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APPENDIX F

HILL AND MOUNTAIN RUNCFF

The hill and mountain areas producing runoff that flows onto the
valley fill' are compriséd of 205,709 acres. The location of hill and
mountain masses is shown on Plate 2, Physiography. The ungaged hill and
mountain areas are composed primarily of small canyons and low hills. To
facilitate computations, adjacent watersheds which had similar geologic
and runoff characteristics and were tfibu'bary to the same hydfologic sub-
area, were grouped together into "Hill and Mountain Grpups ". The location

and extent of these groups are shown on Figure F-1.

Availability of Data Used

The only watersheds gaged throughout the base period are those
of Big Tujunga Creek above Gold Canyon and Pacoima Creek above Pacolma
Dam, their combined areg being equal to 86,201 acres. Of the remaining
119,508 acres, only two small water‘sheds, Sycamore and Haines, have reli-
.able gaging records of significant duration. -Halnes Canyon data were not
used because of the existence of several ummeasured diversions from the
watershed.

The available data within the watershed consist of:

1. Measured runoff from Big Tujunga and Pacoima
Creeks during the period 1917-1958, inclusive.

2. Measured runoff from Sycamore Canyon during the
period 1938-1958, inclusive.
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3. Precipitation on all hill and mountain areas.
(Extension of records by Los Angeles County
Flood Control District covered an 85-year
period back to 1872).

. Culture survey of hill and mountain areas made
by the Referee in 1958.

The method of computing precipitation on hill .and mountain groups
is described in Appendix E. Annual precipitation so detemmined is listed
in Table F-1.

Runoff measurements and records of dam operations were obtained
from the Los Angeles County Flood Control District, U. S. Geological Survey
and City of Los Angeles Department of Water and Power.

In order to have all runoff data on the same basis, the Big
Tujunga runoff was corrected to unimpaired runoff by adjusting for change
in storage in Big Tujunga Dam. The precipitation and runoff data for
Tujunga, Pacoima and Sycamore watersheds are shown in Table F-2. The area
of each watershed gaged is shown in Table F-3.

The three gaged watersheds in the area were not considered a
sufficient number on which to base a study. The gaged watershed determined
to be most similar to the hill and mountain areas of the area of investi-
gation was Spunky Canyon, which is {ributary to Bouquet Canyon and in the
Santa Clara River watershed. Runoff and precipitation records for this
gaged area of 1,230 acres have been maintained by the City of Los Angeles
since 1932. The 85-year mean water crop for the Spunky watershed was
determined from the Los Angeles County Flood Control District's 85-year

isohyetal map.
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TABLE ¥-2

PREGIPTTATION, RUNOFY, RETENTION, AND DNDICES OF WETNESS
PRACOIHA, TUJUHGA, SYCAMORE, ARD SPIRIXY WATERSHEDS

Yonr n?tﬂ mthu.n mnﬂ&r-du aw-r-u i ;m -t Szl o :muﬂuzm,uvuwn Tainfs)l 1 Hasbe T
t 40 inches l ymeft, 1 vetantlon, ¢ as-pur I ss-jeu- 1 fndnchos 1 vuneff, 1 retenidon, : ﬂ-—ynr ' ?9-;.-:—

s 3% trehos o.ip dnches 1 N S i :nimm:inm 8-t Wesh noan
191718 28,31 3,19 25,12 10 110 29.68 3.9 25,77 ue 121
18-19 19.u5 0.76 18,72 7% 7h 19,808 .00 18,87 5 61
13-20 LTl 50 + 18.24 ] o Ay 2.92 L T7 104 p¥3)
1910-21 26,39 LAl 23455 m 11 28,12 1.88 25,27 106 s
2122 Lie73 25,69 19.04 7 175 9.50 18.15 3L.35 186 202
22-23 2437 %.22 19.15 95 95 25.96 2.59 23.37 98 104
2325, 13.32 D.3% 12.95 s2 52 14.36 0.55 13.71 s [1]
2L.25 18.00 0,52 17.38 ™ 70 9.9 0.5 19,26 75 [:}8
192826 U329 5217 29.12 1% 1k 37.63 JuLb A.12 1A} 5L
227 28,47 3.80 2h.B7 0z 232 29,03 377 26,24 109 119
27-28 16,27 0.0 15.85 63 53 16,73 0.85 15,88 63 [T
28-29 .93 0,58 15,37 6 67 16.76 0.73 15,03 43 68
23.30 19.00 0.Th 18,26 T s 15.15 0.77 16.39 72 70
1930-22 20,680 0.72 20,08 81 82 19.59 0,5L 19.15 L 8o
N-32 29453 5.80 23.73 15 115 28,7 3.15 25.59 108 117
32-33 29.77 .43 18, i 78 16,50 1.30 17.40 n 77
333 19.52 2,29 17.23 7% 77 28.35 1.5L6 15,90 59 75
i35 .8 3.59 28.15 2k 12( 31.93 B 29.09 120 13n
1938-35 19,52 .03 17.L7 ki 18,09 1.15 15,94 8 7h
37,75 10,43 27.32 W7 b ] 37,79 fa51 31.18 h2
37-38 lilsob3 17. 27,27 173 175 1.7 1h,7% 27,02 157 170
IR-39 27.73 2.3 25.3%9 108 109 27. 2.55 2L,59 102 m
39-L0 22, 2.13 20,21 87 it 19.96 1.91 . 75 [>%
194041 53.41 17.11 35,20 208 333 52.h2 13.91 38,51 197 213
l1d;2 19.2% 1.27 17.99 k) 7% 14.87 1.78 7.1 n 77
243 Lo.0% 11.73 M3 154 158 b2,31 13.39 28.92 159 172
li3wbals by, 3 9.9 30,39 11 153 38.58 10,32 28.26 15
tLeks 20,94 3.23 22,11 101 102 25.01 3,23 21,78 102
15.5-L6 2,91 3.05 21,85 97 98 25,01 2.87 22,24 9 102
L b7 26.25 2.89 . 28.3% 110 m 2741 3.37 2L,04 103 12
7-L8 13,87 0,25 1372 <k 95 1h.10 0.%6 13.Lb $3 87
LBk 15.92 0.8 15, 52 ] 14.90 0.52 i, 38 54 41
Ly-50 17,21 0,71 16,50 A7 L) 15.97 0. 15,h3 50 65
1550-51 12,33 0,09 12,24 L6 L9 10,38 D,20 10,18 ¥ L2
5152 L2.89 .U .75 17 169 41.25 7.L9 33.75 153 168
52-53 .12 0.6l 13.18 55 58 13.57 0,90 12,57 74
53-5k 20.80 1. 18.84 81 B2 20.49 147 19,02 7 83
;=55 17.98 0.50 17.L8 70 n 17.5! 0,69 15,87 [ 12
1955-5" 21.04 0,57 20.09 82 83 18.89 0476 18,11 7 77
3 17.21 0,38 15.83 &7 &8 17.30 045 16.84 65
57-58 38.78 10.L49 20.29 151 153 40.L5 B 33,51 152 168

) S T -
Yoar :Prcc!muu.on.l Unimpalired l mmu g B mreei.plm!.nn,l Unimpaired ¢ Rainfell
: in inches ; runoffl, 1 nhnu.on. ' ls-;nr l 29-'ynr t ininches 1 rTunoff, : retention,

1 15 Anahas 1 t __msan t ¢ in inches 1 in inches
1928-29 16.L2 82 83
29-30 13,11 67 68
1930-32 17.21 26 ]
51-32 2341 7 120
32-33 15,21 16 78 20,18 0 10,19 ol &2
133 22.01 10 . 12 12.39 0.0k 1235 7k 76
Fu=35 2341 117 120 19.84 0.37 19.L7 19 121
1935-36 18.61 8 85 TaoO 0.11 13.93 ol 86
3637 26,81 137 22,73 2.12 20,61 13 139
37-38 29.61 8 151 25.48 5,21 20,27 153 155
3839 22,01 0.97 2184 PN 116 19,11 1.23 17.868 13 17
39-l0 16.61 0,69 15.92 83 8s: 13,34 0.26 13.08 [ [
19:0-h1 16,02 5.98 U0.kb 232 237 3.5k 5.3h 26.20 1189 1922
L1-h2 .21 0.72 13.L9 7 m”e 12.59 0.83 11.7% 1 77
h2<h3 27402 7.88 19.53 137 o 26.10 6.5 20.56 155 199
L3-uk 25.01 2,69 22,32 125 128 26,6l 7.28 19.3% 160 162
hl-L5 17.21 0.72 16.L8 86 88 15.19 1.9k 13.25 91 93
1545-L6 16.0L1 0.37 16.04 82 al 16.96 0.78 16.18 102 103
L&-h7 19.61 0,84 18.77 98 100 17.02 0.60 1.2 102 00
17-hB 9.L0 0,06 9.3 I u 8.0L 0,01 8.00 18 L
Le-hg 10,61 0,05 10.56 [3] Sh 9.79 0,03 9s 6 61
LY-50 13.21 0,23 12,98 66 67 13.03 0,01 13.02 7 7
1950-51 9.50 0.19 9.1 u8 Lg 7.1 ] 7.1k L3 by
f1-52 37.22 .75 29.L7 186 150 28,92 3.89 25.03 173 178
52-33 12.21 0.60 1.6 6 62 9.5 0,25 8.90 55 [
53-5h 15,81 0.L8 18.23 ;g 38 .37 0.38 13.99 86 [}
5h-55 15.61 0,32 18.29 BO 1.8 o.0h 11,57 0 n
1955-56 19,00 0.6 18,16 95 97 . W02 0.04 13.98 Bl 85
5557 15,41 0.5 1487 77 79 13.36 0.03 13.33 80 8
5758 28,21 2.h2 25.79 U Uk .7 3.27 27.90 187 150
29=Year Avarags

152957 19.58 - . 96 100.




Extension of Data

In order to cthare runoff characteristics of Spunky watershed
with other watersheds during'the selected 29-year base period, it was
necessary to estimate the appropriate 29-year mean precipitation for the
Spunky watershed. -

A swmmary of the relationship of the average precipitation during
the 29~year period 1928 through 1957, the 26-year period 1932 through 1958
and the 18-year period 19L0 through 1958, to the normal precipitation and
the average precipitation during the 29-year base period is shewn in

Tzble F-3 for the Sycamore and Spunky watersheds.

TABLE F-3

MEAN PRECIPITATION FOR
SYCAMORE AND SPUNKY WATERSHEDS

C Mean precipitaticn, in inches
Watershed + BE-year : 1008-57 1 103558 : I9LO-58
Sycamore, 1,733 acres 20.01 19.58 20.22 19.59
percent of 85-year mean 98 101 98
percent of 29-year mean 103 100
Spunky, 1,230 acres 16.7 (16.4)3 17.07 17.05
percent of 85-year mean (98)P 102 102

percent of 29-year mean (104)2  (10L)2

a. Computed values.
b. Assumed.

Since’ the characteristics of the Sycamore and Spunky watersheds
were not greatly dissimilar, it was assumed that the relationship between

the 29-year and the 85-year mean precipitation for both watersheds would

F-9



be the same, Therefore, in Table F-3 the 29-year mean for Spunky was

taken as 98 percent of the 85-year moan.

Precijgitat.iqn ~ Runoff Relationships

In investigating the relationship between precipitation and
runoff a review was made of Bulletin 5 of the State Department of Public
Works, entitled "Plow in California Streams", 1923. In Bulletin 5 the
relationship between wetness and runoff as showm graphically on Plates
XVIII to LIII, entitled "Curves of Probable Runoff" 1s shown as index of

wetness versus runoff wherein:

« Annual precipltation
Index of wetness Viean procipitation x 100

The relationships depicted by these curves are described in
Bulletin 5 as follows:

UThese curves show the trend of the relation between the
tindex of seasonal wetness! and the run-off from each drainage
basin. They pass through many of the plotted points, but due
to the variable weather in successive seasons which causes
different fractions of the precipitation to esvaporate before
running off the collecting area into the stream channels,
some of the points fall to the side of the mean curves. The
sequence of the storms, their intensity, the weather conditions
between the occurrence of storms, and the character of
successive seasons, all influence this relation to an indeter-
minate degree. For seasons in which these conditions favor a
greater fractional part of the meteoric waters evaporating to
the atmosphere, the points tend to lie on the lower side of
the mean curve, and for seasons favoring a small evaporation,
the points tend to lie on the upper side. Successive seasons
of drought or heavy floods may also influence the position of
the points, for the quantity of ground water feeding the
streams does not change immediately with variations in the
annmual precipitation. Instead, there is a certain tardiness
in response which places these points on either side of" the
mean curve, according to very recondite relations that obtain
in the sequence of seasonal rains and snows, and any one
seasonal precipitation may affect the gquantity of ground water
reaching a stream for 2 period as long as three years.

F-10



"Although there are these minor influences which tend to
make the relation between the 'index of seasonal wetness' and
run-off an approximate one, nevcriheless the data reveal that
when a reasonable number of mecsurements of seasonal runeoff
are at hand, a mean curve may be drawn which will not change
much in position by procuring and plotting additional
measurements, "

The above approach has the dictinct advantage of allowing
comparison of runoff characteristics of different watersheds and was
adopted by the Referee to determine by a set of curves the annual mean
runoff which might be expected from a given amount of precipitation under
conditions of native culture,

The first step was to reduce precipitation to a dimensionless
number, The index of wetness based on the mean of the 29-year base period,
1928-1957, was utilized for this purpose and is listed for each year and
hill and mountain group in Table F-l.

The second factor utilized in the study is rainfall retention;
i.e., the amount of precipitation that does not pass out of hill and
mountain areas as runoff.

The runoff, rainfall retention and-indices of wetness for the
four study watersheds are listed in Table F-2,

The above data were plotted for each of the four watersheds with
the index of wetness (based on a 29-year mean) as the abscissa and runoff
and rainfall retention as the ordinate. The lines of best fit were drawn
simultaneously for runoff and for rainfall retention and then adjusted so

that the following requirements were meks

F-11



1. For the base period (1928-29 through 1956-57), the summation
of the annual runoff values obtained from the curve equaled the swumation
of anmal measured runoff values,

2, For a specific year the sum of the runoff and rainfall .
retention values for the curve equaled the precipitation (index of wetness
multiplied by mean precipitation).

The plots of those data arid the resultant curves are. shown
on:

Figure F-2 Pacoima
Figure F-3 Tujunga
Figure F=} Sycemore
Figure F-5 Spunky

Review of the above curves led to the conclusion that when
precipitation is below an index of wetness of 4O no runoff would normally
be produced, end, therefore, the rainfall retention curves would become
tangent to a line of 100 percent rainfall retention at an index wetness
of LO.

The scattering of the plot of points above an index of wetness
of between 150 to 200 indicates that during extremely wet years the mean
rainfall retention tends to reach an optimum value and become a constant,
This results in the runoff curves becoming a tangent above the index of
wetness of between 150 to 200, with the tangent representing 100 percent
runoff of all additional precipitation.

For comparison, the rainfall retention and runoff curves for the

four watersheds were plotted together as shown on Figure F-6. The result

F-12
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o,

is a family of curves having similar shapes and being controlled by these
factors:

1. Rainfall retantion’curves tangent to the line of 100 percent
rainfall retention at index of wetness of L4O. This indicates that on the
long-time average no runoff can be expected below an index of wetness of LO.

2. Runoff curves tangent to the line of 100 percent runoff at
index of wetness of 200.

3. The intercept of the 100 percent runoff lines with the
abscissa, or index of wetness at zero runoff for a given watershed is
equal to maximum mean rainfall retention divided by the 29-year mean
precipitation.

Construetion of Runoff Curves
for Hill and Mountain Groups

The set of curves in Figure F-6 was used as the basis to
construct the curves for runoff of hill and mountain groups.

The first step was to select a parameter to space the rainfall
retention curves. The mean retention of precipitation is an indication
of the ability of a watershed to retain water and was found to be 91 percent
for the two smaller watersheds of Sycamore and Spunky. The 29-year mean
rainfall retention, based on 91 percent of mean precipitation, was selected
as the parameter to space the portion of the mean rainfall retention curves
above index of wethess of 200. The parameters are shown on Figure F-6.
Utilizing these parameters, a mean maximum rainfall retention was obtained

for the hill and mountain group. The intercept of the 100 percent runoff
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line with the abscissa was obtained by dividing the mean maximum rainfall
retention by the 29-year mean precipitation. The 100 percent runoff line
for the group was then constructed and is used as the tangent for the upper
portion of the runoff curve,

The lower portion of the runoff curve for the group is drawn
tangent to the abscissa at index of wetness of 0, The middle portion of
the runoff curve was then drawn in preliminary location by using the curves
of the four gaged wafersheds as a gulde, The final position of the middle
portion of the curve was fixed so that the sum of the annual mean runoff
values for the base period obtained from the curve equaled nine percent of
the mean precipitation for the same period, The final curves for mean run-
off are shown on Figure F-7 for groups I through V and Figure F-8 for the
remainder ¢f the groups.

Correction of Mean Runoff to Final Runoff

To obtain runoff values that could be used in an annual hydrologic
inventory, it was necessary to determine what deviation from the mean runoff
values could be expected in each of the years in the 192858 peried,
Corrections to the mean runoff were made by applying the weighted average
doviation of Sycamore and Spunky watersheds expressed as a percent of the
29-year mean precipitation to the mean runoff of the groups.

Deviations for the four gaged watersheds are shown on Table F~5.
Deviations for Sycamore and Spur;ky watersheds in years having no runoff

records were estimated by correlation to the deviation of Pacoima and then
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further adjusted by trial and error so that the summation of deviations for
each watershed during the 29-year base period was equal to zero.

The deviations of Sycamore and Spunky were -bl-nen converted to
percent of 29-year precipitation and averaged to obtain the correction
fagtor to be applied to mean runoff. The correction factor multiplied by
the 29-ysar mean runoff gave the correction in inches to be added or sub-
tracted from the mean runoff to obtain the final runoff value, Table F-6
shows for each year (1928-1958) and for each group, the precipitation, mean
runoff and adjusted runoff.

The final unit runoff multiplied by the acreage of each unit

resulted in the annual runoff for native conditions as shown in Table F-7,

Additional Runoff Due to Development

As hill and mountain areas become transformed from native culture
to residential hreas the runoff from these areas will increase with the
additional amount of impervious area resulting from this transformation.

The method of determining additional runoff was to compute runoff '
from impervious areas and then to subtract the runoff previously determined
for native conditions, The resulting additional runoff is considered due
to drainage conditions to be for the most part carriqd to the valley floor
wi'bhc;ut opportunity for percolation, -

Table F-8 lists the yearly values of it;ams used in the esti-
mation of additional runoff, the nethod of computation and the amount of

additional runoff for the hill and mountain areas.
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TABLE F-5
ADJUSTMENT OF MEAN RUNOFF VALUES

Deviation® ¥ - JBazlatfizn _
Year % : (én 1nches) DR " P recipita Eg:ar )
;'.pujunga: Pacoima :.‘.Wca.more: Spunky :Sycamore: Spunky :G;:zizrﬁgon
1928-29 0.1 -o.z' | T -21¢ . 1¢ . 1
29-30  -0.3 -0.L § - 2€ - 20 -2
m .

1930-31 -0.8 -0.6 ) - 3¢ - 3¢ -3
31-32 -0k 1.6 B = ge go 8
32-33 0.2 0.1 g -0.1 1°¢ -1 0
33-3L 0.6 1.1 2 ~0.1 [ -1 2
3L4-35 -1.8 ~1.5 o «1,2 - 7¢ -6 -7

2.

1935-36 0.4 0.9 -0.2 Le -1 2
36-37 -1-0 108 "0-5 90 - 3 3
37-38 ,-I..B 3-7 l-h 180 9 11]»
38-39 -0.4 -1.3 = 0. 0 -2 0 -1
39"40 0.5 003 002 0 1 - 1 O

1940-41 ~8.5 5.1 =12.4 2.6 -63 -16 -39
=42 0.7 0.1 0.5 0.6 3. L 3
Lh3-hh, 2.3 «1.0 0.8 2.8 L 17 10
Lli=45 0.8 0.2 [ 0.2 1.5 1 9 5
}-1-6-14.7 003 -0.8 0.1 -001 0 b 1 0
L7-48 0.2 ~0,1 0 -0,1 0 -1 0
LB8-49 0.1 “0.1 =~ 0.2 -0.2 -1 -1 -1
4,9-50 0 0,1 = 0.2 ~0.3 -1 -2 -1

1950-51 0 -0.1 0.1 0 0 0 0
5'1"'52 ’-2 .5 -1-1 - '105 "2 .0 - 8 -12 "’10
52-53 0.5 0.2 0.3 0.2 2 1 1

. 53-5l 0 0.5 0.1 0.1 0 -1 0
S4-55 -0.1 -0,5 =~ 0.1 ~0.2 0 -1 )

1955"56 "003 -005 oal "003 0 - 2 - 1
56"‘57 "003 -OO!-I- 0.2 -0-2 1 - 1 0

-2.5 1.3 - 006 "h03 - 3 -26 "1h

" 57-58

a. Actual runoff - mean runoff (from Figures F-2 through F-5).
b. Weighted average composed of 1 part Sycamore and 1 part Spunky.
c. Based on deviation of Pacoima and summation of deviations for

29-year base period = O.
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TARE =0
PRECTPITATION A4D KWOFF, KILL AND YOWITAIN GROUPS*

in Inches

WR? AWh O 07 12.§ 0.3 01 W9 Ok 0.2 15.0 0.3 €. 12,0 0.3 0.1 131 0L 0,7
75:30 15,° 0,3 0.0 12.8 FA X1 5.9 0.4 ¢.0 16.5 ok 0.0 3 ok 0.0 1,7 0.3 0.0
WML 5 O 00 15 65 0.0 17.8 0.5 Do 2.k 0.4 0.0 16,9 0.4 0.0 1L 05 0.0
TRe  R? 33 2 20,3 1.3 2.7 2.7 2.0 3.6 27.7 2.2 k.o 22,3 1.9 3.3 2.7 1.5 2.9
W-ry INE O 0. 1.9 03 0.4 13,5 0.3 0.3 17.3 0. 0k 3 Ok 0 W2 0 0.
i 16 65 0,9 5.1 0.5 00 7.3 05 €Y 19.0 O 1.9 153 0hL 0.8 16.2 0.4 1,0
138 29, .3 0.0 215 L7 0.5 23.9 L7 03 2862 2.k o8 231 2.1 0.8 21.9 < 0.3
1925-35 Ml O 0.6 1.8 oL 0,7 .15 o0k o038 20,3 0,5 1.0 16.3 0.5 0.9 13,1 o4 0,8
3837 280 2. 3.2 25.7 313 L. 290 3.8 L. ALk Wb 5y 26.9 3.8 U9 2L 2k 3
33 284 3.3 5.8 25,2 3.1 5.5 28,7 3.7 6.5 3Bk 5.7 B 29.9 5L 7.9 26.0 3.0
M3y 230 LS5 T., B0 03 0.5 2.1 L5 1.3 2.9 1.9 L7 20,2 1.3 1.1 2,k L 1.z
-0 117 0.5 0,5  18L 05 0.4 19. 0.7 0.7 L4 0.6 0.4 16,7 0.5 0.5 16.3 0.6 0.5
1L0-L1 L3P 7.7 10.5 40,0 .9 B2 b8 16,2 B.a 48,0 18k 6,k 37.0 10,5  3.h .0 158 3.0
L-h2 WA 0L 0.9 2.3 0.3 0.8 w.s 0.3 05 16,9 04k 1.1 13, 0,3 0.8 .2 0 0.9
Leei3 26,7 2.6 53 25,0 3.0 5,9 29.9 L2 7.6 .2 51 9.0 27, b3 7. 266 3.1 8.4
ba-bl  25.8 2. 4.2 2hs 2.8 Q.5 7.3 3.0 5.0 32, bl £k 2,7 3,2 K0 25.0 2,5 L3
L=k  15.8 0,5 2. 5.2 0.5 .k 126 05 1.5 20,7 0.5 1.7 B9 04 L5 15.9 .5 1
1546 15,1 0.k WL W2 O O 16.7 04 Gk 193 0L ol 15,5 o O W6 04 o
L&-b7 154 o 0. L2 0L O 7.2 0.5 0.5 230 0.6 0.5 1%1 1.0 20 17.. 0.7 0.7
L7-1:8 81 01 B & T7T 01 0 9.k 0,1 0.1 10,8 0,1 0.1 8.7 031 O 84 01 0,1
L8-L9 8,9 01 @O 8.5 04 0.0 10,7 0,1 DO Ls.g 0,2 0. .o 0.2 OC 9. 0.2 0.0
L9-50 11,6 0.3 0, 12,6 o 0,2 15.0 oL 0.2 15, ol 0,2 12, 0.3 0.2 05 0.2 0.0
1550-32 8.6 0.1 0.1 10.3 0.2 0,2 12,6 0.2 0.2 13,9 0.2 0.2 10.8 0.2 0.7 8.2 "01 ¢a
5l-52 33k T.2 5L 0.5 5.9 k.2 35.8 7.8 4.8 b2.3 10,2 7.9 336 7.7 R 2.3 1.2 i
5233 127 @3 ©§ 13k Oh 0B 158 0L 0.4 180 03 05 120 03 05 1.7 03 0.°
53% U.9 Od 9l 150 0.5 0.5 %.9 Ol 0. 18,8 0. 0. Wb 0d O 13.3 A 5
=55 W7 Ol O S5 ol o, 16.3 ok o 7.2 0L 0. 13.2 0.3 0.3 W ok W
1953.56 16,06 0.7 0.5 18.3 0% 0.7 22,3 13 1,1 22.8 0.8 0.6 16.3 0.5 0.) 157 0.5 0.1
5657 131 6.3 0.3 13,8 0L 0. 3.8 0L O, 18.0 oL o.. Uh 0y 0. 1.8 04 0.
57-58 306 L. 2.3 3.3 6.2 5.8 371 8.8 4.1 310 6.6 3l 26.0 b4y LD 26,1 30 0.8
2§=Year Average
1929.57 18,1 1.6 1.5 72 L5 LS 20,1 3.6 1.8 231 23 2.1 W3 1.7 L7 7.5 3.4 18

PRECIFITATION AND RUNIOFF y UILL ARD MOUNTAIN GROUPS®
continuad)

In Inches

X —YiEas T e e
SApieL  memell £ Freeipi=t - Gape ) 172 5 PN
tilivn sERsRTRa LI lan § _ruins : Lo i £i13

)
a
&
&
o
| =3 ‘
RN - .
e
i
po

2 0.2 7.7 0. o2 13.7 0.3 o 6.6 16.5 0.7
2330 12,0 0.3 .0 13.7 0.3 0.0 159 0.3 oo L. ok o,0 19.0 0,6 19.2 0.3
1930-1 154 05 0.0 8.1 o 0.0 19.3 0k g0 16,8 0L  g.0 20,8 0.6 12.7 0.5
-32 0 1L 28 2.1 1.E 3.0 28,0 1.6 3.5 5.0 2.2 3.9 27.3 0.4 20,7 3.7
32-33 1.6 0k O ¥%.2 0L 0% 20,5 0.5 0% 1.4 Ok o, 19.8 1.4 .9 1.3
333 197 L1 1.5 22,2 L0 1.} 21,8 0.8 1.1 6. 0k 0.8 13.8 2. 18.L 1,5
W-35 20,8 Lk 0.2 26,0 1.9 0.5 %7 21 o5 25.3 2.0 0.5 n.8 37 3.9 2.8
1935-36 W9 Ok 0.8 17.0 0. 0.8 1Bk 0L g9 1.3 0k 0.6 19.5 2.1 18.1 1,2
36-37  2u.0 2,2 2.9 28,7 2.7 3.8 Wb Lo Lo 30,0 3.9 .7 37.8 0.k 7.8 6.6
37-38 2.8 J.2 57 n.2 348 &7 3.2 53 86 3.2 51 9.9 Lh.b 17.2 11,8 2.8
38-37 20k 1.3 12 24,2 LS 1.3 27,2 lh 12 2.6 L2 1.0 27.7 2.3 27.1 2.5
3340 Wy Ok DL 17,0 O D.h 19.6 0k ok 7.1 05 0.8 22,3 2l 20, 19
19b0-41 L1484  16.1 9.3 L7.9 18.7 107 s2.1 193 10,1 3.0 WS 6L 33.l 17,3 82,4 13,9
bl-l2 12,7 0.3 0.8 15.7 0L 1.0 7.3 0.3 1.0 .7 ok 1.0 19.3 1.3 8.9 L.
b2-k3 2.6 2.4 5. 9.8 3.2 6.7 35 55 9% [T % R T Lo,1 13.7 h2.3 13,k
Wl 2. L7 38 25.6 1.8 3.8 27 32 5.4 3.5 L8 69 L1.3 10,0 38, 10,3
Ll=h3 4 08 1 84 05 1.5 0.7 05 1.7 195 0.6 1.5 25.9 3.2 24,0 3.2
1hs=k5 17 0L Ol 16,5 0.4 0., 21,3 0.5 0.5 8. 0.5 0,5 2.9 31 25,0 2.9
B6=k7 176 0.7 0.7 198 0.7 0.7 25,3 1.0 1.0 2. 0% 0,9 28,3 2.9 27.L FRA
Lz~bd B 01 0. 9 0.1 0.1 1.3 01 g 0.2 01 o1 13.9 0.3 1.2 0.7
LB-hg 9.5 0,2 0.0 10,6 01 0.0 w0 0,2 g 12,3 0.2 0.0 15.9 0.5 1.9 0.9
b9-50 12,0 ©.3 01 12,2 0.2 0.0 1.5 0.3 p1 Wi 03 0a 17.2 0,7 16,0 0.5
1950-51 8.6 0,1 0.1 9.9 01 0.1 0.9 01 0.5 01 0. 12.3 0.1 10,k 0.2
5152  33.3 8.0 b.2 3946 104 Bl bbe2 108 gL 366  B,3 5.2 h2.9 11.1 k1.3 1.5
6253 109 0,2 Ol WLl 03 0.5 .5 0.2 o n.e 0.2 o4 .l 0.6 13.4 0.9
g3k U2 0% O.h 1%.0 o0k 0.k 8.6 04 oy 160 ob ol .8 2,0 20,5 1.5
ch-55 W1 0.k Ol 163 0,3 0,3 188 0k g 15.8 Ok b, 10,0 0.9 17,6 0.7
1958-36  17.0 0.7 03 186 0.6 0. 20.7 0.5 0.3 17.7 0.5 0,3 2.1 1.0 16,9 0.6
§5-§1 1.8 04 Ol 15.6 0k & Bu oL olf 15.3 oL o 17.2 0. 17,3 0.4
57-58 28,3 2.6 0.1 30,2 3.3 0. 38.3 6.1 2.8 32.0 5.0 2,1 3B.8 10,5 10,5 R
29=Yoar Average
192857 1.8 1.6 1.6 200 .8 18 256 21 2. 20.2 1.9 1.9 25k 3.9 2.6 i35

< funoff under conditisna of native culture,
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TABIE P-7
BUNOFF FROM HILL AND MOUNTAIN GRGUPS BASED ON RATIVE LAND USE

_ 3 Syouene 3 1 Bijunge » Eubtots
1928-29 W0 150 290 20 220 110 1%0 k130 5,5k0
29-30 [} 150 1] [ [} [ ] 4,350 L,350
1930-31 0 0 0 0 0 o [ 3,070 3,070
N2 50 3% 520 w311 21,550 7,420 w0 K550
32-33) 860 Lo Yo 60 Yo 220 760 7,550 10,770
3-3 1,90  1,2% 1,320 20 1,090 830 1,520 7,680 15,780
3-35 o 730 (AR 120 330 10 2,10 1,800 17,70
193636 1L,M6 1,030 1,170 130 870 Lo 1,520 7,640 1,510
3637 6850 5860 &0 &0 3% 1,60 930 36260 70,70
37-38 12,10 8,060 9,520 1,180 6,010 3,160 15,80 83,960 139,310
B39 3,000 880 1,510 160 1,310 610 1,900 13,690 23,k50
36-ko 1,280 880 1,030 80 660 220 950 10,990 16,090
WLO-LY 22,680 12,020 12,70 510 9,830 5,160 12,160 76,640 153,510
-2  1,9% 1,170 1,320 120 980 Lo 1,900 10,690 18,550
L2l3 12,200 8,650 11,130 1,100 6,660 3,000 15,770 76,000 124,550
u3-bh 990 6,600 7,310 7% k70 1,900 13,120 57,950 101,020
Wby 3,000 2,080 2,200 220 1,5 780 3,00 17,370 30,190
19516 80 590 590 &0 1o 220 950 17,160 20,670
L6-U7 860 £90 730 150 760 390 1,710 18,950 2,150
Ly-k8 20 isg 150 20 110 _ 60 1%0 L, 6L0 5,530
L8-lyy [} 0 0 [ [ 0 0 2,h60 2,160
Ls-50 210 290 2% 20 0 60 190 2,960 b, tz0
195051 210 2%0 250 30 10 &0 190 1,500 2,680
£1-52 11,550 6,160 8,500 80 5,900  3,Lk0 11,780 1,320 89,540
52=5 1,070 880 880 80 550 220 760 §,510 10,950
SJ-SI:: 860 720 590 60 Lho 220 760 8,2Lo 11,900
Bh=55 860 590 590 <0 Lo 220 760 3,540 7,090
1955-56 1,000 1,030 1,80 50 120 170 570 4,700 9,310
%51 e 'sho 590 0 4ho 220 760 2,200 2590
§7-58 4,520 8,500 8,90 270 550 60 3,990 39,k20 67,550
29-Yaar dveragu
192957 3,500 2,270 2,660 50 1,740 860 3,580 19,560 a,lko

RUNOFF FROM HILL AND MOUNTAIN GROUPS BASED ON NATIVE LAND USE
(Contimed) :

In Acre Peot

1§

Toar. v g g Stetal | I 7 X . Sutotal | "g'_:;_“
1928-29 50 8o 930 20 120 14,0 6,610
29-30 [ 950 960 [ [ [ 5,310
1930-31 [ 850 860 [ [ 0 34930
Ji-32 1,960 8,390 10,350 150 2,050 2,400 58,280
32-33 200 1,750 1,990 S0 250 340 13,100
33-3k o 2,530 2,970 160 640 Boo 19,550
k=35 3% 5,10 5,530 60 290 350 23,590
Boap 2B 2B & B n pe
3,2 90,910
37-3 L350 M 3,60 760 5060 £820 1760730
W39 830 3,060 3,890 150 700 B850 28,200
39-Lo 290 3,180 3,70 50 230 280 19,8u0
19L0-L1 3,230 25,830 28,560 1,2l0 6,270 7,500 189 580
1a-k2 "5o 1,980 2,520 "120 290 "no 21,780
h2-y3 L,liop 20,390 2,790 780 5,570 8,250 165,650
b3ebd 3,130 135,490 18,620 ' bko 3,280 3,720 123,750
biwhs 830 k,910 5,70 170 1,000 1,170 37,100
19kS-L6 200 2,890 3,090 €0 290 3ho 21,300
Lé=k7 390 6,020 &0 fio 590 é10 31,230
L?-48 50 w0 390 10 &0 10 5,990
LB-ls9 [ Lo o [ 0 [ 3,200
L9-50 100 1,020 1,120 0 60 60 5,200
1950-51 100 0 175 io 60 70 2,920
[ 3,860 1,360 1€,220 970 L,920 5,890 113,650
52.53 250 3,500 3,750 60 230 290 1,990
53-8 200 2,9L0 3,10 50 230 280 15,320
BL-88 200 7ho 9Lo ho 230 270 8,300
1956=56 250 1,250 1,50 - 50 180 230 11,080
S6=51 200 170 970 50 - 2% 260 6,840
B1e568 1,650 15,880 17,5u0 €0 1,650 1,650 86,780
29~Year Average

192957 1,020 6,030 7,050 220 1,260 1,u80 h2,970

Note: San Mernands Subarea inoludes Eagle Rock Subarem.,

Verdugo Subarea iagludes tha portion of Konk Hill Basin vithin
the Upper loe Angeles River dres.
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TABLE 7-8
AUDTTTONAL BUROFF FROM RILL AND MOUNWTADI AREAS DUE N URBANIZATION
Tributary to San Fernanda and Ezgle Rock Hyirologic Subarea

T Tation 1 T n“wﬁ T ALSTTTonn i-'ﬁg\mi‘ T T e
Yosi as;nt:qah“ a3 ;!v:go_g-tinl, .: nnfa s irumru ﬁ 'y 1 mﬁ £y 'm-u. 1 Percont : mnari‘;
) - Ikl 1 b nchos ¢ i tagkes v in inekm lﬂm 1 rviong in aern=lopt
T - 1 ¢ T £ A 1 8 1 1 T L (haeise.
192829 Uy 5.0 9,7 0.2 9.9 1.900 35 L20
26q 12.0 3.3 8.7 0.0 B.? 1,530 35 390.
1930-31 18,4 L. 1.3 » 0.0 11.3 1,550 35 310
3132 21,0 5.2 15.8 2.7 13.1 1,600 35 510
3233 13.6 2.5 11.1 0.l 10.7 1,630 3% 510
333l 19.8 2.1 17.k 1.2 16,2 1,570 35 810
3L-35 20,8 6.l .l 0.1 .3 1,710 35 710
19;;-3,6 .8 boli 10.k 0.8 9.6 1,740 ¥ 90
fed? 2h,1 5.2 18.2 3.0 15.2 1,780 35 799
37-38 26, 5.1 2L 5.7 ;.z.‘f 1,810 35 830
38-39 20,5 bos 16.1 1.2 .9 1,850 » 800
39-ho .9 L9 1.0 0,5 §.5 1,8%0 35 520
29%0-41 Li1.6 &.L 35.2 2.2 25.3 1,9 5 1,420
L1-L2 12.7 5.9 6. 0.8 6.0 2,9 35 o
hzi.ﬂ 2.5 L.8 19.7 5.5 ;.2 2,040 35 850
J.E 22, 4.2 17.6 3.8 13.8 2,090 35 (1]
Lli=hs 15. k.6 10.8 L Pl 2,150 b1 605
1546 1%.8 kb 10.b 0.l 10.0 2,300 Lo 770
L6-47 17.5 5.0 17.0 0.5 1.8 2,L:L0 Lo 1,240
L7-L8 8.5 3.4 5.1 0.1 E.o 2,620 Lo 10
Let9 9.5 L.6 L9 0.0 ;.9 2,830 Lo Lso
Lg-50 12.0 L.5 7.5 0.1 7.4 3,160 10 780
1950-51 8.6 k.6 L.0 0,1 3.5 3,510 s 510
B1-52 33k .9 265 58 20.7 3,930 P 3,050
52-53 1.0 g.1 5.9 0.l 5.5 L, LSO L5 920
€3e5l .7 L. 10,2 0.l 9.8 5,070 45 1,860
Glie58 h.2 4,5 1.7 ok 7.3 5,70 L5 1,570
ugg-g ﬂ.: h.g &;.g g.x; 1;.5 6,510 g‘g 3,200
! N 3 . g .7 7.3 2,590
57-58 #5.2 6.5 8.7 1.2 17.5 8,330 30 6,070
Tributary to Verdege llydrolople Subarea
1 1 H ﬁ : -'m'go 3 ;Iﬂ!ﬁm.‘ t "ﬂvo!aped Ef T Aditienal
Year * Shuon 251, 1 Evaporation®, i M&t" 3 wwneffl, ¢ dusefr,” . arca, i Pereest Tunoff,
1 in_inches 3 in inches ' 5 1 Anlnddme 2 I icehas & leacron ¢ in reioe 1 If Jgresfoot
LW ) et T ) e oS - I - a7
194950 18.2 sk 12.8 0.1 12,7 70 Lo 3o
195051 n.7 5.8 5.9 0.1 5.8 100 Lg 20
£1.52 4l.2 an 3.5 Y 26,1 130 is 130
sz-se 13.6 Sk 8.2 0.% 7.8 150 L 50
§3e8] 22.3 L.? 7.6 0.h 17,2 200 us 130
Bhe55 17.3 7.2 10,1 0.h 9.7 2Lo Ls 0
165555 22.0 5.0 17.0 0.3 16.7 210 $0 1%0
£6-57 17.6 5.2 12.h 0.k 12.0 330 50 170
$7-58 5.9 6.9 29.0 2.8 26.2 380 % L20
Tributery to Total Valloy FiL1®
T JRolT 1 . o P T e, ’
Yoar 3 A amléﬁt i — Taar : 35 . uom-mn: H !"’,'.“ : £ ugl-" ?«e‘.
192829 L20 19L:0-11 1,h20 1950-51 £30
29-30 J50 L1-2 350 £1.42 3,180
. G2-h;3 650 $2.53 270
1920=31 510 h3-kh o R3-5h 1,990
g;—gg ﬁg : Lhnis 600 She5y 1,%0 .
333l 819 1h4-L6 770 1955-56 3,390
=35 no LAk 1,?!:0 G387 3,150
b7-kE 1,0 57458 6,490
1935=36 ko0 L8y Léo
%37 79 L5950 810 29-yoar
P9 80 1925-87 1,000
%0 520 1929-57 3

Evn;-mtion on Impervicus areas oa valley fleor in Ban Fernando lydrolegic

Subarea.

Average of groups I + IT and VII « Sgcamore fron Table F-f.

Evaperation on imgervious arears on valley floor in Yerduge ilydrologlc Subarea.

Cpoup X, Tabla F-5.
Developasnt of areas tributary to Sylmar Hydrologic Subarea was minor and
additdonal runoff dua to wrbanization of these areas was nil.
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Runoff into Reservoirs

Surface runoff into San Fernando , Chatsworth and Encino
Reservoirs becomes a part of the Amount of water available for uss in the
Owens water service area, Thi_s additional amount of supply to the reser-
voirs, computed as described herein, is utilized in the accounting made of
Owens River water in Appendix J. The amount of surface runoff attributable
to hill and mountain areas is also computed, since this amount of runoff
would not be availablé for percolation in the stream system above Gage F-57,

The areas tributary to each of the three reservoirs are listed in

Table F"'9 o
TABIE F9
AREAS TRIBUTARY TO SAN FERNANDO s
CHATSWORTH AND ENCINO RESERVOIRS
BSrologic | poservory ; HULand | otoied SR T pppupary
subarea_ N I gountain growp, ~{EiT—; s Pperiod
San Fernando San Fernando Iv 5,311 80k 1915-1942
TOTAL - 1915 through 19h2 6,115
Sylmar San Fernando v 986 778 1915-1958
San Fernando Chatsworth III 1,940 0 1919-1958
San Fernando Enecino I+1II 1,040 0 1921-1958
TOTAL - 1921 tkrough 1958 Ly 7Lk

Annual runoff from hill and mountain areas tributary to the
reservoirs was computed as runoff per acre for .the hill and mountain group

in which the arsa was located times the acreage of the area. Annual
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amounts of runoff from each hill and mourtain group are sef forth in
Table F-7. This amount was then corrected for any difference between the
85-year mean rainfall for the entire group and for the tributary area by
the ratio between the 85-year precipitation on the two areas. The hill
and mountain areas tributary to the reservoirs are undeveloped; hence no
correction for urbanization is necessary.

Runoff from valley lands was estimated as equal to the residual
rain on impervious areas determined as set forth in Appendix L. This amount
was corrected for differences between the 85-ye§r mean precipitation of fhe
entire valley fill and of the tributary area in the same manner as hill
and mountain runoff described above. Correction factors utilized were:
ten percent increase for valley runoff in San Fernando Hydrologic Subarea
tributary to San Fernando Reservoir; ten percent decrease in hill and
mountain runoff tributary to Chatsworth; and ten percent-increase in runoff
tributary to Enoino Reservoir. Other tributary areas did not require
correction. Culture maps shown on Plates 22 through 25 were used %o
determine the culture on the valley f£ill areas during the periods involved.
The portion of the tributary valley f£ill in'the Sylmar Hydrologic Subarea
was found to be ten percent impervious (1928-1958), while the portion in
thé San Fernando Hydrologic Subarea was five percent impervious (1928-19L2).

" Percolation of the combined flows of hill and mountain runoff and
residual rain on valley fill areas enroute to the r;servoirs was estimated

as follows:
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1., Area of percoiation was limited to stream channels
plus roadside ditches.,

2. Percolation rate during flow was 0.l inch per hour.y

3. Flow occurred only during days when rain exceeded
0.50 inch,

Estimated areas in which percolation of runoff could take place
was approximately six acres in each of the Vanéy fill areas tributary to -
San Fernando Reéervoir. This acreage used with a percolation rate of O.L
inch per hour was used to determine pércolation of runoff, which was then
subtracted from total runoff to yield the net surface inflow to reservoirs.
The total runoff from hill and mountain and valley fill areas tributary
to the reservoirs less the percolation is shown in Table F-10.

The total surface inflow from each tributary area was split into
that originpating in hill and mountain and in valley fill areas in the same
ratic as runoff developed in hill and mountain and in valley fill areas.

Surface inflow due.to runoff from hill and mountain areas is shown in

Table F-1l.

1/ TUnited States Department of Agriculture 1955 Year Book of:Water,
page 157.
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TABIE F-10

ESTIMATED TOTAL SURFACE INFLOW
INTO OWENS RIVER SYSTEM RESERVOIRS '

In Acre-~Feet

San Fernando Hydrologic subarea :oy.lmar Hydrologic:
Reservoir Subarea :

o o

Yoar - : - , * Total
;San Fernando, Chatsworth , Encino , S;:sle‘::rg;:do
- 3 (1) : £2) s {(3) t4) s (5)
1928-29 60 20 20 0 100
29-30 0 0 0 - 10 ' 10
1930-31 0 0 0 20 20
31-32 1,530 100 250 370 2,550
32-33 130 Lo Lo " 70 280
33«34 400 130 80 120 730
3k4-35 100 70 0 80 250
1935-36 320 120 80 100 620
36~37 1,990 590 300 550 3,L30
37-~38 2,840 800 550 880 5,070
38-39 580 90 130 230 1,030
39-L0 280 90 60 70 500
1940-41 3,6h0 1,200 1,000 630 6,470
L1-42 370 120 80 80 650
h2-h3 " 870 540 910 2,320
L3-Lk 660 L0o 650 1,710
Lli-L5 210 130 170 510
154546 : € 10 70 170
L6~UT7 60 Lo 90 : 1950
L7-L8 20 10 10 ‘ Lo
LB8-49 0 0 0 0
L9-50 30 10 30 70
1950-51 30 10 10 50
51-52 © 620 510 810 1,9L0
52-53 90 50 Lo 180
53-5L 70 ho Lo 150
54~55 60 Lo 30 130
1955-56 100 50 90 2l0
56-57 60 30 10 100
57-58 850 220 360 1,430
29-Year '
TOTAL

1929~1957 12,240 6,610 Iy, 190 6,170 29,510




TABLE F-11

ESTIMATED SURFACE INFIOW INTO OWENS RIVER SYSTEM
RESERVOIRS FROM RUNCFF ORIGINATING IN HILL AND MOUNTAIN AREAS

In Acre-Feet
0 2ndc HyOrelogic bubarea sOy.Lmar Hyarologics
Year * ___ Heservolr ) : Subarea } motal
:Sen Fernando, Chatsworth ; Encino | S;gi:f,ﬁ?f.“
1928-29 Lo 20 20 0 80
29-30 0 0 0 0 0
1930-31 0 0 ) 0 0
31-32 1,L80 Loo 250 290 2,420
32-33 100 Lo Lo . 30 210
33-34 360 130 80 60 630
3L4-35 70 70 0 30 170
1935-36 290 120 80 60 550
36-37 1,930 590 300 Lso 3,270
37-38 2,780 800" 550 760 11,890
38-39 520 90 130 130 870
. 39-40 250 90 60 30 430
19L0-L1 3,530 1,200 1,000 460 6,190
l1-L2 3.0 . 120 80 60 600
Leo-l3 87 540 770 2,180
L3-4l 660 L00 530 1,590
Ll=k5 210 130 120 460
19L5=-46 60 Lo .30 130
L6=U7 €0 Lo Lo 140
L7-48 20 10 0 30
L8-L49 0 0 0 0
49-50 30 10 10 50
1950-51 .30 10 0 Lo
51«52 620 510 650 1,780
52-53 90 50 20 160
53-54 70 Lo 10 120
c4-55 60 Lo 10 110
1955-56 100 50 o] 150
56-57 €0 30 0 90
57-58 ' 850 220 2Lo 1,310
29-Year
TOTAL

1929-1957 11,690 6,610 L,L90 4,590 27,380
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IMPORT TO UPPER LOS ANGELES RIVER AREA BY
CITY OF LOS ANGELES
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AFPPENDIX G

IMPORT TO UPPER LOS ANGELES RIVER AREA BY
CITY OF IOS ANGELES

Water Supply of City of Los Angeles
Department _of Water and Power
Los Angeles Aqueduct System

The Los Angeles aqueduct system of the Clty of Los Angeles
Department of Water and Power, the general plan and profile of which is
shown on Plate 1L, was constructed to utilize the water supply of Owens
River and Mono Basin in serving the demands ‘of the City of Los Angeles,
Construction on the agueduct began in 1907 and the first water was
delivered to Los Angeles from the Owens Basin in November 1913, but dis-
tribution within San Fernandoe Valley did not begin until May 1915. In
1940 the aqueduct system was extended to include the Mono Basin and since
that time aqueduct diversions have been made from both basins., Conditions

and capacities stated hersin are as of 1959 unless otherwise noted,

Deseription of Project

Mono Basin is a closed basin east of the Slerra Nevada Mountain
Range draining into Mono Lake, Owens Basin is a closed basin draining
into Owens lake and is separated from the Mono Basin by a low flat divide.
Diversion of the entire flow of Owens River into the aqueduct during the
dry period from about 1920 to 1936 caused the bed of Owens Lake to became
almost completely dry. Since that time, except for the period from 1936-37
through 1938-39, the flows into Owens Lake have been small.
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The upper part of the aqueduct system starts in Mono Basin at
Leevining Creek with a covered conduit to Walker Creek having a capacity
of 300 cubic feet per second (cfs), as indicated on Plate 1, Walker
Creek may be diverted across or into the conduit. The capacity of the con-
duit from Walker Creek to Parker Creek is 325 c¢fs, Parker Creek may also
be diverted across or into the conduit. The capacity of the conduit from
Parker Creek to Grant Lake is 350 ¢fs., Rush Creek flows directly into
Grant lake, The storage capacity of Orant Lake Reservoir is L7,525 acre-
feet and facilities are provided by which water may be returned to Rush
Creek below the reservoir. A covered condult conveys the diverted water
from Grant lake to the Mono Craters Tunnel through which the Mono Basin
water reaches Owens Rlver Basin., The capacity of Mone Craters Tunnel is
365 ofs. Existing municipel water rights under Application 8042, Permit
5555, of the City of Los Angeles to waters in Mono Basin ere conditioned
so that simulbaneous diversions shall not exceed 200 cfs from the four
sources consisting of Leevining, Walker, Parker and Rush Creeks.

The City of Los Angeles has no controls on Owens River above
Long Valley Reservoir; however, by agreement it is restrained from
releasing water through the Mono Craters Tunnel when such releass would
cause the flow of the Owens River betwesn the outlet of the tunnel and
Long Valley Reservoir to exceed LOO cfs.

The ocapacity of Long Valley Reservoir is 183,L65 acre-feet,
Water from the reservoir passes through a series of thres power plants

located in the Owens River Gorge (see Plate 1l), The power plants have
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& capacity of 690 cfs, but when use is made of the spillway and auxiliary
outlet the discharge capacity from the resservoir is unlimited. Pleasant
Valley Reservoir, located downstream from the power plants, has a storage
capacity of 3,885 acre-feet and is used as an afterbay for regulating
hydroelectric power peaking flows. Flow from this reservoir is usually
steady. From Pleasant Valley Reservolr to Tinemaha Reservoir water is
conveyed in the natural river course and there are no flow limitations
other than minimum and rate of change restrictions imposed in the interest
of fish life., The capaclty of Tinemaha Reservoir is 146,405 acre-feet and
is used to regulate flow into the Aberdeen intake of the aqueduct by
holding valley runoff during shutdown for maintenance and by controlling
flood waters. It is not used as a long-term storage reservoir,

The aqueduct below Aberdeen intake, which is situated downstream
of Tinemaha Reservoir, is open canal in earth seoctlon to the Alabama Hills’
and concrete lined from there to Haiwee Reservoir (see Plate 14). The
maximum capacity in this section is 700 ecfs, There are numerous streams
intercepted in this area and also several waste gates that are used to
dewater the aqueduct for maintenance. Haiwee Reservoir, withi a capaclity
of 58,525 acre-feet, is the lowermost reservolr in the aqueduct system
in Owens Valley. Its storage is utilized to equalize flows into the
conduit whloh delivers thq water into the City of Los Angeles,

From Haiwee Reservolr to Falrmont Reservoir, which has a storage
capacity of 7,507 acre-feet, the aqueduct is covered conduit or pipe
section having a maximum capaclty approaching 500 cfs. The conduit



requires careful operation and maintenance to sustain this capacity. From
Fairmont Resservoir to Dry Canyon Reservoir the capacity of the aqueduct is
approximately 1,000 cfs., The Fairmont Reservoir outflow is varied to meet
power peaking demands at the San Francisquito Power Plants of the City of
Los Angeles and reregulated at Dry Canyon Reservoir to the constant rate
required by downstream aqueduct capacity., The capaecity of Dry Canyon
Reservoir is 751 acre-feet. Bouquet Reservoir, with a capacity of 36,505
acre~-feet, is on a spur from the aqueduct between Fairmont Reservoir and
the San Francisquito Power Plants (see Plate 1), It is used as a reserve
supply when the agueduct between Haiwee Reservoir and Fairmont Reservoir
is out of service, Between Dry Canyon Reservoir and San Fernando Reservoir
inlet, the latter being the terminus of the agqueduct system, ‘the maximum
capacity is 485 e¢fs. This capacity establishes the maximum rate at which
water can be delivered to Los Angeles,

Historical operation of the aqueduct indicates that all sections
of the system are shut down approximately seven percent of the time for
ingpections and repairs. This out-of-service period mist be taken into
consideration in computing anmual capacities,

For a limited period, the City of Los Angeles extracted water
from deep wells in Owens Valley to augment its aqueduct supply, These
wells were pumped continuously from May 1928 to December 1931 and were '
last used in January 1935. The record of Owens Valley deep wells includes
all pumped and free flowing artesian water from city-owned and operated
wells reaching the aqueduct from Jamuary 1918 through March 1959, There

is no recorded differentiation between pumping and nonpumping periods, but
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inspection of the available records indicates that during pumping periods
the rate of flow is conslderably greater than during nonpumping periods,
During the pumping periods the total quantity taken into ‘the aqueduct
system was approximately 398,000 acre-feet. During years in which there
was no pumping, in the period 1918 to 1958, the annual artesian flow from
wells reaching the aqueduct varied from 4,848 to 30,880 acre-feet with
the average for such years approximating 11,500 acre-feet,

Since the initial aqueduct project was completed in 1913, the
following improvements have been added:

Time or period
of installation Description of improvement

October 1928 Tinemaha Reservoir was completed and initial
storage of water began in March 1929,

1930-33 Smooth lining was placed in the closed section
of the aqueduct below Haiwee to increase
the capacity.

April 193} Bouquet Reservoir placed in service,
December 1940 Mono Basin Extension completad,

April 1941 Storage began in Long Valley Reservoir,

1952 | Owens River Gorge power plants completed.
July 1956 Pleasant Valley Reservoir placed in service,

Quantity Diverted and Used

The quantity of water diverted by the City of Los Angeles from
the Mono Basin-Owens River system is considered to be the inflow to Haiwee
Reservoir, which is the sum of the diversion from the Owens River measured

in the vicinity of Cartago at the Cottonwood Power Plant gates plus the



Cartago Station and Haiwee Reservoir. This gquantity is also considered as
the inflow to Halwee Reservolr.

Diversion by the city into the aqueduct system, measured as
described above for each hydrologic year of the period of record, 1s showm
in colum 1 of Table G-1. The annual emounts of water diverted from Mono
Basin through the Mono Craters Tunnel are tabulated in colum 6 of Table
G-2. The amounts of water released from Haiwee Reservoir for delivery
to the city ranged from 34,290 acre-feet in 1913-1k to 358,470 acre-feet
in 1957-58, The Mono diversion from the Mono Basin into the Owens River
system ranged from about 600 to 108,415 acre-feet during the period of its
operation from 1934-35 through 1957-58.

Also shown in Table G-~1 is the disposition of agqueduct water
between Haiwee Reservoir and San Fernando Valley., Haiwee Reservoir outflow
prior to July 1931 was measured at Little Lake and subsequent thereto at
the Haiwee Reservoir outlet (see Plate 20)., There are several unaccount-
able factors which may cause a difference in values of the Haiwee Reservolr
outflow and the City of Los Angeles import showm in Table (-1, These
factors are listed as follows:

1, Seepage and evaporation losses from the aqueduct and
reservoirs. (The evaporation from Fairmont, Bouquet Canyon and Dry
Canyon Reservoirs is approximately 4,800 acre-feet a year).

2. In measuring large quantities of water, the accuracy of a
meter may vary by two percent, more or less. These measuring differences
have been aggravated at times in the past when the flow into San Fernando

Valley was the corbination of three measurements.
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TABLE G-1

QUANTITIES DIVERTED AXD USED BY THE CITY OF LOS ANGELES
FROM GWEIS VALLEY AND NGHD BASIN

In Aere-Feat
T DounSE ¥ TIRpare + = -1 r S 7 "oApery 1
1 divartad : Outflow l Ghlnn lapﬂl inte ¢ into amwn > it Outfiew i chnngu r!pm !nto f.!nh mrmtu-
Year sinto Hal.::o sfror Hai\;un in .ns:nta ch::-mus % Toar :MM wurm@ ﬁuvu; ISinh ‘m‘nur’
1 Reservolr : Reservoir :etorage m lver Basin:, 3 3 Blﬂ‘ ;m;u msmn\n ; (2 Yl -
s () e {2 o+ (3) ) I 3 s Q) -2 £3) 51 ) N
1913=14 34,220 - 30 " 1938-3%  2u7,6€0 257,50 = 2,120 2,00 236,940 20,660
U218 U} ,650 * 10 36-37 239,250 229,620 + 1,160 0 205,670 21,750
37-38 283,050 217,670 + 950 2,910 203,080  3L,730
1915-16 65,290 - §0 13,710 38-39 261,510 293,200 - §,2L0 19,850 237,250  L2,330
=17 95,930 81,910 + 4o 68,160 13,590 39-lo  2Lo,870 24,70 - BO. o 217,160 27,970
1718  19h,750 159,8L0 + L 150 129,330 26,3:0
18-19 19,820 193,8L0 h30 176,030 18,240 191:0-!.1 279,540 2b3,8b0  + 5,669 8,070 200,980 29,130
19-20 211.960 185,990  + 1 K0 202,280 -16,680 hl-k2 293,610 296.550 - 2,700 16,860 248,350 38,050
hz—hz 297,270 85,070 - 7,020 1,320 26L,L00 27,310
1920-21 191,860 149,950 + 220 167,720 -17,950 307,580 303.760 + $,120 1,310 27h,500 18,830
.22 248,310 207,470 + 150 20L,620 2,690 Ua-hs 286,210 209,660 <+ 330 2,150 267,240 19,940
22-23 194,800 203,240 - 1,160 185,130 18,250
23-2k 147,790 158,30 + 1,070 1L9,460 7,610 15u5-L6 307,050 306,680 - 1,600 10 283,970 2L,300
2L-25 172,790 131,020 - 3,50 127,820 7,110 b4-L7  338,0L0 329,170 - 950 11,270 292,020 27,830
h7-U8 326,670 320,180  + 2,210 0 J08,l60 15,810
1928-25 191,30 205,570  +12,310 169,700 23,560 L8-19  308,3i0 311,780 - 2,500 0  298,h80 1,220
25-27  20h,260 204,860  +18,830 173,90  12,7L0 L9-50 315,050 323,180  + 6,360 0 306,400 Y1,620
27-28 220,780 225,730 =26,800 15k,720  57,850°
28-29 20L,760 203,920  + 1,700 190, 1 15,120 1950-51 356,510 323,L00 - 2,010 0 217,370 b,390
29-30 . 245,550 204,10 <+ 30 196,230 5,150 5152 330,690 335,120 - 2,160 3,970 315,57 16,740
52-53 339,950 331,670 + 3,080 0 320,920 7,31
1930-31 245,650 229,900 + 9 215,750 10,060 $3-5L 322,180 329,600 1,320 0 316,596 9,690
3132 258,200 241,100 - L0 238,200 3,510 sk-55  339,L30 331,b10 - 1,20 0 316,320 15,350
Je-33 23,80 239,780 - 30 226,430 11,480
33-3L 235,920 27L,750 17,610 185,580 21,350 1955-56  3L2,730 338,l50 + &50 0 321,260 15,570
3L-35 251,230 231,760  41L,700 19k,920  22,1k0 £6-57 320,330 332,690 ~ 700 170 38,390 1,630

57-50 388,470 333,850 -~ 6,220 ko 325,30  1b,60

Qe Sumtdon of Fairmont, Bouquet, Dry canycn and St. Franols Reserveirs. Plus indicates water inte storage and minus water from storape.

bs Uhaccounted for water includes ap on losses, 1 acies of mensuring devices, opsrational losses and distribution
sleng the aqueduct.

0. Includes 37,990 acre-feet spilled Irom St. Francis Reservolr.

TABILE 5-2

STREAM RUNOFF TRIBUTARY 7O LO$ ANGELES AQUEDUCE DIVERSICN
WORKS IN HONO BASIN IN EXCESS OF HISTGRIC DIVERSIONS

In Acra-Fact
L

T T et 18w 3
:haﬂning-wnlkar:hrknr: Rush : Sub=

£ Thaaoft 1n e
:Flou through:cess of divers

Creck (Cresk iCresk 3 Creek : total :Meno Craters:sics from Year
]

Sub~ .ﬂw throughicess of diver—
total :!’mo Crataers:sion from

avi \Mg"nll!mr Parkn.n Rush
Crook -Grse‘ -crnak x Creak

Tear H
: T H : Lt Tuwwel? :Kouo Basls B : 012  :Moup Basin
g f1) . f2) 2 () : (W) (9) (R) _ :(5)-(6)=(7) 1 1) * (g),__m {E) 5 (5) 3 (&!- 1{5)=(6)a(7)
193L=3¢ 50,535 3,709 8,280 59,113 121,437 622b . 19L5-L5 52,505 5,209 B,627 62,869 129,211 13,853 116,358
L5=h7T 3,12k L,058 6,869 15,890 90,921 25,759 65,162
1935-35 $7,048 L6062 7,50h 67,k83 134,857 2,738 L7s8 37,793 3,530 6,272 U45,h97  9L,1BB 92,255 1,%23
36-37 31,895 1L,909 7,761 56,73 121,259 2,L128 L8-bg 30,738 3,675 6,593 53,919 9h,985 10L,hL3 [
37-38 82,03k 8,61k 20,7919 99,56k 201,131 5’5583 L9=50 37,337 3,354k 5,750 k9,1 95,362 10k,598 0
3039 L3.665 4,279 7,251 LS,567 100,772 7,376
359-L0 52,60 5,053 8,039 53,167 128,l1%  15,25B% 1930-51 53,148 6,217 7,826 46,030 115,311  107,k73 7,658
51-52 5,202 E,9%1 9,978 83,783 184,93k  LO,521 126,163
wuo-41 65,873 7,60 9,56 77,538 162,357 50,175 111,562 5253 U3,789 L.530 6,786 52,433 101,53 75,870 31,658
b1-L2 65,7k 6,943 9,882 76,661 159,280 18,395 110,805 §3-5h 25,155 3,505 5,59B 38,993 73,252  &h,730 8,522
L2-L3 76,329 6,572 6,913 6L,570 156,396 23,829 132,567 sh-55 29,081 3,345 6,079 LL,7h8 83,253 85,259 0
L3-bly 16,933 L,358 7,68 L7,.71h 105,173  70,2LO 35,933
bleh§ 51, 383 6,090 9,100 73,608 1.0,181 24,285 113,893 1955-56 55, 311 7,663 9,872 83,826 157,738 108,15 L9, 323
Sg-57 L5,318 L7yl 7,371 55,788 11,286 61,900 52,318
57-35 50, 790 69’(u 10,428 70,362 136 55k 32,689 103,845

a. Includes tunnel make varying from 16 to 23 ¢fs, of which 60 percent originates on the Mono Basin zide of ths hydrologic divide.

bs Juno bhrouph Septerber

e, No recerd for Auguat, s-;m-m:- and October of 1937.

d. ‘Tunnel holed through near the snd of April, Mono Basin water could not entsr Owens Valley bafore this 4ime.

v, Turnel lining completed February 19u0. Befors completion Owens Valley ap woll as Mono Basin water was jumped from shafn adits and flowed
back inio Hono Basin, Computations by the Clty of Los Angeles have hesn made to the "Balance Point® which was found to ba in
February 1940 At this tima the asourulatad total of Mono Bssln wster transferred to Owens Valley excesdsd the secumulated Quens

Valley water pumped into Mono Basin.




3. Varying amounts of water are lost in operational procedures.
These losses are small and, with the exception of the water spilled into
the Santa Clara Basin, are not measu:t-ed. An additional unmeasured
quantity of water was discharged in the Antelope Valley desert area during
the period 1940-L6 under a Court injunction to do everything possible to
prevent water from reaching the Owens Lake bed. These losses have been
kept to & minimum since 1947 when demands have necessitated keeping the
aqueduct flow at a maximum.

L. Some water is distributed to customers directly from the

aqueduct.

Quantity Available for Diversion and Use

The quantity of water available for diversion and use by the
City of Los Angeles was considered to be the sum of the following four

guantities:

4

1, Flow in aqueduct measured at the Cartago Station,

2, Flow into Owens Lake measured in Owens River at the Mt.
Whitney Bridge from July 1908 through October 1918 and at the Keeler
Bridge from January 1927 throughout the period of study (see Plate 14 for
location of statioéns). ‘

3. Change in storage in Long Valley, Pleasant Valley and
Tinemaha Reservoirs. Plus change was added and nega'b::.ve change subtracted.

" }. Runoff in Mono Basin in excess of historic diversions by the

City of Los Angeles,
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It is possible for the City of Los Angeles to divert with
its ex:i.st;ing works the entire Mono Basin supply' from Leevining, Walker,
Parker and Rush Creeks, as measured above points of diversion on these
streams (see Plate 14). The city owns all of the affected irrigated
lands and water rights pertaining thereto, which are situated below the
points of diversion, Therefore, the estimated amount of water available
for diversion by the City of Los Angeles from Mono Basin in excess of
historic diversions Iwaé considered to be the combined supply of the four
creeks measured as described above minus the amount entering ‘Owens Valley
through Mono Craters Tunnel. The measured flow through Mono Craters
Tunnel includes a tunnel make varying from 16 to 23 cfs, of which Lo
percent is Owens Valley water and has not been separated in this computa~
tion, "Table G-2 shows the computation and the stream ranoff in excess
of the city's diversion in Mono Basin. Supply values are shbwn for the
period of record ISu'b computations of 'bhé amounts available began in 1940
when the .tunnel lining was completed and it was placed in service.

Table G=3 indicates the total quantity of water so estimated to
be available in the Owens and Mono Basins for diversion by the City of

Los Angeles through its aqueduct system.
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APPENDIX H
WATER QUALITY

A general water quality evaluation of the Upper Los Angeles
River area was made in compliance with Iltem I, 2, E, of the Order of
Reference., The purpose of.the study was to ascertain the quality of
surface and ground water and effect of import thereon.

Source_'_ of Data
All available water analyses were collected from California
State Department of Water Resources, Los Angeles County Flood Control
District, Department of Engineering of Ios Angeles County, the Plaintiff
and the defendants, Additional analyses were obtained from various other
individuals during the well survey conducted by the Referee. Supplemental
analyses were also made by the Referee.

Compilation of Data
Surface water analyses were collected and arranged in' stream
mile order beginning at the confluence of the Los Angeles River with the
Arroyo Seco, The stream mile mumbering is shown on Plate 12 and was
taken from the Official Stream Mile Maps of the California State Department
of Water Resources, The ground water ainalyses collected were tabulated in
numerical order by location number, ‘The well location number system and

the location of welles are shown on Plate 18,
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Complete analyses utilized generally contained the following
determinations: Specific electrical conductance, concentrations of total
dissolved solids, hydrogen ion content (pH), calcium, magnesium, sodium,
potassium, carbonate, bicarbonate, sulfate, chloride, nitrate, fluoride,
boren and total hardness as CaCOj. .

Specific electrical conductance measures the ability of water to
conduct an electrical current and is a measure of the salts in solution.
The standard determination of this value is given as electrical conductance
(EC) x 100 at 25° centigrade and is expressed as micromhos. Some of the
older analyses are stated as EC x 105 . These values have been increased by
a factor of ten to adjust them to the present day standard of EC x 106 in
the tabulations, When total dissolved solids are not given in an analysis
an approximate amount can be calculated by multiplying the EC x 106 vy 0.62.

Hydrogen ion concertration (pH) shown in the tabulation is that
made in the laboratory, Where field and laboratory values were indicated
on collected data, only tﬁe laboratory values have been utilized although
field (pH) may more accurately represent field water conditions,

Bicarbonate values reported in analyses made by the City of Los
Angeles Department of Water and-Power were in terms of alkalinity as CaCOj.
To make the sums of cations and anions more nearly balance the reported
values were adjusted to ppm of HGOB by dividing the reported value by 50.05,
the equivalent weight of CaCO;, and multiplying by 61,02, the equivalent
welght of HCOs.



Some of the analyses collected and not utilized in the study were

in terms of hypothetical combinations in grains per gallon,

‘M,ethods Ao_f Clasus:l.fying Wa.‘bers

The most widely used criteria for determinihg the suitability of
water for domestic and municipal use are the 1946 U. S, Public Health
Service Drinking Water Standard.'-f-./ (v.S.P.H.S.). The standards have also
been adopted by the California State Department of Public Health, Limits
for mineral constituents in water are divided into mandatory and recom-
mended criteria and are shown in Table H-1,

Total hardness is a significant factor in the determination of
the suitability of a water for domestic and municipal use. Waters con-
taining 100 ppm or less of hardness (as CaC03) are considered "soft!
while those with more than 200 ppm are considered '"very hard",

The quality of delivered water has effects on both plant growth
and ground water quality. A detailed discussion of water quality effects
is contained in California State Department of Water Rescurces Bulletin
78,3/

Methemoglobinemia has been related to nitrate in water supply
and is & basis for the California State Department of Public Health
rec;ommended tentative limit of 10 parts per million nitrate nitrogen

(L4 ppm N03) for safe domestic waters.



TABLE H-l
QUALITY CRITERIA FOR DOMESTIC WATER

BASTD ON DRINKING WATER STANDARDS
U.'S. PUBLIC IEALTH SERVICE, 1946

Mandatory limits:

Lead (Pb) 0.1 ppm
Fluoride (F) 1.5 ppm
Arsenic (As) 0,05 ppm
Selenium (Se) 0.05 ppm
Hexavalent chromium (cxb*) 0.05 ppm

Nonmandatory, but recormended, limits:

Copper (Cu) 3.0 ppm
Tron (Fe) and Manganese (Mn)

together 0,3 ppm
Magnesium (¥g) 125 ppm
Zinc (Zn) . 15 ppm
Chloride (C1) 250 ppm
Sulfate (soh) 250 ppm
Total dissolved solids (TDS)

Desirable 500 ppm

Permitted 1,000 ppm



Ground Water

Thomas and Whited/ point out that " ... a basic distinction
between meteoric and nonmeteoric waters is suggested by the fact that the
hydrologic cycle includes a distillation process cof vaporization and
pPrecipitation that has no counterpart in the .development of nonmeteorie
waters except volcanic steam. Thus meteoric water is more likely to be
fresh and fresh water is much more likely to be meteoric than nomneteoric."

Approximately 1,500.ground water analyses which were obtained
from various sources and 32 analyses which were made by the Referee have
been studied in detail, The chemical character of these waters indicates
that they are meteoric in origin; that is, water of the hydrologic cycle
which involves evaporation, atmospheric circulation, Precipitation, runoff
and subsurface movement. None of the analyses indicate any sources of
Juvenile or magmatic waters that originate deep within the earth, the latter
two types being generally recognized by their highly mineralized character.
Volcanic waters are distinguished by a higher temperature and by relatively
high contents of fluorine » Bilica, boron, sulfur, carbon dioxide and
antimony and by a relatively low content of calcium and magnesium as

compared to waters of meteoric origin,
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The ground waters occurring in the valley f£ill of the area of
investigation are generally within the recommended limits as set forth in
the U, S, Public Health Service Drinking Uater Standards, 1946. The
principal exceptions are those waters in the vicinity of Calabasas, wﬁich
are derived from wells that penetrate the Modelo formation, and some wells
in the lower part of the Verdugo Hydrologic Subarea. The nitrate content
of grou.nd water in the Verdugo Subarea has inoreased at a rapid rate during
recent years, This phenomenon is discussed in detail later in this
appendix.

The ground waters of the hydrologic subareas in general would be
classed as mgderately hard to very hard. The character of the water in the
western portion of the San Fernando Hydrologic Subarea is predominantly
calcium sulfate while in the eastern portion and in the Verdugo and
Svimar Hydrologic Subareas it is calcium bicarbonate. Plate 15 represents
geochemical charts on which the percentage characteristic of waters in
various locations in the basin have been plotted. These plots show that
all of the natural waters are the calcium, magnesium, sulfate, bicarbonaté
or "hardness" group, A comparison of the plots for 1932 and 1556-S7
indicates that the ground waters have remained in the same hardneas group
during the 2}-~year period,

The ground water in the Calabasas area which is pumped from the
Modelo formation has total dissolved solide values ranging from 1,000 to
3,242 ppm, magnesium values as high as 150 ppm and sulfate values as high
as 1,392 ppm. A1l of these values exceed the U, S, Public Health Service
Drinking Water Standards, 1946, recommended limits.
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Sources of Nitrates in Ground Water

Elemental nitrogen exists throughout nature in combination with
other elements. It occurs in very slight quantities in igneous rocks, it
constitutes about four-fifths of the atmosphere, and it is an essential
constituent of living organisms. These nitrogen sources often form
nitrates through bacterial action or when subjected to weathering processes.

In water, nitrogen can occur in several forms depending on its
state of oxidation. These foms are listed as follows :-E/

1. Gaseous nitrogen (Nz), dissolves in water t{o some

extent but has no major significance in water
quality.

2. Organic nitrogen (N--).

3. Nitrite (NO,-) as (N+++),

L. Nitrate (NO3-) as (N+++++). Nitrogen exists in

its highest oxidized and most stable form as
nitrate.

An extensive review of available literature establishes that the
significant sources of nitrate contributions to ground water are sewage,
organic wastes, fertilizer, rainfall and the nitrogen fixation processes.

A discussion of sources is presented as follows.

Rain Water
An analysis of rain water at Riverside, California, as published
in the Division of Water Resources Office Report on the El Cajon Valley,

1955,§-‘/ revealed, as shown in Table ¥-2, a total nitrogen concentration

Hel0
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of 0,803 parts per million and a nitrate concentration of 0,388 parts per
million. It was also noted that these values may be as low as one-tenth
the values reported in other a'reas, the difference being dependent upon

the occurrence of atmospheric electrical discharges.

TABIE H-2

AVERAGE RAINFALL AND AMOUNTS OF VARIOUS NITROGEN
FRACTIONS (AS NO;) IN RAIN WATER, 1933-3&/
(At Riverside, California)

“Average yearly? Eonstituants In parfs per mmion

rajnfall H
in inches : B3 NOp NO3 T°f'81

12.98 0.402 0.013 0.388 0.803

Igneous Rocks

The occurrence of nitrates in igneous rocks was reported by
Clarke, 192h1/ and by Lord Rayleigh, 1939 Q/ According to lord Rayleigh,
igneous rocks contain on an average 0.00L63 percent nitrogen. This
nitrogen appears to be mainly in chemical combination, perhaps as
ammoniacal nitrogen.

FABIE H-)

NITROGEN IN IGNEOUS ROCKS
(After Lord Rayleigh)

Rock ' N- (m‘.l./ e )
Dunite, average 0.045
Gabbro 0.037

Granite, average 0,037
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Research conducted by Stevenson, 1959 ,2/ revealed that the
nitrogen content of granitic rocks is generally lower than the values
reported by Rayleigh for igneous rocks as shown in Table H-3,

Several arguments have been set forth in an effort to explain
the presence of ammonium salts found in volcanic emanations. Clarke,
192h,1/ reports that the nitrogen in lava is an original constituent, and
not a result of organic origin. Rankama, 1950,2/ on the othér hand,
reports that nitrogen in lava may be of secondary origin, formed in the
reaction between hot lava and atmospheric nitrogen.

No detailed information is available on the exact manner or mode
of ocourrence of nitrates found in some magmatic rocks. It is believed

doubtful that nitrates occurring in ipneous reocks can be of any material

significance to the pollution of ground water in the area of investigation.

Sedimentary Rocks

Neble and Mansfield, 1922,%%/ report that in certain desert areas
of California, nitrate deposits as sodium nitrate have been found. These
deposits occur in caliche layers about five inches thick and are associated
with other water soluble salts, primarily sodium in character. Generally
the nitrate deposits are associated with shale or clay formations laid down
in lakes during Tertlary and Quaternary ages, and occur as a result of
physical conditions reflecting climate and soil character rather than from

a unique geologic formation or condition.
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The sodium nitrate occurring in the caliche deposits found in
California, particularly those of the Amargosa region, average less than

2.5 percent of sodium nitrate.

Nitrogen Fixation
Nitrogen fixation is defined as the process by which certain soil

bacteria, such a&s those living symbiotically within the root nodules of
various leguminous plants, have, the power of bringing free nitrogen into
combination. The bacteria in these root nodules first produce proteins
which later decompose and ultimately yield nitrates.

Nitrogen fixation is not limited to this special case. Nearly
all soils contain bacteria, both aeroblc and anaerobic species, which
asgist in the decomposition or rotting of vegetable and animal matter with
the ultimate formation of ammonia. The ammonia is converted to nitrites
by nitrosifying bacteria, and then to nitrates by nitrifying bacteria, both
of which are found in scils. Both of these steps are actually oxidations
of the nitrogen compounds and they occur in. connection with the life cycle
of the bac_steria. An example is farm manure which contains nitrogen as
urea (CO(NH,),) and proteins. When the manure is spread on soil, bacteria
in the air and in the soil act to decompose the manure. The urea is
hydrolyzed to ammonium carbonate and the proteins are changed by aercobic

bacteria into ammonia. The final result is the development of nitrates.

Fertilizers
Commercial fertilizers used for agricultural purposes have been

found responsible for nitrate pollution in several agricultural areas.
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Nitrate concentrations have been reported in the Redlands area in Califor-
nia as high as 160 ppmmii/

The State Water Pollution Control Board's Publication No, 953/
reports that commercial fertilizers develop nitrate by percolation through
soils with some decrease in total nitrogen and that ammoniacal nitrogen,
applied to soils on the surface, appears to be oxidized to qitrite and
nitrate while passing through the soil. The report also notes that the
bassage of nitrogen through soils takes place in two steps. First, the
ammonium ion 1s absorbed on any colloidal matter Present, and secondly,
if the pH is above 5.0, bacteria opesrates to oxidize the ammonium ion to

nitrate,

Cesspool and Septic Tank Effluent ’

Nitrate development in septic tanks and cesspools is deseribed
as the mineralization of nitrogenous organic matter, or as the final
product of the biochemical oxidation of ammonia. The nitrate concentration
is generally thought to be low or nonexistent in septic tanks and cesspools
because of anaerobic conditions existing in this envirorment, Nitrates
appear to develop under the aerobic conditions existing after the sewage
effluent is discharged from the cesspool or septic tank and allowed to
percolate through soils, where oxygen is available, (An analysis made of
fresh cesspool liquor sampled by the Referee in Verdugoe City revealed the

complete absence of nitrates).
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Studies conducted by the Sanitary Engineering Research Project
of the University of California at Lodi, California, ¥/ indicate that
nitrate accumulation did not begin until a depth of four feet below the
bottom of spreading basins filled with sewage effluent. |

As a result of nitrification, nitrate concentration increased
several hundred percent during the percoclation through 13 feet of alluvial
materials. The nitrogen avallsble in the form of ammonia and nitrites
plus the presence of oxygen would lead to conditions favorable to the
biological oxidetion of reduced forms of nitrogen. Nitrites present on
the surface rapidly disappeared with depbh, this being consistent with the
appearance of nitrates,

According to data presented in the State Water Pollution Control
Board Publication No. 9,12-/ the average nitrate concentration of sewage in
sewer mains attributable to domestic use of water is 20 to L0 parts per

million total nitrogen or 88 to 176 parts per million nitrate.

Synthetic Detergents in Ground Water
Synthetic detergents have largely taken the place of soap as the

household cleaner since their advent on the market after World War IX. In
1948, syndets represented only 16 percent of the total annual soap and
detergent sales; however, in 1957 syndets represented over two-thirds of
the total sales and comprise approximately 75 percent or more of the sales
today. This wholesale use of syndets in homes today has introduced a new
product into sewage effluent., Unlike soap, surface active agents utilized

in synthetic detergents are bilologically resistant organic material,
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The normal wash day synthetic detergentlﬂ/ is generally a heavily
built synthetic powder and usually consists of 20 to 22 percent of surface
active matter compound with about 35 to LO percent phosphates, mainly
sodium tripolyphosphate; up to 10. percent silicates;‘S percent of sodium
perborate; 1 to 2 percent of sodium carboxymethylcellulose; and the remain-
der of various other compounds, including foam stabilizers, corrosion
inhibitors, ete.

Of the basic synthetic detergents available commercially,
approximately 80 percent of the total volume marketed utilized the
sulphonate type surface active agent, more specifically alkyl benezene
sulfonates (ABS). Most of the ABS are derived from propylene. They are
inexpensive and possess excellent deterging properties making them popular
in household detergent formulas. ' |

BOD studies conducted on polypropylene benezene sulphonates by
Sawyer and Ryckman, 1957,25/ show them to be extremely resistant to
biological attack,

Water pollution problems related to ABS have been found
responsible for foaming, taste, and odor at about one part per million.
Cohen, 1959,29/ reports that as little as 0.8 parts per million syndets
will foam water and that colorimetric procedures have proved to be the most
valuable method for determining the microquantities of ABS concentrations
in water. In most analytical procedureé for ABS, methylene blue is added
to a water sample and compared to a previously calibrated concentration

with a spectrophotometer.
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The basic weakness with this colorimetric method is low spec-
ificity. Naturally occurring materials also react to the ciyes, which can
lead to erroneously high results. Certain organic sulfates, sulfonates,
carboxylates, phosphates and phenols react to methylene blue. Inorganic
compounds, such as cyanates, nitrates, thiosulfates and thiocyanates, also
interfere with this method; however, these interferences have not proved
too inconvenient since the concentration of interfering substances is
generally low. To make ABS values comparable with other reported values,
a standard reference surfactant material is made available by the
Association of American Soap and Glycerine Producers.

A longer, more complex infrared method for determining ABS
concentrations has been developed; howsver, no laboratories in this area
are equipped to handle this type of analysis.

A1l available evidence points out the fact that synthstic
detergents in water originate only in sewage, and their presence in well
water definitely establishes contamination by sewage discharge.

In addition to the contamination problems related to ABS, the
large percgntage of phosphates used in housshold synthetic detergents may
afford a medium for bacterial survival in ground water and their presence
in ground water should be considered.

What oversll relationship, if any, synthetic detergents have with
nitrates iz not known; however, their introduction to the domestic house-
hold coincides with the advent of increasing nitrate ion concentrations in

the study area.
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Intgm;etation ,_of Analzses

The tabulated data were utilized in several methods of inter-
preting changes in water quality. These methods included line graphs,
trilinear geochemical charts, and isoplethic (1ines of equal value) maps.

Isochlors (variety of isoplethic) were drawn for two separated
periods, namely 1931~32 and 1951-53. These periods were selected as having
the best general basin-wide coverage., The ‘results did not show any con-
clusive change in chloride concentrations.

The historic presence of the boron ion was investigated since
relatively high boron waters were imported from the Owens Valley for a
period of time during 1932. At that time there was concern that these
waters, in which the boron content reached a reported maximum of 1.L4 ppm,
might have adversely affected sensitive crops in the area of use.

The relative presence of boron was gaged by utilizing the boron
factor (boron in ppm/EC x 10%). This factor was conceived by J. S. Logan
of the United States Bureau of Reclamation in studies in the southern part
of the San Joaquin Valley and was employed as a tool to separate waters
from different sources. The following is a tabulation of various boron

factors from diverse sources as compiled by Logan:
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Source Boron Factor, Fb

Ocean water 0.09
Ma jor San Joaquih streams 1.30
Petroleum brines (average) 1.30
Petroleum brines (maximum) 3.90
Sulphur Bank Hot Springs 62.00

Highest boron in water well
in Arvin area 6.73

Maps showing lines of equal boron factors were prepared for
1931-32 and 1951-53. The boron factors in the 1931-32 period varied from
0.03 to 1.62 and averaged O.L41. Variation for the 1951-53 period was from
0.008 to 1,61 with an average of 0.33. A oomparison of the two periods
indicated no pattern of increase or decrease and no appreciable change in
the boron content of the ground water.

The ground waters of the western portion of the San Fernando
Hydrologic Subarea are predominately sulfate type, while those in the
eastern portion are bicarbonate type. .In an attempt to delineate the areas
of the two types of water, an isoplethic map of sulfate-blcarbonate ratios

was prepared. The ratio is expressed as:

_ 50y, (epm)
Reb HCO4 (epm)

A value of one would be obtained when the constituents were equal.
Numbers greater than one indicate a greater amount of sulfate present in

the water, while numbers less than one indicate a dominance of bicarbonate.
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The computed ratios were plotted in their proper location on
a map and lines of equal sulfate-bicarbonate ratio (Rg,) were drawn as
shown on Figure H-1l. This study indicated that the distribution of the
two mentioned types is much more complex than originally assumed.

Graphs, plotting parts per million versus years, were made of
wells with records of analyses for a period of years at selected loca-
tions throughout the area of investigation. These graphs (Plates 17-A,
17-B, 17-C, 17-D) show the variation in total dissolved solids (TDS),
sulfate (SO},), chloride (Cl) and in some instances where records were
available, nitrate (NO3).

The constituents plotted were selected as being those impor-
tant in domestic and munieipal water systems. The graphs indicate that
in general there has been no substantial change in ground water quality
other than would normally occur due to return of irrigation water. An
exception to this is found in the Verdugo Hydrologic Subarea where large
increases in nitrate concentrations have taken place. This problem is
discussed in detail in the following section. ‘In other portions of the
area of investigation analyses of ground waters indicate that some wells
have abnormal concentrations of nitrate. Wells with nitrate concentra-

tions of 20 ppm or greater are listed in Table H-L.
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TABLE H~l

NITRATE ION CONCENTRATIONS OF WELLS,
SAN FERNANDO AND SYIMAR HYDROLOGIC SUBAREAS

3 Nitrate s
Well s ooncentration : Date
number ppm ., sampled
3566 30.4 8-15-5L
3701B 20 10- 8-57
37654 37 7-31-57
3790 20 6-11-58
3790D 20 6-11-58
38323 bl 7~26=57
3833F 3» 9-24-57
38454 30.8 2- 8-52
38LSF 32.4 7- 2-56
3934 23 12- 456
3947A 62 7-11-56
39478 Ly 7-11-60
39498 20 L- 9-58
395L 32 1.15-60
39580 3k 5- 6-60
39874 3 1-29-60
3987B 35 1-29-60
3987¢C 23 5- 560
3987D 21 2-10-560
3987E 23 2-10-60
3987F 35 . 1-29-60
47358 22 12- L-56
L4735C 2y 5-27-54
LB96A 30 6-12-57
L973J ‘93 6-27-58
. L983F 28.5 9-15-53
5988a 3 7-2L=57
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Occurrence of Nitrates in the
Verdugo rologic Subarea

The analyses used in this study were made by various laboratories.
The methods and laboratory techniques used by these laboratories vary con-
siderably. The Robert A. Taft Sanitary Engineering Center in Cincinnati,
Ohio, reports in the 1958 "Analytical Reference Service" that the
"phenoldisulfonic acid method", used by most laboratories, gives results
that are almost uniformly low and that this method does not give reliable
results for most operators. Statistical data presented indicate that the
results of the PDA method may vary as much as 27.81 percent from the
actual value. Hembé/ reports that the "phenoldisulfonic acid methed" is
best adapted for nitrate concentrations under 30 ppm, although the proce-
dure may give rather tenuous results. For values over 30 ppm the method
is inaccurate. All of the analyses available to the Referee are by the
PDA method or an earlier method of similar reliability.

The nitrate ion concentrations of wells having nitrate records
in the Verdugo Hydrologic Subarea have been plotted for the period 1951-52
to 1958-59 on Figure H-2 on the following page. The plots indicate sharp
increases in nitrates except for well 5075, which is in the upper portion
of the subarea. Since the increases in nitrates are recent they cannot be
of natural causes and must therefore be due to:

1. Fertilizers applied to lawns, gardens and golf
courses.

2. Oxidized cesspool and septic tank effluent.
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FIGURE H-2
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Fertilizer as & Source of Nitrate

A general reconnaissance of the study area revealed that
commercial fertilizers are beihg used to some extent on small private lawns
and gardens and very extensively on the Oakmont Country Club turf and golf
greens. The quantity of fertilizer used on private lawns and gardens is
very small and no abnormal fertilizing practice was obvious in any of the
residential areas.

At the Country Club, a direct relationship between fertilizers
and ground water might exist. This area is sewered and serviced by
Glendale Public Services. Well water pumped by the City of Glendale from
well No. 3971 reflects a present nitrate concentration of LO ppm. An
irrigated tﬁrf of 110 acres located 1,500 feet upstream is fertilized with
20 tons of a 20 percent ammonia fertilizer three times per year. An addi-
tional acre and a half is treated with sulfate of ammoﬁia, a 21 percent
nitrogen fertilizer, every two weeks.

An average of about 30.5 acre-feet per month of water is applied
to the golf course and greens, This figure represents about 0.25 acre-foot
per acre-per month.

The nitrates developed in soils through nitrogen fixation and
fertilization are available to vegetation for consumption and/or reduction
to nitrogen by denitrifying bacteria and released to the atmosphere, or
they may be leached from the soil by irrigation water and rainfall per-
colating to ground water.

The amount of nitrates leached from a soil is governed by the

soll-type method of fertilization, cropping practice, climate and the
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amount of applied waler and rainfall. A review of the preceding practices
suggests that sufficient nitrates are developed on the golf course to
effectively contribute some nitrates to the ground water of the study area.
However, sufficient water is applied through irrigation and rainfall to
continually leach applied concentrations of nitrates on the ground surface
and in the root zone, thereby eliminating the possibility of any very

concentrated slugs reaching the water table.

Sewage as a Source of Nitrate

The portion of the Verdugo Hydrologic Subarea discharging sewage
into cesspools and septic tanks was occupied by approximately 35,800
persons in 1951 and 55,300 persons in 1958.

Average nitrate concentration attributable to the domestic use
of water in the study area may reach 88 to 176 parts per million.ll/ Thus,
if the disposal of effluent from domestic sewage through septic tanks and
cesspools constitutes a continuing major source of ground water recharge,
the ground water concentration will be influenced accordingly.

A study was made to determine the relationship between pumped
water and cesspool effluent within a 500-foot radius (estimated average
cone at depression of a pumping well) of six wells in the Verdugo
Hydrologic Subarea. A house count was made on large-scale aerial photo-
gfaphs within the established radius and the cesspool effluent determined
on the basis of 3.7 persons per dwelling: These results were compared to
the pumpage of the respective well and indicated that from four to eight

percent of the water pumped could be cesspool effluent falling within the
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assumed cone of depression around each well. What effect this volume of
effluent has on the nitrate concentration in water produced in the various
welle is not known exactly; haﬁéver, it does suggest that cesspool effluent
with a nitrate concentration in the range previously indicated may have an
appreciable influence on concentration of nitrates in this water supply.

Noting the location of the high nitrate wells it is seen that
these wells are situated parallel to Verdugo Wash. Topographically, and
" by an inspection of Plate 6, Base of Water-Bearing Series, it becomes
apparent that these wells are situated so as to effectively intercept a
portion of the subsurface drainage of the upper portion of the subarea.
This area is coincident with the unsewered portion of the study area.
Further, the area immediately around the high niirate wells is served by
the high nitrate waters pumped from these same wells.

From the preceding it is concluded that the high nitrate ion
concentrations found in the Crescenta Valley County Water District wells
are definitely related to the physiography and this explains the absence
or very small nitrate ion concentration in wells 5076 and 5077B, located
upstream.

The review of chemical analyses of well waters in the study area
also revealed an increase in chloride ion, a general decrease in pH, and a

recent oceurrence of synthetic detergents.
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The chloride increase supports the conclusions that the nitrate
pollution is originating from sewage effluent or re-use. Analysis of
well No. 5058E shows a chloride concentration of 11 ppm in 194% and 33 ppm
in 1958. The nitrate concentration for this same well was 15 ppn in 1949
and 81 ppm in 1958. The decrease in pH would be expected as a result of
the increase in acid salts, e.g. nitrate and ohloride. A br;ef study on
this point indicates that considerably more salts are being deposited in
the subarea since 1950 than are being exported. This situation also
corresponds to the rapid increase in nitrate ion concentration in the

subarea,

Traces of synthetic detergents detected in all of the wells in
the study area appear to establish sewage effluent as the source of
nitrate pollution. A recent analysis of water from well No. 50L7D noted
a concentration of 0.37 parts per million synthetic detergent determined
as alkyl benzene sulphonate. Most of the other wells in the study area,
particularly those with high nitrate concentrations, also have concen-

trations of syndets.

Conclusions

Research and investigation by the Referee leads to the following
conclusions regarding the Verdugo Hydrologic Subarea:

1. Nitrate concentrations occurring in the native ground waters
of the Verdugo Hydrologic Subarea priorlto 1950 were substantially below

the California Department of Public Health recommended limit.
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2. A veview of existing well logs and geology indicates that
nitrate yielding rocks or formgtions do not occur in significant quantity
anywhere in the subarea.

3. The abnormal increase of nitrate ion concentrations in the
ground water of the subarea is coinecident with the postwar residential
development of the subarea.

4, High nitr;te concentrations in the well waters of the subarea
are coincident with the topographic lows in the subarea.

5. The present high nitrate ion concentrations appear to be a
result of cesspool effluent and the recirculation of high nitrate well
water pumped within the subarea. These conclusions are corroborated by
the coincideﬁt increase in chloride concentration and exlstence of

synthetic detergents in the well waters.
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