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SALTON SEA ACCOUNTING MODEL

To effectively evaluate the no action condition and the effects of Salton Sea
Restoration Project alternatives, an accounting model of the Sea has been
developed. This model is a sophisticated spreadsheet model that resides
inside of Microsoft Excel 97 and utilizes an uncertainty package produced by
Palisades called @Risk. The Salton Sea Accounting Model incorporates the
ability to perform stochastic, deterministic, and sensitivity simulations of the
future Salton Sea conditions. The model operates on an annual time step
and was designed to meet specific objectives unique to the Salton Sea
Restoration Project.

Numerous simulations of the alternatives being studied for the Salton Sea
have been performed using the Salton Sea Accounting Model. Simulations
have been performed for no action, phase 1 and 2 combination alternatives,
and phase 1 only alternatives.

MODEL OBJECTIVES

The objectives behind the development of the Salton Sea Accounting Model
were to provide a tool that would allow the effective evaluation of historic
and future conditions within the Salton Sea, both with and without proposed
Restoration Project alternatives. Specifically, the model was developed to
provide predictions of changes in inflow, elevation, surface area, and salinity.
The need to effectively evaluate conditions also required the model to
simulate the Sea from both deterministic and stochastic points of view, while
preserving hydrologic variability. Objectives related to the modeling of

Salton Sea Restoration Project alternatives included the need to simulate:

Future reductions in inflow

Future changes in salinity of mflows

Imports of water

Exports of water

Imports of Colorado River flood flows based on probabilities of
occurrence

Concentration pond operations

Displacement dike operations
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The model takes into consideration histotic variability in both rainfall /
runoff characteristics, as well as water use and water management practices.
The model does not simulate onfarm water use directly. However, variability
In water use 1s preserved.

Another objective of the model is to provide a tool that allows the analysis of
sensitivity related to model input parameters. For example, the model can be
used to evaluate the range of hydrologic conditions that would exist at the
Sea under uncertain levels of future inflows.

MODEL ASSUMPTIONS

There are assumptions built into the modeling approach applied to the Salton
Sea Accounting Model. Each is described below.

Time Step

The model operates on an annual time step. This assumes that the mass
balance changes relative to water and salts in the Salton Sea do not vary
significantly on a monthly basis. Analysis of historic data related to water
surface elevations and salinity indicates that this assumption is reasonable.

Historic Water Budget Inflows

Historic mflows to the Salton Sea were computed using a water budget
technique whereby inflows are a closure term 1n a water balance of the Sea.
This approach involved the back calculation of inflow as a net term 1n the
following equation:

I =S,,-S+ E-P
Where:

1 = Historic computed mflow to the Salton Sea
m year t+1
1 = End of year storage in year t+1
End of year storage in year t
Sea evaporation in year t+1
Sea precipitation in year t+1

e Res B 2
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SALTON SEA ACCOUNTING MODEL

Storage, evaporation, and precipitation records used in the model for the
period 1950 through 1971 were taken from the Bureau of Reclamation’s and
the State of California’s 1974 Feasibility Report (Reclamation, 1974).
Records for the period 1972 through 1984 were updated by Parsons
Engineering in 1985 (Parsons 1985). Records for 1986 through 1997 were
updated in this study. For this recent period, storage records were developed
through the use of U.S. Geological Survey water surface elevation records in
combination with Storage/Elevation/Area information from the Bureau of
Reclamation’s 1995 survey of the Salton Sea (Reclamation, 1997).
Precipitation and evaporation records were provided by the Imperial
Irrigation District for the Imperial Weather Station. Table B-1 contains total
annual inflows compiled and computed as described above.
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Table B-1.-Salton Sea total annual inflows

Total Inflow

Year

(1000 af)

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
Average 50-97

1,203
1,358
1,411
1,456
1,365
1,371
1,310
1,193
1,187
1,300
1,387
1,413
1,469
1,644
1,212
1,164
1,312
1,321
1,399
1,392
1,270
1,309
1,317
1,354
1,446
1,475
1,490
1,466
1,507
1,593
1,475
1,292
1,194
1,485
1,392
1,310
1,300
1,382
1,390
1,356
1,301
1,281
1,214
1,506
1,358
1,430
1,414
1,231
1,363
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Salinity of Inflow

The mmpact of reductions in mflow on the salinity of the inflow waters was
analyzed. It was assumed that inflow salinity changes due to any reductions
mn mflow would be conservatively represented by estimates of salinity
changes that would occur as a result of farm conservation measures. For the
purpose of estimating how salinity would vary relative to inflow, the
following conditions were assumed:

1. Computations were performed in 20,000-acre-foot-per-year
mcrements from the current drainage to the Sea of 1,346,000 acre-
feet per year (average for period 1985 to 1995) down to 806,000

acre-feet per year.

2. The area soils are relatively porous and sandy and would not store
additional salts or leach salts from the soil profile.

3. The current drainage to the Sea of 1,346,000 acre-feet per year
(average for period 1985 to 1995) has a salt concentration of
2,800 mg/1., which discharges approximately 5,124,370 tons of salt
per year into the Sea.

4. Colorado River salinity was assumed to be 850 mg/1., which is just
below the established salinity standard at Imperial Dam. At this
salinity, the salt removed from the drainage to the Sea would be
approximately 23,115 tons for each 20,000 acre-feet conserved.

Based on the above assumptions, table B-2 shows the year, the total annual
drainage, and the total annual salt load to the Sea, along with the estimated
drainage salt concentration. The dramnage concentration would be increased
by approximately 30 mg/L for the first 20,000-acre-foot increment and about
79 mg/L for the last increment.

These calculations are based on the acres of lands 1irrigated and the crop
water consumption remaining constant. Baseline irrigation and water use
has an estimated drainage quality at 2,800 mg/L.. As watet is removed from
the irrigation process at 850 mg/L, it was assumed that this was the only
salt removal from the Salton Sea inflows; therefore, the drainage concentra-
tion gradually increases from the initial 2,800 mg/L to 3,459 mg/1. at
1,000,000 acre-feet of drainage. As water conservation continues down to
806,000 acre-feet per year of inflow, the salt concentration 1n the drainage
watet would increase to 4,107 mg/L. These salinity concentration changes
are expected to maintain the required salt balance.
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Table B-2.—Calculations used to predict salinity
concentrations associated with water conservation
for use in the Salton Sea Salinity Model

Drainage salt

Drainage Salt load concentration
Year (acre-feet/year) (tons/year) (mg/L)
0 1,346,000 5,124,370 2,800
1 1,326,000 5,101,260 2,830
2 1,306,000 5,078,150 2,860
3 1,286,000 5,055,040 2,891
4 1,266,000 5,031,930 2,923
5 1,246,000 5,008,820 2,957
6 1,226,000 4,983,710 2,990
7 1,206,000 4,962,600 3,026
8 1,186,000 4,939,490 3,063
9 1,166,000 4,916,380 3,101
10 1,146,000 4,893,270 3,140
11 1,126,000 4,870,160 3,181
12 1,106,000 4,847,050 3,223
13 1,086,000 4,823,940 3,267
14 1,066,000 4,800,830 3,312
15 1,046,000 4,777,720 3,359
16 1,026,000 4,754,610 3,408
17 1,006,000 4,731,500 3,459
18 986,000 4,708,390 3,612
19 966,000 4,685,280 3,567
20 946,000 4,662,170 3,625
21 926,000 4,639,060 3,685
22 906,000 4,615,950 3,747
23 886,000 4,592,840 3,813
24 866,000 4,569,730 3,881
25 846,000 4,546,620 3,953
26 826,000 4,523,510 4,028
27 806,000 4,500,400 4,107
28 806,000 4,500,400 4,107
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To test the sensitivity of the calculations on the assumed Colorado River salt
concentrations, it was assumed that the concentration was 800 mg/L instead
of the 850 mg/L used. This tesulted in a change of less than 1 mg/L ot a
concentration of 2,830 mg/L after the first 20,000 acre-feet of conservation.
The reason for the slight increase 1s that less salt was removed from the
drainage to the Salton Sea. This amounts to approximately a 34-mg/L
concentration increase in the drainage salinity at 800,000 acre-feet of
drainage to the Sea. The modeling experience has shown that the Sea’s
estimated salinity is not very sensitive to small changes in input water salt
concentrations. This is discussed further later in this attachment.

Salinity Impacts on Evaporation

The evaporation equation used in the model to simulate how salinity affects
evaporation rates from the Sea 1s based on the work of Salhotra et al (1985)
and Crow (1974). Solhotra evaluated the effect of salinity and 1onic
composition on evaporation from evaporation pans in the Dead Sea area.

He used various concentrations of Mediterranean and Dead Sea water. Crow
worked with evaporation data from brine storage reservoirs. Their data was
normalized to freshwater evaporation. A curve was fit to the above
described data The equation is described as follows (Salton Sea Authority,

June 1998):
Y = (0.9819 + (-0.00000013982 * X * 2.5)) * 2)/.9606
Y = standardized evaporation in percent of freshwater pan
evaporation
X = the water salinity 1 parts per thousand

This equation is incorporated into the Salton Sea Accounting Model such
that evaporation rates decrease as salinity increases in the Sea during model
simulation.

Reductions in Inflow

Reductions in inflow to the Salton Sea are likely in the future. Historically,
the average annual inflow to the Salton Sea has been 1,363,000 acre-feet per
year. The draft California Colorado River Quantification Agreement
includes actions that are likely to have an impact on inflows to the Salton
Sea. The action that has been 1dentified as potentially having the most
impact on inflows to the Salton Sea is the proposed transfer of up to 200,000
acre-feet per year to San Diego. This transfer has options for an additional
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100,000 acre-feet per year, which could result in a total transfer of up to
300,000 acre-feet per year. The minimum amount to be transferred would
be 130,000 acre-feet per year. The planned rate for the transfers is expected
to be 20,000 acre-feet per year. Another possible reason for future
reductions in inflow will be less water crossing the border from Mexico.
These Mexico related reductions would likely occur due to water reuse
projects. No specific schedule has been suggested for such reuse of water in
Mexico. The average annual discharges from Mexico that eventually end up
in the Salton Sea are currently averaging 165,500 acre-feet per year. Canal
lining projects might also have an impact on inflows to the Salton Sea. The
combined effect of all these conservation measures (plus others yet to be
identified) may eventually reduce inflows to the Salton Sea to around the
800,000-acre-foot-per-year level.

The Salton Sea Restoration Project is analyzing the effectiveness of project
and no action alternatives at three different average annual inflows:
1,363,000, 1,063,000, and 800,000 acre-feet per year. The rate of reduction
in inflow that is being assumed in project analyses 1s 10,000 acre-feet per
year. These reductions are assumed to begin starting in the year 2002. At
this rate, by the year 2031, inflows would be at the 1,063,000-acre-foot-per-
year level, and by 2058, inflows would be down to nearly 800,000 acre-feet
per year. The 10,000-acre-foot-per-year rate of reduction in inflow
represents a reasonable assumption on how changes will be reflected at the
Salton Sea. Until the NEPA/CEQA process is completed relative to the
proposed conservation projects, it is impossible to identify accurately how
such measures might impact inflows to the Salton Sea. This 10,000-acre-foot
per-year rate includes a number of considerations that would likely stretch
out impacts on inflows to the Salton Sea. These are as follows:

1. It will be difficult to measure impacts on inflows to the Salton Sea due to
proposed conservation measures. Bank storage effects are likely to offset
minor reductions in inflow. Changes in inflow can only be measured
through mass balance computations. As water comes out of bank
storage to offset reduced inflow, there will be little or no reductions
detectable for a number of years. Eventually, once the Sea reaches a new
equilibrium, the full effects of the conservation measures should be
detectable. The result of this will be that the overall reductions in inflow
will eventually have an impact on the Salton Sea but will be delayed
through time.

2. The use of surplus water from the Colorado River is likely to continue
for the next 10 to 15 years. Returns to the Salton Sea from the use of
surplus water will offset impacts to the Sea as a result of conservation
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measures. Full impacts of the conservation measures will not be
detectable until the use of surplus flows 1s curtailed.

Groundwater / Bank Storage Changes

The water budget approach discussed above relative to computing Salton Sea
mflows accounts for both inflows from local aquifers and losses from the
Salton Sea to the aquifers. The impacts of these water budget terms are
mncluded in computed total inflows to the Salton Sea. The use of these
mflows in conducting future simulations of the Salton Sea assumes that such
groundwater interactions will not change significantly in the future. The
effects of bank storage on Salton Sea elevations as a result of reductions in
mflow are modeled indirectly as discussed above under “Reductions 1n
Inflow.”

Unmeasured Inflows

All unmeasured inflows to the Salton Sea from tributaries without stream
gauges are also included in computed total inflows to the Salton Sea. The
use of these computed inflows in conducting future simulations of the Sea
assumes that such unmeasured inflows from tributaries will not change
significantly in the future.

Colorado River Flood Flows

The Salton Sea Accounting Model can simulate quantities of Colorado River
flood flows that might be divertible to the Salton Sea. The determination of
such divertible flows 1s discussed below.

Projected excess releases from Hoover Dam were determined using
Reclamation's CRSSEZ computer model of the Colorado River system of
reservolrs. The model uses historical virgin runoff and future water use
schedules and applies reservoir operating criteria to determine possible future
reservoir contents and releases for downstream use. For a detailed
discussion of the CRSSEZ model, an overview/users manual is available
from Reclamation's Boulder City operations office.

The virgin runoff 1s based on the historical observed runoffs from 1906 to
1998 that have been adjusted for historical use. This sequence of historical
runoff 1s used as inflow for the simulated future 61-year period (2000 to
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2060). A total of 93 possible 2000-2060 periods (traces) were generated by
keeping the runoff sequence order and starting each simulation 1 year later in
the sequence. When the needed historical runoff period exceeds 1998, then
the sequence picks up again with 1906 to complete the simulated period.

Operating criteria for the reservoirs and “Law of the River” were applied by
the model to the virgin inflows to meet scheduled water uses and to make
flood control releases. Depending on the storage in Lake Mead, a surplus-, a
normal-, or a shortage-water use condition is determined in the Lower Basin.
Flood releases are made as the system of reservoirs fills and flood control
criteria require. The flood control criteria are those of the Field Working
Agreement of 1984 between Reclamation and the U.S. Army Corps of
Engineers.

For each year of the simulation, there are three possible diversions for
Southern Nevada Water System (SNWS) and Central Arizona Project (CAP)
and two possible diversions for Metropolitan Water District (MWD) and
others. Others refer to all other uses in the three States but SNWS, CAP, and
MWD. During a surplus-water use condition, full needs are met as
scheduled by the user. During a normal-water use condition, needs are only
met up to that provided by each State’s basic apportionment, not to exceed a
total of 7.5 maf. During a shortage-water use condition, CAP 1s reduced by
about 0.4 maf to 1.0 maf, and SNWS is reduced by 4 percent of CAP's
reduction or about 0.017 maf. MWD and others are not reduced below
their normal schedule during shortage. CAP has agreed to bare MWD's
share of shortage in exchange for support in constructing the CAP. Others
have priority rights that precede CAP and SNWS and, therefore, are not
shorted.

Reclamation has not adopted formal criteria for determining surplus, normal,
or shortage conditions in the Lower Basin. Three different surplus criteria
were used to provide a range of possible criteria. The most conservative
surplusing criteria proposed so far, 70-percent assurance of avoiding spills
(70R1), and two liberal criteria were used. The two liberal criteria, CAL44
and 6STATES, include proposed transfers of water use in the Lower Basin.

The shortage criteria used protects Mead elevation 1050 feet (Nevada
intakes) as opposed to minimum power head (elevation 1083 ft) or emptying
Lake Mead (elevation 930 ft). Shortage 1s declared with 80-percent assurance
of not dropping Mead elevation below 1050 feet and is triggered at Mead
elevations, increasing from elevation 1060 ft in the year 2000 to 1140 ft in
the year 2060 as uses in the Upper Basin increase.

B-10
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Average excess release for all 93 traces for the three cases were computed.
The average value is the average of 61Years * 93Traces = 7673 values.
Average excess release due to flood control for the 61-year period ranged
from 0.569-0.629 maf per year for the three surplus cases. Average annual
excess ranged from 1100 kaf in the near future to 300 kaf in the out-years as
the Upper Basin water uses are developed. The probability of an excess
release occurring ranged from 38 percent in the near future to 15 percent in
the out-years.

Probability distributions were computed in 5-year increments for each of the
three cases and then averaged for incorporation into the Salton Sea
Accounting Model. These resultant probability distributions are sampled
randomly during model simulations on an annual basis. The samplings
provide an indicator of what might be available for diversion to the Salton
Sea. Diversions are not made every year. Consideration is also given to how
much can be reasonably diverted given diversion and conveyance constraints
by comparing against available capacities in existing conveyance structures.
These structures are the Coachella and All-American Canals. Water carried
in the All-American Canal would be discharged into the Alamo River. A
1,250-cfs total capacity would be needed to divert flood flows into the Salton
Sea. This corresponds to taking 300,000 acre-feet in 4 months (September-
December) when Reclamation makes excess releases to make room for
anticipated runoff. Such releases in anticipation of having to make flood
releases is common and offers the greatest opportunity for the Salton Sea
Restoration Project to take advantage of flood flows in the Colorado River.
It appears that in many years, Imperial Irrigation District diverts flood flows
into the All-American Canal to make power, then returns it to the Colorado
River. For the purposes of this project, the water would continue down to
the Alamo River. Significant channel improvements would be required along
the Alamo River. Itis proposed that up to 700 cfs be carried in the
Coachella Canal and up to 550 cfs be carried in the All-American Canal.
Information provided by the Imperial Irrigation District to the Salton Sea
Authority indicates that 550-cfs capacity may be available in the All-
American Canal. Coachella Valley Water District (CVWD) claims that all the
evacuation gates along the Coachella Canal are large enough to divert the 700
cfs of flood flows proposed to be carried in the Coachella Canal. In
addition, CVWD indicates that 700-cfs capacity exists in the Coachella Canal
and that it would also be available. They claim that the best gates to use will
be the ones at Detention Channel #1 which has a channel capacity of 300 cfs
and the gate at Salt Creek which can easily carry the remaining 400 cfs.

The average distributions used within the model are provided in table B-3
and charted in figure B-1. A sample chart of flood flows that might be

January 21, 2000—DRAFT B-11



Attachment B. Salton Sea Accounting Model

available in the future, compared to those flood flows that might be diverted
into the Salton Sea, is presented in figure B-2. This chart represents one
possible future out of an infinite number. The sample 1s based on the
random selection of flood flows from probability distributions presented in
figure B-1. This chart depicts that future availability of flood flows 1s
expected to decrease through time. Each curve represents probabilities of
flood flows under water use conditions that are expected in the years 2010,
2015, 2020, 2030, and 2040. The information relative to flood flows shown
in table B-3 and figure B-1 represents those flows that are beyond all legal
requirements to Mexico. In figure B-1, it can be seen that if water use
conditions that are projected to exist in the year 2010 continue into the
future, 90 percent of all years will have flood flows less than or equal to
3,100,000 acre-feet. Flood flows would not be available 77 percent of all
years 1f 2010 conditions were to continue. For conditions that are expected
in 2040, there would be less flood flows available. Under these conditions,
there would be zero flood flows available 81 percent of all years and less than
1,000,000 af of flood flows available 90 percent of all years.

The Salton Sea Accounting Model was used to model the availability of
Colorado River flood flows based on the distributions presented in
figure B-1.

B-12
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Table B-3

Availability of Colorado River Flood Flows for the Salton Sea
Distributions in 5 Year Increments:

Rank Probability 2000 2005 2010 2015 2020 2030 2040
1 0.0108 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0215 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0323 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0430 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0538 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 0.0645 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0753 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 0.0860 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 0.0968 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10 0.1075 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.1183 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12 0.1290 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 0.1398 0.0 0.0 0.0 0.0 0.0 0.0 0.0
14 0.1505 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 0.1613 0.0 0.0 0.0 0.0 0.0 0.0 0.0
16 0.1720 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.1828 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 0.1935 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 0.2043 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 0.2151 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21 0.2258 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 0.2366 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.2473 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.2581 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 0.2688 0.0 0.0 0.0 0.0 0.0 0.0 0.0
26 0.2796 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 0.2903 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 0.3011 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 0.3118 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30 0.3226 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31 0.3333 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32 0.3441 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33 0.3548 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 0.3656 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35 0.3763 0.0 0.0 0.0 0.0 0.0 0.0 0.0
36 0.3871 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 0.3978 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 0.4086 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 0.4194 0.0 0.0 0.0 0.0 0.0 0.0 0.0
40 0.4301 0.0 0.0 0.0 0.0 0.0 0.0 0.0
41 0.4409 0.0 0.0 0.0 0.0 0.0 0.0 0.0
42 0.4516 0.0 0.0 0.0 0.0 0.0 0.0 0.0
43 0.4624 0.0 0.0 0.0 0.0 0.0 0.0 0.0
44 0.4731 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45 0.4839 0.0 0.0 0.0 0.0 0.0 0.0 0.0
46 0.4946 0.0 0.0 0.0 0.0 0.0 0.0 0.0
47 0.5054 0.0 0.0 0.0 0.0 0.0 0.0 0.0
48 0.5161 0.0 0.0 0.0 0.0 0.0 0.0 0.0
49 0.5269 0.0 0.0 0.0 0.0 0.0 0.0 0.0
50 0.5376 0.0 0.0 0.0 0.0 0.0 0.0 0.0
51 0.5484 0.0 0.0 0.0 0.0 0.0 0.0 0.0
52 0.5591 0.0 0.0 0.0 0.0 0.0 0.0 0.0
53 0.5699 0.0 0.0 0.0 0.0 0.0 0.0 0.0
54 0.5806 0.0 0.0 0.0 0.0 0.0 0.0 0.0
55 0.5914 0.0 0.0 0.0 0.0 0.0 0.0 0.0
56 0.6022 0.0 0.0 0.0 0.0 0.0 0.0 0.0
57 0.6129 0.0 0.0 0.0 0.0 0.0 0.0 0.0
58 0.6237 0.0 0.0 0.0 0.0 0.0 0.0 0.0
59 0.6344 0.0 0.0 0.0 0.0 0.0 0.0 0.0
60 0.6452 0.0 0.0 0.0 0.0 0.0 0.0 0.0
61 0.6559 0.0 0.0 0.0 0.0 0.0 0.0 0.0
62 0.6667 0.0 40.3 0.0 0.0 0.0 0.0 0.0
63 0.6774 0.0 160.7 0.0 0.0 0.0 0.0 0.0
64 0.6882 260.0 254.3 0.0 0.0 0.0 0.0 0.0
65 0.6989 327.3 335.3 0.0 0.0 0.0 0.0 0.0
66 0.7097 363.7 430.0 0.0 0.0 0.0 0.0 0.0
67 0.7204 428.3 455.0 0.0 0.0 0.0 0.0 0.0
68 0.7312 698.7 479.3 0.0 0.0 0.0 0.0 0.0
69 0.7419 723.7 567.7 0.0 0.0 0.0 0.0 0.0
70 0.7527 804.7 672.3 0.0 0.0 0.0 0.0 0.0
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Table B-3 (Continued)

71 0.7634 831.7 739.3 0.0 0.0 0.0 0.0 0.0
72 0.7742 1500.7 753.7 69.0 79.3 317 0.0 0.0
73 0.7849 1780.7 809.0 258.3 371.0 82.0 0.0 0.0
74 0.7957 1880.7 919.0 361.7 626.0 312.7 0.0 0.0
75 0.8065  1929.7 1285.7 397.3 728.0 350.0 0.0 0.0
76 0.8172  2266.7 1356.3 564.0 801.3 413.7 0.0 161.3
7 0.8280  2304.7 1634.3 878.3 832.7 495.3 32.0 354.0
78 0.8387  2368.7 2086.7 1081.0 856.3 580.7 73.7 515.0
79 0.8495  2387.7 2687.3 1166.0 891.3 709.0 389.0 552.0
80 0.8602  2838.7 2815.7 1479.0 1074.0 738.7 711.3 608.7
81 0.8710  2955.7 3253.7 23723  1289.7 10547 968.0 687.0
82 0.8817  3060.7 38147 2716.0 1901.3 11923 1064.0 806.3
83 0.8925  3065.7 40287  2933.3 2350.3  1593.0 1698.7 995.0
84 0.9032  3077.7 4109.7 32143 25403  2297.0 1867.7 1054.3
85 0.9140  3140.7 42827 35123 2963.3 26440 22113 1833.7
86 0.9247  3218.7  4956.0 4101.0 3584.7 3279.3 24783 2007.3
87 0.9355  3239.7 5503.3  4507.7 3805.0 3638.7 2760.0  2436.0
88 0.9462 42447 5577.0 5008.3  4726.7 4187.7 33930 31223
89 0.9570  4336.7 5634.0  5253.7 5155.7  4770.7 41403  3867.0
90 0.9677  4968.7 5716.7 5367.0 5289.3 5023.0 4707.3 42183
91 0.9785  4999.7 7559.3  6040.3 5913.0 5806.0 5050.0  4358.0
92 0.9892  5906.7 7598.3  7290.7 71733 70723 6957.0 6791.3
93 1.0000  6433.7 8495.7  7546.7 75143 72337  6996.0 6822.3

These are the probability distributions sampled in simulations of the Salton Sea Model

Figure B-1

Estimated Colo. R. Flood Flow Probability Distributions
Beyond Legal Obligations to Mexico
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SALTON SEA ACCOUNTING MODEL

Figure B-2
Sample Stochastic Trace
Total Estimated Future Colorado River Flood Flows into Mexico 1/
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An analysis of monthly flood flows that would be expected to pass into
Mexico was performed to develop a pattern of how flood flows would occur
on a monthly basis. This analysis was performed using the most conservative
of the three cases to develop the above probability distributions. To
determine how much of the annual flood flows would be available on a
monthly basis, the sampled annual flood flows were allocated using the
following pattern:

Monthly Flood Flow Pattern
Fraction of Total Annual Flood Flow

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec
.09 .09 04 .02 .02 .10 .12 .03 A1 .17 .12 .10

This monthly flood flow pattern, in combination with knowledge described
above relative to when capacity 1s available in the All-American and
Coachella Canals, 1s combined into figure B-3. This figure displays the
monthly fraction of total flood flows that are either divertible or not
divertible.
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Attachment B. Salton Sea Accounting Model

Figure B-3

Average Monthly P ercentages of Divertable
and Non-Divertable Flood Flows

W Potentially Divertable

m Not Divertable

Model simulations of all alternatives result in 10 percent of the total flood
flows that are available being diverted into the Salton Sea over a 100-year
period. of time.

ELEVATION / AREA / CAPACITY DATA

In 1995, the Bureau of Reclamation conducted an extensive survey of the
Salton Sea (Reclamation, 1997). The purpose of the survey was to develop
underwater topogtaphy and compute area/elevation/capacity relationships
for the Sea. This survey did not incorporate existing levees around the
shoreline of the Salton Sea. As a result, the area/elevation/capacity data that
was developed was not accurate at higher elevations. In the summer of 1999,
Reclamation updated this survey data to reflect the influences of the existing
levees on the area/elevation/capacity telationships. This was accomplished
through the digitization of the Salton Sea shoreline from digital orthophoto
quadrangles. Levees were identified along this shoreline and assigned an
elevation of -220 feet. The two resulting elevation data (shoreline and levees)
were merged into the 1995 survey data. New area/elevation/capacity data
were then computed using Reclamation’s reservoir survey software. Table B-
4 contains this data. This information was incorporated into the Salton Sea
Accounting Model for the purpose of computing elevations and surface areas
for each year of model operation.
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SALTON SEA ACCOUNTING MODEL

MODEL SIMULATION MODES

Deterministic simulations of the model assume that the hydrologic
variability of the Sea will repeat 1n the future exactly in the same pattern

as occurred historically. Hydrologic conditions that occurred from the
pertod 1950 to 1997 are assumed to occur again in the future, repeating over
a 100-year time span. During stochastic simulations of the Salton Sea,
random samples from normal distributions representing historic inflows,
evaporation, and precipitation are performed such that each 100-year trace
(model iteration) is unique. In this mode, the model 1s typically executed
1,000 times and statistics-related model results are compiled. These
statistics include for each year mean values, mean values plus one standard
deviation, mean values minus one standard deviation, 5 percentiles, and 95
percentiles. The data are to be interpreted as follows:

95 Percentile: 95 percent of all model traces resulted 1n values less
than or equal to the indicated values

5 Percentile: 5 percent of all model traces resulted in values less than
or equal to the indicated values

Mean: Mean of all traces

-1 Standard Deviation: Values representing one standard deviation
below the mean

+1 Standard Deviation: Values representing one standard deviation
above the mean

In simulations involving evaluation of sensitivity, it is possible to provide
mput to the model in the form of probability distributions. For example, if
a parameter 1s known to vary between a minimum, a most likely, and a
maximum, then random samples can be taken from the triangular
distribution defined by this information. If a parameter has no most likely
value, then a uniform distribution can be used whereby a parameter varies
from a minimum and maximum value. The resulting stochastic model
simulations would then take nto consideration uncertainty in the parameter
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Attachment B. Salton Sea Accounting Model

being analyzed. This mode of operation is useful in evaluating the
sensitivity of model parameters associated with assuming future conditions.

MODEL PARAMETERS

The Salton Sea Accounting Model requires as input:

Input:

Inflows — water budget computations (acre-feet)
Evaporation — historic records (inches)
Precipitation — historic records (inches)

Initial Conditions for:

Salinity in the Sea (mg/L)
Water surface elevation (feet)

Other Simulation Parameters:

Import rates (acre-feet/yr)

Starting date for imports (year)

Import salinity levels (mg/L)

Expott rates (acre-feet/yr)

Starting date for exports (year)

Target operating water surface elevations (feet)

Target operating salinity levels (mg/L)

Rate for deductions in inflow (acre-feet/year)

Starting date for reductions in inflow (year)

User selection of stochastic or deterministic simulation modes
(on/off)

User selection to include Colorado River flood flows (on/off)

User selection to turn on or off mode to operate to meet target
elevation or salinity levels (on/off)

User selection to turn on or off mode to operate concentration
ponds

User selection to turn on or off mode to operate displacement
dikes

Concentration pond maximum operating elevation

The Salton Sea Accounting Model provides the following parameters as
annual output:

Output: Water surface elevation (feet)

Water surface area (acres)

B-22
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Water in storage (acre-feet)

Change 1n storage (acre-feet)

Total salts in storage (tons)

Salinity (mg/L)

Imports (acre-feet)

Total mflow (acre-feet)

Salinity of inflow (mg/L)

Total salts in inflow (tons)

Evaporation (acre-feet)

Precipitation (acre-feet)

Total salts exported (tons)

Water exported to concentration ponds (acre-feet)
Total salts exported to concentration ponds (tons)
Water in storage in concentration ponds (acre-feet)
Total salts 1n storage 1 concentration ponds (tons)
Water surface elevation in concentration ponds (feet)
Water surface area in concentration ponds (acres)

ACCOUNTING MODEL VERIFICATION

The Salton Sea Accounting Model was applied to simulate historic
conditions. The model was run with a starting elevation and salinity equal
to -239.6 feet and 38,100 mg/L, respectively. These values correspond to
those reported by the Imperial Irrigation District for the year 1950. The
model was executed for the period 1950 to 1997. Figures B-4 and B-5
present a comparison of simulated historic and historic measured elevation
and salinity, respectively. The charts clearly depict that the Salton Sea
Accounting Model can adequately simulate historic conditions. Correlations
performed between historic and simulated historic elevation result in a
correlation coefficient of 0.97. Correlations performed between historic
and simulated historic salinity result in a correlation coefficient of 0.80. The
model does not simulate historic conditions 100 percent accurately because
the model includes assumptions about the salinity of inflows to the Sea for
which there are no historic records to verify. However, the results of these
comparisons are considered very good, giving supportt to the assumptions
built into the model. Based on these favorable results of comparisons to
historic conditions, the model 1s assumed to be accurate for simulating
future conditions.
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Figure B-4
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MODEL SENSITIVITY ANALYSES

The Salton Sea Accounting Model was used to study the sensitivity of
model results under a wide variety of conditions. These conditions are
divided into two categories. The first category mnvolved comparisons with
and without various Salton Sea Restoration Project alternative features.
Following is a summary of these comparison studies:

1. Comparisons with and without Colorado River flood flows

2. Comparisons with and without Central Arizona Salinity Interceptor
(CASI) import water

3. Comparisons with and without CASI import water and Colorado
River flood flows

4. Comparisons with and without the displacement dike

The results of comparisons with and without project features are included in
the next subsection.

The second category of sensitivity analyses involved analysis of the model
results to model input parameters and assumptions. Attachment D contains
charts depicting the results of the sensitivity analyses to model input
parameters and assumptions. Each analysis 1s the result of 1,000 simulations
of the model with only the specific sensitivity parameter changing according
to the ranges of values listed below. Most of the analyses were performed
using present level inflow conditions. Some were based on reductions in
mflow to 1.063 maf per year, either because reductions were involved in the
sensitivity parameter or because simulation results would have resulted in
elevations greater than -220 feet msl. Following is a summary of these
studies:

1. Sensitivity to assumptions about salinity impacts on evaporation
(present level 1.363 maf/yr of inflow).
- Simulations were performed with reduction factor for salinity
adjusted anywhere from -5 percent to +5 percent.
Conclusion: (Figure D-1) Minor elevation changes < 1 foot,
Minor salinity changes < 3000 mg/L.
2. Sensitivity to rates of reductions in inflow (reduction to
1.063 maf/yr of inflow).
- Simulations were performed with mnflow reduction rates of anywhere

between 10,000 and 20,000 acre-feet per year.
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Conclusion: (Figure D-2) Moderate elevation changes < 3 ft,
Moderate salinity changes < 7,000 mg/L.
3. Sensitivity to the year that reductions in inflow begin (reduction
to 1.063 maf/yr of inflow).
- Simulations with the year reductions begin equal to anywhere
between 0 and 10 years.
Conclusion: (Figure D-3) Moderate elevation changes < 3 ft,
Moderate salinity changes < 5,000 mg/L.
4. Sensitivity to the Starting Salinity of Salton Sea (present level
1.363 maf/yr of inflow).
- Simulations with the starting salinity of the Sea anywhere between
43,000 and 45,000 mg/L.
Conclusion: (Figure D-4) Negligible elevation and salinity
changes.
5. Sensitivity to the relationship defining salinity of inflow (present
level 1.363 maf/yr of inflow).
- Simulations with the salinity of inflow waters being adjusted
anywhere from+500 mg/L and -500 mg/L.
Conclusion: (Figure D-5) Minor elevation changes < 1 foot,
Moderate salinity changes < 7,000 mg/L.
6. Sensitivity to precipitation rates (present level 1.363 maf/yr of
inflow).
- Simulations with annual precipitation values being modified such
that the average annual precipitation 1s anywhere between 2.0 and
3.0 inches.
Conclusion: (Figure D-6) Minor elevation changes < 1 foot,
Minor salinity changes < 3000 mg/L.
7. Sensitivity to evaporation rates (present level 1.363 maf/yr of
inflow).
- Simulations with annual evaporation values being modified such that
the average annual Sea evaporation is anywhere between 69 and
71 inches.
Conclusion: (Figure D-7) Minor elevation changes < 1 foot,
Minor salinity changes < 3000 mg/L.
8. Sensitivity to area/capacity/elevation relationships (present
level 1.363 maf/yr of inflow).
- Simulations with sutface areas selected from area/capacity/elevation
data (presented earlier in this attachment) were adjusted anywhere
from -5 percent to +5 percent.
Conclusion: (Figure D-8) Minor elevation changes < 1 foot,
Minor salinity changes < 3000 mg/L.
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9. Sensitivity to estimates of average annual inflow (present level
1.363 maf/yr of inflow).
- Simulations with annual inflow values being adjusted such that the
average annual inflow to the Sea is adjusted between -5 percent and
0 percent.
Conclusion: (Figure D-9) Large elevation changes <5 feet,
Latge salinity changes <12,000 mg/L
10. Sensitivity to estimates of flood flow availability.
- Simulations with availability of Colorado River flood flows (as
determined from the probability distributions presented earlier in this
attachment) being reduced anywhere from 0 percent to 50 percent.
Conclusion: No chart shown. No significant changes.
11. Sensitivity to estimates of water volume and salinity relationships
(reduction to 1.063 maf/yr inflow).
- Simulations with adjustments made to the volume of water 1n the
Sea being mcreased anywhere from 0 percent to 10 percent.
Conclusion: (Figure D-10) Moderate elevation changes < 3 ft,
Negligible salinity changes

Comparisons With and Without Project Features

The Salton Sea Accounting Model was used to demonstrate conditions
within the Sea with and without various Salton Sea Restoration Project
alternative features. Figure B-6 depicts comparisons of Alternative 2 at
1.063 maf/yr inflow for various combinations of impotts and flood flows.
Comparisons for other alternatives are similar in nature but not shown.
Charts are provided for elevation, salinity, and surface area for the following
conditions:

Without CASI imports and with Colorado River flood flows
Without CASI imports and Colorado River flood flows

Without Colorado River flood flows and with CASI imports

With CASI imports and Colorado River flood flows

Without CASI imports and Colorado River flood flows After 2030

Figure B-7 shows elevation, salinity, and surface area charts for Alternative 2
at 0.800 maf/yr of inflow for the same combinations of inflow conditions.

Figures B-6 and B-7 demonstrate that conditions in the Salton Sea in the
future will be significantly sensitive to whether or not CASI water will be
available as an import. At an average annual inflow level of 1.063 maf/yr,
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elevations 1n the Sea will be up to 13 feet lower and salinity will be more
than 10,000 mg/L higher for extended petiods of time if CASI water is not
available. The model indicates that the Sea will not be as impacted by
unavailability of Colorado River flood flows. Elevations would only be
impacted 2 to 3 feet without the flood flows at 1.063 maf/yr of inflows.
Salinity would be, at most, 2,000 mg/L higher without flood flows. If flood
flows were available only through the year 2030 (without CASI impotts), it
can be seen that elevations could temporarily be raised 2 to 3 feet and
salinity could be reduced in the Sea by 4,000 to 5,000 mg/L. At

1.063 maf/yr of inflows, the combination of not having access to both
flood flows and CASI import water would have the largest effects on the
Sea, wheteby peak salinity values would be neatly 20,000 mg/L higher and

elevations would be greater than 15 feet lower.

Figure B-8 depicts compatisons of Alternative 2 at 1.063 maf/yr of inflow
with and without the proposed displacement dike. Comparisons for other
alternatives are similar in nature but not shown. Charts are provided for
elevation, salinity, and surface area. Figure B-9 shows the same comparison

at 0.800 maf/yr of inflow to the Salton Sea.

At average annual inflows of 1.063 maf/yr, the lowest elevations in the Sea
would be about 4 feet higher with the dike than without it. The peak
salinity would be about 5,000 mg/L lower with the dike. Salinity would be
lower because, with the displacement dike 1n place, the surface area of the
Sea would be about 15,000 acres less. This reduction in surface area
provides a smaller surface for evaporation to occur, thus reducing the
concentration effect that evaporation has on salinity within the Sea.

Figure B-10 presents area-elevation relationships of the Salton Sea with and
without the proposed displacement dike. At an elevation of -230 feet, the
Sea would have about 15,000 fewer surface acres of area with the dike than
the Sea would have without it. The displacement dike would reduce the
surface area of the Sea to lesser degrees as Sea elevations drop. At elevation
-257 feet, the sutrface area of the Salton Sea would be the same with and
without the proposed displacement dike.
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Salton Sea Restoration Project
Altemnative 2 Elevation With and Without Displacement Dike
Average Annual inflow Reduced to 0.800 mafiyr

"
%M

Elevation (Feet)
3

N
\

-250
s~ Without Displacement Dike

2565 = With Dike }

-260

-265

270 ] @ @ 3 Fd ~ [l 8

ggresg 535888 ees
BEERRERURBRERE I InRURREERE R EERY
Year
Salton Sea Restoration Project
Alternative 2 Salinity With and Without Displacement Dike
Average Annual Inflow Reduced to 0.800 mafiyr

75000

70000

65000

~=-Without Displacement Dike

60000 ~>-With Di Dike
§ 55000 .0""«\
z
§ 500
@

30000 +rr T

N\
45000 f \&\\‘W—M
-l w

REEFZERERNERBa g REREE
A{

H 2051

Salton Sea Restoration Project
Alternative 2 Surface Area With and Without Displacement Dike
Average Annual Inflow Reduced to 0.800 mafiyr

S
\
M“s‘\ P
TR T,
—+—Wihout Die |
~3—Wih Displacement Dike |
EEEBRRERRnARBfiinlmEEEERRRRRREREY
Year

Figure B-9

January 21, 2000—DRAFT

B-35



SALTON SEA ACCOUNTING MODEL

€ce
(44
8¢c¢c-
Lee-
vee-

(Isw - 193y) uoneas|3

NN R DR RN RNRNDRNN
O wh DB DO OO OO BN O N N
N O NGO AW O ONOGONO W

9l¢c-
6.¢-

/

\

_—

ex1q Juswade|dsiq YHM —
g

juswasejdsiq INOYPIM —

91 Juswade|dsiq INOYNM pue Y
diysuolne|ay ealy / uoneas|y
eag uojjes
01-9 ainbi4

>0
1 00008

1000001
1000051
| 00000z
1000052

100000

(saJ1oe) ealy adeung

B-37

January 21, 2000—DRAFT



Attachment B. Salton Sea Accounting Model

SALTON SEA PROJECT ALTERNATIVE SIMULATIONS

No Action Simulation Assumptions and Initial Conditions

Table B-5 summarizes the No Action Alternative simulations that were
performed with the listed assumptions and initial conditions. Attachment C
contains charts depicting the results of the No Action Alternative
simulations.

Table B-5.—No Action Alternative simulation
assumptions and initial conditions

Average
annual Year Starting Sea
Simulation inflow simulation elevation Starting Sea
identifier (maflyr) begins (feet) salinity (mg/L)
No_Action_136 1.36 2000 -227.0 44,000
No_Action_106 1.60 2000 -227.0 44,000
No_Action_080 0.80 2000 -227.0 44,000

Combined Phase 1 and 2 Simulation Assumptions and
Initial Conditions

Table B-6 presents combined phase 1 and 2 alternative simulations that
were performed with the listed assumptions and initial conditions.
Attachment C contains charts depicting the results of the combined
phase 1 and 2 stochastic simulations.
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Combined Phase 1 and 2 Salt Export Rates

Table B-7 displays salt export rates for each of the five alternatives at three
different inflow levels studied. These results are from the combined phase 1
and 2 simulations described 1n table B-6. Export rates in tons per year are
presented for years 2008, 2015, and 2030. The rates shown are total for all
elements of each alternative that remove salt from the Salton Sea. For
example, Alternative 4 export rates are for both the concentration pond and
EES operations.

Table B-7.—Salton Sea Restoration Project

alternative salt export rates (millions of tons/year)

Average annual
inflow
1.363 maf/yr

Average annual
inflow
1.063 maf/yr

Average annual
inflow
0.800 maflyr

Alternative 1

2008 6.1 6.2 6.2

2015 14.5 15.7 15.7

2030 12.5 15.5 155
Alternatives 2 and 3

2008 9.4 9.5 9.5

2015 9.6 10.4 10.4

2030 9.3 10.9 10.9
Alternative 4

2008 105 10.6 10.6

2015 10.1 10.9 10.9

2030 8.1 9.7 9.7
Alternative 5

2008 11.6 11.8 11.8

2015 11.4 12.4 12.4

2030 8.4 9.4 9.4
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Phase 2 No Action Simulations

Phase 2 options include both future imports and exports of water. To
evaluate impacts on the Salton Sea due to phase 2 actions, it was necessary to
perform stochastic simulations of the Salton Sea assuming that phase 2
actions would not occur. Impacts due to the Phase 2 actions could then be
evaluated by comparing these simulation results against the combined phase 1
and 2 simulation results.

Table B-8 presents combined phase 2 No Action Alternative simulations that
were performed with the listed assumptions and initial conditions. Attach-
ment C contains charts depicting the results of the phase 2 No Action
Alternative stochastic simulations.
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