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PREFACE

Article VI11(d)(13) of the Upper Colorado River Basin Compact, requires the Upper Colorado

River Commi ssion (the Commissi on) governofswidhee and
signatory states and the president of the United States of America, with the estimated budget,

a report covering the activities of the Commi ss

Article VIII(1) of the By-Laws of the Commission, as updated, s peci fi es that @Athe
shall make and transmit annually before July 1 to the Governors of the states signatory to the

Upper Colorado River Basin Compact and the to the President of the United States a report

covering the activities of the Commission for the water year ending the preceding September

30.0

This Seventy-First Annual Report of the Upper Colorado River Commission has been
compiled pursuant to the above directions.

This Annual Report includes, among other things, the following:
1 Membership of the Commission, its Committees, Advisers, and Staff
Roster of meetings of the Commission

1
1 Summary of the Activities of the Commission
1  Engineering and Hydrologic Data

1

Status of the Colorado River Storage Project (CRSP) Initial Units and other
Participating Projects

1  Appendices containing Commission financial data, such as budget, annual financial
report, balance sheet, statements of revenue and expenses, and Commission
resolutions.

A special thank you to the many staff of the United States Bureau of Reclamation
(Reclamation) who have contributed significantly to the text of this Annual Report and the data
presented herein.
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Committees and their membership at the commencement of the 2019 Water Year are as
follows (the Chair and the Secretary of the Commission are ex-officio members of all
committees, Article V(4) of the Commission By-Laws):
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Eric L. Millis 7 Utah John Do ANewdexico

GENERAL ADVIS ERS TO COMMISSIONERS
The following individuals serve as advisers to their respective Commissioner:
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11



MEETINGS OF THE COMMISSION

During the Water Year ending September 30, 2019, the Commission met as follows:

Meeting No. 283 December 12, 2018 Las Vegas, NV
Meeting No. 284 June 28, 2019 Keystone, CO
Meeting No. 285 October 22, 2019 By Phone

ACTIVITIES OF THE COMMISSION

GENERAL ACTIVITIES

Within the scope and limitations of Article I(a) of the Upper Colorado River Basin Compact of
1948 and under the powers conferred upon the Commission by Article VIIi(d), the principal
activities of the Commission have consisted of: 1) research and studies of an engineering and
hydrologic nature of various facets of the water resources of the Colorado River Basin,
especially as related to operation of the Colorado River reservoirs; 2) collection and
compilation of documents related to the utilization of waters of the Colorado River System for
domestic, industrial and agricultural purposes, and hydroelectric power generation; 3) legal
analyses of associated laws, court decisions, reports and issues; 4) participation in activities
and provision of comments on proposals to ensure and allow the beneficial consumptive use
of water in the Upper Basin, including for environmental, fish and wildlife and endangered
species purposes, and water quality activities; 5) cooperation with water resources agencies
of the Colorado River Basin States on water and water-related issues; 6) activities designed
to aid in securing planning and investigation of storage dams, reservoirs, and water resource
development projects of the Colorado River Storage Project that have been authorized for
construction, and to secure authorization for the construction of additional participating
projects as the essential investigations and planning are completed; and, 7) analysis and study
of federal water resource legislation, and the preparation of evidence, argument, and
testimony before Congressional committees.

SPECIFIC ACTIVITIES

The Commission, its full-time staff and the Engineering and Legal Committees have been
actively involved in matters pertinent to the administration of waters of the Colorado River. In
addition to Commission meetings, many additional work meetings, Committee meetings,
workgroups, and calls have been held under the authority of the Commission. Activities have
included but are not limited to: meetings regarding implementation of coordinated reservoir
operations and shortage management, coordination with Mexico on water management
issues, completion and implementation of the Upper and Lower Basin Drought Contingency
Plans, augmentation of the Colorado River supply, investigation of climate change impacts to
water supply, review of annual operations plans for Glen Canyon Dam, discussions regarding
curtailment avoidance, monitoring of Lees Ferry streamgage flow measurements,
maintenance of Upper Basin water demand and depletion schedules, continuation of Upper
Basin agricultural consumptive use studies, involvement in future water supply and demand
studies, continued implementation of Colorado River Basin Fund projects, and various legal
matters.

Oversight and Administration of the 2007 Interim Guidelines for Lower Basin
Shortages and Coordinated Operations for Lake Powell and Lake Mead

During the twelfth year of the Colorado River
Guidelines (Guidelines), the Commission and the states of Colorado, New Mexico, Utah, and
Wyoming (the Upper Division States) continued their roles and responsibilities regarding the
implementation of the Guidelines. Releases from Lake Powell to the Lower Colorado River
Basin are based on the relative storage volumes and related water elevation tiers of Lake
Powell and Lake Mead. The years of 2015, 2016, 2017, 2018, and 2019 saw above-average
releases of 9.0 million acre-feet (maf). Cumulatively, these releases amount to 3,850,000 acre-
feet more than what would have been required by the Long-Range Operating Criteria (LROC)
minimum objective release of 8.23 maf over the same timeframe. Despite the larger releases
and substantial conservation storage amounts in Lake Mead, the elevation of Lake Mead has
remained relatively flat, hovering around 1,075 7 1,090 feet over the past six years.

12



Reclamationd 24-Month Study models and projects water elevations at Lakes Powell and

Mead each month. These predictions are of great
the critical August 24-Month Study run of the model determining the annual release volume

for the following year. A review of tMoehStudydel 6s |
showed that the model more often overpredicts elevations. Predicting reservoir elevations with

an extended horizon (e.g., 5-months used for the August 24-Month Study) may lead to less-
than-optimal operations. A review of prediction accuracy shows that Lake Powell elevations

are frequently over-predicted and may result in inaccurate tier designation. Since 2007,
Commission staff and Upper Division State advisers have been working with Reclamation and

the National Weather Service Colorado Basin River Forecast Center (CBRFC) to improve

modeling accuracy. Modeling adjustments include the incorporation of a new method for Lake

Powell inflow estimation that uses a mass balance approach, more accurate estimates of bank

storage (e.g., water stored in voids in the soil cover of adjacent banks of streams and lakes),

and inclusion of new hydrologic flow regimes based on reduced hydrology such as those seen

during the 2002-2019 period. See Table 1, for predicted and actual elevations over the

Guideline implementation period.

TABLE 1. August 24-Month Study - Predicted Elevations for
December End of Month (EOM)

Predicted Dec. EOM Actual Dec. EOM
Year Elevation (ft) Elevation (ft) Error (ft)
2007 3,596.4 3,594.6 1.76
2008 3,625.8 3,617.9 7.86
2009 3,634.8 3,626.2 8.54
2010 3,627.5 3,626.5 0.98
2011 3,646.3 3,639.3 6.51
2012 3,614.9 3,609.8 5.07
2013 3,578.3 3,584.4 -6.11
2014 3,596.6 3,597.8 -1.13
2015 3,602.5 3,600.8 1.66
2016 3,605.8 3,600.5 5.34
2017 3,627.3 3,622.9 4.49
2018 3,586.6 3,581.9 4.70
2019 3,618.6 3,608.7 4.70

The accuracy of the 24-Month Study modeled reservoir elevations reflects the long-horizon
prediction period (5 months), and the accuracy of predicted weather, precipitation, and runoff
during that time. The Commission is gathering information on possible alternative approaches
that will result in the optimal, sustainable coordinated management of Lakes Powell and Mead
and the Colorado River System as a whole.

Upper Division States6 Drought Contingency Pl an

On May 20, 2019, the interstate Drought Contingency Plans (DCPs) agreements were signed
and became effective for both the Upper and Lower Colorado River Basins. This followed the
enactment of federal law (P.L. 116-14) authorizing the Upper and Lower Basin DCPs, which
was passed by the United States Congress and signed into law by the President on April 16,
2019.

The DCPs are designed to reduce risks to the Colorado River from ongoing historic drought
exacerbated by the effects of climate change. The Commission, its staff, and its legal and
engineering advisers spent considerable time in Water Year 2019 finalizing the terms of the
Upper Basin DCP; obtaining Commission approval of the final draft DCP agreements to which
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the Upper Division States are party to; supporting individual states in their efforts to obtain
support (and, in some cases, legislative authority) for the DCPs; and, securing federal
legislation authorizing the DCPs.

The Upper Basin DCP (consisting of the Drought Response Operations Agreement! and
the Demand Management Storage Agreement?) marks the culmination of intensive efforts
dating back to 2014 (December 10, 2014 Resolution®) by the Upper Colorado River
Commission and key Commission advisers and staff, to address fluctuating water elevations
and low storage conditions at Colorado River reservoirs, particularly Lakes Powell and Mead.
The Upper Basin DCP is designed to: 1) protect critical elevations at Lake Powell and help
ensure continued compliance with the 1922 Colorado River Compact; and, 2) establish the
foundation for the storage of water in the Upper Basin as part of a Demand Management
Program that may be developed in the future.

“DROUGHT CONTINGENCY PLAl‘\l\Ss 2’(#9’

Figure 1. Assistant Secretary for Water and Science Tim Petty, Commissioner Brenda
Burman, and the principals of the Colorado River Basin states signed the DCPs at Hoover
Dam on May 20, 2019. (Photo by Reclamation.)

Two agreements comprise the Upper Basin DCP: The Drought Response Operations
Agreement and the Demand Management Storage Agreement. Weather madification is also

a component of the Upper Basin DCP but is subject to existing agreements and programs that

predate the DCP effort. The Drought Response Operations Agreement provides for the

devel opment of a process based on proximity to e
at Lake Powell to coordinate releases from the Initial Units of the Colorado River Storage

Project (CRSP). This serves to protect Lake Powell from dropping to critical elevations at which

time the operation of the reservoir (including
obligations under the 1922 Colorado River Compact could be compromised. A Drought
Response Operation would also include a recovery element so that water released from an

Initial Unit(s) would be restored once an Operation is concluded. Any Drought Response

Operation is expressly subject to existing environmental compliance and water and power

! Upper Colorado River Commission Website. Webpage: http://www.ucrcommission.com/wp-
content/uploads/2019/09/Attachment-A1-Drought-Response-Operations-Agreement-Final.pdf. Accessed
on March 25, 2020.

2 Upper Colorado River Commission Website. Webpage: http://www.ucrcommission.com/wp-
content/uploads/2020/04/Attachment-A2-Demand-Managment-Storage-Agreement-Final.pdf. Accessed
on March 25, 2020.

3 Upper Colorado River Commission Website. Webpage: http://www.ucrcommission.com/wp-
content/uploads/2019/09/Upper_Basin_Drought_Contingency Plan.pdf. Accessed on March 25, 2020.
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contracts at the subject Initial Unit(s).

The Demand Management Storage Agreement permanently authorizes the storage of
conserved consumptive water use volumes at Lake Powell and other CRSP Initial Units free
of charge for the sole purpose of satisfying Upper Basin obligations under the 1922 Colorado
River Compact. Storage of these volumes is contingent upon the development of an Upper
Basin Demand Management Storage Program. The Demand Management Storage
Agreement sets forth minimum conditions for establishing an Upper Basin Demand
Management Program through 2026. However, the Agreement itself does not establish an
Upper Basin Demand Management Program; rather, it sets forth a framework for establishing
such a Program.

The Lower Division States of Arizona, California, and Nevada, together with key water users
in those states, developed the Lower Basin DCP (consisting of the LB Drought Contingency
Plan Agreement* and the LB Drought Operations Exhibit®) designed to contribute additional
water to Lake Mead at predetermined elevations and to incentivize additional voluntary
conservation of water to be stored at Lake Mead.

In addition to the intra-basin DCP agreements comprising the Upper and Lower Basin DCPs,
both the Upper and Lower Basin executed an
and Lower Basin DCPs. This allows the Upper Basin to enforce the terms of the Lower Basin
DCP against the Lower Basin signatories and the United States, and the Lower Basin to do
the same as against the Upper Basin and the United States.

Since the execution of the DCPs in May 2019, the Upper Division States and Commission
staff have been engaged in investigations to determine the feasibility of a Demand
Management Program in the Upper Basin. While each of the four Upper Division States have
intrastate processes underway to assess the potential for basin-wide Program, Commission
staff have also been engaged in interstate Demand Management efforts. These include
administering a substantial, multi-year grant to the Commission from Reclamation to support
Upper Basin Demand Management investigations and to procure the necessary contract
support to assist in these investigations.

Negotiations with Mexico Regarding Low Elevation Reservoir Conditions and
Augmentation of Supply

In 2019, the Commission and the Upper Division States were actively involved in discussions
with the Department of Interior, the International Boundary and Water Commission (IBWC)
and their Mexican counterparts, and representatives of the Lower Division States on additional
measures for managing and sharing future shortages, as well as to meet future demands for
water consistent with the terms of the 1944 United States-Mexico Treaty on Utilization of
Waters of the Colorado and Tijuana Rivers and of the Rio Grande (1944 Water Treaty), and

agree

the Upper Division Statesd obligations wunder t|

Upper Colorado River Basin Compact. This binational coordination occurs through the
implementation of Minute 323, an implementing agreement to the 1944 Treaty. Minute 323,
signed in 2017, extends many provisions of two of its predecessor minutes, Minutes 318 and
3109.

In particular, Minute 323 replaces or extends measures agreed to in Minute 319 which include
conditional storage of Mexican water in the United States and reductions based upon low
elevations at Lake Mead. Minute 323 also adds measures for Binational Water Scarcity
Contingency Planning conditioned upon the United States adopting similar measures in the
form of a Lower Basin drought contingency plan. In July 2019, the Principal Engineers of the
Mexican and U.S. Sections of the IBWC issued a Joint Report with the implementing details

4 Upper Colorado River Commission Website. Webpage: http://www.ucrcommission.com/wp-
content/uploads/2019/09/Attachment-B-LB-DCP-Agreement-Final.pdf. Accessed March 25, 2020.

5 Upper Colorado River Commission Website. Webpage: http://www.ucrcommission.com/wp-
content/uploads/2019/09/Attachment-B-Exhibit-1-L B-Drought-Operations-1.pdf. Accessed March 25,
2020.
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of the Binational Water Scarcity Contingency Plan contained in Minute 323. In August of 2019,
Recl amati on det er snBimatorhl WateraScarciky eConitirgendy Plan would
commence in 2020 due to projected Lake Mead elevations on January 1, 2020. In addition to
the Binational Water Scarcity Contingency Plan, Minute 323 also includes provisions
regarding:

1) Distribution of surplus flows

2) Distribution of flows under low elevation reservoir conditions (shortage)

3) Extension of cooperative measures to address emergencies (e.g., storage during
earthquake-damaged infrastructure in Mexico)

4) Salinity

5) Flow variabiltyinMe xi cods supply

6) Environmental measures

7) Investment in Projects; and,

8) Measures pertaining to the All-American Canal

During 2019, various workgroups formed under Minute 323 met to undertake workgroup-
designated tasks under the Minute. Commission staff participates in both the Minute 323
Environmental and Hydrology Work Groups. Moreover, Commission staff participates in the
Minute 323 Oversight Group, a binational steering group that meets biannually to track the
implementation of Minute 323 and to provide direction and oversight of the workgroups.

Implementation of the Colorado River Basin Fund MOA

Implementation activities continued on the 2011 Memorandum of Agreement (MOA) between
the Upper Division States, the Colorado River Energy Distributors Association (CREDA),
Reclamation, and the Western Area Power Administration (WAPA) to allow basin funds to be
used for future state development projects as well as operation, maintenance, and
replacement of existing CRSP-related projects. Projects have been proposed for funding and
are now in the process of implementation. Over $100 million in water development projects
that directly benefit the Upper Division states has been approveds i nce MOA®S sIn
2019, negotiations began on a new MOA to either replace or succeed the original MOA, which
expires in 2025. These discussions were precipitated by the anticipation of an energy rate

ncept

study to be conducted in 2020 by the WAPA. A

discussions on potential terms of a new MOA. Members of the small group include
representatives of the Upper Division States, Commission staff, CREDA staff, and
representatives of WAPA and Reclamation.

Lees Ferry Streamgage and Releases from Glen Canyon Dam

The 1922 Colorado River Compact delineates the Upper and Lower Basins at Lee Ferry,
Arizona, approximately sixteen miles below Glen Canyon Dam, the impoundment for Lake
Powell. The nearby Lees Ferry streamgage is the closest streamflow measurement point to
Lee Ferry and is therefore of great importance to the Commission. The reach between Glen
Canyon Dam and the Lees Ferry streamgage is subject to gains in flow.

TABLE 2. Gain in Reach Between Glen Canyon Dam
and the Lees Ferry Streamgage

Water Y ear Acre -Feet Water Year Acre -Feet
2005 156,000 2013 32,000*
2006 264,000 2014 104,000
2007 166,000 2015 135,000
2008 186,000 2016 118,000
2009 160,000 2017 151,000
2010 184,000 2018 157,100
2011 213,000 2019 240,100
2012 108,000 Sum 2,374,200

*During Water Year 2013, the U.S. Geological Survey (USGS) experienced personnel changes
that resulted in an anomalously low measurement at the Lees Ferry streamgage. The actual flow
volume was likely much higher.

During the 2019 Water Year, the reach in question had a gain of 240,105 acre-feet. A summary
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of such gains over the past fifteen years are summarized in Table 2. Over the same timeframe,
the cumulative gain at Lees Ferry when compared to reported Glen Canyon Dam release
volumes was approximately 2,374,200 acre-feet. The Commission continues to investigate
the significance of these gains when considering current and future dam operations.

Upper Colorado River Basin Consumptive Use Study

The Commission, the Upper Division States, and the Upper Colorado Region and Denver
Offices of Reclamation continued their coordination of a study on how the basin might improve
the speed, accuracy, support, and cost effectiveness of agricultural consumptive water use
estimates for the Upper Colorado River Basin. Phase | of the study identified methodologies
used by states and Reclamation for measurement of agricultural consumptive water use,
including suggestions for improvements. Phase Il of the study evaluated methods and
improvements that could be made when estimating agricultural evapotranspiration (ET) by
expanding weather station networks. Phase Il also evaluated the use of remote sensing
methods and their feasibility for use in the Upper Colorado River Basin.

Phase Ill of the study commenced in 2018 and continued during 2019 includes continued
synthesis of information and recommendations concerning selected remote-sensing methods
and a comparison of more traditional crop coefficients such as the Modified Blaney-Criddle
and Penman-Monteith methods. Phase Il will likely conclude the study, whereupon
recommendations will be made to the Commission regarding the various methods for
calculating agricultural consumptive water use more uniformly across the Upper Colorado
River Basin.

System Conservation Pilot Program

In response to the current drought in the Colorado River Basin and declining reservoir
elevations, four major water suppliers including the Central Arizona Project, Denver Water,
The Metropolitan Water District of Southern California, and Southern Nevada Water Authority,
together with Reclamation, contributed significant funds during calendar years 2015-2018 to
assist the Colorado River Basin States in support of demand management activities in the
Upper and Lower Basins. Specifically, the purpose of this funding was to support voluntary,
temporary, and compensated water conservation projects to demonstrate the viability of
reducing water demand in order to avoid critical low reservoir conditions.

The Commission acted as the contracting agency for administering these funds through the
ASystem Conservation Pilot Programd in the Upper
projects to conserve water. In addition to funding both projects and administrative costs,

Reclamation also provided in-kind support for the Pilot Program for each of its four years in

the form of a Reclamation engineer who was detailed to the Commission as the SCPP

Program Manager.

There were 64 SCPP projects selected for funding from 2015 through 2018. The total project
cost for the four-year Pilot Program was $8.525 million and an estimated reduction 47,425
acre-feet of consumptive water use. The vast majority of estimated conservation came from
the agriculture sector. Notably, the estimated conserved consumptive use in 2018 alone
(25,320 acre-feet) was greater than the estimated conservation in 2015 through 2017
combined (22,110 acre-feet).

Notwithstanding the relative success of the Pilot Program in the Upper Basin, the Commission

adopted a resolution in June of 2018 to continue exploring the feasibility of developing demand
management programs while temporarily suspendin
entity for the SCPP after 2018. T éstein f@wsimon s s i o n 6
outstanding considerations related to demand management identified as a consequence of
administering the SCPP, especially given the role of demand management in the Upper Basin

Drought Contingency Plan.
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Commission Staffing

On July 1, 2019, Ms. Sara Larsen became the Deputy Executive Director and Chief Engineer
of the Commission. Ms. Larsen joins permanent Commission staff members, Amy |. Haas,
Executive Director and Secretary, Don A. Ostler, part-time Staff Engineer, and TeriKay Gomm,
Administrative Assistant.

Figure 2. Commission Staff (left to right): Teri Gomm, Don Ostler, Sara Larsen,
and Amy Haas
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ENGINEERING-HYDROLOGY

Stream Flow and Hydrology Summary

The historical flow of the Colorado River at Lee Ferry for Water Year 2019, based on U.S.
Geological Survey (USGS) streamflow measurements at the Lees Ferry and Paria River
streamgages, was 9,264,105 acre-feet. The progressive 10-year total flow at Lee Ferry was
92,981,000 acre-feet (2010 to 2019). The estimated natural flow of the Colorado River at Lee
Ferry for Water Year 2019 was estimated to be 18.0 maf, which is more than the average
natural flow of 14.6 maf for the period of record from 1896 to 2018.

The Upper Colorado River Basin continues to experience extended drought. During Water
Year 2019, the accumulated precipitation within the basin was approximately 112% of the
most recent 30-year rolling average used by the CBRFC. Unregulated inflow to Lake Powell
in Water Year 2019 was ~120% of the 30-year average, or 12.95 maf.

Unregulated inflow to Lake Powell has varied from 2000 through 2019 as outlined, below:

Unregulated Inflow to Lake Powell
(as a Percent of recent 30-Year Average)

20007 62% 2007 7 68% 20147 96%
20017 59% 200871 102% 20157 94%
20027 25% 20097 88% 20167 89%
20037 51% 20107 73% 20177 110%
20047 49% 20117 139% 201871 43%
200571 105% 20127 45% 20197 120%
20067 73% 20137 47%

Unregulated inflow has been above average in only five of the last 20 years, which is the
lowest 20-year period since the closure of Glen Canyon Dam in 1963. This information will be
evaluated and considered during the next determination of storage volumes needed in Lake
Powell to ensure that the Upper Basin is able to maintain adequate storage for a similar
drought in the future without a curtailment of uses.

Summary of Reservoir Elevations and Storage

As of September 30, 2019, total system storage (Upper and Lower Basins) was 53% of
capacity. Over Water Year 2019, the change in reservoir storage, excluding bank storage and
evaporation, at select Upper Basin reservoirs was as follows:

1 Fontenelle increased 8,950 acre-feet
Flaming Gorge increased 31,963 acre-feet
Taylor Park increased 23,064 acre-feet
Blue Mesa increased 453,406 acre-feet
Morrow Point increased 11,482 acre-feet

Crystal increased 3,640 acre-feet

= =4 =4 -4 -a A

Navajo increased 468,850 acre-feet
1 Lake Powell increased 2,249,687 acre-feet

There was in increase in storage in these reservoirs of 3.25 maf. Lake Powell storage
increased by 2,249,687 acre-feet and ended the water year at 55% of capacity, with 13.28
maf of storage at elevation 3615.36 feet. The release volume from Lake Powell during Water
Year 2019 was 9,001,395 acre-feet. A more detailed description of Lake Powell conditions
can be found in the Summary of Reservoir Operations section of this report on page 73.
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Reservoir storage in Lake Mead increased during Water Year 2019 from 9.87 maf to 10.26

ma f , which is 39% of Lake Meadbés tot al storage
experienced a gain in storage during Water Year 2019 of approximately 3,656,000 acre-feet

and ended the year at 53% of capacity.

35,000 4
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20,000 -
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10,000

5,000

1,000 acre-feet
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Sept. 30 219 = Sept. 30 2018 mLive Storage Capacity

Table 3 on page 24 shows the statistical data for principal reservoirs in the Upper Colorado
River Basin. Table 4 on page 25 shows the same for Lower Colorado River Basin reservoirs.

Graphs of the elevations and storage amounts related to the implementation of the LROC and
the 2007 Interim Guidelines for Lake Powell, Flaming Gorge, Fontenelle, Navajo, and Blue
Mesa Reservoirs in the Upper Colorado River Basin and Lake Mead in the Lower Basin are
shown on pages 27 through 33 for Water Year 2019.

Flows of the Colorado River

Table 7 on pages 34 through 36 shows the estimated natural flow of the Colorado River at Lee
Ferry, Arizona for each water year from 1896 through 2019. Column (4) of the table shows the
average natural flow for any given year within the period computed through water year 2019.
Column (5) shows the average natural flow for a given year within the period computed since
1896. Column (6) shows the average natural flow for each progressive ten-year period
beginning with the ten-year period ending on September 30, 1905. The difference between the
natural flow for a given year and the average flow over the 124-year period, 1896 through 2019,
is shown in column (7).

Article 111 (d) of the 1922 Colorado River Comp
Division will 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 reckoned in a continuing
progressive series beginning with the first day of October next succeeding the ratification of this

Co mp a c t r.todthe Btorage of water in CRSP reservoirs, which began in 1962, the flow of

the river at Lee Ferry in any ten consecutive years was greatly in excess of the 75,000,000

acre-feet required by the Compact. Beginning in 1962, CRSP reservoirs have regulated the

river above Glen Canyon Dam.

Table 8 on page 37, shows the historic flow at Lee Ferry for the period 1954 through 2019. The
historic flow for each progressive ten-year period from 1954 through 2019, beginning with the
ten-year period ending September 30, 1962, the commencement of storage in CRSP
reservoirs, is shown in Column (3).

The flow at Lee Ferry during the ten-year period ending on September 30, 2019, was

92,981,000 acre-feet. The graphs on pages 39 and 40 illustrate some of the pertinent historical

flows through the Colorado River System above Lee Ferry. The first graph on page 39 is entitled

ACol orado River Fl ow at Lee Ferry, Arizona. o T
estimated natural flow of the river, i.e., the flow of the river in millions of acre-feet past Lee Ferry

for a given year had it not been depleted by human activities. Each vertical bar has two
components: the lower shaded bars represents the estimated or measured historic flow at Lee

Ferry, and the difference between the two sections of the bar in any given year shows the

stream depletion, or the amount of water estimated to have been removed by human activity

from the natural supply upstream from Lee Ferry.
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Of note, in 1977 and again in 1981, the historic flow at Lee Ferry exceeded the natural flow.
Beginning in 1962, part of this depletion at Lee Ferry was caused by the retention and storage
of water in storage units of the CRSP. The horizontal line (at approximately 14.6 maf) is the
estimated long-term average natural flow from 1896 through 2019. As the 1922 Colorado River
Compact is administered based on running averages over ten-year periods, the progressive
ten-year average historic and natural flows are displayed on this graph.

The second graph on page 40, entitled fiLee Ferry Average Annt
P e r i olldsrates the historic measured flow at Lee Ferry and natural flow averages for

several selected periods of record. The periods selected are those referenced most often for

various purposes related to Colorado River System operations.

On page 40, from the bottom bars to the top.

(1) For the longest period shown, 1896-2019, the estimated average annual natural flow is
14.6 maf, and the average annual historic measured flow is 11.6 maf.

(2) For the period 1896-1921, prior to the 1922 Colorado River Compact, the estimated
average annual natural flow was 16.8 maf, which is considerably greater than for any
other period selected, including the long-term average. A stream gage station at Lee
Ferry, Arizona was not installed until 1921. The natural flow at Lee Ferry prior to the 1922
Compact was estimated based on records obtained at other stations (e.g., the
streamgage on the Colorado River at Yuma, Arizona for the period 1902-1921).

(3) For the second longest period shown, 1906-2019, the estimated average annual natural
flow is 14.7 maf, and the average annual historic measured flow is 11.5 maf. Many of
the early records for this series of years as well as for the 1896-2019 period are based
on estimates of flows made at other streamgage stations, as mentioned in (2) above.
This average is about equal to the 15 maf estimated for the 1906-1967 period, which was
used as the basis for justification of a water supply for the Central Arizona Project
authorized in 1968.

(4) The estimated average annual natural flow during the 1914-2019 periods is 14.4 maf.
This period is an extension of the 1914-1965 period used in the Upper Colorado Region
Comprehensive Framework studies of 1971. The average annual natural flow for the
1914-1965 periods is 14.6 maf.

(5) The average annual natural flow for the period 1914-1945 is 15.6 maf. This was the
period of record used by the negotiators of the Upper Colorado River Basin Compact.

(6) For the period 1922-2019, which is the period of record since the signing of the Colorado
River Compact, the average annual natural flow is 14.1 maf, and the average annual
historic measured flow is 10.6 maf. Records for this series of years are based upon actual
measurements of flows at the Lees Ferry streamgage. The ten-year progressive moving
average flow since 1922 is considerably less than the ten-year progressive moving
average flow prior to 1922.

(7) The1931-2019 or dAearly pluvial removedo period of
modeling purposes by Reclamation. It excludes a period of unusual wetness prevalent in
the pre-1931 period.
(8) Two completely unrelated ten-year periods of minimum flows have occurred since 1930.
During these periods, 1931-1940 and 1954-1963, the average annual natural flow
amounts to only 11.8 maf and 11.6 maf, respectively.
(9) Fora 12-year period, 1953-1964, the average annual natural flow amounted to only 11.6
maf.
(10) Since Glen Canyon Damdés closure in 1963, the

50 years is 14.2 maf. The estimated historical measured flow for the same period (1964-
2019) is 9.7 maf.
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(11) The 1988-2018 peri od, or fAstress test hydrol ogyo
Reclamation for hydrologic modeling purposes and was used during the development of
the DCPs to evaluate relative risk of various operational scenarios. It comprises a period
of more extreme dryness that may represent changing hydrology due to climate change.

(12) The estimated average annual natural flow and historic measured flow amounts recorded

for 2000-2019 period of record are used as the extent years of the most recent extended
drought and further illustrate the trend within the Upper Basin of reduced hydrologic flows.
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River Elev.
at the Dam
(Ave.
Tailwater)

Dead
Storage

Inactive
Storage
(Min. Power
Pool)

Rated Head

Maximum
Storage

TABLE 3

STATISTICAL DATA FOR PRINCIPAL RESERVOIRS

IN THE COLORADO RIVER UPPER BASIN

Golorado River Storage Project (CRSP) Units

(Total Surface Capacity)

Units: Elevation = feet; Capacity = 1,000 deet

Fontenelle Flaming Gorge Taylor Park Blue Mesa Morrow Point Crystal Navajo Lake Powell
Elev. | Capacity| Elev. | Capacity| Elev. | Capacity| Elev. | Capacity| Elev. | Capacity| Elev. | Capacity| Elev. | Capacity| Elev. | Capacity
- - 5,603 - 9,174 - 7,160 - 6,775 - 6,534 - 5,720 - 3,138 -
6,408 0.56 5,740 40 - - 7,358 111 6,808 - 6,670 8 5,775 13 3,370 1,893
- - 5,871 273 - - 7,393 192 7,100 75 6,700 12 5,990 673 3,490 5,890
6,491 234 5,946 1,102 - - 7,438 361 7,108 80 6,740 20 - - 3,570 11,000
6,506 345 6,040 3,789 9,330 106 7,519 941 7,160 117 6,755 25 6,085 1,709 3,700 26,215
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TABLE 4

STATISTICAL DATA FOR PRINCIPAL RESERVOIRS
IN THE COLORADO RIVER LOWER BASIN

(Usable Surface Capacity)
Units: Elevation = feet; Capacity = 1,000 deet

Lake Mead Lake Mohave Lake Havasu
Elevation Capacity Elevation Capacity Elevation Capacity

River Elev. at the Dan|

(Ave. Tailwater) 646 (2,378) 506 (8.5) 370 (28.6)
Dead Storag 895 - 533.4 - 400 -

Inactive Storage (Min, 1,050 7,471 570 2175 440 4395

Power Pool)

Rated Head 1,122.8 13,633

Maximum Stoage 1,221.4 26,159 647 1,809.8 450 619.4
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TABLE 5
STORAGE IN PRINCIPAL RESERVOIRS OF THE UPPER BASIN
END OF WATER YEAR 2019
LIVE STORAGE CONTENTS

September 30, . September 30, . Change in
Reservoir 2019 P(;:‘:r;ez::il; ve 2018 Peér;:eglil;;ve Storage
(acrefeet) pacity (acrefeet) p (acrefeet)
Fontenelle 271,313 78.7% 262,363 76.1% 8,950
Flaming Gorge 3,409,995 91.0% 3,378,032 90.1% 31,963
Taylor Park 80,575 75.8% 57,511 54.1% 23,064
Blue Mesa 735,807 88.8% 282,401 34.1% 453,406
Morrow Point 109,924 93.9% 98,442 84.1% 11,482
Crystal 16,261 92.7% 12,621 72.0% 3,640
Navajo 1,388,114 81.6% 919,264 54.0% 468,850
Lake Powell 13,277,399 54.6% 11,027,712 45.3% 2,249,687
Total 19,289,388 61.9% 16,038,346 51.4% 3,251,042
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