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GROUNDWATER CONDITIONS IN THE 
ANGIOLA WATER DISTRICT WELL FIELDS 

INTRODUCTION 

The Angiola Water District is located along State Highway 43, 

southeast of Corcoran, between Avenues 88 and 120. The East Well 

Field is located in Sections 23, 25, and 26 of T22S/R23E. The West 

Well Field is located in Sections 21, 22, 27, 28, 33, 34 of T22S/ 

R23E, and Sections 3 and 4 of T23S/R23E (Figure 1). A total of ten 

new wells, five in each well field, were drilled in 1991 by Grabow 

Well Drilling, Inc. of Hanford. The purpose of this report is to 

provide basic information on groundwater conditions in the well 

fields, and to address the potential to pump in the range of 90 to 

100 cfs of water from them over the long term. Hilton, et al 

( 19 6 3) and Lofgren and Klaus ing ( 19 6 9) provided information ,'.)n 

regional groundwater conditions in the Tulare-Wasco Area, within 

which the well fields are located. 

SUBSURFACE GEOLOGIC CONDITIONS 

A widespread well defined, thick clay layer, termed the :o~

coran Clay or E-Clay, is present throughout the area. ~his c~ay 

divides the groundwater system into an upper aquifer (above the 

clay) and a lower aquifer ( beneath the clay). The top of the E

C lay slopes to the southwest in the vicinity. The depth to the to? 

of the E-Clay ranges from about 430 to almost 500 feet beneath the 

land surface at the well fields. The top of the clay is shallowest 

beneath the northeast part of the East Well Field, and is deepest 
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beneath the area near the highway and Avenue 108 (Figure 1). The 

thickness of the E-clay ranges from about 130 to 230 feet beneath 

the two well fields. The clay thickens to the south-southwest 

beneath the well fields. The base of the lower aquifer is defined 

as the base of the fresh groundwater, which is underlain by high 

salinity groundwater at depth. The base of the fresh water is more 

than 2,500 feet deep beneath the well fields. Electric logs are 

available for some deep wells in the vicinity, and indicate that 

permeable, water-producing strata are present to at least a depth 

of 2,000 feet. 

WELL DATA 

Information on well construction is available from drillers 

logs and electric logs for some District wells, including all of 

the wells drilled in 1991. Copies of available drillers logs are 

provided in Appendix A. Hilton, Klausing, and McClelland (1960) 

presented data on depths and perforated intervals of wells in 

existence in the 1950's. In addition, the Angiola Water District 

has information on the depths of all active wells. Table 1 con

tains information on well locations, depth, perforated interval, 

date drilled, and availability of logs for the wells in the East 

Well Field. Records are available for 19 wells, 12 of which were 

active in November 1991. The shallowest active wells in the East 

Well Field were drilled in 1991, and range in depth from 960 to 970 

feet. The older active wells range in depth from about 1,240 to 

2,020 feet. Table 2 contains the same types of information for 

wells in the West Well Field. Records are available for 32 wells, 



TABLE 1 - CONSTRUCTION DATA FOR WELLS IN EAST WELL FIELD 

Perforated 
Date Depth Interval 

State Location Loca:t No_. Drilled ifJ~et_l (feet L __ Drillers Log Electric Log 

T22S/R23E-23Jl 14E* 1955 1,788 597-1,788 No No 
23Nl 2E - - - No No 
23N2 lE* 1948 1,559 - No No 
23N 19E 8/91 960 620-940 Yes Yes 
23Pl 3E 1945 215 - No No 
23Ql 4E* 1946 1,236 - No No 
23Q2 SE* 1948 1,447 - No No 
23R 6E 7/46 1,235 - No Yes 
25Al 9E - - - No No 
25A 15E* 7/91 969 500-930 Yes Yes 
25Cl SE - - - No No 
25D1 7E* 1947 1,553 - No No 
25El 12E 1951 2,018 1,260-1,854 No Yes 
25Fl 13E* 1955 1,798 598-1,798 No No 
25Hl llE* - 1,719 - No No 
25H2 10£* 1949 1,728 - No No 
26A 16£* 7/9i 960 500-940 Yes Yes 
26B lBE* 7/91 960 580-930 Yes Yes 
26H 17E* 7/91 960 580-940 Yes Yes 

"/v~tivE: Weil a:3 of Hcvernb,::er 1991. .r:--



TABLE 2 - CONSTRUCTION DATA FOR WELLS IN WEST WELL FIELD 

Perforated 
Date Depth Interval 

State_L,QC:::gtion LocaLJfQ,_ Drilled (Feet) {feet) Drillers Log Electric Log 

T22S/R23E-21K G-18* 8/91 983 620-940 Yes Yes 
21Ll G-1* 1950 521 321-521 No No 
21P G-16* 3/78 475 228-468 Yes No 
21Q G-19* 8/91 950 620-900 Yes Yes 
22Nl SW* 1952 1,850 - No No 
27Dl 5W 11/46 1,256 - No Yes 
27Fl 6W* - 468 - No No 
27L G-11* - 1,541 - No No 
27M G-13* - - 782-1,604 No No 
27N G-14* 2/78 480 228-468 Yes No 
27P G-21* 9/91 1,000 605-925 Yes Yes 
28Al G-3* 1950 520 200-500 No No 
28Cl G-2 (old) 1951 864 264-864 No No 
28C G-2 (new)* 5/77 478 258-468 Ye:s No 
28G G-20* 9/91 1,000 620-940 Yes Yes 
28Jl G-5-A 1950 504 200-504 No No 
28Ll G-4 (old) 1952 504 192-504 No No 
28L G-4 (new) S;77 478 258-468 Yes No 
33A:!. 4W - - - No No 
3 Jl',.G 7W* 2/46 1,200 500-1,200 No Yes 
33A3 2W - - -· No No 

V1 

Continued.: 



;itate Location 

T22S/R23E-33A4 
33A5 
33Bl 
33H 
33R 
34H 
34N 
34R 

T23S/R23E-3Cl 
4H 
4R 

TABLE 2 - CONSTRUCTION DATA FOR WELLS IN WEST WELL FIELD 
(Continued) 

Perforated 
Date Depth Interval 

Local_No. Q1:illed J.Eeet) {feet) Drillers ___L_Q_g 

lW 1946 1,172 - No 
3W 1954 1,791 684-1,791 No 
9W* 1954 1,836 674-1,836 No 

13W* 1/60 1,830 747-1,809 No 
12W* 12/59 1,845 776-1,830 No 
G-22* 9/91 1,000 620-940 Yes 
G-7* 1951 864 264-864 No 
G-17* - 1,100 No -

G-12 - - - No 
1J w:~ 12/59 1,330 808-1,825 No 
lOW 12/59 1,854 - No 

"'l-.ct1ve Well as c,f Hovernh·.,· 19'<1. 

Electric Log 

No 
Yes 

No 
Yes 
Yes 
Yes 

No 
No 

No 
Yes 
Yes 

(j'\ 



22 of which were active in November 1991. The older active wells 

range in depth from about 470 to 1,850 feet. The wells drilled in 

1991 range from 950 to 1,000 feet in depth. 

MAJOR WATER-PRODUCING ZONES 

The shallowest zone tapped by irrigation wells in the vicinity 

is the upper aquifer. Wells tapping this zone are typically pefor

rated from about 250 to 500 feet in depth. Examples of such wells 

in the West Well Field are G-1, G-2, G-3, G-5, G-14, G-16, and 6W. 

The shallowest irrigation wells tapping the lower aquifer are usu

ally about 800 to 900 feet deep. The water-producing strata from 

the base of the E-Clay to a depth of about 900 feet are termed the 

intermediate zone in this report. Examples of wells tapping this 

zone are all of the 10 new wells that were drilled in 1991. These 

wells are typically perforated from about 550 to 900 feet 1n depth. 

The deepest water-producing zone tapped by irrigation wells in tte 

vicinity extends to a depth of about 1,800 feet. Wells tapping the 

deep zone generally are perforated from about 750 to 1,800 feet in 

depth. Examples of these are wells 13E, 14E, 9W, 11W, 12W, and 

13W. 

WATER LEVELS 

In 1959, the direction of groundwater flow was to the south

east in the upper aquifer, and the water-level elevation beneath 

the well field was about 130 to 140 feet. At that time, the direc

tion of groundwater flow was to the southwest in the lower aquifer, 

and the water-level elevation beneath the well field was about 100 

7 
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to 110 feet (Lofgren and Klausing, 1969). A California Department 

of Water Resources map for Spring 1988 indicate a southeasterly 

direction of groundwater flow in the upper aquifer. Projected 

water-level elevations in the well fields ranged from about 160 to 

120 feet above sea level. A similar map for the lower aquifer 

indicated that the direction of groundwater flow was to the south

west at that time, and the projected water-level elevation in the 

well fields ranged from about 95 to 110 feet above sea level. 

These maps indicate that water levels in both aquifers in 1988 were 

at almost the same level as in 1959. 

Static water levels were measured in six wells in the East 

Well Field and four wells in the West Well Field on December 23, 

1991. Static water levels were measured in seven other wells in 

the West Well Field on January 14, 1991. Tables 3 and 4 ccntains 

the results of these measurements. For shallow wells in the Wes: 

Well Field, depth to water ranged from about 90 to 110 feet. Fer 

intermediate depth wells, depth to water ranged from about 130 to 

190 feet in the West Well Field and 195 to 200 feet in the East 

Well Field. For deep wells, depth to water ranged from about 135 

to 220 feet in the West Well Field and from about 190 to 195 fee: 

in the East Well Field. 

Approximate water-level elevations were determined jy usi~g 

ground surface elevations from a U.S. Geological Survey 7.5-minute 

quadrangle map. Water-level elevations for shallow wells ranged 

from about 90 to 110 feet above sea level in December 1991. For 

the intermediate depth wells, water-level elevations ranged from 

near sea level in the northern part of the West Well Field :o about 



Depth to Water 
Below Meas. Point 

Well ione (feet) 

4E Deep 191.1 

10E Deep 193.6 

11E Deep 195.4 

12E Deep 193.0 

l6E Inter. 197.0 

18E Inter. 196.6 

TABLE 3 - WATER-LEVEL MEASUREMENTS 
FOR EAST WELL FIELD 

Depth to Water Approx. Ground 
Below Ground Surface Surface Elevation 

(feet) (feet) 

190 209 

193 218 

194 218 

192 211 

196 210 

196 207 

All wells were measured on December 23, 1991. 

Approx. Water-Level 
Elevation (feet) 

19 

25 

24 

19 

14 

11 

\.D 



Depth to Water 
Below Meas. Point 

W~ll Zon~ (feet) 

13-2 Shal. 111.2 

G-4 Shal. 89.5 

G-11 Deep 222.4 

G-17 Compos. 152.5 

G-19 Inter. 203.8 

G-20 Inter. 189.0 

G-21 Inter. 183.1 

8W Deep 206.7 

9W Deep 207.9 

11W Deep 201.9 

12W Deep 198.3 

TABLE 4 - WATER-LEVEL MEASUREMENTS 
FOR WEST WELL FIELD 

Depth to Water Approx. Ground 
Below Ground Surface Surface Elevation 

(feet) (feet) 

110 200 

89 197 

221 200 

152 202 

203 200 

188 198 

182 198 

204 200 

206 198 

201 201 

197 201 

Approx. Water-Level 
Elevation (feet) 

90 

108 

-21 

50 

-3 

10 

16 

-4 

-8 

0 

4 

Walls SW, G-2, G-4, and G-9 were measured on December 23, 1991, and remaining wells were 
measured on January 14, 1992. 

r--' 
0 
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15 feet above sea level in the East Well Field in December 1991. 

The direction of groundwater flow was to the west at this time. 

For the deep wells, water-level elevations in the East Well Field 

ranged from about 20 to 25 feet above sea level in December 1991. 

The direction of groundwater flow was to the southwest. For deep 

wells· in the West Well Field, water-level elevations ranged from 

near sea level to about 20 feet below sea level in January 1992. 

The direction of groundwater flow was to the northeast at that 

time. These lower levels compared to those in 1988 reflect the 

influence of heavier pumping in the vicinity during the drought. 

Long-term water-level hydrographs were prepared for two wells 

in the vicinity that tap the lower aquifer. Well T22S/R23E-27J1 is 

located near Avenue 108 and the Homeland Canal ( Figure 1), and 

measurements are available from 1950 to 1981. Depth to water i~ 

the spring ranged from about 110 to 200 feet, and the deepest 

spring levels were during the 1976-77 drought (Figure 2). Although 

water levels declined at a rate of about fifteen feet per year dur

ing periods of heavy pumping, they appear to have recovered during 

intervening periods, and no long term change is apparent. Seasonal 

water-level fluctuations in this well averaged from 60 to 70 fee~ 

during heavy pumping periods. These variations are typical of 

those observed in wells tapping the lower aquifer in the Tulare

Wasco Area. 

Well T23S/R23E-3C5 (Figure 1) is District Well G-12, which has 

been inactive since 1982. Measurements for this well are available 

since 1963. Depth to water in the spring has ranged from about 110 

to 120 feet during periods of little pumping, to about 180 feet 
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during periods of heavy pumping (Figure 3). Seasonal water-level 

fluctuations during significant 

ranged from about 30 to 40 feet. 

tapping the intermediate zone. 

pumping periods have normally 

This range is typical for a well 

The water level in this well has 

also declined about 15 feet per year during heavy pumping periods, 

but has also recovered during intervening periods. No overall 

long-term change in water level in this well is apparent. 

PUMPAGE 

Production histories are available for wells in the well field 

since the 1950's. The combined pumpage from wells in the East Well 

Field has ranged from about 20 to 40 cubic feet per second (cfs), 

and has generally declined during drought periods and between well 

rehabilitation events: The combined pumpage from wells in the West 

Well Field has ranged from about 30 to 65 cfs, and has also gener

ally declined significantly during drought periods and gradually 

between well rehabilitation events. Water-level records indicate 

that these declines are not due to dewatering of the aquifer, 

because the confined aquifers that are tapped by the wells (except 

for the upper aquifer) are still full (i.e., the water levels are 

far above the E-Clay). The declines in pumping rate are primarily 

due to increased pumping levels and the associated decreased pump

ing capacity, and secondarily due to well encrustation, which 

apparently builds up between well rehabilitation events. An addi

tional 21 cfs well capacity was added to the East Well Field in 

1991. An additional 19 cfs well capacity was added to the West 

Well Field in 1991. The estimated total well capacity by the end 
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of 1991 for both well fields was 110 cf s. 

capacities of each well as of November 1991. 

Table 5 shows the 

AQUIFER CHARACTERISTICS 

Appendix B contains pump test data for the active wells 

drilled prior to 1991. Table 6 contains a summary of pump test 

data for the ten new wells that were drilled in Summer 1991 (Appen

dix C). All of these wells tap the upper part of the lower aqui

fer, or the intermediate water-producing zone. Specific capacities 

for the new wells in the East Well Field ranged from 35 to 52 gpm 

per foot, except for Well 17E (18 gpm per foot). Specific capaci

ties for the northernmost three wells in the West Well Field ranged 

from 43 to 48 gpm per foot, comparable to values for most of the 

new wells in the East Well Field. Specific capacities for the 

southernmost new wells in the West Well Field (Figure 1) ranged 

from 9 to 12 gpm per foot. 

Recent specific capacities for both existing and new wells 

were carefully evaluated, and then grouped into the following cate

gories, from highest to lowest: 

Average 
Specific Capacity 

(gpm/ft) 

98 

58 

42 

24 

Zone and Location 

Deep zone in East Well Field 

Deep zone in northeast part of West 
Well Field 

Intermediate zone in East Well 
Field and north of Avenue 104 in 
West Well Field 

Deep zone at or west of Road 40 in 
West Well Field 
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TABLE 5 

PRODUCTIOH DATA FOR ANGIOLA WATER DISTRICT 11-1-91 
DMS 

WATER PUMP Q 
WELL ZONE DEPTH LEVEL GPM 
NO. 

lE DEEP 1376 302 1302 
4E DEEP 1236 310 987 
5E DEEP 1425 311 1257 
7E DEEP 1584 31-1 1212 

l0E DEEP 1676 309 1257 
llE DEEP 1719 321 1077 
13E DEEP 1795 311 1 ') - -~o, 
14E DEEP 1788 315 1212 
15E INTERMEDIATE 920 317 2047 
16E INTERMEDIATE 940 321 1867 
17E INTERMEDIATE 930 3 77 1620 
18E INTERMEDIATE 930 330 2047 
19E INTERMEDIATE 930 317 2029 

320 19170 

6W SHALLOW 468 NA 1077 
7W DEEP 1200 2 9-4: 1167 
8W DEEP 1815 266 1122 
9W DEEP 1836 293 9-43 

llW DEEP 1825 319 1571 
12W DEEP 1839 305 1885 
13W DEEP 1809 3--10 1436 

303 9201 

Gl SHALLOW --115 316 718 
G2 SHALLOW -468 310 1212 
G3 SHALLOW 520 258 853 
G5 SHALLOW 500 NA 1077 
G7 INTERMEDIATE 864 NA 987 

Gll DEEP 1608 313 1661 
Gl3 DEEP 1604 NA 224--1 
G14 SHALLOW 468 NA 898 
Gl6 SHALLOW 468 NA 987 
Gl7 INTERMEDL\TE 1020 NA 1526 
Gl8 INTERMEDIATE 940 305 1961 
Gl9 INTERMEDIATE 890 301 1979 
G20 INTERMEDIATE 930 305 19--18 
G21 INTERMEDIATE 925 361 1342 
G22 INTERMEDIATE 930 397 1490 

318 2088--1 

316 Ft. Avg. Pumping Level 
--192 5 5 GPM 110 CFS 



TABLE 6 - SUMMARY OF PUMP TEST DATA FOR NEW WELLS 

Static Pumping Specific 
Pumping Rate Water Level Water Level Drawdown Capacity 

Well No. Date (gpm) (feet) (feet) (feet) (gpm/ft) 

15E 07/10/91 1,495 270.6 300.6 30.0 49.8 

16E 07/20/91 1,800 270 321 51 35.3 

17E 07/25/91 1,462 274.4 352.4 82 17.8 

18E 08/02/92 1,400 284.4* 321.4 37.0 37.8 

19E 08/12/91 1,490 278.7* 307.5 28.8 51. 7 

G-18 08/23/91 1,685 256.7* 296.0 39.3 42.9 

G-19 08/30/91 1,680 261.3* 296.0 34.7 48.4 

G-20 09/12/91 1,500 263.7 296.0 32.3 46.4 

G-21 09/19/91 1,685 245.8 386.8 141.0 12.0 

G-22 10/01/91 1,725 232.0 416.8 184.8 9.3 

*These are 10-minute recovery measurements, and are deeper than true static levels prior 
to pumping. This makes the calculated- specific capacity values slightly higher than 
actual ones. I-' 

-.._J 
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10 

Shallow zone in West Well Field 

Intermediate zone at or south of 
Avenue 104 in West Well Field 

18 

Thus recent specific capacity values averaging more than about 50 

gpm per foot are limited to the deep zone. The deep zone is highly 

productive, except at or west of Road 40 in the West Well Field. 

A comparison of specific capacities for the various depth 

zones in the same general location in the well field indicated the 

following. In the East Well Field, wells tapping the deep zone had 

average specific capacities of 98 gpm per foot, compared to 39 gpm 

per foot for wells tapping the intermediate zone. Thus wells about 

900 feet deep have average specific capacities about 40 percent of 

those for wells about 1,800 feet deep in the same area. A similar 

pattern was observed in the south part of the western part of the 

well field. By theory, the specific capacity of a well is almost 

directly proportional to the thickness of permeable saturated 

strata tapped by the well. Thus 900-foot deep wells apparently 

only tap about 40 percent of the thickness of permeable strata that 

is tapped by 1,800-foot deep wells. 

Aquifer tests were conducted on two of the new wells (17E and 

15E) in the East Well Field during July 1991. A transmissivity of 

50,000 gallons per day (gpd) per foot was obtained from the test on 

Well 17E, in excellent agreement with the specific capacity for 

that well at the time of the test (22 gpm per foot). Based on 

these results, it appears that reasonable estimates of transmissiv

ity for the intermediate and deep zones can be derived by multiply

ing the average specific capacities times a conversion factor of 
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2,000. This factor was developed by the U.S. Geological Survey 

years ago in the San Joaquin Valley for wells tapping con£ ined 

aquifers. The average transmissivi ty of the deep zone is thus 

estimated to range from about 50,000 to 200,000 gpd per foot. Ex

cept for west of Road 40 in the West Well Field, the transmissivity 

of the deep zone is estimated to range from about 120,000 to 

200,000 gpd per foot. The average transmissivi ty of the inter

mediate zone is projected to range from about 20,000 gpd per foot 

south of Avenue 104 to about 85,000 gpd per foot north of Avenue 

104. The transmissivity of the shallow zone is estimated, based on 

a conversion factor of 1,500 for an unconfined aquifer, to average 

about 25,000 gpd per foot. This conversion factor was also devel

oped by the U.S. Geological Survey, for wells tapping unconfined 

aquifers in the San Joaquin Valley. 

LAND SUBSIDENCE 

Land subsidence in the Tulare-Wasco Area was discussed in 

detail by Lofgren and Klausing ( 1969). There was an estimated 

subsidence of about one foot per twenty feet of water-level decline 

in the area through 1962. There was a total of about four feet of 

subsidence in the well field by that time. Subsidence should not 

be significant near the well field in the future unless water 

levels are lowered significantly below the historic lows, which 

occurred in the 1976-77 drought. 

GROUNDWATER QUALITY 

Problems with methane gas in the groundwater have been found 
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in the upper aquifer in the vicinity of the well field, particu

larly to the west. Water in the lower aquifer (below the E-Clay) 

is generally of the sodium bicarbonate type, with total dissolved 

solids (TDS) contents ranging from about 150 to 200 mg/1. Water in 

the upper aquifer is often of a higher salinity, often in the range 

of 500 to more than 1,000 mg/1. 

RECOMMENDATIONS 

Based on available data, the most efficient economic approach 

to obtaining the 90 to 100 cfs of well capacity needs to be deter

mined. More well capacity can be obtained by drilling more new 

deep wells. Such wells would be about 1,800 feet deep, and per

forated from about 900 to 1,800 feet in depth. The estimated cost 

is about $250,000 to $300,000 per well (without pump). About six 

wells could be drilled, with an estimated average capacity of 1,500 

gpm each. The best locations for three of these wells are in Sec

tions 23, 25, and 26 of T22S/R23E. The other three would be in 

Sections 27 and 34 of T22S/R23E. 

Existing hydrogeologic data suggest strongly that the desired 

well capacity could be obtained by modifying pumps in existing 

wells. The pumps used in the old wells don't appear to be capable 

of producing adequate rates when water levels decline during heavy 

pumping periods. Also, the pumping rates used don't correlate well 

with specific capacities (i.e., wells with larger specific capaci

ties can normally be pumped at higher rates). However, sand pro

duction may limit the potential to increase pumping rates in the 

old wells. In addition, the size and age of the casing may limit 
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the size of a pump that can be placed in the older wells. These 

factors would have to be evaluated by installing a test pump and 

performing 24-hour step drawdown tests. An engineering evaluation 

of costs for testing and equipping such wells and energy costs 

should be made. In addition, a regular well rehabilitation program 

is warranted, as the past results have been encouraging. 

If new wells tapping the deep zone are constructed, it is 

recommended that samples of drill cuttings be collected and sieved, 

in order to determine the optimal perforation size and gradation of 

the gravel pack. Also, rig development should be done, whereby 

water-producing strata in specific depth intervals are isolated and 

thoroughly developed, prior to installing the test pump. This 

should be followed by pumping and surging with a test pump for at 

least 24 to 48 hours, and eventually obtaining as high pumping 

rates as can be feasibly obtained. In addition, when pump tests 

are conducted in the future, the true static water level should be 

determined, either by measuring the well after a 24-hour shutdown 

following development, or by measuring the water-level about one 

day after pumping for the test ceases. 

Lastly, a routine spring and fall static water level measure

ment program should be undertaken. At least three wells tapping 

the intermediate zone and three other wells tapping the deep zone 

should be measured in the East Well Field. In the West Well Field, 

at least two wells tapping the shallow zone, three wells tapping 

the intermediate zone, and three wells tapping the deep zone should 

be measured. This would provide better information on the long

term response of these zones to pumping than is now available. 
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HYDROGEOLOGIC CONCEPTUAL MODEL AND GROUNDWATER 
CONDITIONS FOR THE TRI-COUNTY WA GSP 

INTRODUCTION 

The Tri-County Water Authority (TCWA) is located in Tulare 

and Kings Counties, north of the Kern County line (Figure 1). 

The eastern part of the GSA is in the Tule Sub-basin (5-22.13) 

and the western part is in the Tulare Lake Sub-basin (5-22.12). 

North of Avenue 48, all of the GSA is located west of Highway 

43, except for lands east of Angiola, comprising the Angiola Wa

ter District (AWD) east well field. South of Avenue 48, there 

are additional lands in the GSA that are east of Highway 43, and 

extend to the east to about a mile west of Earlimart and Delano. 

Figure 2 shows districts in the GSA, including the AWD, the Deer 

Creek Storm Water District (DCSWD), the Wilbur Reclamation Dis

trict, and the Allensworth CSD. 

This report is intended to satisfy the SGMA requirements for 

preparation of a hydrogeologic conceptual model and a discussion 

of groundwater conditions in the GSA. Thomas Harder & Co. (2017) 

prepared a report on the hydrogeologic conceptual model and wa

ter budget for the Tule Sub-basin. For this report, the TCWA 

GSA is divided into three parts. The lands west of 8th Avenue 

are termed the "west part". It is distinguished from the rest 

of the GSA by being almost entirely in the Tulare Lakebed and 
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FIGURE 1 - TOPOGRAPHIC MAP OF GSA AND LOCATION OF 
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by having virtually no large-capacity wells, because of subsur

face geologic and groundwater quality issues. The rest of the 

GSA is divided into the "north part" (north of Avenue 60) and 

the "southeast part" (south of Avenue 56). The north part in

cludes the AWD well fields and the east part of the AWD. This 

part of the GSA is located in a transition area between the Tu

lare Lakebed to the west and the alluvial fan of the Tule River 

to the east. The southeast part of the GSA is bounded on the 

south by the Kern County line and extends from 8-1/2 Avenue on 

the west to Road 132 on the east. Allensworth is in this part 

of the GSA and Earlimart and Delano are just east of this part. 

Deer Creek pass through the area north of this part of the GSA 

and the White River passes through this part of the GSA. Lands 

in the southeast part of the GSA are east of the historic Tulare 

Lakebed (Figure 1) and are underlain by the alluvial fans of 

Deer Creek, the White River, and possibly Poso Creek. 

SURFICIAL CHARACTERISTICS OF BASIN 

Topography 

Figure 1 shows the topography in and near the GSA. In gen

eral, the Tulare Lakebed is the lowest area {the lowest part of 

the lake is about 175 feet above mean sea level). The highest 

area is west of Delano, where the land surface elevation is 

about 285 feet above mean sea level. The main streams in the 
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vicinity, the Tule River, Deer Creek, and the White River, drain 

from the east to the west, following the slope of the topogra

phy. 

Surficial Geologic Map 

Figure 3 is a surficial geologic map of the GSA, modified 

from Smith (1964). The predominant surficial deposits in the 

GSA are lake deposits. Basin deposits are present in relatively 

small areas of the GSA in the southwest part of the west part, 

in the east part of the AWD east well field, and between 4th and 

7th Avenues near the Kern County line. A larger area of basin 

deposits is in the east part of the east part of the GSA. There 

is a small area of dune deposits located near the west edge of 

the west part of the GSA. 

Topsoils 

Figure 4 shows the major soil types in the GSA. The map is 

modified for Arroues and Anderson (1956) for the Kings County 

part and Wasner and Arroues (2003) for the Tulare County part. 

In most of the north and west parts of the GSA, topsoils are sa

line-alkali soils that have a perched (shallow) water table. These 

. topsoils are essentially within the historic Tulare Lakebed. 

5 

The second soil type is predominant in the west part of the west 

part and in the west part of the southwest part of the GSA. These 
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are saline-alkali soils on the lower alluvial fans and basin 

rims. In the east part of the east part of the GSA, topsoils 

are deep and very deep well drained and moderately drained soils 

that formed on alluvium. These was a very small area near the 

southeast corner of the GSA that is covered by very well drained 

soils formed in alluvium. 

Surface Water Bodies 

Figure 5 shows surface water bodies in and near the GSA. The 

Tulare Lakebed is now largely a dry lake bed, except during pe

riods of flooding. The original area of the lake was about 570 

square miles. The Tule River passes through the area about two 

miles west of the north part of the GSA. The Tule River flows 

from Lake Success into the San Joaquin Valley and eventually to 

the Tulare Lakebed. The Deer Creek channel extends westerly 

past Highway 99, where it is about two to three miles north of 

the east part of the GSA (east of Highway 43). Downstream, the 

diverted Deer Creek channel then passes through the north part 

of the GSA and reaches the Tulare Lakebed. The White River 

crosses Highway 99 south of Ear'limart and extends through part 

of the east part of the GSA. The White River no longer flows 

into the Tulare Lakebed. 

These are also a number of canals in the GSA. The Homeland 

Canal is the one of the largest, extending from near Angiola to 
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to the south and southwest. Watersheds for these streams are 

shown in Figure 2 of Thomas Harder Co. (2017). 

SUBSURFACE GEOLOGIC CONDITIONS 

Regional Geologic and Structural Setting 

10 

Lofgren and Klausing (1969) described groundwater conditions 

in the Tulare-Wasco area, which includes the Tulare County part 

of the GSA and the east edge of the Kings County part of the 

GSA. The San Joaquin Valley is a structural through, whose main 

axis trends northwest to southeast. The valley is bounded on 

the east by the crystalline rocks of the Sierra Nevada, and to 

the west by folded and faulted sedimentary, volcanic, and meta

morphic rocks of the Coast Ranges o Thousands o,f feet of marine 

deposits accumulated in the valley, and those are overlain by 

continental .deposits. The marine and continental deposits 

thicken from the east to west beneath the valley. The continen

tal deposits have been titled to the west and downwarped. The 

uplifting of the Sierra Nevada has resulted in the westerly 

tilting of·the ove~lying sediments. 

Lateral Basin Boundaries 

The Tule Groundwater Sub-basin extends from north of the 

-Tule River on the north, south to near the Kern County line, 
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east to the east edge of the alluvial groundwater basin, and 

west to near the Kings County-Tulare County line. The Tulare 

Lake Groundwater Sub-basin is bounded on the south by the Kern 

County line, on the east generally by the Kings-Tulare County 

line, on the west by the west edge of the alluvial groundwater 

basin (east of the Kettleman Hills), to the northwest by the 

boundary with the Westlands W.D., and to the north by branches 

of the Kings River. The county boundaries are considered juris

dictional boundaries, whereas the others are considered hydro

logic boundaries. These boundaries are shown on Figure 1 of 

Thomas Harder & Co. (2017). 

Definable Bottom of the Basin 

Figure 6 shows the definable bottom of the basin, which was 

determined by reviewing and interpreting drillers logs and elec

tric logs for ·test holes and wells in and near the GSA. Resis

tivities of less than about 5 ohm-meters are usually indicative 

of clay and/or salty groundwater. In general, the deepest bot-

toms of the basin are in the north part of the GSA and near 

Delano. In contrast, the shallowest bottom of the basin is in 

the west part of the GSA, where little groundwater production is 

possible below a depth of several hundred feet due to a predomi-

nance of clay and brackish or salty groundwater. 
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The bottom of the basin ranges from about 1,600 to 2,300 feet 

deep beneath the north part of the GSA. This corresponds with the 

base of the fresh groundwater. The overall trend in this part of 

the GSA is a deeper bottom as one proceeds to the north. The bot

tom of the basin in the southeast part of the GSA ranges from about 

900 to 2,000 feet deep. The depth to the bottom in this part of the 

GSA generally increases to the northeast. The shallowest bottom 

of the basin in this part of the GSA is south-southwest of Alpaugh 

and the deepest is near Delano. The bottom of the basin in the 

southeast part of the GSA also coincides with the base of the 

fresh groundwater. In the west part of the GSA, the bottom of 

the basin generally is detennined by the maximum depths of sand 

strata, which range fran about 250 to 450 feet deep. The groundwater 

in this part of the GSA has only been tapped by several stock wells . 

Formation Names 

Lofgren and Klausing (1969) grouped the subsurface deposits 

in the Tulare-Wasco area into the following main categories: 

1. Continental deposits from the Sierra Nevada 

2. Upper Pliocene and Pleistocene Marine Strata 

3. Santa Margarita Formation. 

4. Others 

Only the first category is relevant in terms of groundwater 

production in the GSA. In the west part of the GSA, these de

posits include the Tulare Formation. Within this formation is 
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the Corcoran Clay member, also termed the E-clay. The bottom of 

the usable groundwater is the base of the fresh groundwater {less than 

3,000 micromhos per centimeter at 25 ° C) . In most of the GSA, thus base is 

below the Corcoran Clay and above the bottcm of the continental deposits. 

Confining Beds 

Croft (1972) of the USGS prepared several generalized subsur

face geologic cross sections extending through the Tulare Lakebed. 

Croft's sections were based entirely on electric logs or geologic 

logs for core holes. He identified six "clayey or silty clay tongues", 

designated by letter symbols A to F, beneath the fringes of part 

of the lakebed .. The most widespread and important of these are 

the A, C, and E Clays. The E-Clay or Corcoran Clay is the most 

laterally extensive confining bed in the San Joaquin Valley. 

Figure 7 shows the depth to the top of the Corcoran Clay in 

the GSA. This clay could not be identified in the west part of 

the GSA, due to a predominance of clay, most of which is blue, 

in that area. In the north part of the GSA, the depth to the 

top of the Corcoran Clay ranges from about 400 to 600 feet. 

The greatest depth to the top of the clay in this part of the 

GSA is east of Alpaugh, and the shallowest depth is east of the 

AWD's East Well Field. In the southeast part of the GSA, the 

depth to the top of the Corcoran Clay ranges from about 250 to 

550 feet. The depth in this part of the GSA generally increases 
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to the north. The shallowest depth to the top of the clay is near 

the Kern County line, between Roads 40 and 64. The deepest depth 

is near Avenue. 56 and Road 64. 

The A-clay is the shallowest of these confining beds, and is nonna.lly 

found within the uppe:cnost 100 feet or so of deposits. It has often been 

associated with overlying shallow groundwater, which has been termed 

perched water. The C-clay is found about midway in depth (usually about 

250 feet deep) between the A-clay and the Corcoran Clay. It is inportant 

in the Corcoran-Angiola area, because many supply wells in that area tap 

groundwater beneath the C-clay and above the Corcoran Clay. Both the A

clay and C-clay are generally found only beneath and near the historic Tu

lare Lakebed, whereas the Corcoran Clay is much more laterally extensive. 

Principal Aquifers 

Groundwater above the A-clay generally is not used for water sup

ply in the GSA due to its high salinity. An exception may be sev

eral stock wells. The Corcoran Clay is used to separate the overly

ing upper aquifer fran the underlying lower aquifer. Both of these 

aquifers are tapped in the north and southeast parts of the GSA. 

Subsurface Geologic Cross Sections 

As part of this evaluation, eight subsurface geologic cross 

sections were prepared. Locations of these are shown in Figure 

1. Cross Sections A-A', B-B', and C-C' extend through the north 
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part of the GSA. These sections were modified from ones previ

ously prepared for the AWD (Kenneth D. Schmidt and Associates, 

2011). Cross Sections D-D' and E-E' extend through the west part 

of-the southeast part of the GSA. Cross Sections F-F' and G-G' 

extend through the east part of the southeast part of the GSA. 

These latter two sections are more distant than the other sectibns 

from the Tulare Lakebed. Cross Section H-H' extends through the 

west part of the GSA, which is primarily in the Tulare Lakebed. 

The deepest water supply wells in the GSA have been in the AWD well 

fields, and the next deepest have been in the east part of the 

southeast area, in the Delano area. Except for the west part of the 

GSA, the sub surf ace geologic cross sections generally extend to near 

the deepest water supply wells in the different parts of the GSA .. 

Cross Section A-A' 

Cross Section A-A' (Figure 8) extends from south of Avenue 120 

and west of Road 32 on the west to the east, through the north part 

of the District's West Well Field, thence through the East Well 

Field, to near Avenue 112 and Road 64. The top of the Corcoran 

Clay ranges from about 309 to 500 feet deep along the section, an:d 

the clay ranges from about 20 to 180 feet thick along the section. 

The thickness of this clay increases to the west along the section 

toward the interior of the Tulare Lakebed. Relatively thick sand 

strata are present both above and below the Corcoran Clay along 
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most of the western and central parts of this cross section. A 

sand layer below the Corcoran Clay and above a depth of about 1,000 

feet is tapped by a number of intermediate depth (900 to 1,100 feet 

deep) AWD wells. Sand is predominant below the Corcoran Clay and 

above a depth of about 2,000 feet along this section, where logs 

for deep holes or wells are available. The base of the fresh 

groundwater has been defined as where the total dissolved solids 

(TDS) concentrations are about 2,000 mg/1. The base of the fresh 

ground~ater is indicated to be below the bottom of this section. 

The C-clay is also shown along this section. The top of this 

clay is normally about 250 feet deep in the Angiola vicinity. 

This clay is indicated to pinch out just east of the District's 

East Well Field. Where present, this clay usually ranges from 

about 10 to 40 feet in thickness. Most irrigation wells in the 

vicinity (including district wells) that tap the upper aquifer 

are perforated primarily opposite strata below the C-clay and 

above the Corcoran Clay. Deposits between these two clay layers 

along this section are predominantly sand. Both the Corcoran 

and C-clays function as confining beds, which hinder the verti

cal flow of groundwater. Relatively shallow groundwater is found 

above the C-clay in the part of the area southwest of Highway 43. 

Cross Section B-B' 

Cross Section B-B' (Figure 9) extends from near Avenue 120 on 
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the north, through the District's West Well Field, to Alpaugh on 

the south. The top of the Corcoran Clay ranges from about 420 

feet deep near the south end of the section to 500 feet near Av

enue 120. The Corcoran Clay ranges from about 200 to 400 feet 

thick along the section. The C-Clay is present along this sec

tion, where information is available. The top of this clay is 

about 250 feet deep and this clay ranges from about 15 to more 

than 50 feet thick along this section. A thick, laterally con

tinuous sand is also present above the Corcoran Clay along this 

section between Avenues 80 and 120, and is the major water-pro

ducing layer tapped by shallow (about 500 feet deep) District 

wells in the West Well Field. Interbedded fine-grained layers 

generally thicken to the south along this section. Deposits be

low a depth of about 1,400 feet along the south part of the sec

tion are indicated to primarily be clay. A third regional clay 

layer (A-Clay) that is shallower than the C-Clay is shown along 

the south part of the section. The base of the fresh groundwa

ter is shown along part of this section. This base ranges from 

about 1,300 feet deep near Alpaugh to more than 1,800 feet deep 

along most of the section north of Avenue 88. 

Cross Section C-C' 

Cross Section C-C' (Figure 10) extends from near Avenue 88 

and Road 16 on the west to the east through the south edge of 
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the AWD's West Well Field, thence farther to the east and south

east, to near Avenue 80 and Road 64. Clay is increasingly pre

dominant to the west along this section, toward the interior of 

the Tulare Lakebed. The productive sands of the upper aquifer 

extend farther west that those of the lower aquifer along this 

section. This section shows that sands of the lower aquifer be

come progressively thinner to the west, and are generally not 

present in the area west of Road 32. Logs for oil or gas explo

ration holes in the area farther west indicate that clay is pre

dominant and high salinity groundwater is also common. There 

are few known active-large capacity water supply wells in the 

area west of Road 24 in the Angiola area. 

The base of the fresh groundwater is indicated to be present 

beneath most of this section, and ranges from about 1,850 to more 

than 2,000 feet deep. The base of the fresh groundwater is be

low the bottom of the cross section near the west and east ends. 

The top of the Corcoran Clay ranges from about 450 to 550 

feet deep along the section. This clay thickens considerably to 

the west along the section, ranging from about 100 to 150 feet 

thick to the east to 450 feet thick to the west. The C-clay 

also pinches out to the east along this section, and isn't indi

cated to be present east of Road 48 along this section. The top 

of the C-clay ranges from about 180 to 270 feet deep along this 

section, and this clay ranges from about 15 to 30 feet in thick-



ness. The A-clay is also shown along the central part of the 

section, where it is about 30 to 50 feet thick. 

Cross Section D-D' 

-
Subsurface Geologic Cross Section D-D' (Figure 11) extends 
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from the north near Avenue 48 and Road 16 to the south near the 

Kern County line. Because most of the electric logs used for 

the northern two-thirds of this section are oil or gas explora

tion holes, little information on deposits above the Corcoran 

Clay was available along that part of the section. This is be

cause of the conductors that were normally installed in such 

wells, that don't allow electric logging of the shallow deposits 

opposite the conductors. The Corcoran Clay dips to the north 

along this section. The Corcoran Clay ranges from about 400 

feet deep near the north end of the section to 270 feet near the 

south end. The Corcoran Clay generally thins to the south along 

the section, from about 100 feet to 50 feet. Neither the A-clay 

nor the C-clay could be different along this section. A fairly 

thick sand larger is present above the Corcoran Clay beneath 

most of the southern third of this section. Sands are predomi

nant below the Corcoran Clay and above a depth of about 1,000 

feet south of Avenue 32 along this section. Farther north, clay 

is predominant between the Corcoran Clay and the bottom of this 

section, typical of the lakebed area. 
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Cross Section E-E' 

Subsurface Geologic Cross Section E-E- (Figure 12) extends 

from near Avenue 36 and 5-1/2 Avenue on the west to near Avenue 

32 and Road 64 on the east. The top of the Corcoran Clay ranges 

from about 270 feet deep near Road 30 to 450 feet deep near the 

. west edge of the section. The thickness of the clay ranges from 

about 70 feet near the east edge to 95 feet near the west edge. 

The A-clay was identified at one Well (13A) along the west part 

of the section, within the uppermost 100 feet. The thickest 

sands below the Corcoran Clay are present beneath the central 

part of the section, whereas the thickest clay are in the area 

west of Road 16 near the Tulare lakebed. Most irrigation wells 

in this area are less than 1,200 feet deep. 

Cross Section F-F' 

Cross Section F-F' (Figure 13) extends from near Avenue 56 

and Road 104 on the north to near Avenue 4 and road 112 on the 

south. The north end of the section is about three miles west 

of Earlimart and the south end is about three miles west of 

Delano. The top of the Corcoran Clay ranges from,about 320 feet 

deep to about 360 feet along this section. The Corcoran Clay 

thins to the south along this section, from about 50 feet near 

the north edge to 25 feet near the south edge. Logs for the 

deepest wells along the section indicate significant sands below 
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a depth of about 1,200 feet, and this is consistent with infor

mation from deep wells in Delano. Fine-grained or intermediate 

textured deposits are predominant below the Corcoran Clay and 

above a depth about 1,200 feet along much of the section. 

Cross Section G-G' 
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Cross Section G-G' (Figure 14) extends from near Avenue 28 

and Road 80 on the west to west of Highway 99 and Avenue 28 on 

the east. The Corcoran Clay dips to the west along this sec

tion. The top of the clay ranges from about 420 feet deep near 

the west edge to about 270 feet deep near the east edge. Fine

grained or intermediate textured deposits are predominant in the 

upper aquifer along most of the section west of Road 120. East 

of this road, sand strata are predominant below the Corcoran 

Clay, sand strata are predominant below a depth of about 1,100 

feet along most of this section. There are numerous sand strata 

less than about 50 feet thick in the lower aquifer along most of 

the section. 

CONSTRUCTION DATA FOR WELLS 

Angiola Water District 

East Well Field 

Table 1 contains information on depths and perforated inter-

vals for 14 active wells in the East Well Field. The older ac-
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TABLE 1-CONSTRUCTION DATA FOR AWD 
WELLS IN THE EAST WELL FIELD 

Casing Perforated Annular 
Local Date Total Depth Cased Depth Diameter Interval Seal 

No. Drilled (feet) (feet) (inches) (feet) (feet) 
lE 1948 1,559 16 

SE 1948 1,447 

l0E 1949 1,728 16 

13E 1955 1,798 598 16 
1,798 12 598-1,798 

14E 1955 1,788 597 16 
1,788 12 597-1,788 

15E 7/91 969 930 16 500-930 0-50 

16E 7/91 960 940 16 500-940 0-50 

18E 7/91 960 930 16 580-930 0-50 

19E 8/91 960 940 16 620-940 0-50 

20E 6/07 500 490 18 240-480 0-50 

21E 11/07 1,220 1,200 16 640-1200 0-50 

22E 5/08 1,150 1,140 16 140-1,120 0-510 

23E 5/08 1,220 602 18 0-50 
1,202 16 602-1,202 

24E 5/08 1,202 602 18 0-50 
1,202 16 602-1,202 

w 
f-l 



tive wells range in depth from about 1,450 to 1,800 feet. Only 

one well in the East Well Field (20E) taps the upper aquifer. 

Four wells in the East Well Field were drilled in 1991, and range 

in depth from about 960 to 970 feet. Four additional wells (21E-

24E) were drilled during 2007-08, and are perforated below the 

Corcoran Clay and above a depth from about 1,100 to 1,200 feet. 

West Well Field 

32 

Table 2 contains the same types of information for six active 

W-Series wells in the West Well Field. Two of the wells (6W and 

14W) are shallow, tapping the upper aquifer. Four new deep wells 

(15W, 16W, and 17W) were drilled in 2008 to tap strata below the 

Corcoran Clay and above a depth of about 1,030 to 1,300 feet. Table 

3 shows construction data for 15 active G-Series wells in the West 

Well, Field. Six of these wells are shallow, and tap strata in 

the upper aquifer. Three of the wells (G-18, G-19, and G-21) were 

constructed in 1991 and tap strata between the Corcoran Clay and a 

depth of 940 feet. Four deeper wells (G-26 · through 29) were drilled 

in 2007-08 and tap strata below depths ranging from 632 to 762 

feet and above depths ranging from 860 to 1,122 feet. The deep

est well (G-13) is perforated from 782 to 1,604 feet in depth. 

Allensworth CSD 

Table 4 contains information on construction for the two ac-

tive wells for the Allensworth CSD. Because of high arsenic 



Loca1 Date 
No. Dri11ed 

6W 1977 

7W 2/46 

14W 7/07 

15W 6/08 

16W 5/08 

17W 2/08 

TABLE 2-CONSTRUCTION DATA FOR ACTIVE AWD 
W-SERIES WELLS IN WEST WELL FIELD 

Casing Perforated 
Tota1 Depth Cased Depth Diameter Interva1 

(feet) (feet) (inches) (feet) 
468 468 16 240-468 

1,200 500-1,200 

563 490 18 240-480 

1,150 1,140 16 830-1,130 

1,330 1,332 16 870-1,298 

1,205 1,050 16 670-1,030 

Annu1ar 
Sea1 

(feet) 
0-77 

0-50 

0-520 

0-510 

0-480 

w 
w 



Loca1 Date 
No. Dri11ed 

G-1 1950 

G-3 1950 

G-5 1950 

G-11 

G-13 

G-18 8/91 

G-19 8/91 

G-21 9/91 

G-23 6/07 

G-24 6/07 

G-25 5/07 

G-26 7/07 

G-27 10/07 

G-28 9/07 

G-29 5/08 

TABLE 3-CONSTRUCTION DATA FOR ACTIVE AWD 
G-SERIES WELLS IN WEST WELL FIELD 

Casing Perforated 
Tota1 Depth Cased Depth Diameter Interva1 

(feet) (feet) (inches) (feet) 
521 521 16 321-521 

520 500 16 200-500 

504 504 16 200-504 

1,541 

782-1,604 

983 940 16 620-940 

950 900 16 620-900 

1,000 925 16 605-925 

438 430 18 210-420 

435 430 18 210-420 

480 460 18 210-450 

1,205 1,120 16 680-1,100 

1,200 870 16 760-860 

1,120 762 18 

1,162 16 762-1,122 

1,010 992 18 0-632 

16 632-992 

Annu1ar 
Sea1 

(feet) 

0-50 

0-50 

0-50 

0-50 

0-50 

0-50 

0-560 

0-520 

0-50 

0-50 

w 
~ 



We11 Date 
No. Dri11ed 
1 8/84 

2 10/98 

TABLE 4-CONSTRUCTION DATA FOR 
ALLENSWORTH CSD SUPPLY WELLS 

Casing 
Tota1 Depth Cased Depth Diameter 

(feet) (feet) (inches) 
250 245 8 

320 315 

Perforated 
Interva1 

(feet) 
185-240 

100-305 

Annu1ar 
Sea1 

(feet) 
0-170 

0-90 

w 
U'I 
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concentrations in groundwater beneath Allensworth, a well field 

was constructed about two and a half miles east of Allensworth 

in 1984. Previous sampling of water supply wells in the Al

lensworth vicinity had indicated that the lowest arsenic concen

trations were in shallow groundwater (above the Corcoran Clay) 

east of Allensworth. Both wells tap groundwater above a depth 

of about 301 feet. These wells were constructed when the maxi

mum contaminant level (MCL) for arsenic was 50 ppb. Once the 

MCL was decreased to 10 ppb, the wells produced water with arse

nic concentrations near or exceeding the MCL. In early 2018, a 

casing hammer test well was completed in this well field and a 

new shallow well is to be constructed in 2018. 

Other Wells 

There are hundreds of private irrigation wells in the north 

and southeast parts of the GSA. The deepest of these are general

ly in two areas: 1) Angiola, and 2) the Delano area. In the ma

jority of the north and southeast parts of the GSA, the deepest 

wells are generally about 1,200 to 1,400 feet deep. Some wells 

tap the upper aquifer, but the majority tap the lower aquifer. 

GROUNDWATER USE AND WELL DATA 

Primary Uses of Each Aquifer 

There are two aquifers in the GSA, the upper and lower aqui-



fers, and both are primarily used for irrigation. Groundwater 

in the upper aquifer is also used for public supply for Allens

worth and also for private domestic use and diaries. Groundwa

ter in the lower aquifer is used primarily for irrigation and 

for dairies. There has been some limited pumpage for stock use 

in the west part of the GSA, primarily from the upper aquifer. 

Depths of Water Supply Wells 

37 

Tables 1,2,3, and 4 show depths of active AWC and ACSD supply 

wells. Upper aquifer wells in the GSA are usually less than 500 

feet deep. Most active lower aquifer wells are less than about 

1,200 feet deep. However, there are six active AWD wells that 

range in depth from about 1,300 to 1,800 feet. During the past 

decade, with more awareness of the subsidence created by pumping 

from the lower aquifer, a number of older deeper AWD wells were 

abandoned and replaced by shallower wells. 

In the southwest part of the GSA, maximum depths of most irrigation 

wells range fran about 900 to 1,400 feet. These depths generally are 

greater to the east and are shallower to the west near the Tula

re Lakebed. 

WATER LEVELS 

Water-Level Elevations and Direction of Groundwater Flow 

KOSA (2011) provided a series of water-level elevation and direc-
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tion of groundwater flow maps for both the upper and lower aquifers 

for the area bounded by Avenue 192 on the north, Avenue 48 on the south, 

7th Avenue on the west, and Road 144 on the east. Upper aquifer maps 

were prepared for November 1921, February 1959, and Spring 2007. Lower 

aquifer maps were prepared for February 1959 and Spring 2007. These 

maps essentially cover the north part of the GSA and lands to the east. 

North Part of GSA 

Figure 15 shows water-level elevations and the direction of groundwater 

flow the upper aquifer in and east of the north part of the GSA in 

Spring 2007. There was a well developed cone of depression in the area 

east of Road 32 and between Avenue 72 and 144. Groundwater was flowing 

into a depression beneath the Pixley ID fran the north, west, and 

southwest. Seepage from the Tule River was indicated to be an im

portant source of recharge to groundwater in the area. 

Figure 16 shows water-level elevations and the direction of 

groundwater flow in the lower aquifer in Spring 2007 in and east 

of the north part of the GSA. Two localized cones of depression 

were indicated, one coincident with the AWD well fields and a sec

ond west of Highway 43 near Deer Creek. Overall, groundwater was 

flowing from the northeast (in the forebay area) to the southwest 

toward a pumping depression west and south of the AWD well fields. 

Water-level elevation and direction of groundwater flow maps 

can't be prepared for either aquifer in the west part of the GSA, 
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due to a lack of wells and water-level measurements. Only several 

water supply wells (primarily stock wells) are known to exist in this 

area. This is due to the abundance of clay and salty groundwater. 

Southeast Part of GSA 

Thomas Harder & Co (2017) provided annual water-level eleva

tion maps for the shallower groundwater for Fall 1998 through 

Fall 2007, and Fall 2010 for the Tule Sub-basin, which includes 

most of the north and southeast parts of the GSA. They defined 

shallow as above a depth of about 450 feet (above the Corcoran 

Clay) in the west part of the Tule Sub-basin and above a depth 

of about 300 feet in the east part of the basin (i.e. near Por

terville). They also provided water-level elevations maps for 

the deeper groundwater (below the previously referenced depths) 

for Fall 1998, Fall 1999, and Fall 2010. 

The Thomas Harder & Co. (2017) map for the shallower ground

water for Fall 2010 was modified for the southeastern part of the 

GSA and is presented herein as Figure 17. A water-level eleva

tion map for Fall 2010 from the monitoring program in Kern Coun

ty associated with the Semitropic WSD water banking project was 

used to supplement data farther north. The direction of ground

water flow in Fall 2010 beneath the southeast part of the GSA 

was generally to the north, toward a cone of depression west of 

Pixley. Higher water-level elevations in the upper aquifer in 
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the north part of Kern County and west of Highway 43 are indi

cated to be partly due to recharge from streamflow in Poso 

Creek. The average water-level slope near the Kern County line 

was indicated to be about ten feet per mile. Overall, there was 

a lack of data in large parts of the area. 

The Thomas Harder & Co. (2017) map for the deeper groundwater 

for Fall 2010 was modified for the southeastern part of the GSA 

and is presented as Figure 18. Overall, little net groundwater 

flow was indicated across the Kern County line in Fall 2010. 

However, annual spring water-level elevation maps prepared by 

KDSA for the lower aquifer in the Semitropic WSD (south of the 

Kern County line) have generally indicated a northerly flow in 

much of the area west of Highway 43. Farther north, a westerly 

direction of flow was indicated toward a groundwater depression 

in the Alpaugh areas. 

Water-Level Trends 

North Part of GSA 

KDSA (2011) provided water-level hydrographs for upper and 

lower aquifer wells in the north part of the GSP. Figure 19 

shows the locations of wells for which these hydrographs were 

available. The hydrographs were presented in Appendix C of KDSA 

(2011) . 

Upper Aquifer. Water-level measurements and hydrographs were 
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obtained from the California Department of Water Resources (DWR) 

website for seven wells in the vicinity that tap the upper aqui

fer (Figure 20). A representative hydrograph for the upper aq

uifer in the north part of the GSA is provided in Figure 20. 

Well T22S/ R23E-16Cl is located near Avenue 128 and Taylor Ave

nue, about a mile and a half north of the north edge of the 

AWD's West Well Field. Since 1960, depth to water in this well 

has ranged from about 25 to 110 feet. The water level rose dur

ing wet periods and fell during droughts. The deepest water 

levels for this well are consistent with measurements in two AWD 

wells in late December, 1991, during a severe drought. No long

term water-level change was apparent for any of the hydrographs 

for wells tapping the upper aquifer.· No groundwater overdraft 

of the upper aquifer was indicated since 1961. 

Lower Aquifer. Water-level hydrographs were available for five 

wells that tap the lower aquifer in the vicinity of the AWD's 

well fields. Figure 21 is a representative water-level hydro

graph for a well tapping the lower aquifer. Well T23S/R23E-3CS 

is AWD Well No. G-12. Pressure levels in wells tapping the low

er aquifer have also risen during wet periods and fallen during 

droughts. For example, water levels in Well G-12 have commonly 

been in the range of about 110 to 160 feet deep during wet peri

ods, and about 180 to 230 feet deep during droughts. No long-
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term water-level declines are shown by hydrographs for the deep 

wells in the Angiola area, and there is no indication of over

draft of the lower aquifer since 1963. 

Southeast Part of GSA 

Water-level hydrographs were available from the DWR for six 

upper aquifer wells and for seven lower aquifer wells in the 

southeast part of the GSA. 
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Upper Aquifer. Figures 22 and 23 are representative hydrographs 

for the upper aquifer in the southeast part of the GSA. Well 

T24S/R23E-22El (Figure 23) is located about four and a half 

miles south of Alpaugh. Records are available since the early 

1960's. Water levels fell from 1962 through 1972, then rose 

from 1973 through the late 1980's. Water-levels were relatively 

stable through 1993, then rose through 2000. The shallowest 

levels of record were in 1997-2000. The water level then fell 

through 2007. Figure 24 is a long-term water-level hydrograph 

for Well T24S/R24E-34Fl, located near the Kern County line and 

about half mile west of Highway 43. Depth to water in this well 

fell from 1940 through the early 1970's. Water levels were rel

atively stable through the end of the 1970's, then rose through 

the late 1980's. Water levels were then relatively stable 

through 2007. This well is not far north of the Semitropic 

WSD, and the water- level trends appear to be related to the 
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importation of surface water to that District beginning in the 

late 1970's. 

52 

Lower Aquifer. Figures 24 and 25 are representative water-level 

hydrographs for two lower aquifer wells in the southeast part of 

the GSA. The larger seasonal water-level variations for these 

wells compared to these shown in Figures 21 and 22 are indica

tive of a confined aquifer. Well T24S/R22E-27Bl (Figure 24) is 

located two miles north of the Kern County Line and about two 

and a half miles west of the Tulare County-Kings County Line. 

The water level in this well fell from the late 1950's through 

1978, then rose through 1987, then fell through the early 

1990's. The water level then rose and was stable through the 

end of the late 2000's, then fell during 2007-17. Overall, wa

ter levels in this well were relatively stable from about 1978 

to 2007, then fell during the recent drought. Figure 25 is a long-tenn 

water-level hydrograph for Well T24S/ R23E-22R2. This well is located 

about five miles south of Alpaugh. The water level in this well 

fell from 1970 to 1978, then rose from 1978 through 1987, then fell 

through the early 1990' s. Thereafter, the water level was relatively 

stable prior to 2008. The water level then fell from 2008-10, then 

rose through 2012. The water level then fell through 2015. Over

all, the water levels in this well were relatively stable from about 

1980 through 2006, then fell during the recent drought. 
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SOURCES OF RECHARGE 

Figure 26 shows the location of potential groundwater re

charge areas in the GSA. These include streamflow seepage, 

groundwater inflow, and deep percolation from irrigation return 

flow. Streamflow from the Tule River, Deer Creek, and White 

River were discussed by Thomas Harder & Co. (2017). 

Tule River 

The Tule River is the largest stream in the Tule Sub-basin. 

55 

It passes through the area north of the north part of the TCWA 

GSA. Water-level elevation contours for the upper aquifer indi

cate that the Tule River is a losing stream and contributes sig

nificant recharge to the groundwater. 

Deer Creek 

Deer Creek passes through the area north of the southeast 

part of the GSA. Farther west, the realigned creek flows through 
r 

the south part of the north part of the GSA. Deer Creek is also in-

dicated to be an .important source of recharge to the groundwater. 

White River 

The White River passes beneath Highway 99 south of Earlimart 

and flows to the west near the north boundary of the southern 

part of the GSA in the area east of Highway 43. It no longer 

normally flows in the area west of Highway 43. 
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Poso Creek 

Poso Creek crosses Highway 99 at Famoso and eventually flows 

into Tulare County west of Highway 43. It is an important 

source of recharge to the groundwater in the north part of the 

Semitropic WSD, upgradient of the southeast part of the GSA. 

Kern River 
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The diverted Kern River change flows into the Tulare Lakebed 

and passes through the west part of the GSA. It is an important 

source of recharge to groundwater in the upper aquifer in the 

area south of the Tulare Lakebed. 

Canal Seepage 

The Homeland Canal is a major canal that passes through the 

north and southwest parts of the GSA. Seepage from the canal is 

a source of recharge to the upper aquifer, primarily in areas 

northeast of the Tulare Lakebed. 

Deep Percolation 

The primary areas where deep percolation is an important 

source of recharge are lands within AWD and outside of the Tula

re Lakebed that are served with canal water. Water applied in 

excess of crop consumptive use is termed deep percolation and is 

considered a source of recharge. This is primarily on lands in 

the east part of the AWD. 



Groundwater Inflow 

There is groundwater inflow into the upper aquifer in the 

north part of the GSA from the northwest and southwest. There 

is groundwater inflow into the upper aquifer in the southeast 

part of the GSA from the southeast and south. There is ground

water inflow in the lower aquifer in the north and southeast 

parts of the GSA from the northeast. 

SOURCES OF DISCHARGE 

Sources of groundwater discharge include pumpage and ground

water outflow. Figure 27 shows locations of groundwater dis

charge in the GSA, including active large capacity wells. 

Pum.page 

Pace Engineering (2009) discussed pumpage in the Angiola Wa

ter District. Thomas Harder & Co. (2017) discussed pumpage in 

the Tule Sub-basin. Dee Jaspar & Associates have provided de

tailed estimates of pumpage in the Tri County WA GSA. 

Groundwater Outflow 

Groundwater in the upper aquifer flows out of the north part 

of the GSA to the east to the Pixley I.D. Groundwater in the 

lower aquifer flows out of the north part of the GSA to the 

southwest and into groundwater below the Tulare Lakebed. 
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Groundwater in the upper aquifer in the southeast part of the 

GSA flows to the north toward the Pixley I.D. Groundwater in 

the lower aquifer flows to the northwest to groundwater under

neath the Tulare Lakebed. 

CHANGES IN GROUNDWATER STORAGE 

60 

Changes in groundwater storage for the upper aquifer are best 

determined from water level changes in wells tapping strata above 

the Corcoran Clay and specific yields for the upper aquifer. 

Although there have been water-level declines in wells tapping 

the lower aquifer, storage changes are minimal in this aquifer, 

because this aquifer essentially stays full of water. The lower 

aquifer water-level changes represent pressure changes only. 

For the Corcoran Clay and deeper confining bed, there has been a 

storage change due to the compaction of these deposits. This 

change in storage can be estimated from land subsidence records. 

It is considered a one time change in storage. 

Upper Aquifer 

Water-level records for the following upper aquifer wells 

were evaluated: 

T22S/R23El-1Fl, 2D1, 7R2, 16Cl 

T23S/R23E-3CS, lSMl 

T24S/R22E-26Nl, 27Bl 

T24S/R23E-SB3, 22El 



T24S/R24E-3Al, 4Rl, 20A3, 20Rl, 25Jl, 34F1 

T24S/R25E-17P1 
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Water-level records are not available for the upper aquifer in 

the west part of the GSP. The wells in T22S and T23S are in the 

north part of the GSA, whereas those in T24S are in in the 

southeast part of the GSA. 

North Part of GSA 

KDSA (2011) in a report prepared for the Angiola W.D. evalu

ated water-level trends for seven wells in the vicinity of their 

well fields in or near the north part of the GSA. No long-term 

water-level changes was indicated. It should be noted that six 

of the seven wells were located between the Tule River and the 

north edge of the well fields. Recharge from Tule river seepage 

has contributed to the relatively stable water levels. As part 

of this evaluation, these water-level hydrographs were updated 

through 2011 and the same trends were apparent. DWR hasn't up

dated water-level measurements for these wells since 2011. Fig

ure 28 shows the annual storage changes for the upper aquifer in 

the north part of the GSA for 1990-2009. 

Southeast Part of the GSA 

Water-level hydrographs are available for 10 upper aquifer 

wells. Data from many of these wells extended through 2017. 

Activities in surrounding water districts particularly to the 
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south and east are expected to affect water levels in this part 

of the GSA to some degree. Records for three of these wells in

dicate water-level rises since the 1970's. All of these wells 

were located within a few miles of the Kern County line and west 

of Highway 43. These rises may have been associated with impor

tation of surface water to the Semitropic WSD, which began in 

the late 1960's. Records for only one well indicate a water

level decline, and records for this well didn't start until 

1998. Records for this well aren't representative of long-term 

records for wells in the area. Records for the remaining six 

wells showed relatively stable levels from the 1970's through 

2008-2017. Thus there was no significant change in groundwater 

storage in the upper aquifer in recent decades in the southeast 

part of the GSA. Figure 29 shows annual changes in groundwater 

storage for the upper aquifer in the southeast part of the GSA 

for 1988-2007. 

Lower Aquifer 

Long-term water-level records are available for 15 lower aq

uifer wells in or near the southeast part of the GSA. There 

were water-level declines in seven of these wells. Three wells 

with the greatest declines (about 5 to 7 feet per year) were 

northeast of Alpaugh and west of Highway 43. Records for three 

of the lower aquifer wells indicated water-levels declines of 
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about 2.5 to 3.0 feet per year. These wells were generally near 

or to the southeast of Alpaugh. Records for six wells indicated 

relatively stable water levels. Several of these were in the 

far southwest part of the southeast part of the GSA. 

Water-level declines in wells tapping the lower aquifer aren't 

indicative of a significant change in groundwater storage in that aq

uifer, because the water levels remained above the top of the aquifer. 

Confining Beds 

Water-level declines in wells tapping the lower aquifer are 

associated with land subsidence and compaction of fine-grained 

strata or confining beds. These strata include the Corcoran Clay 

and deeper clays. The amount of this decrease in storage can be 

estimated by considering historical subsidence (Figure 28). 

Figure 28 was used to estimate the volume of subsidence between 

1949 and 2005. Land subsidence during that period was probably 

about 70 to 75 percent of the total subsidence through 2017. 

Although there was no significant pumpage in the western part 

of the GSA, there still was land subsidence due to pumping in 

adjoining areas (primarily to the east and south). An average 

of 1.0 foot of subsidence was used for the west part of the GSA. 

In the remaining parts of the GSA, the average of the ranges 

shown for the three categories (2.5 feet, 7.5 feet, and 12.5 

feet) were used. This evaluation indicated that there was about 
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35,000 acre-feet of groundwater expelled from clay layers in the 

west part of the GSA between 1949 and 2005. Similarly, there were 

about 146,000 acre-feet in the north part of the GSA, and 

460,000 acre-feet in the southeast part of the GSA for that pe

riod. In total, the combined amount was 643,000 acre-feet, or 

an average of 11,500 acre-feet per year. Assuming that the 

amount of subsidence during 1949 to 2005 was 75 percent of that 

for 1949 to 2017, this average would be about 15,000 acre-feet 

per year for this period. This was the one time loss in ground

water storage from compaction of clay strata with GSA. 

For comparison, Thomas Harder & Co. estimated a total land 

subsidence between 1990 and 2010 in the entire Tule Sub-basin to 

have averaged about 85,000 acre-feet per year. 

AWD Wells 

AQUIFER CHARACTERISTICS 

Pump Tests 

Table 5 summarizes pump test data for AWD upper aquifer wells. 

Pumping rates ranged from 720 to 3,000 gpm and specific capaci

ties ranged from 7.6 to 18.7 gpm per foot. Most pumping rates 

ranged from 800 to 2,010 gpm, and most specific capacities range 

from 8 to 16 gpm per foot. Actual pumping rates for most of 

these wells are less than 1,500 gpm. Table 6 shows pump test 

results for AWD lower aquifer wells. For lower aquifer wells, 



TABLE 5- PUMP TEST DATA FOR AWD UPPER AQUIFER WELLS 

Static Pumping Specific 
Loca1 Pumping Rate Water Leve1 Water Leve1 Drawdown Capacity 

No. Date (gpm) (feet) (feet) (feet) (gpm/ft) 
E-25 11/15 1,790 191.8 388.9 197.1 9.1 
E-26 11/15 1,995 169.2 275.9 106.7 18.7 
E-27 10/15 2,005 184.0 328.3 144.3 13.9 
G-1 1/07 870 109 246 137 6.4 
G-3 1/07 950 127 223 96 9.9 
G-5 1/07 800 119 210 91 8.8 
G-30 11/15 2,060 177.3 331.0 153.7 13.4 
W-6 4/02 720 190 285 95 7.6 
W-14 8/07 3,000 180 396 216 13.9 
W-18 11/15 2,035 188.3 312.2 123.7 16.4 

Pump tests for o1der we11s by Kimba11 Pump Co.,, resu1 ts provided by Angio1a 
Water District. 2015 pump tests for new we11s from Layne Christiansen Co. 

0\ 
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TABLE 6-PUMP TEST DATA FOR AWD 
LOWER AQUIFER WELLS 

Static Pumping Specific 
Loca1 Pumping Rate Water Leve1 Water Leve1 Drawdown Capacity 

No. Date (2Em) (feet) (feet) (feet) (gpm/ft) 
lE 1/07 1,390 
SE 1/07 750 159 210 51 14.7 

l0E 1/07 1,150 172 239 67 17.2 
13E 1/07 1,300 166 206 40 32.5 
14E 1/07 1,300 162 196 34 38.2 
lSE 6/02 1,915 332 374 42 45.6 
16E 1/07 2,300 190 259 69 33.3 
18E 1/07 2,250 212 284 72 31.3 
19E 1/07 1,800 186 275 89 20.2 

7W 1/07 1,150 154 199 45 25.6 
13W 4/02 1,390 269 315 46 30.2 
G-11 1/07 1,990 184 40 49.8 
G-13 1/07 2,250 
G-18 1/07 1,900 164 303 139 13.7 
G-19 1/07 2,050 150 274 124 16.5 
G-20 1/07 1,830 151 317 166 11.0 
G-21 1/07 1,425 182 354 172 8.3 
G-25 7/07 2,200 196 272 76 28.9 
G-26 7/07 2,600 312 358 46 56.5 

Pump tests by Kimba11 Pump Co., provided from Angiola Water District. 

m 
(X) 



pumping rates ranged from 750 to 2,600 gpm and specific capaci

ties from 8.3 to 56.5 gpm per foot. Pumping rates for most of 

the wells ranged from about 1,150 to 2,300 gpm. Most specific 

capacities ranged from about 15 to 50 gpm per foot. 

Aquifer Tests 

North Part of GSA 
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Ten-hour constant discharge tests were conducted on five new 

AWD upper aquifer wells in late 2015. Drawdown measurements for 

the tests on three of the wells (E-26, E-27, and W-18) were 

suitable for determining aquifer transmissivity. Transmissivi

ties ranged from 30,000 gpd per foot to 37,000 gpd per foot, and 

averaged 34,000 gpd per foot. 

A storage coefficient for the upper aquifer of 0.02 is con= 

sidered applicable to estimate drawdowns beyond about a mile 

from the centroid of pumping in the AWD's West Well Field. 

Drawdown calculation indicate that the groundwater in the upper 

aquifer would no longer be confined at closer distances to the 

centroid of pumping in the West Well Field. Thus a larger stor

age coefficient (0.10) could be used to calculate drawdowns in 

the upper aquifer within one mile of the pumping centroid in the 

West Well field. A storage coefficient of 0.02 can be used to 

estimate drawdowns due to pumping in the AWD's East Well Field, 



because drawdown calculations indicate that the groundwater 

would still be partially confined. 

For the lower aquifer, a transmissivity of 49,000 gpd per 

foot is applicable for the AWD well fields, based on aquifer 

tests on two new wells (lSE and 17E) in July 1991. A storage 

coefficient of 0.001 is applicable for drawdown calculations, 

because this value provided drawdown estimates consistent with 

historical water-level data. 

For the area south of Alpaugh, the results of pump tests for 

private wells in that vicinity were considered. Based on eval

uation of these tests, a transmissivity of 57,000 gpd per foot 

was developed for the lower aquifer in that area. 

Southeast Part of GSA 
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Aquifer test results are available for about two dozen wells 

tapping the lower aquifer in or near the southeast part of the 

GSA (Table 7). Most of these values are from 12 to 24 hour pump 

tests, and recovery values were used for most of the tests. All 

of these tests were done on newly constructed wells, following 

the end of pump and surge development. Specific capacities 

ranged from 8.6 to 64.8 gpm per foot. Most values ranged from 

about 14 to 45 gpm per foot. Transmissivities ranged from 

15,000 to 135,000 gpd per foot. Most values ranged from about 



TABLE 7-SUMMARY OF AQUIFER TRANSMISSIVITIES IN SOUTHEAST PART OF GSA 

Perforated Specific Transmissivity 
We11 Date Interva1 (feet) Ca;eacit:I (gpm/ft) (2;ed/ft) 

T24S/R23E-29B 3/13 560-880 26.0 37,000 
-30B 6/17 450-980 51.8 89,000 

T24S/R24E-14R 3/17 580-1,395 29.5 36,000 
-22M 8/17 650-1,320 27.2 59,000 
-23D 3/14 530-1,270 10.3 25,000 
-23R 2/18 550-1,390 19.7 28,000 
-24Q 8/13 380-1,100 8.6 31,000 
-27P 6/17 440-1,250 22.7 37,000 
-28R 5/17 440-1,260 38.2 76,000 
-36E 7/12 360-1,310 1.6. 9 34,000 

T24S/R25E-19R 6/11 720-1,100 14.0 15,000 
-20B 7/13 500-1,240 19.3 67,000 
-30H 5/10 420-1,170 18.5 29,000 

T25S/R21E-3H 11/16 600-1,020 8.9 20,000 
-3R 8/16 520-840 15.0 36,00'0 
-lOH 12/16 760-930 13.8 29,000 

T25S/R22E-1B 1/13 420-890 64.8 104,000 
-2A 2/13 410-850 58.4 135,000 

T25S/R25E-5B 9/90 955-1,370 22.5 25,000 
-7C 5/03 800-1,380 36.5 84,000 
-7F 4/03 780-1,370 44.6 85,000 
-17G 11/14 350-790 21.3 30,000 



25,000 to 85,000 gpd per foot. The transmissivities can be 

grouped into several geographic areas. 
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R21E. Aquifer test results are available for three wells in R21E 

in Kern County within about two miles of the County line. These 

wells are generally between the west part and the southeast part 

of the Tri County GSA. These wells tap the lower aquifer below 

a depth of 540 feet and above a depth of about 1,000 feet. Transmis

sivities ranged from 20,000 to 36,000 gpd per foot and averaged 

about 28,000 gpd per foot. These relatively low values appear 

to be representative of alluvial deposits west of the influence 

of the ancestral Kern River. Limited data indicate lower trans

missivities (13,000 gpd per foot or less) can be expected far

ther west, near the south boundary of the west part of the GSA. 

Near Kern County-Tulare County-Kings County Lines. Aquifer test 

results are available for four wells between 6th Avenue and Road 

32, and within two miles of the Kern County line. These wells 

tap the lower aquifer below a depth of about 400 feet and above 

an average depth of about 900 feet. Transmissivities ranged 

from 37,000 to 135,000 gpd per foot and averaged about 91,000 

gpd per foot. These higher values are considered representative 

of deposits influenced by the ancestral Kern River, which is in

dicated to have passed through this area. 
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East of Road 80. Aquifer test results are available for 15 

wells in the area between Road 80 and Road 128 and within about 

three miles of the Kern County line. The top of the Corcoran 

Clay is generally less than about 350 feet in most of this area. 

Aquifer transmissivities ranged from 15,000 to 85,000 gpd per 

foot. The highest values (84,000 to 85,000 gpd per foot) were 

for two wells in Kern County, several miles west of Delano at 

Cal State Prison II. These wells tapped strata between about 

800 and 1,400 feet in depth. These wells tap highly permeable 

deposits below a depth of about 1,100 feet, similar to a number 

of deep wells farther east in the City of Delano. Transmissivi

ties for three other wells ranged from 59,000 to 76,000 gpd per, 

foot. These wells tapped strata between about 500 to 1,300 feet 

in depth, and they tapped part of the deeper permeable deposits. 

Excluding these five wells, transmissivities for the remaining 

ten wells ranged from 15,000 to 37,000 gpd per foot and averaged 

about 30,000 gpd per foot. These lower values were thus similar 

to those for wells farther west in R21E. They appear to be rep

resentative of strata above about 1,100 feet in depth in this 

part of the GSA. 

LAND SUBSIDENCE 

Lofgren and Klausing (1969) reported on land subsidence in 

the Tulare-Wasco Area. The Tulare-Wasco area was bounded by Tu

lare and Lindsay on the north, Wasco on the south, near the edge 
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of the alluvial groundwater basin on the east, and a north-south 

line about three miles west of the Kings County-Tulare County 

line on the west. The Tulare-Wasco Area included the north part 

and almost all of southeast part of the GSA. The greatest sub

sidence in this area by 1962 was south of Pixley and northwest 

of Delano, where more than ten feet had occurred. By 1967, land 

subsidence in most of the north and southeast parts of the GSA 

exceeded two feet. Much of the historical subsidence was due to 

groundwater pumping in areas that had no surface water for irri

gation. Canal water become available in the Delano-Earlimart 

I.D. by the late 1950's, and in same areas water levels recov

ered several hundred feet. 

Estimates of land subsidence in the San Joaquin Valley for 

1949-2005 have been made by the California Department of Water 

Resources (Figure 30). Subsidence was less than five feet dur

ing this period in the west part of the GSA. In most of the 

north and southeast parts of the GSA, land subsidence ranged 

from 5 to 15 feet. The greatest subsidence (greater than 15 

feet) was north of the AWD East Well Field and west of Pixley. 

Recent estimates of land subsidence in the San Joaquin Valley 

have been made by the Jet Propulsion Laboratory. Between May 7, 

2015 and September 10, 2016, the land subsidence in the north 

part of the GSA was indicated to range from about 1.7 to 2.0 

feet. The land subsidence in the southeast part of the GSA 
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ranged from about 0.7 to 1.7 feet. These values are considered 

relatively large for such a short time period. 

GROUNDWATER QUALITY 

Upper Aquifer 

Problems with methane gas in the groundwater are common 
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in the Corcoran-Angiola area. Water in the upper aquifer in the 

vicinity often has higher total dissolved solids (TDS) concen

trations than present in the lower aquifer. In October 2006, 

water samples were collected from two of the AWD upper aquifer 

wells after at least three days of continuous pumping. In addi

tion, a water sample was collected during the pump test on the 

new Sweetwater Dairy well. An earlier analysis (August 2004) 

was available for Well G-5. Table 8 summarizes the results of 

these analyses. Total dissolved solid (TDS) concentrations 

ranged from about 190 to 470 mg/1 and increased to the south in 

the West Well Field. The water is indicated to be of the sodium 

bicarbonate type. Nitrate concentrations in all of the samples 

were non-detectable, indicative of reduced or anaerobic condi

tions in the groundwater. Iron and fluoride concentrations in 

water from these wells were below the respective MCLs. The man

ganese concentration in the sample from the Sweetwater Dairy was 

0.09 mg/1, exceeding the recommended MCL of 0.05 mg/1. Manga

nese concentrations in water from the other wells were well be-



TABLE 8-CHEMJ:CAL ANALYSES OF WATER FROM AWD UPPER AQUIFER WELLS 

Constituents 
Ca1cium 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Su1fate 
Ch1oride 
Nitrate 
F1uoride 
pH 
Total Dissolved Solids 

(@ 100°c) 
Iron 
Manganese 
Arsenic 
Color 
A1pha Activity (pc/1) 

Date 

Perforated Interva1 (ft) 

G-3 
11 

2 

17 
24 
<0.4 

0.4 
8.1 

190 
<0.05 

0.02 
0.002 
4 
0.3 

10/3/06 

200-500 

10 
2 

56 
2 
1 

154 
12 
18 

8.2 

188 
0.02 

<0.01 

8/18/04 

G-5 
9 
2 

19 
22 
<0.4 

0.5 
8.2 

210 
<0.05 

0.01 
0.003 
6 
0.7 

10/3/06 

200-504 

Sweetwater Dairy 
13 

5 

39 
64 
<0.4 

0.7 
8.3 

470 
0.14 
0.09 
0.042 

1.9 

10/23/06 

240-540 

Samples for 2006 analyzed by FGL Environmenta1 of Santa Pau1a (inorganics 
and alpha activity) and APPL, Inc. of Fresno (color). The 2004 sample was 
ana1yzed by De11aval1e Laboratory of 
Fresno 



low the MCL. Arsenic concentrations in water from the two Dis-

trict wells ranged from 2 to 3 ppb, well below the MCL of 10 

ppb. The arsenic concentration in water from the Sweetwater 

Dairy well was 42 ppb, exceeding the MCL. Color values ranged 

from 4 to 6 units in water from the District wells, less than 

the recommended MCL of 15 units. Alpha activities in the sam

ples were less than 2 picocuries per liter, well below the MCL 

of 15 picocuries per liter. 

Table 9 shows the results of analyses of water from the two 

Allensworth CSD wells that were sampled during 2011-13. Both 

wells tap the upper aquifer. Total dissolved solids (TDS) con

centrations ranged from 170 to 510 mg/1. Water from Well No. 1 

was of the calcium-sodium bicarbonate type, whereas water from 

Well No. 2 was of the sodium-chloride type. Nitrate concentra

tions ranged from 9 to 21 mg/1 between the MCL of 45 mg/1. 

78 

Iron, manganese, DBCP, and EDB concentrations were well below 

the respective MCLs. Arsenic concentrations ranged from 10 to 

11 ppb, compared to the MCL of 10 ppb. Hexavalent chromium con

centrations ranged from 9.5 to 10 ppb, compared to the proposed 

MCL of 10 ppb. Alpha activities ranged from 1.3 to 1.7 pico

curies per liter well below the MCL of 15 picocuries per liter. 

Lower Aquifer 

Table 10 shows the results of analyses of water from seven 



TABLE 9-CHEMICAL ANALYSES OF WATER FROM 
ALLENSWORTH CSD SUPPLY WELLS 

Constituent (mg/1) 
Calcium 
Magnesium. 
Sodium 
Carbonate 
Bicarbonate 
Sulfate 
Chloride 
Nitrate 
Fluoride 
pH 
Electrical Conductivity 

(micromhos/c:m@ 25°C) 
Total Dissolved Solids 

(@ 180°C) 
Iron 
Manganese 
Arsenic (ppb) 
Hexavalent Chromium. (ppb) 
Alpha Activity (pc/1) 
DBCP (ppb) 
EDB (ppb) 

Date 

Well No. 
No. 1 

26 

29 
<10 
122 

15 
20 

9 
<0.1 

7.9 

275 

170 
<0.05 
<0.01 
11 
10 
1.7 

<0.01 
<0.02 

11/16/11 

No. 2 
78 

5 
43 

<10 
98 
44 

138 
21 
<0.1 

7.9 

701 

510 
0.09 

<0.01 
10 

9.5 
1.3 

<0.01 
<0.02 

12/~6/13 

79 



TABLE 10-CHEMICAL ANALYSES OF WATER FROM AWD LOWER AQUIFER WELLS 

Constituents 13E 14E 16E 18E 
Calcium 3 4 3 3 
Magnesium <1 <1 <1 <1 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Sulfate 8 7 8 10 
Chloride 8 16 7 8 
Nitrate <0.4 <0.4 <0.4 <0.4 
Fluoride 0.8 0.7 0.6 0.8 
pH 9.1 9.0 9.4 9.1 
Total Dissolved Solids 

(@ 180°C) 180 200 140 140 
Iron <0.05 <0.05 0.06 0.08 
Manganese <0.01 <0.01 <0.01 <0.01 
Arsenic 0.012 0.003 0.060 0.067 
Color 18 19 14 13 
Alpha Activity (pc/1) 4 6 16 13 

Date 10/3/06 10/3/06 10/3/06 10/3/06 

Perforated Interval (ft) 598-1,798 597-1,798 500-940 580-930 

Continued: 

Ol 
0 



TABLE 10- CHEMICAL ANALYSES OF WATER FROM AWD LOWER AQUIFER WELLS 
(Continued) 

Constituents 
Calcium 
Magnesium 
Sodium 
Potassium 
Carbonate 
Bicarbonate 
Sulfate 
Chloride 
Nitrate 
Fluoride 
pH 
Total Dissolved Solids 

(@ 180°C) 
Iron 
Manganese 
Arsenic 
Color 
Alpha Activity (pc/1) 

Date 

G-13 
3 

<1 

7 
7 

<0.4 
0.8 
9.2 

150 
0.05 

<0.01 
0.070 

18 
3.6 

10/3/06 

Perforated Interval (ft) 782-1,604 

G-20 
13 

2 
54 

3 
<1 

144 
5 

11 
<0.4 

8.2 

206 
0.04 
0.05 

8/18/04 

620-940 

6 
1 

51 
1 

18 
108 

15 
19 

8.7 

161 
0.03 

<0.01 

8/18/04 

7W 
4 

<1 

19 
12 
<0.4 
1.0 
8.9 

180 
<0.05 
<0.01 

0.089 
16 

0.7 

10/3/06 

500-1,200 

Water samples analyzed by FGL Environmental of Santa Paula (inorganics 
and alpha activity) and APPL, Inc. of Fresno (color), except 2004 sam
ples, which were analyzed by Dellavalle Laboratory of Fresno. 

00 
I-' 
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AWD lower aquifer wells that were sampled in October 2006. An 

analyses for 2004 was available for Well 7W. TDS concentrations 

ranged from 140 to 206 mg/1, and the waters were of the sodium 

bicarbonate type. Nitrate concentrations were also non-detect

able in these samples, indicative of reduced conditions in the 

groundwater. pH values for the samples from most of the wells 

ranged from 8.9 to 9.4, typical of deep groundwater in the San 

Joaquin Valley. Fluoride and iron concentrations in all of the 

samples were well below the respective MCLs. Manganese concen

trations in the samples were non-detectable, except for 

Well G-20 (0.05 mg/1, equal to the recommended MCL). Arsenic 

concentrations in water from five of the wells ranged from 12 to 

89 ppb, exceeding the MCL of 10 ppb. Water from Well 14E, on 

the other hand, had an arsenic concentration of only 3 ppb. Al

pha activities in water from five of the AWD lower aquifer 

ranged from about 1 to 13 picocuries per liter, below the MCL of 

15 picocuries per liter. Water from Well 16E had an alpha ac

tivity of 16 picocuries per liter, exceeding the MCL. Color 

values in samples from the wells ranged from 13 to 19 units. 

Color values in water from four wells (13E, 14E, G-13, and 7W) 

exceeded the recommended MCL of 15 units. 

INTERCONNECTED SURFACE WATER 
AND GROUNDWATER SYSTEMS 
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Shallow groundwater (less than about 20 feet deep) is common 

beneath the Tulare Lakebed. In most cases, this shallow ground

water is located above the A-Clay. There is no indication that 

any of the streams in the GSA are in hydraulic connection with 

the shallow groundwater. However, when the Tulare Lakebed con

tains lake water, this water may temporarily be in hydraulic 

connection with the underlying shallow groundwater at some loca

tions. There are a number of shallow observation wells and mon

itor wells in parts of the lakebed. Groundwater monitoring at 

agricultural drainage water evaporation ponds has not indicated 

a hydraulic connection between water in the ponds and the under

lying groundwater. That is, water levels were below the bottom 

of the ponds. Also, there has been no known pumping of this 

shallow groundwater in the lakebed area, due to its high salinity. 

KNOWN GROUNDWATER CONTAMINATION SITES 

Figure 31 shows known contamination sites in the Tri-County 

WA GSA, obtained from the California Regional Water Quality Cen

tral Board Geo Tracker website. Three of the four sites in

volved gasoline, diesel, or crude oil. Little documentation is 

available for the fourth site. Two of the four sites have been 

closed. 
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GROUNDWATER CONDITIONS 
IN THE ANGIOLA AREA 

INTRODUCTION 

The Angiola Water District has two well fields along Highway 

43, southeast of Corcoran, in Tulare County. The primary purpose 

of this report is to describe groundwater conditions in the vi-

cinity of and upgradient of these well fields. Of particular in

terest are the directions of groundwater flow and water-level 

changes in the two main aquifers that are present. Subsurface 

geologic conditions are first described. This is followed by a 

discussion of historical water levels in the two main aquifers in 

the vicinity. The historical directions of groundwater flow and 

changes in depth to water in wells tapping these aquifers are 

discussed. More recent water levels and the direction of ground

water flow are then discussed. 

Important references on groundwater conditions in the vi-

cinity are Lofgren and Klausing (1969) and Kenneth D. Schmidt and 

Associates (KDSA, 1992). The first of these references was a re-

port on land subsidence in the Tulare-Wasco area, and contains 

substantial information on historical water levels. The second 

reference dealt specifically with the District well fields and 

groundwater conditions in the vicinity of these. 
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SUBSURFACE GEOLOGIC CONDITIONS 

Figure 1 shows the location of the active District wells in 

the two well fields. The East Well Field is located between 

Avenues 104 and 116 and Roads 48 and 64. The West Well Field is 

located between Avenues 88 and 116 and Roads 32 and 48. A wide

spread well defined thick clay layer, termed the Corcoran Clay, 

is present throughout the area. This clay divides the groundwa

ter system into an upper aquifer (above the clay) and a lower 

aquifer (beneath the clay). The depth to the top of the Corcoran 

Clay ranges from about 430 to almost 500 feet beneath the land 

surface at the District well fields. The top of the Corcoran 

Clay thickens and slopes to the southwest in the vicinity of the 

well fields. The base of the lower aquifer is defined as the 

base of the fresh groundwater, which is underlain by high salin

ity groundwater water at depth. Electric logs are available for 

some deep wells in the vicinity. These indicate that permeable, 

water-producing strata are present to a depth of at least 2,000 

feet and that the base of the fresh water is more than 2,500 feet 

deep beneath the well fields. 

As part of this evaluation, three subsurface geologic cross 

sections are presented (Figure 1). Electric logs are available 

for many of the wells along these sections. Water levels shown 

on the sections are discussed in a subsequent part of this 
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report. Cross Section A-A' (Figure 2) extends from south of 

Avenue 120 and west of Road 32 on the west to the east, through 

4 

the north part of the District West Well Field, thence through_ 

the East Well Field, to near Avenue 112 and Road 112. The top of 

the Corcoran Clay ranges from about 300 to 550 feet deep along 

the section, and the clay ranges from about 20 to 180 feet thick 

along the section. The thickness increases to the west along the 

section toward the interior of the Tulare Lake bed. Relatively 

thick sand strata are present both above and below the Corcoran 

Clay along most of the western and central parts of this cross 

section. A sand below the Corcoran Clay and above a depth of 

about 1,000 feet is tapped by a number of intermediate depth (900 

to 1,100 feet deep) Angiola WD wells. Sand is predominant below 

the Corcoran Clay and above a depth of about 2,000 feet along the 

part of this section west of Road 64, where logs for deep holes 

or wells are available. The base of the fresh groundwater has 

been defined as where the total dissolved solids (TDS) concentra-

tion is about 2,000 mg/1. The base of the fresh groundwater is 

indicated to be below the bottom of this section. Another 

important regional clay layer, the C-Clay, is also shown along 

the west part of this section. The top of this clay is normally 

about 250 feet deep in the Angiola vicinity. This clay is 

indicated to pinch out just east of the District East Well Field. 

Where present, this clay usually ranges from about 10 to 40 feet 



FIGURE 2 - SUBSURFACE GEOLOGIC CROSS SECTION A •A' 
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in thickness. Most irrigation wells in the vicinity (including 

District wells) that tap the upper aquifer are perforated primar

ily opposite strata below the C-Clay and above the Corcoran Clay. 

Deposits between these two clay layers along this section are 

predominantly sand. Both the Corcoran and C-Clays function as 

confining beds, which hinder the vertical flow of groundwater. 

Relatively shallow groundwater, commonly less than 20 feet deep, 

is found above the C-Clay in the part of the area southwest of 

Highway 43. 

Cross Section B-B' (Figure 3) extends from south of Avenue 

136 on the north, through the District West Well Field, to Al

paugh on the south. The top of the Corcoran Clay ranges from 

about 420 feet deep near the south end of the section to 660 

feet near Avenue 64. The Corcoran Clay ranges from about 200 

to 400 feet thick along the section. The C-Clay is present a

long this section, except near the north end. The top of this 

clay is about 250 feet deep and this clay ranges from about 15 

to more than 50 feet thick along this section. A thick, later

ally continuous sand is also present above the Corcoran Clay 

along this section between Avenues 80 and 120, and is the major 

water-producing layer tapped by shallow (about 500 feet deep) 

District wells in the West Well Field. Another sand averaging 

about 200 feet thick is present just below the Corcoran Clay 

along the part of the section north of Avenue 80. Interbedded 
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fine-grained layers generally thicken to the south along this 

section. South of Avenue 80, these layers are much more predomi

nant than farther north. Relatively thick water-producing sands 

are present below the Corcoran Clay in this area. Deposits below 

a depth of about 1,400 feet along the south part of the section 

are indicated to primarily be clay. A third regional clay layer 

(A- Clay) that is shallower than the C-Clay is shown along the 

south part of the section. The A-Clay is important in terms of 

shallow groundwater levels in agricultural drainage problem 

areas. The base of the fresh groundwater is shown along this 

section. This base ranges from about 1,300 feet deep near 

Alpaugh to more than 2,000 feet deep along most of the section 

north of Avenue 104. 

Cross Section C-C' (Figure 4) extends from near Avenue 88 and 

4th Avenue on the west to the east through the south edge of the 

District West Well Field, thence farther to the east and south

east, to north of Avenue 72 and west of Road 104. Clay is 

increasingly predominant to the west along this section, toward 

the interior of the Tulare Lake Bed. The productive sands of the 

upper aquifer extend farther west than those of the lower aquifer 

along this section. This section shows that sands of the lower 

aquifer become progressively thinner to the west, and are gener

ally not present in the area west of Road 32. Logs for oil or 

gas exploration holes in the area farther west indicate that clay 
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is predominant and high salinity groundwater is also common. 

This westerly area is typical of much of the central part of the 

Tulare Lake Bed. There are few known active large-capacity water 

supply wells in the area west of Road 24. 

The base of the fresh groundwater is indicated to be present 

beneath the west part of the section, and ranges from about 1,550 

to more than 2,000 feet deep. The base of the fresh groundwater 

is below the bottom of the cross section near the west end and in 

the area east of Road 64. 

The top of the Corcoran Clay ranges from about 450 to 550 

feet deep along the section. This clay thickens considerably to 

the west along the section, ranging from about 20 to 30 feet 

thick to the east to 450 feet thick to the west. The C-Clay also 

pinches out to the east along this section, and isn't indicated 

to be present east of Road 48 along this section. The top of the 

C-Clay ranges from about 180 to 270 feet deep along this section, 

and this clay ranges from about 15 to 30 feet in thickness. The 

A-Clay is also shown along the central part of the section, where 

it is about 30 to 50 feet thick. 

DISTRICT SUPPLY WELLS 

Information on construction is available from drillers logs 

and electric logs for many District wells. Copies of available 

drillers logs are provided in Appendix A and copies of electric 
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logs are provided in Appendix B. Some information on older wells 

was provided in two previous references. Hilton1 Klausing1 and 

McClelland (1960) presented data on depths and perforated inter

vals of wells in that were existence in the vicinity in the 

1950 1 s. KDSA (1992) provided information on District wells as 

of late 1991. In addition1 the Angiola WD has information on the 

depths of all active wells. Locations of active District Wells 

are shown in Figure 1. 

East Well Field 

Table 1 contains information on depths and perforated in

tervals for 14 active wells in the East Well Field. The older 

active wells range in depth from about 11450 to 1 1 800 feet. Only 

one well in the East Well Field (20E) taps the upper aquifer. 

Four wells in the East Well Field were drilled in 19911 and range 

in depth from about 960 to 970 feet. Four additional wells (21E-

24E) were drilled during 2007-081 and are perforated below the 

Corcoran Clay and above a depth from about 11100 to 11200 feet. 

West Well Field 

Table 2 contains the same types of information for six 

active W-Series wells in the West Well Field. Two of the wells 

(6W and 14W) are shallow1 tapping the upper aquifer. Four new 

deep wells (15W1 l6W1 and 17W) were drilled in 2008 to tap strata 

below the Corcoran Clay and above a depth of about 11030 to 11300 




