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Approximately 0.7 maf/yr enters the Colorado River between Glen Canyon Dam and Lake Mead (Appendix Fig. 5.2), and 
approximately 40% of this infl ow occurs downstream from the gage near Grand Canyon that is a CRSS node.

Appendix Figure 5.2. Map showing the Grand Canyon segment, with mean annual measured stream fl ow for the indicated 
period of the 21st century. The widths of all streamlines are proportional to the measured fl ow. Note that there are no 
signifi cant consumptive losses in this segment except for evaporation from the two reservoirs. Evaporation rates for Lake 
Powell and Lake Mead are discussed in the text.

Between 2000 and 2017, Lake Mead water storage declined 
by 14.5 maf, which is an annual rate of 0.81 maf/yr (Ap-
pendix Table 5.2). This decline occurred despite an average 
infl ow rate of 9.64 maf/yr, measured near Peach Springs 
(USGS gage 09404200), that was primarily caused by releas-
es from Lake Powell that were 7% greater than the legally 
required delivery of water from the Upper Basin to the Lower 

Basin. Additionally, withdrawals of water by the Southern 
Nevada Water Authority were 0.27 maf/yr during this pe-
riod which is less than Nevada’s full allocation of 0.3 maf/
yr. Thus, the water storage in Lake Mead during this period 
could not be maintained despite larger than required releases 
from Lake Powell and less than legally allowed withdrawals 
by the state of Nevada.

Appendix Table 5.2. Water balance for Lake Mead in the 21st century.  Average, in 
million acre 
feet per year 

Total Inflow to Lake Mead   
Colorado River nr Peach Springs (2000-2017)  9.64 
Virgin River @ Littlefield  0.15 
   
Outflow from Lake Powell   
Evaporation from Lake Mead (2010-2014; based on Moreo, 2015)  0.56 
southern Nevada diversion (2000-2017)  0.27 
Colorado River below Hoover Dam (2000-2017)  9.5 
   
Measured change in reservoir storage  - 0.81 
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Appendix Five: The Grand Canyon Segment
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 Appendix Six

The Lower River
The transformation of the lower Colorado River -- America’s 
Nile -- is profound, supporting the growth of Yuma and the 
Imperial Valley, southern coastal California, and central and 
southern Arizona, and transforming the natural river envi-
ronment (Mueller and Marsh, 2002). It is beyond the scope 
of this report to fully describe the storage and distribution of 
water of the Lower Colorado River, and the literature de-
scribing the history of river development is immense. Today, 
environmental issues are addressed by the Lower Colorado 
River Multi-Species Conservation Program.
This complex distribution system is well represented in the 
CRSS and is described in detail in the Lower Colorado River 
water accounting annual reports. These reports demonstrate 
that 7.5 maf/yr of mainstem Colorado River water is con-
sumptively used in Arizona, California, and Nevada (Ap-

pendix Table 1.1). Additionally, 1.7 maf/yr fl owed across 
the international border to Mexico between 2000 and 2017. 
These uses were sustained by the annual release of 9.5 maf/yr 
from Lake Mead.
The hydrography of this part of the river is generalized in 
Appendix Fig. 6.1 that illustrates the progressive downstream 
depletion of stream fl ow. There are signifi cant depletions 
of approximately 2.5 maf/yr from Lake Havasu, formed by 
Parker Dam. Nearly twice this amount is diverted from the 
river into the All American Canal, and most of this water is 
transferred to the Imperial Valley. The distribution system 
near Yuma is very complex (Appendix Fig. 2.2) and some of 
these diversions are also returned to Mexico at the interna-
tional border.

Appendix Figure 6.1 Stream fl ow and diversions of the lower Colorado River in the early 21st century. All data are 
from USGS gages of the Colorado River or of major diversions.
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Appendix Six: The Lower River

Appendix Figure 6.2. The Blue Dragon diagram showing the water distribution system of the Lower 
Colorado River (available at https://www.doi.gov/water/owdi.cr.drought/en/).
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 Appendix Seven

Fill Mead First - Phase I
The FMF paradigm represents a signifi cant alteration to the 
operation of the reservoirs, both in practice and in the CRSS. 
Since both reservoirs are used to store water, changes to the 
model schematic are not required. All modifi cations to the 
model will be made in the rule set, describing the operations 
of Lakes Powell and Mead.
Operation of Lakes Powell and Mead
The operation of Lake Powell in this paradigm would nom-
inally require releasing the majority of reservoir infl ows, in 
addition to any storage that has been retained in Lake Pow-
ell whenever there is space available to receive this water 
in Lake Mead. This would result in a highly variable fl ow 
through the hydropower penstocks of Glen Canyon Dam and 
possibly the river outlets, however, reservoir releases would 
always be limited to the physical capacity of the reservoir 
outlets themselves. Use of the spillways would only occur 
in emergencies and never as a regular operational method. 
The total release rate required from Lake Powell to reach a 
minimum operational threshold (e.g. a minimum power gen-
eration elevation) will be determined given the infl ows from 
the Upper Basin, capacities of outlets available at the current 
reservoir level, fl ow through the Grand Canyon, necessary re-
leases from Lake Mead to meet all downstream demands, and 
Lake Mead pool elevation staying below the maximum level 
allowed for fl ood operations. Whenever the pool elevation 
of Lake Mead is below its maximum operational threshold, 
Powell would be modeled to remain at its minimum thresh-
old.
A signifi cant consideration in the Fill Mead First - Phase I 
paradigm is how to operate Lake Mead to meet the down-
stream demands under all hydrologic circumstances. Current-
ly, releases are made to meet the combined needs of Arizona, 
California, and Mexico, and include demands that are adjust-
ed for any surplus, shortage, or fl ood control conditions for 
MWD, CAP, Coachella, IID, Mexico, and a variety of Arizo-
na users. Lake Mead releases under the surplus and shortage 
rules are tied to specifi c Lake Mead levels and assumptions 
about fl ows from Lake Powell to Lake Mead. We will ex-
plore alternative surplus and shortage rules that consider the 
combined storage of Lakes Mead and Powell. These levels 
can be set to achieve the equivalent probability of shortages 
and surplus conditions as projected under current operations 
with or without the drought contingency plan (DCP) in place. 

Explanation of the Fill Mead First (Phase I) 
and Fill Powell First Alternative Management 
Paradigms

Similarly, surplus and shortage rules for Mexico will also 
refl ect the combined storage of the two major reservoirs, with 
probabilities and magnitudes of shortage commensurate with 
current probabilities. 
The evaluation of this AMP using the CRSS requires design-
ing, writing, and testing new operational rules for both Lakes 
Powell and Mead. A signifi cant number of the existing rules 
must be disabled or eliminated from the modifi ed the CRSS 
rule set. Flood control operations will be minimally altered 
as the existing fl ood rules consider Lakes Powell and Mead 
a joint system. We will also evaluate how releases from Lake 
Powell would affect river ecosystem conditions in the Grand 
Canyon, including the effects of water temperature and sedi-
ment mass balance.
Fill Powell First
The Fill Powell First paradigm also represents a signifi cant 
modifi cation to the operation of the Colorado River system 
and the CRSS. The logic behind this paradigm is to keep 
the water level in Lake Powell as high as possible, while 
still meeting the demands in both the Lower Basin and the 
deliveries to Mexico with at least as much regularity as is 
currently the case. Similar to the FMF paradigm, no changes 
to the CRSS object workspace would be required. However 
the rules that operate the reservoirs would need to be signifi -
cantly changed.
The proposed logic will initially assume that releases from 
Lake Powell are made only to meet the immediate envi-
ronmental and recreational needs of the Grand Canyon. 
Additional releases will be made to not allow Lake Powell 
to exceed a high operational threshold. Lake Mead would at-
tempt to make a release to meet all downstream demands, but 
not fall below its own low operational threshold that allows 
hydropower production. If additional water is required to 
meet the Lower Basin demands, an additional release is made 
from Lake Powell to precisely meet this need. This will allow 
Lake Mead to also increase its releases, but maintain its own 
low operational threshold. Outfl ows from Lake Powell will 
be limited by the capacity of the turbines, river outlets, and 
spillway. The timing of these fl ows, however, will not neces-
sarily synchronize with natural fl ows, but will align with the 
anthropogenic demands.
Similar to the Fill Mead First paradigm, the declaration of 
surpluses and shortages to the Lower Basin will need to be 
reconsidered. These declarations will again be redesigned to 
consider the combined storage volumes in Lake Mead and 
Powell.
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