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Introduction Authority for Report
Actual Operations Under Criteric
- Water Year 1985

The operation of.the Colorado River Basin
during the past year and the projected
operation for the current year reflect
flood control, domestic use, irrigation,
hydroelectric power generation, water
quality control. fish and wildlife propaga
tion, recreation, and Colorado River
·Compact requirements.

Storage and release of water from the
Upper Basin reservoirs· are governed by
all applicable laws and agreements
concerning the Colorado River, including
the impoundment and release of water in
the Upper Basin required by Section
602(a) of the Colorado River Basin Project
Act of September 30, 1968 (Public Law
90-537). The operation of the Lower Basin
reservoirs reflects Mexican Treaty obHga
Hens and Lower Basin contractual
commitments.

Nothing in this report is intended to
interpret the provisions of the Colorado
River Compact (45 Stat. 1057), the Upper
Colorado River Basin Compact (63 Stat.
31), the Water Treaty of 1944 with the
United Mexican States (Treaty Series 994,
,.. -. Stat. 1219), the Decree entered by the

,Jreme·Court of the United States in
Arizona v. California et al. (376 U.S. 340),
the Boulder Canyon Project Act (45 Stat.
1057), the Boulder Canyon Project Adjust
ment Act (54 Stat. 774: 43 U.S.C. 618a),
the Colorado River Storage Project Act
(70 Stat. 105:43 U.S.C. 620), the Colorado
River Basin •Project Act (82 Stat. 885:43
U.S.C. 1501), or the Hoover Power Plant
Act of 1984 (98 Stat. 1333).

2

Pursuant to the COlorado River Basin
Project Act Lav\' 90-537) of 1968,1
am pleased to oresent to the Congress,
and to the ot the Colorado
River BaSIn Slates.· the fjfteenth annual
report on the Ooerallon of the Colorado
River Basin.

This report descrioes the actual operation
of the reservOIrs j:, tne Colorado River
drainageareaCO:lSITucted under the
authOrity of tnE :'o'C)raao River Storage
Project Act. tns 8su!oer Canyon Project
Act. and the Canyon Project
Adjustment Ac~ CJurlng water year 1985
and the pr018':18C o~elation of these reser
voirs dL.;;;ng V\iate# yea~ 1986 under the
"Criteria for CoorOlnated Long-Range
Operation 07 River Reservoirs ."
published I~ tr!~ Register June
10, 1970.

Donald Pau1 Se::retary
United· States Jecanment of the Interior

Morrow POlnl Dan 1

The initial .plan of operation for the water
year ending September 30, 1985. baseo
on forecasted inflow conditions for
October through January and average
inflow conditions through the rest of
water year 1985 called for scheduled
releases from Lake Powell of 13.7 million
acre-feet (maf). This plan of operation
would have created 6.2 mat of space by
the end of September 1985, of which .7
mat would have been in Lake Powel!.
With this plan of operation the content~· Of
Lakes Mead and Powell would have
within O.15maf of each other at the
of September 1985.

The April through July forecast of unreg
ulated runoff at Lake Powell ·made on
JanuarY 6, 1985, was 11.5maf or 154
percent of the long term average. As a
result, the releases from Glen Canyon
were kept at maximum powerplant
capacity. The weather pattern during
January was such that the upper Greeri



River drainage received less than normal
precipitation while the mainstem drainage
of the Colorado River and southwestern
Colorado received at or above normal
precipitation. The April-July forecast
dropped slightly in February to 11.0 maf,
but Glen Canyon's powerplant was still
operated at capacity. The February
March period had near normal tempera
tures and below normal precipitation over
most of the Upper Colorado River Basin.
Snowpack water content on March 1 was
about 105 percent of normal but monthly
precipitation had fallen to 50 percent over
most of the Upper Colorado Basin. The
prevailing dry period resulted in the Aprit
JUly forecast in March and April dropping
to 10 mat and 10.3 mat respectively. In
response to a declining forecast and to
insure filling Lake Powell,the powerplant
discharge at Glen Canyon was reduced
to 80 percent of capacity for March and
April.

During late April and early May the
"'!"'~.ther pattern changed and precipita-

over western and southwestern
Coiorado increased. The April-July
forecast on May 1 was 10.8 mat. On May
10 a storm system moved into the. basin
leaving 50 to 100 percent of the average
May precipitation. River flows had
remained above average except in
Wyoming for the January-May period, and
in conjunction with a wet weather pattern
the April-July forecast was increased on
May 14 to 11.45 maf. With this increase
n.forecast and the possibility of going
nto surcharge, the powerplant at Glen
:anyon was again operated at full
~apacity and the. bypass tubes were
)perated to bypass 0.4 maf in May. The
Neather pattern caused an early melt of
ower elevation snow with the peak inflow
)ccurring in early May at 93,600 cubic
eet per second (cfs), unregulated. Unreg
Jlated runoff· is the inflow to Lake Powell
>Iusor minus the change in storage of
he upstream reservoirs discussed in this
eport.

Dam

The first part of June \N2S not and cry
and brought a secondary snow melt 8eaK
the latter part of June ct 31 .600 cis.
unregulated flow. Tokeeo Lake
from going into surcharge the Glen
Canyon powerplant was ooerated at
capacity, and an additional 0.6 mat was
discharged through rhe oypass tUbes. The
forecast at mid-June for ~he

period was adjusted to ~ ~ .7maf. The
bypass was terminated at the ena of
June with the powerplarr continuing :0
operate at fuU capacity ~hroughoutJuIY·

The actual unregulatea runoff
into Lake Powell was 1 ~97 mat In 1985.
160 percent of normal, ana Lake Powell
reached its maximum elevation of
3700.12 feet on July 1

The total unregulated runoff for water
:lear 1985 at Lake PoweH was 17.5 maf
or i 47 percent of the long-term average.
VVater suppfy for the San Juan River
aooveNavajo Dam ·and the mainstem
Coiorado River above Grand Junction.
COlorado, for the water year were at 184
percent. while the Gunnison River above
Blue Mesa Dam was at 129 and the
Green River above Flaming Gorge Dam
\NaS at 91 percent of average. Total
releases from Glen Canyon were 19.26
mat while the reguiated Inflow for the
year was 18.1 lilaf Aggregate Colorado
River storage at the end of the year was
55.59 maf representing a decrease of
1 75 mat from the prevIous year.



Projected Plan of Operation
Under Criteria - Water Year 1986

Determination of "602(a) Storage"
Section 602(aX3) of the Colorado River
Basin Project Act of September 30, 1968
(Public Law 90-537), provides for the
storage of Colorado River water, not
required to be released under articlelJl(c)
andlll(d) of the Colorado River Compact
In Upper Basin reservoirs, to the extent
the Secretary of the Interior (Secretary)
finds it necessary to assure compact
deliveries without impairment of annual
consumptive uses in the Upper Basin.

Article II of the "Criteria for Coordinated
Long-Range Operation of Colorado River
Reservoirs" (Operating Criteria) provides
that the annual plan of operation shall
include a determination by the Secretary
of the Quantity of water considered
necessary to be in Upper Basin storage
as of September 30 of the current year.

Tnis determination shall consider all
applicable laws and relevant factors
Including. but not limited to the following:
(a) historic streamflows: (b) the most
critical period of record: (c) probabilities
of water supply: (d) estimated future

--Ietions in the Upper Basin, including
effects of. recurrence of critical

periods of watersupply: (e) the "Report

Dillway RepcjH Blue Mesa Dam

of the Committee on Probabilities and
Test Studies to the Task Force on
Operating Criteria for the Colorado
River," dated October 30, 1969, and such
additional studies as the Secretary deems
necessary: and (f) the necessity to assure
that Upper Basin consumptive uses are
not impaired because of failure to store
sufficient water to assure deliveries under
Section 602(aX1) and (2) of Public Law
90-537.

Taking into consideration these relevant
factors, the Secretary has determined
that the active storage in Upper Basin
reservoirs forecast for September 30,
1986, exceeds the "602(a) Storage'!
requirement under any reasonable range
of assumptions which might be applied to
those items previously listed. Therefore,
the accumulation of "602(a) Storage" is
not the criterion governing the release of
water during the current year.

Mexican .Treaty Obligations
Annua'·calendar year schedules of
monthly deliveries of water in the
limitrophe section of the Colorado River,
altottedin accordance with the Mexican
Water Treaty signed in 1944, are formu
lated by the Mexican Section and

presented to the United States Section,
International Boundary and Water
Commission (Commission), before the
beginning of each calendar year.

Upon 30 days' advance notice to the
United States Section, Mexico has the
right to modify, within the total schedule,
any monthly quantity prescribed by the
schedule by not more than 20 percent.
During water year 1985, Mexico received
a total delivery.of about 13,030,000 acre
feet at the Northerly International
Boundary.

Of the 13,030,000 acre-feet of mainstem
Colorado River water reaching the
Boundary: about 4,600,000 acre-teet were
delivereq through the Pilot Knob Power
plant troin the All-American Canal. An
estimated 7,500,000 acre-feet were
released through Laguna Dam. The
remainder of the flow at the Northerly
International Boundary was made up of
return flows to the Colorado River below
Laguna Dam, and returns to the Gila
River below the gaging station near
Dome, as well as Gila River flood control
releases from Painted Rock Reservoir.

Because of the current water supply
conditions, the United States will make
scheduled deliveries of 1,700,000 acre
feet of Colorado River water to the
Republic of Mexico in calendar year
1986. This release of water is based upon
average runoff conditions for the year.
Should the runoff in· water year 1986 be
substantially above average, significant
releases for flood control purposes could
be required from Hoover Dam. Represen
tatives of the Republic of Mexico will be
kept informed of operating schedules
through the United States Section of. the
Commission.

Regulatory Wastes
Deliveries to Mexico consist of river
water delivered to Imperial Dam and
waste and drainage return flows··from
water users below Imperial Dam. In
addition to assuring normal water
deliveries, the small amount of regulatory
storage space in Imperial, Laguna, and
Senator Wash Reservoirs was used at
times .to limit potential downstream flood
damages during water year 1985. Regula
tory waste for water year 1986 will
depend on the actual hydrologic condi
tions occurring during that time.



Projected Plan of Operation 
Water Year 1986

A proposed operation plan. for water year
1986 for major reservoirs of the Colorado
River system was formulated and distrib
uted to representatives of the Colorado
River Basin States in November 1985.
This· plan was prepared in accordance
with the Operating Criteria published June
4,1970, in compliance with Section 602,
Public Law 90-537. The plan reflects
operation for flood contrOl, domestic and
irrigation use· of water, hydroelectric
power generation, water quality control,
fish and .wildlife propagation, recreation,
and Cotorado River Compact requirements.

The water year 1986 plan varied from
the plan developed for water year 1985
which was based on the need to develop
sufficient reservoir space by January 1,
1985, to. reduce the risk of ·reservoir
spills. At the end of water year 1985 all of
the reservoirs were at a lower level than
the previous year. This condition· allowed
some flexibility in operations during the
first 3 months ofV\fater year 1986.
Releases at 45 percent powerplant

~city atGlen Canyon wiU·be made
~r\.,•• 1 October to December to finish an
~nvironmental study below Glen Canyon
Nith increased. releases during January
1986 in· order to develop sufficient vacant
"eservoir space to reduce the risk of
,pining. This also reduces the risk of
jamaging flood control releases from
-Ioover, Davis, and Parker Dams, should
arge runoff forecasts .occur during the
1986 runoff period. Releases· from
lanuary through July will·be based upon
he· runoff forecasts received during that
ime but will result in greater available
•pace on August 1, 1986,· than the
ninimum flood control requirement of 1.5
naf.

The plan calls for a total Glen Canyon
release in water year 1986 of 8.7 maf
under reasonable minimum inflow
conditions. An annual release of 11.1 maf
would be required under most probable
inflow conditions, which would fill Lake
Powell and also equalize the active
contents of Lake Powell. and Lake Mead
by September 30, 1986. With a reasonable
maximum inflow during water year ··1986.
the projected Glen Canyon release would
be 16.1 mat. This volume of inflow would
require maximum powerplant releases for
all of water year 1986 to avoid the use of
Glen Canyon's river outlet works or
spillways.

The projected operation for most· probable
runoff conditions for each reservoir in the
Colorado River Basin for water year 198E
is described in the following pages.

....
-:~'"

~....

Imperial Dam

Charts shOWIng the projected monthly
outflows from each reservoir for the three
assumed hydrologic conditIons are
presented With each reservOir operatibn.
Each of these as~)umptions uses the most
current hydrologIC information available
by inclUding actual forecasted October
through December 1985 inflows. The
monthly infJovvs for the remainder of the
year were based upon the following
assumptions: i"1} most probable based
upon the 1906 ihrough 1983 natural flows
deve!ooedfor the Coiorado River Simula
tion System {CRSS)moaei oepieted up to
the 1986 ieve!: (2) reasonaoie minimum
based upon the annual volume of inflow
which w6uld be exceeded about 90
percent of the time: and (3) reasonable
maximum based upon the annual volume
of inflow whlcn vvould be exceeaed aDout

percent of :he time.



Upper Basin .Reservoirs
Fontenelle Reservoir (Green River)

Chart 1

18 Miles

SlorageOOlow 6408 lee!

1
10,000 Kilowatts

344.834 6506
233,789 649-;
194.962 6485

8.058 Acres

(Reclamation) is continuing 10 cooperate
Vv'lttl the State 01 Wyoming to complete
const ruction fTlodlflcatlon.

tv1axlmum Storage
Head

tv'ilnlnlum PO\iver
f\rea (;::ul!)

8es8rvoi~

Fontenelle Active Storage·

l\lumner 0' UnlIs
:olaICaqacn~,'

ReserVOir

Water Year 1986
The projected plan 01 operation for wate'
year 1986 is to maintain elevation
feet as near as possibie with 1Iuctuatlon.~

in elevation limited to plus or J

feet, if possible. This elevation range
based on maximum possible
releases of 10,000 cfs due to reservoil
elevation and minimum releases of 400
cfs. Based on· the reasonable maxlmurn
and minimum inflow operation sluoies
releases are expected to Slay witrun tn2
400 to 10.000 cfs range tnrougnou: VJ8Te"
year 1986,

Present plans for construclionmodiflc2
tion are to have Congressional approva
late in 1986, and award a contract sc
construction can start in tne spring Of

1987. The U.S. Bureau of Reclamatlor

Fontenelle Dam

Water Y·ear 1985
Fontenelle Reservoir's 1985 water year
plan of operation was to maintain the
water surface elevation no higher than
6482 feet with a lower bound of approxi
mately the minimum power pool elevation
of 6474 feet. .This upper elevation restric
tion was imposed due to increased
seepage along the left abutment in 1982,
and geologic investigations conducted in
1983.

The January 9, 1985, forecast of April
July runoff was 106 percent of normal
and by AprilS, the forecasted inflow had
dropped to 89 percent of normal.
Fontenelle .Reservoir elevation dropped
gradually from 64811eet on January 1, to
6478 the end of March. During April
unusual piezometer readings of water
movement through the dam were noticed,
and by the end of Aprila decision was
made to gradually lower the elevation by
a half-foot ·per day. However, during the
last week·of April a piezometer located
near the powerplant had very high
readings, and a decision was made to
" -idly lower the reservoir elevation to
\.: ,31ee1. On May 2, releases were
increased to 12,100 cfs and maintained
for 4 days and then gradually decreased
to match inflow.by.·May 14, which main
tained the new target elevation of approx
imately 6443 feet. The maximum inflow
occurred on May 6, of nearly 5,600 cfs.
The actual. April-July inflow was 656
thousand acre-feet which is 77 percent of
normal.

During August of 1985, installation of a
concrete. core wall test section was
started to determine the feasibility of
installing a concrete core wall the· entire
length of the dam. This work will be
finished in August of 1986, and is pro
gressing very well. An Environmental
Assessment Report was initiated for
completion .in early 1986, in preparation
ror letting a contract for final modification
Df Fontenelle ·Dam.

Total water year inflow to Fontenelle was
1.07 maf which is 87 percent of normal.
Releases totaled 1.21 mat which includes
137,000 acre-feet to lower the reservoir
:0 6443 feet from 6482 feet.
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,Flaming Gorge Reservoir
(Green River)

April was a warm, dry month and
received above average inflow, This
pattern continued into May with just over
average unregulated inflow. June was
also hot and dry and the flows dropped
considerably because the snowpack had
melted by late May and early June. As a
result of 'decreasing inflows Flaming
Gorge reached a maximum elevation of
6032.8 feet on July 2, with a storage of
approximately 3.46 million acre-feet of
which 0.14 miHion acre-feet is due' to
lowering FontenelieReservoir in May,

The actual unregulated inflow into
Flaming Gorge for April-July was 922,000
acre-feet which is 76 percent of normaL
The pea~ inflow of 13,250 cfs occurred
on May 6 due to towering Fontenelle
Reservoir. The peak discharge was,3,700
cfs on June 2. Total water year unregu
lated inflow was 1.51 million acre-feet
which is 91 percent of normal and total
releases were 1.98 million acre-feet.

Water Year 1986
The projected minimum water surface
elevation for water year 1986 is 6017.8
feet by April 1. Spillway construction was
not finished as scheduled in the fall and
the current schedule calls for completion
in January if this isa mild winter, or late
spring for a normal winter. The operation
plan is based on not having a spillway in
the spring with the reservoir drawn down
3.5 feet for safety purposes in June and
July.

Flaming Gorge Active Storage * Chart 2

Water Year 1985
Water year 1985 started at elevation
6038.5 feet, and the first 6 months had
above average Inflow due to above
average orecipitation and carry-over
effects from lheprevious wet year. On
November 15, 1984, the projected
November through March forecast was
217 percent of normal and the actual
unreguiated infiO\AJ for this period was 162
percent of normal. On April 1, Flaming
Gorge "vas at elevation 6020 feet, and the
April-JUly forecast was at 90' percent of
normal. Reieases were projected to keep
the eievatlon belOW 6035.0 feet due to
continueo construction to repair the
spillway. Powerptam al Flaming Gorge

Reservoir

Maximum Storage
Rated'Head
Minimum Power
Surface Area (FUll)
Reservoir Length

(Full)

Powerplant

Number of Units
TotalCapacity

Acre-Feet El. (Ft.)

3,749,000 6040
1,062,000 5946

233,000 5871
42,020 Acres

91 Miles

3
108,000 Kilowatts

• Does not Include 40.000 acre-feet of dead storage below 5740 teet



Fish Studies Below Flaming Gorge

Outflow Monthly Release in 1000 Cubic Feet I Second
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Blue Mesa Reservoir
Morrow Point Reservoir
CrystalReservoir

Morrow Point Active Storage*

Chart 3

7 Miles

17,573 6755
13,886 6742
10,619 6729

301 Acres

11 Miles

24 Miles

829,523 7519
249,395 7438

81,070 7393
9,180 Acres

117,025 7160
79,805 7108
74,905 7100

817 Acres

Acre-Feet EI. (Ft.)

Blue Mesa Active Storage*

Reservoir

Maximum Storage
Rated Head
Minimum Power
Surface Area (Full)
Reservoir Length

(Full)

Powerplant

Maximum Storage
Rated Head
Minimum Power
Surface Area (Full)
Reservoir·Length

(Full)

Powerplant

Water Year 1986
Blue Mesa powerplant will be operated· to
minimize powerplant bypasses at Crystal
Dam. Assuming near average water
supply conditions in water year 1986, a
low elevation of 7457.8 feet is expected
by the end of March with a maximum
elevation of 7514.6 feet in July.

Crystal powerplant will be operated at full
capacity throughout 1986, reregulating
Morrow Point's peaking power releases.
Powerplant bypasses are not expected
based on the mostprobabte water
supply. Releases below· Crystal. wiUbe
approximC!tely 1,700 cfs per day.

Number of Units 2
Total Capacity 60,000 Kilowatts
-Does not include 111,232 acre-feet of dead storage below 1358 feet.

Number of Units 2
Total Capacity 120,000 Kilowatts
• Does not include 165 acre-feet of dead storage below 6808 'eet.

Crystal Point Active Storage*

Maximum Storage
Rated Head
Minimum Power
Surface Area (Full)
Reservoir Length

(Full)

Powerplant

Number of Units
Total Capacity 28,000 Kilowatts
• Does not Include 7.100 acre-feet of dead storage below 6670 feel

peaking power production, and thus has
highly variable releases. Reregulation of
Morrow.Point releases is the primary
function of Crystal Reservoir.

Spillway modification of Blue Mesa's spill
way was in progress at the beginning of
water year 1985. Work was scheduled to
be completed by the end of June which
necessitated a conservative operation of
Blue Mesa so that the spillway work
would· not be. endangered by a possible
spill. The reservoir was gradually lowered
from elevation 7515.0 feet to 7500.0 feet
from October 1 to January 1,1985. The
January 1 forecast for April-July caBed for
970,00 acre·feet inflow which is 142
percent of the 20-year average from
1961-80. Releases for the January-April
period averaged 2.300 cfsper day in .
order to draw the reservoir down. The
forecast slowly aecreased from January's
142. percent to March with a 125 percent
April-July inflow, and then increased to .
152 percent by the· end of July. The
weather pattern was one of alternating
dry and wet periods through May. By
mid-May this pattern changed to
unseasonably warm and dry and continued
through July. Inflow peaked on. June 9 at
9,880 cfs. Releases were lowered to
1,600 cIs perday in May to help reduce
Hooding on the lower Gunnison River and
were increased in June and July to 2,800
and 2,200cfs per day, respectively,to
allow for space due to· spillway
construction.

Side inflows toMorrow Point and Crystal
Reservoirs increased rapidly in April and
continued through June. The April-July
side inflow to·· Morrow Point was 193
percent of average (114,OOO acre-feet)
while Crystal's side inflow was 216
percent of average (190,OOO.acre-feet).
The peak unreguJatedinfiow to Crystal
was 14,600 cfs and the peak discharge
through·Crystal Dam was 6,500 cfs on
June 9, which was a reduction of 8,100
cfs. Blue Mesa and Crystal powerplants
were operated at or near capacity from
January through July. Total releases for
the water year from Morrow Point were
1.595 mat with all going through the
powerplanL Water year rel~ase from
Crystal Dam totaled 1.863 maf of which
605,000 acre-feet bypassed the power
plant.""'"~lllng on Blue Mesa ReservOir

Water Year 1985
The Vvayne N. AspInall Unit is comprised
of Blue Mesct, Morrow Point. and
Reservoirs. Blue Mesa ~~~r~\ Ifr,r·~r~

of the long-term regulaHon ali three
Dowerplants. Morrow POInt is used for
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'Javajo Reservoir (San Juan River)

Navajo Active Storage" Chart 4

1.696.40C
660.50(; 59'::-_

1=.610 A:."es

1I1(.i1l(J" cl~ It' lH'1

ReserVOir

MaXlnlum Storage
Inactive Storage
Surface Area (Full)
Reservoir Length

(Full)

surface elevation will be drawn down to
elevation 6040.0 feet and refilling will
start in the spring of 1987 During the
time that the reservOir is drawn down
minimum reieases to the river of 500 cts
are planned. Low flows will most Iikeiy
occur from August 1986 to March 1987
Maximum flows during drawdown are
planned to stay oeiow 3.200 cfs based· on
the most probable .fnflow

Hater Year 1985
rhe beginning elevation for Navajo Dam
)n October 1, 1984, was 6080 feet, the
;ame as for water year 1984. The reser
lair was slowly drawn down to elevation
3074.0 feet on January 1, 1985. The April
July forecast on January 1 was for 130
>ercent of average "inflow. Releases
anged between 1,000 and 2,500 cfs from
)ecember through February, averaging
1,800 cfs per day. Releases were
idjusted to 1,000 cfs for two 1-week
>erjods in January and February to assist
.ome construction work next to the river
lear Farmington, New Mexico. The
J1arch forecast was 127 percent of normal
iut jumped to 164 percent of normal in
\pril. The San Juan drainage of southwest
XJlorado had an extremely wet winter
vith.several stations reporting over 200
~ercent of normal snow water equivalent.
~eleases in March were increased from
,500 cfs to 3.200 cfs by April 1 and
,ere increased to 4.300 cfs by April 30.
'he May forecast was for 178 percent of
ormal runoff and releases were set at
,n'lO cfs foralt of May. On May 6, a peak

v of 9,130 cfs was recorded due to
)welevation snow melting. May and
une's weather was hot and dry causing
le snow to mett' faster than normal. The
eak inflow into Navajo Dam occurred on
une9 at 10,160 c1s, dropping steadily
lereafter to 3,300 cfs by the end of
Jne. Navajo Dam reached its peak
levationof 6083.04 feet on June 25,
'hich is 2 feet below the spillway crest.
he actual April-July inflow to Navajo
'am was 1.26 maf, which is 173 percent
r normal.

1e total 1985 water year inflow was 1.9
lat which is 184 percent of normal.
eleases ranged from a low of 530 cfs (1
3yin October 1984 for some main
nance work) to 5,050 cfs for the month
May.

rater Year 1986
anned modification construction to
duce seepage from Navajo Dam is
:heduled to start in the spring of 1986.
) facilitate construction the' water
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Lake Powell (Colorado River)

• Does not Include 1.99B.CXJO acre-feel of dead storage below 337 2
teet

is equivalent to a reasonable maximum
(upper decile) water supply. Total water
year releases below Glen Canyon were
19.3 mat of which 1.03 mafbypassed the
powerplant.

Water Year 1986
lake Powell· began the water year at
elevation 3685.70 teet with an active
content of 22.76 mat (91 percent full).
The plan .of operation for thefi rst .3. .
months of the water year was to maintain
releases at about 45 percent powerplan~

capacity in order to complete an environ
mental study of the riverine system
through the Grand Canyon. Beginning in
January, assuming an average runoff,d,s
charge would go to 90 percent of plant
capacity ..and then back to 50 percent of
capacity~' for February through June. The
months of July to September would be
operated for power and recreation
demands with discharges at 90 percent
of plant capacity. Under the most pro~able
inflow operation the reservoir would flf! In
early July and the total water year
releases would be 11.1 mat with unregu
lated inflows of 12.26 mat. The operation
for reasonable maximum inflow (upper
decile) is the same as for most probable'
October through January. ·From February
through August the discharge would be at
plant capacity ·and lowering to 90 percent
of capacity in September. Total water
year releases of 16.1 maf based on an
unregulated inflow of 17.4 maf would be
required to fill lake Powell but without
bypassing the powerplant. The actual
operation will be based on forecasted
inflow projections received monthly.

Lake Powell Active Storage'* Chart 5

Wal.t~r Year 1985
Lake Powell. which IS impounded by Glen
Canyon Dam. was operated as part of
the Colorado River Storage Project (CRSP)
in accordance with governing contracts
and laws to provide river regulation, opti
mum power production, recreation, and
fish and wildlife enhancement during
water year 1985.

Atthe start of water year. 1985. Lake
Powell had an active content of 24.35
mat at elevation 3696 feet (97.4 percent
full). The most probable operating plan
based on the October forecast called for
total water year releases of 13.75maf
based on an unregulated inflow of 12.9
maf.The reasonable maximum (upper
decile) water supply had scheduled water
year releases of 18.1 mat based on an
unregulated inflow of 18.14 mat.

On January 1 the April-July inflow was
forecasted to be 11.5maf (154 percent of
average). Discharge from Glen Canyon
remained at powerplant capacity for
January and February. In March the fore
cast dropped to 135 percent and was
1 '28 percent of normal on April 1. To

.re filling Powell by the end of June
powerplant releases were lowered to 70
percent of capacity during March and
April.

Weather during March was at normal. or
slightly above normal over the drainage
basin above Lake Powell. By April 2 the

Jl Canyon Dam

14

weather pattern had changed to above
average temperatures and below normal
precipitation. The warm weather contin~~d

through April with above average preclpl·
tation and May had a similar pattern,
although there were short periods of cool,
wet weather over parts of the basin. As a
result of the warmer than average
temperatures the snow· melt .runoff in
creased rapidly from 20,000 cfs on April 1
to 50,000 cfs on April 15, with peak
inflow occurring on May 11, 1985. This
average daily unregulated peak inflow
was 93,580 cfs with a secondary peak of
81,560 cfs occurring on June 14.
Between peaks the unregulated fjows
dropped to 55!230 cts.Regulated peak
daily inflow was ·81 ,000 cfs on May 22,
with a secondary peak of 69,000 cfs on
June 13. The low flow during this time
was 52,000 cfs. On July 1 Lake Powell
reached its maximum elevation of
3700.12 feet. The actual unregulated
April-July runoff was 11.97 maf which is
160 percent of average. Maximum
discharge below Glen Canyon was
44,810 cfs and occurred on June 21,·as
a result of combined powerplant and river
outtet tube releases. A total of 1.03maf
was released through the river outlet
tubes in May and June, bypassing the
powerplant in· order to control releases by
not having to use the spillway.

The total 1985 water year unregulated
inflow to Lake Powell was 17.5maf which

Reservoir

Maximum Storage
Rated Head
Minimum Power
Surface Area (Full)
Reservoir Length

(Full)

Powerplant

Number of Units
Total Capacity

Acre-Feet EI. (Ft.)

25,002.,000 3700
9,428.000 3570
4,126,000 3490

161,390 Acres

186 Miles

8
1,106,000 Kilowatts
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ower Basin Reservoirs
ake Mead (Colorado River)

• Does not Include 2.378.000 acre-teet of oeao storaQe DeIOW
895 feel -

of the spillway tunnels and the repair of
tunnel concrete lining. Work on the
Nevada spillway began in October 1985
and is scheduled to be completed by May
15, 1986. The Arizona spillway work is
scheduled to be completed in water year
1987.

Lake Mead Acti've Storage· Chart 6

1229
'123
1083

EI. (Ft.)

115 Miles

17
1,429,000 Kilowatts

Acre-Feet

27,377,000
13,653.000
10,024,000

Reservoir

Number of Units
Total Capacity

Maximum Storage
Rated Head
Minimum Power
Surface Area

(Full) ..
Reservoir Length

(Full) ~

Powerplant

water year, Lake Mead had a water
surface elevation of 1213 feet and an
active storage of 24,875,000 acre-feet
which reflects an increase in storage
during the water year of 463,000' acre·
feet. On September 30, 1985, the active
storage in Lake Mead was 2,114,000
acre-feet greater than the active storage
in Lake Powell.

Water Year 1986
Under most probable inflow conditions
during the 1986 water year, the Lake
Mead water level IS scheduled to· be
drawn down to elevation 1201 feet at the
end of June 1986. At that level, the lake
will have in active storage approximately
23.0 maf. During water year 1986, a total
of about 12.7 mat is scheduled to be
released from Lake Mead under most
probable conditions,atl passing through
the powerplant.

A contract ·was awarded in water year
1985 for modification and repair. work in
both the Nevada and Arizona spillway
tunnels at Hoover Dam. The work will
consist of construction of slotted ring air·
inducing devices in the inclined sections

'ater Year 1985
t the beginning of water year 1985, Lake
lead, impounded by Hoover Dam, had a
ater surface elevation of 1210 feet and
1 active storage of 24,412,000 acre-feet.
uring the winter and spring months, the
-aterlevel gradually declined to 1206
~et by the end of April 1985. During the
ghinflow conditions of June and July,
ake Mead reached a high elevation of
214.4 feet in the first week of July, with
peak active storage of 25,060,000 acre·
~et.

'uring the water year, releases were
lade to meet downstream water use
~quirements in the United States and
lexico, flood control requirements,
rogramed levels of lakes Mohave and
avasu, and transit losses which include
ver and reservoir evaporation, uses by
hreatophytes, changes in bank storage,
nmeasured inflows, and diversions. The
)tal release from Lake Mead through
,oover Dam during water year 1985 was
pproximately. 18,636,000 acre-feet. All of
Jat amount passed through the turbines

"')wer production. At the end of the

x>verDam

6



....... ,' ''V In Million Acre-Feet

Non-Linear SC3ie

Hoover Powerplant and Afterbay

Storage
of MonthElevallon In Feet

)utflow Monthly Release in 1000 Cubic Feet I Second

~ctual Operation 1985
~O ...--.,.---,--r---..,.---,--.----__-........-...-- __

~O .....--t---t---+-----1r--+--+----+--I---+---+----+~

!

i

I

I
!

f
!
I

I I

I
I I

I

~o

o
o

I,':·.
l

I':
I>

I'::'

1<
l<'

'"

.>
n.'.:.> ',:

t---.-..... ~ _1_ """' ....
r---t---r--:-t---+-"'"'"+~I---+--+-f---+--+-~-+--+-+---+---I--+---+---==--+------' 23

1200r---t---t-1--+---if---+---+"'"'--+--+--+---+--+--t---t--+---+-~f---I--+--i-:---I---~---I

...; ::\ ··i:".:"
21

in>:. ,/ ..'

','•...
:::::: .... "
,.... :.«.

.. >::> ~.

Legend
Most Probable
Reasonable Minimum ----- --
Reasonable MaxImum

1180"----------_'__~~_ _'___L____L._...L...- __'__L.-.....L__--J-_L__....L___'__L.._....L___J_...........~....L.;...;.......;...I

ONDJFMAMJJASONDJFMAMJJAS
Actual 1985 Projected 1986

t/:,.>."
I'

t::~?i,>:'· ":"',;,.

:::.:. !/:::".
:( i:

,1/ '::1':~
I>

leasonable Minimum
a

a
a

o
o N 0 J F M A M J J A S

~ost Probable
:0

'0

o
o

17



Lake ohave (Colorado River)

. " ".. ' .~., "

Water Year 1985
At the ,.-"r.,., ...... .-\,""'.......

water sUjtac~ e!'2"

whiCh IS 1~:JJJ~'lGeO

638.6 feet. vv1tr- ar aClIve
about 1.578,000 acre-tee:

18

the wlnler months. the water level
vI/as gradually lowered to approx!mateiy
63~ feet. wIth an active storage aDout
,~50.000 acre·feet by the latter of

December 1984 The water
then gradually raIsed during the remaln-

ingwinter months. The reservoir reached
elevation 644 feet by the end of February
1985. During the month of April, lake
Mohave reached a high elevation of 646
'feet, with an· active storage of about
1,800,000 acre-feet. The reservoir ended
the water year at an elevation of 637.9
feet with 1,560,000 acre-feet in active
storage.

lake Mohave releases were made to
satisfy flood control requirements and
downstream water use requirements,
including diversions by The Metropolitan
Water District· of Southern California
(MWD). A small amount of reregulation
occurred at Lake Havasu. During the
water year, approximately 18,687,000
acre-fe'et were released at Davis Dam. Of
that amount, approximately 16,350,000
acre-feet passed through the turbines for
power production.

Water Year 1986
Under most probable inflow conditions
the water level of Lake Mohave is
scheduled to reach an elevation of 643
feet by the end of February 1986 and
vary around that elevation for the
remainder ofthe·.water year. During the
water year a total of 12.7 million acre-feet
is scheduled to ·be released from Lake
Mohave to meet all downstream and
flood control requirements. AII.of that
total is scheduled to pass through the
powerplant.

lake Mohave Active Storage* Chart 7

Reservoir Acre-Feet EI. (Ft.)

Maximum Storage 1,810,000 647.0
Rated Head 1,188,000 623.0
Minimum Power 217,500 570.0
Surface Area· (Fulf) 28,200 Acres
Reservoir Length

(Full) 67 Miles

Powerplant

Number of Units 5
Total Capacity 240,000 Kilowatts

• Does not Include 8.530 acre·feet of dead storage below 533.39· tee~



, .65

1.4

1.7-8

1.0

Usable Content in 1000 Acre·Feet

Non·Linear Scale

FMAMJJASONDJFMAMJJAS

Projected 1986

1 ! I I !

l

Y

./'. i/.·'-
~

", }

':1:::<

it>.
.: ..,...,..,',•.. ~.,.,..

•"':>::::::'::'j.':: ..
.:'

.:<. • II,:}

t::::i

1"":',/,
'.'.:'

Storage
End of Month E!evationin Feet

650

640

620

630

610
o N 0 J
Actual 1985

Runnrng the River

J A S() N 0 .. J F M .. A M J

.. I'r ....

:r
r ....'

....

',., ,' ..

.C ..:, \(.' .;-

"., , :: ';;
/,'

'~., .. ). t> I::,.··i::::,::::> //,,' .:': " "'n·',·:,·, f.'"

./
..::,

·::·::·,,:,.i:::'}
'.' .,.., X:.'

~asonable Minimum

ost Probable
~ r-----r---,-..,.---r--r---,...-.,.---r--,...- ---.

ted Operation 1986
30wvnabfe Maximum
)

utflow Monthly Release in 1000 Cubic Feet JSecond

ctual Operation 1985
) r----r----r-..,.---,...---,-......-__- ---,.-.,--_

Legend
Most Probable

19



Lake Havasu (Colorado River)

35 Miles

4
120,000 Kilowatts

Acre-Feet EI. (Fll

619,400 450.0
619,400 450.0
439,400 440.0
20,400 Acres

Reservoir

Lake Havasu Active Storage· ChartS

•Does not Include 28.600 acre-teet of dead storage belOw 400.00 teet

Maximum Storage
Rated Head
Minimum Power
Surface Area (Full)
Reservoir Length

(Full)

Powerplant

Number of Units
Total Capacity

Parker Dam With Lake Havasu in the Background

Water Year 1986
Lake Havasu is scheduled at the highest
levels consistent with the requirements
for maintaining·' reservoir regulation
space. The yearly low elevation of
approximately 446 feet is scheduled fOf
the October thfqUgh February high flood
hazard period. The yearly high of about
450 feet is scheduled for the low flood
hazard months of May and June. During
water year 1986. a total of approximately
10.9 million acre-feet is scheduled to be
released from Lake Havasu to meet all
downstream and flood control require
ments. All of that amount is scheduled to
pass through the Parker Powerplant.

.~
~...r-...__...•...;.--.\.-.\.. l 'k.~~.
~~; _. \
~,J"'" ,'~' .~~~

~>i:r~:~;
Havasu· Pumping Plant. Central Arizona Project

Water Year 1985
At the beginning of water year 1985. the
water level of Lake Havasu, impounded
by Parker Dam. was at elevation 448 feet
with an active storage of approximately
585,000 acre-feet. During October and
November 1984, the reservoir was drawn
down to approximately elevation 446 feet,
with an active storage of about 540,000
acre-feet In early February 1985, the
reservoir was at elevation 446 feet to
provide vacant space for runoff from the
drainage area between Davis and Parker
Dams. The water level was then raised to
an approximate elevation of 449 feet near
the end of May, with an active storage of
about 599,000 acre-feet. At the end of the
water year, Lake Havasu was at an
elevation of about 446 feet with an active
storage of 540,000 acre-feet.

During the water year, approximately
17.701,000 acre-feet were released at
Parker Dam, of which approximately
14.944.000 acre-feet passed through the
turbines for power production. The total
release amountinctuded releases from
Alamo Dam on the Bill Williams River. In

jition to the releases from Parker
LJam, approximately 1,260,000 acre-feet
were diverted from Lake Havasu by
MWD. Initial diversions from Lake Havasu
for the Central Arizona Project (CAP)
were 23,000 acre-feet during the water
year.

Space in. the top 10 feet of Lake· Havasu
(about 180,000 acre-feet) is reserved by
the United States· for control of floods and
other uses, including river regulation.
Normally, only about the top 4 feet, or
77,000 acre-feet of space, have been
used for this purpose since the Alamo
Reservoir on the Bill Williams River has
been in operation.

20
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River Regulation

Water levels In all of the major reservoirs
were lower in water year 1985 than in
1984. This was oartlally due to lower
inflow as well as elevation restrictions on
several Upper Basin reservoirs. The
natural runoff of the Colorado River
drainage dUring 1985 at Lee Ferry,
Arizona. was estimated to be 20.8 maf.
Of this -amount. about 3.3 mat was
consumptively used in the Upper Colorado
River Basin States.

Adjusting for regulatIon of Upper Basin
reservoirs resulted In an unregulated
inflow to Lake Powell of 17.5 maf during
water year 1985. Annual releases from
Powell basea on stream gaging records
at Lees Ferry. Arizona. was 19.30 maf.
For the 1-yearand lO-year periods ending

.-
j. '.-;it

• -*

Rough Water BoatIng on the COlorado

22

September 30. 1985. 19.3 mafand 118.8
maf. respectively. passed the compact
point at Lee Ferry including the average
annual discharge of the PariaRiver at
Lees Ferry.

The projected water year -1986 release
from Lake Powell. based on reasonable
minimum runoff conditions is 8.7 maf
The projected releaSes 'for_ the reasonable
maximum runofi condition is 16.1 maf as
of November 4. 1985.

Daily releases are made from the sTorage
reservOirs in the Lower Basin to meet the
incoming orders of the water user
agencies. When possible. all water
passes through the powerplant units. The
daily releases are regulated on an hourly
basis to meet as nearly as possibie the

power loads of the hydroelectric power
customers. Minimum daily flow objectives
are provided in -the river to maintain
fishery habitat.

The combination of high runoff conditions
and river regulation below Hoover Dam
resulted in a total delivery to Mexico of
approximately 11,530,000 acre.-feet in
excess' of the scheduled treaty quantity
(1 ,700,000 acre-feet) during water year
1985. Of that amount, 130,600 acre-feet
of drainage waters ,were bypassed to the
Gulf of California via the Bypass Drain.
This bypass channel was constructed
pursuant to provisions of Minute No. 242
of the International Boundary and.Water
Comrrrission.

The most probable water supply
operation will yield 6.3- maf of effective
flood control space on January 1. 1986.
With 6.3 mat of effective space it is
virtually assured that noad control
releases -from Hoover Dam of_ at least
19,000 cfs will be. required during water
year 1986.



'loodControl

•
)tal inflow during 1985· was again
'eater than normal for most of the
~servoirs in the basin. In the Upper
3sin, Navajo and Blue .Mesa Reservoirs
'e operated for flood control by provid-
9 space to store snowmelt floods.
though Flaming Gorge and. Glen
:lnyon Reservoirs have no specifically
>signed flood control requirements, they
e operated so as ·to reduce the possi
lity of spills. The space theY.provide
ay be counted as part of the flood
lntrol space at Lake Mead .that is
quired by the Army Corps of Engineers
orps) flood control regulations.

Jring 1985, the Upper Green River
ainage received less than normal runoff
lile the rest of the Upper Basin drain-
Ie received above normal flows. The
JnnisonRiverflows were less· than
'84, but still above normal while the San
an River above Navajo was greatfy
ove normal in 1985 (184 percent. of
rmal).As a resuft of the wide variability
flows over the Upper Basin, only the
r !an River below Navajo Dam had
\J\ .• igher than those in 1984. The
iximum 1985 discharges· below the
ms on the Gunnison and San Juan
lerswere less than halfof the' 1984
ak inflows. The Green River below
lming Gorge experienced normal· runoff
lterns.

ke Mead is the only reservoir on the
lorado River in. which a specific space
3xclusivefy allocated for mainstem
)(j control. Flood control regulations· for
over Dam have been .updated and
'ised based on findings of a joint study
iated in 1977 by Reclamation and the
rps with consultation and advice of
lte and local interests.

inaf report dated July 1982 which
nmarized the study findings and
:ommended a new flood control
~ration plan for Hoover Dam was
~ased July 1983. Vacant flood control
rage space will be maintained in Lake
ad as stipulated in the Report's Field
Irking Agreement between Reclama-
1 and the Corps for flood control
Hation of Hoover .Dam and Lake
~-i. These regUlations establish
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Levee Riprapplng

releases in a manner. that maximizes
public benefits. in the United States with
reasonable consideration for conditions in
Mexico.

Lower releases· this year than the 25,000
cfs to 35,000 cfs levels during 1984 and
the 40,000 cfs to 45,000 cfs levels during
water year 1983 have avoided any addi
tional significant damages along the river
in the Lower Basin. Scour in some
reaches of ·river channel has continued to
occur, and therefore river levels have
been lower in some areas than they were
with the same release levels during the
last 2 years. In a few areas, however,
reaches have refilled due to heavy sedi
ment toads. One example. is the reach
beiow Cibola Valley in the Lower··Basin.

Totat Colorado .River reservoir system
storage at the start of water year 1985
was approximately 57,332,000 acre-feet
and about 55,514,000·acre-feet at the
end of the water year, represent~ng a
1,808,QOO acre-foot· increase in total
remaining available reservoir space.

In addition to the mainstemstructures,
Alamo Dam on the Bill William River, and
Painted Rock Dam on ·the Gila River (both
in the Lower BaSin) received flood inflow
during water year 1985. During water
year 1986, Painted Rock and Alamo
Reservoirs are scheduled to be operated
in accordance with established flood
control criteria to maximize the available
flood control space remaining in these
reservoirs.



Ben·eficial Consumptive Uses

1,475 1,554 1,513 1,668 ',707 1,583
205 209 194 171 185 193

69 68 38 927 4,251 1,071

1,749 1,831 1,745 2,766 6,143 2,847

16,728 16,624 17,208 18,466 22,036 18,213

Water Use by States1

1976-1980

Average
1976 1977 1978 1979 1980 1976-1980

5,033 5,369 5,351 5,409 5,641 5,361
4,813 4,837 4,624 4,591 4,680 4,709
1,679 1,608 1,937 1,824 1,744 1,758

226 227 224 228 233 228
310 239 361 432 457 360
705 462 746 798 738 690
282 219 333 348 337 304

1,931 1,832 1,887 2,070 2,063 1,956

14,979 14,793 15,463 15,700 15,893 15,366

State

Arizona
California
Colorado
Nevada
New Mexico
Utah
Wyoming
Other2

Total- Colorado
River System

Water Passing
to Mexico
Treaty
Minute 242
Excess
Releases

Sub-total - Water Passing
to Mexico

Total- Colorado
River System and Water
Passing to Mexico

10nsite consumptive uses and losses: includes water uses satisfied by groundwater
overdrafts.

2Representsmainstream reservoir evaporation in the Upper Basin and mainstream
reservoir evaooration and channel losses below Lee Ferry in the Lower Basin.

An extenSive 01
uses is not anemoted If: Pl!~- reoor: as
that subject has beer~ trea~.e,j In aelal! In
Reclamatlon's .
ConsumptIve and Repon,
1976-1980." Thai repor: vvas prepared
jointly by the UpDer and LO\tver Coiorado
Regional OffIces and was released If'
1983. It presents estimates of tne
consumptive uses anc losses from tne
Coloraao fo' each year
from 1976
tabie SUnlmariZe~ annua, frorY!
the system by States.
suppiiedby grounavvatero.~io:af:.Tns
next report IS exoeC18C to :';2 avaiiaOiSJr
early 1987.

Baled Alfalfa Crop
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'pper Basin Uses and Losses
he three largest categories of consump
ve use in the Upper· Colorado River
,asin are agricultural uses within the
asin, transbasin diversions to adjacent
rainages, and evaporation losses from
le major reservoirs of the Colorado River
ystem. During water year 1985, the
stimated use for municipal and industrial
Jpply and foragriculfure··in the Upper
asin was ·1 ,900,000 acre-feet Estimated
vaporation losses were 740,000 acre-
~et from mainstem reservoirs. About
53.000 acre-feet was djverted for use in
jjacent drainages. Total estimated
)nsumptive use amounted to 3,300,000
:re-feet. Storage in the Upper Basin
lainstem reservoirs decreased by
Jproximately 2,200,000 acre-feet during
ater year 1985.

ower Basin Uses and Losses
uring water year 1985, an estimated 4.6
at of water were released from Lake
avasu to meetthe requirements for
ater deliveries at Imperial Dam, as well
) those of ·the Colorado River Indian

vation near Parker,Arizona, the
~I? Ve~de Irrigation District near Blythe,
:illfornJa, other miscellaneous users
:Jng the river, and transit losses
~tweenParkerDam andJmperial.Dam.

The major water diversion above Parker
Dam was by MWD. MWD pumped
approximately 1,260,000 acre-feet from
Lake Havasu during water year 1985.

Releases of approximately 5.6 maf were
made from Lake Mohave during water
year 1985, to provide for releases at
Parker Dam: to supply diversion require
mentsof MWD, miscellaneous contrac
tors, and other users: to offset evaporation
and other transit losses between Davis
and Parker Dams; and to maintain the
scheduled levels of Lake Havasu.

During water year 1985, releases of
approximately 5.6maf were made from
Lake Mead at Hoover Dam to regulate
the levels of Lake Mohave and to provide
for the small users from that reservoir.
and to provide for releases at Davis Dam.
In addition, 162,000 acre-feet were
diverted from Lake· Mead for use.by the
Lake Mead National Recreation Area,
Boulder City: Basic Management, Inc.:
and contractors of the Colorado River
Commission of Nevada. Total releases
and diversions from Lake Mead during
water year 1985 were an estimated
18,798,000 acre-feet.

For water year 1986, a total release of
10.9 maf from Lake Havasu has been
projected, including consumptive use

....' ...... . - ~"
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CItrus Grove of ValenCia Oranges and TangelOs

requirements in the United States below
Parker Dam. transit· losses in the river
between Parker Dam and the Mexican
Border, flood control requirements, and
treaty deliveries to Mexico. All of the
amount projected would pass through the
Parker Powerplant.

During water year 1986. MWD is
expected to divert 1,250.000 acre-feet by
pumping from. Lake Havasu. Consumptive
uses by small users, river losses or gains.
and reservoir •losses between Davis Dam
and Parker Dam are projected to be a
net loss of 139,000 acre-feet.

There are no major users between
Hoover Dam and Davis Dam. During
water year 1986 the net diversions from
Lake Mead ··are projected at 141 ,000
acre-feet. Evaporation from Lake Mead is
prOjected to be about 965,000 acre-feet
and .net gain between Glen Canyon Dam
and Lake Mead is expected to be about
884,000 acre-feet.
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Water Quality Operations

In recognizing the need to manage the
water quality of the Colorado River, it was
recommended that long-term salinity
Increases in the river be controlled through
a water quality improvement program as
described in the report "Colorado River
Water Quality Improvement Program"
dated February 1972.

The program called for a basin-wide
approach to salinity control while the
Upper Basin continues to develop its
compact-apportioned waters. The initial
step toward improvement of the future
water quality in the basin was the
passage by Congress of the Colorado
River Basin Salinity Control Act of 1974
(Act) (Public Law 93-320) on June 24,
1974, authorizing the construction of
various features for the enhancement and
protection of the quality of water available
In the Colorado ·River for use in the
United States and the RepUblic of
Mexico.

Title I of the Act enables the United
States to comply with its obligation under
the agreement with MexIco of August 30,

-;73 (Minute 242 of the International
.Jundary and Water Commission, United

States and Mexico), which was con
cluded pursuant to the Treaty of February
3. 1944 (TS994). Title I authorized the
construction of the Yuma Desalting Plant
and a bypass drain to ultimately
discharge the plant's brine. These facili
ties, and others, will enable the delivery
of water at Morelos Dam, for subsequent
use in Mexico, having an average salinity
no greater than 115 parts per million
(ppm) ± 30 ppm (United States count)
higher than the annual average salinity of
the Colorado River water at Imperial Dam.

Title II of the Act authorized the Secretary
to construct a number of units in the
basin above Imperial Dam, as well as the
investigation of several other potential
salinity control units.

The Act. and its amendment by Public
Law 98·569 of October 30, 1985. directs
the Secretary to submit a biennial report
to the President. the Congress. and. the
Colorado River Basin Salinity Control
Advisory Council. Since the water quality
aspects of Colorado River operations are
extensively described in that biennial
series. the latest of which is Report No.
12 entitled, "Ouality of Water, Colorado
River Basin." dated January 1985. only
minimal discussion of this aspect of the
operationbeloV\1 Imperial Dam is
presented in thiS report.

During water year 1985. the United
States bypassed a total of 130,800 acre
feet through the Bypass Drain. As the
river was In an excess·flow condition
during 1985. due to the high runoff in the
basin, no specific releases from the
upstream reservoirs were necessary to
replace this water 10 meet the quantity

requirements .01 the Mexican Treaty of
1944.

During water year 1985. the average
annual salinitv of the Colorado River
water arr.iving. atlmpenal Dam was 613
ppm. During thiS same period. the salinity
of the waters arriving at Morelos Dam
was 641 ppm, resulting in an annual
average salinity differential of only 28
ppm, well within the requirement of
Minute 242 of the International Boundary
and Water Commission.

The total flows in the bypass drain dunng
water year 1986 are. projected to be
130,000 acre-feet. A minor amount of
drainage water could be returned to the
Colorado River below Morelos Dam
during 1986. Due to the excess flow
conditions that are expected, it will not be
necessary to provide replacement water
to Mexico for the bypassed flows.



~nvironmental Programs

pper Basin
luring water year 1985, Reclamation
:)ntinued to study the imf>act of Glen
anyon· Dam on the downstream environ
lent. The Glen Canyon Environmental
tudies are a multiagency/multiobjective
~ries of studies that· are oriented to
~chnically evaluate the impact of the
:>erations of· Glen Canyon Dam on the
atural resources of the Grand Canyon
nd the Lees Ferry tailwater area. The
:udies area cooperative .effort that com
Ines the expertise and cooperative
Ivolvement of Federal, State, private,
nd· academic entities. Reclamation is
rovidingthe lead role in the studies
lrough overall study management and
Inding. The main· objective of the studies
to technically evaluate the relationship

9tween the natural resources and the
Jrnplete range of flow. regimes opera
Jnally feasible from Glen CanyonDam.

1e resulting analysis will provide the
put to the development of alternative
)Arational scenarios that will beevalu-

as to their natural resource impact
·lU feasibility under· existing physical,
gal, and operational constraints.

Jur main areas of interest are being
laluated: biological, recreation, .sediment
ansport and hydrology, and power.
epresentatives from four Federal
~encies, two State agencies, four univer
ties, and six private contractors·. currently
iake up the.study team.

1e studies are approximately 67 percent
>mplete with the major portion of data
~ing collected at maximumpowerptant
)w levels. The remaining data collection
ill be oriented largely toward the rela
)nships between fluctuating flows and
e natural resources. The projected

completion date for the studies is April
J987, but is highly dependent upon the
availability of specific· flow levels. The
cooperative nature of the studies and ·the
technical orientation are a unique
approach toa very diverse and dynamic
problem.

Fish·and··wildJife resources in and around
CASP resef\loirs were again confronted
with .drastic changes to· their environ
ments during 1985. Although the levels of
impact were not as severe as in 1983
and 1984, the high spring release levels
reduced thermal regimes, .and inundation
of streamside terrestrial habitat affected
the propagation and growth of aquatic
and ·terrestrial species.

Impacts to these resources have not yet
been .. fuUy quantified. In some cases
fisherman use .and success have. con
tinued in spite of the hindrance to access
caused by the ·high .flows. Riparian areas
and sandy beaches adjacent to tailwater
reaches were modified or eliminated in
several areas where water velocities
removed substrate materials. Deposition
of much .of the suspended material
following the high water, however,
caused new beaches to· be formed and
invading riparian growth is already being
reestablished. Although not accustomed
to such dynamic changes in their habitats
below regUlated reservoirs, it appears
that the. fish and wildlife resources
situated. there have remained resilient
despite the pressures placed on their
environment.

Management of the tailwater fisheries
and investigations funded by Reclamation
is focusing on balancing the needs for
cold· water trout species. in the immediate
tailwater .. reaches and···on the downstream
needs of warmer water endangered
species.

Consultation with the Fish and Wildlife
Service regarding the impacts of the
CRSP reservoirs on the endangered
Colorado River fishes is still ongoing.
Studies designed to provide biological
answers and operational options are
being initiated and will help fulfill Recla
mation responsibilities and requirements
mandated by the. Endangered Species
Act.

In addition to the native species. investi
gations of selected salmonid species and
their specific habitat· requirements are
progressing. This information will also
assist Reclamation in determining flow
requirements and habitat preferences of
economically and recreatlonally important
trout species.

Information gained from both aquatic
studies .will be incorporated into the
overall operation of the reservOirs to
insure continued protection of important
environmental values while maintaining
nlany other project purposes.

-..c.. •

Prepanng fOf Fish StudJes Flaming Gorge
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Lower Basin
Reclamation cooperated. in development
of a proposal. for a joint study with the
States of Arizona and Nevada to evaluate
the potential of increasing the nutrient
level in lake Mead. It appears that an
increased nutrient level will enhance the
fishery of Lake Mead. The study would
take about 5 years and Reclamation
presently plans to participate in at least 3
years of the effort.

Reclamation again participated in spring
,surveys to determine the numbers and
location of the endangered Yuma Clapper
Rail. A study, funded jointly by the U.S.
Fish and WHdlifeService and Reclamation
to investigate movements and habitat utili
zation of the Yuma Clapper Rail, is under
way. Rail populations at Mittry Lake and
Lake Havasu are the subjects to this
intensive effort

As part of the salinity investigations
program, Reclamation initiated a dredging
operation in Mittry'Lake. This work will
increase the depth of the water and
provide channels in the marsh habitat to

~ate open water. In addition, the,
y, edging program will improve water fowl
habitat.

28

Central Arizona Project (CAP) will supply
Indian and non.. lndian irrigation districts
and municipalities with water from the
Colorado River. The water will be con
veyed in a series of aqueducts stretching
almost 400 mites across .Arizona. These
aqueducts and associated storage reser
voirs will affect a number of historical
and archaeological properties.

Extensive excavation and data recovery
programs have been underway on a
number of archaeological sites affected
by •construction· of the CAP Salt-Gila and
Tucson Aqueducts. Most of these sites
are related to the HoHoKam culture, a
highly organized agriculturally based
people who lived in the Phoenix and
Tucson Basins from about the beginning
of the Christian Era untiJ approximately
1450 A.D.

Arizona State University excavated sites
at the "Marana Complex," one of several
large HoHoKam communities located
during cultural resource inventories on
the Tucson Aqueduct. The "Marana
Complex" is typical of a number of large
communities that developed nearly 1000
years ago.

The HoHoKam, while basically
agricultural people, apparentty had a well
organized socia-political system. The
communities consisted of aggregations of
pithouse family dwellings around a
central platform mound. The platform
mounds may ·have served as residences
for political and religious'leaders. These
compounds apparently were the focus of
the socia-political and religious systems
of the HoHoKam people. Agricultural
areas, often irrigated by sophisticated
canal· systems, were interspersed with
the residences. The resulting communities
could be as much as 5 to 6 miles across.

The wort< by Northland Research at two
HoHoK~m sites along the Santa Rosa
Canal revealed another fascinating aspect
of HoHoKam culture. The "Road Site"
and "Shelltown," two large HoHoKam
village sites, were apparently prehistoric
shelf jewelry manufacturing centers.
Thousands· of pieces of ocean shell,
ranging fro·m whole raw shell to exqui
sitely finished bracelets and pendants,
are being recovered in the excavation at
these sites. Specialized tools and shell
jewelry in all stages of manufacture tell a
story of skilled artisans fashioning
seashell imported from the Gulf of
California into a variety of jewelry items.
The relative paucity of artifacts normally
associated with agriculture at these sites
may be a further clue to their specialized
nature. It seems possible that the resi
dents of "Road Site" and "Shelltown"
may have been engaged almost exclu
sively in jewelry manufacture and there
fore imported their food and other
necessities. This is unlike the more self
sufficient nature of most villages where
the inhabitants farmed, gathered, and
hunted ·to supply their daily needs.

Continuing research at other·CAP excava
tions may shed more light on these and
other intriguing questions. The CAP
Cultural Resource Program continues to
make significant contributions to our
knowledge of earlier cultures in Arizona
and the ways in which they solved. prob
lems which, by the way, were not unlike
those that prompted the construction of
CAP .itself.



-he unique Arizona n~siing bajdeagje
:coujationscontinueto be investigated by
:lciogJsts from Reclamarionand other
i<;encies. P!ans ~Neremade toinHiate a
najor stuay af this popuJationwhich
;:utd :Jeserlousiy affected by features of
r:e gegulatoryStorageDivision.

~ec!amatir;n DialogIsts are concluding
rudies on now animal drownings can be
:\lolded alongproposeaand existing
;:r~ais'and !hose under construction. The
;:'~ribution and movement of desert mule
:.-..:;r :,ghcrn sheep along the

Reef Aqueducts
·"'" •..;ll'L,fUILVU to determine

for catch
fencings. or canal

escape devices. C)ve~" ~,iesof

fencing has been C3rS~"·... c:ea along
several reaches -he Heei
A,queduct ana a ·:ccoeI'C~j··)~ agreement
:0 furnish 1L1 \Nlldllfe N3I.::-r JeVfCeS is in
effect with the Arizona ;:c.r"'e ana
Department.

Reclamation' ana IriS ,,--,: .S. :=-isn and Wild
life Service have enterec :nlO a coopera
tive study to develop rlaonat preference
curves for native fi::'h in "h~ Verde River.
Results of this '·NII! :'8 used to deter-
mine hO'N this :.:rerer r8C r"211ve fish habitat
/-/111 be affected ;Vi.ite r -::/cnanges on
+.he Verde 'Tc;r"'~;a[IOfl 'would
81so be used !rI ft1e
Gila Water
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Power Operations and Major
MaintenanceActivities

Kilowatt-hours
6,120,000,000

8.90,000,000

Lower Basin - Water Year 1985
The 10tal energy delivery to the Hoover
allottees during the 1985 operating year
(June 1, 1984 - May 31,1985) was
9,558,500,906 kilowatt-hours (kWh). Of
that amount, 5,640,220,906 kWh was
secondary energy in excess of contract
defined firm energy.

The remote control operation of Davis
and Parker PowerpJants, which first
began during water year 1982, continued
without event. These generator units are
computer operated from the Department
of Energy's Phoenix Dispatch Office,
using hourly gate opening and megawatt
schedule'S input and modified by Recla
mation'~ Water Scheduling Branch in
Boulder"' City, Nevada.

Scheduled maintenance at Hoover Dam
for water year 1985 included normal
replacements of stators,>thr~stbearings,
water pipes, and transformers.Uprating
of units N-7 and A-5 was completed in
May, 1985.

The 5-year inspection and maintenance of
penstocks and main unit G-4 at Davis
Dam was scheduled beginning in Septem
ber 1985 through December 1985.

Outages and maintenance for Parker
Dam during water year 1985 included the
following: Unit 2 underwent a 1-year
inspection and maintenance including 15
kV cables replacement; Unit 4 had a
2-year inspection and maintenance
including 15 kV cables replacement; Unit
1 had its 1-year inspection and main
tenance·including 15 kV cables; and Unit
3 underwent a 4-year inspection including
turbine runner repairs. In January 1985, a
new70-kW emergency generator was
installed. In February 1985, gate stems
on penstocks 1,2, 3, and 4 were
replaced, and in March 1985, thrust
bearings on Unit 1 were replaced.

Water Year 1986
In operation studies of Lake Mead and
lake Powell for the Hoover operating
year, which ends May 31, 1986, the
amounts released at Hoover Dam have
been projected to .satisfy both
downstream water requirements,
including diversions by MWD, while also
complying with the overall requirements
to meet compact, flood control, and
operating criteria release provisions. The
water scheduled to be released will
generate 100 percent of contract defined.

48,000
100,000

91,000,000

12,755,707,540

-0-

1,321 ,500,000

2,214,639
923,910

-0-

292,500,000

425,357,600
238,134,000
717,133.000

26,249,300
8,772,555,640

558,622,000

$137,190,303

Kilowatt-hours

10,738,051,540

696, 156,000

Kilowatt-hours
1,029,000,000

3,027,864,000
302,000,000

1,019,320,540
12,755,707,540

Dollars
$ 75,672,466

58,379,288

Kilowatt-hours
8,406,523,000

Sources of Energy
Net Generation

81ueMesa
Crystal
Flaming Gorge
Fontenelle
Glen Canyon
Morrow Point
Subtotal-

Net Generation

Purchases

Miscellaneous
Interchange Receipts
Energy Charges

to Transmission
Service Customers

Subtotal
Miscellaneous

Total Energy From
All Sources

Water Year 1985

Disposition of Energy
Firm Energy Sales
Nonfirm Energy Sales

Emergency and
Fuel Replacement

(Oil Conservation)
tnterchangeDeliveries
System losses
Total Energy Distributed

Revenue
Firm Power Sales
Non firm Power Sates

Emergency Power
Fuel.Replacement
(Oil Conservation) Energy

Reserve Capacity
Parker-Davis Project

Firming
Transmission Service

Revenue
Miscellaneous Revenue
Total Gross Revenue

Water Year 1986
(Projected)
Estimated Energy Sales
Estimated Purchases
Estimated Peaking

Capacity Sales
Winter 1985-86
Summer 1986

Estimated Revenue ($)

Upper Basin-Colorado River
Storage Project
Westinghouse Electric Corporation
continued contract work to uprate the
generators atGlen Canyon Powerplant.
During 1985. work was completed on unit
3 and started on unit 8. Units 8 and 7 are
scheduled to have their uprates completed
in 1986, with work on unit 4 to start in
late 1986. Uprating of all the units is
scheduled for completion by April 1987.

The following table summarizes CRSP
generation, purchases, disposition, and
revenues from power operations for fiscal
year 1985, and present projections for
fiscal year 1986.

The total revenue from power operations
in fiscal year. 1985 was $137.190,303. For
fiscal year 1986. estimated revenues are
$91,000,000.

Transmission lines under Construc1ion
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firm energy, plus secondary energy. The
estimated monthly Hoover releases
during the operating year total 14.3maf.
It is estimated that generation from these
Hoover releases, along with .the Hoover
to Parker-Davis interchange, .wHI result in
delivery to the aUottees of about 6.8 billion
kWh of efectrical energy.

Scheduled transformer replacements at
Hoover Dam began on November 4,
1985, proceeding. through ·February 3,
1986, as penstocks outage permits. The
units affected areN-3, N-4, A-1, A-2,N-1 ,
and N-2, in that order.

The cast iron turbine runners on A-1, A-2,
N-S,N-6,and N-7 win be replaced with
stainless steel wheels, with dates as yet
to be scheduled. Iron·runners are subject
to the action of cavitation causing pitting
andgraduaf erosion of the back side of
the runner. blades. Stainless steel,
however, has the characteristic of
actuallywork-haidening· in. the presence
at cavitation. The stainless steel turbine
runners ·wiH therefore outperform what
tho". replace.

1-year inspection of Unit G-1 at Davis
Dam commenced;n November 1985 and
~ontinued through December. A 1-year
nspection will be performed on Units
3-.2, G-3, and G-5 and will include valve
'eplacements on 'all three units.

)utage and maintenance tor Parker Dam
~ater year 1986 was scheduled for
3eptember 1985 through January 31,

1986. Breaker and relays will be repiaced
on Unit 1,with turbine repairs yet to
scheduled. The 4-year maintenance has
also yet to be scheduled. In November
1985, Unit 4 at Havasu Pumping Plant
was motor. tested and in December, the
1-year maintenance was performed on
Unit 4. In January 1986. Unit 2 was
scheduled for. the. 2-year maintenance
and Unit 3 for the 1-year maintenance.

A $7,637,385 ReclamatIon contract
been awarded for uprating generators f'J-3
and N-4 at Hoover Dam in Nevada. The
contract was awarded to General Eiectrrc
company of Denver, CoJorado. Work \Nili
begin in 1987 and is scheduled to be
completed by February .1988.

Replacemenl TurbIne Runners. Hoove: Dam

Prtnclpal \Nork under the contract
a stUdy of the

eXisting generator deSign. furnishing and
necessary new components,

and rTloditying the two generators, as
required to accompliSh the proposed
uprating. The objective is to uprate the
generators by the ool/mum amount,
based on water availability and economic
feasibility, Studies show that sufficient
\Nater, nead. and Iurblne are
avallabie to produce signifIcantly more
generator than the genera
tor ratings 'NllI al!ow, The generators .were
manufactured by Genera-
tor N-3 was InstaJlea in 1937 and
generato~ N-4 In 1936.



As the .Nation'sprincipalconservation
agency, the Deportment of the Interior has
responsibility for most of our nationally
owned public laods and natural resources.
This includes. fostering the wisest use of our
land and water resources, protecting our
fish and wildlife, preserving the
environmental and cultural values of our
national parks and historical places, and
providing for the enioyment of life through
outdoor recreation. The Department·
assesses our energy and mineral resources,
and ·works·to assure that their development
is in the best interests of aU our people.
The Deportment also· has a maior
responsibility for American Indian
reservation communities and for people
who live in Island Territories under u.s.
administration.


