














MODEL FOR EVALUATING THE EFFECTS OF DIKES ON THE WATER
AND SALT BALANCE OF GREAT SALT LAKE, UTAH

by

K. M. Waddell' and F. K. Fields!

ABSTRACT

A model was developed for predicting the water
and salt budget for various diking options in Great Salt
Lake.

The water budget was computed for 1-month
intervals during a base period of 1931-73. The storage
change (AS) during each month of the base period was
computed from a budget of surface inflow (Is),
ground-water inflow (Ig), precipitation on the lake
surface (Ip), and outflow from evaporation (Oe), where
AS =Is+ Ip - Oe. .

By knowing the changes in storage, a prediction
of altitude can be made from known altitude-volume
relationships.

The total annual inflow to Great Salt Lake
ranged from about 1.5 to 5 million acre-feet (1,849.5
to 6,165.0 cubic hectometres). The Bear River
contributes the largest percentage of the measured
surface inflow.

The total annual outflow from the Ilake
(evaporation) ranged from about 2.2 to 4.0 million
acre-feet (2,712.6 to 4,932.0 cubic hectometres) during
1931-73. The average annual evaporation was 2.98
million acre-feet (3,674.3 cubic hectometres) or 45
inches (1,143 millimetres) per year.

The model provides for nine diking options.
These include combinations of eight areas east of a line
joining Antelope Island, Fremont Island, and the
Promontory Mountains. Another option includes the
part of Great Salt Lake that lies north of the Southern
Pacific Transportation Co. causeway, which divides the
main body of the lake into north and south parts.

, The model treats the salt balance of the diked

areas from the standpoint of an inflow-outflow balance
with complete mixing, and no allowances are made for
any stratification or chemical changes due to inter-
action with the sediments or solution of entrapped
brines or residual salts. Because the degree of
inaccuracy created by these assumptions is not known,
the concentrations predicted by the model should be
regarded not as absolute but as relative indexes by
which to compare various diking alternatives.

! Hydrologist, U. S. Geological Survey.

INTRODUCTION

The concept of diking parts of Great Salt Lake,
Utah, has long been considered as a means of
controlling the salinity of the lake for more efficient
salt production, of providing freshwater for recreation
and other uses, and of controlling the annual fluctua-
tion of lake levels in order to prevent flooding and
inundation of evaporation ponds adjacent to the lake.
The State of Utah has considered alternatives for the
development of the resources of Great Salt Lake, and
diking was one of the alternatives considered. The
purpose of this study was to develop a digital-
computer model which could be used to evaluate
various diking proposals for their effect on the water
and salt balance of Great Salt Lake.

Evaluation of diking proposals for the lake
required a knowledge of the parameters controlling the
lake hydrology as well as the tool (the model) to facili-
tate the computations necessary for relating these
parameters to the lake dynamics. During 1971, the
U. S. Geological Survey in cooperation with the
Division of Water Resources, Utah Department of
Natural Resources, began a 7-year study to monitor
the principal parameters controlling the water balance,
these parameters being surface inflow (quantity and
quality) and evaporation.

A model study was originally planned as the last
stage of the 7-year study, but the urgent needs of
State planners indicated a requirement for earlier
development of a working model. Thus in 1973, a
second study was initiated to develop a model of the
water and salt balance of the lake, with provisions for
determining the effects of diking off various combina-
tions of the three major inflowing streams. This model
study, which was carried out in cooperation with the
Utah Geological and Mineral Survey, was begun with
the knowledge that the results would be preliminary
until such time as sufficient data were available to
provide a satisfactory data base.

The model uses a simple water- and salt-budget
approach for a closed lake. The monthly inflow and
outflow (evaporation) of water and of salt load to
Great Salt Lake were estimated for a base period of
1931-73. After calibration of the model with existing
data, provisions were made in the model to evaluate
the effects that diking of various combinations of bay
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by the budget equation (1) Letting AS, as computed
by the model, be (AS) m and that of the observed lake
altitudes be (AS) o, the net deficit can be represented
by Ium = (AS) o - (AS) m.

The deficits in net inflow (total inflow Iless
evaporation) indicated by the second model computa-
tion cannot be precisely attributed to any parameters
in the water-budget equation. The deficits, however,
generally became larger during periods of falling stages
and smaller during periods of rising lake stages.

The deficit (Ium) was tested as a function of the
observed lake altitude, Sl, or Ium=(Sl- 4190)c,
where 4190 is the lake altitude at which the deficit
(Ium) was approximately zero and ¢ was a constant
representing the slope of the relationship between
(S1-4190) and Ium. The value of ¢ was determined by
repeated runs of the model and selection of the best
fit between the observed and computed lake altitudes.

All unmeasured inflows plus errors in the
estimate of the other parameters can be incorporated
into the factor Ium. The computed monthly values of
Ium were then added to the inflow estimates for the
base period and the budget equation for the 1931-73
base period became:

AS=1Is+Ig+Ip+Ium-Qe 3)

Figure 9 shows that in the third model computation
using the net inflows as computed by equation (3), the
computed lake altitudes converge near the observed
altitudes.

The annual inflow to Great Salt Lake from the
three major tributaries and other parameters within the
budget equation is shown in figure 10. The total
annual inflow (Is+Ip+Ig+Ium) during 1931-73
ranged from about 1.5 to 5 million acre-ft (1,849.5 to
6,165.0 hm®). The Bear River contributes the largest
percentage of the measured surface inflow.

DIKING OPTIONS

The options provided in the model for diking
include combinations of eight areas east of a line
joining Antelope Island, Fremont Island, and the
Promontory Mountains, and the part of Great Salt
Lake that lies north of the Southern Pacific Trans-
portation Co. causeway (fig. 3). The dikes would
extend from the Promontory Mountains to Fremont
Island and from Fremont Island to Little Mountain.

Except for the Southern Pacific Transportation
Co. causeway, all dikes are assumed to have only one
outlet to the south part of Great Salt Lake, with the
width of the outlets being optional. The outflow is
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considered to be a function of the positive head
difference from the diked part to the south part. The
dikes are assumed to be impervious to seepage, and the
outlet structures are to be operated to prevent density
flows from entering the diked part from the south
part.

Areas evaluated for diking

Diking Area
option | (from fig. 3)
1 1
3 1+2
4 4
5 5
6 4+2
7 7
12 4+8
14 4+2+8
20 1+2+4+5+8

Only one diking option can be simulated during

each run of the model. Once a diking option is chosen,

the remainder of the areas are included with the south
part.

The Southern Pacific Transportation Co. cause-
way can be treated in two ways by the model. It can
be treated as an impervious dike, similar to the other
dikes with an outlet providing for flows from the
south to north parts. Or it can be treated as a
permeable structure with culverts as they now exist or
with modified culvert widths as discussed by Waddell
and Bolke (1973).

SALT BALANCE

The total load of salt in the north and south
parts of Great Salt Lake consists of the dissolved load
and the undissolved load. The annual inflow load to
the lake is small compared to the total load in the
lake. Thus, the inflowing load can be ignored in
computations of the salt balance for the north and
south parts. For any diked area being considered,
however, it is necessary to know the inflowing load in
order to compute the concentrations within the diked
area.

The salt balance for the Great Salt Lake with a
diking option is depicted in figure 11. The dissolved
load in the diked area (LD) is dependent upon the
selected diking option (D), the time step within the

base period (t), and the outflow from the diked area
(OD).

The dissolved load (LD) contributed by the Bear,
Weber, and Jordan Rivers was developed as a function
of stream discharge. These relationships were developed
at site 10126000 on the Bear River, site 10141000 on
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the Weber River, and site 10170490 on the Jordan
River. Efforts were made to extend these relationships
to the refuge outlets on the Jordan and Bear River
systems, but the data-collection period was inadequate.
A summary of the data collected at the refuge outlets
is given in tables 14 and 15. The dissolved load within
the diked area at any time step (t) can be estimated as
follows:

Dissolved load = initial load + inflow load - outflow load

LD (t) = LD (t- 1) + (ID(t)) (CD) - (OD (1)) (LD (t- 1)/VD (t- 1))

where ID (t) is the inflow to the diked area, CI is the
concentration of the inflow, OD (t) is the outflow
from the dike, and (LD (t-1)/VD(t-1)) is the
concentration of dissolved solids of water within the
diked area. VD (t- 1) is the volume within the diked
area at the end of the previous time step (t - 1).

Due to the limitations of the available water-
quality data, the load of dissolved solids or the
concentration of dissolved solids in the diked area
cannot be estimated precisely. The model treats the
salt balance of the diked area from the standpoint of
an inflow-outflow balance with complete mixing, and
no allowance is made for any stratification or chemical
changes due to interaction with the sediments or
solution of entrapped brines or residual salts. Because
the degree of inaccuracy created by the assumptions is
not known, the concentrations predicted by the model
should be regarded not as absolute but as relative
indexes by which to compare various diking alterna-
tives. A particular diking alternative can be evaluated
from the standpoint of dissolved-solids content by
comparing the concentrations predicted by the various
diking alternatives.

The salt balance for the north and south parts of
Great Salt Lake is complicated because of the two-
directional flows through the causeway, precipitation
of sodium chloride and re-solution of sodium chloride
deposits, and the presence of two layers of brine with
different chemical characteristics in the south part. The
total dissolved plus precipitated salt load in the north
and south parts (TL) can be described by the following
equation:

TL = LS + LSDL + CLSPPT + LN + CLNPPT + LD

where LSDL is the load of dissolved solids in the deep
layer of the south part, CLSPPT and CLNPPT are the
precipitated salt loads in the south and north parts,
respectively, and LS, LN, and LD are the dissolved-
solids loads in the south, north, and diked parts,
respectively. Now TL can be estimated by the above

equation when all the parameters on the right side of
the equation are known.

In the fall of 1972, as previously discussed on
page 4, the total dissolved plus precipitated load (TL)
in Great Salt Lake was about 5.5 billion tons (4.99
billion t). The dissolved-salt load in the deep layer of
the south part (LSDL) has been computed as 0.3
billion tons (0.27 billion t), and it has been essentially
constant since it was first observed (Waddell and
Bolke, 1973, p. 35). Now the equation can be
rearranged so that

LS+ CLSPPT =5.2 - LN - CLNPPT - LD

For the south part, the dissolved-salt load (LS) can be
estimated from the following equation:

New dissolved load =initial load + inflow load from
diked part - outflow load from south part + inflow
load from north part+salt re-solution in south
part - precipitated salt load in south part

LS (1) =LS(t-1)+ (OD (1)) (LD (t- 1))/VD (t-1)- (M) -
(LS (t-1)/VS (t- 1)+ (N) (LN (t- 1))/VN (t- 1)
+ ASOLS (t) - LSPPT (t)

For the north part, the dissolved-salt load can be
estimated from the following equation:

New dissolved load = initial dissolved plus precipitated
load - new dissolved-solids load in south part + salt
re-solution in north part - precipitated salt load in
north part

LN (t) = LN (t- 1) + (M) (LS (t- 1))/(VS (t - 1)) - N (LN (t - 1))/
VN (t- 1) + ASOLN (t) - LNPPT (t)

Now, ASOLN (t) and LNPPT (t) must be
computed using the equations developed by Waddell
and Bolke (1973, p. 34). ASOLN (t) and LNPPT (t)
can be assumed to be negligible to initially estimate
LN (t). Then LN (t) can be tested to determine if the
total load in the north part exceeds the limiting salt
load necessary for saturation. The limiting salt load
necessary for saturation at a given lake volume was
determined by Waddell and-Bolke (1973, p. 34) to be
483-VN for the north part and 483-VS for the south
part. If it exceeds 483-VN, then precipitation will
occur and ASOLN (t) will become zero. The amount
of precipitation (LNPPT) must then be subtracted
from the first estimate of LN (t). This procedure is
repeated until the iterative values converge to a
solution.

If the quantity (LN (t)) is less than. 483-VN,
then the brine is under saturated and re-solution of the
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Table 19. Example of computer-program output.

LAKE ALTITUDES (FEET)

YEAR MONTH NORTH SUUTH
1931 1 4199,.16 4199.70
1931 2 4199.20 4199.72
1931 3 4199,15 4199.06Y
1931 4 4198.96 4199.53
1931 5 4198,66 4199.24
1931 6 4198.19 4198.76
1931 7 “197.64 4198415
1931 8 4197.14 4197460
1931 9 4196,84 4197.26
1931 10 4196.74 4197.16
1931 11 4196.82 4197.24
1931 12 4196.96 4197.41
1932 1 4197,15 4197.62
1932 2 4197.31 4197.,77
1932 3 4197,38 4197.88
1932 4 4197.34 4197.89
1932 S 4197,.25 «197.87
1932 6 4197.,03 4197.64
1932 7 4196.,67 4197.21
1932 8 4196430 4190.78
1932 9 4196.10 4196.54
1932 10 4196,07 4196450
1932 11 4196.22 4196466
1932 12 4196441 4196.88

RECOMMENDATIONS FOR
FUTURE STUDY

The model developed during this study was based
to a large extent on data collected during the short
timespan of 1971-74. Most of these data were
collected to extend records from long-term upstream
stations to downstream points nearer the lakeshore.
Because the lakeshore may fluctuate for many miles,
the change of flow between the long-term stations and
the lakeshore may have a high variability.

If the model is to be refined, the following
program should be carried out:

1. Compute evaporation using a different method
than that used for this report. The energy budget or
mass transfer techniques would provide an independent
check of computations made for this report.

2. Verify quantity and quality of ground-water
discharge.

3. Monitor stream discharge and water quality as
near the shoreline as possible, in conjunction with
long-term monitoring stations upstream.

4. Monitor storage changes in waterfowl manage-
ment and refuge areas between shoreline gaging
stations and long-term gaging stations upstream.

5. Monitor lake-surface altitudes and salinity in
the north and south parts.

6. Monitor discharge and specific gravities in the
east and west culverts of the causeway of the Southern
Pacific Transportation Co.

27
LAKE CONCENTRATIONS (GRAMS PER LITRE)

DIKE NORTH ° SOUTH UIKE
4200.93 337.049 204.770 124,763 -
4201453 337.578 205,856 104,213
4201e9> 3394511 207.485 89,522
420196 344,558 210,247 82,333
4201459 351.479 2l4,.419 81.659
4200494 356.279 220.969 86,376
420015 356,468 229.154 95,634
4199.44 356,385 236,784 105,295
4199.07 355.8906 2414930 106,840
4199430 355.337 243.907 914317
4199.09 353.604 24c2.904 72,704
4200452 351.414 240,274 S1.574
4200.65 JaB.713 236.587 42,409
4200.8U 346,997 233,717 35,456
4201.28 347,499 231,560 274801
4202405 350,663 230,267 20,600
4202.95 355,244 226.827 14,692
4202.27 355,725 229.127 13,497
4200.93 356,094 232,509 14,699
4199.78 356,076 2374159 16,390
4199.16 355.619 240.082 10.602
4199.23 355,244 2404353 14,087
4199447 352.764 237.839 11,330
4200.02 349.632 234,274 8,462

7. Recalibrate the model using refined estimates
of the parameters in the water budget.

8. Improve the salt-balance predictions for the
diked areas by refinement of the water-quality relation-
ships in the model.

CONCLUSIONS

The inflow from precipitation on the surface of
Great Salt Lake during 1931-73 ranged from 680,000
to 1,260,000 acre-ft (840 to 1,550 hm?) per year and
averaged 966,000 acre-ft (1,190 hm*) per year.

The total ground-water inflow to the lake was
estimated to be 75,000 acre-ft (92.5 hm?) per year.

The total annual inflow during 1931-73 ranged
from about 1.5 to 5 million acre-ft (1,849.5 to 6,165.0
hm?3).

The Bear River contributes the largest percentage
of the measured surface inflow.

The total annual outflow from the lake
(evaporation) ranged from about 2.2 to 4.0 million
acre-ft (2,712.6 to 4,932.0 hm?®) during 1931-73 and
averaged 2.98 million acre-ft (3,674.3 hm?) per year.

Short-term stations near the shoreline of Great
Salt Lake were extended to the 1931-73 base period
by correlation with long-term stations upstream. The
standard error of estimate for these correlations ranged
from 5.1 to 27 percent of the average.

The model treats the salt balance of the diked
area from the standpoint of an inflow-outflow balance
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with complete mixing and no allowance for stratifica-
tion or chemical changes due to interaction with the
sediments or solution of entrapped brines or residual
salts. Because of the model limitations, the predicted
concentrations of dissolved solids for the diked areas
should be regarded as relative indexes by which to
compare various diking alternatives.
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Altitude, area, and volume relationships were also
developed for the south part to include all the bay
areas. Thus, when a particular diking option (D) is
chosen, its area (AD) and volume (VD) can be
subtracted from the total, and the remainder is
considered the area and volume of the south part. The
altitude, area, and volume relationships for the diked

areas and the north and south parts are shown in table
9.

The area in the south part incorporated by
evaporating ponds belonging to the National Lead
Corp. has been omitted from the south part altitude,
area, and volume relationships.
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Table 16. Monthly estimates of surface inflow to Great Salt Lake, 1931-73.
Total surface flow across State Highway 83, excluding Bear River, near Corinne (10126000)
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Table 16. continued

Combined flow of South Fork Weber Canal (10141050) and South (10141100), North (10141200), and Middle Forks (10141150)
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Table 16. continued

10141400 Howard Slough at Hooper
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Table 16. continued
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Table 17. Total estimated surface- plus ground-water inflow to Great Salt Lake, 1931-73 water years.
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Table 18. Computer program to simulate the water and salt balance for selected diking options.

101
102

11
301

13

205

REAL S(5593)sN(5593) 9L (5593)9G(493)9LaTHL5T
REAL D(493)9sF(24) 9P (43)FJ(12)
REAL Q(45912)9H(45412) X(45912) sLL{2095593)9QT(454912)
REAL N1oN29sN39N4GosNSsNO6ol. 1oL 29L39L4sL5sL6
REAL N79sNB8sN9sLT7sL8
REAL QB(45+12) 9QW(45912) 9QU(45+12) 9QU(45912)9QI(45+12)9DU(45,12)
INTEGER B(4) 9Z+W9sR3
INTEGER O
M=5
0=10
READ (M91l01l) KeZeAsCEsCLIN19S1sL1
READ (M9102) NO69sSHEILE6EINGeS9sT1
FORMAT (2I1096F10.0)
FORMAT (5F15.,094F5.0)
KOK PRESERVES K
KOK=K
READ IN ELEV-AREA-VOL OF NeSHL
READ (09301) ((S(IIosKK)sKK=193)9II=1955)
READ (09301) ((N(IIoKK)IKK=193)eII=1455)
DO 11 MM=1,9
DO 11 II=1,55
READ (00¢301) (LL(MMoIITIosKK) sKK=193)
FORMAT (3F10.,0)
IF(ZJ.EQel)MZ=1
IF(Z.EQe3)MZ=2
IF (Z.FQeD) MZ=4
IF(ZJEQe6)MZ=5
IF(Z.EQeB)MZ=6
IF(Z.EQel2)MZ=7
IF(Z.EQelé4)MZ=8
IF(ZENe20)MZ=Y
DO 13 II=1+55
DO 13 KK=1+3
L(ITeKK) = LL(MZeIIsKK)
READ IN STREAMFLOW DATA
READ (09302) ((QB(ITsKK) sKK=1912)911=1943)
READ (0+302) ((QW(ITosKK) oKK=1912)91I=1943)
READ (09302) ((QAJ(IToKK) oKK=1912)91I=1+43)
READ (00302) ((H(IIeKK)sKK=1912)9I1I=1943)
READ (090302) ((X(ITIeKK)sKK=1912)9I1I=1943)
READ (00302) ((QU(IToKK) sKK=1912)e11I=1443)
FORMAT (6F10,0920X)
STREAMFLOW ANALYSIS
DO 205 Il=1+43
DO 205 KK=1ls12
QT (IToKK)=QAB(I1 oKK) + QW(IIeKK)+ QU(IIsKK)
D6=41000.
D8=0.0
IF (KeGTe0O ) D8=10000.
D6=D6+D8
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Table 18. continued

IF (Z.EQelsOR.Z+EQe3) GO TO 210
IF (ZeFQe4e0ReZeEQe6eOReZeEQel2.0ReZ.EQ.14) GO TO 220
IF (Z.EQe9) GO TO 230
IF (Z.EQe20) GO TO 240
210 DO 211 II=1+43
DO 211 KK=1412
QI(IIsKK)=(3754/675)#(QU(TIT9KK))
211 DU(IIsKK)=QU(IIsKK)=QI(IIsKK)
D1=20000.+D8
DO 212 11=1443
DO 212 KK=1lsl2
212 Q(II+KK)=UB(IIsKK)
GO TO 245
220 DO 221 II=1443
DO 221 KK=1lsl2
QI(IIsKK)=(15047/6754)# (QU(ITsKK))
221 DU(ITIsKK)=QU(IIsKK)=QI(IIeKK)
D1=0,0
DO 225 11I=1+43
DO 225 KK=1lsl2
225 Q(IIsKK)=QW(IIsKK)
GO TO 245
230 DO 233 Il=1443
DO 233 KK=1,12
GI(ITIsKK)=(0754/6754)# (QU(IIsKK))
233 DU(II¢KK)=QU(IIsKK)=QI(IIsKK)
Dl=21000.
D0 235 II=1+43
DO 235 KK=1s12
235 Q(II+KK)=QJ(IIsKK)
GO TO 245
240 DO 241 II=1.43
DO 241 KK=1s12
QI(ITIIKK)=(6004/6754)#(QU(ITsKK))
241 DU(IIsKK)=QU(IIsKK)=QI(IIsKK)
D1=41000+08
DO 243 1II=1+43
DO 243 KK=1412
243 Q(IIsKK)=QT(IIsKK)
245 DO 244 1I=1443
DO 244 KK=1.12
244 H(IIoKK)=QT(ITIsKK)=Q(II+KK)+H(IIsKK)
246 D7=D6-D1
DATA F /009510086901019011490110900749004590059’00509008490089’
1.093'001290020900479.0889012000160901799016790109900629002390012/
DATA P /0.71§1.0190.79009900709101491.08’1008’.729100891093910509
1086’1012910299101191-119096910129.969101590879.859082’10029079’1015
19074’.8290719077009191.0691020910189067’101291.319.9791.2291027’
1.9691.26/
DATA FJ /2200692200¢92100692000091900491800492000092100492200040
12200.’22000022000 /
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Table 18. continued
JJ=48
WRITE (6+310)
310 FORMAT (1H1e///930Xe'USGS GSL SIMULATION INPUT DATAY9//910Xe'KeZsA
loCEoCL9N19Slsgl')
WRITE (69311) RKoeZeAsCEsCLONI9S1sL1
311 FORMAT (1lUXe2I11092F154294F15.2)
WRITE (6+312)
312 FORMAT (//910X9"N69SH9LO6INTGsSYeT1)
WRITE (69313) N6EeSHILOINTSY »T1
313 FORMAT (10Xe5F15e09F10.3)
IF (Z.EQel) GO TO 681
DO 630 I=1455
DO 630 J=c.3
630 S(Ied)=S(IleJ)=L(IsJ)
680 CONTINUE
681 DO 740 JU=1s4
T40 READ (09305) (D(JeK)sK=193)
DO 840 u=ls4
84U READ (00305) (G(JeK) sK=193)
305 FORMAT (3F10.0)
K=KO0K
DO 1250 J=1+50
IF (N1.GTeN(Jsl)) GO TO 1250
B(l)=J
GO0 TO 1260
1250 CONTINUE
1260 DO 1300 J=1+50
IF (S1.GT«S(Jel)) GO TO 1300
B(2)=J
GO TO 1302
1300 CONTINUE
1302 IF (Z.EQe0) GO TO 1341
DO 1309 J=1450
IF (L1.GTeL(Jsl)) GO TO 1309
B(3)=J
GO TO 1341
1309 CONTINUE
1341 D2=13.87
D3=50.0
L5 = 0,0
I=1
X7=040
w9=0
TXS=N6+S6+N9+59+300000000.
11u=0
1185 W9=wo+1
X7=XT7+1.0
FI=I
FK=K
X6= (FI-160)+X7#(T1/30.5)
XS= XT#(T1730.5)+(FK=1,0)#12.,0 ¢+ FI - 1.0
NN=B (1) =2
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Table 18. continued

1270
1280

1330
1340

1364
1365

C
c
1644

1939

DO 1270 J=NNe50

IF (N(Jsl)eGELnN]L) GO TO 1280
CONTINUE
NZ2=(N1=N{J=1e1))/(N(Jel)=N(J=1s1))
N3=NZ2# (N(Je2)=N(J=192)) ¢ N(J=1+2)
N4= N2%(N(Je3)=N(J=19e3))+ N(J=193)
NN=B(2)~-¢

DO 1330 J=NNsbHU

IF (S(Jsl) aGEeS1) GO TO 1340
CONTINUE
S2=(S1=S(J=191))7(S(Jel)=S(J=1s1))
S3= S2#(S(Je2)=S(J=1+2))+S(J=1,2)
S4= S2#(S(Je3)=S(J=1¢3))+5(J=1+3)
NN=3(3) =2

PO 1364 J=NNsbU

IF (L(Jsl)eGEGLL) GO TO 1365
CONTINUE
L2=(L1=L(J=1o1))/7(L(Jol)=L(J=10sl))
L3= L2#(L(Js2) =L (J=1e2))+L (J=1+2)
La=z L2%#(L(Je3)=L(J=193))+L(J=1s3)
LS5T=L4

IF(L4.LE.UQ)L4=.1
T2=12e5+12e#SIN(e262%(8e%15.21+X6%#3045)/15421=3453)
P5=0,99823
Po=(B.#T2=T2%##2,0+132416.,)/132432,
P3=1+0 + 0,63%#(N6#0,0007353) /N4
P4=140 + 0,63%#(356%#0,0007353)/(54~620000.)
P7=140 + 0,63#(L6%#0,0007353)/L4
IF(PTeGEele225)PT=14225
N7=(P3=1e0)/.63

ST=(P4=-1.0)/463
L7=(L6/L4)#,0007353

P4=P4%*P6/PS

P3=(P3#P6/P5) #() 996

P7=PT#P6/P5

C1=4183.

V=OQO

R3=0.0

R3=R3+1

R=S1-=N1l

IF (ReLEeel5) R= 15

Y3=S1-Cl

Y9=Y8=R

R1==6,3%¥YY=5,84% (P3=P4)#YB8+T,09%*Y8
IF (Rl.LEQOoO) R1=0.1
R2Z6e39%Y9+5,94% (P3-P4)#*Y8=6.23%Y8
IF (R2.LE«040) R2=0,1
A4=3,55%(Y8=R]1=-R2)/(YB-Y9)=1.02

49
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Table 18. continued

1930

1940

2000

2020

2050

2101

2121

IF (A4.,LE«0.0) A4=0,01

AS5=3.,83%(Y8-R]1~-R2)/(Y8-Y9)~-1.19

IF (AS5,LE«0.,0) A5=0,01

IF (A4,GTe3.0) A4=3,0

IF (AS5,6T.3.0) A5=3,0

IF (W9,G6T«1) GU TO 1940

T8=A4#*V2/ (1.0+A4)
WISARR]IF(((YB=R1=R2=A4#V2H#2 ,/64¢4) #6464/ (1a0+A4) +TBH#2,)#%#,5=T8)
Vi=wl/ (A®R])

T9=A5#V1/ (1l.+A5)
TT7=((Y9=R2-R1#P4/P3=ASHV]#%#2,/6444) #0444/ (1e+A5) +T9#2,)

IF (T7.LE«0.0) GO TO 2020

X4=TT##0e5=-T9

IF (X4,LE«.0.0) GO TO 2020

W2=A#R2H (((Y9=R2=R1#P4/P3=AS5#V]##2,/64e4) %6444/ (1e+A5)+TO##2) 88,5
1-7T9)

E=W2/ (A%R2) =V2

A6=(0,05-ABS(E))

IF (A6.,GT.0.0) GO TO 2050

AT=(V2+(W2)/(R2%A)) /2.

v2=A7

GO TO 1940

V2=0.0

T8=A4%V2/(le+A4)
WISA#R1I#F(((YB=R1~R2=A4H#HV2H#2,/6444)%64eb4/(le+A4) +T8##2,)##,5=-T§)
V1i=wl/(A#*R])

W2=0.0

Wl=wl

WZ2=we

IF (R3.EQ.2) GO TO 2101

Cl=4183.

A8=ul

AG=w2

we=0.0

Wl=0.0

IF(SlelLEe4188,)G0 TO 2101

V=0,0

IF (R3.,EQ.1) GO TO 1939

W1l=A8+wl

W2=A9+w2

IF (W2.,LEe0s0) W2=1.0

IF (W1,LEe0.0) Wl=1,0

B3=W1#].983%30.5

B5=w2#1.983%#30.5

Y=P3-P4
BB=649835-1675,#Y+158,97T#R+45535,#Y##2,=3373,3#%Y#R+]14,0]1#Ru#2,
1=4290704#YH#3, 434904 HYH#2 #R=H3] 2HYH#R##2,+448,550#R##3,+1302000.
2HYHE4 =] 052T0#YHHIG#R=]1TOQTHYHRUERT =5, 4593#REFG4+3352, 1 #Y##2uR##D
BG=2.1629+41290,3#Y=113.24%R=19649,,#Y##2=0]12,8]1#Y*R+]186,]1TH#R##2+
1195100,#Y##3420974,#Y##2:#R=]860],6#Y#R##2=]8,802#R¥#3=629690.,%Y#:%4
2=66502,#Y##3#k+308,06Y#R##J=]5, ] BTHR##4+2865,3I#YFH24RE#D
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2173
2175

2178
2l8l

2183
2235

2236

900
920

930

940

IF (BB.,Lte0e)GO TO 2173

GO TO 2175

88=0.

IF (B9.LE«0.)GO TO 2178

GO TO 2181

B9=0,

IF (YelLEee05¢ANDeReGTe0e6)GO TO 2183

60 TO 2235

89=0,
X3=19.307+242,23%#Y=35.429%R=4339.9#Y##24407,5#Y#R+14,332%R##2+

11021 ¢#Y##3=1466,8%Y##2#R=45,64T#Y#R##2=3,8069#R##3

BO9=(1le=((4199,5-S1)/X3)#]1,312)#B9

B8=88#69.3936%1,983%#30.5

BS=B9#69¢3936%]1,.,983%#30,5

M1=(B3+88) /30,5

M2=(85+B9) /30,5

K7=QW(KsI)=1700.=-1000.

K8=(K7=2446.)/7.9757

K8=K8/60.48

IF (K8e.LEsOs) K8=0.0

K6=(QB(K9I)=81000+/12¢-13880.-1300.)/760.,48

IF (Ké.LEeO0.) K6=100,
C5=(523e=0.6563%#KB8+.00054494#K8#%#2=(,0000002005) #K8##3
1 *(.000000000027535)*KB**4)

IF (K8.,GT«3000.,)C5=250.

IF (K6.LT#109.) GO TO 2236
C4=C3#K6%#60.48+81000e%C5/12e+13880e%#2900e#66+(375e/6754.)#QU(KsI)
1#2600.%4,6

X8=21000.

C4=C4/ (K6#60e48+81000e6/126+138806+(375./7675.)%QUI(KoI)
L+ (X8#D2%#F (1) =X8#D3#F (1+12))/12,.)

IF (C4.LE«0) C4=0,
C6=(1e1%CE%¥KT+1700e%#583e+1000e%5006+(75:/675.)%QU(KeI)H#5004)/(QW(K
19I)+(7547/7675.)%QU(Ke 1))

Cl=FJ(1)

IF(ZeEQeleOReZsEQa3)GO TO 940

IF (ZeFQe4eO0ReZeEVe6sOReZeEQel2s0ReZeER14)G0 TO 900
IF(Z.EGeD)GO TO 920

IF(Z.EQ.20)6G0 TO 930

IF(Z.EQ.0)GO TO 940

C4=Cé6

GO TO 940

Ca=C7

GO TO 940

Ca=(Ca# (AB(KeI)+(375./7675)#QU(Ko1))+COH*(QW (K9 I)+(150./675.)#QU (K
1oI) ) +CT#(QU(KoLl) +(T75e/76T75e)#QUKsI)) I/ (QT(K9I)+(600s/6754) #QU(KoI)
2)

CONTINUE

CE= (L1-Sl)#.5+S1

Q@@ = L1 - CE
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1070
1080
1050

1160
1170
1180

1200

1428

1429

1432

1435

1(KsI)

IF (QQQeLTe06,0) QQRQA=0,0

D6 = (349%CL#QUAUH*]5) #6043
DO 1070 J=2+4

IF (D(Jsl)eGE4S1)GO TO 1080

IF (D(JU=1le1)eLTW&S1)GO TO 1070
GO TO 1090

CONTINUE
C=(S1=-D(J=191))/(D(Je1)=D(Jd=191))
P1=C#(D(Je2)-D(J=192))+D(J=1e2)
El=C#(D(Je3)=D(J=1+3))+D(J=193)
DO 1160 J=2+4

IF (G(JUel)sGELNL1)GO TO 1170

IF (G(U=191)aLTeN1)GO TO 1160
C=0.

GO TO 1180

CONTINUE
C=(N1=(G(J=101)))/(G(Jel)=G(J=1s1))
P2=C#(G(Js2)=G(J=192))+G(Jd=1s2)
E2=C#(G(J93)=6(J=193))+G(J=1+3)
P3=D2

E3=D3

Pl=P1#P(K)

P2=P2#P (K)

P3=P3%#pP (K)

E=.98

IF (KeFQe7)E=,9

IF (KeEQe9)E=o8

IF (KeEQe40)E=1a15

E1=EL1#E

F2=E2*%E

E3=E3%E

NB=1le=(eTTHBH#NT)/ (1e+NT#463)
S8=)a=(e778%#ST7)/(1e+ST#,63)
L8=1le=(e778%#LT7)/(le+lL7#*.63)

NS=(((N3 ) #P2¥F (1) =N3#E2#F ([+12)#iv8) /12 +X(KsI)+83
1-B5+88~-89)#T71/30.5
S5=((S3 JHPLI#F (1) -S3#EL#F ([+12)#58) /12« +H (Ko )
1D7#(D2#F (1) =D3%F (1+12))/12.+DU(KsI)-B3-B8+BS+BY+DO6

S5=(S5)#T1/30.5

LS=(((L3 ) #P3#F (1) =L3¥E3#F (I+12) #L8)/124+Q(KeI) +QI
-D6+ (D1#D2%#F (1) =-D1#*03%*F (1+12))/12¢)%T1/30.5

L4T=L4+LS
IF(ITJ.EQs1)GO TO 1435
IF(L4T.LECD.)GO TO 1432
GO TO 1435

D6=0.

I11u=1

GO TO 1429
IF(LOT . LEsO4)L4T=0.1
11U=0

NN=B (1) =2
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DO 1490 J=NNe5S0
IF (N(J93) «GELNG+NS)GO TO 1500

1490 CONTINUE

1500 N1I=((N4+NO=N(J=193))/(N(Jo3)=N(J=1e3)))#*(N(Jesl)=N(J=191))+N(J=1s1l)
R(l)=J
NN=b(2) =2
DO 1540 J=NNeH0
IF (S(JU93)«GE.S54+55)60 TO 1550

1540 CONTINUE

1550 S1=((S4+5S5=S(JU=193)))/(S(Je3)=S(J=163))#(S(Jel)=5(J=191))+S(U=1s1)
B(2)=J
NN=B(3)-4
DO 1570 J=NNeSO0
IF (L(J93)«GEL.L4T)GO TO 1575

1570 CONTINUE :

1575 L1=((L4T =L (J=193)))/(L(Je3)=L(J=193))#(L(Jol)=L(J=191))+L(J=1s1)
B(3)=J

1576 G6=N6
NE=T1# (M1#S6/ (S4-620000e)-M2#NH6/N4) +Nb6
F2=N6/N4
IF (F2.LE«483.,)6G0 TO 1690
HE=N6=-483+%#N4
NI=HZ+NS
N6E=NbH-HZ2
H4=0,

GO TO 1800

1650 HZ=0,
H4=(e01/16901)#T1#(4834%N4=~N6)
IF (H&4,GT«N9)GO TO 1710
G0 TO 1715

1710 H4=N9

1715 N6=N6+H4
N9=N9=-H4&

IF (N9.,LT.0.)G0 TO 1735
GO TO0 1w00

1735 N9=0.

1800 TLS=TXS-N6=N9=-300000000.
UFCS=(S4-620000.) %483,
IF(TLS.LEUFCS)G0 TO 1840
H1=TLS=-483.#(54-620000,.)
$9=59+H1
S6e=TLS~S9
H5=0,

G0 TO 1890

1840 H1=0.

S6=TLS-SY
H5=(0e01/71.901)#T1#(483.#(54-620000.)=56)
IF (HS.GTeS9)H5=S9

S$9=59-H5

S6=S6+HS

IF (SQQLTOOO)S9=0.
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1890

2085

315

2086

316
2091

317
2900
2920
2130
2150
2980

2200

IF (L4.LEeOs) L4= o1

DGL=L6/L4

IF(DGL.GE«483,)DGL=483,

LO=LO6+TLI#(C4* (QI(KoI)+Q(KsI)) #,00136=-D6%#DGL )/30.5

S6=56+D6# (L6/L.4)#T1/30.5

KD=1930+K

IF (X7T#T1eGEe30449) GO TO 2085

GO TO 2900

JJd=Jdd+l

WN7 = 1000.%#N7

wS7 1000,.%#S7

WL7 1000.%#L7

IF (WL7.6T4355,)WL7=355,

IF (JJeLEe48) GO TO 2086

JJ=1

WRITE (6+315)

FORMAT (1H1940Xe'LAKE ELEVATIONS (FEET) '919Xs'LAKE CONCENTRATIONS
1(GRAMS/LITER) v9/516Xe'YEARY 95X e *MONTH®* 910Xe *NORTH®* 910X9e*'SOUTH®*911X
2y'DIKE*910Xe *NORTH'910X9e *SOUTH'911Xe'DIKE?")

IF(LST4LT«100,)G0 TO 2091

WRITE (69316) KDoIoN19sSIoL1eWNToWSTewWL7

FORMAT (10X92110¢3F15.293F15.3)

GO TO 2900

WRITE (69317)KUesIeN19S1eWNToWS7

FORMAT (10X92I11002F15e2912X93HDRY92F15e3912X93HDRY)

IF (X7#T1.6GE«30.49) GO TO 2920

GO TO 2130

XT7=0,

I=1+1

IF (I1.GT+12)G0O TO 2150

G0 TO 2980

I=1

K=K+1

IF (KeGTe42eANUeIoGTo9)GO TO 2200

GO TO 1185

CONTINUE

STOP

END
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