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PRELIMINARY EVALUATION OF ANNUAL RECHARGE
TO THE BORREGO VALLEY GROUND WATER BASIN

INTRODUCTION

This Technical Information Record (TIR) is intended to present the
results of aﬁ analysis of ground water recharge in Borrego Valley of
northeastern San Diégo County. This information was necessary for formulation
of alternative plans for future operation of the basin. Estimates were made
through three different procedures. The first method was based on a hydrologic
balance of the saturated portion of the ground water basin. The second was
baséd on the application of Darcy's Law to the steady state (1945) ground water
level contour map and the isotransmissivity map contained in USGS Open File
Report 82-855 (1).. The third was the application of a mathematical model to
estimate the deep percolation at each node using tﬁe values of transmissivity
presented in the Open File Report.

Borrego Valley is an arid desert basin located in the shadow of the
Peninsular Ranges 50 miles northeast of San Diego (Figure 1). The surface area
of the ground water basin is‘about 65,000 acres. The basin is comprised of
three aquifers —-.the upper, middle, and lower - with a maximum alluvial depth of
2,450 feet. (Ref. 1, P. 12).

The Geological Survey, for Phase I of the current investigationm,
developed ground water level contour maps for various years between 1945, when
serious development of Borrego Valley ground water began, and the present. 1965
was the second most recent year for which contours were plotted, with 1980 being
the most recent. The data for the period 1965 through 1980 should give a
reasonable estimate of current ground water recharge since major changes in
ground water pumpage patterns in the years preceding 1965 were accompanied by a
substantial reduction of irrigated agriculture; since 1965, changes in agricul-

ture have been less drastic.
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ESTIMATED RECHARGE USING HYDROLOGIC BALANCE

Change of Storage 1965-1980

USGS did not attempt to refine previously made estimates of the
average annual recharge to the Borrego Valley. They range from 3,300 to 11,000 |
acre-feet per year. USGS did suggest that most of the ground water recharge is
derived from: surface water percolation on Coyote, Borrego Palm Canyon, and San
Felipe Creeks; ground water inflow from San Felipe Creek; and a small amount of
surface water percolation from the other drainages.

A simple means of estimating recharge is by comparing the change in
ground water levels between 1965 and 1980 and then applying an estimated
specific yield to determine the change of ground water in storage. From this
figure, the net annual changelof ground water in storage, or net recharge,lis
easily determined.

The procedure used for determining the change of ground water in
storage was as follows: first, the change in ground water level map for
1965~1980 was obtained from USGS and the weighted average decline for the period
was determined to be about 7 feet; then the change of ground water in storage
was computed by ﬁultiplying the average decline of water level times the area of
the valley times a typical specific yield. Since ground water levels have
varied mainly in the upper aquifer with a specific yield of 20% with some
variation in the middle (10%Z) and lower (5%) aquifers, the specific yield used
to compute change of ground water in storage bracketed the range between 10%Z and
20%.

Subsurface OQutflow

An estimate of subsurface outflow from Borrego Valley was determined
based on ground water basin data obtained by USGS. They transformed these data
into maps of historic ground water levels and transmissivity. There is an

alluvial gap between the Borrego Badlands and Borrego Mountain, east of Borrego
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Sink, through which ground water apparently flows out of the valley. The
. formula Q = TIW, based on Darcy's Law, was used where Q = flow rate, T = trans-
missivity, I = hydraulic gradient, and W = width of cross-section of aquifer.

In 1945, at which time the ground water basin was being operated under
steady-state conditions, the flow across the 460-foot contour was presumed to be
the total outflow and was computed to be 1,900 acre-feet per year. In 1965, the
flow across the 440-foot contour, which was the contour nearest the outlet ‘to
the valley, was estimated to be 3,800 acre~feet per year. Thus, it can be |
assumed that annual outflow is at least roughly 1,900 acre—-feet per year.
(Appendix A).

USGS has estimated that subsurface inflow to the valley is about 30
acre~feet per year from the San.Felipe Creek drainage (Ref. 1, P. 17).

Water Budget
The annual consumptive water use figures developed by USGS are shown
. below. These data were combined with the change in storage estimates obtained
previously to develop estimates of average recharge into the basin.

The hydrologic balance for the ground water basin is illustrated in

Figure 2 and is summarized in the following equation:
Inflow - Outflow = Change in Storage
where:
Inflow = subsurface inflow + deep percolation of
precipitation and applied water.

Outflow = Consumptive use by man and phreatophytes +
subsurface outflow.

REPLENISHMENT BY DEEP CONSUMPTIVE USE BY
PERCOLATION OF RUNOFF, - MAN AND PHREATOPHYTES
PRECIPITATION, ETC. ' +

Y

GROUND WATER

BASIN
A

SUBSURFACE
QUTFLOW

FIGURE 2. SCHEMATIC OF HYDROLOGIC BALANCE
-’+-
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Based on an examination of ground water levels.for 1965 and 1980, the
average decline in ground water levels throughout the 65,000-acre valley was
about 7 feet. (See Appendix B for computations). The annual recharge for the
ground water basin was estimated for specific yields of 10% and 20Z since the
average specific yield of the dewatered portion of the basin falls somewhere in
between (probably closer to 10% than 20%); also, recharge was computed assuming

that there is subsurface outflow as well as for the opposite case.

TABLE 1
ESTIMATED RECHARGE
USING CHANGE IN STORAGE

@) @) @) @) ) ) @ )
Estimated decline Annual  Specific Change in Subsurface Subsurface Annual Annual
in ground water  consump~ yield annual storage inflow, outflow, recharge recharge
levels, tive use, Ces, 000x(1)x(3)/153 AF/yr. . AF/yr. w/o outflow, with outflow,
1965-1980, AF/yr. AF/yr C-GYD, C@-@)-y6))
fEBt AF!,Y!. AF:/YI.
7 9,870 0,10 3,000 30 1,900 6,800 8,700

0.20 6,100 30 . 1,900 3,700 5,600

The annual recharge to Borrego Valley would range from 3,700-6,800
acre~feet per year, when it is assumed that there is no subsurface outflow from
the valley; it would range from 5,600-8,700 acre-feet per year under the more
likely situation where outflow was assumed to averag;e 1,900 acre-feet per year.
The ground water gradient near the aouthe.ast boundary of Borrego Valley gives
indication that there is ground water outflow (Appendix A). Also, since average
specific yield should be near 107, the annual recharge would more likely range
between 6,800 to 8,700 acre-feet per year with a tendency to favor the higher

number since subsurface outflow is likely.

ESTIMATED RECHARGE USING ISOTRANSMISSIVITY MAP
An alternative means of obtaining an estimate of annual ground water’
recharge is to determine the subsurface flow across a centrally-placed contour

of equal ground water elevation. Under steady-state conditions in which inflow
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to the valley equals outflow and the flow characteristics of the ground water
remain constant with time, the flow calculated to be crossing the contour should
represent the net amount of recharge to that portion of the basin located
upgradient of the selected contour line. In this study, the year 1945 was
believed to be representative of steady-state conditions and the flow across the
500-foot contour was selected as representative of basin recharge under these
conditions since it lay upgradient from the areas of ground water discharge in
the basin. This should give a reasonable estimate of recharge since most of the
ground water recharge takes place on the alluvial fans upstream from this
contours, along the mountain front. The total flow in 1945 across the 500-foot
contour was estimated to be 8,900 acre-feet per year using Darcy's law. This
would be the annual recharge to Borrego Valley under steady-state cénditions

(Appendix C).

ESTIMATED RECHARGE USING MATHEMATICAL MODEL

The linked-node type mathematical ground water model is a useful tool
for investigating the various elements of a hydrologic budget including the
amount and distribution of recharge to the ground water basin. To determine the
amount of annual net recharge at each node, Q, the basic equation for the model
was rearranged to solve for Q. Under a steady-state condition, no change of
storage takes place; specific yield estimates for each node are not involved.

For this study, an isotransmissivity map and historic ground water
level informﬁtion for each node on a grid overlain on the valley that ;ere
developed by USGS (1) were used. These data were fed into a linked-node model
of Borrego Valley to solve for Q of each node.

Using this technique it was determined that the recharge to Borrego

Valley was 7,700 acre-feet per year under steady-state conditions. An
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additional examination was conducted to determine the sensitivity of Q at each
node in relation to changes in transmissivity. Assuming that transmissivities
were 15% higher throughout the valley, resulted in an estimate for annual

recharge of 8,900 acre-feet (Appendix D).

COMPARISON WITH OTHER AGENCIES' RECHARGE ESTIMATES
For comparison, estimates of annual ground water basin recharge
calculated by other agencies which have previously studied Borrego Valley are
presented in Table 2. These estimates varied within a range from 3,300 acre-
feet per year up to 11,000 acre-feet per year.

TABLE 2
BORREGO VALLEY GROUND WATER RECHARGE ESTIMATES

Source Estimated annual recharge, AF/yr
1945-1964 1907-1964
Bureau of Reclamation 6,000 11,000
(1968)*
County of San Diego . 3,300
(Lough, 1974)%*
Threet (1975)%%% 6,200 (174 square mile
watershed)
10,000 (280 square mile
watershed)

A.A. Webb Associates
(1977) t 11,000

*J., S. Bureau of Reclamation, "Inland Basins Project, Borrego Valley,
California", Reconnaissance Investigatioms, June 1968, p. 23.
**Lough, Charles F., "Water Budget for Borrego Valley", County of San
Diego Integrated Planning Office, November 1974, p. 9.
*%%Threet, Richard L., "Review of Water Budget for Borrego Valley by
Charles F. Lough", Correspondence to L. R. Burzell, January 1975.
tAlbert A. Webb Associates, "Borrego Valley Groundwater Supply",
Appendix to the "Borrego Country Club Draft General Plan Amendment
Report” and "Borrego Country Club Draft Environmental Impact
Report". 1977. 1In the report it was estimated that annual recharge
was 12,100 acre-feet per year and noted that this was higher than
the Bureau of Reclamation's higher estimate of 11,000 acre-feet per
year. It concluded that for management purposes, 11,000 acre-feet
per year is an appropriate figure.

-T-
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SUMMARY

_ Three alternate methods were used in an effort to estimate the average
annual recharge to Borrego Valley ground water basin. The first method made use
of the hydrologic budget which is summarized by the equation: Inflow - Outflow
= Change in Storage. The elements of the hydrologic equation, such as
consumptive use by domestic users and vegetation and subsurface inflow were
determined by USGS (1). The determination of subsurface outflow and change in
storage were based on information developed by USGS. This method resulted in an
estimated rate of annual recharge of between 6,800 and 8,700 acre-feet, with a
tendency to favor the upper end of this range due to evidence of ground outflow
from the valley. -

The method of determining recharge using the isotransmissivity map and
water level contour map for 1945 developed by USGS, resulted in an estimated
annual recharge rate of 8,900 acre-feet. This was determined by calculating the
flow across the elevation 500-foot contour line using Darcy's law.

The last approach used to estimate recharge was with a linked-node
mathematical ground water model. Transmissivity values were obtained from the
isot:ransmissivity‘ map contained in USGS Open-File Report 82-855. Ground water
levels were obtained from a tabulation used by USGS in its calibration effort of
the Borrego Valley model. Using the USGS values resulted in an estimated annual
recharge of 7,700 acre-feet.

With the three methods which utiiized geohydr;logic data developed by
USGS, estimates of annual recharge ranged between 6,800 and 8,900 acre-feet.

The low estimate of 6,800 acre-feet per year using the water budget is probably
too low since there is likelihood of ground water outflow; the upper range
hydrologic budget estimate of 8,700 acre-feet per year may be slightly high

since average specific yield of the basin is somewhat higher than 10 percent.

-8 -
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The in&ication given by the isotransmissivity map and mathematical model methods
is th;t the annual recharge should range between 7,700 and 8,900 acre-feet, For
the purposes of this investigation, a figure of 8,000 acre-feet per year wou 1d
be a reasonable estimate of annual ground water recharge, based on the estimates
provided by the three methods, which ranged from 6,800 - 8,900 acre—feet per

year.

After the completion of the preceding portion of this report, USGS
made several revisions to the steady-state ground water map representing condi-
tions in 1945. The major change was a smoothing out of the contours in the
vicinity of San Felipe Creek, with the result that the estimated subsurface
outflow rose from 1,900 acre-feet per year to 3,600 acre-feet per year. The net
result was that using the hydrologic balance technique, annual recharge was
estimated to be 10,400 acre-feet per year (see Appendix E).

By using the revised 1945 contour map, USGS also made two estimates of
the average annual recharge to Borreg; Valley ground water basin. One estimate
was based on a water yield method and the amount of recharge estimated was
3,800 acre-feet per year. Another estimate was based on a chloride method and
the amount was 13,000 acre-feet per year. By estimating weighting factors for
each estimate, including our three estimates, and based on the variance, USGS
arrived at a weighted average annual recharge of approximately:'8£400 acre-feet
per year. Upon completion of its calibration of the mathematical model, it is
expected that USGS will prepare a summary providing details Bf their estimates
as well as the derivation of the weighted average recharge. This estimate is

adopted for use in this study as representative of average annual recharge to

Borrego Valley.
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Because the water consumption by phreatophytes of .about 1,200 acre-
. feet per year estimated by USGS, and the subsurface outflow of about 3,600 acre-
feet per year estimated by DWR are expected to continue at about the same
magnitudes, the usable portion of the replenishment would be approximately

3,600 acre-feet per year ( 8,400 - 1,200 - 3,600).
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Appendix A

. OUTFLOW FROM BORREGO VALLEY

The outflow from Borrego Valley was estimated for two years, 1945 and 1965. The
method was to apply Darcy's law across a ground water contour line near the
outlet of the valley. The calculations and contours used are shown in the

following two tables and figures. Also included is a map of transmissivity for

the Borrego Valley ground water basin developed by USGS(1).
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EXPLANATION
| | Basement complex (forms hills abov
-0y b alluvial fill in valley).
--—,500-— Water-level contour shows altitude |

of ground water surface. Contour
interval, in feet, is variable.
National Geodetic Vertical Datum
of 1929. Data for water-level
contours from Moyle, 19€8.

S p— Basin boundary.
—Q@— Subdivision of contour line along
/4

which ground water flow was deter-
mined. -

Transmissivity in thousands of
feet squared per day along
subdivision of contour line.

Phreatophytes (mesquite and tamaris

S

Bt Tl o f”? Source: U, S. Geological Survey,

» ..\l } ‘Water Resources of Borrego Valley a
D w o ATINY Vicinity, California," Open-file
.>500 - report 82-855, November 1982.

f Ao
10,000 5,000 o 10,000 w0000 oo . IO ]
t7p0 1 3 M 5 & wiLaMeETERS-P\(
. Contour interval 4o and 80 feet _Q

National ﬂegd_l_a_jl_'_:_r._'f qﬁr_ﬁaﬂfwiﬁzq o

ESTIMATE OF SUBSURFACE OUTFLOW FROM BORREGO VALLEY UNDER STEADY-STATE
CONDITIONS IN 1945 USING ELEVATION 460-FOOT CONTOUR
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‘Basement complex (forms hills abou
"alluvial fill in valley).

Water-level contour shows altitude
of ground water surface., Contour
interval, in feet, is variable.
National Geodetic Vertical Datum
. of 1929. Data for water-level
- contours from Moyle, 1968.

Basin boundary.

Subdivision of contour line along
which ground water flow was deter-
mined.

Transmissivity in thousands of
feet squared per day along
subdivision of contour line.

‘; Source: U, S. Geological Survey,
%% "Water Resources of Borrego Valley &
Vicinity, California," Open-file

"] repcrt '82-855, November 1982.

‘.’. ,‘.... : i
i 1
e
_ TR

o 3 -_‘-... .

ESTIMATE OF SUBSURFACE OUTFLOW FROM BORREGO VALLEY IN 1965 :
USING ELEVATION 1,L440-FOOT CONTOUR
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APPENDIX B

CALCULATIONS FOR ESTIMATING RECHARGE

In general, the procedure
the lines of equal change
and 1980, From this map,
taking a weighted average
specific yield of between

average specific yield in

USING HYDROLOGIC BALANCE

may be described as follows. First, a map was made of
of ground wﬁter elevation for the period between 1965
the average decline in water level was obtained by

of the areas within each contour line. An average

10%Z and 20%Z, inclusive, is representative of the

the valley. Multiplying these elements together

produced‘the change in storage for 1965 and 1980. After introducing the

elements of ground:hater inflow and outflow, the total annual recharge was

estimated (Table 1).
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. Change in Storage 1965-80

DWR Planimeter No. 14133

Calibrate
Initial Final Diff.
4.829 5.208 0.379
0.399 0.778 0.379
. 1,358 1.735 0.377
2.002 2.382 0.380

1.515/4 = 0.379

0.379 = 20,000 x 20,000 ft2
= 400,000,000 ft2

= 9,183 acres

AREA OF VALLEY FILL (0O - Ft. Change Contour)

. North Half South Half
Initial Final Diff, Area . Imitial Final Diff. Area
0.806 1.751 0.945 22,897 2.284 4.009 1.725 41,796
3.263 4,203 0.940° 22,776 4,440 6.166 1.726 41.820
5.009 5.950 0.941 22,800 7.443 9.175 1.732 41,966
68,473 acres + 3 = 22,800 acres 125,582 + 3 = 41,900

Total Area (+0) contour = 64,700 acres

- B3 -.
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AREA WITHIN (+10) CONTOUR

Initial Final Diff. Area

'8.699 8.704 0.005 121 acres

Area = 121/3 = 40 Acres

AREA WITHIN (+0) CONTOUR

Initial Final Diff. Area
9.024 9.073 0.049 1,187
9.463 9.509 0.046 1,115
0.543 0.595 0.052 1,260

Area = 3,562/3 = 1,187 acres

AREA WITHIN (-10) CONTOUR

(1) (2) (3)
Initial Final Diff. Initial Final Diff. Initial Final Diff.
0.487 0.700 0.213 3.140 3.467 0.327 6.828 6.894 0.066
0.896 1.112 0.216 3.806 4,133 0.327 7.126 7.190 0.064
1.260 1.477 0.217 4,843 5.173 0.330 7.543 7.605 0.062
Avg. = 0.646 = 0.215 Avg. = 0.984 = 0.328 Avg. = 0.192 = 0.064
3 : 3 3

0.215 x 9,183= 5,209 acre 0.328 x 9,183 = 7,947 acre 0.064 x 9,183 = 1,551 acres

el Rt el —_—

0.379 0.379 0.379

Total within (~10) Contour = 14,707 acres

- B4 -




AREA WITHIN (-20) CONTOUR

No. Initial Final
1 7.324 7.327
2 7.481 7.482
3 7.400 7.408
4 7.999 8.001
5 8.318 8.319
6 8.057 8.073

Area = 0.031 x

Diff.
0.003
0.001
0.008
0.002
0.001
0.016
0.031

183 = 751 acres

9,
0.379

AREA WITHIN (~30) CONTOUR

No. Initial Final
1 8.220 8.226

2 8.197 8.203

Diff.
0.006
0.006
0.012

Area = 0,012 x 9,183 = 291 acres

0.379

AREA WITHIN (~40) CONTOUR

No. Initial Final
1 7.950 7.953
2 8.400 8.403

Diff.
0.003
0.003
0.006

Area = 0.006 x 9,183 = 145 acres

0.379

AREA WITHIN (-50) CONTOUR

2 x (500 ft x 500 ft) x 1 acre = 11 acres

43,560

- BS -



Change in Water
Level 1965-80
(feet)

+10

Inclusive
Area Within
Contour Line Average
of Equal Change Change
(acres) (feet)
40
+10
64,700
-5
14,707
' -11
751
-25
291
=35
145
=45
11 )
-50

Area of

Average Change

(acres)

40
49,993
13,956

460
146
134

11

64,740 acres

DRAFT

Total
Volume
Change
within
contour

(acre-feet)

400
-249,965
-153,516
- 11,500
- 5,110
- 6,030

- 550
426,271

(acre-feet)

-426,271 = —6.6 feet average

— e

64,740

- B6 -
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APPENDIX C

CALCULATIONS FOR ESTIMATING RECHARGE
USING ISOTRANSMISSIVITY MAP

Under steady-state conditions, the subsurface flow across a contour line lying
downstream of the recharge area and upstream of an area of phreatophytes, should
be an estimate reasonably close to the volume of annual recharge to the ground
wter basin. Consequently, the flow was determined across the 500-foot contour

using Darcy's equation. The procedure is shown in the following pages.

- Cl -
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o EXPLANATION SRAS

Basement complex (forms hills abo
alluvial fill in valley).
— 500 — Water-level contour shows altitud

of ground water surface. Contour
interval, in feet, is variable.
National Geodetic Vertical Datum
of 1929. Data for water-level
contours from Moyle, 1968.

Basin boundary.

Subdivision of contour line along
which ground water flow was deter-
mined. .

Transmissivity in thousands of
feet squared per day along
subdivision of contour line.

Phreatophytes (mesquite and tamari

Source: U. S. Geological survey,
| "Water Resources of Borrego Valley

X -Vicinity, California," Open-file
J1_ "\, report 82-855, November 1982.
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ESTIMATE OF ANNUAL REPLENISHMENT UNDER STEADY-STATE CONDITIONS
IN 1945 USING ELEVATION 500-FOOT CONTOUR




DRAFT

APPENDIX D
RESULTS USING MATHEMATICAL MODEL
TO ESTIMATE RECHARGE
A linked-node mathematical ground water model was utilized in combination with
transmissivity and steady-state (1945) ground water level data to obtain an
estimate of the spatial distribution of deep percolation. The set-up of the
model's nodal network parallelled a preliminary network developed by USGS which

was composed of rectangular elements 40 rows long and 19 columns wide.

Table 1 presents the set of transmissivities developed by USGS based on their
studies (1). The mathematical model is based on tﬁe continuity equation

T(Hi - Hg) x T + Q = 0, for steady-state conditions where 33 is the piezometric
head at node "B", Hj is the head at adjacent node "i", T is the t;ansmissivity
along the connecting link, and Q is the net deep percolation at the node. The
equation is solved for Q; the set of Q's obtained using the transmissivities in
..Table 1 is shown in Table 2. Recharge to the valley was found to total

-7,700Iacre—feet per year.

In order to examine how sensitive the net recharge was with respect to changes
in transmissivity, the set of transmissivities in Table 1, representing USGS
values, was increased by 15 percent (Table 3). The result was that the amount

of recharge increased by 15 percent to 8,900 acre-feet per year (Table 4).

Table 5 lists a set of transmissivities which were developed by USGS for an
early calibration run of the USGS's ground water model. Some of the figures
were greatly modified by USGS from the transmissivities given in Reference 1.

Table 6 shows the results of using these transmissivities. The amount of deep

percolation was found, by DWR, to be only 2,600 acre-feet, using these figures.




- TABLE 1
TRANSMISSIVITIES BASED UPON USGS DATA%*

TRANSHISSIVITY IN AF/YR/FT

RO COL 2 3 4 5 b 7 B 9 10
1 L0 00 0.0 00 00 00 00 0.0 0.0 0.0
2 0.0 00 00 0.0 00 00 00 0.0 .00 0.0
3 06,0 0.0 0.0 00 00 00 00 0.0 0,0 - 0.0
3 6.0 0.0 0.0 00 00 - 0.0 00 00 0.0 0.0
5 0.0 00 00 00 00 00 0.0 00 0.0 0.0
3 6.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0
7 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0
8 0,0 00 00 0.0 0 00 00 84 84 00
9 0.0 00 0.0 00 0.0 0.0 0.0 B4 168 251
10 0.0 © 0.0 0.0 0,0 0.0 8.4 B4 168 41,9 8.7
1 0.0 0.0 00 00 00 84 84 1B 3LI 587
12 0.0 00 0.0 00 0.0 0.0 00 148 335 587
13 0.0 0.0 00 84 8.4 B4 0,0 168 81,9 58,7
14 .0 0.0 .84 B4 148 148 8.4 168 IS5 587
15 0.0 0.0 8.4 126 168 20,9 251 41,9 50,3 8.7
14 0.0 0.0 B4 12,6 168 251 35 4.9 50.3 587
17 0.0 0.0 8.4 12,64 168 251 335 ALY 50.3  58.7
18 0.0 0,0 B4 12,6 168 251 335 4.9 50.3 S8.7
19 1.7 42 8.4 124 158 250 335 41,9  50.3  58.7
20 1.7 42 &7 B4 f2.64 251 3RS 4.9 50.3 SR.7
2 1,7 42 67 B84 142 251 IS5 4.9 5.3 58,7
22 0.0 42 &7 84 168 251 3’5 4.9 50,3 8.7
23 00" 42 &7 B4 1.6 168 293 335 4.9 58.7
24 0.0 34 &7 84 12,6 1468 281 9.3 335 4.9
25 0,0 34 - &7 84 12,6 168 251 293 RS B’.S
2% . 0.0 3.4 &7 7.5 0.4 148 /1 293 W®WS 8.1
27 . 0,0 34 &7 2.5 84 148 2B/ 2.8 2.8 251
28 0.0 0.0 47 75 8.4 1468 251 268 2.8 148
29 0.0 0.0 &7 7.5 8.4 168 251 251 2.1 148
30 0.0 0.0 &7 75 84 84 209 251 251 148
3 0.0 0.0 59 &7 7.5 84 209 209 0.9 148
32 0.0 0.0 50 59 67 7.5 168 1468 168 12,4
3 6.0 0.0 1.7 34 5.0 &7 B4 10 101 8.4
k4] 0.0 0.0 1,7 34 S50 &7 L5 84 9.2 9.2
35 0.0 0.0 0.0 00 34 59 &7 5 %2 92
3% 0.0 0.0 00 00 0.0 0.0 42 42 42 4.2
37 00 00 00 00 0.0 0.0 0.0 42 42 42
k) 0.0 00 0.0 0.0 0.0 0.0 0.0 42 42 4.2
9 0.0 0.0 0.0 00 0.0 0.0 00 L7 L7 L7
40 1.7 L7 17 .7 L7 7

0.0 2.0 0.0 9.0

*Moyle; W. R., Jr. "Water Resources of Borrego Valley and Vicinity, California."
U. S. Geological Survey Open-file Report 82-855. November 1982. . .
Plate 6 in this report, showing the transmissivity of the alluvial sediments in the

valley was the source of the data.
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 TABLE 1 (continued)
TRANSMISSIVITIES BASED UPON USGS DATA*

TRANSMISSIVITY IN AF/YR/FT

RO COL i1 {2 13 14 15 18 17 18 19

t 00 0.0 0.0 00 00 00 00 007 84
2 0.0 0,0 0.0 00 00 00 0.0, 168 168
3 0.0 0.0 0.0 00 0.0 0.0 60 503 4.9
4 0.0 0.0 0.0 0.0 0.0 41,5 1173 1173 838
5 0.0 0.0 0.0 0,0 1824 1760 23,6 2079 1424
b 0.0 16,8 ALY {341 147.6 2430 2514 2504 176.0
7 0.0 25.4 BB 187.6 2042 332 2765 2262 1740
8 4,9 I35 838 1508 2504 30,0 2814 2262 176.0
9 50,3 838 108.9 150.8 217.9 2514 2514 209.3 108.9

10 75,4 100.6 17,3 131 192,7 2001 2011 1B4.3  108.9
i 75.4 100,46 117.3 142.4 184,3 209.5 209.5 20L.1 0.9
12 75.4  92.2 1089 117.3 1341 1424 1089 117,37 0.0
13 §3.8 838 108.9 1089 117.3 108.9 100.6 83.B 0.0
. 75.4  92.2 .100.6 117.3 117.3 108.9 f00.& 754 0.0
15 75.4  8%L.8 100.6 117.3 117.3 1089 108.9 0.0 0.0
14 5.4 83,8 100.6 108,9 1131 108,9 108,9 0.0 0.0
17 75.4 838 108.9 1131 11347 1131 1089 0.0 0.0
18 75.4 838 108.9 1131 1131 1089 8.8 0.0 0.0
19 75.4 92,2 108.9 i34 1131 108, 83.8 0.0 0.0
20 75.4  100.6 108.9 10,6 110,46 1089 00 0.0 0.0
21 6.0 83,8 1047 108.9 100.6 BLB 0.0 0.0 0.0
22 §7.0 75.4 83.8 8.8 470 .7 0.0 0.0 00
@ 23 20 7.2 754 470 587 50,3 0.0 0.0 0.0
24 50,3 50,3 50,3 461 41,9 00 0.0 00 G0
25 81,9 41,9 41,9 41,9 4.9 0.0 0.0 0.0 0.0
2 6.8 251 /1 X/1 2/ 60 00 00 0.0
27 B.4 8.4 8.4 8.4 15.8 0.0 0.0 0.0 0.0
28 75 7.5 8.4 84 168 00 00 00 00
29 g4 7.5 7.5 1.5 84 00 00O 00 0.0
30 g4 75 00 00 00 00 00 00 0.0
3 8.4 7.5 0.0 0.0 00 00 0.0 00 0.0
32 g4 7.5 00 00 00 00 00 00 00
i 7.5 &7 0.0 00 0.0 0.0 0.0 0.0 0.0
34 75 00 00 00 00 00 00 00 00
35 75 0.0 0.0 0.0 00 00 00 0.0 00
3b 472 42 0.0 00 00 00 00 0.0 00
37 2 42 42 00 00 00 00 00 00
38 42 42 0.0 0.0 00 00 00 00 00
39 .7 0.0 00 00 0.0 00 00 00 L7
40 1.7 0,0 0.0 0.0 0.0 0.0 0.0 0.0 --0.0
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TABLE 2
ANNUAL DEEP PERCOLATION BASED ON
TRANSMISSIVITIES IN TABLE 1

o DEEP PERCOLATION AND SUBSURFACE INFLOW IN AF/YR

REd COL ¢ 2 3 4 H] ] 7 8 9 10
! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 2.0 - 0.0 0.0 0,0 0.0 0.0
4 0.0 0.0 0,0 0.0 0.0 0.0. 0.0 0.0 0.0 0.0
3 0.0 0.0 2.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
& 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: 7 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0
B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 230 -5.4 0.0
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.1 189 14.2
.10 0.0 2.0 0.0 0.0 0.0 2.3 i 4.7 1.8 7.8
11 0.0 0.0 0.0 0.0 0.0 2.1 2.4 J 4.3 -3
12 .0 ¢.0 0.0 0.0 0.0 0.0 2.0 -0 124 8.4
. 13 0.0 0.0 - 0.0 -.2 -0 -1 ¢.0 =1 9.3 7.4
14 0,0 0.0 103.1 -31.¢ 3.0 L.b 2.2 7.4 .0 215
i3 0.0 0.0 =52 -9.2 B8 17 L0 162 3.8 7.4

14 0.0 .0 -9 -3.4 =3 1.9 L ~1.§ 229 -9 .

17 0.0 0.0 -9 =4 =.b 4 -1 1.8 8.3 146.2 '

18 0.0 0.0 .1 =3 &0 =10 7 -4 4,7 ° 18.0
19 -3 -~L& -1.4 -4 2.5 . -3 2.3 1.3 4.8 -72.4
20 = =D =7 20 1.2 2.0 2.8 3.9 -3 -138.4
2 3 b =3 -2 3.0 =0 23 1.9 143.%9 -249.2
@ 2 0.0 .2 -1l =3 5 Wb Wb &9 -85 L
X1 0.0 -2 =4 g -8 -12 1.4 T I
2‘ 0.0 A = =7 -4 3.2 4.4 301 . 2;? -638
Y&l 0.0 o1 -4 -3 -0 3.4 4.9 1.7 2.3 -.B
25 0-0 o2 -l: . -7 -.? 202 12 . no -9 -llq
27 0.0 - =b =3 N B 1.3 N -7 -2
28 .0 0.0 ~b6 - -8 9 1.8 3 -1 22 -13
2% 0.0 6.0 -1.3 -1.5 1.0 -3 7 -.8 -2 -9
30 0. 0.0 260 -4 4.3 44 137 129 132 9.4
3 0.0 0.0 .3 &7 W0 13,5 27,0 2.4 224 (1.0
32 0.0 0.0 =32 -1 1.5 4,0 =22 -1.7 .4 4
B 0.0 0.0 -446 -14 -2 4.4  -47 -F 43 123
34 2.0 0.0 =31 -3 209 44,2 88,9 127.8 172.8 1943
35 0.0 0.0 0.0 0.0 -17.4 -3.3 81 79,4 82.8 B1.8
34 0.0 0.0 0.0 0.0 0.0 0.0 -{74.2 -3%.3 -109.9 -139.3
7 0.0 0.0. 0.0 0.0 0.0 ° 0.0 0.0 -29.3 ~-18.2 ~13.5
38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -65.0 -61.2 -53.3
39 0.0 ho 0.0 0.0 0.0 0.0 0.0 -58.2 -59.0 "-A3.7
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -59.7 -§%.2 -5&.7
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TABLE 2 (continued)
ANNUAL DEEP PERCOLATION BASED ON
TRANSMISSIVITIES IN TABLE 1

DEEP PERCOLATION AND SUBSURFACE FLOMW

Qaw L oft 12 13 W 15 1% 17 18 19
|

1 0.0 00 0.0 0.0 0.0 0.0 00 0.0 T70.
2 00 0.0 00 0.0 0.0 0.0 0.0 1098 203.5
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4752 4733
-4 0.0 0.0 0.0 0.0 0.0 49,0 -93.6 12569 787.8
5 0.0 0.0 0.0 0.0 -39.1 -81.4 -470.9 -371.9 203.0
b 0.0 2.8 -23.3 3.4 -45.7 3.2 -286.2 -493.0 1.7
7 0.0 -7.5 -39.5 -24,2 79,8 713 55,5 -344.0 -204,8
8 -4 -11,3 -24.8 -58.9 10.8 10,4 396 -152.3 -237.1
9 8.3 1.2 3.2 -b4 -{1.7 -12.8 -2.B -25.0 -4L.7
10 2.6 -1.8 G b7 ~b kb -L2 0 <20 -126
11 <26 <22 -10.0 -0 186 59 -1L.9 -3 0.0
12 B 46 -3 -5 -12.7  -28.0 -20.3 24,9 0.0
13 82 L0 30 76 <59 X1 484 296 0.0
.14 16,5 -2.7 - 3.1 136 10,0 -54.2 496 2.0 0.0
15 220 87 27 <%0 -3 (Lt -1 0.0 0.0
3 -8 -3 B3 <%0 471 636 <B4 0.0 0.0
17 -61.4 4,0 5.4 7.4 '-28,3 -43.8 -18.8 0.0 0.0
18 108.7 22,0 260 2.8 1251 BL.6 -20.5 0.0 0.0
19 8.8 -7 140 -3.5 3.0 724 10,9 0.0 0.0
20 -29.7 -12.6 -89.5 34 -71.4 -49.4 0.0 0.0 0.0
21 68 -22,3 -13.4 7.4 4337 -42,7 00 0.0 0.0
2 -505.8 <77 -47 A0 <332 262 0.0 0.0 0.0
. 23 3.9 -63 567 1.2 -23.5 150 0.0 0.0 0.0
L 2% -7 101 -255 -259 30 0.0 0.0 0.0 0.0
25 -3 3700 00 000 00 0.0 0.0 0.0
2% A7 <280 0.0 00 00 00 0.0 0.0 0.0
- -8 -6 00 0.0 00 0.0 0.0 00 0.0
2 -3 =5 00 0.0 00 00 0.0 0.0 0.0
2 -0 00 00 00 00 00 0.0 0.0
30 68 23 0.0 0.0 0.0 0.0 00 . 0.0 0.0
£ 42 &4 00 0.0 0.0 00 00 0.0 0.0
32 59 41 00 0.0 0.0 00 0.0 0.0 0.0
33 19.3 -1, 0.0 60 0.0 00 00 0.0 9.0
34 41 0.0 0.0 0.0 00 00 00 00 0,0
35 103.0 00 00 00 0.0 00 00 0.0 0.0
3 -130.6 1288 00 0.0 00 0,0 0.0 0.0 0.0
37 -18.2 -25.6 ~-35.4 0.0 0.0 0.0 0.0 0.0 0.0
38 -37.9 -138.9 00 00 00 00 00 00 0.0
39 -89.7 00 00 00 00 00 00 0.0 0.0
40 -52.3 00 00 00 00 00 0.0 0.0 0.0

THE AMOUNT OF DEEP PERCOLATION IS 7498.5326992 ACRE-FEET A YEAR

&
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rmsnlsswmq IN AF/YRIFT

ROW TOL ll 2

1 0.0 0.0
2 0.0 0.0
3 0.6 0.0
4 0.0 0,0
5 0.0 0.0
b 0.0 0.0
7 0.0 0.0
g 0.0 0.0
9 0.0 0.0
10 0.0 0.0
1 0.0 0,0
12 6.0 0.0
13 0.0 0.0
14 0.0 0,0
15 0.0 0.0
14 0.0 0.0
{7 0.0 0.0
18 0.0 0.0
19 1.9 4.8
20 1,9 4.8
2 1.9 4.8
2 0.0 4.8
3 0.0 4.8
2% 0.0 3.9
25 0.0 9
2 0.0 3.9
27 0.0 3.9
28 0.0 0.0
9 0.0 0,0
0 0,0 0,0
3 0.0 0.0
k) 0.0 0.0
33 0.0 0.0
34 0.0 0.0
35 0.0 0,0
36 0.0 0.0
37 0.0 0.0
39 0.0 0.0
39 0.0 0.0
40 1.9 L9

nl

L]
b -

0
-

—

TABLE 3

TRANSMISSIVITIES 15 PERCENT LARGER THAN THOSE
BASED UPON USGS DATA IN TABLE 1

4 5 b 7 8 9 10
0.0 0.0 00 0O 0.0 0.0 0.0
0.0 0.0 00 0,0 0.0 0.0 0.0
90 0,0 0.0 0.0 00 00 0.0
0.0 00 00 00 0.0 G0 0.0
0,0 0,0 0.0 0,0 0.0 0.0 0.0,
0.0 0.0 0.0 00 0.0 0.0 0.0
00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 00 0.0 0,0 b s 0,0
00 0.0 0.0 0.0 9.4 193 289
0.0 0.0 %6 %6 193 4.2 b5
0.0 0.0 %&b 193 35 475
0,0 0,0 0.0 00 193 3.5 7.5
26 94 . %b 0.0 193 48,2 47.5
%6 19,3 19,3 %4 19,3 35 7.5
145 19,3 4.4 28,9 48,2 5.8 415

14,5 19,3 289 385 48.2 5.8 475
4.5 19,3 8.9 3.5 482 5.8 475

4,5 19,3 289 W5 48.2 57.8 475
143 193 289 W5 482 LB 4.5
9.6 14,5 28,9 3|5 48,2 5.8 475
9.6 164 289 W|5 48,2 5.8 475
%6 193 289 3B.5 .2 57.B &5
9.6 145 19.3 3.7 385 48.2 415
9.6 14,5 19,3 28,9 337 8.5 4.2
9.6 145 19.3 8.9 3.7 3|5 3.5
8.7 .6 193 289 BWIZ W|I 289
g7 %6 19,3 W9 .8 0.8 289
8.7 %4 19,3 8.9 30.8 3.8 19.3
8.7 9.6 193 .289 289 289 193
8.7 9.6 9.6 - 281 289 2.9 193
77 8.7 9.4 4.1 241 241 9.3
67 7.7 87 18,3 193 1.3 14,5
3.9 58 7.7 96 1.6 b 9.8
39 S8 . 7.7 87 9.6 106 10.6
0.0 39 &7 LT 87 106 10,4
0.0 0.0 0.0 48 48 4B 48
0.0 0.0 0.0 0.0 48 48 4B
0.0 0.0 0.0 0.0 48 48 4B
0.0 0.0 00 00 LY L9 L9
0.0 9.0 0.0 0,0 1.9 1.9 1.9
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TABLE 3 (continued)

[ ]

TRANSMISSIVITIES 15 FERCENT LARGER THAN THOSE
BASED UPON USGS DATA IN TABIE 1

TRANSHISSTVITY IN AF/YR/FT " -

ROW COL i1 2 -8 14 15 14 i7 8- 19

{ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.4
2 0.0 0.0 0.0 0.0 0.0 0.0 00 1.3 193
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.8 48.2
4 0.0 0.0 0.0 0.0 0.0 48,2 1349 1349 964
3 0.0 0.0 0.0 0.0 1638 202.4 249.8 250.5 14%.8
b 0.0 19,3 48,2 1542 1927 279.5 289.1 289.1 202.4
17 0.0° 28.9 954 192,7 240.2 3855 318.0 240.2 202.4
B 48.2 W5 %4 1735 2891 3565 2891 260.2 202.4
9 - S8 9.4 1253 1735 250.5 289.0 289.1 240.9 125.3
10 86,7 115,46 1349 1542 221,64 23,3 3.3 220 {253
i 86,7 115.6 (34,9 163.8 212.0 240,9 240.9 2313 0.0
12 86,7 1060 125,37 1349 54,2 143.8 1257 1349 2,0

_—
oy
~0
[
-
s
0
(=
-
RS

123.3 1253 134.%  125.3 5.6  94.4 0.0
1156 134,9 1349 1253 M5, 6.7 0.0

..._
™
==}
o
-

-
—
<>
o
(=1

13 B6.7 96,4 115.6 1349 1349 125.3 1253 0.0 0.0
16 B6,7 964 1156 . 1253 1301 1253 1253 0.0 0.0
17 86.7 9,4 125.3 130.1 130.1 130.1 125.3 0.0 0.0
18 86.7 964 1253 1300 130.1 1353 94.4 0.¢ 0.0
19 86,7 1060 1253 130.0 1301 1253 9A.4 0.0 0.0
. 20 86,7 1156 125.3 127.2 127.2 125.3 0.0 0,0 0.0
NS 2 7.4 %4 1205 1253 1156 944 0.0 0.0 0.0
2 77.1 . 867 9.4 95,4 771 47.5 0.2 . 0.0 0.0
23 7.1 BLY B&7 770 415 57.8 0.0 0.0 0.0
4. 57,8 5.8 5.8 5.0 48.2 0.0 60 00 00
25 48.2 48,2 48.2 4B.2 4B.2 0.0 0.0 0.0 0.9
26 19.3 28,9 28.9 289 28.9 0.0 - 0.0 0.0 0.0
27 1.6 .6 94 9.6 19.3 0.0 0.0 0.0 0.0
3 8.7 8.7 9.6 .6 193 0.0 0.0 0.0 4.0
29 9.8 .7 8.7 8.7 9.6 0.0 0.0 0.0 0.0
30 9.4 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 9.4 8.7 00 0.0 0.0 0.0 0.0 0.0 0.0
32 9.6 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.9
33 8.7 1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
u 8.7 0.0 0.0 *0 0.0 .0 0.9 0.0 0.0
35 8.7 0.0 0.0 0.0 0.0° 0.0 0.0 0.0 0.0
3b 4.8 4.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 4.8 4.8 4.8 0.0 0.0 0.0 0.0 0.0 0.0
38 4.8 4.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
40 1.9 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0
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0.0
0.0
0.0
0.0
0.0

-1.4

3.9
2.3
1.1
2.0
~.b
3.4
5.3
4.4
3.4

5.9

~36.0
0.0
3,0
0.0
0.0
0.0

7 8
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.9 9.0
0.0 0.0
2.0 0.0
0.0 26,3
0.0 3.4

N 5.4
2.8 .8
0.0 -0
010 . -1
2,3 B.6
3.4 187
Lo -1.7

-2.4 4.3

.8 -7
2.7 1.4
3.3 4.3
2.7 4.3
4,2 1.9
L.b .4
33 3.6
3.7 4.3

o2 .0
1.8 N

' -1

.B -1.0

15.8  14.8
.2 B
2.6 1.9
-5.4 -8
102.3  146.9
95.6 9.3
-200.3 -43.2
6.0 -3.7
0.0 -74.8
0,0 =469
0,0 -48.7
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-39.4
167.8
-53.5
-17.3
3.1
2.8
-1.0
-.8
-2,4
15.2
2.8

5.0
198.8
95,3
~126.3
=21.0
=704
-67.9
~68.0

8.4
24,7
20.0
-1.1

168,2
20.7
-83.2
-15%.1
~28b.6
~41.2
-41.4
~7.8
-0
-2.2
-1.3
‘1!2
10.8
19.6
4
14.2
223.3
94.0
-160.3
-17.8
~61.3
-73.3
-63.2
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TABLE 4 (continued)

ANNUAL DEEP PERCOLATION BASED UPON
TRANSMISSIVITIES IN TABLE 3

DEEP PERCOLATION AND SUBSURFACE FLOM T e

CRONCOL 1t

12 13 14 15 16 17 18- 19

1 0.8 0.0 0.0 20 00 00 00 0,0 804
2 6.0 0.0 0.0 0.0 0.0 00 0.0 1262 239.8
3 0.0 0.0 0.0 00 00 00 0,0 7765 55,2
4 0.0 0.0 0.0 0.0 0.0 Sh4 -107.7 1445.4 995.9
5 0.0° 00 0.0 0,0 -84,9 -93,8 -771,5 -427.8 233.4
& 0.¢ 3.3 267 3.2 -52.5 3.7 -3M.0 -5AT.0 1.9
7 0.0 -8.7 -45.4 -27,8 91,8 82,0 -43.8 -397.9 -227.%
8 -5 ~13.0 -28.5 ~&7.7 12.4 ~11.9 455 -175.1 -272.7
9 9.5 1.3 -39 -3 -13,5 147  -L3 -28.9 -47.9
10 .0 -2.0 b ST -7 T -L3 2.3 -145
.1 =30 2,5 -1l -12.6 -20.4  -h7  -13.7  -10.7 0.0
12 L0 <53 -84 -13,2 -14,6 32,2 234 287 0.0
13 L -2 35 B8 -67 b S M 0.0
14 19.0 <31 =34 157  1L4 -84,7 51 2.9 0.0
15 M. -10,0 30 -104 -3 1278 -4 0.0 0,0
16 -0 L& 9.5 10,3 542 732 -e3 0 0.0 0.0
17 “70.6 446 44 85 -32.5 -50.4 -2.6 0.0 0,0
18 1250 25,3 29.9. 251 1438 939 26 0.0 0.0
19 5.1 -3%.5 161 -45.5 .6 B35 125 0.0 0.0
E. 20 -34.2  -14,5 -103.0 -38.7 -82.2 -5&.8 0.0 0.0 0.0
21 7.8 -25.7 -154 891 -49.8 -49.4 00 0.0 0,0
: 2 -4%.7 -1.f - -5.4 544 -38.2 -3 0.0 0.0 0.0
23 8,5 -7.3 652 -1.3 -27.0 -~17.2 0.0 0.0 0.0
2. -8 .6 -29.3 -29.8 =34 0.0 0.0 0,0 0.0
25 3.4 42 00 00 00 0.0 0.0 0.0 0.0
2% 1.9 %3 00 00 00 00 0.0 0.0 0.0
27 -2.0 -8 0,0 00 00 00 0.0 0.0 0.0
28 =3 =b 00 0.0 00 00 00 0.0 0.0
29 -2 20 00 00 0.0 00 00 00 00
30 7.8 246 00 0.0 00 00 0.0 0.0 0.0
H 48 51 00 00 00 0.0 00 0.0 0,0
2 67 47 00 . 00 0.0 0.0 0.0 00 0.0
33 222 -132 00 00 00 00 0.0 0.0 0.0
i 188.8 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
¥ - oHes 00 00 00 007 0.0 0.0 0.0 0.0
3 -150.2 148,200 00 0.0 0.0 0.0 0.0 0.0
k) “21.0 -29.4 -41.0 0.0 0.0 0.0 0.0 0.0 0.0
10 -§3.6 1597 00 00 00 0.0 0.0 0.0 0.0
9 ~103.0 0.0 00 00 0.0 0.0 00 0.0 0.0
40 -6.1 0,0 0.0 0.0 0.0 0.0 . 0.0 0.0 0,0

THE AMOUNT OF DEEP PERCOLATICN IS B853.34398 ACRE-FEET A YEAR
THE AMOUNT OF OUTFLOW IS-8853,38B1715 ACRE-FEET A YEAR




URAS A
TABLE 5

TRANSMISSIVITIES DEVELOPED FOR EARLY CALIBRATION RUNS
_OF THE USGS GROUND WATER MODEL

"7~ TRANSNMISSIVITY IN AF/YR/FT T o - -
(.nuu oLy 2 3 4 5 & 7 8 % 10
1 O.j 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
3 (l.q 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 8.0 0.0 . 0.0 0,0- - 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 60 0.0 0.0 0.0 0.0 0.0 0.0 9.0
b 0.0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10,0 50,0 0.0
9 0.9 0.0 0.0 0.0 0.0 0.0 0.0 10,0 30,0 75,0
10 0.0 0.0 - 0.0 8.0 0.0 10,0 10,0 10,0 50,0 750
11 0.0 0.0 0.0 0.0 6.0 100 10,0 10,0 300 75,0
{2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10,0 30.0 750
13 0.0 0.0 0.0 3.0 3.0 10.0 0.0 10,0 25.0 50,0
. 14 0.0 0.0 | 1.0 5.0 R0 10,0 10,0 10,0 25,0 50.0
13 0.0 ¢.0 Lo 5.0 5.0 1.0 10,0 10,0 250 250
14 0.0 0.0 1.0 3.0 %0 1.0 f0,0 10,0 10,0 23,0
17 0.0 00 L0 50 50 10,0 100 10,0 10,0 25.0
18 0.0 0.0 1.0 3.0 &0 10,0 100 100 10,0 25.0
19 1.0 1.0 1.0 3.0 3.0 10,0 10,0 10,0 10,0 2590
20 1.0 1.0 .0 3.0 50 10,0 10,0 f0.0 10,0 100.0
21 1.0 1.0 1.0 3.0 50 10,0 10,0 10,0 10,0 10049
— 22 0.0 1.0 1.0 5.0 50 10,0 10,0 10,0 10,0 50,0
6 i 0.0 1.0 1.0 3.0 3.0 100 10,0 10,0 10,0 30,0
24 0.0 1.0 1.0 5.0 &0 1.0 100 0.0 100 10.0
25 0.0 .0 - L0 50 5.0 %0 3.0 3.0 5.0 5.0
2b 0.0 1.0 1,0 5.0 5.0 3.0 5.0 3.0 3.0 3.0
27 - 0.0 1.0 1.0 3.0 3.0 3.0 3.0 3.0 3.0 5.0
28 0.0 0.0 1.0 3.0 3.0 3.0 5.0 2.0 3.0 3.0
il 0.0 0.0 1.0 3.0 3.0 3.0 3.0 5.0 0 5.0
30 0;0 0:0 1.0 3.0 3.0 3.0 5-0 5-0 5.0 3.0 -
31 0.0 0.0 1.0 3.0 3.0 &0 5.0 5.0 5.0 5.0
32 0.0 010 1!0 5.0 5!0 530 530 500 5:0 5-0
h4) 0.0 0.0 1.0 3.0 3.0 5.0 0 G50 5.0 3.0 3.0
34 0.0 0.0 1.0 3.0 3.0 3.0 S0 5.0 5.0 5.0
33 0.0 0.0 0.0 0.0 | .8 .8 .8 .8 .8
35 0.0 0.0 0.0 0.0 0.0 0.0 N .8 .8 .8
kY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .8 .8 .8
18 8.0 0.0 0.0 0.0 0.0 ° 0.0 0.0 .8 .8 8
39 0.0 0.0 0.0 0.0 2.0 0.0 0.0 .8 .8 .8
40 0.0 9.0 0.0 0.0 0.0 0.0 .0 . .B .8 .8
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TABLE 5 (continued)

TRANSMISSIVITIES DEVELOPED FOR EARLY CALIBRATION RUNS
OF THE USGS GROUND WATER MODEL

- TRANSMISSIVITY IN AF/YR/FT =

{00 0.0 0.0 00 0.0 00 00 0.0 10
2 60 0.0 0.0 0.0 0.0 00 0.0 L0+ 10
3 GO 0.0 0.0 0.0 0.0 00 00 L0 L0

| 4 0.0 0.0 0.0 0.0 0.0 00 300 10,0 1.0
5 0.0 0.0 0.0 0.0 250 500 1250 0.0 10

§ 0.0 250 250 250 1500 (50,0 18,0 100 1.0

7 0.0 75.0  25.0 5.0 225.0 300.0 250.0 150 1.0

"8 5.0 50,0 500 (50,0 225.0 2500 225.0 100.0 10,0

9 1000 130,0 130.0 150.0 225.0 225.0 200.0 150.0  25.0

0 100.0° 130.0 150.0 150.0 175.0 1750 {750 150.0 750

1 1000 130.0 150.0 150.0 175.0 175.0 175.0 150.0 0.0

2 100.0 130.0 150.0 1500 150,0 150,0 150.0 1500 0.0

13 1000 130.0 150.0 150.0 50,0 10,0 150.0 L0 0.0
O 1000 1300 1300 1300 1300 1300 L0 L0 0.0
15 75.0 100.0 100.0 100,0 1000 100,0 1.0 0.0 0.9

6 50.0 100.6 100.0 100.0 100,0 100 1.6 0.0 0.0

17 750 100.0 100.0 1000 1000 10,0 1.0 0.0 0.0

8 1000 100,0 1000 100.0 100,0 100 L0 0.0 0.0

19 100.0 100.0 100.0 100.0 10,0 L0 L0 0.0 0.0

20 1000 100.0 10,0 1000 10,0 - 1.0 0.0 0.0 0.0

A - 100.0 1000 1000 100,0 10,0 1,0 0.0 0.0 0.0
7 500 50,0 5.0 500 10,0 1.0 00 0.0 0.0
(;ii|. % 0.0 5.0 5.0 10,0 100 L0 0.0 0.0 0.0
2 50,0 50,0 500 10.0 100 00 0.0 0.0 0.0

25 50 50 0.0 0.0 00 00 00 0.0 0.0

% 50 50 0.0 0.0 00 0.0 00 0.0 0.0

77 50 5.0 00 0.0 0.0 00 0.0 00 0.0

28 50 50 00 00 0.0 00 00 00 0.0

2 5.0 5.0 0.0 0.0 00 00 00 0.0 0.0

30 5.0 50 0.0 0.0 0.0 0.0 00 0.0 0.0

3 50 50 0.0 0.0 0.0 00 00 00 00

2 S0 50 0.0 0.0 0.0 00 00 0.0 0.0

R 5.0 50 0.0 0.0 0.0 0.0 00 0.0 0.0

4 50 0.0 0.0 00 0.0 00 00 00 00

3 8 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0

3% 8 .8 0.0 00 00 00 00 00 00

7 2 .8 .8 0.0 0.0 00 00 0.0 0.0

38 B .8 0.0 0.0 00 00 00 0.0 0.0

39 2 0.0 0.0 0.0 0.0 00 0.0 00 0.0

40 000 0.0 0.0 0.0 0.0 00 0.0 0.0

- ‘Dll -




TABLE 6

ANNUAL DEEP PERCOLATION BASED UPON
TRANSMISSIVITIES IN TABLE 5

~  DEEP PERCOLATION AND SUBSURFACE INFLOS IN AEAR ~° © " — = e o
(.aw

L 1 2 3 4 ] b 1 8 9 10

| ) .
! 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
2 0.4 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9
3 .0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0
4 60 00 00 00 00 . 00 00 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
B 0.9 0.0 0.0 0.0 0.0 0.0 0.0 540 -17.3 0.0
9 0.0 0.0 0.0 0.0 0.0 0.9 0.0 4,8 27,0 175
10 0.0 0.0 0.0 0.0 0.0 3.0 3 L0 -l N
N ¢ 0.0 0.0 0.0 G.0 0.0 2.3 .3 .8 -1.8 =
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -8 40 2.2
13 0.0 0.0 0.0 -4 3 -3 0.0 =1 -3 -9
o 0.0 0.0 255 -B7 .3 -2 -3 -l .7 b
15 0.0 0.0 2.6 =21 2 =2 -3 Lo 4,3 -8
16 0.0 0.0 .8 =9 =2 3 =3 g0 =43 0.0
17 0.0 0.0 2 o 00 8 -3 -3 2.0 T8
18 0.0 0.0 .1 =2 ol -4 3 0.0 = -O.b
19 0.0 0.0 -2 .9 0.0 -3 .3 -3 A0 8.3
20 0.0 =1 0.0 =1 0.0 o4 0.0 =3 b -92.4
2 - 0.0 .4 .4 =2 .4 -4 -3 0.0 128.0 -35%.8
- 22 0.0 .0 o2 =4 o4 =4 3 4 160 -38.0
% ¥i 0.0 -0 { 2 .1 -2 0.0 -3 9.8 -20.8
24 0.0 .0 2 =4 0.0 4 4 0.0 =3 4.4
25 0.0 -0 .l -1 Ouo - 3 -2 -1 .3 ¢2
26 0.0 0.0 .2 =3 =3 o =3 -1 0.0 =1
27 0.0 0 o4 0.0 o1 =1 | o4 0.0 |
28 0.0 0.0 .2 =3 . i -4 0.0 =3 a1
2? 0.0 0.0 D -4 o -33 el -31 . -3
30 0.0 0.0 6.2 1.9 2.7 2.7 3.4 2.8 3.1 3.2
k3| 0.0 0.0 8 5.3 1.4 1.6 1.2 1.4 1.1 7.4
32 0.0 0.0 .7 2.9 3.3 3.2 4.3 4.2 5.0 3.0
3 0.0 0.0 a3 =4 1.5 L6 &3 6.8 8.9 10,1
34 0.9 0.0 -4 -10.1 9.1 13.2 27.8 3.6 425 4.2
kS 0.0 0.0 0.0 0.0 -20.3 -26.5 -21.4 -30.3 362 -39
36 0.0 0.0 0.0 0.0 0.0 0.0 -22.3 6.2 .6 -2.1
37 0'0 0.0 0.0 0:0 0-0 0-{' 0;3 '5-3 -333 '2.3
38 0.0 0.0 0.0 0.0 6.0 - 0.0 0.0 -2.4 -L7 =0
39 0.0 0.0 0.0 0.0 0.0 0.0 0,0 -2.9 -2 -AB
40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -26.7 ~-26.5 ~25.4
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TABLE 6 (continued)

ANNUAL DEEP PERCOLATION BASED UPON
TRANSMISSIVITIES IN TABLE 5

- ~ 7 DEEP PERCOLATION AND SUBSURFACE FLOW T 7 T
%auu coL i 12 13 14 15 14 17 18 19
| /
1 o.E 0.0 0.0 0.0 0.0 0.0 00 00 b
2 0. 0,0 0.0 0.0 0.0 0.0 0.0- LA Sb_
3 00 0.0 00 00 00 00 0.0 541 42
4 0.0 0.0 0.0 00 0.0 19.8 14904 1789 149
5 0.0 0.0 6.0 0.0 303 -2 -1444 1388 97
b 0.6 5.4 0.0 -27,2 -4,7 88.8 -43.1 52.B 5.3
7 0.0 3.4 9 -19,7 40,0 B4 100 255 8.0
8 1.9 20 <13 -19.4 184 -10,3 125 3.5 -9.5
g 9.5 21 -13.5 1.4 -5.4 3 <59 -2 -1
10 30 b4 A0 38 -3 25 25 S =13
1 3.3 A 5.3 30 -28 53 41 L& 00
12 2.4 13 50 3B 49 -7.8 -25 283 0.0
13 g1 -1,3 4,5 28 -85 58 0 LI 00
14 13,9 -14,8 .-19.9 -10,5 -13.0 526 -22.4 3000
15 9 <184 -9.6 -17,5 -14,3 37 L2 0.0 0.0
14 L6 =25 5.0 <50 -17.5 -25.9 g0 060 00
17 20,9 863 -5 50 -12.4 0 9.2 J 00 00
18 148.8 20,0 27.5 20,0 5.6 155 20 0.0 0.0
19 4,9 -45.0 175 -3 -3 -7 20 0 00
2% -850 5.0 7.5 10,6 127 4.3 0.0 0.0 0.0
N -9 -15.6  -15.4 650 4.2 A0 00 00 00
- 2 544 -Wd 181 246 L8 b 00 0.0 0.0
Q. 23 L3 -3 163 -4L3 -7 L3 00 00 0.0
24 -3.3 6,2 -10.5 7.3 0,07 60 0.0 00 0.0
25 L9 -3 00 00 0.0 0.0 00 00 0.0
2% 0.0 d 000 00 0.0 0.0 0.0 0.0 0.0
27 - A0 00 00 00 0.0 0.0 0.0 0.0
8 d A3 000 0.0 00 0.0 0.0 0.0 0.0
9 o A0 00 00 00 00 00 0.0 00
30 &4 4.6 0.0 0.0 00 0.0 00 0.0 0.0 -
K| 3.5 30 00 .00 0.0 00 0.0 0.0 0.0
32 44 34 00 0.0 0.0 00 0.0 0.0 0.0
i 3.4 B0 0.0 00 00 60 00 0.0 0.0
: k0] 89 00 00 0.0 00 00 00 00 0.0
| 35 40,3 0.0 00 0.0 0.0 00 00 00 0.0
34 -5 24 00 00 0.0 00 ‘00 00 0.0
37 33 45 64 00 00 00 00 0.0 0.0
38, 34 24,9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
39 -14,7 0.0 00 00 00 00 00 00 0,0
50 234 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TRE AMDUNT OF DEEP PERCOLATION IS 2568.32615 ACRE-FEET A YEAR
THE AMOUNT OF QUTFLOM 15-2568,32925 ACRE-FEET A YEAR
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APPENDIX E

REVISED STEADY-STATE RECHARGE ESTIMATE USING
REVISED U, S. GEOLOGICAL SURVEY GROUND WATER CONTOUR MAP FOR 1945

After the conclusion of the portion of the study presented in the
previous sections of this report, USGS.undertook to revise the 1945 ground water
contour map representing steady-state conditions. The major revision involved
a realignment of contours in the vicinity of San Felipe Creek in the southeastern
Borrego Valley based on a reinterpretation of well data in the area.

New recharge estimates were made based on the revised contour map.

The method of determining subsurface flow across the 500-foot contour, the same
as that used in Appendix C, resulted in an estimated annual recharge of 13,100
acre-feet per year as compared to the previous 8,900 acre-feet per year.

The subsurface outflow, calculated in a manner similar to that shown
in Appendix A, was estimated to be 3,600 acre-feet per year, as compared to the
previous 1,900 acre-feet per year for steady-state conditions.

Finally, the hydrologic balance technique was used to estimate net
recharge. As before, the annual change in storage, assuming an average specific
yield of 10%, was 6,800 acre-feet per year; assuming that it is 20% made annual
recharge an estimated 3,700 acre-feet per year. The same change-in-storage
figures that were calculated previously are used here because the bulk of
changing water levels took place away from the areas revised by USGS. Adding
the estimated outflow of 3,600 acre-feet per year to these figures results in
an estimated annual recharge of 10,400 acre-feet per year, assuming 10% specific

yield and 7,300 acre=-feet per year assuming 20% specific yield.

- El -




ol L

E)ofr‘reﬁio \)G,,He,b‘ ImUeS‘[':éa, lo;’\/

| P WM,
_ATAE 7R3
®

T. E&‘I’: mc."hwcl _._Rec&a}: e . L Lj_mlﬁ 4SS Cg_w‘_\'bu[’: ﬁl Tsotmas. .. .

_H40 __va\"rou?.._...( | qgu_q\n 20) CB\ue). .. 496eo
B Eﬁ*l'ewa‘ed Cpn-louv..(al Wrmﬁ‘u 3. 1400

500 Cotour ¢ Soush Bastodd @ blve. [ 620
TN VL - 13,120

_T_ . . . Sw\s.é&u?’.‘g&@- -_-M\our |

I

.._._-,.w-._u__-u.-ffb.o-._.__._Con?\‘om:._f.eb\.'ue.)._. . __f_,_2.3—_9 »

o . )aun
- Soeath Ea<le E&_B\Lue_ilsiopz LGN

( Tramswissivit Adue w 354)_\_\_ 'am f.uj
R 5% ______ Tlotad = -2 QOD L

I dgbeologic B

§ ﬁ\mMOL_Q&:l\S__:&m ou, ” \.mu_,

ﬁmai__Ee&M%u,\LLﬁafiL D(Ci’ﬂ&fd (10%) 6800 .a. & e

S (20%) 3700 4.
e RSN 2bo0 af su,s,}_%.g,\m putflew o
Avnnweal P\c&m@,ﬁu— ([0)29) J bgDOT oo = [D Y00
B Czow 2700t dboy = "IéDO
[ _ Ny _

e et e e e .L.;ﬂ}(é_ea.s;:_ﬁ —_— e e
. I = ou:ﬁ-g =AS




A

-
I

f .'\_;____ .
{"\61. ) cat
B A ’f-‘_:‘_ AN URA "

e
2

A

b A
llvujb:'ié"lh

SCALE 1:62,500

H

24,000 FEET

—— 1 Sp—

CONTOLR INTERVAL 40 AND B0 FEET

21000

18,000

GATUM 15 WMEAN SEA LTVEIL

-

4




DRAFT

R s
b
N

B
L4
K $
’

5 = <y Y8 o
T ip1g T
S N ot

=l ‘C’ea..s\_ Lf’-\ NEYE

o

i

are

. .\ Ny
N gl
o MG, aes,

- A

oA
ks
Sl

S

”

ST : -
174 4 (r:“'

1 -’ce

- B3 -

Vg
ke
¥ R

,

)
i I.—'&L’v'

WATER CONTOURS FOR STEADY-STATE (1945) CONDITIONS

i . .,
e “ -

)

o

T
J
Sz,
=
/4'

.f‘-‘\ﬁ
?

5
N

|



AL L

TORREE OV wtrEEY

/:—/OW Derose LFL /4&()"
/é’d-j M./d‘ét’ Zﬁl/b/ Cb)’?.}é—‘(«ﬂf i j ':—/.—;'/grr.._{d"""-— .2-.2;_5"’5&

‘\ ) S/&d/j—'gé;é /Mﬁ,‘/v P

0 @ €l 4 & @ U @ 9
Seellin Trumenissivity fasth éﬁo’r‘ﬂ/‘ Yppo bwer DIL (V@) Q=7+ W
As. 7 ’”ﬂﬁ’é«y feel 0 A Sect  Jeet fub Gred ' @)“’};f;

L 4o Feee  Zisp0 470 4e0 /O 00018l 3¢ 460

2 4 400 4500 . Zeev 470 4é0 /0 DLLoze 3L 06O

3 %ovo /,300  Geoo 470 40 /0 00016L %700

4 4000 600 doco 470 46r 10 G000 4 500

5 4 000 o000 4400 470 460 /0 000227 4’/90 :

o 4 poe /300 locs 470 460 /O Q(’)/ 52,000

-- | ‘ /46 ’7? |
® L o | ‘ C/d?

7 /, 600 1206 2060 490 4¢g 30 Qoz 27 402

8 /! 6005 3208 le66 476 40 30 Qoz 253 000

7 looeo F700 /200 490 446 30 S.03 72 500

o) fsoo 3000 2,500 4790 4406 36 Qo1 36, OO

// [ 0oo Zst0 2706 490 460 30 .01 27 722

(2 oo o /ooo 3500 490 460 30 Qeees  8soo

13 )00 3300 2000 490 40 36 Qo2 49500
85, 700

) Seclions  — /44 700 //9 265 doys, focre e _ /229 ,4’,5'/

} FHhre b - dey Y43 540 K Yr
Sechrons
1 e 13 = 85,900 FL, sy, Laen l _ 718 AE—

g Y5 BscoH Z

s e e e e e . . F
7 )"’Aru. 0 . ZQSJ-;—FD ,s ) N A - "74‘7 %




. e DUKKEGQO VHLLEY
S Lo across  SDO-LF confore L
/44::{:—{4_’4’0/ :—éé‘ﬁ_ 4"?’4%"‘” . 5\/%»1 s~ 2-2- &
@ oAl Se Silpe

@[y @l ()& @

5/{,44‘-‘;7 ///f;il;:,.f;w'é 4”5//{]&’ érpdﬂ/ {%)/)JV ,Zpaaw ..D:Jﬁ [7”4'[ 0""?—?14
/ 2 oS L " /& L. { o L , ____..5

Ao 47 yz{z ‘:“"" éﬂm ,j//;:;j_. %/— /“—"A / 5&7

/. /  seme  Dsso 510 490 20 6008 ©p o

2 / /9 600 2500 570 450 20 Q008 2060

I R 4000 2400 570 450 20 Q0B 33 s0

/73, so-
§

@ [P3000 I 3t5dey, Jece B o fer7 %7
2 7;"

S R T PP i




S . LORPRESO NVALLEY . .

Fow Heross /4?41‘5’/ Losr Fac r

/P2 WATEL [EVEL S Tofwns o 2-2:-@:
o 5;”:/7-_-3,4/ onr A

() ¢2) 3 A D (o) (7)) @ e
R R e B R

Neo. d; /u./ Lee £ Loo £ Lre b Leh £ ::M7
W /3000 /g o000 8 coo S°0 480 20 00025 325 0c
2 /0 £00 5 o000 & 700 500 480 20 ooous 154 7L

(3) 7 500 2, 000 (L 500 500 480 20 000359 4420

) 7 000 /, 060  ( Jos DA 440 20 00021 23 oc

&) 7 000 | 000 5 800 500 4g0 20 000344 24 o0
@ 9000 J, 000 5 200 500 480 20 Dooga 2696
X £ 000 ] 4006 4 700 560 480 20 Oooses 25 sv

8 sE00 2 000 4000 500 420 20 OL0s0 S5 00
@ @ s500 3000 3500 500 40 20 Ooosm 94 20
v S5000 ? boo 3700 s00 480 20 Qo050 54 OO
00 4 500 2 0oO0 3 400 500 480 20 ooosiz 4410
(12 4 000 2, 000 4 100 $00 480 20 000487 3900
U3) 4 000 /1 000 4 560 SO0 480 20 000444 17 70
U4 4 000 ) oo 4,800 $00 480 20 0004k /¢, &0
¢5) 4000 | @oo 5200 zo¢ 480 20 000384 |5 34
e 4 000 /, poo __5400 500 4808 20 Q06357 /4 2¢
07 4 000 _’f 000 57008500 420 20 0000 |4 L0
(&) 4 200 / oou 5,660 500 420 20 060357 (5 60
09 3 500 5 000 4 000 500 420 20 0005 g7 o
(20) 2000 2400 3000 290 420 20 QLotk 4p o0

L /44 &0
59{..—/;4-»4 . f'/'
. /}44:%26 e S ) C/éﬂ.
= / /4¢000 x_ | Béfc/%{ /me# - ?aefm ?éoo A’ff

,®M ----- |

dmz

Yn 43560 4% / %

-6 -




v

o Lxtonsion_ of- So0 ___'Cpn_z[a wrs S
'H‘. Ny N ay = T Q.

S 24 S N 7T S ¥ S za__ﬁ___.".o.,_o_'o_gs____. looo . . 142.%0
22 - 2000 o v L i .-%OD

23 2000 e e e gzt

2%, 4-v00 e L . 2 4. o0
262028 Z B L

" X S Y>> 2
A7. . 100H.

e ——m SRR 2 SRS jf, «

L § e I,
23 L DOP L "o N

e G _2060. . . _ sz

_3p._._... 200y

e . S A '

. o Bl 3060 : ) e Y2
32 A oER Tv2

33 | 000 o
U
3S 1Top . | .. | 10)

. TTomb, 1408

- Sau 900

3% o A\Seon_




. WATER RESOURCES OF BORREGO VALLEY AND VICINITY, CALIFORNIA

Phase l--Definition of Geologic and Hydrologic Characteristics of Basin

By W. R. Moyle, Jr.

U.S. GEOLOGICAL SURVEY

Open-File Report 82-855

Prepared in cooperation with the

COUNTY OF SAN DIEGO

o
(=]
U
o~
(=)
-
I~

. November 1982




CONTENTS

Abstract- —— ——
Introduction - -—— —————
Location~=- .- —
Purpose and scope- - -
Previous work and acknowledgments -
Well- and spring-numbering system
Geographic setting - -
Description of area- —————
Climate=-- -
Geologic setting - - - —
Geologic formations L
Faulting S
Gravity survey- - .-
Hydrologic characteristics-- o o 0 e e
Geologic and hydrologic sections —-—— -
Aquifer thickness cemcscccccscee——————— ———
Aquifer characteristics-==- -—— -—— ——
Specific yield and hydraulic conductivity=~=~ ——— ———
Transmissivity: -~ -- —-— -
Measured and calculated potential recharge . -
Ground-water inflow from san FE]_ipe creek-" ----- - - - - - -
Surface-water inflow--=«-- P ————cmce——
Basin development-- e ascceccaccane—c——.—-————
Historical land use and water development (1909-80)
Population of Borrego Valley and water use in 1980==-=-==ce-eee= -——
Consumptive use of water by type of crop===e=== - P
Basin ground-water storage and net depletion-=====- -
Water quality in Borrego Valley and vicinity-=-===== e ——————
General information - - ————— ——— -
Source of nitrogen in ground water-~--=--eec-- ——— ——— ————
Need fﬂr additional data--"--'----"--- ------ L LT Y R ——
Summary and conclusions====== cemmcscoscm————— cmmmememcm————— e emm——— -
Selected referencesce=ea= D T T S—— crmccoemccmecncoe e ————-——
Geologic and hydrologic terms====eeececccca= cememmmeom—— ——c—————— m—cecm——

SUPPLEMENTAL DATA A: Water-level measurements in wells during 1980~==--
SUPPLEMENTAL DATA B: Chemical analyses of water collected from wells
and streams in 1980~~=e=eeeea- ———— e sssscc s c e ————————

ILLUSTRATIONS

[Plates are in pocket]

Plate 1. Map of the Borrego Valley area, California, showing
reconnaissance geology, location of wells and springs, and
line of geologic and hydrologic sectionms.

o
W
]

OO EBENNN-~D

Contents III




Tt

b

CONVERSION FACTORS AND AﬁBREVIATIONS

For this report, both inch-pound and metric units have been used. The
original units of measurement have been used in all cases so that no errors
will be introduced because of conversion of units or in rounding. When the
data are computerized and the model is constructed, the data can be published
in any units desired.

Multiply By To obtain
acres 0.004047 km? (square kilometers)
acre-ft (acre-feet) 1233. 4% m? (cubic meters)
ft (feet) 0.3048 m (meters)
ft/d (feet per day) 0.3048 m/d (meters per day)
ft2/d (feet squared per day) 0.0929 m?/d (meters squared per day)
ft/mi (feet per mile) 0.1894 m/km (meters per kilometer)
gal/d (gallons per day) 0.003785 m3/d (cubic meters per day)
(gal/d)/ft (gallons per day 0.01242 m?/d (meters squared per day)
per foot)
gal/min (gallons per minute) 0.003785 m3/min (cubic meters per
minute)
(gal/min)/ft (gallons per 0.2070 (L/s)/m (liters per
minute per foot) second per meter)
inches 25.4 mm (millimeters)
mi (miles) 1.609 km (kilometers)
ton/acre-ft (tons per 735 Mg/hm® (megagrams per cubic
acre-foot) hectometer)
Mmho/cm (micromhos per 1.00 HS/cm (microsiemens per
centimeter) centimeter)

Degrees Fahrenheit (°F) is converted to degrees Celsius (°C) by using the
formula:
Temp °C = (temp °F - 32)/1.8.

Additional abbreviations used:
(em/s)/s, centimeter per second per second
mGal, milligals
mg/L, milligrams per liter
Mg/L, micrograms per liter
g/cm*, grams per cubic centimeter

) Ow.rugl'a 3285 430 ch).v.s
ALTITUDE DATUM

National Geodetic Vertical Datum of 1929 (NGVD of 1926): A geodetic datum
derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called mean sea level. NGVD of 1929 is
referred to as sea level in this report.

TRADE NAMES
The use of brand names is for identification purposes only and does not imply

endorsement by the U.S. Geological Survey.

Conversion Factors and Abbreviations V




WATER RESOURCES OF BORREGO VALLEY AND VICINITY, CALIFORNIA

Phase 1--Definition of Geologic and Hydrologic Characteristics of Basin

By W. R. Moyle, Jr.

ABSTRACT

This report includes information needed to build a digital hydrologic
model of Borrego Valley. It includes sources and amounts of recharge water to
the basin, areas of water withdrawal, total ground water in storage at steady-
state conditions (1945), net ground-water depletion, "grid network used to
determine storage and depletion, total depth of alluvial fill, transmissivity,
hydraulic conductivity and specific yield of aquifers, and thickness of
individual aquifers.

At steady-state water-level conditions (1945) the Borrego Valley ground-
water basin contained 5.5 million acre-feet of water. Between 1945 and 1980,
330,000 acre-feet of water were withdrawn from the basin in excess of recharge.
Gravity data show that the thickness of alluvial fill ranges from 0 at the
edges of the basin to about 2,450 feet at its deepest part. The alluvial £ill
is partly saturated and partly dry, depending on location. In some areas the
water level is at or near land surface, whereas in other areas it is more than
400 feet below land surface. Between 1945 and 1980 water levels have declined
locally as much as 100 feet, indicating that more water is being withdrawn
than is being replenished.

Of prime importance to the population of Borrego Valley is the high
nitrate (NO3) water, more than 300 milligrams per liter, being produced from
some wells. The recommended upper limit for nitrate in drinking water is 44
milligrams per liter. The source of high nitrate is septic tanks and leach
fields, sewage-disposal systems, irrigation-return water, and decomposition
of native vegetation. High nitrate in ground water generally stays near the
water table and is picked up by wells having perforations above the pumping
water level. Wells with perforations below the pumping water level generally
contain low nitrate water.

Abstract 1




- ur W
- w
)
— b o
?
- b -
-
-
g w - .
- v
- -
~ b 1w
(.} - -

<--

e ememe
wiarnare
Springg u

DIEGCDO

N
SToey AAEA
LS
-

‘e%‘s‘;;;:'s':.”
]

o
PR SERI AL 13

@ ElCent

S0 TS 100 WILFS
A 3

FIGURE 1.--Study area.

100 RILOMETERS

Introduction 3




The Geological Survey has - also measured surface-water discharge on se-
lected streams entering Borrego Valley between 1951 and the present (1980).
These data are published in various water-supply papers and data reports
listed in the references.

The geology of Borrego Valley was compiled by Moyle (1968) from unpub-
lished mapping by T. W. Dibblee, Jr., E. R. Morley, and W. R. Moyle, Jr.

Data from previous studies and reports were freely used by the author in
the preparation of this report along with data supplied by the many governmen-
tal agencies, ranchers, corporations, water companies, and individuals who
live or work in Borrego Valley. Without their help this study would not have
been possible.

Well- and Spring-Numbering System

Wells are numbered according to their location in the rectangular system
for subdivision of public land. That part of the number preceding the slash
(as in 10S/6E-24K1) indicates the township (T. 10 S.); the number after the
slash indicates the range (R. 6 E.); the number after the dash indicates the
section (sec. 24); the letter after the section number indicates the 40-acre
subdivision of the section according to the lettered diagram. The final digit
is a serial number for wells in each 40~-acre subdivision. Springs are num-
bered similarly to wells except an § is placed between the final letter and
number as shown by the following spring number: 9S/5E-22KS1. The study area
lies entirely in the southeast quadrant of the San Bernardino base line and
meridian.

Introduction §




TABLE 1. - Annual precipitation at stations in Borrego Valley area

[Data from U.S. National Oceanic and Atmospheric Administrationm,
(1965-80) and U.S. Weather Bureau (1878-1975)]

Annual precipitation, in inches

Borrego Borrego
Year Borrego Brawley :arzer Desert Springs Br;;éey
Prings  park 3NNE
1907 - - 18.39 -- -- --
1908 - -- 15.05 - -- -
1909 - 3.69 29.06 -- -- -
1910 -- 1,69 11.33 -- - -
1911 - 11.76 14.21 -- - -
1912 - 1.55 17.05 -- - -
1913 - 2.21 13.98 -- - -
1914 -- 12.94 19.09 -- -- -
1915 -- 13,39 25.59 -- - -
1916 - 2.84 ©25.73 -- -- -
1917 -- 1.84 12.43 - - -
1918 -- 1.94 16.26 -- - -
1919 -- 1.57 13.83 -- -- .-
1920 -- 4,17 13.61 -- - -
1921 -~ 3.57 32.02 -- -- -
1922 -~ .73 22.28 .- - --
1923 - 2.71 12.45 -- - --
1924 -- 1.23 8.89 -- - -
1925 -- 3.12 12.35 -- - -
1926 - 6.23 24.27 -- - -
1927 - 4.95 24.35 -- -- -
1928 - .45 8.42 -- - -
1929 -~ .30 11.97 -- - -
1930 -- 2.03 19.66 -- - -
1931 - 3.45 19.45 - - -
1932 .- 5.69 22.64 - - --
1933 -- 1.08 12.58 - -- -
1934 .- 11 12.12 -- -- -
1935 - 3.44 13.24 -- -- -
1936 - 1.10 20.31 -- - -
1937 - .83 20.74 - - -
1938 - 2.59 23.67 - -- -
1939 -- 8.18 15.12 -- -- -
1940 - 3.18 (2) -- - -
1941 - 5.85 27.69 -- - -
1942 -- 1.34 9.29 -- -- -
1943 -- 2.99 21.89 -- - -
1944 30.61 3.61 19.67 - - -
1945 10.75 3.68 25.28 -- - -
1946 1.30 .96 15.75 - -a -

See footnotes at end of table.
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GEOLOGIC SETTING

Geologic Formations

The geology of the Borrego, Carrizo, and San Felipe areas was mapped and
published by the State of California in Bulletin 91-15 (Moyle, 1968). One-half
the geologic map used in Bulletin 91-15 -is included in this report as plate 1
to describe the geology of Borrego Valley. About 35 wells drilled between
1966 and 1980 have been added to update the map. The following geologic
descriptions are quoted from Bulletin 91-15 with editorial comments in
brackets.

"The geologic formations in the Borrego, Carrizo, and San Felipe Valley
areas have dissimilar water-bearing characteristics, but, in general, the
deposits of late Tertiary and Quaternary age are more permeable than the older
rocks of pre-Tertiary and early Tertiary age. The Quaternary deposits gener=
ally underlie the valleys and contain much of the ground water stored in the
area. Rocks of pre-Tertiary age form the mountains and hills, underlie the
water-bearing deposits, and form the boundaries of the ground-water basin;
these rocks are nearly impermeable but are important because the mountains and
hills receive the major part of the precipitation within the drainage area.
The runoff from the mountains and hills contributes most of the recharge to
the ground-water body in the unconsolidated deposits.

"The oldest unit in the area is the basement complex composed of granite,
schist, and gneiss, all of pre-Tertiary age. The basement complex is gener-
ally impermeable, but fractures and weathered zones yield small quantities of
water to wells.

"The older continental rocks [Not found in Borrego Valley but may be at
depth. These rocks have been described in logs of wells shown on plate 1 east
of the study area], of Miocene age, are the Split Mountain Formation of Tarbet
and Holman (1944) and the Fish Creek Gypsum of Dibblee (1954). The age of the
Split Mountain Formation, originally considered Miocene(?) by Tarbet and
Holman (1944), is now assigned to the Miocene because it underlies and over-
lies Miocene units. The Split Mountain Formation is composed of gray, gran-
itic conglomerate; dioritic breccia; hard buff sandstone; and red, arkesic
sandstone. The Fish Creek Gypsum, deposited mostly in playas, is composed of
silt, clay, and white beds of gypsum and anhydrite. No wells penetrate this
unit; it probably would not yield water of quantities usable for irrigation.

"The volcanic rocks [Not found in Borrego Valley but may be at depth], of
Miocene age, consist entirely of the Alverson Andesite Lava of Dibblee (1954)
which is dark-brown, andesitic lava. This unit overlies the Split Mountain
Formation and underlies the Fish Creek Gypsum. No wells penetrate the
volcanic rocks; they probably would not yield much water to wells.

Geologic Setting 9




"The playa deposits, of Recent [Holocene] age, are composed of clay with
some sand and silt. Of the playas shown in figs. 2 and 3 only the Borrego
Sink was a discharging playa in the recent past, having water levels at or
near land surface. However, at the present time [1965 and 1980] water levels
are below land surface. Where saturated, this unit yields some water to
wells.

"The sand deposits, of Recent [Holocene] age, are composed of actively
drifting fine to medium sand. In parts of the area this unit is saturated and
yields small quantities of water, sometimes of inferior chemical quality.

"The lake deposits [Not in Borrego Valley but shown on pl. 1], of Recent
[Holocene] age, are composed of alternating beds of sand and clay. These
deposits presumably were laid down in ancient Lake Cahuilla which formerly
covered a large part of Imperial and Coachella Valleys. Where saturated, this
unit would probably yield moderate quantities of water to wells."

Faulting

The geologic map (pl. 1) shows the location of many faults. The Coyote
Creek fault is the most important fault with relation to the movement of
ground water in Borrego Valley. This fault has ruptured several times in .the
recent past and has had numerous earthquakes associated with each rupture.
The most recent large earthquake on the Coyote Creek fault occurred April 9,
1968, near Borrego Mountain. This earthquake had a magnitude of 6.4 on the
Richter scale, a maximum horizontal (right lateral) surface displacement of 38
centimeters, and numerous aftershocks. Data for this earthquake were published
by the U.S. Geological Survey (1972).

The Coyote Creek fault is probably a barrier to the movement of ground
water. Water-level contours show that ground water flows parallel to the
fault in most places during steady-state conditions, and there are abnormally
high gradients across the fault, as is indicated by a few water levels meas-
ured in wells. Two common explanations for the barrier effect are fault gouge
in the 2zome of rupture causing reduced permeability and sediments with dif-
ferent permeabilities, adjacent but on opposite sides of the fault, impeding
the ground-water flow. A third possibility is that low-permeability sediment
has silted in cracks along the fault. Following the Borrego Mountain earth-
quake, many large cracks as much as 2 feet in width were observed along the
17-mile-long fracture. In the following 2 years many of these fractures were
being filled in by silt-laden water from flash floods that occur from precipi=-
tation in the mountains. This low-permeability silt could retard ground-water
flow. There are no known documented examples of such barriers, but large,
deep cracks have been described in numerous desert basins elsewhere (Holzer,
1977). The measured depth of ome such crack was 25 meters, and the length 3.5
kilometers; some cracks have filled with sediment (Thomas L. Holzer, oral
commun., 1982). In Borrego Valley there is evidence to support each of these
explanations for the ground-water barrier along the Coyote Creek fault.
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HYDROLOGIC CHARACTERISTICS

Geologic and Hydrologic Sections

Geologic and hydrologic sections (pl. 4) were constructed for Borrego
Valley using data from drillers' logs and specific-capacity tests of wells,
water-level measurements, depth interpretations from gravity profiles, and
geologic mapping. Locations of the sections are shown on plate 1. Hydraulic
conductivity and specific yield of the hydrologic units and their geologic map
unit equivalents are shown in the insert on plate 4. Several of the geologic
map units are considered as a single hydrologic unit because of similar hydro-
logic properties. Other geologic map units were separated into multiple
hydrologic units because of dissimilar hydrologic properties. Aquifer thick-
ness and hydraulic properties are discussed in more detail later in this
section.

Aquifer Thickness

Three aquifer-thickness maps (pl. 5) were constructed for the upper,
middle, and lower aquifers for use in determining the volume of ground water
in storage for the different aquifers. These maps show that the upper aquifer
ranges in thickness from 0 to 1,000 feet, the middle aquifer 0 to 700 feet,
and the lower aquifer 0 to 1,800 feet. The maximum thickness of each aquifer
is in a different part of Borrego Valley. The maximum thickness of the upper
aquifer is at the north end of the valley; the middle aquifer is thickest near
the center of the valley adjacent to the Coyote Creek fault; and the lower
aquifer is thickest in the south-central part of the valley.

Aquifer Characteristics

The specific capacity of a well is the rate of discharge in gallons per
minute per foot of drawdown. In section A-A' (pl. 4) a decrease in specific
capacity of wells is apparent from northwest to southeast. When wells 10S/6E-
SF1 and 12S/7E~4J1 are compared, both with approximately equal perforated
intervals, the specific capacity drops from 92 to 2. This decline in specific
capacity is due to the fact that well 10S/6E-5F1 is completed and perforated
in the upper aquifer, whereas 12S/7E-4J1 is completed and perforated in the
lower aquifer. This is an indication that the older sediments are more com-
pact and therefore yield less water than the younger sediments.

In general, the lower aquifer is closer to land surface at the south end
of Borrego Valley than at the north end; this is a reason why wells produce
less water at the south end of the valley than at the north end.

If wells were drilled in each aquifer and perforated in oanly one aquifer
at its maximum thickness, the upper aquifer well would have an estimated
specific capacity of about 100 (gal/min)/ft of drawdown, the middle aquifer
about 50 (gal/min)/ft of drawdown, and the lower aquifer about 10 (gal/min)/ft
of drawdown.

Hydrologic Characteristics 13




TABLE 3. - Average values of hydraulic .conductivity of
alluvial materials used in Borrego Valley, California

[From Lohman, 1972, p. 53]

Hydraulic
Material conductivity
(ft/d)
Gravel:
Coarse —ee = - 1,000
Medium 950
Fine-- ——— - 900
Sand:
Gravel to very coarse====-===s=ac-w 800
Very coarse====== cmsccccccccasca= - 700
Very coarse to coarse - - 500
Coarse - 250
Coarse to medium : 100
Medium====mercrccccccccncccnneanas - 50
Medium to fine - 30
Fine--- ——— 15
Fine to very fine 5
Very fine-=- 3
Clay-======== - ————— 1

The middle aquifer (upper QTc) is composed of the upper part of the
continental deposits. Well logs penetrating these deposits show they range in
size from gravel to silt with moderate amounts of compaction and cementation.
The predominant grain sizes range from medium sand to clay. These deposits
are assigned a hydraulic conductivity of 5 ft/d and a specific yield of 10
percent.

The separation between the middle and lower aquifers is based on well-log
descriptions of "hard, dry, red clays" that extend over the southern half of
Borrego Valley at increasing depth to the north. Drillers' logs indicate
sediments above the red clays are easy to drill, whereas those below the red
clay are hard to drill.

The lower aquifer is composed of the lower part of the continental de-
posits and the marine rocks. The lower part of the continental deposits,
highly compacted and cemented, is composed of sandstone, claystone, siltstone,
and clay; the marine rocks are composed of sandstone, claystone, and beds of
shells. Only one well (10S/5E-25R1l) penetrates the marine rocks at depth in
Borrego Valley. The lower aquifer is assigned a hydraulic conductivity of
1 ft/d and a specific yield of 5 percent.

The basement complex ranges from solid rock to fractured rock in fault
zones. Only one well (11S/7E-36D1) in Borrego Valley is drilled entirely in a
fault zone in basement complex. This well was drilled by the U.S. Geological
Survey for a study of heat flow through the Earth's crust. This well yielded
a small quantity of water when drilled, but because the well was constructed
without a perforated casing a pump test could not be made. The assigned
hydraulic conductivity of 0-~0.1 ft/d and a specific yield of 0 to less than
1 percent is based on discussion with Jack Porter (U.S. Geological Survey) who
was at the well when it was drilled.

Hydrologic Characteristics 15




The quantities from the sources of potential recharge described below are
probably most but not all of the potential recharge to Borrego Valley. Other,
less significant, sources may be indicated by the steady-state simulation in
the modeling phase to follow this study.

Ground-Water Inflow from San Felipe Creek

San Felipe Creek has the thickest saturated alluvial sediments of any
channel entering Borrego Valley from the west side of the basin; therefore, it
probably contributes the largest amount of ground-water inflow. Ground-water
inflow to Borrego was calculated for San Felipe Creek in T. 12 S., R. 6 E.,
sec. 17 through section G-G' (pls. 1 and 7) from the equation: -

Q = TIW

where Q is ground-water inflow, in gallons per day,
T is transmissivity, in gallons per day per foot,
I is gradient, in feet per mile, and
W is width of the aquifer at the water table, in miles.

The transmissivity at well 12S/6E~18A1 is 2,000 (gal/d)/ft, the gradient
of the water table between 12S/6E-17C2 and 18Al is 50.7 ft/mi, and the width
of the aquifer at the water table is 0.28 mi. The total ground water under=-
flow calculated at section G-G' is 31.8 acre-ft/yr.

Most other channels entering Borrego Valley from the west contain very
little alluvial sediments and do not contribute appreciable amounts of ground-
water inflow to the basin. The one exception is Coyote Creek (pl. 1). How-
ever, a high spot in the bedrock at Santa Catarina Spring brings all underflow
to the surface and all recharge enters the valley as surface-water flow.

Surface~Water Inflow

Three continuous water-stage recorders (pl. 7 and table 4) are presently
(1980) being operated on streams entering Borrego Valley. The stations on
Borrego Palm and Coyote Creeks have been in operation since 1951, and the
station on San Felipe Creek has been inm operation since 1959. In additionm,
two staff gages on Yaqui Pass and one on Pinyon Wash measured peak flow be-
tween 1960 and 1969. Approximately 65 percent of the surface-water inflow to
Borrego Valley comes from the Coyote Creek drainage; most of the rest of the
surface-water inflow (35 percent) is distributed between Borrego Palm Canyon
and San Felipe Creek. Most of the other stream channels produce very little
runoff or recharge to Borrego Valley.

Most of the streamflow occurs as intermittent runoff in the winter.
Little correlation exists between stream runoff and precipitation data from
sparsely located rain gages. Rainfall at the Borrego Desert Park gage during
1980 was about three times the average, while the discharge measured at the
gage on San Felipe Creek for the same time period was greater than the total
recorded for the previous 21 years. Surface-water inflow during 1980 totaled
21,720 acre-ft, which is the highest yearly total of record.
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BASIN DEVELOPMENT

Historical Land Us& and Water Development (1909-80)

1909

Mendenball (1909) reported on desert watering places in southeastern
California and southwestern Nevada to aid desert travelers. He described
Borrego Springs and a nearby abandoned cabin but did not mention that any
people lived in the valley at that time. The only reported use of water was
by mesquite trees and other native vegetation in the area.

1917-18

Brown (1923) visted Borrego Valley in the winter of 1917-18. He de-
scribed three flowing wells, one non-flowing well, Borrego Springs, and sev-
eral acres of marsh surrounding the Borrego Sink. He also indicated that
several. homesteaders had taken up land claims in Borrego Valley mainly for
grazing cattle,

1926-27

During 1926-27 approximately 40 acres of dates were planted in Borrego
Valley. About 20 acres were planted in T. 11 S., R. 6 E., sec. 4 and owned by
R. F. Ensign. Another 20 acres of dates were planted on the Ensign Ranch in
T. 11 S., R. 6 E., sec. 9. The first harvest from these date groves was in
1939. These trees are still growing but have not been trimmed for some time
and were not harvested in 1980,

1946

In March 1946 Taylor and Taylor, Engineers (written commun., 1946) of Los
Angeles, produced ‘a map showing that 36 wells had been drilled in Borrego
Valley.

1951

A map produced by the DiGeorgio Corp. (written commun., June 1951), shows
that vineyards covered 1,020 acres and asparagus 40 acres of its property.

1952-53

Burnham (1954) visited Borrego Valley intermittenly between 1952 and 1953
to collect various geological and hydrological data. In the process, Geologi-
cal Survey personnel visited 133 wells in Borrego Valley, which indicates that
about 100 wells had been drilled between 1946 and 1953 throughout the valley.
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TABLE 5. - Population of Borrego Valley and water use in 1980

. . Water us