that
contention. The reader is referred to the following section (South Boulder Creek from Gross
Reservoir to Boulder Diversion Canal) for a discussion of this issue.
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die as water velocity slows over redds and silt covers the stream bed during summer months of
increased flow rates.

Brown trout and brook trout are fall spawning species. Fertilized eggs of both species require
about 405 degree days to hatch. The recently hatched fry stay submerged in the gravel until the
yolk sac is absorbed. The fry then “swimup” into the water column and look like a miniature
trout. These fry require waters with a zero flow velocity that are fairly shallow. Brown trout
swimup into the water column in late April to May as water levels will rise in South Boulder
Creek. The number of brown and brook trout that will survive decreases as the water level in the
stream increases (Woodling et al. 2005, Woodling and Rollins, 2008). Despite the claim in the
EA, brook trout and brown trout reproduction will be affected by the increased flow regime in
South Boulder Creek upstream of Gross Reservoir as spring flows reach bank full levels. Areas
of zero flow rate will be relatively rare in most years if a five year flow event occurs every four
years.

The last claim in the above quote from the EA is that,

“Surviving trout and sucker fry would move to suitable areas of the tributary to
rear.”

Recently emerged trout require zero flow water for shelter immediately upon emerging from the
gravel. June and July flows can be up to 25% following enlargement of the reservoir, while five
and ten year flood events will become more common. ‘“Suitable” habitat for recently emerged
trout, of all species, will be rarer in South Boulder Creek upstream of Gross Reservoir than in
most trout streams in Colorado which do not receive an infusion of nonnative stream flows
during the snowmelt months.

The description of fish in this section of South Boulder Creek is superficial and incomplete.
Some of the observations are in error. The description and analysis would have to be done again
in detail, using on-site field studies to actual impacts to trout in South Boulder Creek upstream of
Gross Reservoir.

Aquatic macroinvertebrate resources South Boulder Creek, Gross Reservoir to South
Boulder Diversion Canal

The FEIS did not address the impact of the Moffat Project on South Boulder Creek just upstream
of Gross Reservoir on macroinvertebrates. The EA attempts to describe the aquatic
macroinvertebrate impacts attributable to the Moffat Project on the 5,000 feet of South Boulder
Creek immediately upstream above Gross Reservoir that would be periodically inundated after
reservoir enlargement. The following language was included in the EA,
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“The current benthic macroinvertebrate community supports rearing juvenile trout
and suckers. However, when reservoir water levels are increased and inundate
tributary streams, the macroinvertebrate communities in those streams would likely
shift to species that prefer lentic conditions. When reservoir water levels decrease,
rheophilic benthic macroinvertebrates would recolonize previously-inundated
areas, displacing those that prefer lentic environments. Therefore, effects of
reservoir filling and operations on benthic macroinvertebrates would be temporary
and minor,” (EA page 55).

No literature citations, studies or examples were offered to support the statements presented in
this paragraph. Many of these ideas appear to be unsupported opinion. Many aquatic
macroinvertebrates pass the winter months in a quiescent (non-moving, non-active) stage, such
as an egg, or as a pupa. These quiescent lentic species would die as water levels decrease in
winter months and flowing waters once again fill the South Boulder Creek stream bed. Many
aquatic macroinvertebrates in South Boulder Creek upstream of Gross Reservoir would likewise
be in a quiescent life stage in winter months and would not drift into the recently exposed stream
bed. Of course many aquatic macroinvertebrates appear to be active through the winter (such as
the mayfly genus Baetis). Thus, some benthic macroinvertebrates would drift downstream into
the previously-inundated areas. Many others would not.

Likewise, lentic species may well colonize the stream bed as water levels increase in the spring
and the stream substrate once again becomes the bottom of a reservoir. The rate of colonization
will be rather slow. These insects are small and do not move very quickly and 5,000 feet is a
long distance.

The EA and the FEIS both fail to describe the habitat of the South Boulder Creek upstream of
Gross reservoir. Only superficial level of analysis and comparison was performed. Additional
work would be needed to accurately assess both the aquatic habitat and fisheries of this stream
reach. This is the same conclusion that could be applied to each section of the EA and FEIS that
address aquatic resources.

Gross Reservoir to South Boulder Diversion Canal

South Boulder Creek downstream of Gross Reservoir to South Boulder Diversion Canal is a
focal point of impacts that would be attributable to completion of the Moffat Project. The
current temperature regime of this stream reach is far colder than would be expected in a stream
of the same elevation as South Boulder Creek downstream of Gross Reservoir. Denver Water
releases water to South Boulder Creek from outlet structures located deep in the reservoir at the
base of the dam that impounds Gross Reservoir. Gross Reservoir stratifies in the summer so that
the water when released remains very cold in the depths where the release structures are found.
Temperatures do increase downstream of Gross Reservoir in the summer and reach maximum
levels in October, only to decrease once again in the fall (WQCD 2016). “The maximum
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temperature below the reservoir occurs when stratification ends and the fully mixed reservoir is
more or less isothermal (WQCD 2016).

This temperature pattern is different than found in most Colorado mountain streams. Warmest
waters downstream of Gross reservoir are currently measured in September, not in July or
August and range from 13°C to 15°C (WQCD 2016). During summer months, temperatures
currently range from 5°C in June to 8°C or 9°C in August (WQCD 2016), far lower than found
in streams and rivers at similar elevations in the mountains of Colorado. Fish and aquatic
macroinvertebrates are cold-blooded and growth is controlled by temperature. Growth of fish
and aquatic macroinvertebrates is lower and slower downstream of Gross Reservoir in relation to
waters in streams with warmer temperatures. The temperature of South Boulder Creek upstream
of Gross Reservoir is warmer than downstream during the summer months as the sun warms the
shallow waters of South Boulder Creek. Water temperatures do not rapidly increase farther
downstream in Boulder Creek “as there is little warming of water in this segment” (FEIS Page 4-
516-517).

Completion of the Moffat Project will eliminate the early fall period of warming that is currently
observed downstream of Gross reservoir (WQCD 2016). More water will be held by the dam
and the depth of the hypolimnion will increase so that release of cold water will be of longer
duration in the fall. Operation of the reservoir after completion of the Moffat project would result
in a 30% decrease “of degree days that are currently available for fish growth” (WQCD 2016).

The FEIS description and analysis of fish habitat in South Boulder Creek was limited to a single
analysis of habitat using Weighted Usable Area (WUA). Influences of temperature (or other
factors) were not described in any meaningful and in-depth manner. The FEIS presented an
analysis of available habitat that concluded,

“The increases in winter flows would result in large increases in rainbow trout
habitat availability and the small decreases in spring runoff flows would decrease

conditions that may be stressful to early life stages of this species,” (Chapter 4 page
4-517).

As | noted in my analysis of the FEIS (Woodling 2015),

“The main assessment tool utilized throughout Chapter 4 to assess potential
impacts to fish population was an interpretation of Weighted Usable Area (WUA).
WUA as utilized in the Final EIS was not an appropriate tool to assess impacts to
fish populations. The observation that WUA failed as an analytical tool was
supported by multiple articles in the peer reviewed literature, the review of the draft
EIS by the US EPA and US BLM EIS and by the authors of the EIS. The
environmental impacts to aquatic resources in the Final EIS were opinions
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expressed by the document’s authors, not an assessment based on analysis of data,”
(Woodling).

WUA measures only one aspect of the environment, regardless of how appropriate the method
may be. | would assert the WUA is not appropriate and several peer reviewed publications
support that contention. However, an analysis of any environment based on a single variable is
not adequate when attempting to describe the impacts of a project where factors other than the
amount of usable habitat are also being altered.

Fishery resources South Boulder Creek, Gross Reservoir to South Boulder Diversion Canal

Water temperature is a critical component of the environment, especially when the proposed
change limits the growing season for trout by 30%. Rainbow trout hatch in the summer months
and emerge into the water column. The fry begin feeding and start growing. The fish must grow
to a certain length and amass a certain lipid level to survive the winter months (Biro et al. 2004).
Growth and lipid levels would differ by water. Salmonids in general do not feed when water
temperatures are less than 4°C. Growth of rainbow trout (including fry) will be reduced
significantly in South Boulder Creek when summer temperatures range from 5°C (June) to 8°C
(August). The impacts of the proposed temperature regime on rainbow trout populations is
simply not known and was not explained in the EA.

Impacts of temperature on brown trout populations were likewise not included in the FEIS.
Brown trout spawn in Oct, and perhaps the first two weeks of November. The eggs hatch after
exposure to about 405 degree days of temperature. Temperatures in South Boulder Creek
downstream of Gross Reservoir will be warmer than any other time of year when the brown trout
spawn. The eggs may hatch by December. The young sac-fry will remain in the gravel until the
yolk sacs are completely utilized. Young brown trout potentially could swimup into the water
column when winter flows are still elevated. Swimup fry must find habitat where still water is
present, water with no measurable flow rates. Brown trout could potentially swimup during the
late winter (February or so) when stream flows would be higher than currently found in South
Boulder Creek. The higher the water level the less zero flow habitat available for trout fry.
Strangely, the comparatively warmer water temperatures in October and November could
negatively influence brown trout reproduction. An analysis of both instream temperature and
emergence time would be needed to determine the impact of an altered temperature regime on
brown trout.

The FEIS needed a detailed analysis of how the extremely low water temperatures in South
Boulder Creek post-project would impact fishery populations, and not just trout. The FEIS did
not include a detailed analysis of the impacts of temperature on fish, noting in passing,
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“The cooler temperatures throughout the year would limit trout growth and survival
and likely dampen the beneficial effects of greater habitat availability,” (Chapter 4
page 4-517).

No proof was presented that changes in habitat would be significant in relation to temperature.
A statement cannot be made one way or the other concerning “dampening”

The EA description of impacts to the South Boulder Creek fish assemblage is as follows,

“Within South Boulder Creek downstream of Gross Dam, the Final EIS determined
that the expansion of the Moffat Collection System would overall have minor,
beneficial impacts to fisheries and aquatic resources because flows downstream in
South Boulder Creek would be higher in winter and peak flows would be reduced.
It also found that overall cooler water temperatures would be provided downstream
of Gross Dam, which would limit fish growth and survival. The Final EIS
determined that certain mitigation measures proposed by Denver Water, including
operations of the Environmental Pool, a Fish and Wildlife Mitigation Plan, and a
Fish and Wildlife Enhancement Plan would benefit fish and aquatic resources,”
(EA page 52).

The EA concluded that the listed mitigation measures “would benefit fish and aquatic resources”
in South Boulder Creek (see above paragraph). This conclusion is incorrect for two reasons.
First, as noted by WQCD 2016, operation of the Environmental pool could make the impact of
lower temperatures greater because the volume of the reservoir would be increased. The
Environmental Pool would worsen conditions instead of mitigating the issue of colder water
downstream of Gross Reservoir. Secondly, as noted above, the FEIS and EA do not adequately
describe the fishery resources of South Boulder Creek and how those resources would react
when water temperatures are reduced even farther than current conditions. Current mitigation
measures as proposed by Denver Water cannot be evaluated against environmental impacts
attributable to the Moffat Project because those environmental impacts have yet to be properly
described. Decreased temperature and reduced growth rate of fish are two factors that are of
paramount importance when analyzing the impact of the Moffat Project on South Boulder Creek.
Neither was addressed in the EA or the FEIS.

Aquatic macroinvertebrate resources South Boulder Creek, Gross Reservoir to South
Boulder Diversion Canal

The aquatic macroinvertebrates found in Boulder Creek likewise are coldblooded species that are
regulated by temperature. Aquatic macroinvertebrates often are found along an altitudinal
gradient from higher elevations to lower elevations. Water temperature is the principal
environmental factor that influences this elevational distribution. The elevational gradient of
aquatic macroinvertebrates was determined in Boulder Creek a long time ago (Dodds and Hisaw,
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1925). Further work on elevational zonation was developed for mayflies (Ward and Berner
1980) and stoneflies (Knight and Gaufin 1966). Higher elevation waters are colder than low
elevation waters. South Boulder Creek is very similar to Boulder Creek so the species
distribution along an elevational gradient should be similar for the two waters.

The temperature regime of South Boulder Creek currently is colder than most trout streams of
similar elevation in the area. The temperature regime will decrease even more if the Moffat
Project is constructed. Any analysis of aquatic macroinvertebrates in South Boulder Creek would
require an analysis of how current and future temperature regimes have influenced the species
assemblage in South Boulder Creek downstream of Gross Reservoir. The community may be
more like a higher elevation stream than a stream of similar elevation.

The FEIS analysis of aguatic macroinvertebrates was performed using the Multi Metric Index
developed by the Colorado Water Quality Control Division. The Division uses this tool to
determine if streams and rivers in Colorado are attaining the aquatic life designations that are
assigned to stream segments by the Colorado Water Quality Control Commission. The MMl is a
useful tool. A MMI score usually increases as the number of taxa of a particular group (such as
Mayflies, or predators, or species that “cling” to a rock) increases. The MMI does not indicate
much about the ecology of individual species, specifically temperature preferences or
temperature requirements. For example, many coldwater obligate species are members of
taxonomic groups that contribute to a high MMI score. Other members of the same group may
prefer warmer, lower elevation streams and rivers. MMI scores may not increase or decrease as
elevation changes and one member of a metric group may be replaced by another that is perhaps
more tolerant of higher water temperatures. Therefore MMI scores at a site downstream of
Gross Reservoir may not change as cold water obligate species of a sensitive group such as
Ephemeroptera replaces a member of the same taxonomic group that does not tolerate cold
water.

Sampling aquatic macroinvertebrates in South Boulder Creek appears to require a different
approach to determine impact of low water temperatures on the species assemblage. The species
assemblage present could be compared to the elevational gradients developed by Dodds and
Hisaw (1925), Knight and Gaufin (1966) and Ward and Berner (1980). The water temperature in
South Boulder Creek is very cold and will become colder if the Moffat Project in operation.
Entities involved in assessing the conditions in South Boulder Creek could use a species ecology
based approach to determine if colder temperatures are impacting the aquatic macroinvertebrates
of South Boulder Creek downstream of Gross reservoir. More analyses than solely the MMI are
needed to determine if colder temperatures alter the benthic community in this stream.

Neither the FEIS nor the EA have described the benthic community of South Boulder Creek
adequately. No determination can be made concerning the relationship of aquatic
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macroinvertebrates and lower stream temperature regimes that would be present if the Moffat
Project is completed. More detail is needed to determine if mitigation programs are needed.

Evaluation of proposed mitigation actions.

Several proposed mitigation actions proposed by Denver Water were included in the EA. Six
address Water Quality issues and two address Fisheries and Aquatic Resources. These actions
are.

Finalize a tree removal plan for trees in the inundation area

Monitor continuous temperature at four locations in South Boulder Creek
Monitor metal concentrations in South Boulder Creek

Monitor dissolved oxygen and temperature in Gross Reservoir for 3 years

File with FERC a revision to its approved South Boulder Creek Channel Stability
Monitoring plan

Store a 5,000 acre foot Environmental Pool in Gross Reservoir

7. Develop an Aquatic Nuisance Invasive Species Monitoring Plan

8. Monitor “health” of aquatic macroinvertebrates downstream of Gross Reservoir

ok wbdE

o

Monitoring is not mitigation. Mitigation actions are supposed to lead to an environmentally
preferred outcome (Sutley 2011). Monitoring is used to monitor the effectiveness of mitigation,
in this case reducing impacts to South Boulder Creek caused by increasing the volume of water
flowing through the system and lowering water temperature in South Boulder Creek. Likewise,
developing an Aquatic Nuisance Invasive Species Monitoring Plan is not a mitigation program.
Aquatic nuisance species issues appear everywhere and entities everywhere have to deal with the
problem. Some of the invasive species that could appear in Gross Reservoir could negatively
impact treatment costs for Denver. Dealing with an environmental nuisance species that may
appear in the future is not mitigation for enlarging Gross Reservoir.

The tree removal program for Gross Reservoir likewise is not entirely mitigation. The trees are
being removed to possibly modulate mercury accumulation in fish. However, tree removal will
also decrease the magnitude of any post impoundment increase in productivity of Reservoir. The
tree removal program does not benefit the natural resources in any manner and should not be
considered to mitigate for environmental damage.

The 5,000 acre foot Environmental Pool is not a well thought out mitigation action. The 5,000
acre foot storage will actually make water temperature issues downstream of the reservoir worse
(WQCD 2016, Appendix A.

The EA did provide information that leads readers of the EA to the conclusion that two
environmental issues will likely develop if the Moffat Project is completed. First, the increased
amount of water diverted from the Fraser River may well result in a long-term change in the
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physical habitat of South Boulder Creek upstream of Gross Reservoir. Bank instability was
predicted to increase along with erosion. Higher spring flows and an increased frequency of high
flow events will both result in modifications of the stream channel. The stream channel will
evolve over time to handle the increased flows. Downstream siltation levels will increase. The
EA and the FEIS should address this issue in far more detail and plan appropriate mitigation.

The EA includes a mention that increased bank stability may require bank stabilization.
However, bank stabilization is not included as a mitigation program. Efficacy of bank
stabilization is questionable in this case. Increased spring snowmelt flows will result in stream
channel modification as the geology and artificially altered water regime in South Boulder Creek
move to an equilibrium. The stream channel over time will adapt to the new flow levels. Human
actions to stabilize existing stream banks will last only a relatively short time.

Secondly, the water temperature regime downstream of Gross Reservoir will remain in the single
digits if the Moffat Project is completed. The maximum temperature would be about 9°C in
October. Fish growth would be reduced and fish reproduction issues may also result. No
mitigation actions for this impact were included in the EA.

The EA did not include any mitigation action in South Boulder Creek that would actually
mitigate for the environmental impacts associated with the Moffat Project. A series of
monitoring programs was included in the EA and listed as mitigation even though no
environmental improvement results from monitoring. One possible project exists. A multi-stage
release from Gross Reservoir would eliminate all environmental impacts in South Boulder Creek
downstream of Gross Reservoir. Denver Water refuses to consider this option. Thus mitigation
like the FEIS and EA is actually an ineffective and empty process.
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SAVE THE COLORADO  SAVE THE POUDRE  WATEKEEPER ALLIANCE
WILDEARTH GUARDIANS LIVING RIVERS  THE ENVIRONMENTAL GROUP

June 18, 2015

TO: Rena Brand and Kiel Downing, U.S. Army Corps of Engineers

Re: Moffat Collection System Project: Climate Change and Greenhouse Gas Impact Analysis

Dear Ms. Brand and Mr. Downing,

Climate change presents a critical challenge to Colorado, the Southwest United States, and our
planet. The organizations signed below are deeply concerned about the current and coming
effects of climate change, and are committed to finding solutions to environmental problems
that do not create new environmental problems or worsen existing problems. At a minimum,
environmental decision-making must be fully informed by comprehensive analysis of potential
climate impacts so that agency action can be designed to avoid, minimize, and mitigate
impacts.

This letter is submitted to inform and assist the Corp’s analysis as it formulates the Record of
Decision for the Moffat Collection System Project. The Corps has committed that it will accept
“meaningful and substantive comments on the analysis until the agency makes a decision on
the project...”?

The National Environmental Policy Act requires that the U.S. Army Corps of Engineers analyze
all environmental impacts associated with the proposed Moffat Collection System Project
(“Moffat”). Because Moffat requires permitting under the Clean Water Act, the Corps’
assessment of the project must address the EPA’s 404(b)(1) guidelines (see 40 C.F.R. § 230), and
the Corp’s “public interest” factors (see 33 C.F.R. §§ 320 et seq.) including:

e Rejecting a permit if there is a practical alternative that would cause less adverse impact
e Ensuring that permitting the project does not cause significant degradation to waters of
the U.S,, including jurisdictional Waters of the U.S. such as riffle-pool complexes and

“jurisdictional wetlands”
e Mitigating any impacts

Commensurate with increasing scientific recognition of the nature and scale of the threat, law
and policy are evolving with regard to the level of climate change analysis needed in federal
environmental reviews. The Counsel of Environmental Quality (CEA) recently issued new "draft

1 http://www.dailycamera.com/boulder-county-news/ci 25989891 /epa-see-plans-gross-reservoir-expansion-
threat-water
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guidance" (Dec. 2014) about climate change emissions from projects evaluated under NEPA.
According to the CEQ’s summary of the new Draft Guidance:

This guidance explains that agencies should consider both the potential effects of a
proposed action on climate change, as indicated by its estimated greenhouse gas
emissions, and the implications of climate change for the environmental effects of a
proposed action. The guidance also emphasizes that agency analyses should be
commensurate with projected greenhouse gas emissions and climate impacts, and
should employ appropriate quantitative or qualitative analytical methods to ensure
useful information is available to inform the public and the decision-making process in
distinguishing between alternatives and mitigations. It recommends that agencies
consider 25,000 metric tons of carbon dioxide equivalent emissions on an annual basis
as a reference point below which a quantitative analysis of greenhouse gas is not
recommended unless it is easily accomplished based on available tools and data.?

The Guidance concludes:

This guidance document informs Federal agencies on how to apply fundamental NEPA
principles to the analysis of climate change through assessing GHG [greenhouse gas]
emissions and the effects of climate change for Federal actions subject to NEPA. It
identifies opportunities for using information developed during the NEPA review
process to take into account appropriate adaptation opportunities. Applying this
guidance will promote an appropriate and measured consideration of GHG emissions
and the effects of climate change in the NEPA process through a clearer set of
expectations and a more transparent process, thereby informing decisionmakers and
the public and resulting in better decisions.

This guidance also addresses questions raised by other interested parties.73 Agencies
are encouraged to apply this guidance to all new agency actions moving forward and, to
the extent practicable, to build its concepts into currently on-going reviews.?

Case law decisions by the judiciary are keeping pace with Executive branch actions and the
emerging scientific consensus regarding climate change threats. In June 2014, the United States
District Court for the District of Colorado issued a decision involving proposed coal mining
operations on Colorado’s West Slope holding that federal agencies’ NEPA analysis process must
estimate GHG emissions associated with combustion of coal.? High Country Conservation
Advocates v. U.S. Forest Service (D. Colo. 2014).> The Court found that the USFS Coal Mining EIS

2 https://www.whitehouse.gov/administration/eop/ceq/initiatives/nepa/ghg-guidance (emphasis added)

3 https://www.whitehouse.gov/sites/default/files/docs/nepa revised draft ghg guidance searchable.pdf at 30-
31 (emphasis added)

4 http://www.scribd.com/doc/231657158/US-District-Court-order-on-West-Elk-coal-mine-expansion-in-Sunset-
Roadless-area-Colorado at

5 http://www.coloradoindependent.com/148011/judge-blocks-colorado-coal-mine-plan-orders-feds-to-evaluate-
climate-impacts
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violated NEPA by not considering an expert report submitted by Plaintiffs regarding GHG
emissions forecasts. Id. at 31. The decision directed that the federal “defendants are
immediately enjoined from proceeding with the Exploration Plan in any manner that involves
any construction, bulldozing or other on-the-ground, above-ground or below-ground disturbing
activity in the subject area.” Id. at 36.

Responding to the federal agency’s claim that no accepted methods were available to calculate
the social cost of carbon emissions, the court found “a tool is and was available: the social cost
of carbon protocol. Interagency Working Group on Social Cost of Carbon, Technical Support
Document (Feb. 2010) [. . .] The protocol—which is designed to quantify a project’s
contribution to costs associated with global climate change.” Id. at 17. This tool should be
utilized by the Corps in its analysis of the Moffat project.

In a decision dated May 8, 2015, the same federal court held that NEPA’s hard look standard
requires that agencies analyze the “increase in greenhouse gas emissions” among other air
quality impacts of proposed projects. Wildearth Guardians v. U.S. Office of Surface Mining,
Reclamation and Enforcement (D. Colo. 2015).6 The court’s holding applies to both direct and
indirect impacts from the project. “Indirect effects are effects that “are caused by the action
and are later in time or farther removed in distance [than direct impacts], but are still
reasonably foreseeable.” 40 C.F.R. § 1508.8(b).” Id. at 26. Applied to the proposed Moffat
project, this indicates that the Corp’s analysis should encompass the climate impacts of any
new development, such as residential subdivisions and related traffic patterns that are
expected to be permitted and built as a result of a decision approving the proposed additional
Moffat diversions.

Consistent with NEPA and the law and policy summarized above, we evaluated the potential
greenhouse gas emissions that would be produced by the Moffat Collection System Project to
consider whether the project, as proposed in the FEIS, would contribute to climate change. At
least three significant sources will contribute to climate change emissions from the proposed
Moffat project: 1) the construction of the project, 2) harmful impacts to the hydrology of over
600 acres of wetlands and riparian areas due to watershed depletions in the tributaries from
which Moffat collects water, from the Fraser River, and from the Upper Colorado River, and 3)
emissions of methane, nitrous oxide and carbon dioxide from the fluctuating water levels and
operations of an expanded Gross Reservoir. The Corps project team should determine what
additional sources warrant inclusion in the climate analysis for direct, indirect, and cumulative
impacts.

In terms of (1) above, we have calculated that the total climate change emissions produced
during the construction of the project — also called “embodied” emissions — would be at least
782,000 metric tons COz-equivalents. These emissions from construction alone would be equal
to or greater than the emissions from more than 164,000 automobiles on the road for one year,
or, the burning of more than 840 million pounds of coal.

® http://www.wildearthguardians.org/site/DocServer/OSM_Colorado_Ruling_5_08_15.pdf?doclD=16002





In terms of (2) above, harmful impacts to the hydrology of over 600 acres of wetlands and
riparian areas, we have calculated that the total climate change emissions for Moffat would
likely be more than 38,000 metric tons COz-equivalent. These emissions would be equivalent to
the emissions from 8,000 automobiles on the road for one year.

In terms of (3) above, the scientific literature has not yet reached consensus on quantifying
methane and carbon dioxide emissions from reservoirs in Western semi-arid environments.
However, the existing literature clearly documents emissions in this category, establishing that
the emissions from Gross Reservoir are likely to be at least several thousand metric tons of CO;-
equivalent each year. As this science progresses over the coming months, we will offer
additional input to you.

The Corps of Engineers must analyze these emissions so that the project complies with the
National Environmental Policy Act and other federal laws and regulations, and consider the
analysis in the Record of Decision for Moffat.

These estimated results would be significant greenhouse gas emissions at a time when we
should be doing everything we can to reduce greenhouse gas emissions in every aspect of our
lives. Importantly, our initial estimate of GHG emissions from Moffat -- at least 780,000 metric
tons -- is over 30 times greater than what the draft guidance indicates is a minimum threshold
for analysis and mitigation.

Our calculations are based on the following methodology:

1. Embodied emissions from construction of the project — including fuel burned on site,
concrete manufacturing and use, rock fill, an estimated 23,600 truck trips, and
excavation in the construction of the project — would total more than 782,000
metric tons CO,-equivalent’ 8, which is more than 43 metric tons CO,-equivalent per
acre-foot of water proposed to be yielded from the project. We calculated these
emissions by matching the projected materials and excavation amounts in the
financial cost estimates for the project with the embodied emissions calculated in
the Inventory of Carbon and Energy (ICE) database.

2. The project’s proposed action would affect more than ~600 acres of riparian-
associated wetlands and riparian areas in the Fraser River, Upper Colorado River,
and tributaries from which the Moffat project will collect water. Carbon in soils and
wetland vegetation are a major sink for ecosystem carbon, and reduced wetland
hydrology would have significant impacts upon those wetlands, the loss of which
would likely result in a major source of emissions to the atmosphere of at least
38,000 metric tons CO,-equivalent per year. We evaluated the Natural Resource

7 Technical Memorandum, Northern Integrated Supply Project, Glade Complex, Facilities Update and Cost Estimate
8 |CE database (http://www.circularecology.com/ice-database.html#.U1Z4B_ldVgg)





Conservation Service (NRCS) SSURGO soils database for wetlands soils in the
affected region®, and the U.S. Forest Service FIA database for riparian vegetation in
the affected area’?, and then modeled the soils under drained and undrained
conditions using the CENTURY model!! 2 and estimated the shifting of vegetation
from wetlands and riparian forests to non-riparian shrublands.

3. Reservoirs in the American West are significant sources of greenhouse gases, and
the reservoir expansion for the project, if built, is likely to emit thousands of metric
tons COz-equivalent per year'? 4. While we are unaware of a current model to
predict the greenhouse gas emissions from temperate reservoirs, available research
indicates that no temperate reservoirs have been found to be a net year-round sink
for carbon. Nearly all reservoirs studied to date appear to be net sources of
greenhouse gas emissions, and there is no reason to indicate that an expanded
Gross Reservoir would be any different. Recent measurements indicate emissions
are particularly high from reservoirs that fluctuate significantly over the course of
the year, as do most reservoirs in Colorado such as Gross Reservoir. Emissions of
the greenhouse gas methane in particular can be extremely high from hydropower
facilities such as Gross Reservoir.!> 16

These projections constitute significant new information that must be used and analyzed as a
part of the Environmental Impact Statement (EIS) for Moffat. The Record of Decision (ROD)
must be informed by the best available science, and without this analysis, the EIS would not
satisfy the requirements of the National Environmental Policy Act or recent court decisions. If
the Corps has not already done so, we recommend that the Corps conduct a rigorous scientific
analysis of the climate impacts for this project, borrowing the methodology and conclusions
presented above as appropriate. The analysis will have direct bearing on how the Corps
complies with the mandate that the ROD selects the Least Environmentally Damaging
Practicable Alternative.

9 Soil Survey Staff, Natural Resources Conservation Service, United States Department of Agriculture. Web Soil
Survey. Available online at http://websoilsurvey.nrcs.usda.gov/. Accessed 2/15/2014.

10 USDA Forest Service. 2000. Forest inventory and analysis national core field guide, volume 1: Field data
collection procedures for phase 2 plots, version 1.6. USDA Forest Service, Internal report. On file at USDA Forest
Service, Washington Office, Forest Inventory and Analysis, Washington, D.C.

11 parton, W.J., D.W. Anderson, C.V. Cole, J.W.B. Stewart. 1983. Simulation of soil organic matter formation and
mineralization in semiarid agroecosystems. In: Nutrient cycling in agricultural ecosystems, R.R. Lowrance, R.L.
Todd, L.E. Asmussen and R.A. Leonard (eds.). The Univ. of Georgia, College of Agriculture Experiment Stations,
Special Publ. No. 23. Athens, Georgia.

12 Century Model Home Page. http://www.nrel.colostate.edu/projects/century/, viewed on 2/15/2014.

13 Soumis, N. et al. 2004. Greenhouse gas emissions from reservoirs of the Western United States. Global
Biogeochemical Cycles 18(3): GB3022.

14 Deemer, B.R., J.A. Harrison, and M.T. Glavin. 2012. Water level drawdown boosts greenhouse gas production in
a small eutrophic reservoir. Poster at the Ecological Society of America Annual Meeting, Portland, OR.

15 http://ecowatch.com/2014/08/14/dams-not-clean-energy-climate-change/

18 http://www.climatecentral.org/news/hydropower-as-major-methane-emitter-18246
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Scientists across the globe increasingly recognize that climate change has civilization on the
brink of a looming climate crisis should current trends continue unchecked. The earlier and
more decisively action is pursued, the later and less cataclysmic impacts will occur. Effective
action starts with informed environmental decision-making, the core goal of NEPA.

Thank you for the opportunity to provide input and make requests of your offices regarding the
environmental impacts of the Moffat System Collection Project. Your organization and ours
mandate objective, scientifically valid information to thoroughly comply with applicable law
and policy, including the recent court holdings summarized above. Please acknowledge receipt
of this letter.

Respectfully,

Gary Wockner
Executive Director
Save The Colorado

Mark Easter
Board Chair
Save The Poudre

Pete Nichols
National Director
Waterkeeper Alliance

Jen Pelz
Wild Rivers Program Director
Wildearth Guardians

John Weisheit
Colorado Riverkeeper
Living Rivers

Chris Garre
Board Chair
The Environmental Group






LR BUCHANAN CONSULTING

Evaluation of Feasibility of Attaining 18,000 AFY of Firm
Yield from Excess Flows Remaining in the Fraser and
Williams Fork Basins Combined with 72,000 AF
Additional Storage in the Expanded Gross Reservoir.

For: The Environmental Group (TEG)

5/15/2014 Revised 10/1/2015

By: Lisa Buchanan Scientist/Engineer

Additional 10,280 AFY of water diversions from the Fraser and Williams Fork Basins through the Moffat
Tunnel, in combination with the enlarged Gross Reservoir that affords 72,000 AF of additional storage
volume, provide the needed 18,000 AFY additional firm yield in only 55 % of years of the test period. If
all of additional diversions between the historical post-diversion baseline and the proposed project
approximately twice that allocated for the proposed project or 20,300 AFY are included, the required
firm yield will be met in only 77% of years of the test period. Therefore, the project does not meet the
PN1 screening criteria and should have been screened from further consideration in the FEIS. To attain
the firm yield in 100 % of test period years would require additional diversions from the planned
expansion of the Williams Fork collection system to Darling Creek. Impacts analyses of these required
additional diversions need to be addressed in the FEIS.





Summary

Alternative 1A of the Moffat-Gross FEIS would increase storage in Gross Reservoir by 72,000 AF and
Denver’s firm yield water supply by 18,000 AF/YR. Water for this alternative would come from the
Fraser and Williams Fork basins on the west slope through the Moffat Tunnel into Gross Reservoir on
the east slope of the continental divide. Because stream flows in these basins are already depleted, up
to 70 or 80 percent at the Fraser River at Winter Park USGS gage in the irrigation season, this analysis
was undertaken to evaluate how much water remains in the basins, referred to as excess basin water,
above and beyond what is currently diverted to the existing 41,800 AF Gross Reservoir.

Since measured flow data at Denver’s diversion structures is not available, annual excess basin flows are
estimated using USGS flow data and Gross Reservoir storage data over the 44 year period of 1966 to
2013, when data were available at all monitoring locations in all but three years. Estimated ground and
surface water inflows that enter the stream between the diversion and USGS gage locations, sometimes
over several miles, are subtracted from measured stream flows. Excess basin flows, equal to the yearly
sum of the adjusted stream flows at the USGS gages, are applied each year toward storage in the
expanded portion of Gross Reservoir and/or the 18,000 AF additional firm yield for Denver’s water
supply system. Firm yield, which accounts for both the water supply inflow and available reservoir
storage from previous years, is assessed annually over this 44 year period.

The firm yield of expanded Gross Reservoir is tested against two flow situations. 1) Use of all calculated
excess basin flows to test the firm yield of the combined reservoir/water supply system; this simulates
the modeled “current condition” baseline in the EIS. 2) Use of all calculated excess basin flows minus
the average annual diversion between the modeled “current” and “full use” EIS scenarios; this simulates
the “full use” baseline in the EIS. Diversions up to and including the “full use” model scenario of the EIS
when combined with 41,800 AF of storage in the existing Gross Reservoir meet Denver’s projected
water supply demands through 2022 according to the EIS. As stated in the EIS, after 2022, expansion of
Gross Reservoir by 72,000 AF is required to provide the additional 18,000 AFY of firm yield required by
2032. The EIS only considers incremental basin impacts caused by diversions between the “full use”
baseline and the proposed project to be project related.

Overall, results of this analysis indicate that the stated 18,000 AFY firm yield requirement for the
proposed project, expansion of Gross Reservoir to almost three times its current volume, cannot be met
under both of the flow situations above representing both the “current” and “full use” EIS baseline
model scenarios. Results of this analysis are as follows.

e The average of all calculated annual excess basin flows closely match the FEIS average additional
diversions between the “current” and “proposed” model scenarios of the PACSM water supply
model . In fact the average calculated excess basin flow is greater than average modeled
diversions by approximately 2,600 AFY and so represents a “best case” estimate of the ability of
the proposed project to meet the firm yield requirement of 18,000 AFY.

e Current conditions EIS baseline: Including storage in the expanded portion of Gross Reservoir
and all estimated basin excess flows, the reservoir would fill in only 3 years out of 44; the 72000





AF of extra storage would be depleted or zero in 12 years; the required yield of 18,000 AF/YR
would be met in 32 years (72.7%) and not met in 12 years (27.2%). The EIS PN1 screening
criteria is not met.

e  “Full Use” EIS Baseline: Under the “full use” baseline, a portion of the excess basin flows would
be diverted through the Moffat Tunnel and the existing Gross Reservoir to the Moffat Water
Treatment Plant without requiring expansion of the reservoir. The remaining 10,280 AFY are
allocated for the proposed project. Under this baseline, that preferred in the EIS, the expanded
reservoir would fill in only 1 year out of 44; the 72000 AF of extra storage would be depleted or
zero in 20 years; the required yield of 18,000 AF/YR would be met in 24 years (54.5%) and not
met in 20 years (45.5%) of this 44 year period of record. The percentage of years where the firm
yield of 18,000 AF/YR was NOT met is substantially lower than 100%, the EIS alternative
screening PN1 criteria; the project should have been screened from further consideration in the
alternatives screening process.

® Incremental additional diversions from the Fraser and Williams Fork basins are included in the
“current condition”, “full use”, and “proposed project” model scenarios. Of these, the impacts
of only the last, the “proposed project” diversions, on basin stream flow are considered to be
project impacts in the EIS. If all of the modeled additional diversions, equal to all additional
diversions between the historical post-diversion and proposed project or approximately twice
that of the “proposed project” diversions, are utilized the stated project firm yield of 18,000 AFY
is met in 77 percent of the years; still below the acceptance criteria of 100 %.

® Basin impacts attributed to the “project” should reflect all additional diversions included in the
“current”, “full use”, and “proposed project” model scenarios and are likely greater than twice
that stated in the EIS.

® Guidance published by the New Jersey Department of Environmental Protection (NJDEP, 2011)
define firm or “safe” yield as a continuous quantity of water that can be provided even through
a historical critical drought period. Even with 4,000 AFY of additional excess basin flows,
storage and firm yield in the expanded Gross Reservoir were zero from 1976 through 1978 due
to average or below average years leading up to these three years. This is in contrast to the
selected 1950s critical drought years (1953 to 1957) of the PACSM modeling where the
expanded Gross Reservoir filled in wet year 1952 just ahead of the drought period. The mid-
1970s should also be included as a critical drought period against which to evaluate the
feasibility of the project to achieve the additional firm yield of 18,000 AFY.

Analysis Description

Alternative 1A of the FEIS calls for a substantial increase in Gross Reservoir Storage; from 41,811 AF
adding 72,000 AF for a total storage volume of 113,811 AF; an increase in storage volume of 172
percent. Alternative 1A is noted as the preferred alternative. Because stream flows in the Fraser River
basin are already depleted under the current configuration of Gross Reservoir this evaluation was
undertaken to estimate the additional firm yield of the Fraser and Williams Fork basins if storage in
Gross Reservoir is increased.





The FEIS page 2-25 states that “additional water is available for diversion under the existing Denver
Water Rights from the Fraser River, Williams Fork River and South Boulder Creek.” and (FEIS pg. 2-28)
“the existing diversion and conveyance facilities (i.e. Moffat Diversion tunnel and South Boulder Creek
Diversion Canal) have adequate capacity to divert and carry additional flows.” However, it is unclear
how much additional water remains at Denver Water’s diversion structures for diversion to the
expanded Gross Reservoir because 1) Denver Water does not measure surface water flow at each of
their diversion structures in the Fraser and Williams Fork Rivers and 2) stream flow is monitored by the

USGS gages that are located one half to several miles below Denver’s diversion gates (See Figure 1).
Measured flows not only reflect Denver diversion operations but also surface water and ground water
inflows to the stream that enter between DW diversion points and the USGS gage locations. Therefore,
it is not clear how much excess flow is available at the point of diversion for storage in an expanded

Gross Reservoir. Flows measured at stream gages located a distance downstream of the diversion
structures over-estimate the amount of water physically available at the diversion structures.

Measured USGS stream flow data and storage data in Gross Reservoir are utilized in the following
analysis to estimate excess flows from the Fraser and Williams Fork basins that would be used to fill the
expanded reservoir and to satisfy Denver’s increased firm yield of 18,000 AF/YR. Basin excess flows that
exceed the firm yield of 18,000 AF/YR would be placed into storage in the expanded reservoir for use in
years when basin yields are below the target demand rate.

Depletion of Stream Flows in the Fraser River Basin Observed at USGS gages

Stream flow data at the USGS gage (09024000) “Fraser River at Winter Park” located downstream of the
west portal of the Moffat Tunnel were used to evaluate depletion of native flows in the Fraser River
caused by current DW Moffat diversions. This USGS gage has recorded flows from 1911 to the present.
Years 1911 to 1935 represent the time period prior to Moffat diversions. Pre-Moffat flows were
compared to years 1936 to 2013 representing the time period when water was diverted out of the
Fraser Valley through the Moffat Tunnel (Post-Moffat). Average and median monthly pre- and post-
flows are shown in Figure 2. The percent reduction in monthly average and median pre- to post-time
periods is presented in Figure 3.
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Figure 2: Average and Median Monthly Flows at USGS Gage 09024000; Fraser
River at Winter Park; Comparison of Pre-and Post-Moffat Stream Flow
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Stream flow in the Fraser River at Winter Park is substantially depleted under current operating
conditions and Gross Reservoir storage at 41,811 AF. Average stream flows have been reduced by
between 60 and 70 percent in May through September. Median monthly stream flows, lower than
average monthly flows, are reduced by 70 to 80 percent from pre- to post-Moffat diversion periods in
May through September under the EXISTING Gross Reservoir configuration. This means that half the
time flow depletion at the Fraser River at Winter Park gage could be greater than 70 to 80 percent in
these months.

Given the substantial depletion of flow on the main stem of the Fraser River, it is unclear if there is
sufficient water in the Fraser and Williams Fork basins to fill an additional 72,000 acre feet of an





expanded Gross Reservoir or if there is an additional 18,000 AF of firm yield in the basin particularly
since additional flows will be obtained primarily during the months of May, June, and July.

Estimate of Additional Firm Yield of Fraser and Williams Fork Basins

Additional Firm Yield from the Fraser and Williams Fork basins was estimated as follows:

1. Excess water at USGS gages in the irrigation seasons (May, June and July) of the 1966 to 2012
period was calculated by adjusting USGS stream flow data with estimated inflows between
Denver Water diversion gates and gage locations. These months were selected for analysis
because Denver’s proposed additional diversions would occur in the high flow months (May
through July) according to the FEIS.

2. Since storage capacity is utilized to meet firm yields in low water years; any supply that
exceeded 18,000 AF each year was placed into storage in the 72,000 AF of additional storage
volume of the expanded Gross Reservoir in this analysis. Water stored from earlier years was
combined with water supply inflows in each year to achieve the 18,000 AFY firm yield in years
when the yearly basin flow was less than 18,000 AF. In addition, it was assumed that the firm
yield would be used in a flow through manner; thereby maximizing the amount of water
available for storage in Gross Reservoir while allowing for use of 12,758 AF of storage in Ralston
Reservoir.

3. Excess storage volume at the end of each irrigation season was added to the additional basin
yield of the next irrigation season; this sum equal to the total amount of water in each historical
year of record that would be available to meet the additional 18,000 AF of demand plus
additional losses from evaporation (514 AF/YR). The incremental increase in conveyance losses
was not included in this estimate though it would further decrease yields from the expanded
Gross Reservoir.

4. The number of years when the 18,000 AF of firm yield could and could not be met was tallied; if
the additional yield could not be met in some years the PN1 screening criteria of 100% of the
years was not met.

5. Excess yield from this calculation corresponds to the difference noted between the modeled
“current” to “proposed” scenarios of the FEIS. In the FEIS these excess flows are divided into
the “Full Use” and the “proposed” scenarios where “Full Use” operates under the current
configuration of Gross Reservoir at 41,800 AF of storage. Therefore, as stated in the FEIS, the
incremental increase in diversions between the “Full Use” and the “proposed” scenarios would
be used to fill the additional 72,000 AF of storage and provide the additional 18,000 AF of firm
yield under the proposed alternative. The incremental increase of diversions noted in the FEIS
from “current” to “full use” were thus subtracted from the excess basin flows and the firm yield
evaluated as in number 4 above.





Yearly Excess Basin Flows

The amount of excess water available during the months of May, June, and July in the Fraser and
Williams Fork Basins was estimated using USGS measured stream flow and reservoir storage data from
1966 to 2012. This period was chosen because:

e Stream flow data were available at all USGS gages in the Fraser and Williams Fork Basins that
monitored stream flow below DW diversion structures (Downloaded from the Colorado Decision
Support System (cdss) website).

e Gross reservoir storage data were available in all but three years of this period (1967, 1987,
1989) also available through the cdss website. These three years were omitted from the
evaluation.

e This resulted in a 44 year period of record with sufficient measured data to estimate historical
excess flows and evaluate if a firm yield of 18,000 AF/YR could be achieved with the enlarged
Gross Reservoir.

This evaluation is based on two assumptions:

1. When the Current Gross Reservoir was NOT full (storage was below 41,000 AF), Denver Water
diverted all available flow at their diversion structures drying up the stream just downstream of
their gate; therefore, stream flow measured at the USGS gages when Gross Reservoir was NOT
full reflects surface water and ground water inflow between the diversion points and the gages
plus any flow obligations downstream of the collection system.

2. Excess flow would be available only in months of May, June, and July when Gross Reservoir was
full; this is the when Denver's proposed additional diversions would occur according to the EIS.

Current Operations at Denver Water Diversion Structures

Currently Denver Water diverts water that is “physically and legally available at each diversion point
Streams that do not
have minimum bypass requirements (even those with downstream senior rights) are fully diverted at

n u

subject to minimum bypass flows and calls from downstream senior water rights.

times during the year...” “This results in no stream flow for some distance below the diversions. This is
how Denver Water has operated in the past and plans to operate in the future.” (FEIS p. 3-35)

In dry years Denver Water diverts “all available flows at each diversion point except for flows required”
to meet downstream obligations. In wet years Denver Water diverts “100 percent of the water from
streams that do not have minimum bypass flow requirements,” therefore, these streams “are fully
diverted and dried up early in runoff season similar to dry years. Once Denver Water anticipates filling
Gross and Ralston reservoirs and water demand is being met, Denver Water will begin to reduce
diversions” and allow water to flow past their diversion structures in the Fraser Valley until “Gross
Reservoir begins to be drawn down, typically in mid-summer, when Denver Water will again divert the
maximum amount available to keep Gross Reservoir as full as possible.” (FEIS p. 3-36).





Historically then, except for downstream obligations, Denver Water often dries up flows downstream of
their diversion points in the Fraser Valley, spilling water past diversion points only when Gross Reservoir
is full. What volume of spilled water is available at diversion points in the Fraser Valley and Williams

Fork watersheds and is this volume sufficient to provide the 18,000 AF of firm yield for an expanded
Gross Reservoir?

Historical Storage Data for Gross Reservoir

Historical storage volumes in Gross Reservoir, read at the end or beginning of each month and
sometimes mid-month, were evaluated to determine how often and when Gross Reservoir filled
between 1966 and 2012. Months when storage in Gross Reservoir was greater than 41,000 AF are noted
in Table 1. According to the FEIS, water used to fill the enlarged Gross Reservoir would be diverted
primarily in the months of May, June, and July, therefore, these months were used in this evaluation.
Note that the existing Gross Reservoir 941,800 AF) filled only once in May and did not fill in the irrigation
season in 11 years of the 44 years of record.

Table 1: Months Gross Reservoir Filled; Storage Levels Above 41,000 AF
Water Year May June July Water Year May June July
1966 Max 39,979 AF in Jul 1990 X
1967 Missing storage data in irrigation 1991 X
season
1968 Max 39,419 AF in Aug 1992 X
1969 X X 1993 X
1970 X 1994 X
1971 X 1995 X
1972 X 1996 X
1973 X 1997 X
1974 Max 40,800 AF in Jul 1998 X X
1975 X 1999 Filled in Sept and Oct
1976 Max 27,096 AF in Jun 2000 X
1977 Max 39,898 AF in Jun 2001 X
1978 Max 40,062 AF in Jul 2002 Max 22,956 AF in Feb
1979 X 2003 | X | X
1980 X 2004 Max 40,381 AF in Oct
1981 X 2005 | X |
1982 X 2006 Max 40,859 AF Jun
1983 X X 2007 X
1984 X X 2008 X
1985 X X 2009 X X
1986 X X 2010 X
1987 Missing storage data in irrigation 2011 X
season
1988 X ‘ 2012 Max Storage 38,350 in June
1989 Missing storage data in irrigation 2013 Storage Data not Entered
season

Historical storage data from Gross Reservoir (Colorado Decision Support System - cdss)





Adjusted Stream Flows

Monthly stream flow measurements in May, June, and July in years 1966 to 2013 were used to estimate
excess flows at the following USGS gages shown in Figure 1:

e Fraser River at Winter Park (09024000),

e Vasquez Creek near Winter Park (0902500),

e St. Louis Creek near Fraser (09026500),

e Ranch Creek near Fraser (09032000), and

e Williams Fork below Steelman Creek (09035500).

It is assumed that excess flows would only be available for additional storage at times when the existing
Gross Reservoir was full. Therefore, when Gross Reservoir was NOT full there would be no additional
water available in that month at that location.

The median of monthly flows for months when Gross Reservoir was NOT full during the time period
1966 to 2012 was assumed to represent the inflow between diversion structures and USGS gages; or
“native downstream inflow” plus downstream water obligations. This median flow (shown in Table 2)
was subtracted from monthly flows measured at the USGS gages in months when Gross Reservoir filled
to estimate the adjusted excess stream flow. Adjusted flows that were negative, where total flows were
less than the median adjustment factor, were changed to zero for this calculation.

Table 2
Median Monthly Flows (1966 to 2012) For Months When Gross Reservoir Did NOT Fill
Used to Adjust Monthly Stream Flows in Months When Goss DID Fill

USGS Gage Elevation May June July
Feet AF/Mth (cfs) | AF/Mth (cfs) | AF/Mth (cfs)
Vasquez Creek near Winter Park (09025000) 8911 1051 (17.1) 878 (14.8) 760 (12.4)
St. Louis Creek near Fraser (09026500) 8773 1507 (24.5) 2705 (45.5) 1904 (31.0)
Fraser River @ Winter Park (09024000) 8985 1257 (20.5) 1928 (32.4) 1471 (23.9)
Ranch Creek near Fraser (09032000) 8665 1139 (18.5) 1236 (20.8) 382 (6.2)
Williams Fork Below Steelman (09035500) 9806 1181 (19.2) 5776 (97.1) 2362 (38.4)

Inflow between DWs diversion structures and the USGS gages originate from:
e Mary Jane Creek up to 11,000 feet elevation on the Fraser River;

e Lower elevation areas, up to 9,500 feet, on Vasquez Creek,

e Deadhorse and Spruce Creeks up to 11,584 feet at Bottle Peak on St. Louis Creek,

e Lower elevation areas, up to approximately 9,500 feet, on Ranch Creek, Hurd Creek, Hamilton
Creek, Trail Creek, Cabin Creek, Little Cabin Creek, and Dribble Creek.

e Alpine areas up to 12,348 feet including St. Louis Peak (12246 feet)in the Williams Fork Basin.
High inflows in June and July are consistent with drainage from high alpine areas, however,
operations at the Williams Fork basin diversion structures that optimized filling Williams Fork
Reservoir once Gross Reservoir was nearly full also added to flows recorded at the Williams
Fork below Steelman Creek USGS gage during this time period (see Williams Fork section).





Minimum bypass requirements (FEIS Table 3.1-8) of 10 cfs on the Fraser River, 8 cfs on Vasquez Creek,
10 cfs for St. Louis Creek, and 4 cfs for Ranch Creek between May 15 and September 15 are reflected in
excess flow values above. Bypass flows were incorporated into Right of Way agreements between
Denver Water and the US Forest Service in 1970. As part of the Clinton Reservoir Agreement of 1992
Denver Water reserved the right to reduce bypass flows if mandatory restrictions to in-house domestic
water use were imposed on its customers (FEIS 3-28). Table 3.1-9 of the FEIS notes that bypass flows
were reduced in 1975, 1977, 1980 and consistently in September 2001 through July 2004, the end of the
FEIS historical period of record (1975 to 2004). The median inflow value noted in Table 2 above (1966 to
2012 period of record) likely reflects times when bypass flows were both honored and reduced.

In addition, calls by higher priority water rights holders on the Fraser River likely increased flows past
Denver Water diversions during the 1966 to 2013 period of record. Senior water rights holders include
but are not limited to Beaver Dam Ditch, Deberard Ditch and Reservoir, Earl Ditch, Joy Ditch, Hammond
Ditch, Ostrander Ditch, Peterson Ditch, Scybert Ditch, and Winter Park West Wells. For purposes of this
evaluation, it was assumed that calls coming from the Fraser River were reflected in the historical flow
records at the USGS gages and were not available for diversion by Denver Water.

Excess Basin Flows

Adjusted monthly stream flows in May, June, and July were summed to estimate the yearly total excess
basin flow that would be available to fill the expanded Gross Reservoir storage of 72,000 AF. Estimated
yearly excess flows are shown in Figure 5.

Figure 5: Excess Yearly Flow in Fraser and Williams Fork Basins
Estimated Using USGS Flows and Gross Reservoir Storage Data
in May, June, and July: 1966 to 2012
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Storage Data missing in 1967, 1987, and 1989; these years omitted from analysis.

Average and median excess flows at each USGS gage location are shown in Table 3. Average estimated
excess flows compare favorably to average tunnel diversion increases from “current” to “proposed”
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conditions modeled in the FEIS using the PACSM model (Table 4). In fact, the average of the estimated
excess flows in both the Fraser and Williams Fork basins combined actually exceeds the modeled
increase in Moffat flows by approximately 2,600 AF/YR on average and so represents a “best case”
estimate of the ability of the proposed project to meet the firm yield requirement of 18,000 AFY.
Average excess flows calculated for the Fraser Basin alone compare closely to the modeled increase in
the Moffat Tunnel diversions.

It is valid to compare excess flow derived here with the modeled “current to proposed” scenario’s
diversion increases because full use system changes occur after 2006 (of the 1966 to 2012 period of
calculation). The Full Use scenario included, among others, upgrades to the distribution system from
the Foothills and Marston treatment plants, changes to Big Lake Ditch Denver water rights such that
additional water could be stored in Williams Fork Reservoir (as of 2013), and an increase in demand of
60,000 AF/YR (as of 2006 per the EIS). It is not clear if water demand remained at the 2006 level
through 2013. Full use did not include any additional storage in Denver’s northern water system,
including Gross Reservoir.

Table 3
Average and Median Excess Flows at USGS Gage Locations Available to Fill 72,000 AF of the
Expanded Gross Reservoir and Provide Denver Water’s 18,000 AF/YR Additional Yield
USGS Gage Location Average of Median of Maximum of
Estimated Estimated Excess Estimated
Excess Flows Flows Excess Flows
(AF/YR) (AF/YR) (AF/YR)
Williams Fork (WF) Below Steelman 2,682 2,150 11,314
Ranch Creek near Fraser 2,891 1,636 17,797
Fraser River @Winter Park 3,323 971 20,837
St. Louis Creek near Fraser 3,546 2,430 18,693
Vasquez Creek near Winter Park 3,115 1,183 21,942
Total Flow Fraser (excluding WF) 12,875 6,220 NA
Total Flow Fraser & Williams Fk. Basin 15,557 8370 NA

Period of Record = 1966 to 2012 not including 1967, 1987, and 1989. Maximum excess flows occurred in 1983 at
all locations except the Williams Fork basin where maximum flows occurred in 1984.

Table 4

Average Modeled Increases of Tunnel Diversions noted in DEIS (Table H-7.1)
Gumlick Tunnel comparable to estimated excess flows in Williams Fork Basin
“Current to Full Use” 887 AF/YR
“Full Use to Proposed” 1,904 AF/YR
“Current to Proposed” 2,795 AF/YR
Moffat Tunnel compares to sum of estimated excess flows in Fraser & Williams Fork
Basins
“Current to Full Use” 2,713 AF/YR
“Full Use to Proposed” 10,284 AF/YR
“Current to Proposed” 12,998 AF/YR
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Williams Fork Diversions

Water rights belonging to Denver Water in the Williams Fork Basin, including those that are currently
used for trans-mountain diversions on McQuery Creek, Jones Creek, Bobtail Creek and Steelman Creek
(See Figure 1), are noted in Table 3.1-12 of the FEIS. Other rights in this basin include conditional flow
rights from Middle Fork and South Fork of the Williams Fork River, Allen Creek, and Darling Creek that
have not been developed as well as a storage right for the Williams Fork Reservoir for 96,637 AF.
“Denver Water’s headwater diversions are protected by Williams Fork Reservoir such that when the
Denver Water rights are out of priority with respect to senior diverters below Williams Fork Reservoir, the
reservoir releases water to satisfy the senior diverters....Williams Fork Reservoir is operated in part to
exchange water to replace out of priority diversions at Denver Water’s Moffat Collection System, Roberts
Tunnel, and Dillon Reservoir” (FEIS pg. 3-42).

As stated in the FEIS (pg. 3-42), “Denver Water often diverts 90% to 100% of the average monthly native
flow from McQueary, Jones, Bobtail, and Steelman creeks from October through April... During the
summer from May through September, the average monthly percentage of native flow diverted by
Denver Water varies more and ranges from 24% to 94% under Current Conditions. During those months,
Denver Water diverts the greatest percentage of native flow in April, May, August and September when
flows are typically lower. In June and July, Denver Water diverts a much lower percentage of the native
flow at these locations (24% to 43% on average) because flows are typically much higher during runoff.”
According to the Upper Colorado River Basin Information report prepared as part of the Basin Round

Table efforts for the Upper Colorado Basin (CWCB website 1/1/2007), the “primary operational objective
[for Williams fork diversions] is to fill Gross Reservoir. Once filled, the general practice is to cease
diversions at the collection system in favor of storage in the Williams Fork Reservoir.” Denver now owns
the water rights for the Big Lake Ditch which historically diverted just upstream of the Williams Fork
Reservoir to Reeder Creek. As of 2013, this water, approximately 10,000 AF/YR, will be used for storage
in Williams Fork Reservoir. In addition, under the 10,825 agreement, Denver no longer is required to
release 5,412 AF to meet USFWS flow recommendations in the 15-Mile Reach in Grand Junction.
Therefore, approximately 15,400 AF/YR of additional water is now available to Denver Water for storage
in the Williams Fork Reservoir providing more flexibility for additional diversions through the Gumlick
Tunnel from the upper Williams Fork basin. It is unclear how their operations have changed since 2013.

The assumption in this evaluation, that diversion head gates remain open when Gross Reservoir was not
full, is not valid during June and July for the upper Williams Fork Basin. However, calculated excess
basin flows for the Williams Fork diversion points (2,682 AF/YR average) very closely match the modeled
increase between the “Current” and “proposed” PACSM model scenarios (2,795 AF/YR average).
Therefore, calculated excess flows from the upper Williams Fork basin were retained in this firm yield
analysis.

Average (Median) flows at the Williams Fork Below Steelman USGS gage in June and July over the 1966
to 2013 period of record are 6,862 (7926) and 3,448 (2875) AF/mth, respectively. Arbitrarily assuming

that “native” inflows entering below the diversion structures but upstream of the USGS gage are 1000

AF (16.8 cfs) and 500 AF (8.4 cfs) in June and July, respectively; additional water available from the
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upper Williams Fork, on average, would be 5,862 and 2,375 AF/mth or 8,200 AF in these two months
alone. This additional water from the Williams Fork Basin plus the 2,600 AF overestimate of calculated
excess basin flows (compared with modeled numbers) is more than sufficient to supply the observed
average 7,300 AF/Y discrepancy between measured and modeled Moffat Tunnel diversions under the
“current” conditions scenario (See : Discrepancy Between Measured and Modeled Current Diversions
section below).

Firm Yield of Excess Flows Diverted from Moffat and Williams Fork Basins NOT

Accounting for Full Use Diversions: Current Use Baseline

In Alternative 1A Gross Reservoir needs to produce an additional firm yield of 18,000 AF/YR to meet
Denver’s future water demands. “Firm” yield takes into account storage of extra water (above the
required yield of 18,000 AF/YR) that can be stored in the reservoir, in this case in the upper 72,000 AF of
the expanded Gross Reservoir, and used in years when 18,000 AF of excess water is not available in the
basin or 64 percent of the years between 1966 and 2012 (See Figure 5). “Firm yield” of excess basin
water was calculated as follows:

e End storage for each irrigation season was calculated as end storage from the previous year’s
irrigation season plus additional excess basin water provided in the current irrigation season
minus 18,000 AF, the required firm yield for the system. An additional 514 AF was subtracted
from the yearly total to account for the incremental increase in evaporation in the expanded
Gross Reservoir compared to the “Full Use” configuration (as discussed on page 5-15 of the
FEIS). Incremental conveyance losses were not accounted for in this calculation.

e If storage for a given year was negative (i.e. there was not enough water to provide the 18,000
AF/YR yield) ending storage for that year was set at zero; assuming that water would not be
taken from the current 41,811 AF in Gross Reservoir to meet the demand.

e If storage for a given year was over 72,000 AF it was set to 72,000 AF assuming that the current
41,811 AF or the existing reservoir would also be filled in these years.

e The previous year storage for the first year (1966), in the 72,000 AF portion of the total 113,800
AF expanded storage volume, was assumed to be zero as construction of Gross dam would have
just been completed.

Estimated storage in the 72,000 AF of the expanded Gross Reservoir for 44 years between 1966 and
2012 (omitting 1967, 1987, and 1989) is shown in Figure 6. Storage levels and the ability to meet the
firm yield requirement of 18,000 AF/YR in the expanded reservoir depend on hydrologic conditions in
the first few years of filling, periods of drought (mid-1970s and mid 2000s), and periods of high flow
(mid 1980s, late 1990s, and 2011). Based on this estimate of firm yield of the Fraser and Williams Fork
Basins the expanded gross reservoir would fill in only 3 years and the 72000 AF of extra storage would
be depleted or zero in 12 years (assuming all available yield under 18,000 AF would be used).
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Figure 6: Storage (AF) in Additional 72,000 AF Volume of
Enlarged Gross Reservoir NOT Accounting for Full Use
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Gross Reservoir Storage Data missing in 1967, 1987, and 1989; these years omitted from analysis

Year 1983 was notable. High snow pack and spring rains produced major flooding on the Colorado
River. June and July issues of High Country News were awash in news of the flood:

“A record 120,000 cfs was flowing into Lake Powell from late spring snow and rain in the Rocky
Mountains that no one had anticipated. On July 2, the lake - considered full at 3700' - was just 3.5 feet
from its maximum capacity of 3711' and rising three inches a day.”

“The July 8 issue reported that the dam's spillway began breaking up when officials upped the release to
92,000 cfs. The high velocity water was carving out huge holes in one of the tunnels, a process known as
cavitation that sent chunks of concrete and red silt from the eroding Navajo sandstone bedrock shooting
into the clear river below the dam.

The expanded Gross Reservoir almost filled for the first time in 1983 in this calculation. Previous year
(1982) excess storage was estimated at 0 AF with an additional 89,919 AF available from 1983 runoff:
however, after filling an additional volume to 71,919 AF and subtracting 18,000 AF of firm yield, no
additional water would have passed DWs diversion gates in 1983. Not only is this an indication of the
substantial size of the new reservoir but also that filling it will depend on very high flow years, the
frequency of which may decrease due to climate change. In this initial analysis, the expanded Gross
Reservoir was estimated to fill in three years, 1984, 1997, and 1998. Extra water that could not be
stored in the expanded reservoir amounted to 49,880, 5,812, and 2,723 AF in these years respectively.
In all other years barring calls on the river and bypass flow requirements, diversion gates in the Fraser
valley could remain open throughout the irrigation season, dewatering streams just downstream of the
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diversion gates, and there would be sufficient storage in the expanded reservoir to accommodate all of
the flows.

Firm yield of 18,000 AF/Y was not met in 12 years out of the 44 year period of analysis or 27.3 percent of
the time (Figure 7). In particular, an extended dry period occurred in the mid-1970s. Even though
18,000 AF/Y of excess yield could be achieved in 1969 through 1973, only in 1971 was storage sufficient
to provide an additional yield of this amount. A prolonged period of dry years in the 1970s, perhaps a
second critical period after the 1950s drought, resulted in low to no excess yield from 1974 to 1978. In
drought years 2002 and 2012, there was sufficient storage in the expanded Gross Reservoir to achieve
the desired excess yield of 18,000 AF/Y, however, following high flow years of the late 1990s, storage
was depleted such that in two years of the mid-2000s excess yield was below 8,000 AF/Y.

Even with extra diversions; the calculated over-estimate of 2,600 AF/Y and the additional average
amount water of 2,713 AF/Y that was not allocated to the proposed project (“current” to “full use”

model scenarios), the firm yield of 18,000 AF/Y was NOT met in 100% of the test period years and so did
not meet the PN1 screening criteria.

Figure 7: Excess Yield From the Expanded Gross Reservoir
NOT Accounting for Full Use: Current Use Baseline

18,000 AF/Y met in 32 years (72.7%),

20000 | Notmetin 12 years out of 44 (27.3%)
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Gross Reservoir Storage Data missing in 1967, 1987, and 1989; these years omitted from analysis.
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Firm Yield of Excess Flows Accounting for Full Use Diversions: Full Use Baseline

Because the FEIS states that any water diverted from the basin above and beyond that for the Full Use
Scenario would be used to fill the expanded Gross Reservoir and contribute to the firm yield of 18,000
AF/YR, the average annual increase in Moffat Tunnel diversions from “current” to “Full Use” scenarios
(FEIS Table H-7.1) of 2,713 AF/YR for an average year was subtracted from the adjusted flows and the
calculation completed as described above. Storage in the additional 72,000 AF volume of the expanded
Gross Reservoir is shown in Figure 8.

Based on this estimate of firm yield of the Fraser and Williams Fork Basins, accounting for Full Use
diversions noted in the FEIS, the expanded gross reservoir would fill in only 1 year (1984) with 44,454 AF
of extra water that could not be stored in the expanded reservoir. The 72000 AF of extra storage in the
expanded reservoir would be depleted or zero in 20 years (assuming all available yield under 18,000 AF
would be used). In particular, from 1972 through the end of the 1970s, excess storage in the expanded
Gross Reservoir was zero with excess yield also low to zero during this time period (Figure 9). As before,
18,000 AF of additional yield was achieved in 2002 because of high flow years in the late 1990s.
However, excess storage in the expanded Gross Reservoir was depleted by 2002 and very low or zero
from 2002 to 2008. Perhaps the 1970s and mid-2000s should be included as other critical time periods
by which to judge the feasibility of the proposed project.

Figure 8: Storage (AF) in Additional 72,000 AF Volume of
Expanded Gross Reservoir Accounting for Full Use Diversions:
Full Use Baseline
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the analysis.
2. Average annual increase in Moffat diversions under Full Use of 2,713 AF subtracted from
the adjusted excess basin flows in each year from 1966 to 2012.
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Figure 9: Excess Yield from the Expanded Gross
Reservoir Accounting for Full Use: Full Use Baseline
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Even with additional excess basin flows of 2,682 AF/Y over-estimated in this calculation, the required
yield of 18,000 AF/YR would be met in 24 years (54.5%) and not met in 20 years (45.5%) of this 44 year
period of record. The percentage of years where the firm yield of 18,000 AF/YR was met was much less
than 100% and so did not meet the PN1 FEIS screening criteria.

Climate Change Considerations

Climate change is predicted to decrease surface water supply in the south western United States by
approximately 10 percent (Averyt, 2013). Water stress, estimated using the water supply stress index
(Wassl), the ratio of water demand to water supply, is predicted to increase due to climate change from
between 0.4 and 4.0 percent (representing the range in stress index from different basins) to between
0.1 and 20 percent in western slope Colorado basins (Averyt, 2013). Note a WaSSI index of greater than
one means water supply is less than water demand. Climate change is expected to substantially impact
water supplies in western Colorado.

Truncated excess basin flows that account for “full use” model diversions were reduced by 10 percent in
years when excess flows were available in the Fraser and Williams Fork basins (i.e. when the existing
Gross Reservoir filled) and the firm yield of 18,000 AFY evaluated as before. Because flows in 1983 and
1984 were very high, the expanded Gross Reservoir filled in 1984 with 29,209 AF spilled below the
diversion structures. The firm yield of 18,000 AFY was NOT met in one additional year (21 years) or 47.7
percent of the 44 year period of evaluation. Firm yields are controlled by high flow years of 1983, 1984,
1997, and 1998. As before, no additional yield was available from 1976 through 1978. Of course, the
past record cannot predict the timing, volume, and sequence of future water supply years though it is
anticipated that, due to climate change, droughts may become more severe than the historical record.
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Basin Impacts are Hidden in Incremental Model Scenarios

Additional diversions through the Moffat Tunnel are presented incrementally in the FEIS. First, 7,300
AFY above measured average diversions are diverted as part of the “current condition” modeling.
Second, the “full use” model scenario utilizes an additional 2,713 AFY on average. Third, the proposed
project utilizes an average of 10,280 AFY more water from the Fraser and Williams Fork basins. Only the
third incremental increase is considered project water in the FEIS. Therefore, impacts to river flows are
limited to only this last increase in diversions in the EIS analysis. “Current condition” model results are
considered one of the baselines of the FEIS and so the first 7,300 AFY is not presented nor addressed in
the FEIS document.

Discrepancy Between Measured and Modeled Current Diversions

Diversions through the Moffat and Gumlick (or Williams Fork Tunnel) Tunnels are monitored and data
reported in the Colorado Decision Support System database. Average measured tunnel diversions from
1984 to 2013 are 56,532 AFY (Figure 10). Average modeled Moffat Tunnel diversions reported on Table
H-7.1 are 63,799 AFY; 7,267 AFY more than the measured average. Measured Gumlick Tunnel diversions
average 4,954 AFY from 1984 to 2012 and compare to modeled current conditions average diversions of
8,853 AFY. Modeled diversions from the Williams Fork Basin exceed measured averages by 3,900 AFY.
Therefore, of the 7,300 AFY discrepancy noted for the Moffat Tunnel diversions, 3,400 AFY on average
are supplied by water from the Fraser Valley in the PACSM model.

Figure 10: Annual Moffat Tunnel Diversions {AF)
1984 - 2013 Period of Record

100000 Average of measured Average of Modeled
SO000 Moffat Tunnel Current Conditions
Diversions (1984- =63,799 AFY

20000
H I 2013) = 56,532 AFY
il [ [

Annual Diversion {AF)}
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Tunnel Diversions in 2006, used to delineate “current conditions” in the PACSM modeling, exceeded
every other year in the 1985 to 2013 period of record by at least 5,600 AFY. Year 2006 did not represent
a new plateau in Denver Water’s water supply needs as diversions after 2006 were substantially lower,
averaging 55,619 AFY and approximately 900 AF less than the 1984 to 2013 30 year average. Use of the
2006 baseline condition inflates withdrawals and reduces basin flows under the “current conditions”
model scenario compared to actual measured stream and diversion flows in the Fraser and Williams
Fork River Basins.

Discrepancies between modeled current flow and measured flows are seen at the Fraser River at Winter
Park and the Williams Fork Below Steelman USGS gages (Table 5) but not at the Vasquez Creek and St.
Louis USGS gages. Itis unclear why the average annual flow discrepancies (8,961 AF) do not add up to
that observed for the Moffat Tunnel diversions (7,300 AF) but may, in part, be due to conveyance losses
in the Moffat collection system and Tunnel.

Table 5
Comparison of Average Post-Moffat Measured Flows with Modeled
“Current Condition” Flows

Location Average of USGS Average Modeled Volume of
Post-Moffat Flows “Current Discrepancy
Condition” Flows® Between Flows
(AF)
Fraser River at Winter Park Gage (1936 — 2013)?
Average Annual Flow (AF/YR) 13,020 8529 4,491
April Average Flow (cfs) 11 4 408
May Average Flow (cfs) 31 17 876
June Average Flow (cfs) 79 59 1,185
July Average Flow (cfs) 34 21 781
Total Summer months Fraser River at Winter Park 3,250°
Williams Fork Below Steelman Creek Gage (1966 — 2013)
Average Annual Flow (AF/YR) 14,074 9,600 4,470
May Monthly Flow (cfs) 28 10 1,135
June Average Flow (cfs) 115 88 1,626
July Average Flow (cfs) 56 50 374
August Average Flow (cfs) 10 5 316
Total Summer Months Williams Fork Below Steelman 3,451°

Total Discrepancy at Fraser and Williams Fork Basin Gages: Measured vs Modeled

Discrepancy Between Average Annual Flow (AF)

8,961

Summer Months Discrepancy (AF)

6,700

Current Condition Flows from Tables H-7.1,

H-1.33, and H-1.55.

ZAverages for the post-Moffat period of record at each gage.

*Additional 1,209 AF discrepancy summed from August through April at Fraser River at Winter Park Gage and 971 AF summed

from September through April at Williams Fork Below Steelman Gage.
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Comparison of Calculated Excess Basin Flows with Modeled Diversions

The sum of the three incremental diversions from the FEIS, discussed above, matches calculated excess
basin flows that are required to attain a firm yield of 18,000 AFY in the expanded Gross Reservoir at a
frequency of 77% of the test period years (Table 6). These equal the sum of all additional diversions
between the historical post-diversion baseline and the proposed project. To achieve the firm yield in

100 % of test period years will require even more additional diversions out of the Williams Fork basin

from the planned expansion of the Williams Fork collection system to Darling Creek.

Table 6: Comparison of Calculated Excess Basin Flows with Modeled Diversions

Description of Calculated Calculated Excess Modeled Description of Modeled
Excess Flow Flows (AFY) Diversions (AFY) Incremental Diversions
Total Calculated Excess Basin 15,557 7,300 Average discrepancy between
Flows; measured diversions and
current conditions model
Additional Flow Required to 4,000 2,713 Current to Full Use Model
Meet 18,000 AFY Firm Yield in Scenarios
Expanded Gross at a
sufficient frequency.
- 10,284 Full Use to Proposed Model
Scenarios
Totals 19,557 20,297

Note: Calculated Excess flows do not include incremental conveyance losses within the Moffat Collection System.

Impacts to basin stream flow discussions in the FEIS should reflect all diversion increases that are

required to operate the expanded Gross Reservoir at a firm yield of 18,000 AFY. Limiting responsibility

of basin impacts to a small incremental increase in diversions in the FEIS significantly under-represents

those impacts.
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Abstract Between 2000 and 2014, annual Colorado River flows averaged 19% below the 1906-1999
average, the worst 15-year drought on record. At least one-sixth to one-half (average at one-third) of this
loss is due to unprecedented temperatures (0.9°C above the 1906-1999 average), confirming model-based
analysis that continued warming will likely further reduce flows. Whereas it is virtually certain that warming
will continue with additional emissions of greenhouse gases to the atmosphere, there has been no
observed trend toward greater precipitation in the Colorado Basin, nor are climate models in agreement
that there should be a trend. Moreover, there is a significant risk of decadal and multidecadal drought in
the coming century, indicating that any increase in mean precipitation will likely be offset during periods of
prolonged drought. Recently published estimates of Colorado River flow sensitivity to temperature
combined with a large number of recent climate model-based temperature projections indicate that
continued business-as-usual warming will drive temperature-induced declines in river flow, conservatively
—20% by midcentury and —35% by end-century, with support for losses exceeding —30% at midcentury
and —55% at end-century. Precipitation increases may moderate these declines somewhat, but to date no
such increases are evident and there is no model agreement on future precipitation changes. These results,
combined with the increasing likelihood of prolonged drought in the river basin, suggest that future climate
change impacts on the Colorado River flows will be much more serious than currently assumed, especially if
substantial reductions in greenhouse gas emissions do not occur.

Plain Language Summary Between 2000 and 2014, annual Colorado River flows averaged 19%
below the 1906-1999 average, the worst 15-year drought on record. Approximately one-third of the flow loss
is due to high temperatures now common in the basin, a result of human caused climate change. Previous
comparable droughts were caused by a lack of precipitation, not high temperatures. As temperatures increase
in the 21st century due to continued human emissions of greenhouse gasses, additional temperature-induced
flow losses will occur. These losses may exceed 20% at mid-century and 35% at end-century. Additional
precipitation may reduce these temperature-induced losses somewhat, but to date no precipitation increases
have been noted and climate models do not agree that such increases will occur. These results suggest that
future climate change impacts on the Colorado River will be greater than currently assumed. Reductions in
greenhouse gas emissions will lead to lower future temperatures and hence less flow loss.

1. Introduction

A large number of studies over the last 25 years have considered the future runoff of the Colorado River
(Figure 1) under climate change. Nearly all of these studies have cautioned that future warming will
deplete the flow of the river, but the results have varied from minor to major [Nash and Gleick, 1991;
Christensen et al., 2004; Milly et al., 2005; Brekke et al., 2007; Christensen and Lettenmaier, 2007; National
Research Council, 2007; Seager et al., 2007; Barnett and Pierce, 2008; Ray et al., 2008; Barnett and Pierce,
2009; Rajagopalan et al., 2009; Cayan et al., 2010; Reclamation, 2013; Harding et al., 2012; Seager et al.,
2012; Vano et al., 2012; Ficklin et al., 2013; Vano et al., 2014; Ayers et al., 2016; Milly and Dunne, 2016]. In
contrast, the latest U.S. Government assessment implies little or no change is likely because precipita-
tion increases will be sufficient to maintain temperature-depleted flows [Reclamation, 2016]. Fifteen
years into the twenty-first century, the emerging reality is that climate change is already depleting
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Figure 1. Map of the Colorado River Basin. Lower and Upper Basins, major U.S. cities receiving Colorado River water, major tributaries, and
Lakes Mead and Powell are shown. The Central Arizona Project canal in red.

Colorado River water supplies at the upper end of the range suggested by previously published projec-
tions. Record setting temperatures are an important and underappreciated component of the flow
reductions now being observed.

Between the start of the drought in 2000 and the end of 2014, our analysis period, annual flow reductions
averaged 19.3% below the 1906-1999 normal period, and Lakes Mead and Powell, the nation’s two largest
reservoirs, ended the period at approximately 40% of maximum volume despite starting the period nearly full
[Wines, 2014; Colorado River Basin Stakeholders, 2015] (Figure 2a). This drought has continued into 2015 and
2016 with higher, but still below normal, flows estimated at 94% in 2015 and 94% in 2016 with unusual late
season May and June precipitation in both years that raised runoff by nearly 20% [Alcorn, 2015, 2016]. Despite
these smaller recent reductions, Lake Mead continues to decline and in May 2016 it hit a level not seen since
its initial filling in the 1930s [James, 2016]. The overall Colorado River reservoir system stores 4 times the annu-
al flow of the river, one of the largest ratios in the world. This storage provides a large drought buffer when
full. However, when the reservoirs are low, shortage risk can be high for years because high demands, now
equal to twentieth century average flow, make it difficult to refill system storage [Reclamation, 2012]. While
the multiyear California drought has been garnering more national attention, the more slowly unfolding Colo-
rado River drought is every bit as serious and also has national and international ramifications [Wines, 2014].

The Colorado River Basin encompasses seven states and northern Mexico and is home to 22 federally recognized
tribes. The river provides municipal and industrial water for 40 m people distributed across every major South-
western city both within and without the basin, including Los Angeles, San Diego, Las Vegas, Phoenix, Tucson,
Salt Lake City, Denver and the entire Front Range of Colorado, Albuquerque, and Santa Fe [Reclamation, 2012].

Continued low flows would result in additional declines at Lake Mead, eventually requiring Lower Basin
(Arizona, California, Nevada) water delivery shortages with mandatory cutbacks imposed primarily on
Arizona, but also Nevada and Mexico [Verburg, 2011]. At the same time, Upper Basin (Colorado, New Mexico,
Utah, Wyoming) water users would continue to endure physical shortages from a lack of water. These initial
Lower Basin Lake Mead delivery shortages and Upper Basin physical shortages are manageable to a point;
however, under current operating rules with continued low flows during the next 6 to 8 years Lake Mead
would drop to elevation 305 m (1000 feet) above sea level, resulting in a number of serious and unprece-
dented problems [Collum and McCann, 2014].

In the Lower Basin, Arizona could theoretically lose its water allocation for the entire Central Arizona Project
canal, a critical $4.4B, 530 km cross-state 2 bcm/yr water source for 4.7 m people, multiple sovereign Indian
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Figure 2. (a) Lakes Mead and Powell combined monthly contents. Upper Basin annual Colorado River (b) runoff at Lees Ferry from 1906 to
2014, (c) precipitation and (d) temperatures from 1896 to 2014. Mead first filled in 1935, Powell in 1963 (supporting information Text S1).
Two 15-year drought periods, 1953-1967 and 2000-2014, are highlighted and discussed in main text.

nations, and over 120,000 irrigated hectares [Glennon, 1995; Colorado River Basin Stakeholders, 2015]. This
canal currently relies on occasional but uncertain “equalization” releases from Lake Powell that only occur
with irregular and rare large Powell inflows. The extra water is delivered when Lake Powell reaches levels
substantially higher than Lake Mead, a use allowed under the 1922 Colorado River Compact section Il (e)
and formalized most recently under rules established in a 2007 Record of Decision for coordinated opera-
tions of Lakes Powell and Mead and for shortage sharing in the Lower Basin [Department of Interior, 2007].

Under normal operating rules, without these extra inflows, Lake Mead has excess outflows of 1.5 bcm per
year, the so-called Lower Basin “structural deficit” [Collum and McCann, 2014]. The structural deficit was cre-
ated in 1968 when Congress authorized the Central Arizona Project (CAP). In order to obtain the support of
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the large California Congressional delegation, Arizona agreed to rely on this unused, but in the long run
unreliable water, because there was not enough remaining unallocated Lower Basin water. The CAP had
long been a desire of Arizona and the state was willing to make this bargain despite its flaws [Johnson,
1977]. This same water is first available for use by the Upper Basin under the Colorado River Compact, but
heretofore has not been developed for Upper Basin use. A plan to augment the Colorado River with flows
from outside the basin, discussed during the hearings on the legislation, but not included in the final pack-
age due to opposition from potential source areas, was never revisited by Congress. Reclamation in 2011
said that such augmentation was now unlikely.

The structural deficit only became a problem when the CAP was fully completed in the mid-1990s com-
bined with the drought that began in 2000. Upper Basin demand growth has also played a small role,
although Upper Basin demands are still much less than forecast in 1968 for the year 2000 [Tipton and
Kalmbach, Inc.,, 1965; Johnson, 1977]. The recent Lake Mead declines are strongly influenced by this
imbalance, and solutions to this deficit have been a recent focus of the Basin states and federal government
[Central Arizona Project, 2016; Davis, 2016].

The Upper Basin also has serious issues, one of which ripples into the Lower Basin. When the surface of
Lake Mead declines to an elevation 305 m (1000 feet) above sea level, Lake Powell will also be below its
minimum power pool 75% of the time [Collum and McCann, 2014]. This occurs in part because low Mead
levels make “equalization” releases from Powell more likely thus driving Powell lower. Hydropower losses at
Lake Powell could result in substantial rate increases for irrigators who rely on the reservoirs for long term
lower cost power contracts, and would also dry up funding for basin-wide programs necessary for water
delivery environmental compliance [Adler, 2007; Collum and McCann, 2014]. Under such low reservoir condi-
tions, there is also a high likelihood that the Upper Basin states would have to curtail existing water deliver-
ies to cities such as Denver, Colorado Springs, Albuquerque and Salt Lake City in order to make required
deliveries to Lake Mead. Heretofore, largely because of the structure of the Colorado River Compact, the
Upper Basin and Lower Basin have been managed separately. With permanent flow declines of approxi-
mately 20%, however, the required deliveries to Lake Mead would become a hardship on the Upper Basin,
as well as create Lower Basin delivery shortages [Reclamation, 2007; Barnett and Pierce, 2009; Rajagopalan
et al, 2009]. The original compact, signed during one of the wettest periods in the last 450 years
[Woodhouse et al., 2006], did not envision how large scale flow declines would be managed between the
basins, and such declines could cause an allocation crisis between the Upper and Lower Basins [Adler, 2008].

Understanding the cause of, and reacting properly to, the ongoing drought is critical to the future of the
Southwest. Herein we investigate the role of precipitation versus temperatures as causes of the current
drought, provide temperature-based and precipitation-based twenty-first century flow projections and pro-
vide policy implications of these findings. Our approach separates the impacts of high-confidence tempera-
ture projections from those associated with the much lower-confidence projections of future precipitation
using a simple but powerful sensitivity technique. Moreover, we make a novel—and important—case that
there is a high likelihood that the impacts of continued atmospheric warming will overwhelm any future
increases in precipitation because prolonged dry periods lasting multiple decades are likely to negate the
beneficial impacts of additional precipitation during other times.

2. Causes of the 2000-2014 Drought

The 2000-2014 drought is defined by the lowest average annual flows for any 15-year period in the histori-
cal record. To analyze this drought, gridded 4 X 4 km temperature and precipitation data from 1896-2014
for the area above Lees Ferry were obtained from the Precipitation-Elevation Regression on Independent
Slopes (PRISM) model [Daly et al., 1994; Guentchev et al., 2010; Oyler et al, 2015a, 2015b; Rangwala et al.,
2015]. In addition, we obtained reservoir contents and natural flows at Lees Ferry from the U.S. Bureau of
Reclamation (Reclamation) (Text S1). Lees Ferry is situated just below Lake Powell and is the Compact divid-
ing line between the Upper and Lower Basins. Approximately 85% of the flow originates above Lees Ferry
[Christensen and Lettenmaier, 2007].

Historically, Upper Colorado River Basin precipitation has been the main Colorado River runoff driver such
that high flow years (1920s, 1980s) were associated with high precipitation and low flow years (1930s,
1950s) with low precipitation (Figures 2b and 2c). The current drought (our study period is 2000-2014, but
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Table 1. Winter/Summer/Annual Upper Basin Mean Water Year Precipitation

1953-1967 2000-2014 1896-2014
mm mm mm
Anomaly % of Anomaly % of
Total Anomaly Mean (%) Total Anomaly Mean (%) Mm % Avg
Winter (Oct to Mar) 176 —16 —8.6 187 =5 =27/ 192 100
Summer (Apr to Sep) 184 =7/ —36 179 —12 —6.4 191 100
Total 359 —23 —6.1 365 —17 —4.6 383 100

the drought is still on-going), with its modest —4.6% precipitation decline and —19.3% flow decline, stands
in stark contrast to the second-lowest 15-year flow period (1953-1967), a precipitation-driven drought with
averaged precipitation reductions of —6.1% per year and flow reductions of —18.1% per year (Figures 2b
and 2c and Table 1). Compared to the 1950s drought, the 2000s feature much more (near normal) winter
precipitation (—8.6% 1950s decline versus —2.7% 2000s) and significantly less summer precipitation
(—3.6% 1950s decline versus —6.4% 2000s). The 2000s precipitation decline is only 75% of the decline in
the 1950s, thus begging the question of why the recent drought was more serious. What has changed is
that temperatures in the runoff producing Upper Basin are now 0.9°C above the 1896-1999 average and
are the highest in the gaged record; whereas temperatures during the 1953-1967 drought were much cool-
er and only slightly above the 1896-1999 average (Figure 2d and Table 2). This makes the current drought
unprecedented in the gaged record.

In contrast to the more precipitation-driven current California drought [Diffenbaugh et al., 2015; Williams
et al., 2015], lack of precipitation is only partially to blame for the Colorado River runoff declines during the
last 15 years. Instead, approximately a third, or more, of the recent Colorado River flow reduction is most
likely a result of record-setting warmth. Since 1988 an increase in the frequency of warm years has been
strongly associated with lower flows than expected [Woodhouse et al., 2016], suggesting an important role
for temperature in flow losses. Such temperature-driven droughts have been termed “global-change type
droughts” and “hot drought,” with higher temperatures turning what would have been modest droughts
into severe ones, and also increasing the odds of drought in any given year or period of years [Breshears
et al., 2005; Overpeck, 2013]. Higher temperatures increase atmospheric moisture demand, evaporation
from water bodies and soil, sublimation from snow, evapotranspiration (ET) from plants, and also increase
the length of the growing season during which ET occurs [Pitman, 2003; Weiss et al., 2009; Seneviratne et al.,
2010; Seager et al., 2015a]. Warm season (April to September) warming has been identified by models as
especially important in reducing Colorado River flows because of the increases in ET from longer growing
seasons [Das et al., 2011]. Increases in measured vapor pressure deficits in the Southwest caused by warm-
ing and a decrease in water vapor provide strong support for higher ET during the recent drought [Seager
et al., 2015b]. As increasing temperatures drive further drying, additional positive feedbacks are possible in
the form of lower humidity and less evaporative cooling, decreased cloudiness and increased incident radia-
tion, as well as decreased snow cover and more radiative heating [Betts et al., 1996; Brubaker and Entekhabi,
1996; Pitman, 2003; Seneviratne et al., 2010]. In the twentieth century, droughts were associated almost
exclusively with a lack of precipitation. In this century, however, high temperatures alone can lead to anom-
alously dry conditions.

3. Estimates of 2000-2014

Table 2. Upper Basin Water Year Flows and Temperatures Temperature_|nduced Flow

Average Annual
Average Annual Flow Temperature Loss

°C Anomaly to Over the last several years several

Period bcm % 1906-1999 °C 1896-1999 studies specific to the Colorado River
1953-1967 1538 819 7.0 0.2 Basin have investigated the specific
2000-2014 15.15 80.7 7.7 0.9 relationships among temperatures,
1906-1999 1877 1000 68 00 recipitation and flow in the basin
1906-2014 18.27 973 69 0.1 precip

using the concepts of temperature
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sensitivity and precipitation elasticity [McCabe and Wolock, 2007; Nowak et al., 2012; Vano et al,, 2012, 2014; Vano
and Lettenmaier, 2014]. Temperature sensitivity is defined as the percent change in annual flow per degree rise
in annual temperature. Precipitation elasticity is defined as the fractional change in annual flow divided by the
fractional change in annual precipitation [Vano et al, 2012]. Note that elasticity has been studied for both
increases and decreases in precipitation, whereas sensitivity is typically investigated only for temperature
increases. These numbers can be determined empirically and through model studies.

Previous studies on temperature sensitivity and precipitation elasticity show that future impacts to stream-
flow from increases in temperatures and changes in precipitation can be considered separately using sensi-
tivity and elasticity, and then added together to produce flow estimates [Vano et al, 2014; Vano and
Lettenmaier, 2014]. Considering these effects separately and additively is a powerful conceptual tool for
investigating climate change impacts because of the ease in measuring the two variables for current
impacts and the wide availability of temperature and precipitation projections from global climate models
for assessing future impacts. In addition, the large differences in certainty associated with future changes in
the two variables (temperature will surely increase, whereas precipitation may increase or decrease—see
below) helps to set apart the risk of future changes in flow associated with each variable.

Vano et al. [2012, 2014], McCabe and Wolock [2007], and Nowak et al. [2012] provide multiple estimates of
the flow sensitivity of the Colorado River flow to temperature using three different methods. Vano et al.
[2012, 2014] utilized six high-resolution, commonly used hydrology models and two different temperature
adjustment methods to obtain Lees Ferry temperature sensitivities. They report an average sensitivity of
—6.5%/°C warming with a one standard deviation range from —3.0% to —10.0%/°C for the Upper Basin.
Approximately 50% models show increasing sensitivity and 50% decreasing sensitivity as temperatures
warm so we elect to use a constant sensitivity over all future temperatures. McCabe and Wolock [2007] con-
structed a simple water balance model that infers an average temperature sensitivity of —8.9%/°C and
Nowak et al. [2012] found an empirical temperature sensitivity of —13.8%/°C.

We use the complete one standard deviation range (—3%/°C to —10%/°C) of the Vano et al. [2012, 2014]
temperature sensitivity estimates as they were the most conservative and rigorous of the three studies we
investigated. Using this range, we found that recent warming of 0.9°C has likely already reduced river flows
from —2.7% to —9% from the mean 1906-1999 flow. This represents approximately one-sixth to one-half
(average of one-third) of the total flow loss during the 2000-2014 drought.

The higher temperature sensitivities of the two other studies suggest the actual Colorado River temperature
sensitivities are near the upper end and possibly exceed the Vano et al. [2012, 2014] estimates. These higher
sensitivities imply much greater temperature-induced losses during the current drought (—7.9% to —12.3%
versus —2.7% to —9%). Empirical results from the 2000 to 2014 drought also point to mid to high tempera-
ture sensitivities. Vano et al. [2012] report precipitation elasticities ranging from 2 to 3 at Lees Ferry. Thus,
using a midrange precipitation elasticity of 2.5, the 2000-2014 annual —4.6% precipitation decline implies
runoff reductions of —11.4%, leaving the remaining —7.9% decline to be explained by other causes. If tem-
perature were the sole cause of this remaining decline, the inferred temperature sensitivity is —8.8%/°C.
Using a precipitation elasticity of 3.0 implies a temperature sensitivity of —6.2%/°C, very close to the mid-
range Vano et al,, sensitivity. These temperature sensitivities imply large losses as temperatures rise, the
subject of the next section.

4. Twenty-First Century Flow Response to Changing Temperatures and
Precipitation

For the analysis on how future temperatures and precipitation would affect runoff, and for investigating how
well current linked climate-hydrology models can reproduce the current drought, we used Reclamation’s cli-
mate projection data sets [Brekke et al., 2013, 2014]. These data sets use Coupled Model Intercomparison Pro-
ject 3 and 5 (CMIP3, CMIP5 after the class of climate models used) climate model projection data linked to the
Variable Infiltration Capacity hydrology model to produce flows from 1950 to 2099 (supporting information
Text S2, Figures S2, and S3)] [Liang et al., 1996; Meehl et al., 2007; Moss et al., 2010; Taylor et al., 2012].

The same temperature sensitivity and precipitation elasticity numbers discussed above can be used to esti-
mate future flow reductions using climate model outputs under high (business-as-usual, SRES A2 and
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RCP8.5) and moderate (somewhat reduced by mitigation, SRES A1B and RCP4.5) greenhouse gas emissions
to the atmosphere. By 2050, moderate and high emissions are projected to yield Upper Basin mean warm-
ing of 2.6-2.8°C (Figure 3), three times recent warming, and by 2100, warming of 3.6°C under moderate
emissions and 5.4°C under high emissions. This warming implies total multimodel mean temperature-
induced flow losses at midrange sensitivity of —6.5%/°C of about —17% by midcentury and —25% to
—35% at end-century (Figures 4 and 5). The multimodel mean complete flow loss range over both periods
and both emissions is approximately —8% to —55% using the lower and upper temperature sensitivities
(Figures 4 and 5). As discussed above, there is little empirical evidence that the true temperature sensitivity
of flow to temperature increase is near the low sensitivity.

Temperature-induced losses may be somewhat buffered by projected additional precipitation that can increase
runoff by 2-3% for every 1% change in precipitation [Vano et al,, 2012]. At midcentury precipitation increases of
+4-+11% given a midrange elasticity of 2.5 would balance the range of temperature-induced flow losses at a
midrange—6.5%/°C sensitivity (Figure 5, right y axis). At end-century, with the same sensitivity and elasticity,
additional precipitation increases of +4-+20% would balance the range of possible temperature-driven losses.
At a higher —10%/°C sensitivity, the balancing precipitation would need to be as great as +15% or more at
midcentury and +22% or more at end-century. While these may seem like relatively small increases in precipita-
tion, and thus possible, they would represent a major and unprecedented change in precipitation regime com-
pared to the observed historical variation in precipitation (Figure 2c). During the twentieth century, for example,
the wettest 10-year period (1983-1997) had only a +8% precipitation increase. This unusual period was marked
by major floods downstream of Lakes Powell and Mead due to uncontrolled reservoir spilling and the near cata-
strophic loss of the spillways at Glen Canyon Dam [Udall, 1983].

Vano and Lettenmaier [2014] argue that the sensitivity-based approach used in our projections provides
similar estimates of future streamflow to those generated with more computationally intensive coupled-
model methods, except for some (i.e., 10%) overstatement of flow reductions at the highest levels of possi-
ble warming by 2100 (e.g., the business-as-usual SRES A2 scenario used in the CMIP3 projections and the
RCP8.5 in the CMIP5 projections). This would reduce the end of century high emissions mean flow reduc-
tions shown in Figure 5 to a still very significant —45% by 2100.

Recent studies have suggested that CO, fertilization may increase plant water efficiency thus reducing
future evapotranspiration which could serve to mitigate our projected losses [Milly and Dunne, 2016; Swann
et al, 2016]. Both studies call into question results that show large portions of the globe drying in the
twenty-first century [e.g., Dai, 2012; Cook et al.,, 2014]. However, Milly and Dunne [2016] and Swann et al.
[2016] show that, despite this increase in plant water use efficiency, the Southwestern US will still dry, a
finding that is consistent with multiple global assessments showing substantial drying risk to midlatitude
areas such as the Colorado River Basin. Moreover, a recent Australian study found that higher
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Figure 3. Probability density functions of Upper Colorado River Basin temperature projections for midcentury and end-century under
moderate (SRES A1B and RCP4.5) and high (SRES A2 and RCP8.5) emissions.
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Figure 4. Probability density functions of Upper Colorado River Basin temperature-induced flow reductions for midcentury and end-
century with the three temperature sensitivities (—3%, —6.5%, —10%) and the two levels of emissions (Moderate: SRES A1B and RCP4.5
and High: SRES A2 and RCP8.5).

evapotranspiration associated with the increased plant growth stimulated by higher CO, outweighed any
CO,-related water-use efficiency effect, and served to reduce streamflows in semiarid regions [Ukkola et al.,
2015], a trend that must be exacerbated by the temperature-induced lengthening of the growing season.
These results suggest that plant physiological responses are likely consistent with our results, and in any
case, do not invalidate them.

5. Megadrought Risks to Flows

Megadroughts lasting decades in the Colorado River Basin have occurred in the past, with resulting substantial
flow reductions [Meko et al., 2007]. Multiple papers now suggest there is high twenty-first century risk for mega-
drought in the American Southwest and that the risk will increase as temperatures rise [Ault et al., 2014; Cook
et al, 2015; Ault et al., 2016]. In addition, current GCMs underrepresent the frequency of megadrought [Ault
et al, 2012, 2013]. These findings provide additional support for large flow reductions during at least multideca-
dal drought periods and suggest that current twenty-first century flow projections underrepresent this risk.

Significant Colorado River flow losses occurred during previous multidecadal megadroughts. During the
twelfth century, flow reductions of approximately —16% occurred during one 25-year period [Meko et al.,
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Figure 5. Temperature-induced flow losses by model run (one per dot) with temperature increases shown on horizontal axis. For each
period (midcentury, end-century) and emissions type (moderate, high), flow losses for each model run are shown with the 3 (low = —3%/
°C, medium = —6.5%/°C, high = —10%/°C) temperature sensitivities. Black dots/circles are averages/medians for each sensitivity. Precipita-

tion increases needed to counteract flow losses at right are based on 2.5 precipitation elasticity. Range for the temperature-induced losses
during 2000-2014 drought are shown in shaded brown at the top (supporting information Text S5).

2007]. Evidence indicates that hemispheric and Southwest temperature anomalies were significantly smaller
during past megadroughts than the rapid on-going current warming that could easily exceed 4-5°C by the
end of century under business-as-usual emissions [Salzer and Kipfmueller, 2005; Mann et al., 2009; Salzer
et al., 2014] (Figure 5). Using the additivity concepts discussed above, additional warming of 1°C, 2°C, or 3°C
beyond the historic twelfth century megadrought temperatures would have reduced the —16% flow
declines by an additional —6.5%, —13%, or —19.5% at medium temperature sensitivity. These additional

reductions would have thus turned a —16% flow decline into declines of —21.5%, —28%, or —34.5%, losses
near the middle of our projections.

There is recent strong evidence that continued warming over the next 80 years could increase the risk of
multidecadal drought [Ault et al., 2014, 2016; Cook et al., 2015]. Independent of the added drought risk due
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to continued warming, the risk of a 35-year precipitation-deficit drought later in this century exceeds 15%
within a 50-year period [Ault et al., 2014]. In contrast, with continued anthropogenic warming, the risk of
multidecadal megadrought in the Southwest increases to over 90% over this century if there is no increase
in mean precipitation; even if modest precipitation increases do occur, the risk will still exceed 70% [Ault
et al, 2014, 2016]. At medium warming (4°C), 20-30% precipitation increases will be needed to reduce meg-
adrought risk below 50% and at high amounts of warming (>6°C), it will take a ~40% increase in precipita-
tion to reduce megadrought risk below 50% [Ault et al., 2016]. These changes in precipitation are huge and
unlikely, and they would still only reduce megadrought risk to below 50%.

Both the CMIP3 and CMIP5 Global Climate Models may not adequately reproduce the frequency of occur-
rence of known past decadal and multidecadal precipitation droughts [Ault et al., 2012, 2013]. In the Colora-
do River Basin empirical evidence of this problem can be found in the linked GCM-hydrology model results
from Reclamation’s projections for the basin [Brekke et al., 2014]. Approximately half of the CMIP5 models
and one-quarter of the CMIP3 models cannot simulate the 2000-2014 drought at any point in the twenty-
first century (supporting information Text S3 and Tables S1-54). This wet bias significantly affects the mean
flows of drought-capable and nondrought capable models. At the end of the twenty-first century, the mod-
els unable to simulate the current drought are much wetter (109% of twentieth century average Lees Ferry
runoff for CMIP3, 113% for CMIP5) than the models that are able to simulate the current drought (85% of
average runoff for CMIP3, 91% CMIP5) (supporting information Tables S1-54). These flow differences are
greater than 20%, and represent the difference between serious management challenges and significant
oversupply.

6. Risk-Based Framing of Future Runoff Projections

At present, some outputs from global climate models are ready to support reliable risk-based policy while
others are not as ready. A key novel aspect of our research is to provide more insight into where confidence
is warranted, and where it is not, with respect to projections of future climate and flow change in the Colo-
rado River Basin. In the case of the Basin, every single moderate and high emissions model simulation
agrees that temperatures will continue to rise significantly with continued emissions of greenhouse gases
to the atmosphere—this result is robust, highly certain and well-suited for informing policy choices. The
fact that observations also show substantial warming only strengthens this assertion.

On the other hand, simulated future precipitation change in the Basin is clouded with much greater uncer-
tainty due to substantial disagreement among models and a highly uncertain ability to simulate realistic
change in key phenomena such as storm-track position or decadal and longer-scale drought. Whereas cli-
mate models are in general agreement that cool season (warm season much less certain) precipitation
declines are likely in the Lower Colorado River Basin, these same models disagree when it comes to the
sign and amount of precipitation change that is likely in the Upper Basin. This is because precipitation
change in the Upper Basin will depend heavily on the exact changes in the position of cool season jet
stream and storm-tracks, two aspects of climate change that are not simulated with confidence by global
climate models [Collins et al., 2013].

Moreover, there is strong evidence that the mean positions of both the jet stream and storm-tracks are like-
ly to push poleward, expanding the area of aridity in the Colorado River Basin, but the amount of this
expansion is poorly constrained [Collins et al., 2013]. Multiple studies, including some focused on the Ameri-
can Southwest, suggest that the proximate cause of this drying, Hadley Cell expansion, is already well
underway and will continue [Seager et al., 2007; Scheff and Frierson, 2012; Feng and Fu, 2013; Norris et al.,
2016; Prein et al., 2016].

Our results regarding future changes in Colorado River flows agree with many previous studies in sugges-
ting climate change translates to flow reductions, although our work is generally not directly comparable
because we separate out high confidence temperature-related impacts from the possible effects of much
less certain and highly variable precipitation projections. However, our work, as well as this larger body of
literature, appears to be at odds with the recent Reclamation projections for the Colorado River Basin, which
are widely cited and used. Reclamation’s projections use a global climate model output that is downscaled
to drive a hydrology model. It is worth understanding why our results emphasize substantially greater risks
along with apparently greater flow losses.
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The 2011 CMIP3 climate change flow projections by Reclamation indicate a modest multimodel median
flow decline of —9% by 2060 for the river, but with a wide range of outcomes from flow increases to flow
decreases [Reclamation, 2012] (supporting information Table S1). Reclamation’s most recent CMIP5 projec-
tions show no change in mean and median basin-wide flow by 2070s [Reclamation, 2016], but also embody
a wide range of results. Compared to CMIP3, the CMIP5 results show increased precipitation, especially in
the northern parts of the basin including Northeast Utah, Northwest Colorado’s Yampa River and the Green
River in Wyoming [Brekke et al., 2014; Ayers et al., 2016] (supporting information Tables S1 and S3). The
increased precipitation in the CMIP5 model runs compared to CMIP3 can be attributed to more southerly
storm tracks in CMIP5 that occur in late spring [Brekke et al., 2014].

Another issue arises in both the CMIP3 and CMIP5 data sets when GCM precipitation is adjusted by the
downscaling techniques necessary for off-line hydrology models. The first step in Reclamation’s downscal-
ing is a bias correction step. This step can add approximately 5% more precipitation to the raw GCM precip-
itation, and this increase appears to not have a physical basis [Reclamation, 2013; Brekke et al., 2013]. The
final downscaling step, spatial downscaling, also increases GCM precipitation, although there is at least a
plausible physical explanation for some of the increase: higher elevations in the Rockies receive large
amounts of precipitation, but these elevations are not properly modeled by the GCMs. In one study of the
CMIP5 data set after downscaling, dry and average models show precipitation increases of approximately
+~5% from the raw GCM output, but the wettest models show +~10% increases, doubling future precipi-
tation increases from +10% to +20% [Lukas et al., 2014]. This extra precipitation is manifested in a number
of hydrology model runs that project huge and implausible flow increases in some years that are 150% of
the highest known flows in the twentieth century (supporting information Text S4, Figures S2, and S3). The
downscaling wetness problem has been identified, but has not been not resolved [Lukas et al., 2014]. Recla-
mation acknowledges that the newer CMIP5 projections have not been determined to be better or more
reliable [Brekke et al., 2014]. It is noteworthy that internally consistent GCM-only Southwest runoff projec-
tions almost uniformly produce significant declines in both CMIP3 and CMIP5 runs [Milly et al., 2005; Seager
et al., 2007, 2012; Koirala et al., 2014; Milly and Dunne, 2016].

Our results are generally comparable to Reclamation’s most recent results when considering the full range
of our analysis when both precipitation and temperatures are included. However, our focus and emphasis is
on the large near-certain temperature-induced flow declines with a separate analysis of precipitation. Recla-
mation, by contrast, has a focused on climate multimodel-ensemble median declines, including medians
calculated across emission scenarios [Reclamation, 2013, 2012]. Decision makers often treat these median
outcomes as a proxy for risk despite the fact that the median obscures the wide range of results and lumps
wet and dry, warm and hot, large and small emission increases and, most critically, near certain temperature
increases and very uncertain precipitation changes.

We assert that the large precipitation increases necessary to offset substantial temperature-induced flow
decreases appear unlikely to occur for a number of reasons. These reasons include the potential for storm
tracks to go north of the basin due to Hadley Cell expansion, the high potential for megadrought to
increase evaporation while reducing precipitation and runoff for extended periods, the large size of the
needed precipitation increases, especially when compared to decadal historical increases, the consistent
identification by global assessments of the Southwest as an area likely to dry, and finally the lack of any
trend over the last century or last 16 years (Figure 2c). Hence, we choose to focus on highly likely
temperature-induced declines with separate analysis of the precipitation needed to offset these declines.

7. Policy Implications and Solutions

The climate science take-home messages for Colorado River managers are thus: (1) there is little doubt (i.e.,
high confidence) that temperatures will continue to increase as long as the emissions of greenhouse gases
to the atmosphere continue; (2) there is also high confidence that continued temperature increases will
cause river flows to decline, ranging from —11% to as much as —55% by end of century under moderate to
high emissions (Figures 4 and 5); (3) there is only low confidence associated with the possibility of storms
and precipitation in the Upper Basin increasing enough to even partially offset the temperature-driven
declines in river flows; (4) the risk of multidecadal megadrought in the Basin is significant even in the
absence of continued anthropogenic climate change, and this risk rises substantially with continued global
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warming; (5) the likelihood of drought and megadrought means that there will likely be decades-long peri-
ods with anomalously low runoff even if there is an increase in precipitation relative to the historical mean
during some other periods due to anthropogenic climate change.

Temperature-driven threats to the flows of the Colorado are thus large and real. The only way to curb sub-
stantial risk of long term mean declines in Colorado River flow is thus to work toward aggressive reductions
in the emissions of greenhouse gases into the atmosphere. Our work shows that modest (e.g., RCP4.5)
reductions in greenhouse gas emissions, while having better outcomes than the business-as-usual future
(e.g., RCP8.5), still imply large Colorado River flow losses.

The record warm nature of the on-going Colorado River drought indicates that this drought is not just a nat-
ural drought, and our work demonstrates that flows are unlikely to return to the twentieth century averages
if we only wait. Unusually wet periods like the 1920s and 1990s will still continue to occur, but they will co-
occur with higher temperatures that will increase water demand from plants, soil, snow, and humans.

Climate models and theory suggest that flow reductions would be more severe in the Southern portions of
the Upper Colorado Basin affecting tributaries such as the San Juan, Dolores, and Gunnison more severely,
with smaller impacts to more northerly tributaries such as the Yampa and Green [Ayers et al., 2016]. Such
spatial distribution would provide additional water management challenges in that the more southerly
basins have in general more people, infrastructure, and uses. Such a distribution would create new localized
water supply shortages in addition to the overall basin-wide issues.

Other known threats to streamflows include the potential large scale loss of conifers [Breshears et al., 2005;
Adams et al., 2009; Allen et al., 2010, 2015], and the impacts of dust on snow [Painter et al., 2010; Deems
et al, 2013]. These factors along with the observed and projected temperature-induced Colorado River flow
declines, the inability of many linked climate-hydrology models to simulate persistent droughts, and the
increasing likelihood of hot drought and megadrought, all imply that future Colorado River water supply
risk is high. It is imperative that decision-makers begin to consider seriously the policy implications of
potential large-scale future flow declines. Stable twentieth century Colorado River flow regimes may not
reoccur for many centuries—the time scale of climate system readjustment to the complete cessation of
greenhouse gas emissions [Solomon et al., 2009; Collins et al., 2013].

The Colorado River declines do not stand alone as the only warming-related threat to Southwestern water
supplies. The Rio Grande also has a grim prognosis [Reclamation, 2013; Elias et al.,, 2015]. The drought in
California has garnered national attention, and multiple studies have strongly implicated increasing temper-
atures as a contributor to these woes [Griffin and Anchukaitis, 2014; Belmecheri et al., 2016; Diffenbaugh
et al, 2015; Mann and Gleick, 2015; Seager et al., 2015a]. Southern California is particularly at risk, with a criti-
cal economy and a very large population, all coupled with a large reliance on both climate-threatened in-
state, as well as Colorado River, water.

Adjusting to the new reality of rapid climate change will not be an easy or fast task; water management and
water policy change slowly. The Colorado River is managed by a complex set of agreements, interstate com-
pacts approved by Congress, international agreements, legislation, and court decrees set in place over the last
100 years [Verburg, 2011]. Most agreements were derived from twentieth century state-based negotiations
with win/lose policy prescriptions that minimized basin-wide considerations of economic prosperity and
potential harm [Adler, 2008]. None expressly includes climate change risk management, nor the provision for
flow reductions that will be relentless on decadal timescales. New agreements often take years to put in place
[Department of Interior, 2007]. The recently proposed structural deficit solution [Central Arizona Project, 2016],
while important and laudable for the short term, will not solve the problem of large scale flow losses. With
reduced water supplies, much will have to change in these agreements to address equity, economics, and
social concerns on regional, state, basin-wide, and even national levels. Climate change threats to western
water supplies are very real, and should prompt great concern and urgency among both water managers and
the citizens of the Southwest.
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Disclaimer

Hydros Consulting Inc., the Colorado River District, and the Southwestern Water Conservation
District acknowledge that the findings presented herein are based on specific modeling assumptions
and are intended for discussion purposes only. Neither this Report, nor any of the findings contained
herein, represent an official or final position of the Colorado River District, the Southwestern Water
Conservation District or any other entity with respect to the law of the Colorado River or State of
Colorado water use, law, administration or policy. This study is a work in progress, and the
assumptions and conclusions are subject to future modification based on pertinent developments

and/or the intent of the proponents to study risk under different scenarios.
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I. Introduction

A. Background

The Colorado River Basin has experienced significantly lower than average annual flows since 2000.
Whether this is the result of a long-term drought or the new “normal” is subject to debate.
Regardless, average naturalized flows at Lee Ferry during the period 2000-2017 were approximately
12.6 million acre-feet (Maf)'". Storage levels in Lake Powell have remained below 65% full since 2000
(except for 2011; Error! Reference source not found.). In spite of a good snowpack in 2019 resulting
in an increase in storage from the previous year, Lake Powell remains just above half-full, and is
forecast to end 2019 about 58% full>. A repeat of the 1988-1993 or 2001-2006 severe drought periods
could threaten hydropower generation at Lake Powell and possibly the Upper Basin’s ability to meet
its obligations under the 2007 Interim Guidelines, the Colorado River Compact, or both. Note that
during both of those historical drought events which occurred prior to the 2007 Interim Guidelines,
Powell was releasing 8.23 Maf/yr. Under the 2007 Interim Guidelines, releases in non-equalization
years have averaged 8.8 Maf/yr.

Drought Contingency Plans (DCP) have been developed and approved for both the Upper and Lower
Basins. While those plans, if fully implemented, would reduce the risk of a Compact deficit or
critically low storage levels at Lake Powell, they may not completely eliminate the risks for the Upper
Basin States.

Concurrent with the DCP efforts, Colorado completed its Water Plan
(https://www.colorado.gov/pacific/cowaterplan/plan), which lays the foundation for a secure water
supply for the State. Point #4 of the Plan’s Seven Point Framework is to take actions that minimize
the potential for an involuntary Colorado River Compact curtailment. That objective, plus concerns
voiced by the Colorado River Basin Round Tables (BRTs) in a joint meeting in December 2014,
provided the catalyst for the Colorado River Risk Study.

B. Phase Ill Purpose and Scope of Work

From the original scope: “The purpose of Phase Il of the Risk Study is to build on Phases I and Il and
continue to answer Colorado River system risk questions asked by the West Slope roundtables in the
context of Colorado’s Water Plan and the development of the IBCC Conceptual Framework. Most
notably the Risk Study Phase Il will continue to address the IBCC Conceptual Framework Summary Point
No. 4 which states: An insurance policy that protects against involuntary curtailment is needed for
existing uses and some reasonable increment of future development in the Colorado River system, but
will not cover a new TMD.”

" http://www.usbr.gov/Ic/region/g4000/NaturalFlow/index.html
2 https://[www.usbr.gov/Ic/region/g4000/24mo/index.html
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Phases | and Il set the stage for Phase Il by evaluating system-wide risks in the Colorado Basin, and
also by developing a new approach to modeling both in-state (Colorado) impacts of potential
involuntary curtailment, and/or the development of a demand management program. This modeling
approach utilizes the State of Colorado’s StateMod water rights simulation model and Reclamation’s
CRSS (Colorado River Simulation Model). The models share data generated by evaluation of different
management, conservation, and administration scenarios, and can be used to better understand the
feedback mechanisms and relationships between in-State actions and Basin-wide conditions
(particularly at Lake Powell). In Phase Il we utilize these tools to revisit current and future risks, and
explore some potential approaches to involuntary curtailment.

Historical Lake Powell Storage Volumes
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Figure 1. Historical Lake Powell storage with January 1, 2020 projection based on July 2019 24-month study.

The tasks identified for Phase Ill included:

a. Update the Lake Powell risk analysis (likelihood of dropping below elevation 3525’ and
likelihood of not meeting the 75 or 82.5 Maf over 10 year obligations) from previous phases
to: 1) evaluate levels of risk using current demands as well as a reasonably probable
increment of future growth, and 2) evaluate the efficacy of the Lower and Upper Basin
Drought Contingency Plans (DCPs) in reducing or eliminating those risks.
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b. Obtain, review, and modify as needed the State of Colorado’s linked StateMod model. This
model version was used for the State’s Compact Compliance Study, which is being conducted
under the purview of the Attorney General’s office and remains confidential. The CWCB
made the model publicly available in early 2018 (minus any model assumptions regarding
future demands, hydrology, or analyzed approaches to administration of a Compact
curtailment).

¢. Evaluate a variety of scenarios in which an involuntary curtailment is applied to some or all
post-Compact rights. These scenarios include conceptual “allocations” of a Compact
shortage across basins and use-types, and include a variety of different deficit assumptions
ranging from a full Compact call to different consumptive use reduction target volumes.

d. Evaluate the impacts to Lake Powell levels and risk with a hypothetical 1.0 Maf non-equalized
demand management account. Volumes of 100 Kaf and 200 Kaf annually from the four Upper
Basin states are assumed to come from voluntary, compensated, and temporary reductions
in consumptive use. Colorado is assumed to contribute half of the total annual volume. Also
evaluate the recovery time required when using part or all of the non-equalized pool, and the
frequency and volumes of water supply deficit that the pool could not fully meet.

While Tasks A-C were completed as written with only minor modifications to scope, Task D will not
be completed as part of Phase Ill and instead may be re-scoped for a future Phase IV. After the
original scope and contract were approved, the 7 Basin States finalized, and Congress passed
legislation approving the DCPs and their accompanying agreements. Significant to this study is the
approval of a 500 Kaf storage account in one or more of the initial CRSP units that could be filled by a
(yet-to-be fully defined) demand management program in the Upper Basin. Our initial approach to
modifying the scope to align with the DCP was to reduce the volumes of both the demand
management storage account and the annual contributions by half, to match the DCP. However,
additional uncertainty exists over exactly when and under what circumstances water stored under
an Upper Basin demand management program would be released — and hence no specific policy to
follow when modeling these operations led us to postpone this task. In lieu of a full analysis of the
potential benefits of a demand management account, we provide additional post-processing analysis
of the one-time impacts such an account might have on Lake Powell elevations and Lee Ferry
volumes (see Section Ill.c.)

Il. Modeling Approach

Phase Il of the Risk Study? described a new approach to modeling the complexities of both in-state
water rights administration (using StateMod) and basin-wide “big river” operations (using CRSS).
StateMod* is a highly detailed model capable of simulating water rights administration within the
State of Colorado, and represents thousands of individual water rights, diversion structures and

3 Colorado River Risk Study, Phase Il Task 2 Final Report, Hydros Consulting Inc., 2018
4 https://www.colorado.gov/pacific/cdss/statemod
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reservoirs, as well as operating policies that govern numerous exchanges, instream flow
requirements, interstate compacts, and other water rights administration actions. StateMod also
includes the necessary physical representations of return flow timing and spatial distribution, and
naturalized inflows for historical hydrology to enable simulation of the results of the combination of
historical hydrology with current or future levels of demand. Herein it is used primarily to examine
how possible Compact administration protocols might be implemented, the impacts of those
protocols to each basin within Colorado, and the potential amounts of pre-Compact and post-
Compact depletions in each of Colorado’s west-slope basins.

CRSS is a comprehensive model of the Colorado River system, which simulates the policy-based
operations of the major Federal reservoirs as prescribed by the 2007 Interim Guidelines® and the
modified operations and water deliveries anticipated by the recently signed Drought Contingency
Plans®. The larger spatial scale of CRSS in comparison to StateMod necessitates a higher level of
spatial aggregation in representations both of inflow sources and smaller-scale water users, both of
which exist primarily in the Upper Basin. The large contract water users and sparse inflows in the
Lower Basin, as well as deliveries to Mexico, are also represented. CRSS simulations illustrate how
the operations of the large mainstem reservoirs are affected by basin-scale factors such as regional
hydrology and increasing demands due to regional population growth. In this study, CRSS allows for
the evaluation of systemic risks such as critically low Lake Powell elevations impacting power
generation and possible Compact deficits (flows past Lee Ferry), and is used to quantify the impacts
of in-state activities on these metrics.

All of the risk profile analyses for Lake Powell and Lee Ferry in this Phase of the Risk Study use the
linked StateMod/CRSS modeling tools previous developed in Phase Il. This approach allows us to
maintain consistency when modeling Colorado’s water uses across both models. Additional
information on the synchronization of the two models is provided in Section D below, while details
on the model run sequencing and hydrologic trace simulation protocols are in Section E.

Technical details relating to comparisons made between the models are summarized in Appendix A.
The versions of each model are listed in Appendix B, along with details on the process for obtaining
each model.

A. Common Assumptions

Previous modeling using CRSS utilized demand datasets from the Colorado River Basin Study’, which
all increase over time based on various growth rate assumptions. StateMod uses fixed demands
which do not vary over time, except to represent changes in irrigation water requirements due to
variations in temperature and precipitation. StateMod models of individual basins within Colorado
have differing lengths of hydrology data, and the linked StateMod model has a different hydrologic

> https://www.usbr.gov/Ic/region/programs/strategies/RecordofDecision.pdf
® https://www.usbr.gov/dcp/
7 https://www.usbr.gov/Ic/region/programs/crbstudy/info.html
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dataset than CRSS. Due to these differences, it was necessary to synchronize the demands and
hydrology between the two models, so that the coupled simulations used the same data to the
greatest extent possible.

All model runs for Phase Ill were carried out using fixed demand sets representing two different
levels of use: “current demands” and “future demands” (described below). Hydrology data is from
the years 1988-2015. This period is often called the “Stress Test”, due to its lower-than-average flows
(although it does include some periods of above average flows that are useful in simulating reservoir
recovery), and was used extensively in Reclamation’s modeling for the DCPs. Some hydrologic data
filling was required in StateMod, because none of the basin models have hydrology extending
through 2015.

B. StateMod Assumptions

StateMod simulations are carried out through a set of rules that execute in an order that follows the
priority system used for water rights administration in Colorado. These rules include representations
of direct diversions from streamflow, reservoir operations, exchanges, return flows, and many more
water rights operations.

1. Hydrology

The physical processes simulated in StateMod are incorporated into algorithms that estimate timing
and amount of flow, by accounting for the impacts of measured diversions and assumed return flows
on observed stream gage flows from the historical record. The process of developing these input
hydrologic datasets is described in detail in the modeling dataset documentation for each basin
model, which is provided online, along with a detailed description of the assumptions applied for
developing the demand dataset®.

2.Current Demands

Current demands in StateMod are generally based upon historical acreage of irrigated lands,
estimated crop water use requirements, and estimated system efficiencies. Historical and Baseline
demand datasets exist for each basin model, with the Baseline dataset representing the best
estimate of the demand for water by currently existing uses across the historical years of simulation.
The Baseline demand dataset was used for this analysis, with adjustments as described below in
Section Error! Reference source not found.. The total Baseline demand for depletions for the years
1988-2005 for the State of Colorado in StateMod is 2.803 Maf/yr. Annual supply shortages reduce
the amount by 0.271 Maf/yr. resulting in an average simulated baseline annual depletion of 2.532
Maf/yr for the years 1988-2005.

8 https://www.colorado.gov/pacific/cdss/modeling-dataset-documentation
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3.Future Demands

Demands for the “future conditions” scenarios were developed through cooperation with Basin
Roundtable technical representatives and staff from the two Conservation Districts. The purpose of
the future condition demands was solely to examine how an increment of additional depletions
could impact the risk profiles at Lake Powell and Lee Ferry. The identified increases in consumptive
use were a combination of additional use of existing rights/projects as well as new uses. When
available, Programmatic Biological Opinion (PBO) depletion allowances formed the basis for
“allowable” growth without any Federal re-consultation requirements. PBO depletion allowances
were used to set the future demand data for the Yampa, Gunnison, and Colorado mainstem basins.
The southwest basins (San Juan, Dolores, and various tributaries), and the White basin future
demands were developed primarily by in-basin BRT representatives with input from River District and
Southwestern District staff. A total of 26 new or enlarged water use demands were identified and
added to the model, consisting of agricultural, municipal, and industrial uses. The total increase in
demands across all Colorado basins under the future growth scenario total 384 Kaf, or an increase of
13.7% over current demand levels. Actual modeled depletions from these demands averaged 11.5%.

C. CRSS Assumptions

The reservoir operational policies that currently guide system operations most significantly are the
2007 Interim Guidelines for Coordinated Operations of Lakes Powell and Mead, and these Guidelines
are used as the operational policy throughout the simulation period. We recognize that the
guidelines will be replaced by a new agreement after 2026, and that operations from 2027 into the
future will likely be somewhat different. Nevertheless, absent a “better” guess at those future
operations, the 2007 Guidelines are used throughout.

1. Hydrology

Natural flow hydrology input data for CRSS is developed by the Bureau of Reclamation, based upon
the gage records of 20 stream gages in the Upper Basin, and 9 stream gages in the Lower Basin®.
The streamflow data from these gages are processed along with historical demand datasets to
calculate natural inflows. The demand sets used in development of the natural inflow data come
from the Consumptive Uses and Losses Reports prepared by Reclamation™. The differences
between the consumptive use amounts in the demand sets used for flow naturalization, and the
scheduled amounts of consumptive use anticipated in the various demand sets used in simulations,
are important to note and are discussed in detail in Appendix A.

2.Demands

CRSS contains spatially-aggregated representations of demands for depletions, and these demands
were compared to the corresponding demands in StateMod to provide context for differences in
simulation results. The basin-specific depletions simulated in CRSS were calculated through addition

9 https://www.usbr.gov/Ic/region/g4000/NaturalFlow/documentation.html
'° https://www.usbr.gov/uc/envdocs/plans.html#CCULR
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of computational sub-basins and a data object that summarizes depletions within each sub-basin.
StateMod depletions were aggregated by basin and compared to the corresponding values in CRSS,
and these comparisons are presented in Appendix A. The demands for all Upper Basin users outside
of the State of Colorado were set based upon the 2007 UCRC demand schedule, which is the most
recent UCRC demand schedule incorporated into CRSS. The demands for the Lower Basin were
drawn from the demand schedule provided for the 2007 Interim Guidelines FEIS, with updated
demands for Nevada from December 2016.

3.Drought Contingency Plans

The operations of the Upper Basin and Lower Basin DCPs are represented in CRSS as they were
implemented for the round of modeling carried out by Reclamation in October of 2017 to support
analysis of the impacts of the DCPs. These DCP implementations include re-operations of the Upper
Basin CRSP reservoirs, and mandatory contributions in the Lower Basin with progressively greater
reductions in use triggered as storage levels in Lake Mead decrease. The voluntary demand
management program and corresponding non-equalized storage account that are discussed as
potential options in the ratified version of the Upper Basin DCP are not explicitly included in CRSS,
but the potential benefits from such programs are considered in the analysis of risk presented in
Section IlI.

D. Model Synchronization

StateMod and CRSS are significantly different in terms of spatial and temporal resolution. The
greater resolution of StateMod within the State of Colorado led to implementation of a model
linkage where the portion of CRSS representing Colorado was replaced by StateMod.

1. Conceptual Linkage Implementation

The portions of CRSS that represent the State of Colorado were disconnected from the remainder of
the model at points corresponding to the gage nearest the State line in each of the West Slope river
basins. Table 1 lists these gages for each of the river basins on the West Slope of Colorado, along
with the node in StateMod representing that gage, and the link in CRSS where the existing
connection to the remainder of the Upper Colorado River Basin was replaced. The outflow
simulated by StateMod at each of the nodes in Table 1 was input directly into CRSS as a reach inflow
on a monthly timestep.

10
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Table 1. Gages Linking StateMod and CRSS

Linking Gage | USGSID__[ CRSS Link

Yampa Yampa River at 09260050 YampaAtDeerlodge.Gagelnflow
Deerlodge Park, CO
White White River near 09306500  WhiteNearWatson.Gagelnflow
Watson, UT
Sl o8 Colorado River 09163500  ColoradoNearCO_UTStateLine.Gagelnflow
& Gunnison near CO-UT State
Line
Dolores Dolores River near 09180000  DoloresNearCisco.Gagelnflow
Cisco, UT
McElmo* McElmo Creek' near 09372000 LowerSanJuanRiver:
CO-UT State Line
: BelowFourCorners.Locallnflow
Mancos* Mancos River near 09371000
Towaoc, CO
La Plata** La Plata River at 09366500
CO-NM State line .
Animas** Animas River near 09363500 SanJuansJTribs.Inflow2
Cedar Hill, NM

Los Pinos*** Los Pinos River at 09354500

La Boca, CO
Piedra*** Piedra River near 09349800 .
- Arboles, CO havafo.ltiow

San Juan*** San Juan River near 09346400
Carracas, CO
* %% *%* These outflows were combined using confluence objects in CRSS to enter the system as

aggregated flows at the specified links

Figure 2 displays the connections for the Yampa, White, Upper Colorado, Gunnison, and Dolores
Rivers, and Figure 3 displays the connections for the San Juan River and its many tributaries. These
monthly inflows are re-sequenced as part of the Index Sequential Method trace generation process,
along with the rest of the natural inflows in CRSS.

In the White and Dolores basins, the gages used to link the models are downstream of water users in
Utah that are not represented in StateMod, which ends at the State Line in each basin, above the
River Gages used for linkage. To account for this, the Utah depletions were subtracted from the
flows at the basin outflow nodes in StateMod. These Utah depletions total 6,487 AF/yr in the
Dolores River Basin, and 3,958 AF/yr in the White River Basin. Depletions of the San Juan River and
its tributaries outside of the State of Colorado are represented explicitly in CRSS, due to the
implementation of the linkage in those basins, which is depicted in Figure 3. The San-Juan Chama
Project depletions were removed from both the demands and the inflows in the linked StateMod
model since these uses occur in the Rio Grande basin in New Mexico, and are represented separately
within the CRSS model.

1
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Figure 2. Yampa, White, Upper Colorado/Gunnison, and Dolores Basin Linkages
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Figure 3. Southwest Colorado Basin Linkages
2.StateMod Surrogate Years

The simulation period for the StateMod linked model ends in 2005, while the Stress Test period used
in CRSS covers the period 1988-2015. In order to fill in the years 2006-15 in StateMod, annual flow of
the Colorado River at the Colorado-Utah state line for each of the years 2006-2015 was compared to
the years 1909-2005, and the year with the closest total annual volume was selected as a surrogate.
Table 2 lists the years and percent differences in flow, calculated by subtracting the observed flow in
the recent year from flow in the surrogate year. The appropriate year-specific StateMod data from
each surrogate year was then appended to the linked model input datasets.

13
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Table 2. Surrogate Years for StateMod Extended Stress Test Simulation

Surrogate Year % Difference in Flow

1925 -0.7%
1991 0.5%
1938 -0.9%
1971 -0.1%
1991 0.3%
1917 0.0%
1981 3.0%
1940 0.1%
1948 -0.2%
1944 0.1%

E. Simulation Protocols

As discussed above, both CRSS and StateMod were configured to run over the period 1988-2015.
CRSS utilizes the Index Sequential Method (ISM) to generate multiple model runs using a single input
dataset. In ISM, each year of the simulation period is used once as the first year of a trace (a “trace”
as used herein describes one set of hydrology and demands that is run through the model). For the
Stress Test period, there are 28 years of data, and thus 28 different traces that comprise a single
CRSS scenario simulation. For example, when simulating the current demand schedule with the DCP,
CRSS will cycle through the dataset 28 times, each time using a different starting year. Each trace can
be thought of as a possible future, and we treat the 28 Stress Test traces as our collection of all
possible futures for this analysis. Within a single trace’s run, when the model reaches 2015, it loops
back to 1988 and continues. All of the data associated with a given year remain synchronized
through all the traces.

e Trace1:1988-2015

e Trace 2:1989-2015 + 1988

e Trace 3:1990-2015 + 1988-1989
e Trace 4:1991-2015 + 1988-1990

e Trace 28:2015 +1988-2014

StateMod does not have the ability to perform ISM-type simulations. However, the key outputs from
StateMod that feed into the CRSS simulations are flows at the Colorado state line. It is thus
straightforward to synchronize the StateMod outputs by year as inputs into the CRSS ISM method.

Model simulations in CRSS were carried out for each of the 28 traces for each scenario (e.g., current
demands + DCP, future demands + DCP, etc.). Post processing to develop statistics for the model
runs used the first 25 years of each trace, hence a total of 700 years (28 traces x 25 years per trace) is
used to generate the frequency data presented in the CRSS results.

14
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For the analysis of curtailment scenarios completed entirely in StateMod, we use both the linked
StateMod model as well as the individual sub-basin models. The results presented for the curtailment
scenarios (Section 1V) are generally developed from model outputs for the period 1988-2005. A
comparison of results from this subset of the available StateMod data shows only minor differences
in average consumptive use when compared to the full period of simulation.

lll. Analysis of “Big River” Risks

We evaluated the likelihood of reaching critically low Lake Powell elevations as part of Phase Il of
this Risk Study". That analysis used Reclamation’s CRSS model and demand schedules A and (a
modified version of) D1 from the 2012 Basin Study, which escalate over time. The increasing demands
in those data sets made it difficult to discern the impact of increasing demands as compared to
changes in hydrology. This modeling builds upon that analysis by examining the increased risk
associated with an increment of hypothetical future growth compared to current demands, both of
which are simulated at fixed levels throughout their respective simulation periods. In other words, it
was assumed that there were no changes in the current demands throughout the Baseline
simulation period, and the values for the future demands were fixed and did not escalate over time
in the “Future Demands” scenario. In addition, the recently completed and approved DCPs for both
the Upper and Lower Basins were re-evaluated, to determine the impact those plans have on the
risks associated with both current and future demand conditions. The DCP simulations include the
Lower Basin’s delivery reductions plus Mexico’s contributions under Minute 323. The Upper Basin
drought operations of CRSP reservoirs (Initial Units) is simulated, but no modeling of demand
management or the corresponding use of the 500 Kaf storage pool as approved by the DCP was
undertaken. We do provide a post-modeling analysis of the possible efficacy of a 500 Kaf demand
management account, but a more robust evaluation is needed to better understand how and when
such an account might be used. For these simulations, the 2007 Interim Guideline rules for Powell
and Mead operations as well as Lower Basin shortages persist for the entire duration of the runs (i.e.,
beyond 2026). January 1, 2019 data are used for Initial reservoir storages.

Four scenarios were evaluated, combining each of the current and future demand sets with river
operations both with and without the DCPs in place:

e Scenario 1: Current Demands Baseline (without DCP)
e Scenario 2: Future Demands Baseline (without DCP)
e Scenario 3: Current Demands + DCP

e Scenario 4: Future Demands + DCP

The risks of declining storage at Lake Powell and flow at Lee Ferry were analyzed for each scenario.
The risk of flows at Lee Ferry dropping below assumed critical levels is related to the risk of declining
storage at Lake Powell, but with the DCPs now in place, the timing of events and relative risks

" Colorado River Risk Study, Phase Il Task 1 Final Report, Hydros Consulting Inc., 2018
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needed to be revisited. We first address the timing and cumulative frequency of risk at Lake Powell,
followed by the Lee Ferry | Compact deficit analysis, and finally a short discussion of potential
demand management storage program benefits.

To be consistent with the modeling from previous Phases of the Risk Study, and to maintain
consistency with the analysis of the DCPs, this study uses elevations 3525’ and 3490’ at Lake Powell
as the indicators for critically low reservoir elevation. The origin of the use of the 3525’ threshold for
the DCP analysis is two-fold: 1) it represents the top of the Lower Elevation Balancing Tier from the
2007 Interim Guidelines, and 2) it is only 2.0 Maf above minimum power pool (3490’), and
Reclamation staff have indicated that they would get “nervous” about the use of the turbines and
power generation if Powell were to drop below 3525, because of possible air entrainment in the
turbines and other hydraulic issues. Elevation 3490’ is the nominal minimum power pool below at
which no generation is possible.

Analysis of risk at Lee Ferry uses 10-year flow targets of 82.5 Maf and 75 Maf, which are the two most
commonly cited volumes when defining a potential deficit or measuring compliance under Article
11(d) of the Compact. The hydrologic and demand assumptions evaluated in this study, including the
runs with additional future demands, did not produce 10-year flows below 75 Maf. Even so, it should
be noted that this may not suggest a zero likelihood of such an occurrence, because the hydrologic
data assumed for this study do not represent the full range of variability suggested in either the
paleo-hydrologic record, or in simulations of the potential impacts of Climate Change. This result is
also largely driven by the combined effects of the DCPs and the 2007 Interim Guidelines, which are
assumed herein to continue beyond 2026.

Note that exact calculation of the risk of a particular event happening at some point in the future is
only possible when the probability associated with all important factors is known. The deep
uncertainty evident in the hydrologic record and the extent to which it reflects future conditions,
combined with the uncertainty inherent in conflicting interpretations of guiding policy and
administrative assumptions necessitates quantification of the relative risk associated with alternative
policy actions that are controllable, such as implementation of DCP agreements, and incremental
development of additional depletions. The incremental changes to the baseline risk profiles resulting
from the modeling assumptions described above are analyzed here, solely to provide guidance in
evaluating future policy decisions.

A. Risk Profile for Lake Powell Elevations

The modeled likelihood of Powell dropping below 3525 and 3490 are presented in Figure 4 and
Figure 5, respectively. The plots show the cumulative frequency of modeled events. Recall that each
scenario consists of 28 different traces. If in a single trace (out of the 28 traces) Lake Powell drops
below the target level, that “event” is recorded. The timing of the event can be discerned from the
increase in the cumulative frequency, while the total number of traces experiencing the event is
shown as the maximum of the cumulative frequency plot.
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For example, in Figure 4, Scenario 3 has a maximum (cumulative) frequency of 43% (12 of 28 traces).
If our dataset of 28 “futures” are indicative of future hydrology, then there is a 43% likelihood of Lake
Powell reaching that critical level at some point in the next 25 years. Because the initial condition for
Lake Powell is relatively low (approximately 10 Maf), the majority of events when Powell hits 3525’
occur relatively early in the simulation, if at all. Over the 28 year Stress Test period, there are some
wetter years, and these wetter periods (particularly the late 1990s) refill the system enough so that
the very dry periods that follow do not cause Powell to drop to critical levels. It is interesting to note
as well that when the future demands scenarios are simulated (Scenarios 2 and 4), the frequency of
hitting 3525’ increases dramatically. The additional fixed demands in those Future scenarios is large
enough that even through the wetter periods, Powell does not recover sufficiently to be able to
make it through the dry years without going below 3525’. Finally, note that the DCPs provide a
greater benefit over time under current demand conditions as compared to future demands. This is
due to the essentially fixed magnitude of CRSP releases available under drought operations being
overwhelmed by the magnitude of shortages under the future demands simulation.
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Figure 4. Risk Profile for Lake Powell elevation 3525'.

The benefit of the DCPs is more apparent under future demands when looking at the 3490’ elevation
power generation threshold (Figure 5). Under the future demand scenario, the DCPs act to
significantly reduce the likelihood that Powell would drop below its minimum power elevation. This
result is expected, as the CRSP drought operations turn on, and the Lower Basin conservation
targets act to stabilize Lake Mead above elevation 1025’. With Mead stabilized above 1025, and
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Powell dropping into its Lower Elevation Balancing Tier, releases from Powell are likely to be closer
to 7.0 Maf than the 9.5 Maf maximum that is possible under the 2007 Interim Guidelines.

As with the 3525’ threshold, the impact of increased demands is also clear. The modeled increase in
Upper Basin depletions of ~11.5% roughly doubles the risk (likelihood of Lake Powell reaching that
critical level at some point in the next 25 years) at both the 3525’and 3490’ thresholds with the DCPs
in place.
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Figure 5. Risk Profile for Lake Powell elevation 3490'.
B. Risk Profile for Compact Deliveries

Exactly what the Upper Basin’s obligations are with respect to Lee Ferry “non-depletion” volumes
under the Colorado River Compact is the subject of much debate and uncertainty, and this study
makes no attempt to answer those questions. For this study, we analyzed the two most commonly
cited volumes, 75 Maf and 82.5 Maf, both of which are computed using a 10-year running total. These
represent the Upper Basin obligation under Article 111(d) of the 1922 Compact to “not cause the flow
of the river at Lee Ferry to be depleted below an aggregate of 75,000,000 acre-feet for any period of ten
consecutive years”, and an additional 750 Kaf annually, to reflect a conservative (i.e. disadvantageous
to the Upper Basin) interpretation of what the Upper Basin’s obligation may be under Article I11(c).
As mentioned above, the simulations in this study produced no instances of 10-year totals dropping
below 75 Maf. Minimum Lee Ferry volumes by scenario are shown in Table 3.
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Table 3: Minimum 10-year Lee Ferry volumes by scenario.

Minimum 10-Year

Scenario Volume at Lee Ferry (af)
Current Demands Baseline 80,414,547
Future Demands Baseline 78,681,420
Current Demands + DCP 78,650,744
Future Demands + DCP 77,221,987

Figure 6. Cumulative Frequency of Lee Ferry flows < 82.5 Maf [ 10-years.Figure 6 shows the
cumulative frequency of dropping below the 82.5 Maf threshold at Lee Ferry for each scenario. As
with the Powell elevation thresholds, the cumulative frequency statistic increases each time another
trace within a given scenario drops below the 82.5 Maf threshold. For example, by the end of the 25
year time horizon, all but three of the Scenario 4 traces (see purple line) has experienced at least one
year in which the trailing 10-year total was less than 82.5 Maf. Most of the Lee Ferry “deficits” at the
82.5 Maf threshold do not start occurring until 2024 or later. Because the model uses historical flows
as initial conditions, and those flows have generally been in the 9.0 Maf range for the past several
years, it takes several years of simulated Powell Releases of 7.48 Maf or lower before the 10- year
total drops below 82.5 Maf.
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Figure 6. Cumulative Frequency of Lee Ferry flows < 82.5 Maf [ 10-years.
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The typical pattern of higher risk with the future demands dataset seen in the Lake Powell results
carries through to Lee Ferry. However, note that the likelihood of a Lee Ferry deficit at the 82.5 Maf
threshold increases when the DCPs are implemented. This result is expected, because the DCPs act to
increase lake levels at both Powell and Mead. In doing so, the DCPs will tend to push Powell releases
into the lower end of the ranges that are prescribed for each operating tier. In particular, DCP
operations tend to keep Powell in the Mid-Elevation Release Tier for extended periods of time, by
maintaining elevations above 3525’ when possible. So instead of getting 9.0 Maf or 8.23 Maf
releases, the DCP scenarios tend to result in a lot more 7.48 Maf releases. And if Powell does drop
into the Lower Elevation Balancing Tier, it is more likely to have a 7.48 or even 7.0 Maf annual release
than 9.0 Maf or 9.5 Maf. This trend towards reduced release volumes at Powell with the DCPs in
place is further illustrated by Figure 7 and Figure 8. Under current demands, the likelihood of
dropping below 82.5 Maf increases from 28% to 39% when including the DCP. The volumes of deficit
increase as well, and the likelihood of a deficit greater than 1.5 Maf increases from 4% to 21%.

As seen above in Figure 4, the DCP operations do not significantly impact the cumulative frequency
of maintaining Powell Pool elevations above 3,525’ for the entirety of the simulation, but they can
prevent the onset of shortfall for long enough, or promote recovery more quickly, such that the
minimum elevation in Powell benefits significantly, as seen in Figure 5Error! Reference source not
found.. This difference in the lowest resulting storage amounts in Powell is seen in reverse at Lee
Ferry, as the amount of extra storage at Powell is equal to an amount not flowing past Lee Ferry.

Current Baseline Current DCP

I

Annual 82.5 Deficit Frequency by Trace Annual 82.5 Deficit Frequency by Trace

® None m <500,000 = <1,000,000 m <1,500,000 = > 1,500,000 ® None ®m <500,000 = <1,000,000 = <1,500,000 => 1,500,000

Figure 7. Current Demands Baseline and +DCP Risk Profile for Lee Ferry < 82.5 Maf. The volumes shown are
the maximum deficit volumes seen in each trace.

The elevated demands in the Future Baseline scenario result in more traces with simulated Lee Ferry
shortfalls, and shortfalls of greater magnitude, as compared to the Current Baseline scenario. Figure
8Error! Reference source not found. displays the distribution of maximum shortfall by trace, where
it can be seen that 86% of traces which include the DCP experience a shortfall, and the majority of the
shortfalls exceed 1.5 Maf.
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Future Baseline Future DCP

Annual 82.5 Deficit Frequency by Trace Annual 82.5 Deficit Frequency by Trace

= None M <500,000 = <1,000,000 m <1,500,000 m>1,500,000 ® None m <500,000 = <1,000,000 ® <1,500,000 = >1,500,000

Figure 8. Future Demands Baseline and +DCP Risk Profile for Lee Ferry < 82.5 Maf. The volumes shown are the
maximum deficit volumes seen in each trace.

1. Caveat to the Lee Ferry Analysis

As discussed above, the DCPs do a good job of protecting Lake Powell elevations, but actually
increase the frequency of 10-year Lee Ferry volumes dropping below 82.5 Maf. When these “deficits”
occur, they are often not caused by a lack of water in Powell, but instead by adhering to the policies
of the Interim Guidelines. If, as a matter of policy, the Upper Basin decided to ask Reclamation to
make additional releases to stay above the 82.5 Maf threshold, it is likely that a significant amount of
that deficit could be readily released from Lake Powell. As an example of the intertwined nature of
the risks at Lake Powell and Lee Ferry, Figure 9Error! Reference source not found. illustrates the
simulated pool elevation and 10-year rolling average Compact volume for the hydrologic trace
beginning in 2012. The dashed black line in the figure represents both the 82.5 Maf threshold for 10-
year flow at Lee Ferry (left y-axis), and elevation 3,525’ at Lake Powell (right y-axis). When Powell’s
elevation crosses the 3525’ threshold, both in decline and in recovery, it precedes the 10-year Lee
Ferry flow crossing the 82.5 Maf threshold, with a longer lag time between the two events in
recovery resulting from the operations dictated by the Interim Guidelines. In this example, by the
time the Lee Ferry deficit reaches its maximum in 2029, Powell has approximately 4.0 Maf in storage
above minimum power pool.
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Figure 9. lllustration of the linkage between Powell elevation and Lee Ferry 10-year volumes when operating
under the 2007 Interim Guidelines and Drought Contingency Plans

To investigate this phenomenon further, the 82.5 Maf deficit magnitudes were compared to the
amount of storage in Lake Powell above minimum power pool (3490’) that existed when those
deficits occurred. This analysis was carried out as a post-processing step for all four scenarios. The
analysis indicates that release of additional water from Lake Powell above the amounts dictated by
the Interim Guidelines could eliminate all but one of the Lee Ferry assumed 82.5 Maf shortfalls under
the Current Demands Baseline scenario. That single trace would require an additional 1.46 Maf to
maintain flows of at least 82.5 Maf. The Current Demands +DCP scenario would also have one
scenario in which the existing storage volumes above minimum power pool are unable to eliminate
the 82.5 Maf deficit. However, with the DCP in place, the volume of that remaining deficit is only
108,000 AF.

When looking at the Future Demands scenarios, a significant number of the 82.5 Maf deficits can be
eliminated by utilizing remaining Powell storage above 3490’ elevation. For the Future Demands
scenario, use of that water would leave 25% of the traces with a remaining deficit (compared to the
original 61%). The maximum remaining deficit from those traces is about 2.1 Maf. The Future
Demands +DCP scenario experiences shortfalls remaining in only 29% of traces, as compared to the
original deficit frequency of 84%. The maximum volume of those remaining shortfalls is 1.38 Maf.

The exact operational modifications at Powell that would result in release of these additional
amounts of water, above or below elevation 3490’, were not represented in the modeling, and the
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development of operational policy that could achieve such deliveries in compliance with existing
operational requirements was not considered as part of this analysis.

C. Effectiveness of a 500 Kaf Demand Management Account

The DCP legislation provides for the creation of a 500 Kaf account in one or more of the CRSP Initial
Units to be used, if needed, for Compact compliance. Because of uncertainty over the location and
operating policy for such an account, we did not attempt to model a comprehensive demand
management program in this study. In lieu of that, we analyzed how effective an existing 500 Kaf
account would be in offsetting the modeled deficits relative to the 82.5 Maf threshold for compact
accounting. This approach greatly simplifies the analysis by assuming that a full 500 Kaf account is
available at the onset of each event, and does not reflect the reality that longer term events or
events that occur more frequently would reduce the overall effectiveness of the program because of
the time needed to refill an account once it has been depleted.

Current Demands Baseline: 8 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf. If a 500,000 AF demand management storage account were available for
use at Lake Powell as contemplated in the Upper Basin DCP, it could be used to eliminate the
shortfalls in 3 of the 8 traces with deficits. Recall from the previous section that this does not include
the possible use of the additional storage below 3525’ and above the minimum power pool (3490’). If
additional storage above the minimum power pool is used, the deficits in all but one of the traces can
be eliminated. The amount of the remaining assumed shortfall at Lee Ferry in the one trace where
the shortfall could not be eliminated by release of the remaining water above power pool in Powell
would be approximately 962 Kaf.

Current Demands +DCP: 11 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf. (As noted above, the DCP increases the number of traces below 82.5Maf
because it generally reduces the average release from Powell). A 500,000 af demand management
storage account in Lake Powell would not fully offset the deficit in any of these traces. However, use
of remaining storage above minimum power pool would eliminate deficits in all of the traces.

Future Demands Baseline: 17 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf in the future demands baseline. A 500 Kaf demand management storage
account would fully eliminate deficits in 3 of these 17 traces. Use of remaining storage above
minimum power pool would eliminate deficits in another 9 traces. 5 traces would contain shortfalls
after using both the demand management storage account and remaining storage above minimum
power pool, with a maximum shortfall of 1.6 Maf. The reduced effectiveness of the demand
management storage account in the Future Baseline, as compared to the Current Baseline, is the
result of the difference between Future and Current demands greatly exceeding the size of the
account when the annual demand difference (and hence reduced Lake Powell inflows) accumulates
over a ten year period.
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Future Demands +DCP: 24 of 28 traces had at least one instance of the 10 year running total dropping
below 82.5 Maf in the future demands plus DCP scenario. A 500,000 af account would eliminate the
deficit in 4 of these 24 traces. Use of remaining stored water above minimum power pool would
eliminate deficits in all but 5 of the remaining traces. The maximum remaining deficit after use of
Powell storage above minimum power pool is about 881 Kaf.

IV. Colorado River Depletion Analysis

The purpose of Tasks B and C was to develop a comprehensive understanding of the linked
StateMod model provided by CWCB, and then implement and analyze a variety of potential
curtailment scenarios for the Colorado River basins. StateMod represents in detail the water rights,
diversion structures, reservoirs, instream flow rights, exchanges, and numerous other processes that
characterize water administration in Colorado. Depletions in StateMod are summarized for the
structures included in the model, such as diversion ditches and reservoirs, and for aggregations of
structures, such as water districts, but depletions are not summarized in model output by water
right. Because of this, determination of the amount of depletions that are senior or junior to key
dates requires additional careful consideration.

A. Calculating Depletions at Specified Priorities

The methodology applied here for determination of amounts of depletions senior to key dates
required modification of the structure of existing StateMod models. An instream flow water
requirement was inserted above the downstream-most node of each StateMod model with a
decreed flow rate of 9,999,999 cfs, which is a sufficient amount to call out all water use junior to the
administration number of the instream flow requirement. Varying the administration number of the
instream flow requirement, and analyzing the resulting depletions was carried out to determine
amounts of depletions senior to dates of interest. Depletions were calculated using TSTool scripts
that retrieve results directly from the StateMod binary output files. Depletions simulated in
StateMod include consumptive use, reservoir evaporation, and transit losses.

This method of determining senior depletion amounts was tested by setting the call date to be
senior to all water rights on the Western Slope. The administrative date used for this confirmation
run was January 1, 1850. The only depletions simulated at this call date resulted from evaporation of
stored water that is present as an initial condition for each of the reservoirs in the model.

B. Depletions of Colorado River Water in Colorado

The first analysis undertaken with StateMod was to simply estimate the amount of consumptive use
of Colorado River water currently occurring in Colorado. Figure 10 shows minimum, average, and
maximum depletion values for the period 1988-2005. Variations in depletions are caused primarily by
changing hydrologic conditions from year-to-year, which in turn changes the frequency, timing, and
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depth of administrative calls in each basin. Total estimated depletions of Colorado River water
average just over 2.5 Maf for the simulation period.

Annual Depletions (acre-feet)

Basin Minimum Average Maximum
Yampa 173,547 196,982 215,193
White 48,550 62,060 70,397
Colorado 1,117,487 1,220,386 1,345,192

In-Basin 650,747 669,257 692,193
TMDs 466,740 551,129 652,999
Gunnison 480,358 551,150 599,762
Southwest 335,365 500,717 556,627
Total 2,155,307 2,531,296 2,787,171

Figure 10. Depletions of Colorado River water. From the StateMod Baseline model.
C. Pre-Compact Depletions

Of the roughly 2.5 Maf of depletions, we then quantified the proportion that could be attributed to
“pre-Compact” water rights. The depletions senior to two possible Compact administration dates
were quantified using administration numbers (aka Holt Numbers, developed by the Colorado
Division of Water Resources) and appropriation dates. The more senior of the two potential dates of
Compact administration is November 24, 1922, which is the date on which six of the seven Basin
States signed the Compact. The more junior of the potential dates is June 25, 1929 (administration #
29030), which is the date on which the Boulder Canyon Project act was signed into law by President
Hoover. The depletion amounts senior to these dates are displayed in Figure 11Figure 11, using both
the administration numbers and appropriation dates of each water right:
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Figure 11. Pre-Compact Depletion Volumes

These depletions are different from the historical depletions associated with water rights senior to
the Compact, due to historical use of water rights with priorities both senior and junior to the
Compact to irrigate the same lands. These levels of pre-Compact depletions are notably elevated in
comparison to some previous estimates, such as the estimate listed in the minutes of the 6™ meeting
of the Colorado River Commission, where an average total for the State of Colorado’s irrigation of
lands in production since 1920 was listed as 1,110,000 AF/yr. One of the sources of this difference is
the improvement in quantification of potential consumptive use in high altitude irrigation, and
another source of the difference is the enhanced efficiency with which pre-Compact water rights are
simulated to be used in times of a persistent call.

For the remainder of this report, the term “pre-Compact” will be used to refer to uses with
administration numbers senior to the 1922 date. Using the administration number approach will yield
the lower of the two volumes of pre-Compact usage, and hence is a conservative assumption for this
analysis. The lowest estimate of the amount of pre-Compact use is considered conservative because
it corresponds to the highest estimate of the amount of “post-compact” use that would be subject
to curtailment under the Compact. The average amounts of pre-Compact depletions by basin for
each basin in Colorado are listed in Table 4, along with the proportions each basin represents in
terms of total pre-Compact depletions. The Colorado main stem depletions in Table 4 are further
differentiated between in-basin uses and trans-mountain diversions (TMDs).”

2 The TMDs referred to in this Report divert water from the Colorado River main stem Basin into the South
Platte and Arkansas River Basins. There are a number of smaller post compact trans-mountain diversions that
divert from the San Juan and Gunnison Basins into the Rio Grande and Arkansas River Basins. These smaller
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Table 4. Pre-Compact Depletions by Basin

[Basin | Pre-Compact Depletions (AF/yr) | As Percentage of Statewide Total

Yampa 138,544 8.7%
White 50,173 3.1%
Colorado 594,169 37.2%
In-Basin 574,997 36.0%
19,173 1.2%
493,879 30.9%
322,561 20.2%
1,599,327 100.0%

D. Post-Compact Depletions

The difference between depletions simulated with and without a Compact call are depletions which
rely at least in part on post-Compact rights to meet their consumptive use needs. These depletions
are different from the historical depletions associated with post-Compact rights for reasons similar
to those that differentiate the pre-Compact depletions described in the previous section from the
historical depletions attributable to pre-Compact water rights. Average annual post-Compact
depletions for each basin are listed in Table 5, both as volumes and as the percentage they represent
of the statewide total. The percentages of total post-Compact use are used as the basis for
proportional distribution of curtailment volumes in some of the scenarios evaluated in Section V.

Table 5. Post-Compact Depletions by Basin

Post-Compact As Percentage of Each As Percentage of
s S e

Yampa 58,438 29.7% 6.3%
White 11,887 19.2% 1.3%
Colorado 626,216 51.3% 67.2%

In-Basin 94,260 14.1% 10.1%

TMDs 531,956 96.5% 57.1%
Gunnison 57,271 10.2% 6.1%
Southwest 178,157 35.6% 19.1%
Total 931,969 36.8% 100.0%

trans-mountain diversions were not split from the San Juan and Gunnison Basin values as was done for the
Colorado River mainstem.
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V. Curtailment Scenario Analysis

The State of Colorado, through the CWCB and AG office, has undertaken a Compact compliance
study, which remains confidential. The questions of how and under what conditions a Compact call
might be implemented are numerous and highly uncertain. Absent any known path forward if such a
situation arose, the WSBRTs wanted to have explored a variety of “what if”’ scenarios for
curtailment. These limited scenarios are not proposals for how to implement a call, but are instead
background information across a broad range of possibilities to allow for better understanding of
where the impacts may be and how those impacts may vary. The risk analysis presented in the
previous section indicates that evaluation of potential curtailment scenarios is a worthwhile step to
prepare for future negotiations. It should also be noted that additional potential administrative
scenarios are possible, but were beyond the scope of this phase of the modeling effort.

Note also that this analysis of curtailment scenarios is different from and should not be confused
with the ongoing discussions and activities related to demand management. Demand management
generally refers to the intentional conservation of water to be used to ensure Compact compliance
while avoiding the need for water administration to meet the Upper Basin’s obligations. A central
concept behind any demand management program is that it should be voluntary, temporary, and
compensated. The State of Colorado, through the CWCB and AG’s office has proceeded with its
2019 Work Plan for Intrastate Demand Management Feasibility Investigations”. See
http://cwcb.state.co.us/water-management/Pages/DemandManagement.aspx for more details.

A. Scenario Definitions and Rationale

A Compact call is different from a typical administrative call in terms of the time scale associated with
the upstream depletions that result in the shortfall addressed by the call, and this difference in time
scale suggests that the mechanism for most equitably distributing the cutbacks required by the call
could potentially be different for a Compact call, in comparison to a typical real time administrative
call. In most cases, for a typical administrative call, the diversions causing the shortfall are occurring
upstream of, and at the time of the call, by water users with priority junior to the water user
experiencing a shortfall.

A notable exception to this in current administrative practice relates to the administration of out-of-
priority upstream storage, which is codified in C.R.S § 37-80-120. Administration of out-of-priority
upstream storage is handled by allowing diversions by upstream water users that have a contingency
allowing the diversions to be retroactively called out, if the downstream senior right is unfulfilled at a
later date. This is conceptually similar to a Compact call, which would result from upstream use
junior to the Compact date that occurred at a time prior to the shortfall. The temporal disconnection
between the timing of shortfall and the timing of the water use that results in a Compact call is
greater than the disconnection involved in out-of-priority upstream storage, which indicates that
administration of a Compact call could be based upon long-term patterns of use.

The scenarios evaluated here represent potential methods for distributing the risk of future
curtailment inherent in the exercise of rights junior to a right not based upon instantaneous flow
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availability. Note that these scenarios were developed through multiple meetings and conversations
with various BRT groups, and are not intended in any way to represent a full set of “preferred”
approaches to possible Compact administration. They are illustrative of a range of possible
approaches to reducing consumptive use in an involuntary manner.

1. Direct Priority Administration

One method through which Compact administration might be carried out would be through direct
priority administration applied at the same level across all basins. In the direct priority administration
scenarios, a single administrative date was determined where uniform application of a call at that
date across all basins would result in an average depletion reduction of a specified amount. The
most stringent version of this scenario involves application of a call date equal to the date of the
Compact, because users senior to the date of the Compact are explicitly exempted from curtailment
by Article VIII of the Compact.

2.Basin-Specific Proportional Administration

Another hypothetical scenario for distributing the depletion reductions might be based upon
proportional amounts of post-Compact depletions by basin on a long-term average basis. This
method is conceptually equivalent to treating each of the basins’ group of post-Compact water users
as a single entity and assigning equal priorities to the entity representing each basin. So if a particular
basin depletes 10% of the State’s post-Compact water, it would be responsible for 10% of the state-
wide target volume for reduced use.

3.Export-Differentiated Proportional Administration

A second possible variant of the basin-specific method for distributing reductions in depletions was
to split the depletion reductions based on percentages of west-slope versus out-of-basin (TMD)
depletions. This differentiation groups the trans-basin post-Compact users as an administrative
entity separate from the post-Compact water users in the Colorado mainstem, from which the vast
majority of post-Compact trans-basin diversions in Colorado occur.

B. Targeted Yield Scenarios

A call amount less than full curtailment could result from a small shortfall at Lee Ferry, or through
negotiations that allow for multi-year curtailment which distributes the impacts of the call temporally
in @ manner similar to the temporal distribution of the depletions that caused the call. These
scenarios were compared to the results of a full curtailment scenario, so that the relative reductions
in the impact of the call in the targeted scenarios could be assessed. The administrative date of the
call for each of the targeted yield scenarios was determined at a monthly resolution, by identifying
the month in which the yield of the call switched from yielding less than the targeted amount to
more than the targeted amount. Yields exactly matching the targeted amount would require partial
curtailment of individual rights, and this analysis focuses on monthly call dates in recognition of the
complexity of administration to target yields at single-acre-foot precision. The Targeted Yield
Scenarios would result in different impacts to specific water rights compared to a full curtailment, as
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certain junior rights may be curtailed for longer periods while other more senior post-compact rights
might not be impacted at all.

1. Full Curtailment

The most straightforward scenario is that all post-Compact depletions would be curtailed. For this
scenario, a call was placed in each of the individual models at an 11/24/1922 priority, and the amount
of reduction in depletions compared to a no-call scenario was calculated on an annual basis for each
basin. The depletion calculations in the Gunnison were adjusted to remove the simulated depletions
associated with evaporation from the Aspinall Unit, which average approximately 23,000 AF/yr.
Evaporation from the Aspinall Unit is charged to each of the Upper Basin states on a pro-rata basis of
each state’s percent of total Upper Basin use, and so should not be counted as part of the Gunnison
basin’s depletion.

Table 6. Yield of Full Curtailment by Basin

Yield (AF) | Yampa | White | Upper In- TMD* Total
Colorado | Basin*

UL N (50,440 (10,262 | 527,154 84,234 437,510 42,522 137,840 804,133
Average 58,438 11,887 626,216 94,264 531,952 57,271 178,157 931,969
\EVdlt Y 1 68,468 | 14,146 | 722,609 104,681 633,182 87,150 232,037 1,056,021
*Sub-groups of Upper Colorado

The average yield of additional water flowing out of the basin under full curtailment for each basin is
essentially equal to the average amount of post-Compact use in each basin (with some minor
discrepancies due to evaporative losses, return flows, etc.), and the proportional amounts of post-
Compact depletions in each basin to the total were computed for use as the basis of the basin-
specific administration scenarios. These proportional amounts are displayed in Figure 12.
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Post-Compact Depletions

® Yampa

= White

= Colorado In-Basin
m Colorado TMDs

= Gunnison

= Southwest

Figure 12. Distribution of Post-Compact Depletions by basin. The total Colorado mainstem portion (67.2%) is
split into TMDs and in-basin uses.

2.State-Wide Target Volume Curtailments

As seen in Table 6, a full curtailment of all post-Compact water yields on average about 930 Kaf
annually. The next analysis was to look at partial curtailments implemented using single state-wide
call dates. For this exercise, we assumed three different target volumes (100 Kaf, 300 Kaf, 600 Kaf),
and determined the seniority of the call that would be required, basin-wide, in order to yield that
amount of reduced depletions. Using the linked StateMod model, calls were implemented for the
duration of the run period, and refined through iteration, until the call dates shown in Error!
Reference source not found. yielded the target volumes when averaged over 1988-2005. Note that
the call dates presented throughout this report are only determined to the month and year, as
described above. Refinement to estimate a specific day or even within a day was deemed
unnecessary for this level of analysis.

Table 7. State-wide call date to generate a given (average) reduction in annual consumptive use.

Target Volume All Colorado River

(acre-feet/yr) Rights
100,000 Jul 1957
300,000 Sep 1940
600,000 Aug 1935
932,000 Nov 1922
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Table 8 shows how those volumes would be distributed across the Colorado sub-basins. Note that
the distributions change with different target volumes, and are in some cases considerably different
than the distribution of all post-Compact rights seen in Figure 12 (and shown in the last rows of this
table). This is yet again an indication of how the timing of adjudication and development of water
varies across the basins. Basins that have a higher percentage at a given target volume as compared
to their Full curtailment percentage developed relatively more slowly than the state-wide average
rate of development between the Compact date and the date that produced the target volume, and
the converse is true for basins with lower percentages as compared to their Full curtailment
percentage. As an example of this type of interpretation of the results, the Gunnison basin
developed more quickly than average between November of 1922 and August of 1935, but more
slowly than average between November of 1922 and September of 1940.

As before, note that these are average values, and in any given year the volumes and percentages
may be higher or lower. The percentage and volume of each sub-basin’s post-Compact total water
use is also shown for comparison, listed as “Full” in the bottom rows of Table 8.

Table 8. Impact of a state-wide partial call by sub-basin and target volume. Percentages represent the
fraction of the target volume that would be curtailed in each sub-basin.

Target Volume Yampa White Colorado In-Basin TMDs Gunnison | Southwest
(acre-feet/yr)

100,000 28% 3% 59% 22% 37% 6% 8%

(Jul 1957) 27,627 2,753 59,124 22,309 36,815 5,925 7,528
300,000 16% 2% 59% 20% 39% 7% 13%
(Sep 1940) 47,987 5,325 177,976 59,918 118,058 20,862 40,233
600,000 8% 1% 55% 12% 44% 4% 19%
(Aug 1935) 49,679 8,478 331,556 69,452 262,105 26,163 113,862
Full 6% 1% 67% 10% 57% 6% 19%
58,440 11,888 626,171 94,403 531,834 57,273 178,163

3.Target Volume Curtailments based on a Pro-Rata Distribution

Another possible approach to curtailing a specific volume annually is to distribute the target volume
across the sub-basins based on each sub-basin’s share of post-Compact consumptive use. Using the
percentages from Figure 12, each sub-basin would be required to curtail the amounts shown in Table
9. For each of these volumes, for each sub-basin, a call date can be developed. Again, these dates
represent the call date that would be required across the years 1988-2005 to generate an average
annual volume of reduced depletions in the amount shown.

32





Colorado River Risk Study - Phase Il Final Report

Table 9. Sub-basin target volumes for a given state-wide target, based on pro-rata distribution of post-

Compact depletions.

Target Volume [Yampa White Colorado In-Basin TMDs Gunnison [Southwest

(acre-feet/yr) 6.3% 1.3% 67.2% 10.1% 57.1% 6.1% 19.1%
100,000 6,270 1,276 67,186 10,129 57,064 6,145 19,116
300,000 18,811 3,827 201,557 30,387 171,191 18,436 57,348
600,000 37,622 7,653 403,114 60,774 342,382 36,871 114,697
932,000 58,440 11,888 626,171 94,403 531,834 57,273 178,163

Results of this exercise are shown in Table 10. Comparing the pro-rata by sub-basin approach to the
state-wide curtailment approach reveals significant differences in the impact to individual basins, and
is again reflective of the differences in the timing and magnitude of water development across the
basins (Error! Reference source not found.Figure 13). The dates listed for the 100,000 AF scenario
roughly correspond to the date to which 1/9 of that basin’s depletions are junior, roughly 1/3 of each
basin’s depletions are junior to the date listed for the 300,000 AF scenario, and roughly 2/3 are junior

to the 600,000 AF dates.

Table 10. Individual Sub-Basin call dates to yield the pro-rata volumes shown. Values shown represent the

average reduced depletion over the period of simulation.

Target Volume |Y2ampa White Colorado  [Gunnison |Southwest
(acre-feet/yr) 6.3% 1.3% 67.2% 6.1% 19.1%
6,270 1,276 67,186 6,145 15,116
100,000
Jul 1972 Jul 1962 Jul 1957 | Nov 1957 | Sep 1940
18,811 3,827 201,557 18,436 57,348
300,000
Aug 1962 [ May 1955 | Nov 1935 | Apr1S55 Sep 1940
37,622 7,653 403,114 36,871 114,697
600,000
Jun 1952 | Jan 1938 | Aug1935 | Dec1933 | Nov 1935
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Comparison of Call Dates to Generate CU Savings: Pro-Rata by
% of Post Compact use vs. State-Wide Call
Nov 1982
Nov 1972
Nov 1962 —
Nov 1952 —
Nov 1942 —
Nov 1932 — - II—— I—— I—— I—
Nov 1922  WeEEES A ENINIn | o —— - ———
Yampa White Colorado Gunnison  Southwest State-Wide
m 100 KAF  m 300 KAF = 600 KAF

Figure 13. Graphical representation of data from Table 10.

4.Target Volumes on the Colorado Mainstem Pro-rata by in-basin and trans-mountain
diversions (TMDs)

The Colorado mainstem accounts for 67.2% of post-Compact depletions, and the necessary call dates
to achieve pro-rata curtailment volumes are shown above in Table 10 and Table 11. The timing of
development of in-basin uses versus TMDs in this basin vary considerably, and most large TMD
developments have rights dating from the mid-1930s to the late 1950s, which puts the pace of
proportional development of post-Compact TMDs significantly ahead of the pace of development for
in-basin post-Compact uses. For this analysis the target volume obligation of the Colorado mainstem
is split into pro-rata volumes based on in-basin and TMD percentages of post-Compact use. This
approach does not significantly change the call dates for the TMDs, but does provide some relief to
in-basin users by allowing more of the junior in-basin uses to continue diverting.
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Table 11. Required call dates and volumes when splitting the Colorado Mainstem obligation between in-basin

and TMD uses.

Target Volume [Colorado In-Basin TMDs
(acre-feet/yr) 67.2% 10.1% 57.1%
67,186 10,129 57,064
100,000
Jul 1857 | Jan1981 | Jul 1957
201,557 30,387 171,191
300,000
Nov 1935 | Jul1957 | Aug1935
403,114 60,774 342,382
600,000
Aug1935 | Jul1941 | Aug1935

Note that due to the large volumes diverted by the TMDs, one of those rights is typically the swing
right during these targeted volumetric calls (i.e. it is partially called out in order to yield the target
volume).

5.State Wide Target Volumes and call dates split by in-basin and trans-mountain diversions

This last analysis examines how a pro-rata distribution of curtailment would occur if the total volume
of Colorado River water use is split between all in-basin uses - regardless of sub-basin — and all TMDs.
Recalling that TMDs use 57.1% of all post-Compact water, the remaining 42.9% is consumed by in-basin
post-Compact users.

Table 12. Required call dates and volumes when splitting total state-wide post-Compact obligations between
in-basin and TMD uses.

Target Volume | West Slope TMDs
(acre-feet/yr) 42.9% 57.1%
42,900 57,100
100,000
Nov 1957 Jul 1957
128,700 171,300
300,000
Jul 1952 Aug 1935
257,400 342,600
600,000
Nov 1935 Aug 1935

The TMD call dates to yield their target volumes remain the same as when allocating volumes just
within the Colorado mainstem (because their percent of the total does not change). The in-basin
users are now all aggregated back together. As compared to the Colorado mainstem split above, the
in-basin call would be deeper for mainstem users. Compare these in-basin call dates to the individual
sub-basin call dates in Table 10 to see how this state-wide in-basin call compares to pro-rata calls.
Basins that have more junior call dates in Table 10 than the West Slope call dates in Table 12
developed proportionally more slowly than the rest of the West Slope from the Compact date
through the date listed in Table 12.
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VI. Summary

This work refines and expands on previous Phases of the Risk Study. The results are intended to
inform and support ongoing conversations regarding risk management opportunities in the Colorado
River basin. The specific scenarios evaluated should not be viewed as the preferred or only
approaches to a possible curtailment or any type of voluntary demand management allocation.
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Vil. Technical Appendices

A. Model Comparisons

As a first step towards developing the methodology for linking StateMod and CRSS, a series of
comparisons between the demand and hydrology datasets of each model was made. Comparisons
were also made between the Linked StateMod west-slope model and the individual basin models, to
ensure that model results for the Linked Model were sufficiently representative of the individual
model results.

1. StateMod Linked Model vs. Individual Basin Models

The Linked Model contains the vast majority of the components of each of the individual basin
models, but array size limitations for inputs to StateMod required that some of the reservoir nodes,
free river rights, and instream flow rights in the individual basin models be removed during the
process of model linkage. Additionally, there were numerous undocumented differences apparent
between the input settings of structures in the Linked Model as compared to the individual basin
models, such as altered return flow percentages and locations. Rather than attempting to assess the
impact of the individual differences between the models, the basin-wide results for simulated
depletions were compared to assess the results of the aggregation of all differences in model input
settings.

Average percent differences in depletions were found to be small, and the differences reflected
higher levels of depletions in the individual models in most cases. Higher depletions in the individual
models were expected, due to the removal of numerous reservoir nodes that was a documented
part of the linkage process. The percent differences between the Linked Model and the individual
models are listed in Table A- 1, where it can be seen that depletions in the individual Gunnison and
Southwest models were sometimes lower than the depletions for those basins in the linked model. It
was considered possible that these differences resulted from altered return flow percentages and
locations. All of the other differences between the Linked Model and the individual models reflected
higher depletions in the individual models, but the magnitude of the differences was low enough on
average that the linked model was determined to be sufficiently similar to the individual models for
use in analysis of state-wide calls. The changes made in support of linking the models were not
considered to be improvements, so the individual model results are used in this study for all analyses
not involving state-wide calls.
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Table A- 1. Percent Differences in Depletions between Linked and Individual Models

Year |Yampa|White [Upper Colorado |Gunnison|Southwest |Total
1988| -1.4%| -2.1% -1.0% -0.3% -2.3%(-1.2%
1989| -1.5%| -1.9% -1.0% -0.4% -1.6%(-1.1%
1990| -1.7%| -2.0% -1.1% -0.5% -6.1%|-2.0%
1991 -1.2%| -2.3% -1.0% -0.6% -4.0%|-1.6%
1992| -1.5%| -2.2% -1.1% -0.5% -0.7%|-0.9%
1993| -1.2%| -2.1% -1.1% -0.5% 0.3%|-0.7%
1994| -1.1%| -1.9% -1.1% -0.1% -0.7%|-0.8%
1995| -1.6%| -2.5% -1.1% -0.5% 0.8%|-0.6%
1996| -1.5%| -2.1% -1.3% -0.2% -2.0%|-1.2%
1997| -1.5%| -2.7% -1.1% -0.5% 0.2%|-0.7%
1998| -1.3%| -2.1% -1.2% 0.1% -2.1%(-1.1%
1999| -1.5%| -2.3% -1.3% -0.5% -0.1%(-0.9%
2000| -1.6%| -2.0% -1.2% -0.4% -5.5%(-1.9%
2001 -1.6%| -2.1% -1.0% -0.5% -4.5%(-1.7%
2002| -2.9%| -2.0% -0.9% 0.4% 4.3%|-0.1%
2003| -1.5%| -2.1% -1.3% -0.4% -7.7%(-2.3%
2004| -1.3%| -2.1% -1.2% -0.5% -7.1%|-2.2%
2005 -2.3%| -2.2% -1.5% -0.5% 0.2%]-0.9%

Minimum | -2.9%| -2.7% -1.5% -0.6% -7.7%|-2.3%

Average| -1.6%| -2.2% -1.2% -0.3% -2.2%(-1.2%

Maximum| -1.1%| -1.9% -0.9% 0.4% 4.3%|-0.1%

2.StateMod vs. CRSS

Comparisons made between StateMod and CRSS consisted of both comparisons of simulated
depletions by basin and comparison of simulated basin outflows. The CRSS results were summarized
by basin for a model run carried out using the 2019 UCRC demand schedule for each year in an ISM
simulation covering the years 1988-2015. Depletions in CRSS were slightly higher than those in
StateMod, with an average difference of 112 Kaf/yr, as evident in Table A- 2, which compares the
average annual depletions from the StateMod individual basin models to the average annual
depletions from CRSS.
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Table A- 2. StateMod vs CRSS Depletions (1988-2015, average, AF/yr)

Basin StateMod |CRSS % Difference
Yampa 196,982 214,908 9%
White 62,060 40,289 -35%
Upper Colorado 669,397 668,459 0%
Front Range 550,989 757,643 38%
Gunnison 575,267 616,105 7%
Southwest 500,717 383,259 -23%
StateWide 2,555,413 | 2,667,671 4%

Comparison of the basin outflows between the models revealed greater differences, and the
differences in basin outflow have a more direct impact on the risk profile at Lake Powell, so tracking
down the source of those differences was considered an important step in development of the
model linkage. As a first step in tracking down the source of the differences, the model-simulated
inflows to Powell for the Baseline Current Conditions simulation were compared to the CRSS model
run that used repeating 2019 UCRC scheduled demands. Both sets of model-simulated inflows to
Powell were compared to historical observations, which are calculated by USBR based upon releases
from Powell and changes in storage. Exceedance frequencies for historical and simulated annual
inflow to Lake Powell are presented in Figure A- 1.
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Figure A- 1. Exceedance Frequencies for Annual Powell Inflows, 1988-2015
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The historical record includes higher high flows and lower low flows than the StateMod flows, and
the flows from the CRSS simulation are consistently lower than both the historical observations and
StateMod. The average annual inflows to Powell in the StateMod-linked Baseline Current Conditions
simulation exceeded historical observations by 1.8% on average, while the inflows simulated through
CRSS alone were 9.7% lower on average than historical observations. The StateMod and CRSS flows
both include the CRSS representations of all components of the Upper Basin outside of the State of
Colorado, but suitable modeling platforms to represent the other states of the Upper Basin other
than CRSS were not available, so the remainder of the comparative analysis of basin outflows
focused on gages at or near the Colorado State Line. Comparison of gage flow for the Southwest
basins other than the Dolores was carried out through comparison at the San Juan near Bluff gage,
which is outside of the state of Colorado, but was chosen for this analysis because its location
downstream of the confluence of all seven major tributaries to the San Juan simplified the analysis
significantly. Modeled CRSS depletions by New Mexico and Utah in the San Juan basin were
subtracted from the gage data before comparing the gage data to StateMod simulation of state line
flows.

Differences between historical observations and StateMod-simulated flows are listed in Table A- 3,
where it can be seen that some basins have higher outflow in the simulations than historically
observed flow, and some basins have lower simulated outflow than historical observations, with
total simulated outflows from the State falling below historical observations by an average of 3%.
The CRSS model tends to underestimate flows into Lake Powell when looking at the recent historical
period. By using StateMod results for the State of Colorado’s depletions, and CRSS for the other
basin states, we are able to more closely replicate historical flows into Lake Powell. Given the current
data available for both models, using them in this linked method appears to produce the most
realistic results for Powell inflows, and hence is likely a better approach for basin-wide risk analysis.

Table A- 3. Historical Observed and Simulated State-Line Gage Flows (1988-2015, average, AF/yr)

Basin Historical Gage |StateMod (% Difference
Yampa 1,380,056 | 1,317,973 -4%
White 465,817 502,395 8%
Upper Colorado 4,139,701 | 4,089,025 -1%
Dolores 399,015 416,278 4%
San Juan 1,292,928 | 1,139,437 -12%
Total 7,677,516 | 7,465,108 -3%

B. Index of Model versions, Website links, and Datasets
The modeling platforms used for this study include the following:
e Colorado River Simulation System RiverWare Model (CRSS)
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o CRSSversiondcp_cmb_ 20171031
= Version 2.9.0 of CRSS, modified to include the DCP
= Modified as described below in Section Error! Reference source not found.
o RiverWare version 7.4.3
o Latest CRSS Model and Datasets Available Here:
= http://bor.colorado.edu/Public web/CRSTMWG/CRSS/
e CRDSS Linked Water Rights Allocation Model (StateMod Linked Model)
o StateMod version 15.001
* https://www.colorado.gov/pacific/cdss/statemod
¢ Individual West-Slope Basin Water Rights Allocation Models (StateMod Individual Models)
o StateMod version 15.001
o Baseline 2015 models for Yampa, White, Gunnison, and San Juan
* https://www.colorado.gov/pacific/cdss/surface-water-statemod
o Baseline 2009 CRWAS model for Upper Colorado
= http://cwcb.state.co.us/technical-resources/colorado-river-water-availability-
study/Pages/CRWASSupportingDocuments.aspx

C. Future Demands Dataset Development

Demands for the “future conditions” scenarios were developed through cooperation with Basin
Roundtable technical representatives and the staff from the two Conservation Districts. The purpose
of the future condition demands was solely to examine how an increment of additional depletions
could impact the risk profiles at Lake Powell and Lee Ferry. The identified increases in consumptive
use were a combination of additional use of existing rights/projects as well as new uses. When
available, Programmatic Biological Opinion (PBO) studies formed the basis for “allowable” growth
that could be achieved without any Federal re-consultation requirements. PBO data were used to
develop future demand data for the Yampa, Gunnison, and Colorado mainstem basins. The
southwest basin (San Juan, Dolores, and various tributaries), and the White basin future demands
were developed primarily by in-basin BRT representatives with input from River District and
Southwestern District staff. A total of 26 future uses were identified, consisting of agricultural,
municipal, and industrial uses. The total increase in demands across all Colorado basins under the
future growth scenario total 384 Kaf, or an increase of 13.7% over current demand levels. Actual
modeled depletions from these demands averaged 11.5%. Note that Upper Basin and Colorado’s
consumptive uses have remained relatively flat for the last 25+ years. The demands identified for the
future conditions scenario are not an endorsement of, or proposal for, any specific future use. They
are simply illustrative of a range of possible future use scenarios and are intended to illustrate the
risks associated with increased consumptive use. Actual growth in demand should it occur, and the
timing of that development, may look very different than the future demands postulated for this
modelling exercise.

The demand for these future use depletions was not always fully satisfied, resulting in shortages in
some cases, and some of the future depletions resulted in shortages to existing uses, where the
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future uses corresponded to conditional water rights with senior priorities relative to some existing
uses. The average depletions simulated for these future uses, and the average change in depletions
by basin are listed in Table C- 1Error! Reference source not found., along with the corresponding
input demands, for the years 1988-2015.

Table C- 1. Future Use Demands and Depletions

Future Use Depletions (AF/yr)
StateMod Linked Average Yield of New | Average Increase in Basin Inbut Demand
Model Depletions Depletions P

Yampa 29,506 29,485 30,104
White 61,839 61,787 65,000
Upper Colorado & 86,077 82,425 120,450
Front Range

Gunnison 31,053 31,100 37,900
Southwest 81,104 82,355 130,084
StateWide 289,578 287,153 383,538

The input demand of these future uses represents a 13.8% increase over current demands, and the
resulting depletions averaged 11.4% higher than current levels over the years 1988-2015. Refinements
in implementation of the future demands could raise the simulated depletions closer to the increase
in demand, but the simulated increase in depletions of 287,153 AF already exceeds the maximum
increase from 2019 demands included in the 2007 UCRC demand schedule by 170,000 AF, so further
refinement was considered to be beyond the scope of Phase Ill and unnecessary for this analysis.

1. Future Demand Monthly Distributions

Depletion amounts specified by the PBOs and by BRT/District representatives were provided in
annual amounts, which were disaggregated through application of typical monthly patterns to
develop realistic model inputs for StateMod. Future demands in each basin were categorized as one
of the following classifications, and a unique monthly disaggregation pattern was developed for
each classification:

Industrial Direct Diversion
Agricultural Direct Diversion
Municipal Direct Diversion

PwoN o

Trans-Basin Export

The pattern of monthly demands used to disaggregate annual demands for Type 1, Industrial Direct
Diversion demands, was a uniform monthly pattern that reflects typical diversions for industrial uses
such as power production and manufacturing. This uniform monthly distribution of demands also
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reflects the uncertainty associated with the water use patterns of industrial uses, which do not
necessarily follow a predictable seasonal pattern.

The pattern of monthly demand for Type 2, Agricultural Direct Diversion demands, was developed
through analysis of diversion records for the Red Top Valley Ditch, which has a long and continuous
record of direct diversions for irrigation of pasture grass from the Upper Colorado basin. Diversions
by the Red Top Valley Ditch have historically spanned the months of May — August, with an average
of 9.1% of the annual diversions occurring in May, 52.2% occurring in June, 38.3% occurring in July, and
0.3% occurring in August, and those percentages were used to disaggregate annual demands for the
future uses classified as Type 2), Agricultural Direct Diversion demands.

The pattern of monthly demand for Type 3), Municipal Direct Diversion Demands, was set using a
combination of the Type 1) and Type 2) demand patterns, to represent the conceptual understanding
that municipal demands consist of both relatively-steady indoor demands, and seasonally-varying
demand for outdoor water use. The total amounts of indoor and outdoor water use were assumed
to be equal on an annual basis.

Monthly demands for future uses associated with trans-basin diversions were all set according to a
uniform pattern extending only across the months of April-July. The pattern for these demands did
not correspond with the eventual use, as did the direct diversion demands for types 1-3, because the
trans-basin diversion demands include significant regulation through storage in East-Slope reservoirs.
The uniform pattern across the months of May-July was selected in recognition of the typically
higher flows in those months, during runoff.

2.Basin-Specific Future Demand Details

The future demands in each basin are listed in Table C- 2 through Table C- 6. The total annual
demand for each future use is listed, along with the use type, priority date, and notes about
implementation in StateMod, including the node on which the future use demand was placed. Some
future use demands were implemented on nodes that were added to the river network, and these
additional nodes are identified by asterisks, which reference table footnotes that describe the
location of the new node in the river network of that basin.

Table C- 2. Yampa Basin Future Use Demand Details

Use Type Annual Demand (AF) [Priority Date |Notes

Municipal 9,899 10/1/2013|District 44 Future Depletions (44_FDP001) node
Industrial 15,403 9/30/1961|Hayden Station (440522) node

Agriculture 4,802 9/30/1961|0Oxbow Agriculture (44_Oxbow*) node

Total | 30,104 | |Future Uses based upon PBO

* 44 Oxbow is a direct diversion node that was added between the 442214 and 440694 nodes of the
Linked Model
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Table C- 3. White Basin Future Use Demand Details

Use Type [Annual Demand (AF) |Priority Date [Notes

Municipal 2,707 10/1/2013|District 43 Future Depletions (FUD0O0O1) node
Industrial 62,293 10/1/2013|District 43 Oil Shale Direct (43_OilDem) node
Total 65,000 | |Future Uses based upon YWG-BRT Modeling

Table C- 4. Upper Colorado Basin Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date |Notes

Roberts Tunnel (364684) node: Denver Water Blue
Trans-mountain 28,500 6/24/1946|River System Buildout

Adams Tunnel (514634) node: Windy Gap Firming
Trans-mountain 25,500 6/6/1969|Project

Moffat Tunnel (514655) node: Denver Water Moffat
Trans-mountain 14,450 7/9/1934|System Expansion

Homestake Tunnel (374614) node: Eagle River MOU
Trans-mountain 14,000 2/7/1956|Project (Homestake Partners)

New WS_FDaGS* node: W.S. depletions above
Municipal 7,000 | 12/14/1987|Glenwood Springs

New WS_FDbSP** node: W.S. M&I depletions below
Municipal 28,000 7/29/1957(Shoshone

Roberts Tunnel (364684) node: CRCA Next Steps
Trans-mountain 3,000 6/24/1946|Project
Total | 120,450 | |Future Uses Estimated by Colorado River District Staff

*WS_FDaGS is a direct diversion node that was added between the 09070500 and 950500 nodes of
the Linked Model

** WS_FDbSP is a direct diversion node that was added between the 530584 and 09072500 nodes of
the Linked Model

Table C- 5. Gunnison Basin Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date [Notes

Agriculture 12,200 11/1/1905|East Canal (410520) node: Dallas Creek Project
District 62 Subordination (62USUB_M) node: Upper

Municipal 22,200 | 11/12/1957|Gunnison Subordination

Municipal 3,500 10/1/2013|District 62 Yield (62U_MY) node: New Depletions

Total 37,900 | |Future Uses from Gunnison PBO
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Table C- 6. Southwest Basins Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date |Notes
Municipal 1,100 4/19/1962|(WS_SJRHP*) node: San Juan River Headwaters Project
(78_ADS004) node: Piedra Basin Incremental
Municipal*? 1,856 10/1/2013|Development
(31_ADS006) node: Pine Basin Incremental
Municipal*? 14,597 |  10/1/2013|Development
Municipal 8,205 3/21/1966((CO_ALP) node: Animas La Plata Project Future Uses
(WS_ARiD**) node: Animas Recreational In-channel
Municipal 16,234 | 12/31/2006|Diversion
Agriculture 24,226 3/21/1966|(WS_SWCD***) node: SWCD Project Water Rights
(71_ADS019) node: Dolores Basin Incremental
Municipal12 26,976 10/1/2013|Development and Reservoir Expansion
Agriculture 21,250 1/16/1967|(WS_SMP****) node: San Miguel Project
Agriculture 4,502 1/1/1985(34_UMU) node: 2060 Scenario A Demands™
Agriculture 11,138 3/2/1868|(31_SUIT) node: 2060 Scenario A Demands "
Total 130,084 | |Future Uses Estimated by Southwest District Staff

* WS_SJRHP is a direct diversion node that was added between the 29 ADS002 and 09342500 nodes
of the Linked Model
** WS_ARID is a direct diversion node that was added between the 301902_Dwn and 30_ADS007
nodes of the Linked Model
**% WS_SWCD is a direct diversion node that was added between the four upstream nodes
(09357500, 304662, 09359000, and 300523) and downstream node 09359500 of the Linked Model
***%* WS_SMP is a direct diversion node that was added between the 601381 and 601381_Dwn nodes
of the Linked Model

3.0ther Upper Basin Future Demands

It was also necessary to develop future demands data for Wyoming, Utah, and New Mexico for use
in CRSS. The intent was to increase those states’ demands by the same percentage that those in
Colorado were increased within the StateMod Model. To achieve this, the percentage increase in
demands computed for Colorado and used in StateMod (13.8%) was compared to the increases in
demands over current conditions from the 2007 UCRC demand schedule for Wyoming, Utah, and
New Mexico. Forecast demands from that schedule show an increase of 13.6% for 2037. The 2037

3 These demands were modeled using uniform monthly demand across April-July, which was found through
calibration to increase yield in comparison to the typical municipal pattern

4 Demands for the Southern Ute and Ute Mountain Ute nodes were set as the difference between Current and
2060 Scenario A demands from the Colorado River Basin Ten Tribes Partnership Tribal Water Study
(https://www.usbr.gov/Ic/region/programs/crbstudy/tribalwaterstudy.html)
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demands for those States were then fixed for all simulations in CRSS as the “future demands”
condition.

D. 2006-2015 Data Extension for StateMod

In order to fill in the years 2006-15, annual flow at the Colorado-Utah state line in the mainstem of the
Colorado River was compared to the years 1909-2005, and the year with the closest total annual
volume was selected. Table 2 lists the years and percent differences in flow, calculated by
subtracting the observed flow in the recent year from flow in the surrogate year.

Table 13. Surrogate Years for StateMod Extended Stress Test Simulation

Surrogate Year % Difference in Flow

1925 -0.7%
1991 0.5%
1938 -0.9%
1971 -0.1%
1991 0.3%
1917 0.0%
1981 3.0%
1940 0.1%
1948 -0.2%
1944 0.1%

The data from each surrogate year was then appended to the linked model input datasets, using a
script developed in the R computing language. The following files were extended in this manner:

e Wslope.ddm
e Wslope.iwr
e  Wslope.ifm
e Wslope.tar
e Wslope.rim
e Wslope.ipy
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Save The Colorado  The Environmental Group

December 16, 2020

By email at: grossreservoir@bouldercounty.org

Dale Case, Director

Boulder County Community Planning and Permitting
P.O. Box 471

Boulder, CO 80306

Re: Denver Water’s Gross Reservoir Expansion 1041 permit application, Docket S1-20-
0003

Dear Mr. Case:

On behalf of The Environmental Group and Save the Colorado (“local community groups”) and
their numerous Boulder County members living near the proposed expansion of the Gross
Reservoir and related dam, we submit these additional comments on the current 1041 application
materials posted by the County to its website!. These comments below (with exhibits) are in
addition to the previous comments we submitted on November 13, 2020.

Comment #1, pertaining to: 8-507,D.7.b.iii (A)(B)(C) and 8-511-B.5.c.i, iv,vi,ix, x and 8-
511,B.5.f. all subheadings.

The Woodling (2018, Exhibit #1) report on aquatic life refutes Denver Water claims that
increased water volume in upper South Boulder Creek and prolonged colder temperatures of
water below Gross Reservoir do not have any long-term impacts on fish populations. The 1041
permit is incomplete because aquatic resources in Boulder Creek both upstream and downstream
of Gross Reservoir have not been fully defined, increases of upstream flows and reduced
temperatures of stream flow downstream of the reservoirs would adversely impact trout
populations in South Boulder Creek, and proffered mitigations are ineffective. In his report he
states that:

1. multi-staged release structures from the dam would mitigate aquatic life impacts on
South Boulder Creek between Gross Reservoir and the South Boulder Diversion
structure.

2. Denver Water has failed to adequately describe aquatic resources in South Boulder Creek
thus there is no basis for an impact analysis

3. higher flows in South Boulder Creek upstream of Gross Reservoir would reduce trout fry
survival and increase erosion of banks - adding sediment to the stream.

! See, https://landuse.boco.solutions/boco.lu.docketlistings/app/detail.ntml?docket=SI-20-0003 (as of November 13,
2020).
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4. downstream of Gross Reservoir water temperatures are already colder than would be
expected on similar streams because releases are taken from the bottom of the reservoir
which stratifies into October and that expansion of the reservoir would result in a 30 percent
decrease in “degree days that are currently available for fish growth.”

5. the SEA does not provide any proof of their claim that fish populations in Gross Reservoir
will benefit from a larger reservoir

6. monitoring and placement of signs warning of fish consumption do not decrease the
likelihood of increased mercury in fish

7. the 5,000 AF environmental pool is not well thought out as further increasing the size of the
reservoir it would exacerbate downstream water temperature issues

8. Of the 8 “mitigation” projects proffered by Denver Water, 6 entail monitoring only which do
not qualify as mitigation. Two mitigations are the environmental pool (#7 above) and the
tree removal program (which does not benefit aquatic resources).

Comment #2, pertaining to: 8-507.D.7.v: Air quality analysis in the 1041 application for the
Moffat project is incomplete because it does not address greenhouse gas emissions (GHG) of the
project reported and requested in the STC’s July 18, 2015 letter (Exhibit #2). GHG emissions
would be included under Section B of (v), “other adverse impacts on air quality anticipated from
the proposal.”

Exhibit 14 of the 1041 application examines:

1. exhaust emissions associated with construction equipment

2. on-road vehicle engines

3. fugitive dust emissions associated with equipment and vehicle travel on unpaved roads,
material handling, excavation activities and wind erosion.

Air quality analyses reported in Exhibit 14 of the 1041 permit focus on estimates of carbon
monoxide (CO), nitrous oxides (NOXx), sulfur dioxide (SO2), and particulate matter (PM10 and
PM2.5) emissions.

Carbon dioxide emissions were evaluated in Appendix C of the Final Borrow Haul Study
included in the FERC Final License Amended Application Volume I11. This analysis included
only direct GHG emissions - those owned and controlled by the reporting entity - of hauling
materials to and from the site (page C-6). The Borrow Haul Study discusses the February 18,
2010 Council on Environmental Quality (CEQ) Draft Guidance Memorandum requirements
under NEPA (page C-7) for

* “the treatment of GHG emissions that may directly or indirectly result from proposed federal
action” and
* “the analysis of potential climate change impacts upon the proposed federal action.”

In addition, they note that “the threshold of 25,000 metric tons of CO»-equivalent GHG
emissions annually is suggested as a “useful, presumptive, threshold for discussion and
disclosure . ...” All federal agency actions requiring NEPA review . . . . are covered by this
guidance” (page C-7).



Direct CO2 emissions noted in the Final Borrow Haul Study amount to 4,247 tons/year due to
fuel consumption when hauling aggregate, cement, fly ash, timber and ash slash one-way to the
site (Table C-3). It is anticipated that GHG emissions would approximately double if trucks
were to drive both to and from the site.

The 1041 permit is incomplete because it fails to include indirect GHG emissions of the
Moffat project - in particular, the large amount of GHG emissions from production of
cement - and fails to include direct GHG emissions from construction and tree removal
activities at the site.

Comment #3, pertaining to: 8-511:B.3: “Adequate water supplies, as determined by the
Colorado State Engineer, are available for the proposal if applicable.”

Full Use to Project Water Supply Not Sufficient to Provide 18,000 AF of Firm Yield

The 1041 application on page 5 states that “Water diverted under existing water rights and
facilities from the Upper Williams Fork and Fraser Rivers and South Boulder Creek to the
expanded Gross Reservoir will provide 18,000 acre feet per year of additional supply and
improve Denver Water’s system reliability.”

This statement is not consistent with the FEIS in which only additional diversions between their
Full Use Baseline and the Project would be available to supply the additional 18,000 AF — thus
limiting potential impacts of the project on both the east and west slope streams to this smaller
portion of the additional diversions. In addition, system reliability also depends on how climate
change will impact streamflow in the source basins — a factor that has not been addressed in the
FEIS, the 401 certification, the SEA, or the 1041 application.

Table H.7-1 of the FEIS provides PACSM model results of Gross Reservoir levels and resultant
stream flow for both the east and west slope streams. In particular, the FEIS claims that an
increase of 10,285 AF per year on average (the difference in Moffat Tunnel flows between their
Full Use baseline and the project diversions) is all that is required to supply an expanded Gross
Reservoir with 18,000 AF of additional water supply. This additional supply is needed to
maintain flows of 30 mgd at the Moffat Water Treatment Plant (MWTP) during the winter
months. Previously, the MWTP was shut down in the winter time. Table H.7-1 shows that, per
their PACSM model, post-project Gross Reservoir storage in average years would decrease by
24,243 AF between November and April. This compares to a pre-project (Full Use) decrease of
6,111AF in these months; or a difference of 18,132 AF.

An increase in supply of only 10,285 AF is not sufficient to supply this additional amount of
water to the MWTP. A water balance estimate completed in 2014 (Buchanan, 2014 revised in
2015, Exhibit #3) showed that all additional water at diversion structures (between the existing
measured baseline equal to the average Moffat Tunnel flows through 2012 and the Project) in
both the Williams Fork and Fraser River basins is necessary to provide an additional 18,000 AF
of firm yield to the expanded Gross Reservoir. However, the FEIS states that this additional firm
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yield will be attained only with the addition of water supply between the Full Use and Project
amounts. If the latter is true, e.g. if the amount of water that can be diverted under Full Use is
already allocated elsewhere, then additional water must be supplied by another source, one that
must be available to Gross Reservoir and the Moffat Water Treatment Plant. Please explain
where the additional water would come from and if it would increase flows in upper South
Boulder Creek.

When finalizing the South Boulder Creek Stability and Monitoring Plan design criteria
need to include the highest flows that are anticipated from western slope diversions. If an
additional water source is to be used to supplement the 10,285 AF then additional flows
through the Moffat Tunnel into South Boulder Creek need to be incorporated into that
design.

Additional withdrawals combined with climate change increases the risk of a compact call on the
Colorado River

Temperature increases caused by climate change have been linked to reduced streamflow in the
Colorado River basin (Udall and Overpeck, 2017, Exhibit #4). In particular, the drought that
started in the early 2000s and continues into the present has resulted in very low levels in both
Lake Powell and Lake Mead - 44% and 39 % of full capacity as of November 23, 2020 (Glen
Canyon Institute, Vol 19, No 11, Nov 24, 2020 - Colorado River Lowdown). Climate change
and additional trans-mountain diversions (TMD) from the upper Colorado to the eastern slope of
Colorado raise two concerns.

1. Limiting the PACSM analysis to the 1947 to 1991 time frame does not reflect how climate
change has impacted Denver Water’s water supply in the upper Fraser and Williams Fork
basins. It is unclear if this water supply will continue to provide the same yield as in the
1947 to 1991 historical hydrologic record. The PACSM model period needs to be
extended to 2020 to evaluate how drought would affect operation of the expanded Gross
Reservoir.

2. Additional TMDs compound the effects of climate change on Upper Colorado River
basins. If Lake Powell levels decline to the point where the upper basin cannot provide the
7.5 MAF or 8.25 MAF (including our obligation to Mexico) per year (75 MAF or 82.5 MAF
average over 10 years) allocation to the lower basin states the risk of a compact call
increases.

The Phase I11 Hydros report (2019, Exhibit #5) evaluated which water rights would be most at
risk if a compact call were to occur by quantifying post-compact (post-1922) water right
depletions or usage in each Colorado basin. In-basin or western slope use was separated from
Trans Mountain Diversions in the Upper Colorado River Basin. If a compact call were to require
a full curtailment of all post-1922 water rights, the Upper Colorado TMDs would make up 57.1
percent or, on average, 531,952 AF of the total post-compact curtailment (931,969 AF) - Table 6
and Figure 12 of the Hydros report. Note that it is still undecided how Colorado would
administer a compact call on the Colorado River.



TMDs that transfer upper Colorado River water to the eastern slope include Colorado Big
Thompson (CBT), Windy Gap, and Moffat projects. Though Moffat project water via Gross
Reservoir is used by customers in Denver, removal of additional water from the Upper
Colorado River’s western slope streams could contribute to risk of a compact call on CBT
and Windy Gap water used by other Front Range communities within Boulder County.
These include Boulder, Longmont, Louisville, Lafayette, Erie, Lyons, and Superior.

At this time, Denver Water has not evaluated how the Moffat project would factor into the
risk of a compact call on the Upper Basin of the Colorado River. Denver Water has also
not evaluated how climate change would impact the Moffat Project. Its assessment of
water supply is therefore, incomplete.

Comment #4, pertaining to: 8-507:D.7.b.ii (D), 8-511:B.5.d.i, i, iii: Groundwater quality
and Water Levels

Earlier comments (Nov.13, 2020) submitted by John Barth for Save the Colorado and The
Environmental Group discuss how Denver Water has omitted any analysis of impacts to
residential groundwater wells per i, ii, and iii below. The following comment is in addition to
earlier comments.

i .Changes to aquifer recharge rates, groundwater levels, aquifer capacity including seepage
losses

ii. changes in capacity and function of wells within the impact area

iii. Changes in quality of well water within impact area.

The Moffat 1041 application does not address the impact of substantially higher reservoir levels -
up to 142 feet - on water supply wells at nearby residences - particularly at the nearest residences
on the north shore of Gross Reservoir. Per Appendices in the FEIS, Table H.7-1, the average
change in reservoir elevations between the lowest level, typically seen in April, and the
maximum level, typically seen in June or July, averages approximately 50 feet. Reservoir
levels, particularly as they vary each year, could have a substantial impact on the operation
of residential wells. Denver Water needs to include annual April (minimum) and June
(maximum) levels for each year of the model period. Average reservoir levels do not provide
enough information to determine how reservoir levels will vary each year - important
information for residences that need to operate their residential groundwater wells.

In addition, it is unclear if boat ramps extend far enough to be useable when reservoir levels are
low, for instance under drought conditions. Annual minimum reservoir levels need to be used to
design recreation facilities at the expanded reservoir. Extending the model period beyond 1947
to 1991 would provide valuable information on how the expanded Gross Reservoir would
respond to more extensive droughts of the early 2000s. This information is important for
residential wells as well as for design of recreation facilities.



Comment #5, pertaining to: Tree Removal Plan: (Appendix E-6 of the FERC Application)
Land Stewardship LLC, February 2008). This plan needs to be completed.

A preliminary plan for tree removal was completed in 2008 by Land Stewardship LLC. In this
report, the area that would be inundated by the expanded Gross Reservoir, that would be logged,
IS separated into Stand numbers based on types of trees, hillside slope (greater or less than 40
percent slope), access to existing roads, and anticipated methods of logging the trees. The acres,
hillside slope compared to 40 % grade, number of “stems” or trees, and tonnage of material to be
removed is noted in Table 2 of the report. This report compared various methods of slash/tree
disposal including:

* Air Curtain Destructors which entails burning slash in an efficient incinerator. One ton of
slash would produce 48 to 80 pounds of ash for disposal in a landfill.

 Grinding of whole trees which produces a large volume of chipped wood. A grinder can grind
22.5 tons per 20 minutes and would take 2,666 hours to grind slash from the project. They
anticipate using several grinders but would then be limited by the ability to transport chipped
wood from the site; anticipated to be 23 tons/truckload or a total of 2,174 loads.

 Hauling timber which is less efficient than removing chipped wood and would require more
truckloads.

The western staging area would be located on Winiger Ridge at a helicopter pad site.
Helicopters would be used to remove individual trees from hard to access areas and to remove
logs from staging areas where ground based logging methods are employed.

To reduce the number of temporary roads and volume of chipped wood, Land Stewardship also
prepared an Alternative Tree Removal document that utilizes a slash bundler which wraps or
bundles the upper “slash” portion of trees that would be placed in landings for transport to the
helipad by helicopter.

Here are some comments on the preliminary plan that need to be addressed in a final Tree
Removal Plan:

1. chipped wood should be delivered to a composting facility rather than placed in a landfill.
Anaerobic degradation of wood in the landfill will produce methane. If composted, wood
materials can be used as amendments to soils in the future. The report states, that as of 2008,
a compost facility of sufficient size was not available to handle the volume of slash or
chipped wood. Additional compost facilities may be currently available.

2. Itisassumed that logging roads will likely be installed to access trees for removal. Also, the
report states that “portions of Forest Roads 359 and 68 would need to be improved in order to
haul the necessary equipment for logging, residue removal etc.” The final Tree Removal
Plan needs to provide details for improvement of FS 359 and 68 and for additional temporary
roads.

3. The preliminary Tree Removal plan fails to describe the number of helicopter trips that will
be required both under the original and alternative plans to bring slash and logs to the helipad
staging area. For instance, can helicopter deliveries keep up with removal/treatment
activities.



4. The final Tree Removal Plan needs to provide details of staging areas on both the east and

west sides of Gross Reservoir including areas where tree debris are handled.

The final Tree Removal Plan must finalize which slash/tree disposal techniques will be used.

6. The final Tree Removal Plan must provide a schedule of operations over the entire tree
removal period.

7. The final Tree Removal Plan must also provide an erosion control plan for deforested and de-
vegetated areas that lie below the full reservoir elevation that will be exposed when reservoir
levels drop. Steep denuded slopes below the water line of the expanded Gross Reservoir
would be more prone to erosion than prior to implementation of the project.

o

Comment #6, pertaining to: Traffic Impact Analysis (Stantec, September 17, 2020, Exhibit
4 of the Moffat 1041 Application): 8-511-J2. “The volume of traffic to be generated by the
proposed development shall be compatible with the traffic handling characteristics of the
interchange and the access road and existing, affected traffic roads.” This plan needs to be
finalized.

A total of 288 truckloads per week of cement and fly ash need to be delivered to the Gross
Reservoir staging area on the east side of the dam via SH72 and Gross Dam Road. Deliveries
will be made on four days per week (M, W, Th, S or F) over 8 hours a day; this means that 72
truckloads per day (9 per hour) with an interval between truckloads of 7 minutes. During peak
construction times Stantec estimated that 15 truckloads of construction materials would be
delivered each hour; this reduces the interval between truckloads to 4 minutes. Construction
would take place over two years; 2025 and 2026. Tree removal would occur in 2026 and 2027
overlapping deliveries of construction materials in 2026. On the east side they estimate that 2
logging trucks would need to use the Gross Dam Road and SH72 per hour for a total of 17 trucks
per hour on this road with an interval of every 3.5 minutes. Construction is expected to last from
April through November.

Trees would be removed from the west side of the reservoir via FS road 359, CR 68 to FS 359, to
Lazy Z Road (CR97E), Magnolia Road (CR132) to SH119 (plugging into SH119 just south of
Nederland) and exiting onto HWY 6 (in Clear Creek Canyon) and finally onto HWY 93 where
trucks will travel either to the Republic Services landfill on HWY 93 or to Longmont with
salvageable timber. Per the Stantec report, removal of trees and slash would take 36 truckloads
per day for one week per month or 4 truckloads per hour during that time.

Some comments are:

1. The Stantec report states that vehicles traveling behind trucks will be delayed 12 minutes on
the Gross Dam Road (likely due to the difference in speed limits between trucks and
passenger cars). With trucks arriving at the staging area every 3 to 4 minutes during the day,
there is a high probability that vehicles will be delayed whenever they travel the Gross dam
road whether they are traveling to or from the reservoir. Vehicles traveling behind trucks on
the west side will be delayed by 25.5 minutes (for instance on Magnolia Road). Yet the
traffic impact analysis states that construction traffic will not impact local traffic
significantly. For people who live along these roads, this is a major imposition.



2. Cement and fly ash need to be utilized shortly after delivery to the site. If it rains or snows,
the materials will not be useable. Is there sufficient capacity in the concrete production plant
and construction work on the dam to utilize the trucked in materials as they are delivered?
Similarly, is there sufficient storage area at the staging areas to handle this many loads of
cement and fly ash per day?

Comment #7, pertaining to: Noise; page 81 of EA. The application states that “construction
noise effects will be short-term - only 4.1 years of direct, moderate adverse effects. Noise effects
over 4 years will adversely affect local residents that do not live in the area to be part of a
construction site.

“Denver water intends to use noise studies to work with community to develop measures that
aim to monitor, minimize, and mitigate noise disturbance during construction to the extent
reasonable and possible. DW is considering project noise goals and potential forms of restitution
when construction activities exceed those goals at determined monitoring locations.”

There are no details in this description. What are the project noise goals, what are the
forms of restitution and where would the monitoring locations be installed?

Potentially all of the following could occur at the same time increasing noise levels:

* the aggregate processing plant that will produce enough aggregate for the concrete production
plant.

* blasting at the quarry and during dam foundation excavation would occur once per day for
over one year.

* Burrow Haul trucks between the quarry and processing location

* Tree Removal activities including noise from numerous helicopter trips, chainsaw, Grapple
Skidder, Hydro-ax, cable yarding, grinding of slash and trees in one or more grinders, truck
traffic to haul tree materials, and potentially incinerators for high efficiency burning of slash.

* Truck trips to deliver cement and fly ash to east side of Gross Dam.

Two reports are included in the 1041 application for the Moffat project, both authored by
Behrens & Associates Inc. The 2014 report, included as Attachment E-9 to the Final FERC
License Amendment Application Volume 1l evaluates noise and vibration impacts at 6
locations caused by haul trucks along SH72 and Gross Dam Roads as well as vibration impacts
of a test blast at a residence on the north shore and at the existing dam. The 2017 report
evaluates noise impacts of blasting and construction activities at the dam site at 3 locations.
Neither report evaluates noise issues associated with tree removal activities alone or in
conjunction with other construction at the site.

Table 4-1 of the Behrens & Associates In (2017) provides Non-Vehicular Boulder County noise
standards for sources located in a residential area (Boulder County Noise Ordinance 1.01.050d):

* 55dBA from7amto 7 pm
* 50 dBA from 7 pmto 7 am



For construction sites this noise standard is raised to 80.0 dBA for continuous noise and 75 dBA
for instantaneous noise levels such as for blasting (Tables 6-5 and 6-6). Additionally, the 2014
report, page 14, states that the noise threshold would be exceeded if the “proposed project
generates noise levels significantly greater than the existing ambient noise levels around the
project site” - this threshold is set at 5 dBA.

The Behrens (2014) report measured ambient noise levels at six locations; two along SH72 and 4
locations along the Gross Dam Road - locations are shown on Figure 5-1 of the 2014 report.

* Location 1: Highway 72 below turnoff to Gross Dam Road, 82 feet from road
* Location 2: Highway 72 above turnoff to Gross Dam Road, 30 feet from road
* Location 3: Lichen Lane off Gross Dam Road; 360 feet away

* Location 4: On Gross Dam Road at Crescent park Drive, 15 feet away

* Location 5: On Gross Dam Road at Chute Road, 82 feet away

* Location 6: 18 Juniper Heights Road; 15 feet off of Gross Dam Road

Ambient noise levels at these locations are compared to anticipated noise levels from haul trucks
taking cement and fly ash to the staging area at the dam site.

Table 1: Ambient Versus Haul Road Noise from Behrans (2014)

Location Daytime Ambient Haul Truck Noise Difference in Noise
Noise Level Level Levels
(dBA) (dBA) (dBA)
1 57.9 61.6 3.7
2 65.4 68.8 3.4
3 46.3 55.3 8.4
4 62.3 67.4 5.1
5 56.0 64.4 8.4
6 56.6 63.1 6.5

At four of the six locations, the increase of 5 dBA threshold was exceeded in this analysis.
Further modeling brought the average of all 6 locations to 5 dBA and it was stated that the
average was good enough. This will not mitigate noise impacts at 4 of the 6 locations evaluated.
Denver Water’s results show that haul trucks along the Gross Dam Road will raise noise
levels to greater than the allowable threshold of 5 dBA above ambient conditions at several
locations. Residents close enough to Gross Dam Road would routinely be affected by truck
noise during the daytime.

The Behrens (2017) report evaluates how construction noise at the processing and blasting site
will impact three locations: Receptor 1 at 370 Lakeshore Drive on the north shore and 0.65 miles
away from the staging area at the dam, Receptor 2 at Miramonte Road 0.4 miles away from
Osprey point, and Receptor 3, Coal Creek Canyon Road 1.18 miles from Osprey Point. Ambient
noise data show that background noise ranged from 30 to 55 dBA in the February 22 to March 1
test period (Table 5-1).




Noises from several construction activities were combined in this assessment. The resultant
construction noise level at each receptor was between 30 and 50 dBA all below construction
standards of 80.0 dBA. Blasting noises ranged from 34 to 65 dBA, again below the
instantaneous limit of 75 dBA. However, Receptor 2 in this study is located close to Osprey
Point and to the haul route between Osprey point and the processing area for aggregate. Table 2
shows how this location would be impacted the most by construction activity at the blasting and
dam site with the noise threshold routinely exceeded in all of the first three years of
construction.

Table 2: Ambient Versus Construction Noise at Receptor 2 : Behrens (2017)

Ambient Daytime Osprey Quarry Change in Osprey Quarry | Change in Noise
Noise (dBA) With Haul Trucks | Noise Levels With Conveyor Levels (dBA)

(dBA) (dBA) (dBA)
Year 1 and 2 of Construction Activities
41.6 | 47.0 | 5.4 | 48.9 ] 7.3
Year 3 of Construction Activities
41.6 | 47.2 | 5.6 | 49.0 | 7.4
Blasting Alone
41.6 | Noise of Blast at Receptor 2 = 64.4 dBA | Change of 22.8 dBA

Residents in areas surrounding the Gross Dam construction site are accustomed to natural
outdoor noises. Additional noise caused by construction activity, even if those noises would
potentially be below standards for construction activities, would deleteriously alter the
environment for residents at Receptors 1 through 3 but particularly and routinely for
residents on Miramonte Road as this area is closest to the Osprey Point quarry area and
the construction haul route.

In both Behrens reports, noise from either delivery trucks on the Gross Dam road or
construction/blasting noise were addressed. Combined noise levels for both of these activities
were not addressed. In addition, noise from logging operations was not included in either report.
Logging has the potential to affect residents on both the north and south sides of Gross Reservoir
since trees and brush need to be removed from the entire shoreline of the new reservoir bringing
these activities close to residences. Helicopter and grinder noises are certainly noticeable even if
they do not exceed thresholds or noise standards.

How will these noises, that impact nearby neighbors, be addressed and mitigated.

Comment #8, pertaining to: Cumulative Effects: page 87 of EA; “Denver Water would
monitor water guality and aquatic biota in compliance with WQC conditions, which would
reduce effects of these resources.” then they list all the plans they are going to produce which
will reduce cumulative effects on resources. The plans are not done and there is no discussion of
how success of the plans will be evaluated; i.e. what monitoring results will be a threshold for
changing operations at the construction site. These need to be clearly defined.
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The following is a list of Plans that Denver Water needs to complete before Boulder County can
issue a 1041 permit for the Moffat Project. Noted are Boulder County’s Land Use Code
associated with LUC 8-511. Also noted are the document, primarily the FERC Environmental
Assessment (EA), where each required plan was listed. Most of the plans have not been included
in the 1041 Application for the Moffat Project. Some such as the Traffic Management Plan, the
Tree Removal Plan, and a Quarry Operation (or Noise) Plan are drafted but need to be finalized.
These plans are discussed in more detail above. Many of these plans were included in a list
provided by STC in their preliminary comments on the completeness of Denver Water’s 1041
permit application for the Moffat project.

1. South Boulder Creek Channel Stability and Monitoring Plan - B.5.c.iv, iX, X.

DO and Temperature Monitoring Plan - B.5.c.i, ix. B.5.f.all subheadings: need tiered release

structures

Stormwater Management Plan - B.5.c.i, iv, v, vii

Erosion Control and Reclamation Plan - B.5.c.i, iv, v, vii on FS lands

Quarry Reclamation Plan - B.5.c.i, iv, v, vii - for osprey point quarry

Reclamation and Revegetation Seed Mixes and Mulch Materials - B.5.c.iv, v, vii pg 20 EA

Erosion and Sediment Control Plan - B.5.c.iv, v,vii

Pit Development and Reclamation Plan - B.5.c.iv, v, vii for Final EIS quarry on FS lands

Bank Stability Monitoring Plan - B.5.c.iii,iv,v,vi, Vii

0. Quarry Operation Plan - 1.5. will not cause nuisance factors such as excessive noise or

obnoxious odors at Osprey Point quarry - discussed further in STC comments.

11. Tree Removal Plan: 1 1,2,4,5. by FERC order 423; one year after the order a draft to Boulder
county of preliminary concept- will be expanded for a final plan. Discussed further in STC
comments.

12. Aquatic Nuisance Invasive Species Monitoring Plan

13. Recreation Management Plan (Article 416) page 16 of the EA; May 14, 2004.

14. Invasive and noxious Weed species Management Plan - page 17 of EA

15. Winter Ridge Recreation Management Plan + Monitoring - page 17 & 20 of EA

16. Fire Management and Response Plan - page 21 of EA

17. Special Status Plants Relocation Plan - special status plants on FS land page 21 of EA; A list
of special status plants for Boulder county has been compiled in Exhibit 18 but a relocation
plan needs to be completed.

18. Visual Resources Management Plan - page 22 of EA

19. Traffic Management Plan - F1,2,3 per order 425; page 22 of EA - manage construction
traffic; required road maintenance and improvements, road damage due to construction
activities, ensuring community traffic patterns are not disrupted. Will provide traffic
management plan to Boulder county for review and comment within 1 year of FERC order.
Discussed further in STC comments.

20. Historic Properties Mangement Plan - manage and protect cultural resources. page 23 EA.

21. Road Maintenance Plan: EA page 77; requirements for road work on FS lands.

22. Fugitive Dust Control Plan: EA page 84 to include measures to reduce fugitive dust from
construction activities.

23. Public Safety and Law Enforcement Plan: revise old plan as needed for after construction is
completed for recreation at the new reservoir.

24. Road Management Plan; page 91 EA.

N
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Thank you for the opportunity to comment on the incompleteness of Denver Water’s 1041
application for the Gross Reservoir and dam expansion. For the reasons stated herein, we request
that you make a finding that the 1041 application is incomplete and direct Denver Water correct
these deficiencies as outlined in this letter.

Please include Save the Colorado and The Environmental Group on all further correspondence
and public notices for this project.

Sincerely,

Gary Wockner

Director, Save The Colorado
PO Box 1066

Fort Collins, CO 80522
Gary@SaveTheColorado.org
970-218-8310

List of Exhibits
1. Woodling Report, 2018, “Aquatic Resources Assessment Of Federal Energy Regulatory
Commission Supplemental Environmental Assessment For Gross Reservoir Project &
Denver Water’s Proposed Moffat Collection System Project”
2. Save The Colorado et al. “Climate Change and Greenhouse Gas Impact Analysis”
3. Buchanan Report, 2015, “Final Firm Yield Calculation LRB 1 Oct 2015”
4. Udall and Overpeck, 2017, “The twenty-first century Colorado River hot drought”

5. Hydros Risk Phase Il Final Report
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Executive Summary

Denver Water wants to divert additional water from the Fraser River Basin and the Williams
Fork Basin to the South Fork of Boulder Creek on the eastern slope of Colorado. The Federal
Energy Regulatory Commission released a Supplemental Environmental Assessment (EA) that is
part of the approval process for The Moffat Project. The EA, like the Final Environmental
Impact Statement (FEIS) failed to adequately describe the environment that will be potentially
impacted, failed to describe and measure the impacts and failed to describe appropriate
mitigation measures that would reduce these negative impacts. The failure of the EA to achieve
these three objectives occurred due to general issues and specific issues pertaining to aquatic
resources.

General Issues

The EA was written in such a manner as to guide the reader to the conclusion that introduction of
nonnative flows to South Boulder Creek basin (including Gross Reservoir) from the Fraser River
may improve fisheries or have almost no impact. The message was conveyed that artificially
increasing the flow regime in the South Boulder Creek basin does not have any long term
negative impacts. Another general message was that reducing temperatures in part of South
Boulder Creek will likewise have little impact. Aquatic communities develop in response to all
environmental factors, including elevated spring flows during the snowmelt period that maintain
stream channel integrity. The value of a natural temperature regime was distorted to indicate
abnormally low water temperatures in summer months will not have any impact on fisheries.
Decreases in stream temperature were minimized.

Specific Issues relating to the EA

The EA failed to accurately describe the aquatic resources in South Boulder Creek. Information
presented for each stream reach was limited to a few general claims and the naming of a few
species. Potential environmental impacts to the section were presented in a few sentences
without any support from the peer reviewed literature, data analysis or support documentation.
The EA failed to accurately describe the potential impacts to aquatic resources in the South
Boulder Creek basin. The main assessment tool utilized to assess potential impacts to fish
population was an interpretation of Weighted Usable Area (WUA). WUA as utilized in the EA,
which was not an appropriate tool to assess impacts to fish populations. The observation that
WUA failed as an analytical tool is supported by multiple articles in the peer reviewed literature,
the review of the draft FEIS by the US EPA, the US BLM EIS and by the authors of the FEIS.
The environmental impacts to fish resources in the EA were opinions expressed by the
document’s authors, not an assessment based on analysis of data.



Other specific issues that contributed to the failure of the EA to accurately assess the aquatic
resources in the south Boulder Creek basin included,

1. An assertion in the EA that enlarging Gross Reservoir could result in increased fish
diversity in that water. The fish assemblage is comprised of mostly nonnative fish
species. Size of the reservoir does not preclude stocking of other fish species. That could
be done at any time.

2. An assertion in the EA that fish density in Gross Reservoir would increase as would
productivity. Some increased productivity is possible but the level of increased
productivity will be reduced by the tree removal program that is also scheduled.

3. The failure of the EA to recognize that mercury levels in fish flesh will continue at
existing levels or increase. The 401 certification presented two reasons why mercury
may increase in fish tissues if Gross reservoir is enlarged.

4. The failure of the EA to recognize the impact of increased flow levels on fish populations
in South Boulder Creek upstream of Gross Reservoir attributable to increased spring
flows

5. The failure of the EA to recognize the impact of reduced temperatures on fish populations
in South Boulder Creek downstream of Gross Reservoir.

The EA did not accurately describe the aquatic resources in South Boulder Creek basin. The
description of aquatic resources in the Study Area was not of sufficient detail and accuracy to
serve as a basis of defining and assessing environmental impacts to aquatic resources. As a result
the EA failed to identify, quantify or qualitatively measure potential environmental impacts to
the waters throughout the South Boulder Creek basin.

Mitigation

The EA listed a series of eight projects and described those projects as mitigation. Six of the
eight actions were limited to monitoring. Monitoring is not mitigation. Actual mitigation
actions were not described, except for the creation of a 5,000 acre Environmental Pool and
removal of trees from the area that would be inundated in an expanded Gross reservoir if the
Moffat Project is completed. The 5,000 Environmental Pool may actually make temperature
issues in South Boulder Creek worse if the Moffat Project is completed. The tree removal
project does not benefit fish populations in Gross Reservoir. The best available mitigation
project was not included in the EA. A multi-stage release from Gross Reservoir would eliminate
all environmental impacts in South Boulder Creek downstream of Gross Reservoir. Denver
Water refuses to consider this option. Denver Water could have earned a lot of respect from the
environmental community by agreeing to install and operate a multistage drain system. As
written, the mitigation section of EA tries to claim the monitoring projects are actually mitigation
projects. The EA, like the FEIS did not assess potential environmental impacts and did not
include appropriate mitigation projects.



Federal Energy Regulatory Commission

Analysis of Supplemental Environmental Assessment

Pertaining of Aquatic Resources

Introduction

Denver Water seeks to enlarge Gross Reservoir and transfer additional water from the western
slope of Colorado (The Fraser River Basin and the Williams Fork Basin) to the South Fork of
Boulder Creek on the eastern slope of Colorado for delivery to customers via the reservoir and
South Boulder Creek. The Federal Energy Regulatory Commission prepared a Supplemental
Environmental Assessment (EA) that will be part of the basis for the approval process for
enlarging Gross Reservoir.

A purpose of the EA is review environmental effects related to a Federal Energy Regulatory
Commission approval of Denver Water’s proposal to increase the size of Gross Reservoir that
were not addressed in the Corps’ 2014 Final Environmental Impact Statement. The EA has to
describe and measure the impacts and to describe the mitigation measures that will be used to
reduce these negative impacts. This EA reflects and addresses comments to FEIS that were
received from a wide range of public and private entities.

| have been asked by Mike Chiropolos to review the portions of the EA that deal with aquatic
natural resources of South Boulder Creek and Gross Reservoir. However, other waters involved
in the Moffat project will be indirectly impacted by actions described in the EA. The other
waters that are involved include the Fraser River Basin, the Williams Fork Basin, and the Blue
River downstream of Dillon Reservoir, and the mainstem Colorado River to a point downstream
of the confluence with the Williams Fork.

| have reviewed the sections of the EA that pertain to aquatic resources within South Boulder
Creek and Gross Reservoir and have found several topics that warrant concern. First, the aquatic
resources within the project area are not adequately described and assessed. Secondly, the
impacts to the aquatic resources within the project area are consistently diminished in scope and
magnitude. As a result, the EA underestimates the actual negative environmental impacts of the
Denver Water Project and does not provide adequate mitigation measures for some of the actual
impacts to aquatic resources.

The following sections of this manuscript describe issues that | found with the EA. My
comments are primarily limited to sections of the EA addressing aquatic resources. Other issues



that require attention include water quality, water temperature and the interaction of stressors on
aquatic resources.

General Comments

Stream and river ecosystems are the result of a complex and millennial-long sets of interactions
between geological and climatological factors. Precipitation levels, temperature, and wind
interact with local geology to create drainage basins as water flows from areas of higher
elevation to lower elevations. In Colorado, the local geology includes the Rocky Mountains,
rising to more than 14,000 feet above sea level. Eon- long interactions resulted in the drainage
basins that are found along the backbone of the Continental Divide in Colorado.

The resulting stream and river systems support diverse and abundant flora and fauna as the
waters flow from the highest mountains to the warmer desert and grassland regions at lower
elevations. The highest elevation headwater streams tend to have lower water temperature
regimes, a steep gradient (thus faster water velocities) and substrates comprised of mixed
materials ranging in size from very large boulders to cobble, gravel sand and silt. Lower
elevation streams and rivers increase in size as small tributaries merge with the mainstem. At the
same time water temperatures increase, water velocity slows and silt, sand and gravel substrates
become more prevalent. River valleys become wider so streams meander back and forth across
the floor of these valleys.

Stream and river systems in Colorado continue to be comprised of interactions between water
and rock. The larger bed load material (boulders and large cobble) moves downstream during
peak flood events such as the one hundred-year and one thousand-year flood events. A hundred-
year flood results from a storm event that occurs on the average once every 100 years. On the
average the stream becomes bank full once every two years. The bank full events help maintain
channel integrity.

Seasonal patterns of flow and temperature exist in the streams and rivers that drain the Rocky
Mountains in Colorado. Base (or low flows) are routinely present in late fall and winter months,
as most if not all precipitation is in the form of snow that covers the ground until the spring thaw.
Stream flows increase in the spring as snow melts. Silt and sand are picked up and borne
downstream by the quickly moving, high flow level stream conditions. Snow melt flows reach
maximum levels usually in May or early June, every two years on the average reaching bank full
levels. Water levels then decline (often quite rapidly) to lower levels in the summer. Late in the
summer water levels start down to base flows once again.



Over longer time periods stream flow responds to drought and wet-year cycles. During severe
drought, spring snow melt flow levels do not increase stream flows much over the base flow
condition. Smaller headwater streams may even be dry. During wet cycles, spring snowmelt
levels may reach bank full levels frequently, and over top the river banks. Stream channels are
created and maintained by the water regime of the basin over long periods of time.

The stream channels of the Fraser River basin and South Boulder Creek basin were formed and
maintained over eons. These channels are now responding to changes in flows that have existed
only for decades. The proposed additional diversions of water and the manner in which the water
is moved and then used will further alter not only South Boulder Creek but the Fraser River
system. The following sections will assess the EA in relation to the interaction of altered flows,
stream habitat and aquatic life in the South Boulder Creek basin and some portions of the Fraser
River.

Gross Reservoir

The EA included sections concerning Gross Reservoir. Gross Reservoir would be enlarged to
store the additional water diverted from the western slope as part of the Moffat Project. Water
stored in spring and summer months will be released for use in late fall and winter months. The
EA included the following statement concerning fish populations in Gross Reservoir,

“The Final EIS found that enlargement of the reservoir would cause a short-term,
beneficial increase in reservoir productivity that would result in higher fish
densities. It also found that the additional shoreline habitat resulting from the
enlargement would increase reservoir fish population fish diversity and abundance
through increases in available habitat” (Section 5.1.4, first paragraph).

These sentences are misleading and partially incorrect. First, one phrase in the preceding
statement from the EA asserts the “additional shoreline habitat resulting from the enlargement
would increase reservoir fish population fish diversity.” This statement is incorrect in relation to
diversity as related to the number of fish species present. The fish populations found in Gross
Reservoir are, for the most part, nonnative species that were stocked to produce sport fishing
opportunities. Longnose sucker and white sucker are two native fish species found in Gross
Reservoir (in large numbers) and neither are target species sought by anglers. The only native
fish species sought by anglers is the native cutthroat trout which is mostly extirpated from the
South Platte basin and is not found in Gross Reservoir. Other nonnative fish species were
stocked to create fishing opportunity, ranging from the lake trout to the rainbow trout. Nothing
precludes introduction of other nonnative fish species at the present time to increase diversity.
Enlargement of the reservoir is simply not a needed component of a decision to stock additional
species. Enlarging the reservoir would likewise not mandate the stocking of additional species to
increase diversity.



Similarly, the claim was made that fish numbers would increase “through increases in available
habitat,” a reference to a larger reservoir. The reservoir will increase seasonally in spring and
summer and then decrease as water is released. Fish density is not regulated by the maximum
amount of habitat available for a short time periods, but by a complex interaction of fish
spawning times, seasonal water levels, amount of critical habitat for emerging fry and
fingerlings, food supply, etc. The author of the EA did no analysis to demonstrate that fish
populations would increase simply due to a short-term seasonal increase in habitat.

The statement is also made that enlargement of the “reservoir would cause a short-term,
beneficial increase in reservoir productivity,” leading to increased fish densities. A well
accepted fact of fisheries management is that productivity increases as a land mass is first
impounded upstream of a filling reservoir. The productivity increase is the result of the
decomposition of terrestrial vegetation that is inundated by the rising waters. In the case of
Gross Reservoir, the increase in productivity will not be nearly as pronounced, as the terrestrial
vegetation will be removed prior to impoundment. The vegetation is being removed in an
attempt to modulate the mercury levels in the fish populations of Gross Reservoir (see following
paragraphs). The claim that fish densities would increase is not supported by literature citations
or other examples. Some increase in productivity will result for a few years at a much reduced
level. The EA failed to analyze the interaction of vegetation removal and claims of increased
reservoir productivity.

Language in the EA likewise asserted that,

“Raising the maximum reservoir elevation from 7,282 feet to 7,406 feet,
would increase the surface area of the reservoir from 418 acres to as much as 842
acres, and increase the total length of the reservoir shoreline from 11 miles to as
much as 14 miles. This would result in the development of as much as 3 additional
miles of littoral shoreline aquatic habitat, which would benefit those fish species
that currently utilize littoral areas. Similarly, increasing the maximum storage
capacity of the reservoir from 41,811 acre-feet to 118,811 acre-feet would create
additional pelagic habitat, benefiting fish that utilize open-water habitat areas.
Overall, the effect of reservoir enlargement on littoral and pelagic species would be
long-term and beneficial” (EA page 55).

These statements are also misleading. Water levels in the enlarged Gross Reservoir will
fluctuate. The water level is likely to fluctuate to a greater degree than under current conditions
(Colorado Water Quality Control Division Rationale for conditional 401 certification of Moffat
Collection System Project, page 23). As noted above, fish density is not regulated by the
maximum amount of habitat available for a short time period (when the reservoir is filled to
capacity) but a complex interaction of fish spawning times, seasonal water levels, amount of
critical habitat for emerging fry and fingerlings, food supply, etc. The author of the EA did no



analysis to demonstrate that fish populations would increase simply due to a short-term seasonal
increase in reservoir volume.

The EA does not provide any proof that fish populations in Gross Reservoir will benefit from a
seasonal increase in reservoir size due to the Moffat Project. Productivity would increase for a
short time but that benefit does not provide a substantive mitigation for any long term habitat
loss due to the project.

Mercury levels in fish flesh is an existing issue in Gross Reservoir. Mercury levels currently
warrant a Fish Consumption Advisory. (Colorado Water Quality Control Division Rationale for
conditional 401 certification of Moffat Collection System Project, page 23). For example,
mercury levels in lake trout routinely exceeded the Colorado Health Department action level of
0.3 ppm from 2011 through 2015 and a large brown trout (18 inches) likewise exceeded the
action level in 2011 (Colorado Department of Public Health data). The single tiger muskie
sampled (2007) had a mercury level of 0.56 ppm.

The enlargement of Gross Reservoir is likely to create conditions “conducive to the methylation
of mercury” (Colorado Water Quality Control Division Rationale for conditional 401
certification of Moffat Collection System Project, page 24). The first condition is the
decomposition of newly submerged plain material as the newly enlarged reservoir fills. In
addition, the fluctuation of water level may result in additional methylation of mercury as
reservoir surface is alternately “exposed and rewetted,” and when volumetric oxygen demand
increases as the level of water in the reservoir falls resulting in a smaller hypolimnion. Mercury
levels in fish will not diminish but likely increase since the reservoir substrate will alternately
experience the recolonization of terrestrial plants during dry years and subsequent inundation
when water levels increase. This pattern of plant growth on a dry section of a reservoir substrate
during dry years can be seen in reservoirs throughout Colorado and other western states.

Language in the EA asserts that,

“The Final EIS also found that short-term increases in methylmercury levels would
be expected in tissue of fishes in Gross Reservoir,” (page 52),

and

“Implementation of Denver Water’s tree removal plan and compliance with WQC
condition 13 would reduce the likelihood of significant elevations in mercury levels
in fish, and would also help to protect human health,” (EA page 55).

The tree removal program will mitigate against the increase in mercury levels in fish, via
the food chain, when the enlarged reservoir is first filled. However, fluctuating reservoir
levels will result in periodic episodes of terrestrial plant regrowth on the reservoir



substrate during drought periods. Mercury levels could increase as enlarged reservoir is
refilled and the newly grown plant material begins decomposing. No proof is offered that
any increased mercury in fish flesh will be short-term. “Condition 13 refers to a
monitoring program and a signing program. The monitoring will measure fish mercury
levels and the signs will be a public warning concerning fish consumption. The
implementation of Condition 13 in no way will “reduce the likelihood” of an increase in
mercury levels in fish in Gross Reservoir if he Moffat Project is completed.

No actual mitigation for increased mercury levels is included in the FEIS, the 401 or this
EA. Nothing in either the FIES or EA does anything past the first tree removal program
to prevent adverse impacts to the ecosystem and food chain in Gross Reservoir relative to
mercury in fish flesh.

South Boulder Creek Moffat Tunnel to Gross Reservoir

The object of the Moffat Project is to move additional waters from the west slope of Colorado
for use by Denver Water via Moffat Tunnel. These waters would be diverted to South Boulder
Creek during the spring and summer months. The amount of water being diverted is relatively
large compared to the existing stream channel of South Boulder Creek. The changes in water
flow would be rather dramatic. Mean monthly flows could be up to 25% greater in South
Boulder Creek from the Moffat Tunnel to Gross reservoir in the months of June and July (FEIS
Chapter 4-514). High flow events would occur more often such that the five year maximum
flow event would occur every four years and the ten year event would occur every seven years.
As a result increased bank instability (FEIS Chapter 4-514) would occur and erosion rates would
increase. The increased bank instability is an expected response to increased flows. The stream
bed will begin to be modified by the higher flows until an equilibrium is reached and once again
the five year flow event will happen on the average every five years and the ten year event every
ten years.

Increased summer flows negatively impact trout reproduction when stream flows reach, or
exceed, bank full events. Bank full events are those flows that occur every two years in most
Colorado trout streams. Those flows would be more common in this section of South Boulder
Creek after the Moffat Project is completed due to increases in June and July. Recently emerged
trout fry require habitat with a zero stream flow and a shallow depth to avoid predation by adult
trout. These zero flow areas are less abundant as the water volume in a stream increases.
Survival of trout fry is negatively correlated to stream flow levels. Ironically, fry survival is high
in periods of drought and low in wet years. Fingerling survival is further reduced when stream
flows are so high that bank instability leads to bank erosion. The impact of increased June and
July flows on fry survival was not specifically included in the FEIS or EA.



The FEIS included language that asserted changes in the Weighted Usable Area? for trout would
decrease but that the changes would be “negligible for all life stages in all year types (FEIS
Chapter 4-5-5). The FEIS included a recommendation that “further ‘bank’ stabilization could
become necessary,” but that “no changes is Water quality would occur,” while there “would be
mostly minimal changes in trout habitat availability,” (FEIS Chapter 4-515). The FEIS did not
adequately describe the impact of habitat change due to increased water flows in South Boulder
Creek upstream of Gross Reservoir. Instead, qualifying words were used such as further bank
stabilization “could” become necessary and changes in trout habitat would “mostly” be minimal.
The success of bank stabilization is highly questionable. The flow regime in a stream determines
stream bed morphology. Permanently higher spring flows will widen and deepen the stream
channel over time without regard to human attempts to stabilize a stream bank that is too narrow
and too shallow.

The FEIS did not address the impact of the Moffat Project on South Boulder Creek just upstream
of Gross Reservoir. The EA attempts to describe the impact of the Moffat Project on the 5,000
feet of South Boulder Creek immediately upstream above Gross Reservoir that would be
periodically inundated after reservoir enlargement. The following language was included in the
EA,

“Specifically, water levels in Gross Reservoir after the reservoir enlargement would
be lowest in April. The reservoir would then begin to fill in May, and would be
highest from June through September. It would then decrease from October
through March. Because water levels would be increasing in May through June,
when rainbow trout and sucker spawning occurs, spawning areas for these species
near the mouths of Winiger Gulch and South Boulder Creek would not likely be
affected. Eggs of rainbow trout and suckers require flowing water to provide and
replenish oxygen to survive; therefore, already incubating eggs would be deprived
of oxygen and likely be lost as lotic habitat transforms into lacustrine habitat.
Spawning areas and eggs of brook trout and brown trout, which also require
flowing water for oxygenation, would largely be unaffected, because brook and
brown trout spawn in October and November when reservoir water levels would
generally be decreasing. Surviving trout and sucker fry would move to suitable
areas of the tributary to rear,” (EA page 54).

This paragraph is incomplete, contains factual errors and is misleading to some degree. Both
white sucker and longnose sucker spawn in rivers and streams but both species can spawn in
lakes. The presence of both sucker species in Gross Reservoir is independent of flow regimes in
South Boulder Creek and Winiger Gulch. Incubating eggs of rainbow trout indeed would likely

1] would assert the WUA is not appropriate and several peer reviewed publications support that
contention. The reader is referred to the following section (South Boulder Creek from Gross
Reservoir to Boulder Diversion Canal) for a discussion of this issue.

10



die as water velocity slows over redds and silt covers the stream bed during summer months of
increased flow rates.

Brown trout and brook trout are fall spawning species. Fertilized eggs of both species require
about 405 degree days to hatch. The recently hatched fry stay submerged in the gravel until the
yolk sac is absorbed. The fry then “swimup” into the water column and look like a miniature
trout. These fry require waters with a zero flow velocity that are fairly shallow. Brown trout
swimup into the water column in late April to May as water levels will rise in South Boulder
Creek. The number of brown and brook trout that will survive decreases as the water level in the
stream increases (Woodling et al. 2005, Woodling and Rollins, 2008). Despite the claim in the
EA, brook trout and brown trout reproduction will be affected by the increased flow regime in
South Boulder Creek upstream of Gross Reservoir as spring flows reach bank full levels. Areas
of zero flow rate will be relatively rare in most years if a five year flow event occurs every four
years.

The last claim in the above quote from the EA is that,

“Surviving trout and sucker fry would move to suitable areas of the tributary to
rear.”

Recently emerged trout require zero flow water for shelter immediately upon emerging from the
gravel. June and July flows can be up to 25% following enlargement of the reservoir, while five
and ten year flood events will become more common. ‘“Suitable” habitat for recently emerged
trout, of all species, will be rarer in South Boulder Creek upstream of Gross Reservoir than in
most trout streams in Colorado which do not receive an infusion of nonnative stream flows
during the snowmelt months.

The description of fish in this section of South Boulder Creek is superficial and incomplete.
Some of the observations are in error. The description and analysis would have to be done again
in detail, using on-site field studies to actual impacts to trout in South Boulder Creek upstream of
Gross Reservoir.

Aquatic macroinvertebrate resources South Boulder Creek, Gross Reservoir to South
Boulder Diversion Canal

The FEIS did not address the impact of the Moffat Project on South Boulder Creek just upstream
of Gross Reservoir on macroinvertebrates. The EA attempts to describe the aquatic
macroinvertebrate impacts attributable to the Moffat Project on the 5,000 feet of South Boulder
Creek immediately upstream above Gross Reservoir that would be periodically inundated after
reservoir enlargement. The following language was included in the EA,
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“The current benthic macroinvertebrate community supports rearing juvenile trout
and suckers. However, when reservoir water levels are increased and inundate
tributary streams, the macroinvertebrate communities in those streams would likely
shift to species that prefer lentic conditions. When reservoir water levels decrease,
rheophilic benthic macroinvertebrates would recolonize previously-inundated
areas, displacing those that prefer lentic environments. Therefore, effects of
reservoir filling and operations on benthic macroinvertebrates would be temporary
and minor,” (EA page 55).

No literature citations, studies or examples were offered to support the statements presented in
this paragraph. Many of these ideas appear to be unsupported opinion. Many aquatic
macroinvertebrates pass the winter months in a quiescent (non-moving, non-active) stage, such
as an egg, or as a pupa. These quiescent lentic species would die as water levels decrease in
winter months and flowing waters once again fill the South Boulder Creek stream bed. Many
aquatic macroinvertebrates in South Boulder Creek upstream of Gross Reservoir would likewise
be in a quiescent life stage in winter months and would not drift into the recently exposed stream
bed. Of course many aquatic macroinvertebrates appear to be active through the winter (such as
the mayfly genus Baetis). Thus, some benthic macroinvertebrates would drift downstream into
the previously-inundated areas. Many others would not.

Likewise, lentic species may well colonize the stream bed as water levels increase in the spring
and the stream substrate once again becomes the bottom of a reservoir. The rate of colonization
will be rather slow. These insects are small and do not move very quickly and 5,000 feet is a
long distance.

The EA and the FEIS both fail to describe the habitat of the South Boulder Creek upstream of
Gross reservoir. Only superficial level of analysis and comparison was performed. Additional
work would be needed to accurately assess both the aquatic habitat and fisheries of this stream
reach. This is the same conclusion that could be applied to each section of the EA and FEIS that
address aquatic resources.

Gross Reservoir to South Boulder Diversion Canal

South Boulder Creek downstream of Gross Reservoir to South Boulder Diversion Canal is a
focal point of impacts that would be attributable to completion of the Moffat Project. The
current temperature regime of this stream reach is far colder than would be expected in a stream
of the same elevation as South Boulder Creek downstream of Gross Reservoir. Denver Water
releases water to South Boulder Creek from outlet structures located deep in the reservoir at the
base of the dam that impounds Gross Reservoir. Gross Reservoir stratifies in the summer so that
the water when released remains very cold in the depths where the release structures are found.
Temperatures do increase downstream of Gross Reservoir in the summer and reach maximum
levels in October, only to decrease once again in the fall (WQCD 2016). “The maximum
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temperature below the reservoir occurs when stratification ends and the fully mixed reservoir is
more or less isothermal (WQCD 2016).

This temperature pattern is different than found in most Colorado mountain streams. Warmest
waters downstream of Gross reservoir are currently measured in September, not in July or
August and range from 13°C to 15°C (WQCD 2016). During summer months, temperatures
currently range from 5°C in June to 8°C or 9°C in August (WQCD 2016), far lower than found
in streams and rivers at similar elevations in the mountains of Colorado. Fish and aquatic
macroinvertebrates are cold-blooded and growth is controlled by temperature. Growth of fish
and aquatic macroinvertebrates is lower and slower downstream of Gross Reservoir in relation to
waters in streams with warmer temperatures. The temperature of South Boulder Creek upstream
of Gross Reservoir is warmer than downstream during the summer months as the sun warms the
shallow waters of South Boulder Creek. Water temperatures do not rapidly increase farther
downstream in Boulder Creek “as there is little warming of water in this segment” (FEIS Page 4-
516-517).

Completion of the Moffat Project will eliminate the early fall period of warming that is currently
observed downstream of Gross reservoir (WQCD 2016). More water will be held by the dam
and the depth of the hypolimnion will increase so that release of cold water will be of longer
duration in the fall. Operation of the reservoir after completion of the Moffat project would result
in a 30% decrease “of degree days that are currently available for fish growth” (WQCD 2016).

The FEIS description and analysis of fish habitat in South Boulder Creek was limited to a single
analysis of habitat using Weighted Usable Area (WUA). Influences of temperature (or other
factors) were not described in any meaningful and in-depth manner. The FEIS presented an
analysis of available habitat that concluded,

“The increases in winter flows would result in large increases in rainbow trout
habitat availability and the small decreases in spring runoff flows would decrease

conditions that may be stressful to early life stages of this species,” (Chapter 4 page
4-517).

As | noted in my analysis of the FEIS (Woodling 2015),

“The main assessment tool utilized throughout Chapter 4 to assess potential
impacts to fish population was an interpretation of Weighted Usable Area (WUA).
WUA as utilized in the Final EIS was not an appropriate tool to assess impacts to
fish populations. The observation that WUA failed as an analytical tool was
supported by multiple articles in the peer reviewed literature, the review of the draft
EIS by the US EPA and US BLM EIS and by the authors of the EIS. The
environmental impacts to aquatic resources in the Final EIS were opinions
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expressed by the document’s authors, not an assessment based on analysis of data,”
(Woodling).

WUA measures only one aspect of the environment, regardless of how appropriate the method
may be. | would assert the WUA is not appropriate and several peer reviewed publications
support that contention. However, an analysis of any environment based on a single variable is
not adequate when attempting to describe the impacts of a project where factors other than the
amount of usable habitat are also being altered.

Fishery resources South Boulder Creek, Gross Reservoir to South Boulder Diversion Canal

Water temperature is a critical component of the environment, especially when the proposed
change limits the growing season for trout by 30%. Rainbow trout hatch in the summer months
and emerge into the water column. The fry begin feeding and start growing. The fish must grow
to a certain length and amass a certain lipid level to survive the winter months (Biro et al. 2004).
Growth and lipid levels would differ by water. Salmonids in general do not feed when water
temperatures are less than 4°C. Growth of rainbow trout (including fry) will be reduced
significantly in South Boulder Creek when summer temperatures range from 5°C (June) to 8°C
(August). The impacts of the proposed temperature regime on rainbow trout populations is
simply not known and was not explained in the EA.

Impacts of temperature on brown trout populations were likewise not included in the FEIS.
Brown trout spawn in Oct, and perhaps the first two weeks of November. The eggs hatch after
exposure to about 405 degree days of temperature. Temperatures in South Boulder Creek
downstream of Gross Reservoir will be warmer than any other time of year when the brown trout
spawn. The eggs may hatch by December. The young sac-fry will remain in the gravel until the
yolk sacs are completely utilized. Young brown trout potentially could swimup into the water
column when winter flows are still elevated. Swimup fry must find habitat where still water is
present, water with no measurable flow rates. Brown trout could potentially swimup during the
late winter (February or so) when stream flows would be higher than currently found in South
Boulder Creek. The higher the water level the less zero flow habitat available for trout fry.
Strangely, the comparatively warmer water temperatures in October and November could
negatively influence brown trout reproduction. An analysis of both instream temperature and
emergence time would be needed to determine the impact of an altered temperature regime on
brown trout.

The FEIS needed a detailed analysis of how the extremely low water temperatures in South
Boulder Creek post-project would impact fishery populations, and not just trout. The FEIS did
not include a detailed analysis of the impacts of temperature on fish, noting in passing,
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“The cooler temperatures throughout the year would limit trout growth and survival
and likely dampen the beneficial effects of greater habitat availability,” (Chapter 4
page 4-517).

No proof was presented that changes in habitat would be significant in relation to temperature.
A statement cannot be made one way or the other concerning “dampening”

The EA description of impacts to the South Boulder Creek fish assemblage is as follows,

“Within South Boulder Creek downstream of Gross Dam, the Final EIS determined
that the expansion of the Moffat Collection System would overall have minor,
beneficial impacts to fisheries and aquatic resources because flows downstream in
South Boulder Creek would be higher in winter and peak flows would be reduced.
It also found that overall cooler water temperatures would be provided downstream
of Gross Dam, which would limit fish growth and survival. The Final EIS
determined that certain mitigation measures proposed by Denver Water, including
operations of the Environmental Pool, a Fish and Wildlife Mitigation Plan, and a
Fish and Wildlife Enhancement Plan would benefit fish and aquatic resources,”
(EA page 52).

The EA concluded that the listed mitigation measures “would benefit fish and aquatic resources”
in South Boulder Creek (see above paragraph). This conclusion is incorrect for two reasons.
First, as noted by WQCD 2016, operation of the Environmental pool could make the impact of
lower temperatures greater because the volume of the reservoir would be increased. The
Environmental Pool would worsen conditions instead of mitigating the issue of colder water
downstream of Gross Reservoir. Secondly, as noted above, the FEIS and EA do not adequately
describe the fishery resources of South Boulder Creek and how those resources would react
when water temperatures are reduced even farther than current conditions. Current mitigation
measures as proposed by Denver Water cannot be evaluated against environmental impacts
attributable to the Moffat Project because those environmental impacts have yet to be properly
described. Decreased temperature and reduced growth rate of fish are two factors that are of
paramount importance when analyzing the impact of the Moffat Project on South Boulder Creek.
Neither was addressed in the EA or the FEIS.

Aquatic macroinvertebrate resources South Boulder Creek, Gross Reservoir to South
Boulder Diversion Canal

The aquatic macroinvertebrates found in Boulder Creek likewise are coldblooded species that are
regulated by temperature. Aquatic macroinvertebrates often are found along an altitudinal
gradient from higher elevations to lower elevations. Water temperature is the principal
environmental factor that influences this elevational distribution. The elevational gradient of
aquatic macroinvertebrates was determined in Boulder Creek a long time ago (Dodds and Hisaw,
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1925). Further work on elevational zonation was developed for mayflies (Ward and Berner
1980) and stoneflies (Knight and Gaufin 1966). Higher elevation waters are colder than low
elevation waters. South Boulder Creek is very similar to Boulder Creek so the species
distribution along an elevational gradient should be similar for the two waters.

The temperature regime of South Boulder Creek currently is colder than most trout streams of
similar elevation in the area. The temperature regime will decrease even more if the Moffat
Project is constructed. Any analysis of aquatic macroinvertebrates in South Boulder Creek would
require an analysis of how current and future temperature regimes have influenced the species
assemblage in South Boulder Creek downstream of Gross Reservoir. The community may be
more like a higher elevation stream than a stream of similar elevation.

The FEIS analysis of aguatic macroinvertebrates was performed using the Multi Metric Index
developed by the Colorado Water Quality Control Division. The Division uses this tool to
determine if streams and rivers in Colorado are attaining the aquatic life designations that are
assigned to stream segments by the Colorado Water Quality Control Commission. The MMl is a
useful tool. A MMI score usually increases as the number of taxa of a particular group (such as
Mayflies, or predators, or species that “cling” to a rock) increases. The MMI does not indicate
much about the ecology of individual species, specifically temperature preferences or
temperature requirements. For example, many coldwater obligate species are members of
taxonomic groups that contribute to a high MMI score. Other members of the same group may
prefer warmer, lower elevation streams and rivers. MMI scores may not increase or decrease as
elevation changes and one member of a metric group may be replaced by another that is perhaps
more tolerant of higher water temperatures. Therefore MMI scores at a site downstream of
Gross Reservoir may not change as cold water obligate species of a sensitive group such as
Ephemeroptera replaces a member of the same taxonomic group that does not tolerate cold
water.

Sampling aquatic macroinvertebrates in South Boulder Creek appears to require a different
approach to determine impact of low water temperatures on the species assemblage. The species
assemblage present could be compared to the elevational gradients developed by Dodds and
Hisaw (1925), Knight and Gaufin (1966) and Ward and Berner (1980). The water temperature in
South Boulder Creek is very cold and will become colder if the Moffat Project in operation.
Entities involved in assessing the conditions in South Boulder Creek could use a species ecology
based approach to determine if colder temperatures are impacting the aquatic macroinvertebrates
of South Boulder Creek downstream of Gross reservoir. More analyses than solely the MMI are
needed to determine if colder temperatures alter the benthic community in this stream.

Neither the FEIS nor the EA have described the benthic community of South Boulder Creek
adequately. No determination can be made concerning the relationship of aquatic
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macroinvertebrates and lower stream temperature regimes that would be present if the Moffat
Project is completed. More detail is needed to determine if mitigation programs are needed.

Evaluation of proposed mitigation actions.

Several proposed mitigation actions proposed by Denver Water were included in the EA. Six
address Water Quality issues and two address Fisheries and Aquatic Resources. These actions
are.

Finalize a tree removal plan for trees in the inundation area

Monitor continuous temperature at four locations in South Boulder Creek
Monitor metal concentrations in South Boulder Creek

Monitor dissolved oxygen and temperature in Gross Reservoir for 3 years

File with FERC a revision to its approved South Boulder Creek Channel Stability
Monitoring plan

Store a 5,000 acre foot Environmental Pool in Gross Reservoir

7. Develop an Aquatic Nuisance Invasive Species Monitoring Plan

8. Monitor “health” of aquatic macroinvertebrates downstream of Gross Reservoir

ok wbdE

o

Monitoring is not mitigation. Mitigation actions are supposed to lead to an environmentally
preferred outcome (Sutley 2011). Monitoring is used to monitor the effectiveness of mitigation,
in this case reducing impacts to South Boulder Creek caused by increasing the volume of water
flowing through the system and lowering water temperature in South Boulder Creek. Likewise,
developing an Aquatic Nuisance Invasive Species Monitoring Plan is not a mitigation program.
Aquatic nuisance species issues appear everywhere and entities everywhere have to deal with the
problem. Some of the invasive species that could appear in Gross Reservoir could negatively
impact treatment costs for Denver. Dealing with an environmental nuisance species that may
appear in the future is not mitigation for enlarging Gross Reservoir.

The tree removal program for Gross Reservoir likewise is not entirely mitigation. The trees are
being removed to possibly modulate mercury accumulation in fish. However, tree removal will
also decrease the magnitude of any post impoundment increase in productivity of Reservoir. The
tree removal program does not benefit the natural resources in any manner and should not be
considered to mitigate for environmental damage.

The 5,000 acre foot Environmental Pool is not a well thought out mitigation action. The 5,000
acre foot storage will actually make water temperature issues downstream of the reservoir worse
(WQCD 2016, Appendix A.

The EA did provide information that leads readers of the EA to the conclusion that two
environmental issues will likely develop if the Moffat Project is completed. First, the increased
amount of water diverted from the Fraser River may well result in a long-term change in the
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physical habitat of South Boulder Creek upstream of Gross Reservoir. Bank instability was
predicted to increase along with erosion. Higher spring flows and an increased frequency of high
flow events will both result in modifications of the stream channel. The stream channel will
evolve over time to handle the increased flows. Downstream siltation levels will increase. The
EA and the FEIS should address this issue in far more detail and plan appropriate mitigation.

The EA includes a mention that increased bank stability may require bank stabilization.
However, bank stabilization is not included as a mitigation program. Efficacy of bank
stabilization is questionable in this case. Increased spring snowmelt flows will result in stream
channel modification as the geology and artificially altered water regime in South Boulder Creek
move to an equilibrium. The stream channel over time will adapt to the new flow levels. Human
actions to stabilize existing stream banks will last only a relatively short time.

Secondly, the water temperature regime downstream of Gross Reservoir will remain in the single
digits if the Moffat Project is completed. The maximum temperature would be about 9°C in
October. Fish growth would be reduced and fish reproduction issues may also result. No
mitigation actions for this impact were included in the EA.

The EA did not include any mitigation action in South Boulder Creek that would actually
mitigate for the environmental impacts associated with the Moffat Project. A series of
monitoring programs was included in the EA and listed as mitigation even though no
environmental improvement results from monitoring. One possible project exists. A multi-stage
release from Gross Reservoir would eliminate all environmental impacts in South Boulder Creek
downstream of Gross Reservoir. Denver Water refuses to consider this option. Thus mitigation
like the FEIS and EA is actually an ineffective and empty process.
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SAVE THE COLORADO  SAVE THE POUDRE  WATEKEEPER ALLIANCE
WILDEARTH GUARDIANS LIVING RIVERS  THE ENVIRONMENTAL GROUP

June 18, 2015

TO: Rena Brand and Kiel Downing, U.S. Army Corps of Engineers

Re: Moffat Collection System Project: Climate Change and Greenhouse Gas Impact Analysis

Dear Ms. Brand and Mr. Downing,

Climate change presents a critical challenge to Colorado, the Southwest United States, and our
planet. The organizations signed below are deeply concerned about the current and coming
effects of climate change, and are committed to finding solutions to environmental problems
that do not create new environmental problems or worsen existing problems. At a minimum,
environmental decision-making must be fully informed by comprehensive analysis of potential
climate impacts so that agency action can be designed to avoid, minimize, and mitigate
impacts.

This letter is submitted to inform and assist the Corp’s analysis as it formulates the Record of
Decision for the Moffat Collection System Project. The Corps has committed that it will accept
“meaningful and substantive comments on the analysis until the agency makes a decision on
the project...”?

The National Environmental Policy Act requires that the U.S. Army Corps of Engineers analyze
all environmental impacts associated with the proposed Moffat Collection System Project
(“Moffat”). Because Moffat requires permitting under the Clean Water Act, the Corps’
assessment of the project must address the EPA’s 404(b)(1) guidelines (see 40 C.F.R. § 230), and
the Corp’s “public interest” factors (see 33 C.F.R. §§ 320 et seq.) including:

e Rejecting a permit if there is a practical alternative that would cause less adverse impact
e Ensuring that permitting the project does not cause significant degradation to waters of
the U.S,, including jurisdictional Waters of the U.S. such as riffle-pool complexes and

“jurisdictional wetlands”
e Mitigating any impacts

Commensurate with increasing scientific recognition of the nature and scale of the threat, law
and policy are evolving with regard to the level of climate change analysis needed in federal
environmental reviews. The Counsel of Environmental Quality (CEA) recently issued new "draft

1 http://www.dailycamera.com/boulder-county-news/ci 25989891 /epa-see-plans-gross-reservoir-expansion-
threat-water
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guidance" (Dec. 2014) about climate change emissions from projects evaluated under NEPA.
According to the CEQ’s summary of the new Draft Guidance:

This guidance explains that agencies should consider both the potential effects of a
proposed action on climate change, as indicated by its estimated greenhouse gas
emissions, and the implications of climate change for the environmental effects of a
proposed action. The guidance also emphasizes that agency analyses should be
commensurate with projected greenhouse gas emissions and climate impacts, and
should employ appropriate quantitative or qualitative analytical methods to ensure
useful information is available to inform the public and the decision-making process in
distinguishing between alternatives and mitigations. It recommends that agencies
consider 25,000 metric tons of carbon dioxide equivalent emissions on an annual basis
as a reference point below which a quantitative analysis of greenhouse gas is not
recommended unless it is easily accomplished based on available tools and data.?

The Guidance concludes:

This guidance document informs Federal agencies on how to apply fundamental NEPA
principles to the analysis of climate change through assessing GHG [greenhouse gas]
emissions and the effects of climate change for Federal actions subject to NEPA. It
identifies opportunities for using information developed during the NEPA review
process to take into account appropriate adaptation opportunities. Applying this
guidance will promote an appropriate and measured consideration of GHG emissions
and the effects of climate change in the NEPA process through a clearer set of
expectations and a more transparent process, thereby informing decisionmakers and
the public and resulting in better decisions.

This guidance also addresses questions raised by other interested parties.73 Agencies
are encouraged to apply this guidance to all new agency actions moving forward and, to
the extent practicable, to build its concepts into currently on-going reviews.?

Case law decisions by the judiciary are keeping pace with Executive branch actions and the
emerging scientific consensus regarding climate change threats. In June 2014, the United States
District Court for the District of Colorado issued a decision involving proposed coal mining
operations on Colorado’s West Slope holding that federal agencies’ NEPA analysis process must
estimate GHG emissions associated with combustion of coal.? High Country Conservation
Advocates v. U.S. Forest Service (D. Colo. 2014).> The Court found that the USFS Coal Mining EIS

2 https://www.whitehouse.gov/administration/eop/ceq/initiatives/nepa/ghg-guidance (emphasis added)

3 https://www.whitehouse.gov/sites/default/files/docs/nepa revised draft ghg guidance searchable.pdf at 30-
31 (emphasis added)

4 http://www.scribd.com/doc/231657158/US-District-Court-order-on-West-Elk-coal-mine-expansion-in-Sunset-
Roadless-area-Colorado at

5 http://www.coloradoindependent.com/148011/judge-blocks-colorado-coal-mine-plan-orders-feds-to-evaluate-
climate-impacts
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violated NEPA by not considering an expert report submitted by Plaintiffs regarding GHG
emissions forecasts. Id. at 31. The decision directed that the federal “defendants are
immediately enjoined from proceeding with the Exploration Plan in any manner that involves
any construction, bulldozing or other on-the-ground, above-ground or below-ground disturbing
activity in the subject area.” Id. at 36.

Responding to the federal agency’s claim that no accepted methods were available to calculate
the social cost of carbon emissions, the court found “a tool is and was available: the social cost
of carbon protocol. Interagency Working Group on Social Cost of Carbon, Technical Support
Document (Feb. 2010) [. . .] The protocol—which is designed to quantify a project’s
contribution to costs associated with global climate change.” Id. at 17. This tool should be
utilized by the Corps in its analysis of the Moffat project.

In a decision dated May 8, 2015, the same federal court held that NEPA’s hard look standard
requires that agencies analyze the “increase in greenhouse gas emissions” among other air
quality impacts of proposed projects. Wildearth Guardians v. U.S. Office of Surface Mining,
Reclamation and Enforcement (D. Colo. 2015).6 The court’s holding applies to both direct and
indirect impacts from the project. “Indirect effects are effects that “are caused by the action
and are later in time or farther removed in distance [than direct impacts], but are still
reasonably foreseeable.” 40 C.F.R. § 1508.8(b).” Id. at 26. Applied to the proposed Moffat
project, this indicates that the Corp’s analysis should encompass the climate impacts of any
new development, such as residential subdivisions and related traffic patterns that are
expected to be permitted and built as a result of a decision approving the proposed additional
Moffat diversions.

Consistent with NEPA and the law and policy summarized above, we evaluated the potential
greenhouse gas emissions that would be produced by the Moffat Collection System Project to
consider whether the project, as proposed in the FEIS, would contribute to climate change. At
least three significant sources will contribute to climate change emissions from the proposed
Moffat project: 1) the construction of the project, 2) harmful impacts to the hydrology of over
600 acres of wetlands and riparian areas due to watershed depletions in the tributaries from
which Moffat collects water, from the Fraser River, and from the Upper Colorado River, and 3)
emissions of methane, nitrous oxide and carbon dioxide from the fluctuating water levels and
operations of an expanded Gross Reservoir. The Corps project team should determine what
additional sources warrant inclusion in the climate analysis for direct, indirect, and cumulative
impacts.

In terms of (1) above, we have calculated that the total climate change emissions produced
during the construction of the project — also called “embodied” emissions — would be at least
782,000 metric tons COz-equivalents. These emissions from construction alone would be equal
to or greater than the emissions from more than 164,000 automobiles on the road for one year,
or, the burning of more than 840 million pounds of coal.

® http://www.wildearthguardians.org/site/DocServer/OSM_Colorado_Ruling_5_08_15.pdf?doclD=16002



In terms of (2) above, harmful impacts to the hydrology of over 600 acres of wetlands and
riparian areas, we have calculated that the total climate change emissions for Moffat would
likely be more than 38,000 metric tons COz-equivalent. These emissions would be equivalent to
the emissions from 8,000 automobiles on the road for one year.

In terms of (3) above, the scientific literature has not yet reached consensus on quantifying
methane and carbon dioxide emissions from reservoirs in Western semi-arid environments.
However, the existing literature clearly documents emissions in this category, establishing that
the emissions from Gross Reservoir are likely to be at least several thousand metric tons of CO;-
equivalent each year. As this science progresses over the coming months, we will offer
additional input to you.

The Corps of Engineers must analyze these emissions so that the project complies with the
National Environmental Policy Act and other federal laws and regulations, and consider the
analysis in the Record of Decision for Moffat.

These estimated results would be significant greenhouse gas emissions at a time when we
should be doing everything we can to reduce greenhouse gas emissions in every aspect of our
lives. Importantly, our initial estimate of GHG emissions from Moffat -- at least 780,000 metric
tons -- is over 30 times greater than what the draft guidance indicates is a minimum threshold
for analysis and mitigation.

Our calculations are based on the following methodology:

1. Embodied emissions from construction of the project — including fuel burned on site,
concrete manufacturing and use, rock fill, an estimated 23,600 truck trips, and
excavation in the construction of the project — would total more than 782,000
metric tons CO,-equivalent’ 8, which is more than 43 metric tons CO,-equivalent per
acre-foot of water proposed to be yielded from the project. We calculated these
emissions by matching the projected materials and excavation amounts in the
financial cost estimates for the project with the embodied emissions calculated in
the Inventory of Carbon and Energy (ICE) database.

2. The project’s proposed action would affect more than ~600 acres of riparian-
associated wetlands and riparian areas in the Fraser River, Upper Colorado River,
and tributaries from which the Moffat project will collect water. Carbon in soils and
wetland vegetation are a major sink for ecosystem carbon, and reduced wetland
hydrology would have significant impacts upon those wetlands, the loss of which
would likely result in a major source of emissions to the atmosphere of at least
38,000 metric tons CO,-equivalent per year. We evaluated the Natural Resource

7 Technical Memorandum, Northern Integrated Supply Project, Glade Complex, Facilities Update and Cost Estimate
8 |CE database (http://www.circularecology.com/ice-database.html#.U1Z4B_ldVgg)



Conservation Service (NRCS) SSURGO soils database for wetlands soils in the
affected region®, and the U.S. Forest Service FIA database for riparian vegetation in
the affected area’?, and then modeled the soils under drained and undrained
conditions using the CENTURY model!! 2 and estimated the shifting of vegetation
from wetlands and riparian forests to non-riparian shrublands.

3. Reservoirs in the American West are significant sources of greenhouse gases, and
the reservoir expansion for the project, if built, is likely to emit thousands of metric
tons COz-equivalent per year'? 4. While we are unaware of a current model to
predict the greenhouse gas emissions from temperate reservoirs, available research
indicates that no temperate reservoirs have been found to be a net year-round sink
for carbon. Nearly all reservoirs studied to date appear to be net sources of
greenhouse gas emissions, and there is no reason to indicate that an expanded
Gross Reservoir would be any different. Recent measurements indicate emissions
are particularly high from reservoirs that fluctuate significantly over the course of
the year, as do most reservoirs in Colorado such as Gross Reservoir. Emissions of
the greenhouse gas methane in particular can be extremely high from hydropower
facilities such as Gross Reservoir.!> 16

These projections constitute significant new information that must be used and analyzed as a
part of the Environmental Impact Statement (EIS) for Moffat. The Record of Decision (ROD)
must be informed by the best available science, and without this analysis, the EIS would not
satisfy the requirements of the National Environmental Policy Act or recent court decisions. If
the Corps has not already done so, we recommend that the Corps conduct a rigorous scientific
analysis of the climate impacts for this project, borrowing the methodology and conclusions
presented above as appropriate. The analysis will have direct bearing on how the Corps
complies with the mandate that the ROD selects the Least Environmentally Damaging
Practicable Alternative.

9 Soil Survey Staff, Natural Resources Conservation Service, United States Department of Agriculture. Web Soil
Survey. Available online at http://websoilsurvey.nrcs.usda.gov/. Accessed 2/15/2014.

10 USDA Forest Service. 2000. Forest inventory and analysis national core field guide, volume 1: Field data
collection procedures for phase 2 plots, version 1.6. USDA Forest Service, Internal report. On file at USDA Forest
Service, Washington Office, Forest Inventory and Analysis, Washington, D.C.

11 parton, W.J., D.W. Anderson, C.V. Cole, J.W.B. Stewart. 1983. Simulation of soil organic matter formation and
mineralization in semiarid agroecosystems. In: Nutrient cycling in agricultural ecosystems, R.R. Lowrance, R.L.
Todd, L.E. Asmussen and R.A. Leonard (eds.). The Univ. of Georgia, College of Agriculture Experiment Stations,
Special Publ. No. 23. Athens, Georgia.

12 Century Model Home Page. http://www.nrel.colostate.edu/projects/century/, viewed on 2/15/2014.

13 Soumis, N. et al. 2004. Greenhouse gas emissions from reservoirs of the Western United States. Global
Biogeochemical Cycles 18(3): GB3022.

14 Deemer, B.R., J.A. Harrison, and M.T. Glavin. 2012. Water level drawdown boosts greenhouse gas production in
a small eutrophic reservoir. Poster at the Ecological Society of America Annual Meeting, Portland, OR.

15 http://ecowatch.com/2014/08/14/dams-not-clean-energy-climate-change/

18 http://www.climatecentral.org/news/hydropower-as-major-methane-emitter-18246
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Scientists across the globe increasingly recognize that climate change has civilization on the
brink of a looming climate crisis should current trends continue unchecked. The earlier and
more decisively action is pursued, the later and less cataclysmic impacts will occur. Effective
action starts with informed environmental decision-making, the core goal of NEPA.

Thank you for the opportunity to provide input and make requests of your offices regarding the
environmental impacts of the Moffat System Collection Project. Your organization and ours
mandate objective, scientifically valid information to thoroughly comply with applicable law
and policy, including the recent court holdings summarized above. Please acknowledge receipt
of this letter.

Respectfully,

Gary Wockner
Executive Director
Save The Colorado

Mark Easter
Board Chair
Save The Poudre

Pete Nichols
National Director
Waterkeeper Alliance

Jen Pelz
Wild Rivers Program Director
Wildearth Guardians

John Weisheit
Colorado Riverkeeper
Living Rivers

Chris Garre
Board Chair
The Environmental Group



LR BUCHANAN CONSULTING

Evaluation of Feasibility of Attaining 18,000 AFY of Firm
Yield from Excess Flows Remaining in the Fraser and
Williams Fork Basins Combined with 72,000 AF
Additional Storage in the Expanded Gross Reservoir.

For: The Environmental Group (TEG)

5/15/2014 Revised 10/1/2015

By: Lisa Buchanan Scientist/Engineer

Additional 10,280 AFY of water diversions from the Fraser and Williams Fork Basins through the Moffat
Tunnel, in combination with the enlarged Gross Reservoir that affords 72,000 AF of additional storage
volume, provide the needed 18,000 AFY additional firm yield in only 55 % of years of the test period. If
all of additional diversions between the historical post-diversion baseline and the proposed project
approximately twice that allocated for the proposed project or 20,300 AFY are included, the required
firm yield will be met in only 77% of years of the test period. Therefore, the project does not meet the
PN1 screening criteria and should have been screened from further consideration in the FEIS. To attain
the firm yield in 100 % of test period years would require additional diversions from the planned
expansion of the Williams Fork collection system to Darling Creek. Impacts analyses of these required
additional diversions need to be addressed in the FEIS.



Summary

Alternative 1A of the Moffat-Gross FEIS would increase storage in Gross Reservoir by 72,000 AF and
Denver’s firm yield water supply by 18,000 AF/YR. Water for this alternative would come from the
Fraser and Williams Fork basins on the west slope through the Moffat Tunnel into Gross Reservoir on
the east slope of the continental divide. Because stream flows in these basins are already depleted, up
to 70 or 80 percent at the Fraser River at Winter Park USGS gage in the irrigation season, this analysis
was undertaken to evaluate how much water remains in the basins, referred to as excess basin water,
above and beyond what is currently diverted to the existing 41,800 AF Gross Reservoir.

Since measured flow data at Denver’s diversion structures is not available, annual excess basin flows are
estimated using USGS flow data and Gross Reservoir storage data over the 44 year period of 1966 to
2013, when data were available at all monitoring locations in all but three years. Estimated ground and
surface water inflows that enter the stream between the diversion and USGS gage locations, sometimes
over several miles, are subtracted from measured stream flows. Excess basin flows, equal to the yearly
sum of the adjusted stream flows at the USGS gages, are applied each year toward storage in the
expanded portion of Gross Reservoir and/or the 18,000 AF additional firm yield for Denver’s water
supply system. Firm yield, which accounts for both the water supply inflow and available reservoir
storage from previous years, is assessed annually over this 44 year period.

The firm yield of expanded Gross Reservoir is tested against two flow situations. 1) Use of all calculated
excess basin flows to test the firm yield of the combined reservoir/water supply system; this simulates
the modeled “current condition” baseline in the EIS. 2) Use of all calculated excess basin flows minus
the average annual diversion between the modeled “current” and “full use” EIS scenarios; this simulates
the “full use” baseline in the EIS. Diversions up to and including the “full use” model scenario of the EIS
when combined with 41,800 AF of storage in the existing Gross Reservoir meet Denver’s projected
water supply demands through 2022 according to the EIS. As stated in the EIS, after 2022, expansion of
Gross Reservoir by 72,000 AF is required to provide the additional 18,000 AFY of firm yield required by
2032. The EIS only considers incremental basin impacts caused by diversions between the “full use”
baseline and the proposed project to be project related.

Overall, results of this analysis indicate that the stated 18,000 AFY firm yield requirement for the
proposed project, expansion of Gross Reservoir to almost three times its current volume, cannot be met
under both of the flow situations above representing both the “current” and “full use” EIS baseline
model scenarios. Results of this analysis are as follows.

e The average of all calculated annual excess basin flows closely match the FEIS average additional
diversions between the “current” and “proposed” model scenarios of the PACSM water supply
model . In fact the average calculated excess basin flow is greater than average modeled
diversions by approximately 2,600 AFY and so represents a “best case” estimate of the ability of
the proposed project to meet the firm yield requirement of 18,000 AFY.

e Current conditions EIS baseline: Including storage in the expanded portion of Gross Reservoir
and all estimated basin excess flows, the reservoir would fill in only 3 years out of 44; the 72000



AF of extra storage would be depleted or zero in 12 years; the required yield of 18,000 AF/YR
would be met in 32 years (72.7%) and not met in 12 years (27.2%). The EIS PN1 screening
criteria is not met.

e  “Full Use” EIS Baseline: Under the “full use” baseline, a portion of the excess basin flows would
be diverted through the Moffat Tunnel and the existing Gross Reservoir to the Moffat Water
Treatment Plant without requiring expansion of the reservoir. The remaining 10,280 AFY are
allocated for the proposed project. Under this baseline, that preferred in the EIS, the expanded
reservoir would fill in only 1 year out of 44; the 72000 AF of extra storage would be depleted or
zero in 20 years; the required yield of 18,000 AF/YR would be met in 24 years (54.5%) and not
met in 20 years (45.5%) of this 44 year period of record. The percentage of years where the firm
yield of 18,000 AF/YR was NOT met is substantially lower than 100%, the EIS alternative
screening PN1 criteria; the project should have been screened from further consideration in the
alternatives screening process.

® Incremental additional diversions from the Fraser and Williams Fork basins are included in the
“current condition”, “full use”, and “proposed project” model scenarios. Of these, the impacts
of only the last, the “proposed project” diversions, on basin stream flow are considered to be
project impacts in the EIS. If all of the modeled additional diversions, equal to all additional
diversions between the historical post-diversion and proposed project or approximately twice
that of the “proposed project” diversions, are utilized the stated project firm yield of 18,000 AFY
is met in 77 percent of the years; still below the acceptance criteria of 100 %.

® Basin impacts attributed to the “project” should reflect all additional diversions included in the
“current”, “full use”, and “proposed project” model scenarios and are likely greater than twice
that stated in the EIS.

® Guidance published by the New Jersey Department of Environmental Protection (NJDEP, 2011)
define firm or “safe” yield as a continuous quantity of water that can be provided even through
a historical critical drought period. Even with 4,000 AFY of additional excess basin flows,
storage and firm yield in the expanded Gross Reservoir were zero from 1976 through 1978 due
to average or below average years leading up to these three years. This is in contrast to the
selected 1950s critical drought years (1953 to 1957) of the PACSM modeling where the
expanded Gross Reservoir filled in wet year 1952 just ahead of the drought period. The mid-
1970s should also be included as a critical drought period against which to evaluate the
feasibility of the project to achieve the additional firm yield of 18,000 AFY.

Analysis Description

Alternative 1A of the FEIS calls for a substantial increase in Gross Reservoir Storage; from 41,811 AF
adding 72,000 AF for a total storage volume of 113,811 AF; an increase in storage volume of 172
percent. Alternative 1A is noted as the preferred alternative. Because stream flows in the Fraser River
basin are already depleted under the current configuration of Gross Reservoir this evaluation was
undertaken to estimate the additional firm yield of the Fraser and Williams Fork basins if storage in
Gross Reservoir is increased.



The FEIS page 2-25 states that “additional water is available for diversion under the existing Denver
Water Rights from the Fraser River, Williams Fork River and South Boulder Creek.” and (FEIS pg. 2-28)
“the existing diversion and conveyance facilities (i.e. Moffat Diversion tunnel and South Boulder Creek
Diversion Canal) have adequate capacity to divert and carry additional flows.” However, it is unclear
how much additional water remains at Denver Water’s diversion structures for diversion to the
expanded Gross Reservoir because 1) Denver Water does not measure surface water flow at each of
their diversion structures in the Fraser and Williams Fork Rivers and 2) stream flow is monitored by the

USGS gages that are located one half to several miles below Denver’s diversion gates (See Figure 1).
Measured flows not only reflect Denver diversion operations but also surface water and ground water
inflows to the stream that enter between DW diversion points and the USGS gage locations. Therefore,
it is not clear how much excess flow is available at the point of diversion for storage in an expanded

Gross Reservoir. Flows measured at stream gages located a distance downstream of the diversion
structures over-estimate the amount of water physically available at the diversion structures.

Measured USGS stream flow data and storage data in Gross Reservoir are utilized in the following
analysis to estimate excess flows from the Fraser and Williams Fork basins that would be used to fill the
expanded reservoir and to satisfy Denver’s increased firm yield of 18,000 AF/YR. Basin excess flows that
exceed the firm yield of 18,000 AF/YR would be placed into storage in the expanded reservoir for use in
years when basin yields are below the target demand rate.

Depletion of Stream Flows in the Fraser River Basin Observed at USGS gages

Stream flow data at the USGS gage (09024000) “Fraser River at Winter Park” located downstream of the
west portal of the Moffat Tunnel were used to evaluate depletion of native flows in the Fraser River
caused by current DW Moffat diversions. This USGS gage has recorded flows from 1911 to the present.
Years 1911 to 1935 represent the time period prior to Moffat diversions. Pre-Moffat flows were
compared to years 1936 to 2013 representing the time period when water was diverted out of the
Fraser Valley through the Moffat Tunnel (Post-Moffat). Average and median monthly pre- and post-
flows are shown in Figure 2. The percent reduction in monthly average and median pre- to post-time
periods is presented in Figure 3.



¥ A
Diversion Aaueduct {
- .\’ ‘9
3 > -’
- -’I ,'l
- = .(’
Ranch Creek Gage # ptsets L
f ~— ' *‘" . L
Wi — e ~— < \
— f-, ~ % S \
Vasquez Creek Gage = <. P
- o S
— LIS ke 25
1 e
9 .A'I\
1 L b_/

Fraser River at Winter Park Gage

Williams Fork Diversion System

Williams Fork Below Steelman Creek Gage

Figure 1 : Denver Water’s
Diversion System and USGS
Gage Locations in the Fraser and
Williams Fork River Basins

Source: Figure 1-1 FEIS

St. Louis Creek Gage o,&:
o . \./‘ﬁ
\ P b '
£V \ 4 Arvyae
& b o [ W nce
LN 3 -‘ "
A oy il (.
a€ {3 3
= - ) .
i » o
> :'; i v ‘r_» { \w“"‘}\
s S 5 =\
= é-\_ ﬂ
Q - S o
£ 2 2
J‘V -
£ o )
- /)
5
" = >
3 'f,: \ ~ Y Methoed Pass
- HWidlam
r_,} 28 “
ol " ey
i
Ll




Figure 2: Average and Median Monthly Flows at USGS Gage 09024000; Fraser
River at Winter Park; Comparison of Pre-and Post-Moffat Stream Flow
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Stream flow in the Fraser River at Winter Park is substantially depleted under current operating
conditions and Gross Reservoir storage at 41,811 AF. Average stream flows have been reduced by
between 60 and 70 percent in May through September. Median monthly stream flows, lower than
average monthly flows, are reduced by 70 to 80 percent from pre- to post-Moffat diversion periods in
May through September under the EXISTING Gross Reservoir configuration. This means that half the
time flow depletion at the Fraser River at Winter Park gage could be greater than 70 to 80 percent in
these months.

Given the substantial depletion of flow on the main stem of the Fraser River, it is unclear if there is
sufficient water in the Fraser and Williams Fork basins to fill an additional 72,000 acre feet of an



expanded Gross Reservoir or if there is an additional 18,000 AF of firm yield in the basin particularly
since additional flows will be obtained primarily during the months of May, June, and July.

Estimate of Additional Firm Yield of Fraser and Williams Fork Basins

Additional Firm Yield from the Fraser and Williams Fork basins was estimated as follows:

1. Excess water at USGS gages in the irrigation seasons (May, June and July) of the 1966 to 2012
period was calculated by adjusting USGS stream flow data with estimated inflows between
Denver Water diversion gates and gage locations. These months were selected for analysis
because Denver’s proposed additional diversions would occur in the high flow months (May
through July) according to the FEIS.

2. Since storage capacity is utilized to meet firm yields in low water years; any supply that
exceeded 18,000 AF each year was placed into storage in the 72,000 AF of additional storage
volume of the expanded Gross Reservoir in this analysis. Water stored from earlier years was
combined with water supply inflows in each year to achieve the 18,000 AFY firm yield in years
when the yearly basin flow was less than 18,000 AF. In addition, it was assumed that the firm
yield would be used in a flow through manner; thereby maximizing the amount of water
available for storage in Gross Reservoir while allowing for use of 12,758 AF of storage in Ralston
Reservoir.

3. Excess storage volume at the end of each irrigation season was added to the additional basin
yield of the next irrigation season; this sum equal to the total amount of water in each historical
year of record that would be available to meet the additional 18,000 AF of demand plus
additional losses from evaporation (514 AF/YR). The incremental increase in conveyance losses
was not included in this estimate though it would further decrease yields from the expanded
Gross Reservoir.

4. The number of years when the 18,000 AF of firm yield could and could not be met was tallied; if
the additional yield could not be met in some years the PN1 screening criteria of 100% of the
years was not met.

5. Excess yield from this calculation corresponds to the difference noted between the modeled
“current” to “proposed” scenarios of the FEIS. In the FEIS these excess flows are divided into
the “Full Use” and the “proposed” scenarios where “Full Use” operates under the current
configuration of Gross Reservoir at 41,800 AF of storage. Therefore, as stated in the FEIS, the
incremental increase in diversions between the “Full Use” and the “proposed” scenarios would
be used to fill the additional 72,000 AF of storage and provide the additional 18,000 AF of firm
yield under the proposed alternative. The incremental increase of diversions noted in the FEIS
from “current” to “full use” were thus subtracted from the excess basin flows and the firm yield
evaluated as in number 4 above.



Yearly Excess Basin Flows

The amount of excess water available during the months of May, June, and July in the Fraser and
Williams Fork Basins was estimated using USGS measured stream flow and reservoir storage data from
1966 to 2012. This period was chosen because:

e Stream flow data were available at all USGS gages in the Fraser and Williams Fork Basins that
monitored stream flow below DW diversion structures (Downloaded from the Colorado Decision
Support System (cdss) website).

e Gross reservoir storage data were available in all but three years of this period (1967, 1987,
1989) also available through the cdss website. These three years were omitted from the
evaluation.

e This resulted in a 44 year period of record with sufficient measured data to estimate historical
excess flows and evaluate if a firm yield of 18,000 AF/YR could be achieved with the enlarged
Gross Reservoir.

This evaluation is based on two assumptions:

1. When the Current Gross Reservoir was NOT full (storage was below 41,000 AF), Denver Water
diverted all available flow at their diversion structures drying up the stream just downstream of
their gate; therefore, stream flow measured at the USGS gages when Gross Reservoir was NOT
full reflects surface water and ground water inflow between the diversion points and the gages
plus any flow obligations downstream of the collection system.

2. Excess flow would be available only in months of May, June, and July when Gross Reservoir was
full; this is the when Denver's proposed additional diversions would occur according to the EIS.

Current Operations at Denver Water Diversion Structures

Currently Denver Water diverts water that is “physically and legally available at each diversion point
Streams that do not
have minimum bypass requirements (even those with downstream senior rights) are fully diverted at

n u

subject to minimum bypass flows and calls from downstream senior water rights.

times during the year...” “This results in no stream flow for some distance below the diversions. This is
how Denver Water has operated in the past and plans to operate in the future.” (FEIS p. 3-35)

In dry years Denver Water diverts “all available flows at each diversion point except for flows required”
to meet downstream obligations. In wet years Denver Water diverts “100 percent of the water from
streams that do not have minimum bypass flow requirements,” therefore, these streams “are fully
diverted and dried up early in runoff season similar to dry years. Once Denver Water anticipates filling
Gross and Ralston reservoirs and water demand is being met, Denver Water will begin to reduce
diversions” and allow water to flow past their diversion structures in the Fraser Valley until “Gross
Reservoir begins to be drawn down, typically in mid-summer, when Denver Water will again divert the
maximum amount available to keep Gross Reservoir as full as possible.” (FEIS p. 3-36).



Historically then, except for downstream obligations, Denver Water often dries up flows downstream of
their diversion points in the Fraser Valley, spilling water past diversion points only when Gross Reservoir
is full. What volume of spilled water is available at diversion points in the Fraser Valley and Williams

Fork watersheds and is this volume sufficient to provide the 18,000 AF of firm yield for an expanded
Gross Reservoir?

Historical Storage Data for Gross Reservoir

Historical storage volumes in Gross Reservoir, read at the end or beginning of each month and
sometimes mid-month, were evaluated to determine how often and when Gross Reservoir filled
between 1966 and 2012. Months when storage in Gross Reservoir was greater than 41,000 AF are noted
in Table 1. According to the FEIS, water used to fill the enlarged Gross Reservoir would be diverted
primarily in the months of May, June, and July, therefore, these months were used in this evaluation.
Note that the existing Gross Reservoir 941,800 AF) filled only once in May and did not fill in the irrigation
season in 11 years of the 44 years of record.

Table 1: Months Gross Reservoir Filled; Storage Levels Above 41,000 AF
Water Year May June July Water Year May June July
1966 Max 39,979 AF in Jul 1990 X
1967 Missing storage data in irrigation 1991 X
season
1968 Max 39,419 AF in Aug 1992 X
1969 X X 1993 X
1970 X 1994 X
1971 X 1995 X
1972 X 1996 X
1973 X 1997 X
1974 Max 40,800 AF in Jul 1998 X X
1975 X 1999 Filled in Sept and Oct
1976 Max 27,096 AF in Jun 2000 X
1977 Max 39,898 AF in Jun 2001 X
1978 Max 40,062 AF in Jul 2002 Max 22,956 AF in Feb
1979 X 2003 | X | X
1980 X 2004 Max 40,381 AF in Oct
1981 X 2005 | X |
1982 X 2006 Max 40,859 AF Jun
1983 X X 2007 X
1984 X X 2008 X
1985 X X 2009 X X
1986 X X 2010 X
1987 Missing storage data in irrigation 2011 X
season
1988 X ‘ 2012 Max Storage 38,350 in June
1989 Missing storage data in irrigation 2013 Storage Data not Entered
season

Historical storage data from Gross Reservoir (Colorado Decision Support System - cdss)



Adjusted Stream Flows

Monthly stream flow measurements in May, June, and July in years 1966 to 2013 were used to estimate
excess flows at the following USGS gages shown in Figure 1:

e Fraser River at Winter Park (09024000),

e Vasquez Creek near Winter Park (0902500),

e St. Louis Creek near Fraser (09026500),

e Ranch Creek near Fraser (09032000), and

e Williams Fork below Steelman Creek (09035500).

It is assumed that excess flows would only be available for additional storage at times when the existing
Gross Reservoir was full. Therefore, when Gross Reservoir was NOT full there would be no additional
water available in that month at that location.

The median of monthly flows for months when Gross Reservoir was NOT full during the time period
1966 to 2012 was assumed to represent the inflow between diversion structures and USGS gages; or
“native downstream inflow” plus downstream water obligations. This median flow (shown in Table 2)
was subtracted from monthly flows measured at the USGS gages in months when Gross Reservoir filled
to estimate the adjusted excess stream flow. Adjusted flows that were negative, where total flows were
less than the median adjustment factor, were changed to zero for this calculation.

Table 2
Median Monthly Flows (1966 to 2012) For Months When Gross Reservoir Did NOT Fill
Used to Adjust Monthly Stream Flows in Months When Goss DID Fill

USGS Gage Elevation May June July
Feet AF/Mth (cfs) | AF/Mth (cfs) | AF/Mth (cfs)
Vasquez Creek near Winter Park (09025000) 8911 1051 (17.1) 878 (14.8) 760 (12.4)
St. Louis Creek near Fraser (09026500) 8773 1507 (24.5) 2705 (45.5) 1904 (31.0)
Fraser River @ Winter Park (09024000) 8985 1257 (20.5) 1928 (32.4) 1471 (23.9)
Ranch Creek near Fraser (09032000) 8665 1139 (18.5) 1236 (20.8) 382 (6.2)
Williams Fork Below Steelman (09035500) 9806 1181 (19.2) 5776 (97.1) 2362 (38.4)

Inflow between DWs diversion structures and the USGS gages originate from:
e Mary Jane Creek up to 11,000 feet elevation on the Fraser River;

e Lower elevation areas, up to 9,500 feet, on Vasquez Creek,

e Deadhorse and Spruce Creeks up to 11,584 feet at Bottle Peak on St. Louis Creek,

e Lower elevation areas, up to approximately 9,500 feet, on Ranch Creek, Hurd Creek, Hamilton
Creek, Trail Creek, Cabin Creek, Little Cabin Creek, and Dribble Creek.

e Alpine areas up to 12,348 feet including St. Louis Peak (12246 feet)in the Williams Fork Basin.
High inflows in June and July are consistent with drainage from high alpine areas, however,
operations at the Williams Fork basin diversion structures that optimized filling Williams Fork
Reservoir once Gross Reservoir was nearly full also added to flows recorded at the Williams
Fork below Steelman Creek USGS gage during this time period (see Williams Fork section).



Minimum bypass requirements (FEIS Table 3.1-8) of 10 cfs on the Fraser River, 8 cfs on Vasquez Creek,
10 cfs for St. Louis Creek, and 4 cfs for Ranch Creek between May 15 and September 15 are reflected in
excess flow values above. Bypass flows were incorporated into Right of Way agreements between
Denver Water and the US Forest Service in 1970. As part of the Clinton Reservoir Agreement of 1992
Denver Water reserved the right to reduce bypass flows if mandatory restrictions to in-house domestic
water use were imposed on its customers (FEIS 3-28). Table 3.1-9 of the FEIS notes that bypass flows
were reduced in 1975, 1977, 1980 and consistently in September 2001 through July 2004, the end of the
FEIS historical period of record (1975 to 2004). The median inflow value noted in Table 2 above (1966 to
2012 period of record) likely reflects times when bypass flows were both honored and reduced.

In addition, calls by higher priority water rights holders on the Fraser River likely increased flows past
Denver Water diversions during the 1966 to 2013 period of record. Senior water rights holders include
but are not limited to Beaver Dam Ditch, Deberard Ditch and Reservoir, Earl Ditch, Joy Ditch, Hammond
Ditch, Ostrander Ditch, Peterson Ditch, Scybert Ditch, and Winter Park West Wells. For purposes of this
evaluation, it was assumed that calls coming from the Fraser River were reflected in the historical flow
records at the USGS gages and were not available for diversion by Denver Water.

Excess Basin Flows

Adjusted monthly stream flows in May, June, and July were summed to estimate the yearly total excess
basin flow that would be available to fill the expanded Gross Reservoir storage of 72,000 AF. Estimated
yearly excess flows are shown in Figure 5.

Figure 5: Excess Yearly Flow in Fraser and Williams Fork Basins
Estimated Using USGS Flows and Gross Reservoir Storage Data
in May, June, and July: 1966 to 2012
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Storage Data missing in 1967, 1987, and 1989; these years omitted from analysis.

Average and median excess flows at each USGS gage location are shown in Table 3. Average estimated
excess flows compare favorably to average tunnel diversion increases from “current” to “proposed”
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conditions modeled in the FEIS using the PACSM model (Table 4). In fact, the average of the estimated
excess flows in both the Fraser and Williams Fork basins combined actually exceeds the modeled
increase in Moffat flows by approximately 2,600 AF/YR on average and so represents a “best case”
estimate of the ability of the proposed project to meet the firm yield requirement of 18,000 AFY.
Average excess flows calculated for the Fraser Basin alone compare closely to the modeled increase in
the Moffat Tunnel diversions.

It is valid to compare excess flow derived here with the modeled “current to proposed” scenario’s
diversion increases because full use system changes occur after 2006 (of the 1966 to 2012 period of
calculation). The Full Use scenario included, among others, upgrades to the distribution system from
the Foothills and Marston treatment plants, changes to Big Lake Ditch Denver water rights such that
additional water could be stored in Williams Fork Reservoir (as of 2013), and an increase in demand of
60,000 AF/YR (as of 2006 per the EIS). It is not clear if water demand remained at the 2006 level
through 2013. Full use did not include any additional storage in Denver’s northern water system,
including Gross Reservoir.

Table 3
Average and Median Excess Flows at USGS Gage Locations Available to Fill 72,000 AF of the
Expanded Gross Reservoir and Provide Denver Water’s 18,000 AF/YR Additional Yield
USGS Gage Location Average of Median of Maximum of
Estimated Estimated Excess Estimated
Excess Flows Flows Excess Flows
(AF/YR) (AF/YR) (AF/YR)
Williams Fork (WF) Below Steelman 2,682 2,150 11,314
Ranch Creek near Fraser 2,891 1,636 17,797
Fraser River @Winter Park 3,323 971 20,837
St. Louis Creek near Fraser 3,546 2,430 18,693
Vasquez Creek near Winter Park 3,115 1,183 21,942
Total Flow Fraser (excluding WF) 12,875 6,220 NA
Total Flow Fraser & Williams Fk. Basin 15,557 8370 NA

Period of Record = 1966 to 2012 not including 1967, 1987, and 1989. Maximum excess flows occurred in 1983 at
all locations except the Williams Fork basin where maximum flows occurred in 1984.

Table 4

Average Modeled Increases of Tunnel Diversions noted in DEIS (Table H-7.1)
Gumlick Tunnel comparable to estimated excess flows in Williams Fork Basin
“Current to Full Use” 887 AF/YR
“Full Use to Proposed” 1,904 AF/YR
“Current to Proposed” 2,795 AF/YR
Moffat Tunnel compares to sum of estimated excess flows in Fraser & Williams Fork
Basins
“Current to Full Use” 2,713 AF/YR
“Full Use to Proposed” 10,284 AF/YR
“Current to Proposed” 12,998 AF/YR
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Williams Fork Diversions

Water rights belonging to Denver Water in the Williams Fork Basin, including those that are currently
used for trans-mountain diversions on McQuery Creek, Jones Creek, Bobtail Creek and Steelman Creek
(See Figure 1), are noted in Table 3.1-12 of the FEIS. Other rights in this basin include conditional flow
rights from Middle Fork and South Fork of the Williams Fork River, Allen Creek, and Darling Creek that
have not been developed as well as a storage right for the Williams Fork Reservoir for 96,637 AF.
“Denver Water’s headwater diversions are protected by Williams Fork Reservoir such that when the
Denver Water rights are out of priority with respect to senior diverters below Williams Fork Reservoir, the
reservoir releases water to satisfy the senior diverters....Williams Fork Reservoir is operated in part to
exchange water to replace out of priority diversions at Denver Water’s Moffat Collection System, Roberts
Tunnel, and Dillon Reservoir” (FEIS pg. 3-42).

As stated in the FEIS (pg. 3-42), “Denver Water often diverts 90% to 100% of the average monthly native
flow from McQueary, Jones, Bobtail, and Steelman creeks from October through April... During the
summer from May through September, the average monthly percentage of native flow diverted by
Denver Water varies more and ranges from 24% to 94% under Current Conditions. During those months,
Denver Water diverts the greatest percentage of native flow in April, May, August and September when
flows are typically lower. In June and July, Denver Water diverts a much lower percentage of the native
flow at these locations (24% to 43% on average) because flows are typically much higher during runoff.”
According to the Upper Colorado River Basin Information report prepared as part of the Basin Round

Table efforts for the Upper Colorado Basin (CWCB website 1/1/2007), the “primary operational objective
[for Williams fork diversions] is to fill Gross Reservoir. Once filled, the general practice is to cease
diversions at the collection system in favor of storage in the Williams Fork Reservoir.” Denver now owns
the water rights for the Big Lake Ditch which historically diverted just upstream of the Williams Fork
Reservoir to Reeder Creek. As of 2013, this water, approximately 10,000 AF/YR, will be used for storage
in Williams Fork Reservoir. In addition, under the 10,825 agreement, Denver no longer is required to
release 5,412 AF to meet USFWS flow recommendations in the 15-Mile Reach in Grand Junction.
Therefore, approximately 15,400 AF/YR of additional water is now available to Denver Water for storage
in the Williams Fork Reservoir providing more flexibility for additional diversions through the Gumlick
Tunnel from the upper Williams Fork basin. It is unclear how their operations have changed since 2013.

The assumption in this evaluation, that diversion head gates remain open when Gross Reservoir was not
full, is not valid during June and July for the upper Williams Fork Basin. However, calculated excess
basin flows for the Williams Fork diversion points (2,682 AF/YR average) very closely match the modeled
increase between the “Current” and “proposed” PACSM model scenarios (2,795 AF/YR average).
Therefore, calculated excess flows from the upper Williams Fork basin were retained in this firm yield
analysis.

Average (Median) flows at the Williams Fork Below Steelman USGS gage in June and July over the 1966
to 2013 period of record are 6,862 (7926) and 3,448 (2875) AF/mth, respectively. Arbitrarily assuming

that “native” inflows entering below the diversion structures but upstream of the USGS gage are 1000

AF (16.8 cfs) and 500 AF (8.4 cfs) in June and July, respectively; additional water available from the
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upper Williams Fork, on average, would be 5,862 and 2,375 AF/mth or 8,200 AF in these two months
alone. This additional water from the Williams Fork Basin plus the 2,600 AF overestimate of calculated
excess basin flows (compared with modeled numbers) is more than sufficient to supply the observed
average 7,300 AF/Y discrepancy between measured and modeled Moffat Tunnel diversions under the
“current” conditions scenario (See : Discrepancy Between Measured and Modeled Current Diversions
section below).

Firm Yield of Excess Flows Diverted from Moffat and Williams Fork Basins NOT

Accounting for Full Use Diversions: Current Use Baseline

In Alternative 1A Gross Reservoir needs to produce an additional firm yield of 18,000 AF/YR to meet
Denver’s future water demands. “Firm” yield takes into account storage of extra water (above the
required yield of 18,000 AF/YR) that can be stored in the reservoir, in this case in the upper 72,000 AF of
the expanded Gross Reservoir, and used in years when 18,000 AF of excess water is not available in the
basin or 64 percent of the years between 1966 and 2012 (See Figure 5). “Firm yield” of excess basin
water was calculated as follows:

e End storage for each irrigation season was calculated as end storage from the previous year’s
irrigation season plus additional excess basin water provided in the current irrigation season
minus 18,000 AF, the required firm yield for the system. An additional 514 AF was subtracted
from the yearly total to account for the incremental increase in evaporation in the expanded
Gross Reservoir compared to the “Full Use” configuration (as discussed on page 5-15 of the
FEIS). Incremental conveyance losses were not accounted for in this calculation.

e If storage for a given year was negative (i.e. there was not enough water to provide the 18,000
AF/YR yield) ending storage for that year was set at zero; assuming that water would not be
taken from the current 41,811 AF in Gross Reservoir to meet the demand.

e If storage for a given year was over 72,000 AF it was set to 72,000 AF assuming that the current
41,811 AF or the existing reservoir would also be filled in these years.

e The previous year storage for the first year (1966), in the 72,000 AF portion of the total 113,800
AF expanded storage volume, was assumed to be zero as construction of Gross dam would have
just been completed.

Estimated storage in the 72,000 AF of the expanded Gross Reservoir for 44 years between 1966 and
2012 (omitting 1967, 1987, and 1989) is shown in Figure 6. Storage levels and the ability to meet the
firm yield requirement of 18,000 AF/YR in the expanded reservoir depend on hydrologic conditions in
the first few years of filling, periods of drought (mid-1970s and mid 2000s), and periods of high flow
(mid 1980s, late 1990s, and 2011). Based on this estimate of firm yield of the Fraser and Williams Fork
Basins the expanded gross reservoir would fill in only 3 years and the 72000 AF of extra storage would
be depleted or zero in 12 years (assuming all available yield under 18,000 AF would be used).
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Figure 6: Storage (AF) in Additional 72,000 AF Volume of
Enlarged Gross Reservoir NOT Accounting for Full Use
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Year 1983 was notable. High snow pack and spring rains produced major flooding on the Colorado
River. June and July issues of High Country News were awash in news of the flood:

“A record 120,000 cfs was flowing into Lake Powell from late spring snow and rain in the Rocky
Mountains that no one had anticipated. On July 2, the lake - considered full at 3700' - was just 3.5 feet
from its maximum capacity of 3711' and rising three inches a day.”

“The July 8 issue reported that the dam's spillway began breaking up when officials upped the release to
92,000 cfs. The high velocity water was carving out huge holes in one of the tunnels, a process known as
cavitation that sent chunks of concrete and red silt from the eroding Navajo sandstone bedrock shooting
into the clear river below the dam.

The expanded Gross Reservoir almost filled for the first time in 1983 in this calculation. Previous year
(1982) excess storage was estimated at 0 AF with an additional 89,919 AF available from 1983 runoff:
however, after filling an additional volume to 71,919 AF and subtracting 18,000 AF of firm yield, no
additional water would have passed DWs diversion gates in 1983. Not only is this an indication of the
substantial size of the new reservoir but also that filling it will depend on very high flow years, the
frequency of which may decrease due to climate change. In this initial analysis, the expanded Gross
Reservoir was estimated to fill in three years, 1984, 1997, and 1998. Extra water that could not be
stored in the expanded reservoir amounted to 49,880, 5,812, and 2,723 AF in these years respectively.
In all other years barring calls on the river and bypass flow requirements, diversion gates in the Fraser
valley could remain open throughout the irrigation season, dewatering streams just downstream of the
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diversion gates, and there would be sufficient storage in the expanded reservoir to accommodate all of
the flows.

Firm yield of 18,000 AF/Y was not met in 12 years out of the 44 year period of analysis or 27.3 percent of
the time (Figure 7). In particular, an extended dry period occurred in the mid-1970s. Even though
18,000 AF/Y of excess yield could be achieved in 1969 through 1973, only in 1971 was storage sufficient
to provide an additional yield of this amount. A prolonged period of dry years in the 1970s, perhaps a
second critical period after the 1950s drought, resulted in low to no excess yield from 1974 to 1978. In
drought years 2002 and 2012, there was sufficient storage in the expanded Gross Reservoir to achieve
the desired excess yield of 18,000 AF/Y, however, following high flow years of the late 1990s, storage
was depleted such that in two years of the mid-2000s excess yield was below 8,000 AF/Y.

Even with extra diversions; the calculated over-estimate of 2,600 AF/Y and the additional average
amount water of 2,713 AF/Y that was not allocated to the proposed project (“current” to “full use”

model scenarios), the firm yield of 18,000 AF/Y was NOT met in 100% of the test period years and so did
not meet the PN1 screening criteria.

Figure 7: Excess Yield From the Expanded Gross Reservoir
NOT Accounting for Full Use: Current Use Baseline
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Firm Yield of Excess Flows Accounting for Full Use Diversions: Full Use Baseline

Because the FEIS states that any water diverted from the basin above and beyond that for the Full Use
Scenario would be used to fill the expanded Gross Reservoir and contribute to the firm yield of 18,000
AF/YR, the average annual increase in Moffat Tunnel diversions from “current” to “Full Use” scenarios
(FEIS Table H-7.1) of 2,713 AF/YR for an average year was subtracted from the adjusted flows and the
calculation completed as described above. Storage in the additional 72,000 AF volume of the expanded
Gross Reservoir is shown in Figure 8.

Based on this estimate of firm yield of the Fraser and Williams Fork Basins, accounting for Full Use
diversions noted in the FEIS, the expanded gross reservoir would fill in only 1 year (1984) with 44,454 AF
of extra water that could not be stored in the expanded reservoir. The 72000 AF of extra storage in the
expanded reservoir would be depleted or zero in 20 years (assuming all available yield under 18,000 AF
would be used). In particular, from 1972 through the end of the 1970s, excess storage in the expanded
Gross Reservoir was zero with excess yield also low to zero during this time period (Figure 9). As before,
18,000 AF of additional yield was achieved in 2002 because of high flow years in the late 1990s.
However, excess storage in the expanded Gross Reservoir was depleted by 2002 and very low or zero
from 2002 to 2008. Perhaps the 1970s and mid-2000s should be included as other critical time periods
by which to judge the feasibility of the proposed project.

Figure 8: Storage (AF) in Additional 72,000 AF Volume of
Expanded Gross Reservoir Accounting for Full Use Diversions:
Full Use Baseline
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Figure 9: Excess Yield from the Expanded Gross
Reservoir Accounting for Full Use: Full Use Baseline
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Even with additional excess basin flows of 2,682 AF/Y over-estimated in this calculation, the required
yield of 18,000 AF/YR would be met in 24 years (54.5%) and not met in 20 years (45.5%) of this 44 year
period of record. The percentage of years where the firm yield of 18,000 AF/YR was met was much less
than 100% and so did not meet the PN1 FEIS screening criteria.

Climate Change Considerations

Climate change is predicted to decrease surface water supply in the south western United States by
approximately 10 percent (Averyt, 2013). Water stress, estimated using the water supply stress index
(Wassl), the ratio of water demand to water supply, is predicted to increase due to climate change from
between 0.4 and 4.0 percent (representing the range in stress index from different basins) to between
0.1 and 20 percent in western slope Colorado basins (Averyt, 2013). Note a WaSSI index of greater than
one means water supply is less than water demand. Climate change is expected to substantially impact
water supplies in western Colorado.

Truncated excess basin flows that account for “full use” model diversions were reduced by 10 percent in
years when excess flows were available in the Fraser and Williams Fork basins (i.e. when the existing
Gross Reservoir filled) and the firm yield of 18,000 AFY evaluated as before. Because flows in 1983 and
1984 were very high, the expanded Gross Reservoir filled in 1984 with 29,209 AF spilled below the
diversion structures. The firm yield of 18,000 AFY was NOT met in one additional year (21 years) or 47.7
percent of the 44 year period of evaluation. Firm yields are controlled by high flow years of 1983, 1984,
1997, and 1998. As before, no additional yield was available from 1976 through 1978. Of course, the
past record cannot predict the timing, volume, and sequence of future water supply years though it is
anticipated that, due to climate change, droughts may become more severe than the historical record.
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Basin Impacts are Hidden in Incremental Model Scenarios

Additional diversions through the Moffat Tunnel are presented incrementally in the FEIS. First, 7,300
AFY above measured average diversions are diverted as part of the “current condition” modeling.
Second, the “full use” model scenario utilizes an additional 2,713 AFY on average. Third, the proposed
project utilizes an average of 10,280 AFY more water from the Fraser and Williams Fork basins. Only the
third incremental increase is considered project water in the FEIS. Therefore, impacts to river flows are
limited to only this last increase in diversions in the EIS analysis. “Current condition” model results are
considered one of the baselines of the FEIS and so the first 7,300 AFY is not presented nor addressed in
the FEIS document.

Discrepancy Between Measured and Modeled Current Diversions

Diversions through the Moffat and Gumlick (or Williams Fork Tunnel) Tunnels are monitored and data
reported in the Colorado Decision Support System database. Average measured tunnel diversions from
1984 to 2013 are 56,532 AFY (Figure 10). Average modeled Moffat Tunnel diversions reported on Table
H-7.1 are 63,799 AFY; 7,267 AFY more than the measured average. Measured Gumlick Tunnel diversions
average 4,954 AFY from 1984 to 2012 and compare to modeled current conditions average diversions of
8,853 AFY. Modeled diversions from the Williams Fork Basin exceed measured averages by 3,900 AFY.
Therefore, of the 7,300 AFY discrepancy noted for the Moffat Tunnel diversions, 3,400 AFY on average
are supplied by water from the Fraser Valley in the PACSM model.

Figure 10: Annual Moffat Tunnel Diversions {AF)
1984 - 2013 Period of Record
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Tunnel Diversions in 2006, used to delineate “current conditions” in the PACSM modeling, exceeded
every other year in the 1985 to 2013 period of record by at least 5,600 AFY. Year 2006 did not represent
a new plateau in Denver Water’s water supply needs as diversions after 2006 were substantially lower,
averaging 55,619 AFY and approximately 900 AF less than the 1984 to 2013 30 year average. Use of the
2006 baseline condition inflates withdrawals and reduces basin flows under the “current conditions”
model scenario compared to actual measured stream and diversion flows in the Fraser and Williams
Fork River Basins.

Discrepancies between modeled current flow and measured flows are seen at the Fraser River at Winter
Park and the Williams Fork Below Steelman USGS gages (Table 5) but not at the Vasquez Creek and St.
Louis USGS gages. Itis unclear why the average annual flow discrepancies (8,961 AF) do not add up to
that observed for the Moffat Tunnel diversions (7,300 AF) but may, in part, be due to conveyance losses
in the Moffat collection system and Tunnel.

Table 5
Comparison of Average Post-Moffat Measured Flows with Modeled
“Current Condition” Flows

Location Average of USGS Average Modeled Volume of
Post-Moffat Flows “Current Discrepancy
Condition” Flows® Between Flows
(AF)
Fraser River at Winter Park Gage (1936 — 2013)?
Average Annual Flow (AF/YR) 13,020 8529 4,491
April Average Flow (cfs) 11 4 408
May Average Flow (cfs) 31 17 876
June Average Flow (cfs) 79 59 1,185
July Average Flow (cfs) 34 21 781
Total Summer months Fraser River at Winter Park 3,250°
Williams Fork Below Steelman Creek Gage (1966 — 2013)
Average Annual Flow (AF/YR) 14,074 9,600 4,470
May Monthly Flow (cfs) 28 10 1,135
June Average Flow (cfs) 115 88 1,626
July Average Flow (cfs) 56 50 374
August Average Flow (cfs) 10 5 316
Total Summer Months Williams Fork Below Steelman 3,451°

Total Discrepancy at Fraser and Williams Fork Basin Gages: Measured vs Modeled

Discrepancy Between Average Annual Flow (AF)

8,961

Summer Months Discrepancy (AF)

6,700

Current Condition Flows from Tables H-7.1,

H-1.33, and H-1.55.

ZAverages for the post-Moffat period of record at each gage.

*Additional 1,209 AF discrepancy summed from August through April at Fraser River at Winter Park Gage and 971 AF summed

from September through April at Williams Fork Below Steelman Gage.
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Comparison of Calculated Excess Basin Flows with Modeled Diversions

The sum of the three incremental diversions from the FEIS, discussed above, matches calculated excess
basin flows that are required to attain a firm yield of 18,000 AFY in the expanded Gross Reservoir at a
frequency of 77% of the test period years (Table 6). These equal the sum of all additional diversions
between the historical post-diversion baseline and the proposed project. To achieve the firm yield in

100 % of test period years will require even more additional diversions out of the Williams Fork basin

from the planned expansion of the Williams Fork collection system to Darling Creek.

Table 6: Comparison of Calculated Excess Basin Flows with Modeled Diversions

Description of Calculated Calculated Excess Modeled Description of Modeled
Excess Flow Flows (AFY) Diversions (AFY) Incremental Diversions
Total Calculated Excess Basin 15,557 7,300 Average discrepancy between
Flows; measured diversions and
current conditions model
Additional Flow Required to 4,000 2,713 Current to Full Use Model
Meet 18,000 AFY Firm Yield in Scenarios
Expanded Gross at a
sufficient frequency.
- 10,284 Full Use to Proposed Model
Scenarios
Totals 19,557 20,297

Note: Calculated Excess flows do not include incremental conveyance losses within the Moffat Collection System.

Impacts to basin stream flow discussions in the FEIS should reflect all diversion increases that are

required to operate the expanded Gross Reservoir at a firm yield of 18,000 AFY. Limiting responsibility

of basin impacts to a small incremental increase in diversions in the FEIS significantly under-represents

those impacts.
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Abstract Between 2000 and 2014, annual Colorado River flows averaged 19% below the 1906-1999
average, the worst 15-year drought on record. At least one-sixth to one-half (average at one-third) of this
loss is due to unprecedented temperatures (0.9°C above the 1906-1999 average), confirming model-based
analysis that continued warming will likely further reduce flows. Whereas it is virtually certain that warming
will continue with additional emissions of greenhouse gases to the atmosphere, there has been no
observed trend toward greater precipitation in the Colorado Basin, nor are climate models in agreement
that there should be a trend. Moreover, there is a significant risk of decadal and multidecadal drought in
the coming century, indicating that any increase in mean precipitation will likely be offset during periods of
prolonged drought. Recently published estimates of Colorado River flow sensitivity to temperature
combined with a large number of recent climate model-based temperature projections indicate that
continued business-as-usual warming will drive temperature-induced declines in river flow, conservatively
—20% by midcentury and —35% by end-century, with support for losses exceeding —30% at midcentury
and —55% at end-century. Precipitation increases may moderate these declines somewhat, but to date no
such increases are evident and there is no model agreement on future precipitation changes. These results,
combined with the increasing likelihood of prolonged drought in the river basin, suggest that future climate
change impacts on the Colorado River flows will be much more serious than currently assumed, especially if
substantial reductions in greenhouse gas emissions do not occur.

Plain Language Summary Between 2000 and 2014, annual Colorado River flows averaged 19%
below the 1906-1999 average, the worst 15-year drought on record. Approximately one-third of the flow loss
is due to high temperatures now common in the basin, a result of human caused climate change. Previous
comparable droughts were caused by a lack of precipitation, not high temperatures. As temperatures increase
in the 21st century due to continued human emissions of greenhouse gasses, additional temperature-induced
flow losses will occur. These losses may exceed 20% at mid-century and 35% at end-century. Additional
precipitation may reduce these temperature-induced losses somewhat, but to date no precipitation increases
have been noted and climate models do not agree that such increases will occur. These results suggest that
future climate change impacts on the Colorado River will be greater than currently assumed. Reductions in
greenhouse gas emissions will lead to lower future temperatures and hence less flow loss.

1. Introduction

A large number of studies over the last 25 years have considered the future runoff of the Colorado River
(Figure 1) under climate change. Nearly all of these studies have cautioned that future warming will
deplete the flow of the river, but the results have varied from minor to major [Nash and Gleick, 1991;
Christensen et al., 2004; Milly et al., 2005; Brekke et al., 2007; Christensen and Lettenmaier, 2007; National
Research Council, 2007; Seager et al., 2007; Barnett and Pierce, 2008; Ray et al., 2008; Barnett and Pierce,
2009; Rajagopalan et al., 2009; Cayan et al., 2010; Reclamation, 2013; Harding et al., 2012; Seager et al.,
2012; Vano et al., 2012; Ficklin et al., 2013; Vano et al., 2014; Ayers et al., 2016; Milly and Dunne, 2016]. In
contrast, the latest U.S. Government assessment implies little or no change is likely because precipita-
tion increases will be sufficient to maintain temperature-depleted flows [Reclamation, 2016]. Fifteen
years into the twenty-first century, the emerging reality is that climate change is already depleting
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Figure 1. Map of the Colorado River Basin. Lower and Upper Basins, major U.S. cities receiving Colorado River water, major tributaries, and
Lakes Mead and Powell are shown. The Central Arizona Project canal in red.

Colorado River water supplies at the upper end of the range suggested by previously published projec-
tions. Record setting temperatures are an important and underappreciated component of the flow
reductions now being observed.

Between the start of the drought in 2000 and the end of 2014, our analysis period, annual flow reductions
averaged 19.3% below the 1906-1999 normal period, and Lakes Mead and Powell, the nation’s two largest
reservoirs, ended the period at approximately 40% of maximum volume despite starting the period nearly full
[Wines, 2014; Colorado River Basin Stakeholders, 2015] (Figure 2a). This drought has continued into 2015 and
2016 with higher, but still below normal, flows estimated at 94% in 2015 and 94% in 2016 with unusual late
season May and June precipitation in both years that raised runoff by nearly 20% [Alcorn, 2015, 2016]. Despite
these smaller recent reductions, Lake Mead continues to decline and in May 2016 it hit a level not seen since
its initial filling in the 1930s [James, 2016]. The overall Colorado River reservoir system stores 4 times the annu-
al flow of the river, one of the largest ratios in the world. This storage provides a large drought buffer when
full. However, when the reservoirs are low, shortage risk can be high for years because high demands, now
equal to twentieth century average flow, make it difficult to refill system storage [Reclamation, 2012]. While
the multiyear California drought has been garnering more national attention, the more slowly unfolding Colo-
rado River drought is every bit as serious and also has national and international ramifications [Wines, 2014].

The Colorado River Basin encompasses seven states and northern Mexico and is home to 22 federally recognized
tribes. The river provides municipal and industrial water for 40 m people distributed across every major South-
western city both within and without the basin, including Los Angeles, San Diego, Las Vegas, Phoenix, Tucson,
Salt Lake City, Denver and the entire Front Range of Colorado, Albuquerque, and Santa Fe [Reclamation, 2012].

Continued low flows would result in additional declines at Lake Mead, eventually requiring Lower Basin
(Arizona, California, Nevada) water delivery shortages with mandatory cutbacks imposed primarily on
Arizona, but also Nevada and Mexico [Verburg, 2011]. At the same time, Upper Basin (Colorado, New Mexico,
Utah, Wyoming) water users would continue to endure physical shortages from a lack of water. These initial
Lower Basin Lake Mead delivery shortages and Upper Basin physical shortages are manageable to a point;
however, under current operating rules with continued low flows during the next 6 to 8 years Lake Mead
would drop to elevation 305 m (1000 feet) above sea level, resulting in a number of serious and unprece-
dented problems [Collum and McCann, 2014].

In the Lower Basin, Arizona could theoretically lose its water allocation for the entire Central Arizona Project
canal, a critical $4.4B, 530 km cross-state 2 bcm/yr water source for 4.7 m people, multiple sovereign Indian
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Figure 2. (a) Lakes Mead and Powell combined monthly contents. Upper Basin annual Colorado River (b) runoff at Lees Ferry from 1906 to
2014, (c) precipitation and (d) temperatures from 1896 to 2014. Mead first filled in 1935, Powell in 1963 (supporting information Text S1).
Two 15-year drought periods, 1953-1967 and 2000-2014, are highlighted and discussed in main text.

nations, and over 120,000 irrigated hectares [Glennon, 1995; Colorado River Basin Stakeholders, 2015]. This
canal currently relies on occasional but uncertain “equalization” releases from Lake Powell that only occur
with irregular and rare large Powell inflows. The extra water is delivered when Lake Powell reaches levels
substantially higher than Lake Mead, a use allowed under the 1922 Colorado River Compact section Il (e)
and formalized most recently under rules established in a 2007 Record of Decision for coordinated opera-
tions of Lakes Powell and Mead and for shortage sharing in the Lower Basin [Department of Interior, 2007].

Under normal operating rules, without these extra inflows, Lake Mead has excess outflows of 1.5 bcm per
year, the so-called Lower Basin “structural deficit” [Collum and McCann, 2014]. The structural deficit was cre-
ated in 1968 when Congress authorized the Central Arizona Project (CAP). In order to obtain the support of
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the large California Congressional delegation, Arizona agreed to rely on this unused, but in the long run
unreliable water, because there was not enough remaining unallocated Lower Basin water. The CAP had
long been a desire of Arizona and the state was willing to make this bargain despite its flaws [Johnson,
1977]. This same water is first available for use by the Upper Basin under the Colorado River Compact, but
heretofore has not been developed for Upper Basin use. A plan to augment the Colorado River with flows
from outside the basin, discussed during the hearings on the legislation, but not included in the final pack-
age due to opposition from potential source areas, was never revisited by Congress. Reclamation in 2011
said that such augmentation was now unlikely.

The structural deficit only became a problem when the CAP was fully completed in the mid-1990s com-
bined with the drought that began in 2000. Upper Basin demand growth has also played a small role,
although Upper Basin demands are still much less than forecast in 1968 for the year 2000 [Tipton and
Kalmbach, Inc.,, 1965; Johnson, 1977]. The recent Lake Mead declines are strongly influenced by this
imbalance, and solutions to this deficit have been a recent focus of the Basin states and federal government
[Central Arizona Project, 2016; Davis, 2016].

The Upper Basin also has serious issues, one of which ripples into the Lower Basin. When the surface of
Lake Mead declines to an elevation 305 m (1000 feet) above sea level, Lake Powell will also be below its
minimum power pool 75% of the time [Collum and McCann, 2014]. This occurs in part because low Mead
levels make “equalization” releases from Powell more likely thus driving Powell lower. Hydropower losses at
Lake Powell could result in substantial rate increases for irrigators who rely on the reservoirs for long term
lower cost power contracts, and would also dry up funding for basin-wide programs necessary for water
delivery environmental compliance [Adler, 2007; Collum and McCann, 2014]. Under such low reservoir condi-
tions, there is also a high likelihood that the Upper Basin states would have to curtail existing water deliver-
ies to cities such as Denver, Colorado Springs, Albuquerque and Salt Lake City in order to make required
deliveries to Lake Mead. Heretofore, largely because of the structure of the Colorado River Compact, the
Upper Basin and Lower Basin have been managed separately. With permanent flow declines of approxi-
mately 20%, however, the required deliveries to Lake Mead would become a hardship on the Upper Basin,
as well as create Lower Basin delivery shortages [Reclamation, 2007; Barnett and Pierce, 2009; Rajagopalan
et al, 2009]. The original compact, signed during one of the wettest periods in the last 450 years
[Woodhouse et al., 2006], did not envision how large scale flow declines would be managed between the
basins, and such declines could cause an allocation crisis between the Upper and Lower Basins [Adler, 2008].

Understanding the cause of, and reacting properly to, the ongoing drought is critical to the future of the
Southwest. Herein we investigate the role of precipitation versus temperatures as causes of the current
drought, provide temperature-based and precipitation-based twenty-first century flow projections and pro-
vide policy implications of these findings. Our approach separates the impacts of high-confidence tempera-
ture projections from those associated with the much lower-confidence projections of future precipitation
using a simple but powerful sensitivity technique. Moreover, we make a novel—and important—case that
there is a high likelihood that the impacts of continued atmospheric warming will overwhelm any future
increases in precipitation because prolonged dry periods lasting multiple decades are likely to negate the
beneficial impacts of additional precipitation during other times.

2. Causes of the 2000-2014 Drought

The 2000-2014 drought is defined by the lowest average annual flows for any 15-year period in the histori-
cal record. To analyze this drought, gridded 4 X 4 km temperature and precipitation data from 1896-2014
for the area above Lees Ferry were obtained from the Precipitation-Elevation Regression on Independent
Slopes (PRISM) model [Daly et al., 1994; Guentchev et al., 2010; Oyler et al, 2015a, 2015b; Rangwala et al.,
2015]. In addition, we obtained reservoir contents and natural flows at Lees Ferry from the U.S. Bureau of
Reclamation (Reclamation) (Text S1). Lees Ferry is situated just below Lake Powell and is the Compact divid-
ing line between the Upper and Lower Basins. Approximately 85% of the flow originates above Lees Ferry
[Christensen and Lettenmaier, 2007].

Historically, Upper Colorado River Basin precipitation has been the main Colorado River runoff driver such
that high flow years (1920s, 1980s) were associated with high precipitation and low flow years (1930s,
1950s) with low precipitation (Figures 2b and 2c). The current drought (our study period is 2000-2014, but
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Table 1. Winter/Summer/Annual Upper Basin Mean Water Year Precipitation

1953-1967 2000-2014 1896-2014
mm mm mm
Anomaly % of Anomaly % of
Total Anomaly Mean (%) Total Anomaly Mean (%) Mm % Avg
Winter (Oct to Mar) 176 —16 —8.6 187 =5 =27/ 192 100
Summer (Apr to Sep) 184 =7/ —36 179 —12 —6.4 191 100
Total 359 —23 —6.1 365 —17 —4.6 383 100

the drought is still on-going), with its modest —4.6% precipitation decline and —19.3% flow decline, stands
in stark contrast to the second-lowest 15-year flow period (1953-1967), a precipitation-driven drought with
averaged precipitation reductions of —6.1% per year and flow reductions of —18.1% per year (Figures 2b
and 2c and Table 1). Compared to the 1950s drought, the 2000s feature much more (near normal) winter
precipitation (—8.6% 1950s decline versus —2.7% 2000s) and significantly less summer precipitation
(—3.6% 1950s decline versus —6.4% 2000s). The 2000s precipitation decline is only 75% of the decline in
the 1950s, thus begging the question of why the recent drought was more serious. What has changed is
that temperatures in the runoff producing Upper Basin are now 0.9°C above the 1896-1999 average and
are the highest in the gaged record; whereas temperatures during the 1953-1967 drought were much cool-
er and only slightly above the 1896-1999 average (Figure 2d and Table 2). This makes the current drought
unprecedented in the gaged record.

In contrast to the more precipitation-driven current California drought [Diffenbaugh et al., 2015; Williams
et al., 2015], lack of precipitation is only partially to blame for the Colorado River runoff declines during the
last 15 years. Instead, approximately a third, or more, of the recent Colorado River flow reduction is most
likely a result of record-setting warmth. Since 1988 an increase in the frequency of warm years has been
strongly associated with lower flows than expected [Woodhouse et al., 2016], suggesting an important role
for temperature in flow losses. Such temperature-driven droughts have been termed “global-change type
droughts” and “hot drought,” with higher temperatures turning what would have been modest droughts
into severe ones, and also increasing the odds of drought in any given year or period of years [Breshears
et al., 2005; Overpeck, 2013]. Higher temperatures increase atmospheric moisture demand, evaporation
from water bodies and soil, sublimation from snow, evapotranspiration (ET) from plants, and also increase
the length of the growing season during which ET occurs [Pitman, 2003; Weiss et al., 2009; Seneviratne et al.,
2010; Seager et al., 2015a]. Warm season (April to September) warming has been identified by models as
especially important in reducing Colorado River flows because of the increases in ET from longer growing
seasons [Das et al., 2011]. Increases in measured vapor pressure deficits in the Southwest caused by warm-
ing and a decrease in water vapor provide strong support for higher ET during the recent drought [Seager
et al., 2015b]. As increasing temperatures drive further drying, additional positive feedbacks are possible in
the form of lower humidity and less evaporative cooling, decreased cloudiness and increased incident radia-
tion, as well as decreased snow cover and more radiative heating [Betts et al., 1996; Brubaker and Entekhabi,
1996; Pitman, 2003; Seneviratne et al., 2010]. In the twentieth century, droughts were associated almost
exclusively with a lack of precipitation. In this century, however, high temperatures alone can lead to anom-
alously dry conditions.

3. Estimates of 2000-2014

Table 2. Upper Basin Water Year Flows and Temperatures Temperature_|nduced Flow

Average Annual
Average Annual Flow Temperature Loss

°C Anomaly to Over the last several years several

Period bcm % 1906-1999 °C 1896-1999 studies specific to the Colorado River
1953-1967 1538 819 7.0 0.2 Basin have investigated the specific
2000-2014 15.15 80.7 7.7 0.9 relationships among temperatures,
1906-1999 1877 1000 68 00 recipitation and flow in the basin
1906-2014 18.27 973 69 0.1 precip

using the concepts of temperature
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sensitivity and precipitation elasticity [McCabe and Wolock, 2007; Nowak et al., 2012; Vano et al,, 2012, 2014; Vano
and Lettenmaier, 2014]. Temperature sensitivity is defined as the percent change in annual flow per degree rise
in annual temperature. Precipitation elasticity is defined as the fractional change in annual flow divided by the
fractional change in annual precipitation [Vano et al, 2012]. Note that elasticity has been studied for both
increases and decreases in precipitation, whereas sensitivity is typically investigated only for temperature
increases. These numbers can be determined empirically and through model studies.

Previous studies on temperature sensitivity and precipitation elasticity show that future impacts to stream-
flow from increases in temperatures and changes in precipitation can be considered separately using sensi-
tivity and elasticity, and then added together to produce flow estimates [Vano et al, 2014; Vano and
Lettenmaier, 2014]. Considering these effects separately and additively is a powerful conceptual tool for
investigating climate change impacts because of the ease in measuring the two variables for current
impacts and the wide availability of temperature and precipitation projections from global climate models
for assessing future impacts. In addition, the large differences in certainty associated with future changes in
the two variables (temperature will surely increase, whereas precipitation may increase or decrease—see
below) helps to set apart the risk of future changes in flow associated with each variable.

Vano et al. [2012, 2014], McCabe and Wolock [2007], and Nowak et al. [2012] provide multiple estimates of
the flow sensitivity of the Colorado River flow to temperature using three different methods. Vano et al.
[2012, 2014] utilized six high-resolution, commonly used hydrology models and two different temperature
adjustment methods to obtain Lees Ferry temperature sensitivities. They report an average sensitivity of
—6.5%/°C warming with a one standard deviation range from —3.0% to —10.0%/°C for the Upper Basin.
Approximately 50% models show increasing sensitivity and 50% decreasing sensitivity as temperatures
warm so we elect to use a constant sensitivity over all future temperatures. McCabe and Wolock [2007] con-
structed a simple water balance model that infers an average temperature sensitivity of —8.9%/°C and
Nowak et al. [2012] found an empirical temperature sensitivity of —13.8%/°C.

We use the complete one standard deviation range (—3%/°C to —10%/°C) of the Vano et al. [2012, 2014]
temperature sensitivity estimates as they were the most conservative and rigorous of the three studies we
investigated. Using this range, we found that recent warming of 0.9°C has likely already reduced river flows
from —2.7% to —9% from the mean 1906-1999 flow. This represents approximately one-sixth to one-half
(average of one-third) of the total flow loss during the 2000-2014 drought.

The higher temperature sensitivities of the two other studies suggest the actual Colorado River temperature
sensitivities are near the upper end and possibly exceed the Vano et al. [2012, 2014] estimates. These higher
sensitivities imply much greater temperature-induced losses during the current drought (—7.9% to —12.3%
versus —2.7% to —9%). Empirical results from the 2000 to 2014 drought also point to mid to high tempera-
ture sensitivities. Vano et al. [2012] report precipitation elasticities ranging from 2 to 3 at Lees Ferry. Thus,
using a midrange precipitation elasticity of 2.5, the 2000-2014 annual —4.6% precipitation decline implies
runoff reductions of —11.4%, leaving the remaining —7.9% decline to be explained by other causes. If tem-
perature were the sole cause of this remaining decline, the inferred temperature sensitivity is —8.8%/°C.
Using a precipitation elasticity of 3.0 implies a temperature sensitivity of —6.2%/°C, very close to the mid-
range Vano et al,, sensitivity. These temperature sensitivities imply large losses as temperatures rise, the
subject of the next section.

4. Twenty-First Century Flow Response to Changing Temperatures and
Precipitation

For the analysis on how future temperatures and precipitation would affect runoff, and for investigating how
well current linked climate-hydrology models can reproduce the current drought, we used Reclamation’s cli-
mate projection data sets [Brekke et al., 2013, 2014]. These data sets use Coupled Model Intercomparison Pro-
ject 3 and 5 (CMIP3, CMIP5 after the class of climate models used) climate model projection data linked to the
Variable Infiltration Capacity hydrology model to produce flows from 1950 to 2099 (supporting information
Text S2, Figures S2, and S3)] [Liang et al., 1996; Meehl et al., 2007; Moss et al., 2010; Taylor et al., 2012].

The same temperature sensitivity and precipitation elasticity numbers discussed above can be used to esti-
mate future flow reductions using climate model outputs under high (business-as-usual, SRES A2 and
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RCP8.5) and moderate (somewhat reduced by mitigation, SRES A1B and RCP4.5) greenhouse gas emissions
to the atmosphere. By 2050, moderate and high emissions are projected to yield Upper Basin mean warm-
ing of 2.6-2.8°C (Figure 3), three times recent warming, and by 2100, warming of 3.6°C under moderate
emissions and 5.4°C under high emissions. This warming implies total multimodel mean temperature-
induced flow losses at midrange sensitivity of —6.5%/°C of about —17% by midcentury and —25% to
—35% at end-century (Figures 4 and 5). The multimodel mean complete flow loss range over both periods
and both emissions is approximately —8% to —55% using the lower and upper temperature sensitivities
(Figures 4 and 5). As discussed above, there is little empirical evidence that the true temperature sensitivity
of flow to temperature increase is near the low sensitivity.

Temperature-induced losses may be somewhat buffered by projected additional precipitation that can increase
runoff by 2-3% for every 1% change in precipitation [Vano et al,, 2012]. At midcentury precipitation increases of
+4-+11% given a midrange elasticity of 2.5 would balance the range of temperature-induced flow losses at a
midrange—6.5%/°C sensitivity (Figure 5, right y axis). At end-century, with the same sensitivity and elasticity,
additional precipitation increases of +4-+20% would balance the range of possible temperature-driven losses.
At a higher —10%/°C sensitivity, the balancing precipitation would need to be as great as +15% or more at
midcentury and +22% or more at end-century. While these may seem like relatively small increases in precipita-
tion, and thus possible, they would represent a major and unprecedented change in precipitation regime com-
pared to the observed historical variation in precipitation (Figure 2c). During the twentieth century, for example,
the wettest 10-year period (1983-1997) had only a +8% precipitation increase. This unusual period was marked
by major floods downstream of Lakes Powell and Mead due to uncontrolled reservoir spilling and the near cata-
strophic loss of the spillways at Glen Canyon Dam [Udall, 1983].

Vano and Lettenmaier [2014] argue that the sensitivity-based approach used in our projections provides
similar estimates of future streamflow to those generated with more computationally intensive coupled-
model methods, except for some (i.e., 10%) overstatement of flow reductions at the highest levels of possi-
ble warming by 2100 (e.g., the business-as-usual SRES A2 scenario used in the CMIP3 projections and the
RCP8.5 in the CMIP5 projections). This would reduce the end of century high emissions mean flow reduc-
tions shown in Figure 5 to a still very significant —45% by 2100.

Recent studies have suggested that CO, fertilization may increase plant water efficiency thus reducing
future evapotranspiration which could serve to mitigate our projected losses [Milly and Dunne, 2016; Swann
et al, 2016]. Both studies call into question results that show large portions of the globe drying in the
twenty-first century [e.g., Dai, 2012; Cook et al.,, 2014]. However, Milly and Dunne [2016] and Swann et al.
[2016] show that, despite this increase in plant water use efficiency, the Southwestern US will still dry, a
finding that is consistent with multiple global assessments showing substantial drying risk to midlatitude
areas such as the Colorado River Basin. Moreover, a recent Australian study found that higher
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Figure 3. Probability density functions of Upper Colorado River Basin temperature projections for midcentury and end-century under
moderate (SRES A1B and RCP4.5) and high (SRES A2 and RCP8.5) emissions.
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Figure 4. Probability density functions of Upper Colorado River Basin temperature-induced flow reductions for midcentury and end-
century with the three temperature sensitivities (—3%, —6.5%, —10%) and the two levels of emissions (Moderate: SRES A1B and RCP4.5
and High: SRES A2 and RCP8.5).

evapotranspiration associated with the increased plant growth stimulated by higher CO, outweighed any
CO,-related water-use efficiency effect, and served to reduce streamflows in semiarid regions [Ukkola et al.,
2015], a trend that must be exacerbated by the temperature-induced lengthening of the growing season.
These results suggest that plant physiological responses are likely consistent with our results, and in any
case, do not invalidate them.

5. Megadrought Risks to Flows

Megadroughts lasting decades in the Colorado River Basin have occurred in the past, with resulting substantial
flow reductions [Meko et al., 2007]. Multiple papers now suggest there is high twenty-first century risk for mega-
drought in the American Southwest and that the risk will increase as temperatures rise [Ault et al., 2014; Cook
et al, 2015; Ault et al., 2016]. In addition, current GCMs underrepresent the frequency of megadrought [Ault
et al, 2012, 2013]. These findings provide additional support for large flow reductions during at least multideca-
dal drought periods and suggest that current twenty-first century flow projections underrepresent this risk.

Significant Colorado River flow losses occurred during previous multidecadal megadroughts. During the
twelfth century, flow reductions of approximately —16% occurred during one 25-year period [Meko et al.,
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Figure 5. Temperature-induced flow losses by model run (one per dot) with temperature increases shown on horizontal axis. For each
period (midcentury, end-century) and emissions type (moderate, high), flow losses for each model run are shown with the 3 (low = —3%/
°C, medium = —6.5%/°C, high = —10%/°C) temperature sensitivities. Black dots/circles are averages/medians for each sensitivity. Precipita-

tion increases needed to counteract flow losses at right are based on 2.5 precipitation elasticity. Range for the temperature-induced losses
during 2000-2014 drought are shown in shaded brown at the top (supporting information Text S5).

2007]. Evidence indicates that hemispheric and Southwest temperature anomalies were significantly smaller
during past megadroughts than the rapid on-going current warming that could easily exceed 4-5°C by the
end of century under business-as-usual emissions [Salzer and Kipfmueller, 2005; Mann et al., 2009; Salzer
et al., 2014] (Figure 5). Using the additivity concepts discussed above, additional warming of 1°C, 2°C, or 3°C
beyond the historic twelfth century megadrought temperatures would have reduced the —16% flow
declines by an additional —6.5%, —13%, or —19.5% at medium temperature sensitivity. These additional

reductions would have thus turned a —16% flow decline into declines of —21.5%, —28%, or —34.5%, losses
near the middle of our projections.

There is recent strong evidence that continued warming over the next 80 years could increase the risk of
multidecadal drought [Ault et al., 2014, 2016; Cook et al., 2015]. Independent of the added drought risk due
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to continued warming, the risk of a 35-year precipitation-deficit drought later in this century exceeds 15%
within a 50-year period [Ault et al., 2014]. In contrast, with continued anthropogenic warming, the risk of
multidecadal megadrought in the Southwest increases to over 90% over this century if there is no increase
in mean precipitation; even if modest precipitation increases do occur, the risk will still exceed 70% [Ault
et al, 2014, 2016]. At medium warming (4°C), 20-30% precipitation increases will be needed to reduce meg-
adrought risk below 50% and at high amounts of warming (>6°C), it will take a ~40% increase in precipita-
tion to reduce megadrought risk below 50% [Ault et al., 2016]. These changes in precipitation are huge and
unlikely, and they would still only reduce megadrought risk to below 50%.

Both the CMIP3 and CMIP5 Global Climate Models may not adequately reproduce the frequency of occur-
rence of known past decadal and multidecadal precipitation droughts [Ault et al., 2012, 2013]. In the Colora-
do River Basin empirical evidence of this problem can be found in the linked GCM-hydrology model results
from Reclamation’s projections for the basin [Brekke et al., 2014]. Approximately half of the CMIP5 models
and one-quarter of the CMIP3 models cannot simulate the 2000-2014 drought at any point in the twenty-
first century (supporting information Text S3 and Tables S1-54). This wet bias significantly affects the mean
flows of drought-capable and nondrought capable models. At the end of the twenty-first century, the mod-
els unable to simulate the current drought are much wetter (109% of twentieth century average Lees Ferry
runoff for CMIP3, 113% for CMIP5) than the models that are able to simulate the current drought (85% of
average runoff for CMIP3, 91% CMIP5) (supporting information Tables S1-54). These flow differences are
greater than 20%, and represent the difference between serious management challenges and significant
oversupply.

6. Risk-Based Framing of Future Runoff Projections

At present, some outputs from global climate models are ready to support reliable risk-based policy while
others are not as ready. A key novel aspect of our research is to provide more insight into where confidence
is warranted, and where it is not, with respect to projections of future climate and flow change in the Colo-
rado River Basin. In the case of the Basin, every single moderate and high emissions model simulation
agrees that temperatures will continue to rise significantly with continued emissions of greenhouse gases
to the atmosphere—this result is robust, highly certain and well-suited for informing policy choices. The
fact that observations also show substantial warming only strengthens this assertion.

On the other hand, simulated future precipitation change in the Basin is clouded with much greater uncer-
tainty due to substantial disagreement among models and a highly uncertain ability to simulate realistic
change in key phenomena such as storm-track position or decadal and longer-scale drought. Whereas cli-
mate models are in general agreement that cool season (warm season much less certain) precipitation
declines are likely in the Lower Colorado River Basin, these same models disagree when it comes to the
sign and amount of precipitation change that is likely in the Upper Basin. This is because precipitation
change in the Upper Basin will depend heavily on the exact changes in the position of cool season jet
stream and storm-tracks, two aspects of climate change that are not simulated with confidence by global
climate models [Collins et al., 2013].

Moreover, there is strong evidence that the mean positions of both the jet stream and storm-tracks are like-
ly to push poleward, expanding the area of aridity in the Colorado River Basin, but the amount of this
expansion is poorly constrained [Collins et al., 2013]. Multiple studies, including some focused on the Ameri-
can Southwest, suggest that the proximate cause of this drying, Hadley Cell expansion, is already well
underway and will continue [Seager et al., 2007; Scheff and Frierson, 2012; Feng and Fu, 2013; Norris et al.,
2016; Prein et al., 2016].

Our results regarding future changes in Colorado River flows agree with many previous studies in sugges-
ting climate change translates to flow reductions, although our work is generally not directly comparable
because we separate out high confidence temperature-related impacts from the possible effects of much
less certain and highly variable precipitation projections. However, our work, as well as this larger body of
literature, appears to be at odds with the recent Reclamation projections for the Colorado River Basin, which
are widely cited and used. Reclamation’s projections use a global climate model output that is downscaled
to drive a hydrology model. It is worth understanding why our results emphasize substantially greater risks
along with apparently greater flow losses.
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The 2011 CMIP3 climate change flow projections by Reclamation indicate a modest multimodel median
flow decline of —9% by 2060 for the river, but with a wide range of outcomes from flow increases to flow
decreases [Reclamation, 2012] (supporting information Table S1). Reclamation’s most recent CMIP5 projec-
tions show no change in mean and median basin-wide flow by 2070s [Reclamation, 2016], but also embody
a wide range of results. Compared to CMIP3, the CMIP5 results show increased precipitation, especially in
the northern parts of the basin including Northeast Utah, Northwest Colorado’s Yampa River and the Green
River in Wyoming [Brekke et al., 2014; Ayers et al., 2016] (supporting information Tables S1 and S3). The
increased precipitation in the CMIP5 model runs compared to CMIP3 can be attributed to more southerly
storm tracks in CMIP5 that occur in late spring [Brekke et al., 2014].

Another issue arises in both the CMIP3 and CMIP5 data sets when GCM precipitation is adjusted by the
downscaling techniques necessary for off-line hydrology models. The first step in Reclamation’s downscal-
ing is a bias correction step. This step can add approximately 5% more precipitation to the raw GCM precip-
itation, and this increase appears to not have a physical basis [Reclamation, 2013; Brekke et al., 2013]. The
final downscaling step, spatial downscaling, also increases GCM precipitation, although there is at least a
plausible physical explanation for some of the increase: higher elevations in the Rockies receive large
amounts of precipitation, but these elevations are not properly modeled by the GCMs. In one study of the
CMIP5 data set after downscaling, dry and average models show precipitation increases of approximately
+~5% from the raw GCM output, but the wettest models show +~10% increases, doubling future precipi-
tation increases from +10% to +20% [Lukas et al., 2014]. This extra precipitation is manifested in a number
of hydrology model runs that project huge and implausible flow increases in some years that are 150% of
the highest known flows in the twentieth century (supporting information Text S4, Figures S2, and S3). The
downscaling wetness problem has been identified, but has not been not resolved [Lukas et al., 2014]. Recla-
mation acknowledges that the newer CMIP5 projections have not been determined to be better or more
reliable [Brekke et al., 2014]. It is noteworthy that internally consistent GCM-only Southwest runoff projec-
tions almost uniformly produce significant declines in both CMIP3 and CMIP5 runs [Milly et al., 2005; Seager
et al., 2007, 2012; Koirala et al., 2014; Milly and Dunne, 2016].

Our results are generally comparable to Reclamation’s most recent results when considering the full range
of our analysis when both precipitation and temperatures are included. However, our focus and emphasis is
on the large near-certain temperature-induced flow declines with a separate analysis of precipitation. Recla-
mation, by contrast, has a focused on climate multimodel-ensemble median declines, including medians
calculated across emission scenarios [Reclamation, 2013, 2012]. Decision makers often treat these median
outcomes as a proxy for risk despite the fact that the median obscures the wide range of results and lumps
wet and dry, warm and hot, large and small emission increases and, most critically, near certain temperature
increases and very uncertain precipitation changes.

We assert that the large precipitation increases necessary to offset substantial temperature-induced flow
decreases appear unlikely to occur for a number of reasons. These reasons include the potential for storm
tracks to go north of the basin due to Hadley Cell expansion, the high potential for megadrought to
increase evaporation while reducing precipitation and runoff for extended periods, the large size of the
needed precipitation increases, especially when compared to decadal historical increases, the consistent
identification by global assessments of the Southwest as an area likely to dry, and finally the lack of any
trend over the last century or last 16 years (Figure 2c). Hence, we choose to focus on highly likely
temperature-induced declines with separate analysis of the precipitation needed to offset these declines.

7. Policy Implications and Solutions

The climate science take-home messages for Colorado River managers are thus: (1) there is little doubt (i.e.,
high confidence) that temperatures will continue to increase as long as the emissions of greenhouse gases
to the atmosphere continue; (2) there is also high confidence that continued temperature increases will
cause river flows to decline, ranging from —11% to as much as —55% by end of century under moderate to
high emissions (Figures 4 and 5); (3) there is only low confidence associated with the possibility of storms
and precipitation in the Upper Basin increasing enough to even partially offset the temperature-driven
declines in river flows; (4) the risk of multidecadal megadrought in the Basin is significant even in the
absence of continued anthropogenic climate change, and this risk rises substantially with continued global
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warming; (5) the likelihood of drought and megadrought means that there will likely be decades-long peri-
ods with anomalously low runoff even if there is an increase in precipitation relative to the historical mean
during some other periods due to anthropogenic climate change.

Temperature-driven threats to the flows of the Colorado are thus large and real. The only way to curb sub-
stantial risk of long term mean declines in Colorado River flow is thus to work toward aggressive reductions
in the emissions of greenhouse gases into the atmosphere. Our work shows that modest (e.g., RCP4.5)
reductions in greenhouse gas emissions, while having better outcomes than the business-as-usual future
(e.g., RCP8.5), still imply large Colorado River flow losses.

The record warm nature of the on-going Colorado River drought indicates that this drought is not just a nat-
ural drought, and our work demonstrates that flows are unlikely to return to the twentieth century averages
if we only wait. Unusually wet periods like the 1920s and 1990s will still continue to occur, but they will co-
occur with higher temperatures that will increase water demand from plants, soil, snow, and humans.

Climate models and theory suggest that flow reductions would be more severe in the Southern portions of
the Upper Colorado Basin affecting tributaries such as the San Juan, Dolores, and Gunnison more severely,
with smaller impacts to more northerly tributaries such as the Yampa and Green [Ayers et al., 2016]. Such
spatial distribution would provide additional water management challenges in that the more southerly
basins have in general more people, infrastructure, and uses. Such a distribution would create new localized
water supply shortages in addition to the overall basin-wide issues.

Other known threats to streamflows include the potential large scale loss of conifers [Breshears et al., 2005;
Adams et al., 2009; Allen et al., 2010, 2015], and the impacts of dust on snow [Painter et al., 2010; Deems
et al, 2013]. These factors along with the observed and projected temperature-induced Colorado River flow
declines, the inability of many linked climate-hydrology models to simulate persistent droughts, and the
increasing likelihood of hot drought and megadrought, all imply that future Colorado River water supply
risk is high. It is imperative that decision-makers begin to consider seriously the policy implications of
potential large-scale future flow declines. Stable twentieth century Colorado River flow regimes may not
reoccur for many centuries—the time scale of climate system readjustment to the complete cessation of
greenhouse gas emissions [Solomon et al., 2009; Collins et al., 2013].

The Colorado River declines do not stand alone as the only warming-related threat to Southwestern water
supplies. The Rio Grande also has a grim prognosis [Reclamation, 2013; Elias et al.,, 2015]. The drought in
California has garnered national attention, and multiple studies have strongly implicated increasing temper-
atures as a contributor to these woes [Griffin and Anchukaitis, 2014; Belmecheri et al., 2016; Diffenbaugh
et al, 2015; Mann and Gleick, 2015; Seager et al., 2015a]. Southern California is particularly at risk, with a criti-
cal economy and a very large population, all coupled with a large reliance on both climate-threatened in-
state, as well as Colorado River, water.

Adjusting to the new reality of rapid climate change will not be an easy or fast task; water management and
water policy change slowly. The Colorado River is managed by a complex set of agreements, interstate com-
pacts approved by Congress, international agreements, legislation, and court decrees set in place over the last
100 years [Verburg, 2011]. Most agreements were derived from twentieth century state-based negotiations
with win/lose policy prescriptions that minimized basin-wide considerations of economic prosperity and
potential harm [Adler, 2008]. None expressly includes climate change risk management, nor the provision for
flow reductions that will be relentless on decadal timescales. New agreements often take years to put in place
[Department of Interior, 2007]. The recently proposed structural deficit solution [Central Arizona Project, 2016],
while important and laudable for the short term, will not solve the problem of large scale flow losses. With
reduced water supplies, much will have to change in these agreements to address equity, economics, and
social concerns on regional, state, basin-wide, and even national levels. Climate change threats to western
water supplies are very real, and should prompt great concern and urgency among both water managers and
the citizens of the Southwest.
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Disclaimer

Hydros Consulting Inc., the Colorado River District, and the Southwestern Water Conservation
District acknowledge that the findings presented herein are based on specific modeling assumptions
and are intended for discussion purposes only. Neither this Report, nor any of the findings contained
herein, represent an official or final position of the Colorado River District, the Southwestern Water
Conservation District or any other entity with respect to the law of the Colorado River or State of
Colorado water use, law, administration or policy. This study is a work in progress, and the
assumptions and conclusions are subject to future modification based on pertinent developments

and/or the intent of the proponents to study risk under different scenarios.
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I. Introduction

A. Background

The Colorado River Basin has experienced significantly lower than average annual flows since 2000.
Whether this is the result of a long-term drought or the new “normal” is subject to debate.
Regardless, average naturalized flows at Lee Ferry during the period 2000-2017 were approximately
12.6 million acre-feet (Maf)'". Storage levels in Lake Powell have remained below 65% full since 2000
(except for 2011; Error! Reference source not found.). In spite of a good snowpack in 2019 resulting
in an increase in storage from the previous year, Lake Powell remains just above half-full, and is
forecast to end 2019 about 58% full>. A repeat of the 1988-1993 or 2001-2006 severe drought periods
could threaten hydropower generation at Lake Powell and possibly the Upper Basin’s ability to meet
its obligations under the 2007 Interim Guidelines, the Colorado River Compact, or both. Note that
during both of those historical drought events which occurred prior to the 2007 Interim Guidelines,
Powell was releasing 8.23 Maf/yr. Under the 2007 Interim Guidelines, releases in non-equalization
years have averaged 8.8 Maf/yr.

Drought Contingency Plans (DCP) have been developed and approved for both the Upper and Lower
Basins. While those plans, if fully implemented, would reduce the risk of a Compact deficit or
critically low storage levels at Lake Powell, they may not completely eliminate the risks for the Upper
Basin States.

Concurrent with the DCP efforts, Colorado completed its Water Plan
(https://www.colorado.gov/pacific/cowaterplan/plan), which lays the foundation for a secure water
supply for the State. Point #4 of the Plan’s Seven Point Framework is to take actions that minimize
the potential for an involuntary Colorado River Compact curtailment. That objective, plus concerns
voiced by the Colorado River Basin Round Tables (BRTs) in a joint meeting in December 2014,
provided the catalyst for the Colorado River Risk Study.

B. Phase Ill Purpose and Scope of Work

From the original scope: “The purpose of Phase Il of the Risk Study is to build on Phases I and Il and
continue to answer Colorado River system risk questions asked by the West Slope roundtables in the
context of Colorado’s Water Plan and the development of the IBCC Conceptual Framework. Most
notably the Risk Study Phase Il will continue to address the IBCC Conceptual Framework Summary Point
No. 4 which states: An insurance policy that protects against involuntary curtailment is needed for
existing uses and some reasonable increment of future development in the Colorado River system, but
will not cover a new TMD.”

" http://www.usbr.gov/Ic/region/g4000/NaturalFlow/index.html
2 https://[www.usbr.gov/Ic/region/g4000/24mo/index.html
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Phases | and Il set the stage for Phase Il by evaluating system-wide risks in the Colorado Basin, and
also by developing a new approach to modeling both in-state (Colorado) impacts of potential
involuntary curtailment, and/or the development of a demand management program. This modeling
approach utilizes the State of Colorado’s StateMod water rights simulation model and Reclamation’s
CRSS (Colorado River Simulation Model). The models share data generated by evaluation of different
management, conservation, and administration scenarios, and can be used to better understand the
feedback mechanisms and relationships between in-State actions and Basin-wide conditions
(particularly at Lake Powell). In Phase Il we utilize these tools to revisit current and future risks, and
explore some potential approaches to involuntary curtailment.

Historical Lake Powell Storage Volumes

28,000,000
24,000,000
20,000,000
4516,000,000
L

& ®
& 12,000,000
8,000,000

January 2020

(Projected)
4,000,000
0

> D M P PN DX DD D DD

© > o) N 9

O r\o)(o O/)\ '\O;\ O r\oc)b '\0)0) '\O)o) "7,0 q,oo ’1/0 ’1/0 ’1/0

ST R S S AR S

Figure 1. Historical Lake Powell storage with January 1, 2020 projection based on July 2019 24-month study.

The tasks identified for Phase Ill included:

a. Update the Lake Powell risk analysis (likelihood of dropping below elevation 3525’ and
likelihood of not meeting the 75 or 82.5 Maf over 10 year obligations) from previous phases
to: 1) evaluate levels of risk using current demands as well as a reasonably probable
increment of future growth, and 2) evaluate the efficacy of the Lower and Upper Basin
Drought Contingency Plans (DCPs) in reducing or eliminating those risks.
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b. Obtain, review, and modify as needed the State of Colorado’s linked StateMod model. This
model version was used for the State’s Compact Compliance Study, which is being conducted
under the purview of the Attorney General’s office and remains confidential. The CWCB
made the model publicly available in early 2018 (minus any model assumptions regarding
future demands, hydrology, or analyzed approaches to administration of a Compact
curtailment).

¢. Evaluate a variety of scenarios in which an involuntary curtailment is applied to some or all
post-Compact rights. These scenarios include conceptual “allocations” of a Compact
shortage across basins and use-types, and include a variety of different deficit assumptions
ranging from a full Compact call to different consumptive use reduction target volumes.

d. Evaluate the impacts to Lake Powell levels and risk with a hypothetical 1.0 Maf non-equalized
demand management account. Volumes of 100 Kaf and 200 Kaf annually from the four Upper
Basin states are assumed to come from voluntary, compensated, and temporary reductions
in consumptive use. Colorado is assumed to contribute half of the total annual volume. Also
evaluate the recovery time required when using part or all of the non-equalized pool, and the
frequency and volumes of water supply deficit that the pool could not fully meet.

While Tasks A-C were completed as written with only minor modifications to scope, Task D will not
be completed as part of Phase Ill and instead may be re-scoped for a future Phase IV. After the
original scope and contract were approved, the 7 Basin States finalized, and Congress passed
legislation approving the DCPs and their accompanying agreements. Significant to this study is the
approval of a 500 Kaf storage account in one or more of the initial CRSP units that could be filled by a
(yet-to-be fully defined) demand management program in the Upper Basin. Our initial approach to
modifying the scope to align with the DCP was to reduce the volumes of both the demand
management storage account and the annual contributions by half, to match the DCP. However,
additional uncertainty exists over exactly when and under what circumstances water stored under
an Upper Basin demand management program would be released — and hence no specific policy to
follow when modeling these operations led us to postpone this task. In lieu of a full analysis of the
potential benefits of a demand management account, we provide additional post-processing analysis
of the one-time impacts such an account might have on Lake Powell elevations and Lee Ferry
volumes (see Section Ill.c.)

Il. Modeling Approach

Phase Il of the Risk Study? described a new approach to modeling the complexities of both in-state
water rights administration (using StateMod) and basin-wide “big river” operations (using CRSS).
StateMod* is a highly detailed model capable of simulating water rights administration within the
State of Colorado, and represents thousands of individual water rights, diversion structures and

3 Colorado River Risk Study, Phase Il Task 2 Final Report, Hydros Consulting Inc., 2018
4 https://www.colorado.gov/pacific/cdss/statemod
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reservoirs, as well as operating policies that govern numerous exchanges, instream flow
requirements, interstate compacts, and other water rights administration actions. StateMod also
includes the necessary physical representations of return flow timing and spatial distribution, and
naturalized inflows for historical hydrology to enable simulation of the results of the combination of
historical hydrology with current or future levels of demand. Herein it is used primarily to examine
how possible Compact administration protocols might be implemented, the impacts of those
protocols to each basin within Colorado, and the potential amounts of pre-Compact and post-
Compact depletions in each of Colorado’s west-slope basins.

CRSS is a comprehensive model of the Colorado River system, which simulates the policy-based
operations of the major Federal reservoirs as prescribed by the 2007 Interim Guidelines® and the
modified operations and water deliveries anticipated by the recently signed Drought Contingency
Plans®. The larger spatial scale of CRSS in comparison to StateMod necessitates a higher level of
spatial aggregation in representations both of inflow sources and smaller-scale water users, both of
which exist primarily in the Upper Basin. The large contract water users and sparse inflows in the
Lower Basin, as well as deliveries to Mexico, are also represented. CRSS simulations illustrate how
the operations of the large mainstem reservoirs are affected by basin-scale factors such as regional
hydrology and increasing demands due to regional population growth. In this study, CRSS allows for
the evaluation of systemic risks such as critically low Lake Powell elevations impacting power
generation and possible Compact deficits (flows past Lee Ferry), and is used to quantify the impacts
of in-state activities on these metrics.

All of the risk profile analyses for Lake Powell and Lee Ferry in this Phase of the Risk Study use the
linked StateMod/CRSS modeling tools previous developed in Phase Il. This approach allows us to
maintain consistency when modeling Colorado’s water uses across both models. Additional
information on the synchronization of the two models is provided in Section D below, while details
on the model run sequencing and hydrologic trace simulation protocols are in Section E.

Technical details relating to comparisons made between the models are summarized in Appendix A.
The versions of each model are listed in Appendix B, along with details on the process for obtaining
each model.

A. Common Assumptions

Previous modeling using CRSS utilized demand datasets from the Colorado River Basin Study’, which
all increase over time based on various growth rate assumptions. StateMod uses fixed demands
which do not vary over time, except to represent changes in irrigation water requirements due to
variations in temperature and precipitation. StateMod models of individual basins within Colorado
have differing lengths of hydrology data, and the linked StateMod model has a different hydrologic

> https://www.usbr.gov/Ic/region/programs/strategies/RecordofDecision.pdf
® https://www.usbr.gov/dcp/
7 https://www.usbr.gov/Ic/region/programs/crbstudy/info.html
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dataset than CRSS. Due to these differences, it was necessary to synchronize the demands and
hydrology between the two models, so that the coupled simulations used the same data to the
greatest extent possible.

All model runs for Phase Ill were carried out using fixed demand sets representing two different
levels of use: “current demands” and “future demands” (described below). Hydrology data is from
the years 1988-2015. This period is often called the “Stress Test”, due to its lower-than-average flows
(although it does include some periods of above average flows that are useful in simulating reservoir
recovery), and was used extensively in Reclamation’s modeling for the DCPs. Some hydrologic data
filling was required in StateMod, because none of the basin models have hydrology extending
through 2015.

B. StateMod Assumptions

StateMod simulations are carried out through a set of rules that execute in an order that follows the
priority system used for water rights administration in Colorado. These rules include representations
of direct diversions from streamflow, reservoir operations, exchanges, return flows, and many more
water rights operations.

1. Hydrology

The physical processes simulated in StateMod are incorporated into algorithms that estimate timing
and amount of flow, by accounting for the impacts of measured diversions and assumed return flows
on observed stream gage flows from the historical record. The process of developing these input
hydrologic datasets is described in detail in the modeling dataset documentation for each basin
model, which is provided online, along with a detailed description of the assumptions applied for
developing the demand dataset®.

2.Current Demands

Current demands in StateMod are generally based upon historical acreage of irrigated lands,
estimated crop water use requirements, and estimated system efficiencies. Historical and Baseline
demand datasets exist for each basin model, with the Baseline dataset representing the best
estimate of the demand for water by currently existing uses across the historical years of simulation.
The Baseline demand dataset was used for this analysis, with adjustments as described below in
Section Error! Reference source not found.. The total Baseline demand for depletions for the years
1988-2005 for the State of Colorado in StateMod is 2.803 Maf/yr. Annual supply shortages reduce
the amount by 0.271 Maf/yr. resulting in an average simulated baseline annual depletion of 2.532
Maf/yr for the years 1988-2005.

8 https://www.colorado.gov/pacific/cdss/modeling-dataset-documentation
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3.Future Demands

Demands for the “future conditions” scenarios were developed through cooperation with Basin
Roundtable technical representatives and staff from the two Conservation Districts. The purpose of
the future condition demands was solely to examine how an increment of additional depletions
could impact the risk profiles at Lake Powell and Lee Ferry. The identified increases in consumptive
use were a combination of additional use of existing rights/projects as well as new uses. When
available, Programmatic Biological Opinion (PBO) depletion allowances formed the basis for
“allowable” growth without any Federal re-consultation requirements. PBO depletion allowances
were used to set the future demand data for the Yampa, Gunnison, and Colorado mainstem basins.
The southwest basins (San Juan, Dolores, and various tributaries), and the White basin future
demands were developed primarily by in-basin BRT representatives with input from River District and
Southwestern District staff. A total of 26 new or enlarged water use demands were identified and
added to the model, consisting of agricultural, municipal, and industrial uses. The total increase in
demands across all Colorado basins under the future growth scenario total 384 Kaf, or an increase of
13.7% over current demand levels. Actual modeled depletions from these demands averaged 11.5%.

C. CRSS Assumptions

The reservoir operational policies that currently guide system operations most significantly are the
2007 Interim Guidelines for Coordinated Operations of Lakes Powell and Mead, and these Guidelines
are used as the operational policy throughout the simulation period. We recognize that the
guidelines will be replaced by a new agreement after 2026, and that operations from 2027 into the
future will likely be somewhat different. Nevertheless, absent a “better” guess at those future
operations, the 2007 Guidelines are used throughout.

1. Hydrology

Natural flow hydrology input data for CRSS is developed by the Bureau of Reclamation, based upon
the gage records of 20 stream gages in the Upper Basin, and 9 stream gages in the Lower Basin®.
The streamflow data from these gages are processed along with historical demand datasets to
calculate natural inflows. The demand sets used in development of the natural inflow data come
from the Consumptive Uses and Losses Reports prepared by Reclamation™. The differences
between the consumptive use amounts in the demand sets used for flow naturalization, and the
scheduled amounts of consumptive use anticipated in the various demand sets used in simulations,
are important to note and are discussed in detail in Appendix A.

2.Demands

CRSS contains spatially-aggregated representations of demands for depletions, and these demands
were compared to the corresponding demands in StateMod to provide context for differences in
simulation results. The basin-specific depletions simulated in CRSS were calculated through addition

9 https://www.usbr.gov/Ic/region/g4000/NaturalFlow/documentation.html
'° https://www.usbr.gov/uc/envdocs/plans.html#CCULR
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of computational sub-basins and a data object that summarizes depletions within each sub-basin.
StateMod depletions were aggregated by basin and compared to the corresponding values in CRSS,
and these comparisons are presented in Appendix A. The demands for all Upper Basin users outside
of the State of Colorado were set based upon the 2007 UCRC demand schedule, which is the most
recent UCRC demand schedule incorporated into CRSS. The demands for the Lower Basin were
drawn from the demand schedule provided for the 2007 Interim Guidelines FEIS, with updated
demands for Nevada from December 2016.

3.Drought Contingency Plans

The operations of the Upper Basin and Lower Basin DCPs are represented in CRSS as they were
implemented for the round of modeling carried out by Reclamation in October of 2017 to support
analysis of the impacts of the DCPs. These DCP implementations include re-operations of the Upper
Basin CRSP reservoirs, and mandatory contributions in the Lower Basin with progressively greater
reductions in use triggered as storage levels in Lake Mead decrease. The voluntary demand
management program and corresponding non-equalized storage account that are discussed as
potential options in the ratified version of the Upper Basin DCP are not explicitly included in CRSS,
but the potential benefits from such programs are considered in the analysis of risk presented in
Section IlI.

D. Model Synchronization

StateMod and CRSS are significantly different in terms of spatial and temporal resolution. The
greater resolution of StateMod within the State of Colorado led to implementation of a model
linkage where the portion of CRSS representing Colorado was replaced by StateMod.

1. Conceptual Linkage Implementation

The portions of CRSS that represent the State of Colorado were disconnected from the remainder of
the model at points corresponding to the gage nearest the State line in each of the West Slope river
basins. Table 1 lists these gages for each of the river basins on the West Slope of Colorado, along
with the node in StateMod representing that gage, and the link in CRSS where the existing
connection to the remainder of the Upper Colorado River Basin was replaced. The outflow
simulated by StateMod at each of the nodes in Table 1 was input directly into CRSS as a reach inflow
on a monthly timestep.

10
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Table 1. Gages Linking StateMod and CRSS

Linking Gage | USGSID__[ CRSS Link

Yampa Yampa River at 09260050 YampaAtDeerlodge.Gagelnflow
Deerlodge Park, CO
White White River near 09306500  WhiteNearWatson.Gagelnflow
Watson, UT
Sl o8 Colorado River 09163500  ColoradoNearCO_UTStateLine.Gagelnflow
& Gunnison near CO-UT State
Line
Dolores Dolores River near 09180000  DoloresNearCisco.Gagelnflow
Cisco, UT
McElmo* McElmo Creek' near 09372000 LowerSanJuanRiver:
CO-UT State Line
: BelowFourCorners.Locallnflow
Mancos* Mancos River near 09371000
Towaoc, CO
La Plata** La Plata River at 09366500
CO-NM State line .
Animas** Animas River near 09363500 SanJuansJTribs.Inflow2
Cedar Hill, NM

Los Pinos*** Los Pinos River at 09354500

La Boca, CO
Piedra*** Piedra River near 09349800 .
- Arboles, CO havafo.ltiow

San Juan*** San Juan River near 09346400
Carracas, CO
* %% *%* These outflows were combined using confluence objects in CRSS to enter the system as

aggregated flows at the specified links

Figure 2 displays the connections for the Yampa, White, Upper Colorado, Gunnison, and Dolores
Rivers, and Figure 3 displays the connections for the San Juan River and its many tributaries. These
monthly inflows are re-sequenced as part of the Index Sequential Method trace generation process,
along with the rest of the natural inflows in CRSS.

In the White and Dolores basins, the gages used to link the models are downstream of water users in
Utah that are not represented in StateMod, which ends at the State Line in each basin, above the
River Gages used for linkage. To account for this, the Utah depletions were subtracted from the
flows at the basin outflow nodes in StateMod. These Utah depletions total 6,487 AF/yr in the
Dolores River Basin, and 3,958 AF/yr in the White River Basin. Depletions of the San Juan River and
its tributaries outside of the State of Colorado are represented explicitly in CRSS, due to the
implementation of the linkage in those basins, which is depicted in Figure 3. The San-Juan Chama
Project depletions were removed from both the demands and the inflows in the linked StateMod
model since these uses occur in the Rio Grande basin in New Mexico, and are represented separately
within the CRSS model.

1
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Figure 2. Yampa, White, Upper Colorado/Gunnison, and Dolores Basin Linkages

12



Colorado River Risk Study - Phase Il Final Report

Dolores_5W Cluster
[—

CDsS_McEima

SanJuanUtahUses CDSS_Mancos

BelowFourComers oS5 1sPlata -
S1aboveNavajo Cluster
[E——

CDSS_Animas

CDSS_LosPinos

SanJuanNearBluff
CDSS_Piedra

CDSS_Sanluan

LowerSanJuanRiver
S3_Piedra

Navajo

SanJuansITribs

SanJuanRiverEnergyAndMIFarmToship B =]

= SIBelowNavajo
NenMexicoAgFarmToship  ABVShiprockWQIF
=
NavajolndianirigationProjectidIPandExparts

NewMexicoMiscellaneousUsesArchToFarm

NewMexicoAgricultureArctToF arm

Figure 3. Southwest Colorado Basin Linkages
2.StateMod Surrogate Years

The simulation period for the StateMod linked model ends in 2005, while the Stress Test period used
in CRSS covers the period 1988-2015. In order to fill in the years 2006-15 in StateMod, annual flow of
the Colorado River at the Colorado-Utah state line for each of the years 2006-2015 was compared to
the years 1909-2005, and the year with the closest total annual volume was selected as a surrogate.
Table 2 lists the years and percent differences in flow, calculated by subtracting the observed flow in
the recent year from flow in the surrogate year. The appropriate year-specific StateMod data from
each surrogate year was then appended to the linked model input datasets.

13
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Table 2. Surrogate Years for StateMod Extended Stress Test Simulation

Surrogate Year % Difference in Flow

1925 -0.7%
1991 0.5%
1938 -0.9%
1971 -0.1%
1991 0.3%
1917 0.0%
1981 3.0%
1940 0.1%
1948 -0.2%
1944 0.1%

E. Simulation Protocols

As discussed above, both CRSS and StateMod were configured to run over the period 1988-2015.
CRSS utilizes the Index Sequential Method (ISM) to generate multiple model runs using a single input
dataset. In ISM, each year of the simulation period is used once as the first year of a trace (a “trace”
as used herein describes one set of hydrology and demands that is run through the model). For the
Stress Test period, there are 28 years of data, and thus 28 different traces that comprise a single
CRSS scenario simulation. For example, when simulating the current demand schedule with the DCP,
CRSS will cycle through the dataset 28 times, each time using a different starting year. Each trace can
be thought of as a possible future, and we treat the 28 Stress Test traces as our collection of all
possible futures for this analysis. Within a single trace’s run, when the model reaches 2015, it loops
back to 1988 and continues. All of the data associated with a given year remain synchronized
through all the traces.

e Trace1:1988-2015

e Trace 2:1989-2015 + 1988

e Trace 3:1990-2015 + 1988-1989
e Trace 4:1991-2015 + 1988-1990

e Trace 28:2015 +1988-2014

StateMod does not have the ability to perform ISM-type simulations. However, the key outputs from
StateMod that feed into the CRSS simulations are flows at the Colorado state line. It is thus
straightforward to synchronize the StateMod outputs by year as inputs into the CRSS ISM method.

Model simulations in CRSS were carried out for each of the 28 traces for each scenario (e.g., current
demands + DCP, future demands + DCP, etc.). Post processing to develop statistics for the model
runs used the first 25 years of each trace, hence a total of 700 years (28 traces x 25 years per trace) is
used to generate the frequency data presented in the CRSS results.

14
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For the analysis of curtailment scenarios completed entirely in StateMod, we use both the linked
StateMod model as well as the individual sub-basin models. The results presented for the curtailment
scenarios (Section 1V) are generally developed from model outputs for the period 1988-2005. A
comparison of results from this subset of the available StateMod data shows only minor differences
in average consumptive use when compared to the full period of simulation.

lll. Analysis of “Big River” Risks

We evaluated the likelihood of reaching critically low Lake Powell elevations as part of Phase Il of
this Risk Study". That analysis used Reclamation’s CRSS model and demand schedules A and (a
modified version of) D1 from the 2012 Basin Study, which escalate over time. The increasing demands
in those data sets made it difficult to discern the impact of increasing demands as compared to
changes in hydrology. This modeling builds upon that analysis by examining the increased risk
associated with an increment of hypothetical future growth compared to current demands, both of
which are simulated at fixed levels throughout their respective simulation periods. In other words, it
was assumed that there were no changes in the current demands throughout the Baseline
simulation period, and the values for the future demands were fixed and did not escalate over time
in the “Future Demands” scenario. In addition, the recently completed and approved DCPs for both
the Upper and Lower Basins were re-evaluated, to determine the impact those plans have on the
risks associated with both current and future demand conditions. The DCP simulations include the
Lower Basin’s delivery reductions plus Mexico’s contributions under Minute 323. The Upper Basin
drought operations of CRSP reservoirs (Initial Units) is simulated, but no modeling of demand
management or the corresponding use of the 500 Kaf storage pool as approved by the DCP was
undertaken. We do provide a post-modeling analysis of the possible efficacy of a 500 Kaf demand
management account, but a more robust evaluation is needed to better understand how and when
such an account might be used. For these simulations, the 2007 Interim Guideline rules for Powell
and Mead operations as well as Lower Basin shortages persist for the entire duration of the runs (i.e.,
beyond 2026). January 1, 2019 data are used for Initial reservoir storages.

Four scenarios were evaluated, combining each of the current and future demand sets with river
operations both with and without the DCPs in place:

e Scenario 1: Current Demands Baseline (without DCP)
e Scenario 2: Future Demands Baseline (without DCP)
e Scenario 3: Current Demands + DCP

e Scenario 4: Future Demands + DCP

The risks of declining storage at Lake Powell and flow at Lee Ferry were analyzed for each scenario.
The risk of flows at Lee Ferry dropping below assumed critical levels is related to the risk of declining
storage at Lake Powell, but with the DCPs now in place, the timing of events and relative risks

" Colorado River Risk Study, Phase Il Task 1 Final Report, Hydros Consulting Inc., 2018

15



Colorado River Risk Study - Phase Il Final Report

needed to be revisited. We first address the timing and cumulative frequency of risk at Lake Powell,
followed by the Lee Ferry | Compact deficit analysis, and finally a short discussion of potential
demand management storage program benefits.

To be consistent with the modeling from previous Phases of the Risk Study, and to maintain
consistency with the analysis of the DCPs, this study uses elevations 3525’ and 3490’ at Lake Powell
as the indicators for critically low reservoir elevation. The origin of the use of the 3525’ threshold for
the DCP analysis is two-fold: 1) it represents the top of the Lower Elevation Balancing Tier from the
2007 Interim Guidelines, and 2) it is only 2.0 Maf above minimum power pool (3490’), and
Reclamation staff have indicated that they would get “nervous” about the use of the turbines and
power generation if Powell were to drop below 3525, because of possible air entrainment in the
turbines and other hydraulic issues. Elevation 3490’ is the nominal minimum power pool below at
which no generation is possible.

Analysis of risk at Lee Ferry uses 10-year flow targets of 82.5 Maf and 75 Maf, which are the two most
commonly cited volumes when defining a potential deficit or measuring compliance under Article
11(d) of the Compact. The hydrologic and demand assumptions evaluated in this study, including the
runs with additional future demands, did not produce 10-year flows below 75 Maf. Even so, it should
be noted that this may not suggest a zero likelihood of such an occurrence, because the hydrologic
data assumed for this study do not represent the full range of variability suggested in either the
paleo-hydrologic record, or in simulations of the potential impacts of Climate Change. This result is
also largely driven by the combined effects of the DCPs and the 2007 Interim Guidelines, which are
assumed herein to continue beyond 2026.

Note that exact calculation of the risk of a particular event happening at some point in the future is
only possible when the probability associated with all important factors is known. The deep
uncertainty evident in the hydrologic record and the extent to which it reflects future conditions,
combined with the uncertainty inherent in conflicting interpretations of guiding policy and
administrative assumptions necessitates quantification of the relative risk associated with alternative
policy actions that are controllable, such as implementation of DCP agreements, and incremental
development of additional depletions. The incremental changes to the baseline risk profiles resulting
from the modeling assumptions described above are analyzed here, solely to provide guidance in
evaluating future policy decisions.

A. Risk Profile for Lake Powell Elevations

The modeled likelihood of Powell dropping below 3525 and 3490 are presented in Figure 4 and
Figure 5, respectively. The plots show the cumulative frequency of modeled events. Recall that each
scenario consists of 28 different traces. If in a single trace (out of the 28 traces) Lake Powell drops
below the target level, that “event” is recorded. The timing of the event can be discerned from the
increase in the cumulative frequency, while the total number of traces experiencing the event is
shown as the maximum of the cumulative frequency plot.
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For example, in Figure 4, Scenario 3 has a maximum (cumulative) frequency of 43% (12 of 28 traces).
If our dataset of 28 “futures” are indicative of future hydrology, then there is a 43% likelihood of Lake
Powell reaching that critical level at some point in the next 25 years. Because the initial condition for
Lake Powell is relatively low (approximately 10 Maf), the majority of events when Powell hits 3525’
occur relatively early in the simulation, if at all. Over the 28 year Stress Test period, there are some
wetter years, and these wetter periods (particularly the late 1990s) refill the system enough so that
the very dry periods that follow do not cause Powell to drop to critical levels. It is interesting to note
as well that when the future demands scenarios are simulated (Scenarios 2 and 4), the frequency of
hitting 3525’ increases dramatically. The additional fixed demands in those Future scenarios is large
enough that even through the wetter periods, Powell does not recover sufficiently to be able to
make it through the dry years without going below 3525’. Finally, note that the DCPs provide a
greater benefit over time under current demand conditions as compared to future demands. This is
due to the essentially fixed magnitude of CRSP releases available under drought operations being
overwhelmed by the magnitude of shortages under the future demands simulation.
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Figure 4. Risk Profile for Lake Powell elevation 3525'.

The benefit of the DCPs is more apparent under future demands when looking at the 3490’ elevation
power generation threshold (Figure 5). Under the future demand scenario, the DCPs act to
significantly reduce the likelihood that Powell would drop below its minimum power elevation. This
result is expected, as the CRSP drought operations turn on, and the Lower Basin conservation
targets act to stabilize Lake Mead above elevation 1025’. With Mead stabilized above 1025, and
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Powell dropping into its Lower Elevation Balancing Tier, releases from Powell are likely to be closer
to 7.0 Maf than the 9.5 Maf maximum that is possible under the 2007 Interim Guidelines.

As with the 3525’ threshold, the impact of increased demands is also clear. The modeled increase in
Upper Basin depletions of ~11.5% roughly doubles the risk (likelihood of Lake Powell reaching that
critical level at some point in the next 25 years) at both the 3525’and 3490’ thresholds with the DCPs
in place.
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Figure 5. Risk Profile for Lake Powell elevation 3490'.
B. Risk Profile for Compact Deliveries

Exactly what the Upper Basin’s obligations are with respect to Lee Ferry “non-depletion” volumes
under the Colorado River Compact is the subject of much debate and uncertainty, and this study
makes no attempt to answer those questions. For this study, we analyzed the two most commonly
cited volumes, 75 Maf and 82.5 Maf, both of which are computed using a 10-year running total. These
represent the Upper Basin obligation under Article 111(d) of the 1922 Compact to “not cause the flow
of the river at Lee Ferry to be depleted below an aggregate of 75,000,000 acre-feet for any period of ten
consecutive years”, and an additional 750 Kaf annually, to reflect a conservative (i.e. disadvantageous
to the Upper Basin) interpretation of what the Upper Basin’s obligation may be under Article I11(c).
As mentioned above, the simulations in this study produced no instances of 10-year totals dropping
below 75 Maf. Minimum Lee Ferry volumes by scenario are shown in Table 3.
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Table 3: Minimum 10-year Lee Ferry volumes by scenario.

Minimum 10-Year

Scenario Volume at Lee Ferry (af)
Current Demands Baseline 80,414,547
Future Demands Baseline 78,681,420
Current Demands + DCP 78,650,744
Future Demands + DCP 77,221,987

Figure 6. Cumulative Frequency of Lee Ferry flows < 82.5 Maf [ 10-years.Figure 6 shows the
cumulative frequency of dropping below the 82.5 Maf threshold at Lee Ferry for each scenario. As
with the Powell elevation thresholds, the cumulative frequency statistic increases each time another
trace within a given scenario drops below the 82.5 Maf threshold. For example, by the end of the 25
year time horizon, all but three of the Scenario 4 traces (see purple line) has experienced at least one
year in which the trailing 10-year total was less than 82.5 Maf. Most of the Lee Ferry “deficits” at the
82.5 Maf threshold do not start occurring until 2024 or later. Because the model uses historical flows
as initial conditions, and those flows have generally been in the 9.0 Maf range for the past several
years, it takes several years of simulated Powell Releases of 7.48 Maf or lower before the 10- year
total drops below 82.5 Maf.
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Figure 6. Cumulative Frequency of Lee Ferry flows < 82.5 Maf [ 10-years.

19




Colorado River Risk Study - Phase Il Final Report

The typical pattern of higher risk with the future demands dataset seen in the Lake Powell results
carries through to Lee Ferry. However, note that the likelihood of a Lee Ferry deficit at the 82.5 Maf
threshold increases when the DCPs are implemented. This result is expected, because the DCPs act to
increase lake levels at both Powell and Mead. In doing so, the DCPs will tend to push Powell releases
into the lower end of the ranges that are prescribed for each operating tier. In particular, DCP
operations tend to keep Powell in the Mid-Elevation Release Tier for extended periods of time, by
maintaining elevations above 3525’ when possible. So instead of getting 9.0 Maf or 8.23 Maf
releases, the DCP scenarios tend to result in a lot more 7.48 Maf releases. And if Powell does drop
into the Lower Elevation Balancing Tier, it is more likely to have a 7.48 or even 7.0 Maf annual release
than 9.0 Maf or 9.5 Maf. This trend towards reduced release volumes at Powell with the DCPs in
place is further illustrated by Figure 7 and Figure 8. Under current demands, the likelihood of
dropping below 82.5 Maf increases from 28% to 39% when including the DCP. The volumes of deficit
increase as well, and the likelihood of a deficit greater than 1.5 Maf increases from 4% to 21%.

As seen above in Figure 4, the DCP operations do not significantly impact the cumulative frequency
of maintaining Powell Pool elevations above 3,525’ for the entirety of the simulation, but they can
prevent the onset of shortfall for long enough, or promote recovery more quickly, such that the
minimum elevation in Powell benefits significantly, as seen in Figure 5Error! Reference source not
found.. This difference in the lowest resulting storage amounts in Powell is seen in reverse at Lee
Ferry, as the amount of extra storage at Powell is equal to an amount not flowing past Lee Ferry.

Current Baseline Current DCP

I

Annual 82.5 Deficit Frequency by Trace Annual 82.5 Deficit Frequency by Trace

® None m <500,000 = <1,000,000 m <1,500,000 = > 1,500,000 ® None ®m <500,000 = <1,000,000 = <1,500,000 => 1,500,000

Figure 7. Current Demands Baseline and +DCP Risk Profile for Lee Ferry < 82.5 Maf. The volumes shown are
the maximum deficit volumes seen in each trace.

The elevated demands in the Future Baseline scenario result in more traces with simulated Lee Ferry
shortfalls, and shortfalls of greater magnitude, as compared to the Current Baseline scenario. Figure
8Error! Reference source not found. displays the distribution of maximum shortfall by trace, where
it can be seen that 86% of traces which include the DCP experience a shortfall, and the majority of the
shortfalls exceed 1.5 Maf.
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Future Baseline Future DCP

Annual 82.5 Deficit Frequency by Trace Annual 82.5 Deficit Frequency by Trace

= None M <500,000 = <1,000,000 m <1,500,000 m>1,500,000 ® None m <500,000 = <1,000,000 ® <1,500,000 = >1,500,000

Figure 8. Future Demands Baseline and +DCP Risk Profile for Lee Ferry < 82.5 Maf. The volumes shown are the
maximum deficit volumes seen in each trace.

1. Caveat to the Lee Ferry Analysis

As discussed above, the DCPs do a good job of protecting Lake Powell elevations, but actually
increase the frequency of 10-year Lee Ferry volumes dropping below 82.5 Maf. When these “deficits”
occur, they are often not caused by a lack of water in Powell, but instead by adhering to the policies
of the Interim Guidelines. If, as a matter of policy, the Upper Basin decided to ask Reclamation to
make additional releases to stay above the 82.5 Maf threshold, it is likely that a significant amount of
that deficit could be readily released from Lake Powell. As an example of the intertwined nature of
the risks at Lake Powell and Lee Ferry, Figure 9Error! Reference source not found. illustrates the
simulated pool elevation and 10-year rolling average Compact volume for the hydrologic trace
beginning in 2012. The dashed black line in the figure represents both the 82.5 Maf threshold for 10-
year flow at Lee Ferry (left y-axis), and elevation 3,525’ at Lake Powell (right y-axis). When Powell’s
elevation crosses the 3525’ threshold, both in decline and in recovery, it precedes the 10-year Lee
Ferry flow crossing the 82.5 Maf threshold, with a longer lag time between the two events in
recovery resulting from the operations dictated by the Interim Guidelines. In this example, by the
time the Lee Ferry deficit reaches its maximum in 2029, Powell has approximately 4.0 Maf in storage
above minimum power pool.

21



Colorado River Risk Study - Phase Il Final Report

100,000,000 . 3,700
Current Baseline
/\ - 3,650
95,000,000 ,/\’ N
- 3,600
90,000,000 -
/\ // - 3,550
85,000,000 - \ N/
Z - 3,500
80,000,000 -
- 3,450
75,000,000 - L 3,400
9 N M 5 A o NS oA o N D
[ A SO VU 2\ \Z\ c A\ M < M R M R o
R R R R R R R R R G OEIRCERY
NS S S S S S IR PR R
mmm Compact Volume Powell Elevation

Figure 9. lllustration of the linkage between Powell elevation and Lee Ferry 10-year volumes when operating
under the 2007 Interim Guidelines and Drought Contingency Plans

To investigate this phenomenon further, the 82.5 Maf deficit magnitudes were compared to the
amount of storage in Lake Powell above minimum power pool (3490’) that existed when those
deficits occurred. This analysis was carried out as a post-processing step for all four scenarios. The
analysis indicates that release of additional water from Lake Powell above the amounts dictated by
the Interim Guidelines could eliminate all but one of the Lee Ferry assumed 82.5 Maf shortfalls under
the Current Demands Baseline scenario. That single trace would require an additional 1.46 Maf to
maintain flows of at least 82.5 Maf. The Current Demands +DCP scenario would also have one
scenario in which the existing storage volumes above minimum power pool are unable to eliminate
the 82.5 Maf deficit. However, with the DCP in place, the volume of that remaining deficit is only
108,000 AF.

When looking at the Future Demands scenarios, a significant number of the 82.5 Maf deficits can be
eliminated by utilizing remaining Powell storage above 3490’ elevation. For the Future Demands
scenario, use of that water would leave 25% of the traces with a remaining deficit (compared to the
original 61%). The maximum remaining deficit from those traces is about 2.1 Maf. The Future
Demands +DCP scenario experiences shortfalls remaining in only 29% of traces, as compared to the
original deficit frequency of 84%. The maximum volume of those remaining shortfalls is 1.38 Maf.

The exact operational modifications at Powell that would result in release of these additional
amounts of water, above or below elevation 3490’, were not represented in the modeling, and the
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development of operational policy that could achieve such deliveries in compliance with existing
operational requirements was not considered as part of this analysis.

C. Effectiveness of a 500 Kaf Demand Management Account

The DCP legislation provides for the creation of a 500 Kaf account in one or more of the CRSP Initial
Units to be used, if needed, for Compact compliance. Because of uncertainty over the location and
operating policy for such an account, we did not attempt to model a comprehensive demand
management program in this study. In lieu of that, we analyzed how effective an existing 500 Kaf
account would be in offsetting the modeled deficits relative to the 82.5 Maf threshold for compact
accounting. This approach greatly simplifies the analysis by assuming that a full 500 Kaf account is
available at the onset of each event, and does not reflect the reality that longer term events or
events that occur more frequently would reduce the overall effectiveness of the program because of
the time needed to refill an account once it has been depleted.

Current Demands Baseline: 8 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf. If a 500,000 AF demand management storage account were available for
use at Lake Powell as contemplated in the Upper Basin DCP, it could be used to eliminate the
shortfalls in 3 of the 8 traces with deficits. Recall from the previous section that this does not include
the possible use of the additional storage below 3525’ and above the minimum power pool (3490’). If
additional storage above the minimum power pool is used, the deficits in all but one of the traces can
be eliminated. The amount of the remaining assumed shortfall at Lee Ferry in the one trace where
the shortfall could not be eliminated by release of the remaining water above power pool in Powell
would be approximately 962 Kaf.

Current Demands +DCP: 11 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf. (As noted above, the DCP increases the number of traces below 82.5Maf
because it generally reduces the average release from Powell). A 500,000 af demand management
storage account in Lake Powell would not fully offset the deficit in any of these traces. However, use
of remaining storage above minimum power pool would eliminate deficits in all of the traces.

Future Demands Baseline: 17 of 28 traces had at least one instance of the 10 year running total
dropping below 82.5 Maf in the future demands baseline. A 500 Kaf demand management storage
account would fully eliminate deficits in 3 of these 17 traces. Use of remaining storage above
minimum power pool would eliminate deficits in another 9 traces. 5 traces would contain shortfalls
after using both the demand management storage account and remaining storage above minimum
power pool, with a maximum shortfall of 1.6 Maf. The reduced effectiveness of the demand
management storage account in the Future Baseline, as compared to the Current Baseline, is the
result of the difference between Future and Current demands greatly exceeding the size of the
account when the annual demand difference (and hence reduced Lake Powell inflows) accumulates
over a ten year period.
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Future Demands +DCP: 24 of 28 traces had at least one instance of the 10 year running total dropping
below 82.5 Maf in the future demands plus DCP scenario. A 500,000 af account would eliminate the
deficit in 4 of these 24 traces. Use of remaining stored water above minimum power pool would
eliminate deficits in all but 5 of the remaining traces. The maximum remaining deficit after use of
Powell storage above minimum power pool is about 881 Kaf.

IV. Colorado River Depletion Analysis

The purpose of Tasks B and C was to develop a comprehensive understanding of the linked
StateMod model provided by CWCB, and then implement and analyze a variety of potential
curtailment scenarios for the Colorado River basins. StateMod represents in detail the water rights,
diversion structures, reservoirs, instream flow rights, exchanges, and numerous other processes that
characterize water administration in Colorado. Depletions in StateMod are summarized for the
structures included in the model, such as diversion ditches and reservoirs, and for aggregations of
structures, such as water districts, but depletions are not summarized in model output by water
right. Because of this, determination of the amount of depletions that are senior or junior to key
dates requires additional careful consideration.

A. Calculating Depletions at Specified Priorities

The methodology applied here for determination of amounts of depletions senior to key dates
required modification of the structure of existing StateMod models. An instream flow water
requirement was inserted above the downstream-most node of each StateMod model with a
decreed flow rate of 9,999,999 cfs, which is a sufficient amount to call out all water use junior to the
administration number of the instream flow requirement. Varying the administration number of the
instream flow requirement, and analyzing the resulting depletions was carried out to determine
amounts of depletions senior to dates of interest. Depletions were calculated using TSTool scripts
that retrieve results directly from the StateMod binary output files. Depletions simulated in
StateMod include consumptive use, reservoir evaporation, and transit losses.

This method of determining senior depletion amounts was tested by setting the call date to be
senior to all water rights on the Western Slope. The administrative date used for this confirmation
run was January 1, 1850. The only depletions simulated at this call date resulted from evaporation of
stored water that is present as an initial condition for each of the reservoirs in the model.

B. Depletions of Colorado River Water in Colorado

The first analysis undertaken with StateMod was to simply estimate the amount of consumptive use
of Colorado River water currently occurring in Colorado. Figure 10 shows minimum, average, and
maximum depletion values for the period 1988-2005. Variations in depletions are caused primarily by
changing hydrologic conditions from year-to-year, which in turn changes the frequency, timing, and
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depth of administrative calls in each basin. Total estimated depletions of Colorado River water
average just over 2.5 Maf for the simulation period.

Annual Depletions (acre-feet)

Basin Minimum Average Maximum
Yampa 173,547 196,982 215,193
White 48,550 62,060 70,397
Colorado 1,117,487 1,220,386 1,345,192

In-Basin 650,747 669,257 692,193
TMDs 466,740 551,129 652,999
Gunnison 480,358 551,150 599,762
Southwest 335,365 500,717 556,627
Total 2,155,307 2,531,296 2,787,171

Figure 10. Depletions of Colorado River water. From the StateMod Baseline model.
C. Pre-Compact Depletions

Of the roughly 2.5 Maf of depletions, we then quantified the proportion that could be attributed to
“pre-Compact” water rights. The depletions senior to two possible Compact administration dates
were quantified using administration numbers (aka Holt Numbers, developed by the Colorado
Division of Water Resources) and appropriation dates. The more senior of the two potential dates of
Compact administration is November 24, 1922, which is the date on which six of the seven Basin
States signed the Compact. The more junior of the potential dates is June 25, 1929 (administration #
29030), which is the date on which the Boulder Canyon Project act was signed into law by President
Hoover. The depletion amounts senior to these dates are displayed in Figure 11Figure 11, using both
the administration numbers and appropriation dates of each water right:
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Figure 11. Pre-Compact Depletion Volumes

These depletions are different from the historical depletions associated with water rights senior to
the Compact, due to historical use of water rights with priorities both senior and junior to the
Compact to irrigate the same lands. These levels of pre-Compact depletions are notably elevated in
comparison to some previous estimates, such as the estimate listed in the minutes of the 6™ meeting
of the Colorado River Commission, where an average total for the State of Colorado’s irrigation of
lands in production since 1920 was listed as 1,110,000 AF/yr. One of the sources of this difference is
the improvement in quantification of potential consumptive use in high altitude irrigation, and
another source of the difference is the enhanced efficiency with which pre-Compact water rights are
simulated to be used in times of a persistent call.

For the remainder of this report, the term “pre-Compact” will be used to refer to uses with
administration numbers senior to the 1922 date. Using the administration number approach will yield
the lower of the two volumes of pre-Compact usage, and hence is a conservative assumption for this
analysis. The lowest estimate of the amount of pre-Compact use is considered conservative because
it corresponds to the highest estimate of the amount of “post-compact” use that would be subject
to curtailment under the Compact. The average amounts of pre-Compact depletions by basin for
each basin in Colorado are listed in Table 4, along with the proportions each basin represents in
terms of total pre-Compact depletions. The Colorado main stem depletions in Table 4 are further
differentiated between in-basin uses and trans-mountain diversions (TMDs).”

2 The TMDs referred to in this Report divert water from the Colorado River main stem Basin into the South
Platte and Arkansas River Basins. There are a number of smaller post compact trans-mountain diversions that
divert from the San Juan and Gunnison Basins into the Rio Grande and Arkansas River Basins. These smaller
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Table 4. Pre-Compact Depletions by Basin

[Basin | Pre-Compact Depletions (AF/yr) | As Percentage of Statewide Total

Yampa 138,544 8.7%
White 50,173 3.1%
Colorado 594,169 37.2%
In-Basin 574,997 36.0%
19,173 1.2%
493,879 30.9%
322,561 20.2%
1,599,327 100.0%

D. Post-Compact Depletions

The difference between depletions simulated with and without a Compact call are depletions which
rely at least in part on post-Compact rights to meet their consumptive use needs. These depletions
are different from the historical depletions associated with post-Compact rights for reasons similar
to those that differentiate the pre-Compact depletions described in the previous section from the
historical depletions attributable to pre-Compact water rights. Average annual post-Compact
depletions for each basin are listed in Table 5, both as volumes and as the percentage they represent
of the statewide total. The percentages of total post-Compact use are used as the basis for
proportional distribution of curtailment volumes in some of the scenarios evaluated in Section V.

Table 5. Post-Compact Depletions by Basin

Post-Compact As Percentage of Each As Percentage of
s S e

Yampa 58,438 29.7% 6.3%
White 11,887 19.2% 1.3%
Colorado 626,216 51.3% 67.2%

In-Basin 94,260 14.1% 10.1%

TMDs 531,956 96.5% 57.1%
Gunnison 57,271 10.2% 6.1%
Southwest 178,157 35.6% 19.1%
Total 931,969 36.8% 100.0%

trans-mountain diversions were not split from the San Juan and Gunnison Basin values as was done for the
Colorado River mainstem.
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V. Curtailment Scenario Analysis

The State of Colorado, through the CWCB and AG office, has undertaken a Compact compliance
study, which remains confidential. The questions of how and under what conditions a Compact call
might be implemented are numerous and highly uncertain. Absent any known path forward if such a
situation arose, the WSBRTs wanted to have explored a variety of “what if”’ scenarios for
curtailment. These limited scenarios are not proposals for how to implement a call, but are instead
background information across a broad range of possibilities to allow for better understanding of
where the impacts may be and how those impacts may vary. The risk analysis presented in the
previous section indicates that evaluation of potential curtailment scenarios is a worthwhile step to
prepare for future negotiations. It should also be noted that additional potential administrative
scenarios are possible, but were beyond the scope of this phase of the modeling effort.

Note also that this analysis of curtailment scenarios is different from and should not be confused
with the ongoing discussions and activities related to demand management. Demand management
generally refers to the intentional conservation of water to be used to ensure Compact compliance
while avoiding the need for water administration to meet the Upper Basin’s obligations. A central
concept behind any demand management program is that it should be voluntary, temporary, and
compensated. The State of Colorado, through the CWCB and AG’s office has proceeded with its
2019 Work Plan for Intrastate Demand Management Feasibility Investigations”. See
http://cwcb.state.co.us/water-management/Pages/DemandManagement.aspx for more details.

A. Scenario Definitions and Rationale

A Compact call is different from a typical administrative call in terms of the time scale associated with
the upstream depletions that result in the shortfall addressed by the call, and this difference in time
scale suggests that the mechanism for most equitably distributing the cutbacks required by the call
could potentially be different for a Compact call, in comparison to a typical real time administrative
call. In most cases, for a typical administrative call, the diversions causing the shortfall are occurring
upstream of, and at the time of the call, by water users with priority junior to the water user
experiencing a shortfall.

A notable exception to this in current administrative practice relates to the administration of out-of-
priority upstream storage, which is codified in C.R.S § 37-80-120. Administration of out-of-priority
upstream storage is handled by allowing diversions by upstream water users that have a contingency
allowing the diversions to be retroactively called out, if the downstream senior right is unfulfilled at a
later date. This is conceptually similar to a Compact call, which would result from upstream use
junior to the Compact date that occurred at a time prior to the shortfall. The temporal disconnection
between the timing of shortfall and the timing of the water use that results in a Compact call is
greater than the disconnection involved in out-of-priority upstream storage, which indicates that
administration of a Compact call could be based upon long-term patterns of use.

The scenarios evaluated here represent potential methods for distributing the risk of future
curtailment inherent in the exercise of rights junior to a right not based upon instantaneous flow
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availability. Note that these scenarios were developed through multiple meetings and conversations
with various BRT groups, and are not intended in any way to represent a full set of “preferred”
approaches to possible Compact administration. They are illustrative of a range of possible
approaches to reducing consumptive use in an involuntary manner.

1. Direct Priority Administration

One method through which Compact administration might be carried out would be through direct
priority administration applied at the same level across all basins. In the direct priority administration
scenarios, a single administrative date was determined where uniform application of a call at that
date across all basins would result in an average depletion reduction of a specified amount. The
most stringent version of this scenario involves application of a call date equal to the date of the
Compact, because users senior to the date of the Compact are explicitly exempted from curtailment
by Article VIII of the Compact.

2.Basin-Specific Proportional Administration

Another hypothetical scenario for distributing the depletion reductions might be based upon
proportional amounts of post-Compact depletions by basin on a long-term average basis. This
method is conceptually equivalent to treating each of the basins’ group of post-Compact water users
as a single entity and assigning equal priorities to the entity representing each basin. So if a particular
basin depletes 10% of the State’s post-Compact water, it would be responsible for 10% of the state-
wide target volume for reduced use.

3.Export-Differentiated Proportional Administration

A second possible variant of the basin-specific method for distributing reductions in depletions was
to split the depletion reductions based on percentages of west-slope versus out-of-basin (TMD)
depletions. This differentiation groups the trans-basin post-Compact users as an administrative
entity separate from the post-Compact water users in the Colorado mainstem, from which the vast
majority of post-Compact trans-basin diversions in Colorado occur.

B. Targeted Yield Scenarios

A call amount less than full curtailment could result from a small shortfall at Lee Ferry, or through
negotiations that allow for multi-year curtailment which distributes the impacts of the call temporally
in @ manner similar to the temporal distribution of the depletions that caused the call. These
scenarios were compared to the results of a full curtailment scenario, so that the relative reductions
in the impact of the call in the targeted scenarios could be assessed. The administrative date of the
call for each of the targeted yield scenarios was determined at a monthly resolution, by identifying
the month in which the yield of the call switched from yielding less than the targeted amount to
more than the targeted amount. Yields exactly matching the targeted amount would require partial
curtailment of individual rights, and this analysis focuses on monthly call dates in recognition of the
complexity of administration to target yields at single-acre-foot precision. The Targeted Yield
Scenarios would result in different impacts to specific water rights compared to a full curtailment, as
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certain junior rights may be curtailed for longer periods while other more senior post-compact rights
might not be impacted at all.

1. Full Curtailment

The most straightforward scenario is that all post-Compact depletions would be curtailed. For this
scenario, a call was placed in each of the individual models at an 11/24/1922 priority, and the amount
of reduction in depletions compared to a no-call scenario was calculated on an annual basis for each
basin. The depletion calculations in the Gunnison were adjusted to remove the simulated depletions
associated with evaporation from the Aspinall Unit, which average approximately 23,000 AF/yr.
Evaporation from the Aspinall Unit is charged to each of the Upper Basin states on a pro-rata basis of
each state’s percent of total Upper Basin use, and so should not be counted as part of the Gunnison
basin’s depletion.

Table 6. Yield of Full Curtailment by Basin

Yield (AF) | Yampa | White | Upper In- TMD* Total
Colorado | Basin*

UL N (50,440 (10,262 | 527,154 84,234 437,510 42,522 137,840 804,133
Average 58,438 11,887 626,216 94,264 531,952 57,271 178,157 931,969
\EVdlt Y 1 68,468 | 14,146 | 722,609 104,681 633,182 87,150 232,037 1,056,021
*Sub-groups of Upper Colorado

The average yield of additional water flowing out of the basin under full curtailment for each basin is
essentially equal to the average amount of post-Compact use in each basin (with some minor
discrepancies due to evaporative losses, return flows, etc.), and the proportional amounts of post-
Compact depletions in each basin to the total were computed for use as the basis of the basin-
specific administration scenarios. These proportional amounts are displayed in Figure 12.
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Post-Compact Depletions

® Yampa

= White

= Colorado In-Basin
m Colorado TMDs

= Gunnison

= Southwest

Figure 12. Distribution of Post-Compact Depletions by basin. The total Colorado mainstem portion (67.2%) is
split into TMDs and in-basin uses.

2.State-Wide Target Volume Curtailments

As seen in Table 6, a full curtailment of all post-Compact water yields on average about 930 Kaf
annually. The next analysis was to look at partial curtailments implemented using single state-wide
call dates. For this exercise, we assumed three different target volumes (100 Kaf, 300 Kaf, 600 Kaf),
and determined the seniority of the call that would be required, basin-wide, in order to yield that
amount of reduced depletions. Using the linked StateMod model, calls were implemented for the
duration of the run period, and refined through iteration, until the call dates shown in Error!
Reference source not found. yielded the target volumes when averaged over 1988-2005. Note that
the call dates presented throughout this report are only determined to the month and year, as
described above. Refinement to estimate a specific day or even within a day was deemed
unnecessary for this level of analysis.

Table 7. State-wide call date to generate a given (average) reduction in annual consumptive use.

Target Volume All Colorado River

(acre-feet/yr) Rights
100,000 Jul 1957
300,000 Sep 1940
600,000 Aug 1935
932,000 Nov 1922
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Table 8 shows how those volumes would be distributed across the Colorado sub-basins. Note that
the distributions change with different target volumes, and are in some cases considerably different
than the distribution of all post-Compact rights seen in Figure 12 (and shown in the last rows of this
table). This is yet again an indication of how the timing of adjudication and development of water
varies across the basins. Basins that have a higher percentage at a given target volume as compared
to their Full curtailment percentage developed relatively more slowly than the state-wide average
rate of development between the Compact date and the date that produced the target volume, and
the converse is true for basins with lower percentages as compared to their Full curtailment
percentage. As an example of this type of interpretation of the results, the Gunnison basin
developed more quickly than average between November of 1922 and August of 1935, but more
slowly than average between November of 1922 and September of 1940.

As before, note that these are average values, and in any given year the volumes and percentages
may be higher or lower. The percentage and volume of each sub-basin’s post-Compact total water
use is also shown for comparison, listed as “Full” in the bottom rows of Table 8.

Table 8. Impact of a state-wide partial call by sub-basin and target volume. Percentages represent the
fraction of the target volume that would be curtailed in each sub-basin.

Target Volume Yampa White Colorado In-Basin TMDs Gunnison | Southwest
(acre-feet/yr)

100,000 28% 3% 59% 22% 37% 6% 8%

(Jul 1957) 27,627 2,753 59,124 22,309 36,815 5,925 7,528
300,000 16% 2% 59% 20% 39% 7% 13%
(Sep 1940) 47,987 5,325 177,976 59,918 118,058 20,862 40,233
600,000 8% 1% 55% 12% 44% 4% 19%
(Aug 1935) 49,679 8,478 331,556 69,452 262,105 26,163 113,862
Full 6% 1% 67% 10% 57% 6% 19%
58,440 11,888 626,171 94,403 531,834 57,273 178,163

3.Target Volume Curtailments based on a Pro-Rata Distribution

Another possible approach to curtailing a specific volume annually is to distribute the target volume
across the sub-basins based on each sub-basin’s share of post-Compact consumptive use. Using the
percentages from Figure 12, each sub-basin would be required to curtail the amounts shown in Table
9. For each of these volumes, for each sub-basin, a call date can be developed. Again, these dates
represent the call date that would be required across the years 1988-2005 to generate an average
annual volume of reduced depletions in the amount shown.
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Table 9. Sub-basin target volumes for a given state-wide target, based on pro-rata distribution of post-

Compact depletions.

Target Volume [Yampa White Colorado In-Basin TMDs Gunnison [Southwest

(acre-feet/yr) 6.3% 1.3% 67.2% 10.1% 57.1% 6.1% 19.1%
100,000 6,270 1,276 67,186 10,129 57,064 6,145 19,116
300,000 18,811 3,827 201,557 30,387 171,191 18,436 57,348
600,000 37,622 7,653 403,114 60,774 342,382 36,871 114,697
932,000 58,440 11,888 626,171 94,403 531,834 57,273 178,163

Results of this exercise are shown in Table 10. Comparing the pro-rata by sub-basin approach to the
state-wide curtailment approach reveals significant differences in the impact to individual basins, and
is again reflective of the differences in the timing and magnitude of water development across the
basins (Error! Reference source not found.Figure 13). The dates listed for the 100,000 AF scenario
roughly correspond to the date to which 1/9 of that basin’s depletions are junior, roughly 1/3 of each
basin’s depletions are junior to the date listed for the 300,000 AF scenario, and roughly 2/3 are junior

to the 600,000 AF dates.

Table 10. Individual Sub-Basin call dates to yield the pro-rata volumes shown. Values shown represent the

average reduced depletion over the period of simulation.

Target Volume |Y2ampa White Colorado  [Gunnison |Southwest
(acre-feet/yr) 6.3% 1.3% 67.2% 6.1% 19.1%
6,270 1,276 67,186 6,145 15,116
100,000
Jul 1972 Jul 1962 Jul 1957 | Nov 1957 | Sep 1940
18,811 3,827 201,557 18,436 57,348
300,000
Aug 1962 [ May 1955 | Nov 1935 | Apr1S55 Sep 1940
37,622 7,653 403,114 36,871 114,697
600,000
Jun 1952 | Jan 1938 | Aug1935 | Dec1933 | Nov 1935

33




Colorado River Risk Study - Phase Il Final Report

Comparison of Call Dates to Generate CU Savings: Pro-Rata by
% of Post Compact use vs. State-Wide Call
Nov 1982
Nov 1972
Nov 1962 —
Nov 1952 —
Nov 1942 —
Nov 1932 — - II—— I—— I—— I—
Nov 1922  WeEEES A ENINIn | o —— - ———
Yampa White Colorado Gunnison  Southwest State-Wide
m 100 KAF  m 300 KAF = 600 KAF

Figure 13. Graphical representation of data from Table 10.

4.Target Volumes on the Colorado Mainstem Pro-rata by in-basin and trans-mountain
diversions (TMDs)

The Colorado mainstem accounts for 67.2% of post-Compact depletions, and the necessary call dates
to achieve pro-rata curtailment volumes are shown above in Table 10 and Table 11. The timing of
development of in-basin uses versus TMDs in this basin vary considerably, and most large TMD
developments have rights dating from the mid-1930s to the late 1950s, which puts the pace of
proportional development of post-Compact TMDs significantly ahead of the pace of development for
in-basin post-Compact uses. For this analysis the target volume obligation of the Colorado mainstem
is split into pro-rata volumes based on in-basin and TMD percentages of post-Compact use. This
approach does not significantly change the call dates for the TMDs, but does provide some relief to
in-basin users by allowing more of the junior in-basin uses to continue diverting.
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Table 11. Required call dates and volumes when splitting the Colorado Mainstem obligation between in-basin

and TMD uses.

Target Volume [Colorado In-Basin TMDs
(acre-feet/yr) 67.2% 10.1% 57.1%
67,186 10,129 57,064
100,000
Jul 1857 | Jan1981 | Jul 1957
201,557 30,387 171,191
300,000
Nov 1935 | Jul1957 | Aug1935
403,114 60,774 342,382
600,000
Aug1935 | Jul1941 | Aug1935

Note that due to the large volumes diverted by the TMDs, one of those rights is typically the swing
right during these targeted volumetric calls (i.e. it is partially called out in order to yield the target
volume).

5.State Wide Target Volumes and call dates split by in-basin and trans-mountain diversions

This last analysis examines how a pro-rata distribution of curtailment would occur if the total volume
of Colorado River water use is split between all in-basin uses - regardless of sub-basin — and all TMDs.
Recalling that TMDs use 57.1% of all post-Compact water, the remaining 42.9% is consumed by in-basin
post-Compact users.

Table 12. Required call dates and volumes when splitting total state-wide post-Compact obligations between
in-basin and TMD uses.

Target Volume | West Slope TMDs
(acre-feet/yr) 42.9% 57.1%
42,900 57,100
100,000
Nov 1957 Jul 1957
128,700 171,300
300,000
Jul 1952 Aug 1935
257,400 342,600
600,000
Nov 1935 Aug 1935

The TMD call dates to yield their target volumes remain the same as when allocating volumes just
within the Colorado mainstem (because their percent of the total does not change). The in-basin
users are now all aggregated back together. As compared to the Colorado mainstem split above, the
in-basin call would be deeper for mainstem users. Compare these in-basin call dates to the individual
sub-basin call dates in Table 10 to see how this state-wide in-basin call compares to pro-rata calls.
Basins that have more junior call dates in Table 10 than the West Slope call dates in Table 12
developed proportionally more slowly than the rest of the West Slope from the Compact date
through the date listed in Table 12.
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VI. Summary

This work refines and expands on previous Phases of the Risk Study. The results are intended to
inform and support ongoing conversations regarding risk management opportunities in the Colorado
River basin. The specific scenarios evaluated should not be viewed as the preferred or only
approaches to a possible curtailment or any type of voluntary demand management allocation.
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Vil. Technical Appendices

A. Model Comparisons

As a first step towards developing the methodology for linking StateMod and CRSS, a series of
comparisons between the demand and hydrology datasets of each model was made. Comparisons
were also made between the Linked StateMod west-slope model and the individual basin models, to
ensure that model results for the Linked Model were sufficiently representative of the individual
model results.

1. StateMod Linked Model vs. Individual Basin Models

The Linked Model contains the vast majority of the components of each of the individual basin
models, but array size limitations for inputs to StateMod required that some of the reservoir nodes,
free river rights, and instream flow rights in the individual basin models be removed during the
process of model linkage. Additionally, there were numerous undocumented differences apparent
between the input settings of structures in the Linked Model as compared to the individual basin
models, such as altered return flow percentages and locations. Rather than attempting to assess the
impact of the individual differences between the models, the basin-wide results for simulated
depletions were compared to assess the results of the aggregation of all differences in model input
settings.

Average percent differences in depletions were found to be small, and the differences reflected
higher levels of depletions in the individual models in most cases. Higher depletions in the individual
models were expected, due to the removal of numerous reservoir nodes that was a documented
part of the linkage process. The percent differences between the Linked Model and the individual
models are listed in Table A- 1, where it can be seen that depletions in the individual Gunnison and
Southwest models were sometimes lower than the depletions for those basins in the linked model. It
was considered possible that these differences resulted from altered return flow percentages and
locations. All of the other differences between the Linked Model and the individual models reflected
higher depletions in the individual models, but the magnitude of the differences was low enough on
average that the linked model was determined to be sufficiently similar to the individual models for
use in analysis of state-wide calls. The changes made in support of linking the models were not
considered to be improvements, so the individual model results are used in this study for all analyses
not involving state-wide calls.
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Table A- 1. Percent Differences in Depletions between Linked and Individual Models

Year |Yampa|White [Upper Colorado |Gunnison|Southwest |Total
1988| -1.4%| -2.1% -1.0% -0.3% -2.3%(-1.2%
1989| -1.5%| -1.9% -1.0% -0.4% -1.6%(-1.1%
1990| -1.7%| -2.0% -1.1% -0.5% -6.1%|-2.0%
1991 -1.2%| -2.3% -1.0% -0.6% -4.0%|-1.6%
1992| -1.5%| -2.2% -1.1% -0.5% -0.7%|-0.9%
1993| -1.2%| -2.1% -1.1% -0.5% 0.3%|-0.7%
1994| -1.1%| -1.9% -1.1% -0.1% -0.7%|-0.8%
1995| -1.6%| -2.5% -1.1% -0.5% 0.8%|-0.6%
1996| -1.5%| -2.1% -1.3% -0.2% -2.0%|-1.2%
1997| -1.5%| -2.7% -1.1% -0.5% 0.2%|-0.7%
1998| -1.3%| -2.1% -1.2% 0.1% -2.1%(-1.1%
1999| -1.5%| -2.3% -1.3% -0.5% -0.1%(-0.9%
2000| -1.6%| -2.0% -1.2% -0.4% -5.5%(-1.9%
2001 -1.6%| -2.1% -1.0% -0.5% -4.5%(-1.7%
2002| -2.9%| -2.0% -0.9% 0.4% 4.3%|-0.1%
2003| -1.5%| -2.1% -1.3% -0.4% -7.7%(-2.3%
2004| -1.3%| -2.1% -1.2% -0.5% -7.1%|-2.2%
2005 -2.3%| -2.2% -1.5% -0.5% 0.2%]-0.9%

Minimum | -2.9%| -2.7% -1.5% -0.6% -7.7%|-2.3%

Average| -1.6%| -2.2% -1.2% -0.3% -2.2%(-1.2%

Maximum| -1.1%| -1.9% -0.9% 0.4% 4.3%|-0.1%

2.StateMod vs. CRSS

Comparisons made between StateMod and CRSS consisted of both comparisons of simulated
depletions by basin and comparison of simulated basin outflows. The CRSS results were summarized
by basin for a model run carried out using the 2019 UCRC demand schedule for each year in an ISM
simulation covering the years 1988-2015. Depletions in CRSS were slightly higher than those in
StateMod, with an average difference of 112 Kaf/yr, as evident in Table A- 2, which compares the
average annual depletions from the StateMod individual basin models to the average annual
depletions from CRSS.
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Table A- 2. StateMod vs CRSS Depletions (1988-2015, average, AF/yr)

Basin StateMod |CRSS % Difference
Yampa 196,982 214,908 9%
White 62,060 40,289 -35%
Upper Colorado 669,397 668,459 0%
Front Range 550,989 757,643 38%
Gunnison 575,267 616,105 7%
Southwest 500,717 383,259 -23%
StateWide 2,555,413 | 2,667,671 4%

Comparison of the basin outflows between the models revealed greater differences, and the
differences in basin outflow have a more direct impact on the risk profile at Lake Powell, so tracking
down the source of those differences was considered an important step in development of the
model linkage. As a first step in tracking down the source of the differences, the model-simulated
inflows to Powell for the Baseline Current Conditions simulation were compared to the CRSS model
run that used repeating 2019 UCRC scheduled demands. Both sets of model-simulated inflows to
Powell were compared to historical observations, which are calculated by USBR based upon releases
from Powell and changes in storage. Exceedance frequencies for historical and simulated annual
inflow to Lake Powell are presented in Figure A- 1.
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Figure A- 1. Exceedance Frequencies for Annual Powell Inflows, 1988-2015
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The historical record includes higher high flows and lower low flows than the StateMod flows, and
the flows from the CRSS simulation are consistently lower than both the historical observations and
StateMod. The average annual inflows to Powell in the StateMod-linked Baseline Current Conditions
simulation exceeded historical observations by 1.8% on average, while the inflows simulated through
CRSS alone were 9.7% lower on average than historical observations. The StateMod and CRSS flows
both include the CRSS representations of all components of the Upper Basin outside of the State of
Colorado, but suitable modeling platforms to represent the other states of the Upper Basin other
than CRSS were not available, so the remainder of the comparative analysis of basin outflows
focused on gages at or near the Colorado State Line. Comparison of gage flow for the Southwest
basins other than the Dolores was carried out through comparison at the San Juan near Bluff gage,
which is outside of the state of Colorado, but was chosen for this analysis because its location
downstream of the confluence of all seven major tributaries to the San Juan simplified the analysis
significantly. Modeled CRSS depletions by New Mexico and Utah in the San Juan basin were
subtracted from the gage data before comparing the gage data to StateMod simulation of state line
flows.

Differences between historical observations and StateMod-simulated flows are listed in Table A- 3,
where it can be seen that some basins have higher outflow in the simulations than historically
observed flow, and some basins have lower simulated outflow than historical observations, with
total simulated outflows from the State falling below historical observations by an average of 3%.
The CRSS model tends to underestimate flows into Lake Powell when looking at the recent historical
period. By using StateMod results for the State of Colorado’s depletions, and CRSS for the other
basin states, we are able to more closely replicate historical flows into Lake Powell. Given the current
data available for both models, using them in this linked method appears to produce the most
realistic results for Powell inflows, and hence is likely a better approach for basin-wide risk analysis.

Table A- 3. Historical Observed and Simulated State-Line Gage Flows (1988-2015, average, AF/yr)

Basin Historical Gage |StateMod (% Difference
Yampa 1,380,056 | 1,317,973 -4%
White 465,817 502,395 8%
Upper Colorado 4,139,701 | 4,089,025 -1%
Dolores 399,015 416,278 4%
San Juan 1,292,928 | 1,139,437 -12%
Total 7,677,516 | 7,465,108 -3%

B. Index of Model versions, Website links, and Datasets
The modeling platforms used for this study include the following:
e Colorado River Simulation System RiverWare Model (CRSS)
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o CRSSversiondcp_cmb_ 20171031
= Version 2.9.0 of CRSS, modified to include the DCP
= Modified as described below in Section Error! Reference source not found.
o RiverWare version 7.4.3
o Latest CRSS Model and Datasets Available Here:
= http://bor.colorado.edu/Public web/CRSTMWG/CRSS/
e CRDSS Linked Water Rights Allocation Model (StateMod Linked Model)
o StateMod version 15.001
* https://www.colorado.gov/pacific/cdss/statemod
¢ Individual West-Slope Basin Water Rights Allocation Models (StateMod Individual Models)
o StateMod version 15.001
o Baseline 2015 models for Yampa, White, Gunnison, and San Juan
* https://www.colorado.gov/pacific/cdss/surface-water-statemod
o Baseline 2009 CRWAS model for Upper Colorado
= http://cwcb.state.co.us/technical-resources/colorado-river-water-availability-
study/Pages/CRWASSupportingDocuments.aspx

C. Future Demands Dataset Development

Demands for the “future conditions” scenarios were developed through cooperation with Basin
Roundtable technical representatives and the staff from the two Conservation Districts. The purpose
of the future condition demands was solely to examine how an increment of additional depletions
could impact the risk profiles at Lake Powell and Lee Ferry. The identified increases in consumptive
use were a combination of additional use of existing rights/projects as well as new uses. When
available, Programmatic Biological Opinion (PBO) studies formed the basis for “allowable” growth
that could be achieved without any Federal re-consultation requirements. PBO data were used to
develop future demand data for the Yampa, Gunnison, and Colorado mainstem basins. The
southwest basin (San Juan, Dolores, and various tributaries), and the White basin future demands
were developed primarily by in-basin BRT representatives with input from River District and
Southwestern District staff. A total of 26 future uses were identified, consisting of agricultural,
municipal, and industrial uses. The total increase in demands across all Colorado basins under the
future growth scenario total 384 Kaf, or an increase of 13.7% over current demand levels. Actual
modeled depletions from these demands averaged 11.5%. Note that Upper Basin and Colorado’s
consumptive uses have remained relatively flat for the last 25+ years. The demands identified for the
future conditions scenario are not an endorsement of, or proposal for, any specific future use. They
are simply illustrative of a range of possible future use scenarios and are intended to illustrate the
risks associated with increased consumptive use. Actual growth in demand should it occur, and the
timing of that development, may look very different than the future demands postulated for this
modelling exercise.

The demand for these future use depletions was not always fully satisfied, resulting in shortages in
some cases, and some of the future depletions resulted in shortages to existing uses, where the
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future uses corresponded to conditional water rights with senior priorities relative to some existing
uses. The average depletions simulated for these future uses, and the average change in depletions
by basin are listed in Table C- 1Error! Reference source not found., along with the corresponding
input demands, for the years 1988-2015.

Table C- 1. Future Use Demands and Depletions

Future Use Depletions (AF/yr)
StateMod Linked Average Yield of New | Average Increase in Basin Inbut Demand
Model Depletions Depletions P

Yampa 29,506 29,485 30,104
White 61,839 61,787 65,000
Upper Colorado & 86,077 82,425 120,450
Front Range

Gunnison 31,053 31,100 37,900
Southwest 81,104 82,355 130,084
StateWide 289,578 287,153 383,538

The input demand of these future uses represents a 13.8% increase over current demands, and the
resulting depletions averaged 11.4% higher than current levels over the years 1988-2015. Refinements
in implementation of the future demands could raise the simulated depletions closer to the increase
in demand, but the simulated increase in depletions of 287,153 AF already exceeds the maximum
increase from 2019 demands included in the 2007 UCRC demand schedule by 170,000 AF, so further
refinement was considered to be beyond the scope of Phase Ill and unnecessary for this analysis.

1. Future Demand Monthly Distributions

Depletion amounts specified by the PBOs and by BRT/District representatives were provided in
annual amounts, which were disaggregated through application of typical monthly patterns to
develop realistic model inputs for StateMod. Future demands in each basin were categorized as one
of the following classifications, and a unique monthly disaggregation pattern was developed for
each classification:

Industrial Direct Diversion
Agricultural Direct Diversion
Municipal Direct Diversion

PwoN o

Trans-Basin Export

The pattern of monthly demands used to disaggregate annual demands for Type 1, Industrial Direct
Diversion demands, was a uniform monthly pattern that reflects typical diversions for industrial uses
such as power production and manufacturing. This uniform monthly distribution of demands also
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reflects the uncertainty associated with the water use patterns of industrial uses, which do not
necessarily follow a predictable seasonal pattern.

The pattern of monthly demand for Type 2, Agricultural Direct Diversion demands, was developed
through analysis of diversion records for the Red Top Valley Ditch, which has a long and continuous
record of direct diversions for irrigation of pasture grass from the Upper Colorado basin. Diversions
by the Red Top Valley Ditch have historically spanned the months of May — August, with an average
of 9.1% of the annual diversions occurring in May, 52.2% occurring in June, 38.3% occurring in July, and
0.3% occurring in August, and those percentages were used to disaggregate annual demands for the
future uses classified as Type 2), Agricultural Direct Diversion demands.

The pattern of monthly demand for Type 3), Municipal Direct Diversion Demands, was set using a
combination of the Type 1) and Type 2) demand patterns, to represent the conceptual understanding
that municipal demands consist of both relatively-steady indoor demands, and seasonally-varying
demand for outdoor water use. The total amounts of indoor and outdoor water use were assumed
to be equal on an annual basis.

Monthly demands for future uses associated with trans-basin diversions were all set according to a
uniform pattern extending only across the months of April-July. The pattern for these demands did
not correspond with the eventual use, as did the direct diversion demands for types 1-3, because the
trans-basin diversion demands include significant regulation through storage in East-Slope reservoirs.
The uniform pattern across the months of May-July was selected in recognition of the typically
higher flows in those months, during runoff.

2.Basin-Specific Future Demand Details

The future demands in each basin are listed in Table C- 2 through Table C- 6. The total annual
demand for each future use is listed, along with the use type, priority date, and notes about
implementation in StateMod, including the node on which the future use demand was placed. Some
future use demands were implemented on nodes that were added to the river network, and these
additional nodes are identified by asterisks, which reference table footnotes that describe the
location of the new node in the river network of that basin.

Table C- 2. Yampa Basin Future Use Demand Details

Use Type Annual Demand (AF) [Priority Date |Notes

Municipal 9,899 10/1/2013|District 44 Future Depletions (44_FDP001) node
Industrial 15,403 9/30/1961|Hayden Station (440522) node

Agriculture 4,802 9/30/1961|0Oxbow Agriculture (44_Oxbow*) node

Total | 30,104 | |Future Uses based upon PBO

* 44 Oxbow is a direct diversion node that was added between the 442214 and 440694 nodes of the
Linked Model
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Table C- 3. White Basin Future Use Demand Details

Use Type [Annual Demand (AF) |Priority Date [Notes

Municipal 2,707 10/1/2013|District 43 Future Depletions (FUD0O0O1) node
Industrial 62,293 10/1/2013|District 43 Oil Shale Direct (43_OilDem) node
Total 65,000 | |Future Uses based upon YWG-BRT Modeling

Table C- 4. Upper Colorado Basin Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date |Notes

Roberts Tunnel (364684) node: Denver Water Blue
Trans-mountain 28,500 6/24/1946|River System Buildout

Adams Tunnel (514634) node: Windy Gap Firming
Trans-mountain 25,500 6/6/1969|Project

Moffat Tunnel (514655) node: Denver Water Moffat
Trans-mountain 14,450 7/9/1934|System Expansion

Homestake Tunnel (374614) node: Eagle River MOU
Trans-mountain 14,000 2/7/1956|Project (Homestake Partners)

New WS_FDaGS* node: W.S. depletions above
Municipal 7,000 | 12/14/1987|Glenwood Springs

New WS_FDbSP** node: W.S. M&I depletions below
Municipal 28,000 7/29/1957(Shoshone

Roberts Tunnel (364684) node: CRCA Next Steps
Trans-mountain 3,000 6/24/1946|Project
Total | 120,450 | |Future Uses Estimated by Colorado River District Staff

*WS_FDaGS is a direct diversion node that was added between the 09070500 and 950500 nodes of
the Linked Model

** WS_FDbSP is a direct diversion node that was added between the 530584 and 09072500 nodes of
the Linked Model

Table C- 5. Gunnison Basin Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date [Notes

Agriculture 12,200 11/1/1905|East Canal (410520) node: Dallas Creek Project
District 62 Subordination (62USUB_M) node: Upper

Municipal 22,200 | 11/12/1957|Gunnison Subordination

Municipal 3,500 10/1/2013|District 62 Yield (62U_MY) node: New Depletions

Total 37,900 | |Future Uses from Gunnison PBO
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Table C- 6. Southwest Basins Future Use Demand Details

Use Type Annual Demand (AF) |Priority Date |Notes
Municipal 1,100 4/19/1962|(WS_SJRHP*) node: San Juan River Headwaters Project
(78_ADS004) node: Piedra Basin Incremental
Municipal*? 1,856 10/1/2013|Development
(31_ADS006) node: Pine Basin Incremental
Municipal*? 14,597 |  10/1/2013|Development
Municipal 8,205 3/21/1966((CO_ALP) node: Animas La Plata Project Future Uses
(WS_ARiD**) node: Animas Recreational In-channel
Municipal 16,234 | 12/31/2006|Diversion
Agriculture 24,226 3/21/1966|(WS_SWCD***) node: SWCD Project Water Rights
(71_ADS019) node: Dolores Basin Incremental
Municipal12 26,976 10/1/2013|Development and Reservoir Expansion
Agriculture 21,250 1/16/1967|(WS_SMP****) node: San Miguel Project
Agriculture 4,502 1/1/1985(34_UMU) node: 2060 Scenario A Demands™
Agriculture 11,138 3/2/1868|(31_SUIT) node: 2060 Scenario A Demands "
Total 130,084 | |Future Uses Estimated by Southwest District Staff

* WS_SJRHP is a direct diversion node that was added between the 29 ADS002 and 09342500 nodes
of the Linked Model
** WS_ARID is a direct diversion node that was added between the 301902_Dwn and 30_ADS007
nodes of the Linked Model
**% WS_SWCD is a direct diversion node that was added between the four upstream nodes
(09357500, 304662, 09359000, and 300523) and downstream node 09359500 of the Linked Model
***%* WS_SMP is a direct diversion node that was added between the 601381 and 601381_Dwn nodes
of the Linked Model

3.0ther Upper Basin Future Demands

It was also necessary to develop future demands data for Wyoming, Utah, and New Mexico for use
in CRSS. The intent was to increase those states’ demands by the same percentage that those in
Colorado were increased within the StateMod Model. To achieve this, the percentage increase in
demands computed for Colorado and used in StateMod (13.8%) was compared to the increases in
demands over current conditions from the 2007 UCRC demand schedule for Wyoming, Utah, and
New Mexico. Forecast demands from that schedule show an increase of 13.6% for 2037. The 2037

3 These demands were modeled using uniform monthly demand across April-July, which was found through
calibration to increase yield in comparison to the typical municipal pattern

4 Demands for the Southern Ute and Ute Mountain Ute nodes were set as the difference between Current and
2060 Scenario A demands from the Colorado River Basin Ten Tribes Partnership Tribal Water Study
(https://www.usbr.gov/Ic/region/programs/crbstudy/tribalwaterstudy.html)
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demands for those States were then fixed for all simulations in CRSS as the “future demands”
condition.

D. 2006-2015 Data Extension for StateMod

In order to fill in the years 2006-15, annual flow at the Colorado-Utah state line in the mainstem of the
Colorado River was compared to the years 1909-2005, and the year with the closest total annual
volume was selected. Table 2 lists the years and percent differences in flow, calculated by
subtracting the observed flow in the recent year from flow in the surrogate year.

Table 13. Surrogate Years for StateMod Extended Stress Test Simulation

Surrogate Year % Difference in Flow

1925 -0.7%
1991 0.5%
1938 -0.9%
1971 -0.1%
1991 0.3%
1917 0.0%
1981 3.0%
1940 0.1%
1948 -0.2%
1944 0.1%

The data from each surrogate year was then appended to the linked model input datasets, using a
script developed in the R computing language. The following files were extended in this manner:

e Wslope.ddm
e Wslope.iwr
e  Wslope.ifm
e Wslope.tar
e Wslope.rim
e Wslope.ipy

46



From: John Malenich

To: Gross Reservoir S1-20-0003
Subject: Opposition to Gross Reservoir Expansion
Date: Tuesday, December 15, 2020 11:59:25 AM

Dear Boulder County Commissioners:

Asaresident of Boulder County, | would like to express my opposition
to Denver Water's plans to expand and raise the dam at Gross Reservoir.
It is my understanding that before Denver Water can begin construction
on this project, Boulder County must issue a 1041 permit to Denver
Water. | would strongly urge Boulder County to deny Denver Water the
necessary permits for this dam expansion project due to serious problems
with Denver Water's plans for expanding Gross Reservoir outlined below.

First and foremost, the plan for the expansion of Gross Reservoir is
environmentally unsound. The plan will draw additional water out of the
Colorado River Basin that is necessary for healthy stream flows and
rivers that support fish and wildlife. This plan would lead to further
draining of the most dammed and diverted river on the planet. If this
plan moves forward, creeks and riversin multiple states will see up to
80% of their water drained. This project would be the largest
construction project in a specifically designated ecologically sensitive
areain the County's history. Given our County's history and reputation
of strongly protecting our ecologically sensitive areas and being at the
forefront of responsible environmental practices, this project simply
doesn't fit the values and ideals of the Boulder County community.

In addition to the degradation of the Colorado River and its
tributaries, this project will cause the decimation of the area around
the reservoir with the destruction of over 200,000 trees, the
destruction of important wildlife habitat, significant noise and air
pollution from major truck traffic on small roads, load blasting in the
construction areas and it will diminish the value of homesin the area
of the reservoir. Denver Water's mitigation plans for these issues are
completely inadequate.

In addition, the ultimate goal of the project--to store more water--is

also misguided. Denver Water could easily use the estimated $350 million
budgeted for this project on water conservation efforts instead of this
misguided project, which would benefit everyone instead of undertaking a
massive water grab. Instead, it seems Denver Water wants to move forward
with this project for water that will largely be used on irrigating

Kentucky bluegrass lawns in Denver that have no business being planted
in our semi-arid climate. Thisis simply a poor use of our extremely
limited water resources in the Western US and fails to consider all

users. |n addition, there are numerous better alternatives to the Gross
Reservoir expansion, such as significant conservation efforts, South

Platte River diversions or other water storage facilities that will not

have as large an environmental impact. Additionally, Denver Water's own
statistics show that as the the Denver population rose 10%, water usage
decreased 20%. This clearly shows conservation efforts work and that
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there is no need for this environmentally unsound and destructive
project. Thisis simply not the least environmentally destructive way to
store more water, but in fact one of the most environmentally destructive.
Accordingly, | urge Boulder County to oppose this project and deny
Denver Water a 1041 permit and maintain Boulder County as a strong
leader on environmental issues. Thank you for considering my concerns.
Regards,

John Malenich

2111 Spruce St.

Boulder, CO

303-359-9456

Thisemail has been checked for virusesby AVG.
https://www.avg.com
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From: Will Welch

To: Gross Reservoir S1-20-0003
Subject: Public comment on Gross Reservoir Dam expansion project
Date: Monday, December 14, 2020 8:02:35 AM

Please stop the Gross Reservoir Dam expansion project. There are alternatives that will work
and won't further damage the environment or impact Boulder County communities. We don't
need this expansion. Put the people and the environment first.

Thanks,
Will

William Welch, M.S. | A-CFHC | NBC-HWC
Board-Certified Functional Health Coach &
Leadership Development Coach

Welch.Will@gmail.com
310-824-6306
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From: Alberta & Don Montgomery

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Friday, December 11, 2020 3:53:52 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Alberta & Don Montgomery
185 Wellington Ave.

Lafayette, CO 80026
303-258-7503



From: Beryl Beauchamp

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Friday, December 11, 2020 1:34:46 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Beryl Beauchamp



From: Ric Rawlins

To: Gross Reservoir S1-20-0003
Subject: Please DONT this project go thru.
Date: Friday, December 11, 2020 1:13:34 PM

The people of our canyon will suffer for years. The Colorado river will suffer. Related animalswill suffer. The
environment will suffer . Theair will suffer, Theroadswe all pay for will suffer.
There are other underground options. This project isinsanity. Please stop...

Sent iPhone
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From: Gary Wockner

To: Churchill, Jennifer; Gross Reservoir S1-20-0003
Subject: Fwd: Comment letter and Exhibits-Gross Reservoir
Date: Friday, December 11, 2020 12:24:24 PM

Hi Jennifer,

Back on Nov. 13, our attorney John Barth, sent the County a comment letter along with 27
exhibits (see below). We asked that we get a confirmed receipt, but we never got one.

Can you please confirm that the County received this comment |etter?
Thank you

Gary

Gary Wockner, PhD, Director

Save the Colorado: Colorado River Waterkeeper Network

Author: "River Warrior: Fighting to Protect the World"s Rivers" (2016)
PO Box 1066, Fort Collins, CO 80522

http://savethecolorado.org

http://www.facebook.com/savethecolorado

https://twitter.com/savethecolorado
970-218-8310

The mission of Save The Colorado is to protect and restore the Colorado River
and its tributaries from the source to the sea. Save The Colorado focuses on
fighting irresponsible water projects, supporting alternatives to dams and
diversions, fighting and adapting to climate change, suEporting river and fish
species restoration, and removing deadbeat dams. Save The Colorado has
thousands
gf sugporters throughout the Southwest U.S. from Denver to Los Angeles and
eyond.

-------- Forwarded Message --------
Subject:Comment letter and Exhibits-Gross Reservoir
Date:Fri, 13 Nov 2020 14:11:04 -0700
From:John Barth <barthlawoffice@gmail.com>
To:grossreservoir@boul dercounty.org
CC:Gary Wockner <gary@savethecolorado.org>, Timothy Guenthner

<tjguenthner@gmail.com>

Hello Boulder County Land Use:

On behalf of The Environmental Group and Save the Colorado, attached please find a
comment letter and 27 exhibits regarding the proposed Gross Reservoir and dam expansion.
Please confirm receipt. | will be sending the 27 exhibitsin a series of emails. The comment
letter and exhibits 1-16 are attached to this email.
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John Barth

Attorney at Law

P.O. Box 409

Hygiene, CO 80533

(303) 774-8868
barthlawoffice@gmail.com


mailto:barthlawoffice@gmail.com

From: Ered Peck

To: Gross Reservoir SI1-20-0003

Subject: Gross Reservoir Expansion

Date: Thursday, December 10, 2020 3:18:46 PM

| am writing in response to a message | received from Jennifer Chruchill concerning
upcoming hearings on the Denver Water proposed expansion of Gross Reservoir by
Boulder County. | want to express my complete opposition to any expansion of the
Gross Reservoir. | do not feel that Denver Water has done anywhere near enough
in the way of conservation by its customers. The lawn watering alone is way out of
hand. In my county, outside use of water is prohibited and we seem to get by just
fine with thisrestriction. Until Denver Water and its customers can prove that they
have exhausted all other means of conservation available to them, | don't think | can
support any expansion of Gross Reservoir.

Thank you,

Fred Peck, Gilpin County
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From: Betsy Armstrong

To: Gross Reservoir SI1-20-0003
Subject: Gross Reseroir
Date: Thursday, December 10, 2020 1:45:31 PM

As a citizen of Boulder County, | am writing to oppose Denver Water’s application to
expand Gross Reservoir. Denver Water’s application does not comply with the
Boulder Valley Comprehensive Plan, and in addition it violates several of Boulder
County Land Use codes.

As a scientist and knowledgable about water usage, I’ve learned that this expansion
is not at all necessary to provide water to downslope users. Nor does the Army
Corps of Engineers’ EIS take into consideration cumulative impacts, climate change
or the influences on the Colorado River.

Approval of this expansion would be destructive to the Boulder County environment
and | encourage the Boulder County commissioners to reject this application.

Kind regards,

Betsy R. Armstrong

Betsy Armstrong

Armstrong & Associates
ArmstrongCommunications1@gmail.com
www.BetsyArmstrongArt.com
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From: Jim Disinger

To: Gross Reservoir S1-20-0003
Subject: Gross Dam Expansion
Date: Thursday, December 10, 2020 1:33:13 PM

Of course the Gross Dam Expansion project has many more far-reaching detriments than the obvious power pool
area and no benefits for Boulder County.

The destruction of forests above the lake is being funded by Denver Water aswell. Their ideais that by thinning,
clear cutting and burning Boulder County forests, Denver Water will be able to divert our water to Denver to be sold
for more massive housing developments. These clear-cutting projects are ostensibly designed for fire mitigation but,
as all forest ecologists know, actually dry and kill our forests making them much more likely to be subject to the
types of mega-fires that may destroy our lives and property.

Let’s keep Boulder County’ s soil, forests and water in Boulder County!
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From: John Bradin

To: Gross Reservoir S1-20-0003
Subject: The West is out of water
Date: Thursday, December 10, 2020 12:53:31 PM

Reservoirs don't create water; they just divert it. See the example of the Hoover Dam and Lake
Mead. Global climate change will very likely make things worse. People in Colorado, Denver in
this case, just need to face up to the conservation needs instead.
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From: Liz Morgan

To: Gross Reservoir SI1-20-0003; Churchill, Jennifer

Cc: Stop Gross Dam Expansion; info@savebouldercounty.org
Subject: It"s time for FINAL NO on Gross Dam

Date: Thursday, December 10, 2020 10:21:46 AM

Dear Boulder County Commissioners,

Doesn’t there come a time when a community can just say “NO" to a bad actor, acting in bad
faith, trying to ram through a destructive project? For over a decade, Denver Water has
submitted messy, incompl ete applications, has sued the county, and in every manner
imaginabl e has resisted complying with even the most basic requirements of the application
process.

How long must we allow this organization to drain the funds, both private and public, of the
Boulder community? Enough is enough already.

Let’s not fool ourselves that Denver Water will ever be able to remedy the problems with their
proposed project by fixing their own errorsin their own proposal. Why does Boulder County
and the hard working citizen activists of the community have to continue to spend so much
time begging Denver Water to fix their own mistakes in their own applications? The project
itself is bad and should be denied.

Enough is enough already. This must end.

| urge Boulder County to say aresounding and FINAL “NO” to the misguided Gross Dam
expansion proposal. We know all we need to know by now. The end. Let’s put this ridiculous
discussion to rest once and for all.

Thank you,
Liz

LizMorgan, MA, FNTP, RWS, JD
Functional Nutritional Therapy Practitioner
Liz Morgan Nutrition

The Mindful Omnivore Blog

The Nourish + Flow Program
719-966-9837
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From: Kimberly Beck

To: Gross Reservoir SI1-20-0003
Subject: Dam Project
Date: Wednesday, December 9, 2020 10:48:16 PM

To Whom it May Concern,

| am writing to submit a comment of strong opposition on the proposed Gross Dam Reservoir
Extension project for the following summary of reasons:

o Theincreased traffic, declinein air quality, decline in road conditions, increased noise,
increased taxes, and decreased river water are unwanted by county and colorado
residents

o The Colorado River is over-drained and overwhelmed already with agriculture and
endless suburban growth diversions

» The anticipated water shortages that initiated this project did not come to fruition. The
assumptions made for the justification of the project in the EIS are incorrect

o Denver Water customers have been and are willing to implement water conservation
efforts

» The project will have severe negative environmental impacts through the release of
massive amounts of carbon into the atmosphere, contributing to ongoing declining local
air quality and to the whole of existing climate pressures

e The project and EI'S does not consider the impacts of climate change on the future
streamflows which will likely leave the large reservoir unfilled

e The systemic status quo of endless growth, extraction and consumption for short-sighted
and unnecessary resource use must be challenged

| request that approval of this project be denied.

Thank you,
Kimberly Beck, M.Ed.

Kimberly Beck, M.Ed.

| don't know exactly what a prayer is.
But | do know how to pay attention, how to fall down
into the grass, how to kneel down in the grass,
how to beidle and blessed, how to stroll through the fields,
which iswhat | have been doing all day.
Tell me, what else should | have done?
--Mary Oliver
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From: Boulder Flycasters

To: Gross Reservoir S1-20-0003

Cc: David Nickum; kirkklancke@gmail.com

Subject: Gross Reservoir Dam Expansion Proposal 1041 Application Review Process
Date: Wednesday, December 9, 2020 12:44:09 PM

Attachments: TU BFC GrossDamExpan 1041Comments.pdf

Boulder County Commissioners and Staff,

Attached please find comments from Trout Unlimited in support of the Boulder County 1041
application review process for the Gross Reservoir Dam Expansion Proposal.

Thank you,

Brendan Besetzny
President, Boulder Flycasters
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TROUT

UNLIMITED

RE: Gross Reservoir Dam Expansion Proposal 1041 Application Review Process
TO: Boulder County Commissioners and Staff

This letter provides comments from Trout Unlimited in support of the Boulder County 1041 application review
process for the Gross Reservoir Dam Expansion Proposal. Trout Unlimited participated in providing comments
on previous federal and state permitting actions with several positive outcomes, as discussed below. The 1041
application review process will allow Boulder County to consider the potential project impacts on Boulder
County, identify actions needed to mitigate damage and disruption, AND improve the South Boulder Creek
watershed. Trout Unlimited’s interest and expertise is related to cold water fisheries and watershed restoration.
So, our 1041 application review comments are limited to actions that could positively impact the South Boulder
Creek watershed if the application receives Boulder County approval.

Under the current federal and state permitting, and negotiated compacts between Denver Water and Grand
County, as well as between Denver Water, Boulder and Lafayette, there are significant environmental benefits,
including some benefits to Boulder County. The most important of which is the resulting 5,000 AF Environmental
Pool to provide in-stream minimum flows for South Boulder Creek during our dry winter months. South Boulder
Creek is desperately in need of more flow to support watershed health, preserve native species and support
recreation. Denver Water has committed between $4m and $6m to this part of the project. This important
component of the expansion should, we believe, be weighed as a positive in evaluating the 1041 application.

Beyond the obvious needs to mitigate transportation, environmental and life style disruptions and damage, there
is an opportunity to negotiate for more complete watershed mitigation and enhancement. The Environmental
Pool is a critical element of this. Denver Water’s other environmental commitments to date have focused
primarily (and understandably) on addressing impacts in the basin of origin. The 1041 review process now will
allow Boulder County to address the South Boulder Creek watershed as well.

The environmental benefits negotiated with Denver Water by Trout Unlimited are critical to the future health of
the basin of origin. Fraser Valley residents and Grand County visitors are, and will continue to, benefit from these
negotiations. A large percent of Grand County visitors and second homeowners are Boulder County residents.
Proper watershed mitigation through the 1041 process can benefit the residents of Boulder County and ensure
hard-won environmental benefits continue to accrue in Grand County.

1 12/09/20





Trout Unlimited
Gross Reservoir Dam Expansion Proposal 1041 Application Review Process

Denver Water has helped and is continuing to support local restoration and mitigation for specific projects.
This includes a Trout Unlimited project, led by the Boulder Flycasters Chapter of Trout Unlimited, to develop a
State funded Stream Management Plan for lower South Boulder Creek, as well as contributing more than 50%
of the cost of building the Environmental Pool storage capability into the expansion. As part of the Army Corps
of Engineers 404 permit mitigation requirements Denver Water funded $715,000 for mitigation on lower South
Boulder Creek in City of Boulder Open Space. Denver Water will also be required to monitor and remediate
associated environmental degradation resulting from the expansion. We see this as an important step forward
in having more scientific data to support long term watershed improvement.

Other than the Environmental Pool commitment, Denver Water’s remaining mitigation commitments do not
physically improve the South Boulder Creek watershed. Part of the requirements for approving the 1041 could
include more collaborative investment and efforts to improve the watershed, consistent with Boulder County’s
overall goals and objectives.

Examples of opportunities for collaborative improvement might include:
e Stream and riparian habitat improvements, including native and listed species
e Fish stocking programs, including native and listed species
e Reservoir access improvements and on-going trail maintenance
e Coordination with other water right holders on cooperative operations to benefit stream health

Additionally, there are concerns that the dam expansion will negatively impact the existing downstream fishery
due to potentially lower water temperatures at certain times of the year. The reaches known locally as “Kayak
Run” and “Walker Ranch” are the only reasonable public fishing access in the canyon. In an effort to ensure
longevity of, and potentially improve, the fishery we suggest Denver Water also commit to collaborative efforts
with fisheries biologists and watershed improvement organizations to look at the potential for dam release
and other operational changes to benefit the watershed. Potential objectives might be to help ensure
necessary in-stream flows during low water periods and to identify other ways to ensure water conditions are
suitable for sustainable trout habitat.

Trout Unlimited, through our local Boulder Flycasters Trout Unlimited Chapter and Colorado Trout Unlimited,
are ready to help develop a working list of potential improvement actions through our ongoing Stream
Management Plan development. We would also enthusiastically help Boulder County understand and perhaps
adopt a program similar to “Learning by Doing,” a promising partnership among Denver Water, Grand County,
Trout Unlimited, Colorado Parks & Wildlife and other watershed improvement organizations working to
improve the Fraser River watershed.

Learning by Doing is a collaborative, consensus-based effort for adaptive management of mitigation and
enhancement efforts in Grand County. Denver Water, working with its partners, looks for opportunities to use
its operational flexibility to benefit stream health, as well as pledging funds that can then be leveraged through
cash and in-kind support from other partners. An active monitoring program helps track results and allow for
adaptation of strategies to advance efforts that are working and adjust those that are not working.
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Trout Unlimited
Gross Reservoir Dam Expansion Proposal 1041 Application Review Process

We are ready to work with Boulder County on a similar initiative. There are likely other local watershed
improvement organizations also ready to help.

In closing, we ask Boulder County to elevate watershed improvement as an important area for consideration
in the review process. Trout Unlimited is offering to work collaboratively with Boulder County, and other
stakeholders, to define an adaptive watershed improvement process and program components as part of the
1041 application approval review.

Sincerely,

Brendan Besetzny Kirk Klancke

President, Boulder Flycasters Chapter President, Colorado River Headwaters Chapter
PO Box 541 PO Box 325

Boulder, CO 80306 Fraser, CO 80442-325
boulderflycasters@gmail.com kirkklancke @gmail.com
www.boulderflycasters.org www.coheadwaters.org

David Nickum

Executive Director, Colorado Trout Unlimited
1536 Wynkoop Street, Suite 320

Denver, CO 80202

david.nickum@tu.org

www.coloradotu.org
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7,

TROUT

UNLIMITED

RE: Gross Reservoir Dam Expansion Proposal 1041 Application Review Process
TO: Boulder County Commissioners and Staff

This letter provides comments from Trout Unlimited in support of the Boulder County 1041 application review
process for the Gross Reservoir Dam Expansion Proposal. Trout Unlimited participated in providing comments
on previous federal and state permitting actions with several positive outcomes, as discussed below. The 1041
application review process will allow Boulder County to consider the potential project impacts on Boulder
County, identify actions needed to mitigate damage and disruption, AND improve the South Boulder Creek
watershed. Trout Unlimited’s interest and expertise is related to cold water fisheries and watershed restoration.
So, our 1041 application review comments are limited to actions that could positively impact the South Boulder
Creek watershed if the application receives Boulder County approval.

Under the current federal and state permitting, and negotiated compacts between Denver Water and Grand
County, as well as between Denver Water, Boulder and Lafayette, there are significant environmental benefits,
including some benefits to Boulder County. The most important of which is the resulting 5,000 AF Environmental
Pool to provide in-stream minimum flows for South Boulder Creek during our dry winter months. South Boulder
Creek is desperately in need of more flow to support watershed health, preserve native species and support
recreation. Denver Water has committed between $4m and $6m to this part of the project. This important
component of the expansion should, we believe, be weighed as a positive in evaluating the 1041 application.

Beyond the obvious needs to mitigate transportation, environmental and life style disruptions and damage, there
is an opportunity to negotiate for more complete watershed mitigation and enhancement. The Environmental
Pool is a critical element of this. Denver Water’s other environmental commitments to date have focused
primarily (and understandably) on addressing impacts in the basin of origin. The 1041 review process now will
allow Boulder County to address the South Boulder Creek watershed as well.

The environmental benefits negotiated with Denver Water by Trout Unlimited are critical to the future health of
the basin of origin. Fraser Valley residents and Grand County visitors are, and will continue to, benefit from these
negotiations. A large percent of Grand County visitors and second homeowners are Boulder County residents.
Proper watershed mitigation through the 1041 process can benefit the residents of Boulder County and ensure
hard-won environmental benefits continue to accrue in Grand County.
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Trout Unlimited
Gross Reservoir Dam Expansion Proposal 1041 Application Review Process

Denver Water has helped and is continuing to support local restoration and mitigation for specific projects.
This includes a Trout Unlimited project, led by the Boulder Flycasters Chapter of Trout Unlimited, to develop a
State funded Stream Management Plan for lower South Boulder Creek, as well as contributing more than 50%
of the cost of building the Environmental Pool storage capability into the expansion. As part of the Army Corps
of Engineers 404 permit mitigation requirements Denver Water funded $715,000 for mitigation on lower South
Boulder Creek in City of Boulder Open Space. Denver Water will also be required to monitor and remediate
associated environmental degradation resulting from the expansion. We see this as an important step forward
in having more scientific data to support long term watershed improvement.

Other than the Environmental Pool commitment, Denver Water’s remaining mitigation commitments do not
physically improve the South Boulder Creek watershed. Part of the requirements for approving the 1041 could
include more collaborative investment and efforts to improve the watershed, consistent with Boulder County’s
overall goals and objectives.

Examples of opportunities for collaborative improvement might include:
e Stream and riparian habitat improvements, including native and listed species
e Fish stocking programs, including native and listed species
e Reservoir access improvements and on-going trail maintenance
e Coordination with other water right holders on cooperative operations to benefit stream health

Additionally, there are concerns that the dam expansion will negatively impact the existing downstream fishery
due to potentially lower water temperatures at certain times of the year. The reaches known locally as “Kayak
Run” and “Walker Ranch” are the only reasonable public fishing access in the canyon. In an effort to ensure
longevity of, and potentially improve, the fishery we suggest Denver Water also commit to collaborative efforts
with fisheries biologists and watershed improvement organizations to look at the potential for dam release
and other operational changes to benefit the watershed. Potential objectives might be to help ensure
necessary in-stream flows during low water periods and to identify other ways to ensure water conditions are
suitable for sustainable trout habitat.

Trout Unlimited, through our local Boulder Flycasters Trout Unlimited Chapter and Colorado Trout Unlimited,
are ready to help develop a working list of potential improvement actions through our ongoing Stream
Management Plan development. We would also enthusiastically help Boulder County understand and perhaps
adopt a program similar to “Learning by Doing,” a promising partnership among Denver Water, Grand County,
Trout Unlimited, Colorado Parks & Wildlife and other watershed improvement organizations working to
improve the Fraser River watershed.

Learning by Doing is a collaborative, consensus-based effort for adaptive management of mitigation and
enhancement efforts in Grand County. Denver Water, working with its partners, looks for opportunities to use
its operational flexibility to benefit stream health, as well as pledging funds that can then be leveraged through
cash and in-kind support from other partners. An active monitoring program helps track results and allow for
adaptation of strategies to advance efforts that are working and adjust those that are not working.
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Trout Unlimited
Gross Reservoir Dam Expansion Proposal 1041 Application Review Process

We are ready to work with Boulder County on a similar initiative. There are likely other local watershed
improvement organizations also ready to help.

In closing, we ask Boulder County to elevate watershed improvement as an important area for consideration
in the review process. Trout Unlimited is offering to work collaboratively with Boulder County, and other
stakeholders, to define an adaptive watershed improvement process and program components as part of the
1041 application approval review.

Sincerely,

Brendan Besetzny Kirk Klancke

President, Boulder Flycasters Chapter President, Colorado River Headwaters Chapter
PO Box 541 PO Box 325

Boulder, CO 80306 Fraser, CO 80442-325
boulderflycasters@gmail.com kirkklancke @gmail.com
www.boulderflycasters.org www.coheadwaters.org

David Nickum

Executive Director, Colorado Trout Unlimited
1536 Wynkoop Street, Suite 320

Denver, CO 80202

david.nickum@tu.org

www.coloradotu.org
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From: Phil Armstrong

To: Gross Reservoir SI1-20-0003
Subject: Public Comment - Cost/Benefit Analysis
Date: Wednesday, December 9, 2020 10:44:07 AM

Dear Boulder County Staff,

Denver Water's 1041 application states a project cost of $380 million (the additional $113
million in carrying costs will largely be offset by third-party participants). The stated
guantifiable benefits include 18,000 acre-feet of annual additional delivered water, and 77,000
acre-feet of additional storage.

If Denver Water were to spend $380 million on water conservation, demand reduction, and
paying users to use less water, would they be able to reach or surpass the same 18,000 annual
acre-foot goal? Would those programs obviate the need for an additional 77,000 acre-feet of

storage?
Thank you for taking the time to read and review my comment.

Regards,
Phil Armstrong
Boulder County Resident

Contact Info: [aminar.energy@gmail.com
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From: Alexander Mendoza

To: Gross Reservoir SI1-20-0003; A Google User
Subject: Docket# SI-20-0003 Gross Reservoir Dam Expansion
Date: Tuesday, December 8, 2020 5:32:03 PM

To whom it may concern,

On docket SI-20-0003 Gross Reservoir Dam Expansion. If this developement is approved
there are many animals that will be affected and or killed. With large trucks driving up
highway 72 these animals will be hit and die. | live less than a half a mile away from Hwy 72.
Please see attached picture. Just this morning you will see 16 deer grazing on my property. |
live at 11715 Ranch Elsie Road. By alowing large trucks in our areawill disturb the habitat of
deer and many other animal such as foxes, bobcats, coyotes, moose, bears, wild turkeys, and
weasels just to name a few. Please respect our area. We aready have aflight path over the
area that we had nothing to say about.

| Sincerely hope that this email makes a difference. Boulder of al counties should respect the
entirety of the environment. | guessits ok unlessits not your areathat is effected. Not a smart

way to think.

Please consider my concerns and others like me in the Coal Creek residence.
Thank you with kind regards,

Alex Mendoza

11715 Ranch Elsie Road
Golden, CO 80403
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From: Lynn

To: Gross Reservoir S1-20-0003
Subject: Comment
Date: Tuesday, December 8, 2020 2:07:40 PM

| 100% oppose the construction of the Gross Reservoir expansion.

The expansion will kill thousands of trees and wildlife, and put thousands of construction trucks on our Boulder
County Roads.

There are no restrictions currently on water use. The wasted water to keep grasses green in our dry climate is
obscene. For example, the large homes in areas such as Greenwood Village have acres of property that is watered
daily. No planting restriction of drought resistant plants are even required.

It is my understanding that Denver is selling water already to other municipalities.

This expansion needs to be stopped.

Thanks so much for your consideration.

Mark and Lynn Shader
I blshader@gmail.com

Sent from my iPhone
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From: Jeremy King

To: Gross Reservoir S1-20-0003; summerfrederick@bouldercounty.org
Subject: RE: Gross Damn Expansion Project
Date: Tuesday, December 8, 2020 10:46:39 AM

Hi Summer, My name is Jeremy King and | am the current President of the Coal Creek Canyon Parks
and Recreation District. | am writing to inquire more information on the Gross Damn Reservoir
Project and inquire about the possible benefits to our community and organization. Please give me
a call at your earliest convenience. Talk to you soon! Thanks

Jeremy King
CCCPRD — President
PO Box 7411
Golden, CO, 80403
303-249-8800

Sent from Mail for Windows 10
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From: Eileen Kintsch

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Sunday, December 6, 2020 11:02:25 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Eileen Kintsch
435 College Ave.

Boulder, CO 80302
303-443-1203



From: Mary Hughes

To: Gross Reservoir S1-20-0003
Subject: Docket#Docket # SI-20-0003:Gross Reservoir &Dam expansion
Date: Sunday, December 6, 2020 8:09:27 AM

Dear Board of County Commissioners,

Asa38yr long resident of Western Boulder County I’ m writing to say | vehemently oppose
the expansion to Gross Reservoir. This boondoggle being proposed by Denver Water violates
many of the land Use Codes put forth in Boulder County’s Land Use permit application. This
project will affect the forests, flora, fauna, rocks, air and citizens in a profoundly negative way
for many many years to come.

Taking water from the already depleted and overused Colorado River must stop. There are so
many critical issues due to climate change and the loss of critical snow mass which feeds this
beautiful river that this project will alter it and our lives for centuries to come.

The only solution isto educate and implement strict regulations to the public and
municipalities that live along the Front Range. Significant fines need to be legislated to the
extent that the practice of water conservation isthe #1 priority of our citizens, state and local
governments.

Please heed my cry for conservation and education for the sake of the Colorado River.

Thank you,

Mary Hughes

31 Wildewood Dr
Nederland, Colorado 80466
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From: Stacie Goffin

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, December 5, 2020 8:11:56 PM

Dear Boulder County Commissioners and Staff,

| just learned of thisissue from a neighbor and given the link to a site explaining the issues. | endorse the comments
that follow.

The Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application is totally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
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errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valey Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Stacie Goffin

Boulder, CO 80303



From: Gail Storey

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, December 5, 2020 4:22:19 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Gail Storey
5290 Euclid Ave.

Boulder, CO 80303



From: dipdeee

To: Gross Reservoir S1-20-0003
Subject: etc
Date: Thursday, December 3, 2020 6:36:41 PM

to Boulder County Commisioners

on Gross Dam expansion:
DITTO - NEDERLAND TOWN BOARD of TRUSTEES

Jane Cohen
700 Walnut St., Apt. 217
Boulder, CO 80302
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From: Mickie Courtney

To: Gross Reservoir S1-20-0003
Subject: Gross Dam Expansion
Date: Thursday, December 3, 2020 6:54:14 AM

Dear Boulder County Commissioners,

Please do alow Denver Water to expand the Gross Dam Reservoir. | livein Coa Creek Canyon and do not want the
disruption to my roads, community and way of life disrupted by Denver Water when an expansion isn’t truly
necessary. Water conservation is the future, not expensive, destructive dam expansions. Denver Water should know
better.

Thank you,
Michelle Courtney

29354 Spruce Canyon Dr.
Golden, CO 80403
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From: Barbara Comstock

To: Gross Reservoir S1-20-0003
Subject: Gross reservior
Date: Wednesday, December 2, 2020 9:17:36 PM

Dear Boulder County Commissioners,

Please do what ever you can to stop the expansion of Gross Reservoir. Environmentally it makes no sense and the
disruption to the lives and well being of Boulder County residents and wildlifeisin excusable. Thanks

Barbara Comstock
8116 Dry Creek Circle
Niwot CO 80503
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From: Mara Kuczun

To: Gross Reservoir S1-20-0003
Subject: please deny Denver Water"s proposed expansion of Gross reservoir
Date: Wednesday, December 2, 2020 7:25:11 PM

Dear Boulder County Commissioners,

We support and appreciate your application of the 1041 regulations to Denver
Water’s proposed expansion of Gross Reservoir. We agree that it is critical that the
project be thoroughly and carefully reviewed under Boulder County’s land use and
environmental regulations.

We have concluded because of data provided that the proposed expansion is
unnecessary and that the installation of water conservation low flow devices and
more efficient toilets, as well as xeriscaping in homes within Denver Water’s service
area would achieve the same conservation goals, while providing more jobs and no
negative environmental impacts.

The expansion project will have severe negative environmental impacts by releasing
massive amounts of carbon into the atmosphere. The expansion will require the
removal of 200,000 trees, that are badly needed for carbon sequestration. It will
require millions of tons of cement that also releases massive amounts of carbon when
processed. There will be tens of thousands of trucks traveling on Boulder County
roads damaging them severely with unrecoverable costs that will be passed on to
taxpayers. The truck traffic will also have a very negative impact on our already
deteriorating air quality. This project is completely inappropriate in the middle of a
climate crisis. Climate change makes it extremely unlikely that the reservoir will ever
be filled because of decreasing moisture and increasing temperatures and
evaporation rates.

The Colorado River is overwhelmed with two many states demanding water. A project
planning to withdraw water from the river is a very shortsighted, misguided idea.

We oppose the project and respectfully request that you deny it.
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From: Chris Rigatuso

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Wednesday, December 2, 2020 4:18:42 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Chris Rigatuso
1702 Terrace Dr

Belmont, CA



From: shurlock

To: Gross Reservoir S1-20-0003
Subject: comment on gross res development/enlargment
Date: Wednesday, December 2, 2020 2:33:01 PM

To Whom It May Concern,

My husband and 1, both long time resident citizens of Boulder would like to protest
the enlargement of Gross Res. Denver Water, needs to do much more to educate
Denvers citizens to manage water, also Denvers leadership needs to create a
sustainable model for future planning that understands the sustainability of our
environment. For instance, inviting Amazon to Denver a few years ago, and creating
a need for 50,000 new houses and water -without first having water and land to
develop, speaks to serious mismanagement of leadership.

Once the Colorado River is impacted and the dam enlarged the environmental losses
are permanent. Citizens are requested to reduce, conserve, tread lightly, close the
loop, support the environment locally, etc. We expect our leadership to do likewise,
and respect and reflect the values held by citizens and residents.

Please vote no to stop the enlargement of Gross Reservoir.

regards
Caron Trout
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From: Sarah Koniewicz

To: Gross Reservoir S1-20-0003

Subject: No Gross Reservoir Dam Expansion

Date: Wednesday, December 2, 2020 1:04:06 PM
Attachments: image001.png
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Please listen to your citizens and deny Denver Water’s permit for expanding Gross Reservoir. This is
an unnecessary expansion with large ecological damage to Boulder County.

Thank you,

-Sarah

Sarah Koniewicz
Patent Attorney, Holland & Hart LLP
1800 Broadway, Suite 300, Boulder, CO 80302-5234

T 303.473.4818 F 303.416.8811 M 952.607.8210

HOLLAND & HART. N

CONFIDENTIALITY NOTICE: This message is confidential and may be privileged. If you believe that this email has been sent to you in
error, please reply to the sender that you received the message in error; then please delete this e-mail.
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From: Carol Pittman

To: Gross Reservoir S1-20-0003
Subject: Gross Dam Expansion Docket SI-20-0003
Date: Wednesday, December 2, 2020 12:34:01 PM

Dear Powers That Be:

| can’t begin to imagine a more selfish, as well as unnecessary, project than the dam you are
proposing. At a time when all the southwestern region of the United States is, and will be,
suffering the results of water shortages you propose to grab as much for yourselves alone as
you possibly can. Putting in place more stringent conservation measures would be a far better
plan, and a plan more in line with the goal of providing adequate water to the entire region
that depends on Colorado River water. New Mexico, particularly Albuquerque, has shown
that conservation can work, that people are willing to make the called-for sacrifices in order

that all may benefit.
| ask you please: don’t expand the Gross Dam.
Thank you,

Carol Pittman
Datil, New Mexico
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From: Will S.
To: Gross Reservoir SI1-20-0003

Subject: Reject Gross Reservoir proposed expansion
Date: Wednesday, December 2, 2020 12:18:44 PM

The Gross Reservoir expansion proposal should be soundly rejected by the Boulder County
Commissioners for numerous reasons. | agree with the following statement to the
commissioners made by Nederland Board:

" Nederland Town Board letter to Boulder County:
Dear Boulder County Commissioners,

We support and appreciate your application of the 1041 regulations to Denver Water’'s
proposed expansion of Gross Reservoir. We agree that it is critical that the project be
thoroughly and carefully reviewed under Boulder County’s land use and environmental
regulations.

We have concluded because of data provided that the proposed expansion is unnecessary and
that the installation of water conservation low flow devices and more efficient toilets, as well
as xeriscaping in homes within Denver Water’ s service area would achieve the same
conservation goals, while providing more jobs and no negative environmental impacts.

The expansion project will have severe negative environmental impacts by releasing massive
amounts of carbon into the atmosphere. The expansion will require the removal of 200,000
trees, that are badly needed for carbon sequestration. It will require millions of tons of cement
that also releases massive amounts of carbon when processed. There will be tens of thousands
of trucks traveling on Boulder County roads damaging them severely with unrecoverable costs
that will be passed on to taxpayers. The truck traffic will also have avery negative impact on
our already deteriorating air quality. This project is completely inappropriate in the middle of
aclimate crisis. Climate change makes it extremely unlikely that the reservoir will ever be
filled because of decreasing moisture and increasing temperatures and evaporation rates.

The Colorado River is overwhelmed with two many states demanding water. A project
planning to withdraw water from the river is a very shortsighted, misguided idea.

We oppose the project and respectfully request that you deny it."
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From: Steve Spry

To: Gross Reservoir SI1-20-0003
Subject: Gross dam
Date: Wednesday, December 2, 2020 12:14:02 PM

Dear Boulder County Commissioners,

| support and appreciate your application of the 1041 regulations to Denver Water’ s proposed
expansion of Gross Reservoir. | agreethat it is critical that the project be thoroughly and
carefully reviewed under Boulder County’ s land use and environmental regulations.

| have concluded because of data provided that the proposed expansion is unnecessary and that
the installation of water conservation low flow devices and more efficient toilets, aswell as
xeriscaping in homes within Denver Water’s service area would achieve the same

conservation goals, while providing more jobs and no negative environmental impacts.

The expansion project will have severe negative environmental impacts by releasing massive
amounts of carbon into the atmosphere. The expansion will require the removal of 200,000
trees, that are badly needed for carbon sequestration. It will require millions of tons of cement
that also releases massive amounts of carbon when processed. There will be tens of thousands
of trucks traveling on Boulder County roads damaging them severely with unrecoverable costs
that will be passed on to taxpayers. The truck traffic will also have avery negative impact on
our aready deteriorating air quality. This project is completely inappropriate in the middle of
aclimate crisis. Climate change makes it extremely unlikely that the reservoir will ever be
filled because of decreasing moisture and increasing temperatures and evaporation rates.

The Colorado River is overwhelmed with too many states demanding water. A project
planning to withdraw water from the river is a very shortsighted, misguided idea.

In short, thisis an environmental disaster!

| oppose the project and respectfully request that you deny it.
Thanks,

Steve Spry

199 Broken Fence Rd.

Boulder, CO
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From: cr rig

To: Gross Reservoir S1-20-0003

Subject: Timeline Effect

Date: Wednesday, December 2, 2020 11:33:27 AM
HI

What is the best estimate for start of Dam project and the finishing?

Do you know how traffic congestion will be mitigated to allow residential traffic from Gross
Dam to Chute Rd in your county?

Will thisinvolve hiring of local construction workers that reduce the supply of building
industry people in boulder county?

Thanks much, urgently
Chris Rigatuso
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From: Ann Tagawa

To: Gross Reservoir S1-20-0003
Subject: dam expansion
Date: Wednesday, December 2, 2020 10:46:47 AM

NO on the plan to expand the Gross Reservoir Dam!
Ann, Boulder County resident
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From: Layna Melvin

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Wednesday, December 2, 2020 6:19:09 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

LaynaMelvin
415 Highland Drive

Longmont, Colorado 80504
720-617-2090



From: Allen Brown

To: Gross Reservoir S1-20-0003
Subject: SI1-20-003
Date: Wednesday, November 25, 2020 9:38:10 AM

| am 100% against all measures of this proposal.
-Allen Brown, property owner

11903 hillcrest rd

Golden
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From: john welsch

To: Gross Reservoir S1-20-0003

Subject: Gross Reservoir comments

Date: Monday, November 23, 2020 4:44:28 PM
Greetings!

I’m very concerned about the proposed Gross Reservoir expansion. Environmentally issues, traffic and safety issues,
pollution and noise issues are al concerning to me. Has there been any thought about an aternative plan? It seems
to me that there are quite afew reservoirs here on the plains that could accommodate additional water for our future
Colorado residents. Boulder Reservoir, Baseline Reservoir, Marshall Lake, Standley Lake, Ralston Reservoir and
Chatfield Reservoir are al reservoirs that are relatively easy to get to and could accommodate the additional water
that is proposed for the Gross Reservoir expansion. By focusing on dividing this big project to these different
reservoirs, it seems to me you would alleviate the environmental, traffic, safety, pollution and noise concerns that
you would have with the Gross Reservoir project.

Thank you!

John Welsch
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From: Anita Carrick

To: Gross Reservoir S1-20-0003

Subject: Gross Dam Road

Date: Monday, November 23, 2020 10:51:39 AM
Attachments: Gross Dam Road.msg

Denver water moved one big rig, two days after Boulder County grated and rolled Gross Dam
Road. This picture shows the damage to the road after one vehicle was moved. Denver water
CEO promised not to have vehicles on this road during rush hour, they moved this rig between
7:30- 8:00 AM.

It is not working out and they have just begun.

How can we get this CEO to do as told and follow rules, he would not adhere to Boulder
County rules during covid at the boat launch area either.

Thank you.
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From: Laurie Dameron

To: Gross Reservoir SI1-20-0003

Subject: Fwd: my comments

Date: Thursday, November 19, 2020 10:47:38 AM
Hi

Following up here - should | expect a reply?
Happy Holidays!

YOU ARE A PART OF THE SOLUTION!!

Laurie D

Laurie Dameron
Windchime Productions

www.LaurieDameron.com

303-449-3529

Windchimel@aol.com

Chair of Environmental and Sustainable Development
Business and Professional Women since 2015 (BPW Colorado)
Past Chair of Environment 2016-2020 (NFBPWC)

From: Laurie Dameron <windchimel@aol.com>

To: grossreservoir@bouldercounty.org <grossreservoir@bouldercounty.org>
Sent: Wed, Nov 11, 2020 5:02 pm

Subject: my comments

To whom it may concern,

| am against the expansion of Gross Reservoir. It would require cutting down thousands of trees. Trucks
and tractors would need to drive miles every day putting out enormous amounts of CO2. Plus it will
disturb residents that live near the highways where they will need to pass and hones that are near the
reservoir. The project will use enormous amounts of energy.

Instead | think we need to address our lifestyles and make some changes and be more conservative with
water. Folks can get toilets that use less water for reasonable prices these days. | got mine for free from
the city of Boulder a few years ago. (I paid $25 for delivery). Also "If it's clear, leave it here, if it's brown
flush it down" is a motto at my house. Turning off the faucet while brushing your teeth and being
conscious of how much water we use to do dishes, water the garden. Perhaps people should be
considering xeriscape instead of grass lawns. It may be time for fewer golf courses. In the 1970's here in
Boulder, when it was a low snow year, restaurants would only give you water if you asked for it. We need
to strive for zero waste. The Environmental Protection Agency states that over 40% of our greenhouse
gases come from the way products are extracted from the earth, produced, transported and even to get
rid of uses energy and that striving for zero waste is one of the easiest and quickest ways to fight climate
change. Folks also need to educate themselves on what is recyclable and compostable as contamination
continues to be the biggest problem with zero waste (contamination means putting the wrong items in the
wrong bins and if a bin is too contaminated it ends up in the landfill.) We all share this planet and we ALL
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need to be fighting climate change every day to ensure a future for our children!
thank you,

Laurie Dameron
2635 Mapleton Ave
Boulder, CO 80304

Happy Holidays!

YOU ARE A PART OF THE SOLUTION!!

Laurie D

Laurie Dameron
Windchime Productions

www.LaurieDameron.com

303-449-3529

Windchimel@aol.com

Chair of Environmental and Sustainable Development
Business and Professional Women since 2015 (BPW Colorado)
Past Chair of Environment 2016-2020 (NFBPWC)



From: Lindy Lewis

To: Gross Reservoir S1-20-0003
Subject: Docket # SI-20-003: Gross Reservoir and Dam Expansion
Date: Tuesday, November 17, 2020 10:41:12 PM

| wish to submit these comments opposing approval of the Gross Reservoir proposed
expansion project.

o When initially permitted, there was no provision for future expansion of the
dam and reservoir. Expansion is not needed simply because Denver Water wants to
serve additional prospective customers.

. Water reservoir is not a generally permitted use for a property zoned
“Forestry”, except as provided for in the original construction.

. The proposed expansion has adverse significant environmental impact on

Boulder County lands and Boulder County residents. There is not infrastructure
support of roads and facilities to handle this project. Construction of additional
infrastructure to support construction activities for the project will adversely and
permanently alter scenic areas of Boulder County and Coal Creek Canyon.

. Boulder County must oppose a proposed project to draw more water from
the already over-allocated resource of the Colorado River system.

Lindy Lewis
Boulder County Resident
11 LeonLn

Golden, CO 80403

Lindy Lewis


mailto:lindylewis80403@gmail.com
mailto:grossreservoir@bouldercounty.org

From: Steve

To: Gross Reservoir S1-20-0003
Subject: Docket # SI-20-003: Gross Reservoir and Dam Expansion
Date: Tuesday, November 17, 2020 1:40:05 PM

| wish to submit these comments opposing approval of the Gross Reservoir proposed
expansion project.

o When initially permitted, there was no provision for future expansion of the
dam and reservoir. Expansion is not needed simply because Denver Water wants to
serve additional prospective customers.

. Water reservoir is not a generally permitted use for a property zoned
“Forestry”, except as provided for in the original construction.

. The proposed expansion has adverse significant environmental impact on

Boulder County lands and Boulder County residents. There is not infrastructure
support of roads and facilities to handle this project. Construction of additional
infrastructure to support construction activities for the project will adversely and
permanently alter scenic areas of Boulder County and Coal Creek Canyon.

. Boulder County must oppose a proposed project to draw more water from
the already over-allocated resource of the Colorado River system.

Steve Lewis
Boulder County Resident
11 Leon Ln

Golden, CO 80403
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From: mrgem@aol.com

To: Gross Reservoir S1-20-0003
Subject: Possible Benefits of Gross Reservoir Expansion?
Date: Tuesday, November 17, 2020 8:53:28 AM

What are the possible benefits to me and other residents living nearby? | cannot think of a single benefit
to me and the other folks in this neighborhood.

Not only will there be no discernible benefit to us, there are almost certain to be substantial liabilities in
the form of:

e increased traffic on our little, narrow two-lane
e Increased noise pollution

e increased air pollution

e infringement on wildlife habitat

On the other hand, | see major benefit to the proponents of this project - who are hoping to expand
development opportunities in the NW metro Denver area. More available acre-feet means more building
permits.

Thanks but no thanks.

GE Morgan
Coal Creek Canyon
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From: Elizabeth Mahon

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Tuesday, November 17, 2020 8:43:14 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Elizabeth Mahon
1280 Chambers drive

Boulder, CO 80305
3032483408



From:
To:
Subject:
Date:

Omar Zubaedi

Gross Reservoir SI1-20-0003; Boulder County Board of Commissioners
Please Reject Denver Water"s 1041 Application Until Complete
Monday, November 16, 2020 6:43:45 PM

FROM: Omar Farouk Zubaedi 3335 Darley Avenue Boulder CO 80305

Denver Water's 1041 application isincomplete. Until such time as an application is
submitted that complies with the Boulder County Land Use Code and addresses all
deficiencies, Boulder County must not consider this application or deem it compl ete,
and must return it to Denver Water for clarification and completion.

Specific issues with the application:

First: The 1041 application requests a “waiver” in Section 8-503 stating that it doesn’t
have to comply with Section 8-308.A.4 of the Boulder County Land Use Code.

o Denver Water claims that the application is not a “site selection and construction
of major facilities of a public utility.” Denver Water is incorrect, and therefore
must comply with this section of the Land Use Code.

Second: Denver Water’s 1041 application completely fails to provide numerous “plans”
about how they will construct the expansion and operate the expanded facility. In fact,
the vast majority of the application simply refers to “plans” that don't yet exist which are
required to exist and to be complete to comply with the Boulder County Land Use Code,
including:

Tree Removal Plan

Quarry Operation Plan

Pit Development and Reclamation Plan

Stormwater Management Plan

Erosion Control Reclamation Plan

Invasive Plant and Noxious Weed Species Management Plan
Fire Management and Response Plan

Special Status Plants Relocation Plan

Aquatic Invasive Species Monitoring Plan

Traffic Management Plan

Fugitive Dust Control Plan

Road Maintenance Plan

Recreation Management Plan

Visual Resources Protection Plan

Historic Properties Management Plan

South Boulder Creek Channel Stability and Monitoring Plan
Road Management Plan (USFS)

Road Maintenance Plan

Restoration and Revegetation Plans

Special Status Plants Relocation Plan

Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
Emergency Action Plan

0O O O O o

0O O 0O 0O o o o o

0O O 0O 0O o o o o

o
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o Recreation Adaptive Management Plan for Winiger Ridge

Boulder County cannot consider this application when these plans have not been
completed. Without the plans, the application does not comply with Section “8-511
Standards for Approval of a Permit Application” of the Land Use Code.

Third: Throughout the application, Denver Water defers to analysis and conclusions in
the Army Corps’ Environmental Impact Statement process including the Final EIS and
Record of Decision which have numerous errors and are under dispute and litigation in
federal district court in Denver. For example:

o The Corps Record of Decision violates the National Environmental Policy Act:
= The “Purpose and Need” in the EIS is not accurate and must be
redone.
= The “Alternatives” analysis in the EIS is not accurate and must be
redone.
= The EIS did not analyze cumulative impacts, climate change, or a
Compact Call on the Colorado River associated with, or caused by, the
project.
o The Corps Record of Decision violated the Clean Water Act:
= The Corps failed to choose the “Least Environmentally Damaging
Practicable Alternative” (LEDPA).
= The full cost of the project was not considered in choosing the LEDPA.
o The Corps Record of Decision violated the Endangered Species Act by failing to
adequately consider and analyze the impacts on the green lineage cutthroat
trout.

Fourth: Throughout the application Denver Water defers to analysis and conclusions in
the Federal Energy Regulatory Commission’s license amendment process which has
numerous errors including:

o Failed to use an adequate alternatives analysis.
o Failed to adequately consider impacts to aquatic biology and water quality in
Gross Reservoir and downstream in South Boulder Creek.

Fifth: The application fails to comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a,
which requires the conservation and the full utilization of existing municipal water
supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is
not compatible with resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1
because the project is a danger to public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which
requires compatibility with existing traffic volumes.



Omar Farouk Zubaedi 3335 Darley Avenue Boulder CO 80305



From: Jill Powers

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 2:24:07 PM

Dear Boulder County Commissioners,
Please reject the Denver Water application for the expansion of Gross Dam!

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don’'t yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Agquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
- The “Purpose and Need” in the EISis not accurate and must be redone.
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- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.
- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.

Fifth: The application failsto comply with the Boulder Valey Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,
Jill Powers

Jill Powers

1702 Sumac Ave
jpowersstudio@gmail.com
Boulder, Colorado 80304
3032470013



From: Annie Seidman

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 1:34:50 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.
- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.

Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Annie Seidman

1040 Lehigh St.
annieseidman@gmail .com
Boulder, CO 80305
510-289-9560



From: Annie Seidman

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 1:34:37 PM

Dear Boulder County Commissioners and Staff,

My nameis Annie Seidman and | am a Colorado native, born and raised on the western slope in Parachute. The
beautiful Colorado River runs through my home town and below the edge of the mesawhere | grew up. My parents
still live there. | cringe to think about what this dam extension would do to the Colorado River- diverting water to
the eastern slope and thereby harming the plants, animals and humans that already rely on it. | also worry about the
destruction that will be caused by raising the level of Gross Reservoir.

I wish humans and the peoplein charge of ‘development’ could make choices based on the health and sustainability
of the entire ecosystem. Expanding Gross Dam and taking away important water resources from thosein need isa
short-term, detrimental solution. The Gross Dam expansion is another example of how humans harm and change the
environment in order to accommodate our growing population and carbon footprint which adds to the global
warming crisis. Thisisashort sited plan that will cause more harm than good.

Thank you for hearing my thoughts on the matter and taking them into consideration.

Truly,
Annie

Additionally...

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“ site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast mgjority of the application simply
refersto “plans’ that don’t yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Agquatic Invasive Species Monitoring Plan
- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan
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- South Boulder Creek Channel Stability and Monitoring Plan

- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate alternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is not compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,



Annie Seidman

1040 Lehigh St.
annieseidman@gmail.com
Boulder, CO 80305
510-289-9560



From: Greg Thomas

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 11:42:00 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Greg Thomas



From: marta lindrose

To: Gross Reservoir S1-20-0003
Subject: Gross Reservoir
Date: Monday, November 16, 2020 11:23:34 AM

To whom it may concern:

Expanding Gross Reservoir is a bad idea. The idea of expanding is worse or
equivalent to fracking. The removal of valuable trees, disrupting wildlife, creating
road damage, noise pollution, air pollution, visual pollution and possible flooding
through accidents are only a few of the problems and damages that we can expect.
We live in a fragile environment so protect our resources and stop this expansion.

Denver Water doesn't care about wildlife or fish or people. | live on South Boulder
Creek (40+ years) and | have observed that frequently they shut the flow of water
off to a dribble and the fish have nowhere to swim and there is very little water for
the wildlife to drink. We have been told by them that they are in the water moving
business not the protection of the environment or people business.

If Denver were more conservative they would realize there is adequate water for
everyone - don't waste. My question is who is or will be benefiting (not the city but
person) from this expansion - that should be investigated, it's obvious they don't care
about the environment.

Marta Lindrose
1225 Gapter Rd
Boulder
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From: Caroline Zug

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 9:29:05 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely, Caroline Zug

Caroline Zug
1799 Twin Sisters Rd

Nederland, Colorado 80466
303-748-0359



From: Jodie Simon

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 9:05:55 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Jodie Simon
3885 Orange Ct

Boulder, CO 80304
7202892086



From: Judith Strahota

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 8:09:44 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.
Thank you!

Sincerely,

Judi Strahota

Judith Strahota
1496 Alpine Ave

Boulder, CO 80304
3039933390



From: Kevan Krasnoff

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 7:59:48 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Kevan Krasnoff
636 marine st

Boulder, Colorado 80302
3034440693



From: Arden Buck

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Monday, November 16, 2020 2:04:43 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.
- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.

Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Arden Buck

38 Navajo

POB 1685
Nederland, co 80466
3032583056



From: Robert Wilkinson

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Sunday, November 15, 2020 9:18:47 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Robert Wilkinson
1195 Hancock Dr

Boulder, Colorado 80303
3034404530



From: David Papuga

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Sunday, November 15, 2020 5:08:01 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

David Papuga
11986 twilight st

Longmont, CO 80503
7203415596



From: Bob Bartusiak

To: Gross Reservoir SI1-20-0003
Subject: Traffic Impact Analysis
Date: Sunday, November 15, 2020 3:51:27 PM

As an owner of property on Crescent Park Drive | am highly concerned about the workers that
would be traveling to and from the worksite daily using Crescent park drive instead of the
same route that the trucks will take.

| think the project should require workers/personal vehiclesto take Gross Dam road from
HWY 72 instead of coming up Crescent Park Drive. There needs to be monitoring of the
traffic count on Crescent Park Drive for the expansion project. We will already be negatively
impacted on HWY 72, | do not want the safety and road noise to negatively impact our
neighborhood.

Regards,

Bob Bartusiak,
720-891-3418

bobbartusiak@gmail.com
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From: thomas moore

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Sunday, November 15, 2020 2:33:17 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

thomas moore
15550 kingfirld drive apt 1202

houston, texas 77084
8328820293



From: andy dieringer

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Sunday, November 15, 2020 11:17:15 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

andy dieringer
2548 6th St.

Boulder, CO 80304
3034194676



From: SUE FALLS

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 6:17:13 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

SUE FALLS
1155 OAKDALE PLACE

Boulder, Co 80304
7209030251



From: Roberta Koeppe

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 4:35:50 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Roberta Koeppe
3212 Cripple Creek Trail

Boulder, CO 80305
3039188026



From: Vicki Lemmon

To: Gross Reservoir SI1-20-0003
Subject: Gross Reservoir Expansion
Date: Saturday, November 14, 2020 1:21:48 PM

To Whom It May Concern:

I and my husband live just off County Road 68, about a mile from Gross Reservoir. We are
adamantly opposed to the expansion of the reservoir for a number of reasons, and we hope these
add to the body of others' concerns.

There will never be enough water to fill the expanded reservoir. Climate scientists have presented
facts over and over that support this.

The watershed feeding the reservoir is already seriously depleted. Increasing demand on the
water provided in this watershed, as well as climate change and dwindling rain/snow to replenish
it, are only going to deplete it further. This further reduces the likelihood of Gross ever filling past
present capacity and only further ransacks the watershed.

The dangers presented by this enormous construction project are almost too numerous to
mention. The roads are not adequate for the logging trucks and heavy equipment that will be
required. | have been run off the road twice by Denver Water Board trucks that were too big and
moving way too fast down County Road 68. The wildlife that live here will be seriously impacted
by the noise and disruption of their habitat. The people that live here will be seriously impacted by
the same. Helicopter logging over our house, which has been described as a years-long project,
will be a daily stressor for all of us living nearby.

We all know that Denver Water Board is a corporate entity that is only interested in expanding
Gross in order to profit from the water sales that will supply Denver lawns and golf courses. This
is an obscene project that benefits no one but them. Do you know that homes in the mountains
are not allowed to have outdoor water faucets? and yet this corporation wants to profit from the
very water that we must conserve every day.

Please consider the many negatives against the non-existent positives and do not allow this
project to continue.

Thank you,

John & Vicki Lemmon

154 Cumberland Gap Road
Nederland
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From: LAURIE HALEE

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 12:13:47 PM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

LAURIEHALEE
61 MEADOWLAND CT

NEDERLAND, CO 80466
303-588-1288



From: Margaret LeCompte

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 11:44:03 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Margaret LeCompte
290 Pawnee Drive



From: Beverly Kurtz

To: Clark R Chapman

Cc: Gross Reservoir SI-20-0003; Boulder County Board of Commissioners; Y Chapman
Subject: Re: Analysis of Denver Water 1041 Application (Gross Reservoir)

Date: Saturday, November 14, 2020 10:20:00 AM

Dearest Clark and Y,

Asusua you have done an outstanding job in documenting issues with the project. | can't thank you enough for
taking the time to write all this up (again!) Y our support is so appreciated.

Thanks,
Bev

On Fri, Nov 13, 2020 at 1:45 PM Clark R Chapman <cchapman@boulder.swri.edu> wrote:
Dear Commissioners Deb Gardner, Elise Jones, and Matt Jones:

We hope that you and your staff will consider our lengthy, detailed
analysis *(attached Word document)* and reject the 1041 Permit
Application of Denver Water (Docket SI-20-0003) for a six-year long
construction project to expand Gross Reservoir. Thank youl!

Clark and Y Chapman

Clark R. Chapman and Y (LMC) Chapman
2083 Lazy Z Rd.
Nederland CO 80466
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From:
To:

Mark Shader
Gross Reservoir SI1-20-0003

Subject: Fwd: Comments on Denver Water"s 1041 Application to Boulder County Due November 13th!

Date:

Saturday, November 14, 2020 9:59:13 AM

Sent from my iPad

Begin forwarded message:

From: Mark Shader <markshader1@gmail.com>

Date: November 10, 2020 at 6:40:27 PM MST

To: commissioners@boul dercounty.org

Subject: Comments on Denver Water's 1041 Application to Boulder County
Due November 13th!

Long time residence of Boulder County,
Mark Shader
720-352-1614

This project in many ways makes very little sense. | think if Denver etc had water
restrictions and green lawn limits etc that water would not be the problem. Also,
on limits of how much they can charge selling it to other municipalities. This
project isavery slippery slope being publicized as a need for water. Without
proper restrictions on its use how can you pass such an outrageous plan.

Thank you

https://www.saveboul dercounty.org/how-you-can-help

Sent from my iPad
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From: Adrienne Bielak

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:10 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:


mailto:adriennebielak@gmail.com
mailto:commissioners@bouldercounty.org
mailto:grossreservoir@bouldercounty.org

- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Adrienne Bielak
31056 Burland Rd

Golden, CO 80403



From: Gretchen Bach

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:08 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:


mailto:gretchen.bach1@gmail.com
mailto:commissioners@bouldercounty.org
mailto:grossreservoir@bouldercounty.org

- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Gretchen Bach
2279 Spruce St

Boulder, CO 80302
3038299828



From: Brittany Olson

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:08 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Brittany Olson
687 Crescent Lake Rd

Golden, Colorado 80403
3039319860



From: Cynthia Berginc

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:07 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

CynthiaBerginc
11933 Coal Creek Heights Dr.

Golden, CO 80403
602 399 0633



From: Justin Shaffer

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:07 AM

Dear Boulder County Commissioners and Staff,

Welivein Coa Creek Canyon and do not want to see our beautiful canyon destroyed because of the Gross Dam
expansion! Please reject their application!

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
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errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valey Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.
Thank you!

Sincerely,

Justin Shaffer

Justin Shaffer
911 Divide View Drive

Golden, CO 80403



From: Gwendy Haas

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:59:06 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.
- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.

Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

There is another way to provide water and still protect our beautiful state without this project.

Please reject this application.

Thank you!
Sincerely,

Gwendy Haas
3580 Cloverleaf Drive

Boulder, CO 80304
3034494106



From: Ted Baker

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:58:16 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application isincomplete
and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.
Thank you!

Sincerely,

Ted Baker

Ted Baker
11563 Lillis Lane

Golden, CO 80403
720 340 9636



From: Nicole Faurot

To: ients:"@IM: 1.BOULDERCOUNTY.ORG
Subject: Denver Water"s Gross Reservoir Expansion Project
Date: Saturday, November 14, 2020 9:58:14 AM

To Whom It May Concern,

I live on Flagstaff mountain overlooking Gross Reservoir. | would like to express my concern about this project and have listed specific details below.

Denver Water's 1041 application is incomplete. Until such time as an application is submitted that complies with the Boulder County Land Use Code and addresses all deficiencies, Boulder County must not
consider this application or deem it complete, and must return it to Denver Water for clarification and completion.

Specific issues with the application:

First: The 1041 application requests a “waiver” in Section 8-503 stating that it doesn’t have to comply with Section 8-308.A.4 of the Boulder County Land Use Code.

Denver Water claims that the application is not a “site selection and construction of major facilities of a public utility.” Denver Water is incorrect, and therefore must comply with this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans” about how they will construct the expansion and operate the expanded facility. In fact, the vast majority of the application
simply refers to “plans” that don’t yet exist which are required to exist and to be complete to comply with the Boulder County Land Use Code, including:

Tree Removal Plan

Quarry Operation Plan

Pit Development and Reclamation Plan

Stormwater Management Plan

Erosion Control Reclamation Plan

Invasive Plant and Noxious Weed Species Management Plan
Fire Management and Response Plan

Special Status Plants Relocation Plan

Aquatic Invasive Species Monitoring Plan

Traffic Management Plan

Fugitive Dust Control Plan

Road Maintenance Plan

Recreation Management Plan

Visual Resources Protection Plan

Historic Properties Management Plan

South Boulder Creek Channel Stability and Monitoring Plan
Road Management Plan (USFS)

Road Maintenance Plan

Restoration and Revegetation Plans

Special Status Plants Relocation Plan

Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
Emergency Action Plan

Recreation Adaptive Management Plan for Winiger Ridge

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the application does not comply with Section “8-511 Standards for Approval of a Permit
Application” of the Land Use Code.

Third: Throughout the application, Denver Water defers to analysis and conclusions in the Army Corps’ Environmental Impact Statement process including the Final EIS and Record of Decision which have
numerous errors and are under dispute and litigation in federal district court in Denver. For example:

The Corps Record of Decision violates the National Environmental Policy Act:

The “Purpose and Need” in the EIS is not accurate and must be redone.

The “Alternatives” analysis in the EIS is not accurate and must be redone.

The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River associated with, or caused by, the project.

The Corps Record of Decision violated the Clean Water Act:

The Corps failed to choose the “Least Environmentally Damaging Practicable Alternative” (LEDPA).
The full cost of the project was not considered in choosing the LEDPA.

The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defers to analysis and conclusions in the Federal Energy Regulatory Commission’s license amendment process which has numerous errors including:

Failed to use an adequate alternatives analysis.
Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream in South Boulder Creek.

Fifth: The application fails to comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is not compatible with resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is a danger to public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility with existing traffic volumes.

Kindly,
Nicole Faurot
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From: Ursula Treves

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:58:14 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the Boulder County Land Use Code. Denver Water claims that the application is not a*“site selection
and construction of major facilities of apublic utility.” Denver Water isincorrect, and therefore must comply with
this section of the Land Use Code.

Second: Denver Water's 1041 application completely fails to provide numerous “plans’ about how Denver Water
will construct the expansion and operate the expanded facility. In fact, the vast majority of the application simply
refersto “plans’ that don't yet exist which are required to exist and to be complete to comply with the Boulder
County Land Use Code, including:

- Tree Removal Plan

- Quarry Operation Plan

- Pit Development and Reclamation Plan

- Stormwater Management Plan

- Erosion Control Reclamation Plan

- Invasive Plant and Noxious Weed Species Management Plan
- Fire Management and Response Plan

- Aquatic Invasive Species Monitoring Plan

- Traffic Management Plan

- Fugitive Dust Control Plan

- Recreation Management Plan

- Visua Resources Protection Plan

- Historic Properties Management Plan

- South Boulder Creek Channel Stability and Monitoring Plan
- Road Management Plan (USFS)

- Road Maintenance Plan

- Restoration and Revegetation Plans

- Special Status Plants Relocation Plan

- Reclamation and Revegetation Seed Mixes and Mulch Materials Plan
- Emergency Action Plan

- Recreation Adaptive Management Plan for Winiger Ridge

- Capital Improvement Plan or Facilities Master Plan

Boulder County cannot consider this application when these plans have not been completed. Without the plans, the
application does not comply with Section “8-511 Standards for Approval of a Permit Application” of the Land Use
Code.

Third: Throughout the application, Denver Water defers to analysis and conclusionsin the Army Corps’
Environmental Impact Statement process including the Final EIS and Record of Decision which have numerous
errors and are under dispute and litigation in federal district court in Denver. For example:

A. The Corps Record of Decision violates the National Environmental Policy Act:
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- The “Purpose and Need” in the EISis not accurate and must be redone.
- The“Alternatives’ analysisin the EISis not accurate and must be redone.
- The EIS did not analyze cumulative impacts, climate change, or a Compact Call on the Colorado River
associated with, or caused by, the project.
B. The Corps Record of Decision violated the Clean Water Act:
- The Corpsfailed to choose the “ Least Environmentally Damaging Practicable Alternative” (LEDPA).
- The full cost of the project was not considered in choosing the LEDPA.
C. The Corps Record of Decision violated the Endangered Species Act by failing to adequately consider and
analyze the impacts on the green lineage cutthroat trout.

Fourth: Throughout the application Denver Water defersto analysis and conclusions in the Federal Energy
Regulatory Commission’s license amendment process which has numerous errors including:

- Failed to use an adequate aternatives anaysis.

- Failed to adequately consider impacts to aquatic biology and water quality in Gross Reservoir and downstream
in South Boulder Creek.
Fifth: The application failsto comply with the Boulder Valley Comprehensive Plan.

Sixth: The application violates Boulder County Land Use Code Section 8-511.C.2.a, which requires the
conservation and the full utilization of existing municipal water supplies.

Seventh: The application violates Boulder County Land Use Code 8-511.1.2 because it is hot compatible with
resource preservation and does not minimize resource damage.

Eighth: The application violates Boulder County Land Use Code Section 8-511.J.1 because the project is adanger to
public health or safety or to property.

Ninth: The application violates Boulder County Land Use Code Section 8-511.J.2, which requires compatibility
with existing traffic volumes.

Please reject this application.

Thank you!
Sincerely,

Ursula Treves
12002 spruce canyon circle

Golden, Co 80403
8433424999



From: Mary Maxwell

To: Boulder County Board of Commissioners; Gross Reservoir SI1-20-0003
Subject: Denver Water"s 1041 Gross Dam Expansion Application is "Incomplete” and Must Be Rejected
Date: Saturday, November 14, 2020 9:58:13 AM

Dear Boulder County Commissioners and Staff,

Denver Water has submitted its 1041 application for the expansion of Gross Dam, and the application istotally
incomplete and must be rejected.

First: The 1041 application requests a“waiver” in Section 8-503 stating that it doesn’t have to comply with Section
8-308.A.4 of the B