ANNUAL REPORT ON RESULTS OF MAMMOTH COMMUNITY
WATER DISTRICT GROUNDWATER MONITORING PROGRAM
FOR OCTOBER 1998-SEPTEMBER 1999

Prepared for
Mammoth Community Water District
Mammoth Lakes, California

by
Kenneth D. Schmidt and Associates
Groundwater Quality Consultants
Fresno, California

December 9, 1999



KENNETH D. SCHMIDT AND ASSOCIATES
GROUNDWATER QUALITY CONSULTANTS
600 WEST SHAW. SUITE 250
FRESNO. CALIFORNIA 93704
TELEPHONE (559) 224-4412

December 9, 1999

Mr. Dennis Erdman, General Manager
Mammoth Community Water Distriet
P.0. Box 597

Mammoth Lakes, CA 93546

Re: Annual Report on Groundwater Monitoring
Dear Dennis:

Submitted herewith is our annual report on the results of the
District groundwater monitoring program for the period October
1998-September 1999. I appreciate the cooperation of District
personnel in conducting this monitoring and providing data
tabulations. .

Sincerely yours,
Kenneth D. Schmidt
KDS/ts

¢c: Steve Kronick



TABLE OF CONTENTS

LIST OF TABLES
LIST OF ILLUSTRATIONS
INTRODUCTION
SUMMARY AND CONCLUSIONS
WELL CONSTRUCTION DATA
SUBSURFACE GEOLOGIC SECTION A-A'
PRECIPITATION
DISTRICT PUMPAGE
WATER LEVELS
District Supply Wells
New Wells
Earlier Wells
Deep Monitor Wells
Shallow Monitor Wells
Water-Level Elevation Contours
CHEMICAL QUALITY AND TEMPERATURE OF GROUNDWATER
MAMMOTH CREEK STREAMFLOW
VALENTINE RESERVE SPRINGFLOW

DATA EVALUATION AND INTERPRETATION

10
10
10
12
19
20
30
36
38
39
40
42

44

REFERENCES
APPENDIX A PUMPAGE AND WATER-LEVEL DATA FOR
DISTRICT SUPPLY WELLS
APPENDIX B PUMPAGE AND WATER-LEVEL HYDROGRAPHS
FOR EARLIER SUPPLY WELLS
APPENDIX C WATER-LEVEL MEASUREMENTS FOR MONITOR WELLS
APPENDIX D SUPPLEMENTARY WATER-LEVEL HYDROGRAPHS

FOR MONITOR WELLS



TABLE OF CONTENTS

{Continued)
APPENDIX E CHEMICAL ANALYSES OF WATER FROM DISTRICT
WELLS
APPENDIX F MAMMOTH CREEK STREAMFLOW

APPENDIX G VALENTINE RESERVE SPRINGFLOW

ii



No.

LIST OF TABLES

Title

Construction Data for District Supply Wells

Construction Data for District Monitor Wells

Pumpage from District Wells (Acre-Feet)

iii

11



LIST OF ILLUSTRATIONS

Figure No. Title Page
1 Location of Wells and Subsurface Geologic
Cross Section A-A' 4
2 Subsurface Geologic Cross Section A-A! (In Pocket)
3 Water-Level and Pumpage Hydrograph for
Well No. 15 13
4 Water-Level and Pumpage Hydrograph for
Well No. 16 14
5 Water-Level and Pumpage Hydrograph for
Well No. 17 16
6 Water-Level and Pumpage Hydrograph for
Well No. 18 17
7 Water-Level and Pumpage Hydrograph for
Well No. 20 18
8 Water-Level Hydrograph for Well No. 19 22
9 Water-Level Hydrograph for Well No. 21 24
10 Water-Level Hydrograph for Well No. 24 26
11 Water-Level Hydrograph for SC-1 28
12 Water-Level Hydrograph for SC-2 29
13 Water-Level Hydrograph for Well No. 22
and Pumpage for Well No. 15 31
14 Water-Level Hydrograph for Well No. 22
and Mammoth Creek Streamflow 32
15 Water-Level Hydrograph for Well No. 23
and Pumpage for Well No. 1 33

iv



Figure No.

16

17

18

19

LIST OF ILLUSTRATIONS
(Continued)

Title

Water-Level Hydrograph for Well No. 23
and Mammoth Creek Streamflow

Water-Level Elevations in Late September,
1999

Flow from Valentine Reserve Spring
and District Well Pumpage (1999)

Flow for Valentine Spring and Mammoth
Creek Streamflow (1993-99)

34

37

41

43



ANNUAL REPORT ON RESULTS OF MAMMOTH COMMUNITY
WATER DISTRICT GROUNDWATER MONITORING PROGRAM
FOR OCTOBER 1998-SEPTEMBER 1999

INTRODUCTION

In Summer 1992, the Mammoth County Water District contracted
for the drilling of five new test wells in Mammoth Lakes. One of
these wells (No. 15) was converted to a supply well and pumping
began on an emergency basis in Summer 1992. In December 1992, the
California Department of Fish and Game filed an action against the
District in Superior Court. Concerns were expressed by the
Department about the potential impact of pumping of these wells on
wildlife, vegetation, and fishery resources of Mammoth Creek and
the Hot Creek headsprings, which is located downstream of the
District wells. Kenneth D. Schmidt and Associates completed a
hydrogeologic evaluation (July 6, 1993) on behalf of the District,
to respond to these concerns. In August 1993, a settlement
agreement was made between the Department and the District. As
part of this agreement, the District was to:

1. Conduct routine monitoring in all District supply and

monitor wells.
2. Install a new monitor well tapping consolidated rock at a
location south of the District office.
3. Conduct monitoring in the new monitor well.
4, Prepare an annual interpretive report on the results of

groundwater monitoring for the water year.
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Data available to the District from Wells SC-1 and SC-2 (part

of the Long Valley hydrologic monitoring program) were to be
included in this evaluation. This report comprises the seventh
annual report pursuant to the settlement agreement. The Mammoth

County Water District is now the Mammoth Community Water District.

SUMMARY AND CONCLUSIONS

The District pumped 1,037 acre-feet of water from seven of the
eight supply wells during the 1999 water year. This was 19 percent
more than during the previous water year, and close to the amount
pumped in the 1997 water year. A comprehensive water-level
monitoring program was conducted for District supply wells and
monitor wells. In addition, water-level measurements were
available for two other monitor welle east of the District wells,
and flow measurements were available for a spring at the University
of California Valentine Reserve.

Water levels in most shallow wells tapping the uppermost
glacial till strata were relatively constant and shallow during
1999, Groundwater is generally present in the uppermost strata
only in the westerly part of the area, in the meadow and near
Mammoth Creek. Water levels in most of the monitor wells tapping
the consolidated rock rose during the 1999 water year. A water-
level elevation contour map was prepared for September 1999. This

map and other informatiom indicate that the extent of the cone of
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depression due to pumping of District wells was limited in size,
and did not extend east of the easterly District monitor well (No.
24).

The results of water quality monitoring indicate no
significant changes during the water year, compared to previocusly.

The results of the 1998-99 monitoring indicate that District
pumping did not influence Mammoth Creek streamflow or the apring at
the Valentine Reserve. In addition, water-level declines due to
pumping did not extend beyond the wvicinity of the well field. Thus
there was no influence on the Hot Creek headsprings, which are much
more distant from the District water supply wells than the monitor

wells utilized for the District monitoring program.

WELL CONSTRUCTION DATA

Figure 1 shows locations of District wells, a private supply
well, a subsurface geologic cross section, two other monitor wells
to the east (SC-1 and SC-2), and the spring area at the Valentine
Reserve. Table 1 summarizes construction data for the District
supply wells. All of these wells tap consolidated rock, primarily
basalt and scoria layers, and some also tap interbedded glacial
till and conglomerate. Well No. 1 has been in service since the
1970's and Wells No. 6 and 10 have been in service since 1988.
These three wells are termed the "earlier" District supply wells in
this report. Well No. 15 was first put in service in July 1992 on

an emergency basis. Well No. 18 was put in service in September
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6
1994. Wells No. 16 and 20 were put in service in March 1995; and
Well No. 17 was put in service in June 1995. Wells put in service
in 1992-95 are termed the "newer" District supply wells in this
report. Wells No. 2, 3, 4, 5, and 7 (shown in Figure 1) were not
put in service by the District because of low well yields., A small
amount of water was pumped from Well No. 7 in Summer 1999 for use
at the boys camp. Wellsg No. 2 and 3 were subsequently destroyed,
whereas the other wells were converted to monitor wells.

Table 2 summarizes construction data for District monitor
wells. Five of these wells (No. 5A, 14M, 19, 21, and 24) are deep
and primarily tap water in fractured volcanic rock. Well No. 7 is
a deep well located south of the basalt flow and taps water in a
glacial morraine near Sherwin Creek. Well No. 11 is a deep well
located south of the basalt flow and taps water in glacial till and
granitic rocks. An annular seal was placed in Well No. 21 in July
1997, to preclude surface water and shallow groundwater from
entering the well. Well No. 5M taps water in the shallow fractured
volcanic rock, just beneath the glacial till. The remaining
monitor wells are shallow and tap groundwater in the uppermost

glacial till.

SUBSURFACE GEOLOGIC SECTION A-A!
Cross Section A-A' was developed during a previous evaluation,
and was updated (Figure 2) by adding more recent water-level data.

The locations of wells used for this section are shown in Figure 1.
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FIGURE 2

SUBSURFACE GEOLOGIC CROSS SECTION A-A’
(In Pocket)
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Cross Section A-A' shows that the uppermost till layer and volcanic
rocks are continuous along the section. Groundwater has been found
in the uppermost glacial till layer only in the vicinity of
District Wells No. 1, 4, 6, 10, 11, 12, and 15. Most of these
wells are either in the meadow or near Mammoth Creek. Water
production in the District supply wells is from highly fractured
rock, often scoria layers, and sometimes from interbedded glacial
till. The intervening less fractured rock probably acts as local
confining layers. At Well No. 24, water was not found in the upper
part of the basalt or in either of the till layers. Water in this
well is in a fractured scoria layer. A lost circulation zone
present in this well may influence the water level. 1In September
1999, there was a fairly uniform water-level slope (about 250 feet
per mile) from Well No. 1 to No. 19 to No. 24. The part of the
section east of Well No. 24 is oriented almost perpendicular to the

direction of groundwater flow (shown later).

PRECIPITATION
Precipitation (inches of water) is routinely measured at the
Lake Mary Store, and is an indication of the potential recharge to
groundwater. During water years 1991-94, annual precipitation
ranged from about 20 to 29 inches and averaged about 22.5 inches.
During water years 1995-98, annual precipitation ranged from about
38 to 46 inches and averaged about 43 inches. During water year

1999, the annual precipitation was about 30 inches. These trends
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in precipitation are useful when evaluating water-level changes in

wells that are measured as part of this program.

DISTRICT PUMPAGE

Pumpage records for District supply wells are provided in
Appendix Aa. Table 3 shows monthly pumpage from District wells
during the 1999 water year. The total pumpage was 1,037 acre-feet,
or 19 percent greater than that for the previous water year. Of
this, 408 acre-feet were from Well No. 15, 243 acre-feet were from
Well No. 20, 126 acre-feet were from Well No. 10, and 101 acre-feet
were from Well No. 16. The remaining District pumpage (159 acre-
feet) was from Wells No. 1, 17, and 18. Well No. 6 was not used
during this water year. About 71 acre-feet of water were pumped
during the 1999 water year from the Snow Creek Golf Course Well (in
the general vicinity of Well No. 14M), This well is owned by
Dempsey Construction. From June to August, 1999, an estimated
total of about 90,000 gallons was pumped from Well No. 7 for use at

the boys’ camp.

WATER LEVELS
Digtrict Supply Wells
Water-level measurements (static and pumping) for District
supply wells are provided in Appendix A. Water-level hydrographs
for the earlier wells (No. 1, §, and 10) are provided in Appendix

B.
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New Wells
Figure 3 is a water-level and pumpage hydrograph for Well No.
15, extending back to when it was initially put in service in July
1992. The static water level fell about 80 feet after several
months of pumping, and normally ranged from about 260 to 280 feet
during periods when the well was being significantly used through
early 1995. During periods when the well had not been used much
for supply (i.e., May 1995-June 1998), the water level rose
substantially. In June 1998, the depth to water in Well No. 15 was
156 feet, or the shallowest of record. In May 1999, the depth to
water was 160 feet. Depth to water in Well No. 15 appears to be
influenced primarily by the previous pumping history of the well
and recharge.
Figure 4 is a water-level and pumpage hydrograph for Well No.
16. The water level in this well changed substantially after the
casing was installed (July 1994) and after the pump was installed
(February 1995). After the casing was installed and prior to the
pump installation, an access tube was not in the well, and the
measurements during that period were apparently affected by
cascading water. The measurements for July 1994-early February
1995 are thus not considered representative. Measurements for
April-May, 1998 also appear to not be representative. During heavy
pumping periods of Well No. 20, the static level in Well No. 16 has
been about 12 feet lower than during periods of lower pumping of

Well No. 20. Overall, static levels in Well No. 16 have been
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relatively stable since 1992, however there was a elight decline
after early 1997.

Figure 5 is a water-level and pumpage hydrograph for Well No.
17. Measurements in early 1995 indicated that the water level
apparently rose about eight feet, probably due to recharge. The
water level in Well No. 17 appears to be influenced by pumpage of
Well No. 20. During operational periods of both of these wells,
the static level in Well No. 17 has been about four feet lower than
during periods of little pumpage. The water level in Well No. 17
gradually rose during November 1995-August 1999, except during some
pumping periods. The shallowest depth to water yet measured in
this well was in July 1998.

Figure 6 shows water levels and pumpage for Well No. 18. The
overall trend for this well during non-operational periods was a
slight water-level rise through 1997. The water level was
relatively constant during 1998-99. During pumping periods, the
static level averaged about ten feet lower than during non-pumping
perioda. In early June 1998, the water level in Well No. 18 was 30
feet deep, the shallowest yet measured. The water-level decline of
about ten feet in this well during July 1998 appears to have been
due to pumping of Wells No. 10 and 15. Depth to water in Well No.
18 was 36 feet in May 1999.

Figure 7 is a water-level and pumpage hydrograph for Well No.
20. From 1994-98, the overall trend was a rising water level. The

water-level decline in this well in Swmmer 1999 was mainly due to
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pumping of the well itself. The water level in this well may be
somewhat affected by pumpage of Well No. 17. The shallowest levels
in Well No. 20 to date were in late 1998 and early 1999.

Earlier Wells

Water-level and pumpage hydrographs for Wells No. 1, 6, and 10
are provided in Appendix B. The static water level in Well No. 1
has ranged from about 160 to 200 feet during low pumping periods to
an average of about 270 feet during heavy pumping periods (i.e.,
August 1994). Overall, the water level in this well rose between
1992 and 1997, and was relatively constant during 1998-99. In June
1998, depth to water in this well was 160 feet, or the shallowest
measured since 1990. Depth to water in this well was 163 feet in
May 1999. The static water level in Well No. 6§ has ranged from
less than 30 feet during low pumping periods (after September 1995)
to more than 160 feet during heavy pumping periods (August-
September, 1994). During May-September, 1996 and in part of 1997,
the static level in this well was at or above the land surface.
Depth to water was less than 15 feet during the past three water
years. The static water level in Well No. 10 has ranged from less
than 30 feet during low pumping periods (July 1995) to more than
160 feet during heavy pumping periods (Summer 1993). During the

past three water years, depth to water has usually been less than
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30 feet, except during pumping in 1998. Depth to water in Well No.
10 was near 13 feet in December 1998, the shallowest measured since

1992,

Deep Monitor Wells

Water-level measurements for monitor wells are provided in
Appendix C, and supplementary water-level hydrographs are provided
in Appendix D. Transducers were installed in four of the deep
monitor wells (No. 14M, No. 19, No. 21, and No. 24), and continuous
water-level measurements commenced in December 1995. Well No. 53
is located between Well No. 1 and the Valentine Reserve North
Spring (Figure 1). Measurements for Well No. 5A indicate that
depth to water has ranged from near the land surface to about 6
feet. During the past five years, the annual shallowest level has
been near the land surface, and overall the water level has risen.
Well No. 7 is located in the Sherwin Creek campground, about one
and a third miles east of Well No. 6. Measurements for Well No. 7
indicate that depth to water has ranged from 241 to 288 feet. The
water level in this well appears to be primarily influenced by
recharge from Sherwin Creek. The influence of recharge during 1995
is apparent. The shallowest water level of record in this well was
measured in September 199%7.

Well No. 11 is located in the meadow area, about one quarter
mile socuth of Well No. 10. The water-level measurements for Well

No. 11 indicate the deepest level (51 feet) in May 1993, and the
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shallowest levels (near the land surface) during most of the period
after July 1995. The water level in this well is influenced by
pumping of Wells No. 6 and 10, and surface flow, particularly in
the Bodle Ditch, which passes through the meadow area. The water
levels were deepest during drought conditions and heavy pumping of
Wells No. 6 and 10. The shallowest water levels occurred during
wet years and less pumping of Wells No. 6 and 10. Well No. 14M is
located about two-thirds mile east of Well No. 15. The manual
water-level measurementsz for Well No. 14M indicate that the depth
to water normally ranged from about 350 to 360 prior to June 1995,
Since May 1995, the water level in this well has generally risen.
The rise has primarily been associated with recharge and the
reduction in pumping of Wells No. 6 and 10. In August 1998, depth
to water was 236 feet, or the shallowest of record. The water
level in this well shows the influence of recharge and pumping
patterns of Wells No. 6 and 10, and the Snow Creek Golf Course
well. Transducer measurements that are considered reliable are
available for Well No. 14M for November 1, 1996-September 30, 1999,
except for October 1997 and June 1998. These measurements
(Appendix D) indicate no significant drawdown due to pumpage of
District wells in 1998,

Well No. 19 is located about four-fifths of a mile east of
Well No. 1. Based on manual measurements (Figure 8), the water
level in Well No. 19 has ranged from about 312 to 345 feet deep.

The water level generally rose from 1995-98. However, in 1999, the
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water level fell about 20 feet, to near the levels in 1994 and
early 1995. This decline is attributed to less recharge during
Winter 1998-99. Because of falling water in this well, the 1998
measurements were made using the transducer instead of the electric
sounder. Depth to water was measured once with an electric
sounder, and there was a 6-foot difference. The values plotted on
Figure 8 for 1999 were thus corrected by deducting six feet. 1In
October 1997, depth to water was 312 feet, or the shallowest yet
measured. During the 1999 water year, depth to water in this well
was about 346 feet. Tranasducer readings that are considered fairly
reliable are available for this well from November 1, 1996-
September 10, 1997, from November 1, 1997-September 30, 1998,
except for June 1998, and from May 4-September 30, 1998
(Appendix D).

Well No. 21 is located about three fourths of a mile east of
Well No. 20. Based on manual measurements, the water level in Well
No. 21 (Figure 9) has ranged from about 231 to 370 feet in depth.
The water level in this well rose significantly between early 1995
and late 1996. There was a water-level decline in this well from
December 1996-February 1997, and the water level then rose. Most
of the rise is attributed to recharge. An annular seal was placed
in this well during July 1997. 1In August 1997, the water level was
the shallowest yet measured. Transducer measurements that are
considered reliable are available for Well No. 21 from November 1,

1996-May 31, 1997, November 1, 1997-September 30, 1998, except for
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June 1998, and May 4-September 30, 1999 (Appendix D). The manual
water-level measurements in this well have indicated no significant
response due to pumping of District wells.

Well No. 24 is located about one mile east of Well No. 19.
Figure 10 is a water-level hydrograph for Well No. 24, based on
manual measurements. Measurements for this well began in Summer
1993, and depth to water has ranged from 352 to 392 feet. The
water level rose after early 1995, to the shallowest depth yet
measured in December 1998. In 1999, the water level fell about 15
feet, and this is attributed to less recharge due to the relatively
low precipitation during Winter 1998-99. Transducer measurements
are not available for this well between April 3, 1997 and April 30,
1998, due to equipment failure. Transducer measurements for this
well have not always been consistent with manual measurements
(Appendix D). The water level in this well obviously responds
primarily to recharge, and no influence of District pumping ise
apparent.

Water levels in Wells No. 19, 21, and 24 rose significantly
during water years 1995-1997 and were relatively constant during
the 1998 water year. During the 1999 water year, water levels in
Wells No. 19 and 24 declined, whereas the level in Well No. 21
stayed relatively constant. Wells No. 19 and 24 are relatively
close to Mammoth Creek. The best explanation for the historical
water-level variations in these wells is due to the amount of
recharge, which is primarily related to climatic patterns. Water

levels in these wells rose during and following periods of above
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average precipitation. Imn contrast, water levels in these wells
temporarily fell during periods of below normal precipitation.

Figure 11 is a water-level hydrograph for SC-1, which taps
groundwater in the upper part of the basalt east of the District
wells. The water level in this well generally fell from June 1983
through early 1995. However, some water-level rise occurred during
this period due to recharge. Significant recharge was evident
during 1995, 1996, and 1998. The shallowest water levels measured
in SC-1 were in June 1983 and late July 1995. 1In July 1998, depth
to water in SC-1 was near that in August 1983.

Figure 12 is a water-level hydrograph for SC-2, which taps
groundwater in the deeper basalt near SC-1. Comparison of the
hydrographs for SC-1 and SC-2 indicates that water levels in the
two wells fluctuate similarly. However, the water-level rises are
less in the deeper monitor well than in the shallower monitor well,
as would be expected if the rises are mainly due to recharge, the
source of which is from the land surface. The water level in SC-2
was about 130 feet deep in July 1999, or about the same as in late
1998. The water level in SC-2 generally recovered after 1994,
although the rate of recovery decreased in 1998-99. Water-level
variations in SC-1 and 8C-2 are not indicated to be due to District
well pumpage, based on the water-level hydrographs for Wells No.

19, 21, and 24 and other evidence.
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Shallow Monitor Wells

A water-level hydrograph for Well No. 22 is provided in Figure
13. Pumpage of nearby Well No. 15 is alsc plotted on this figure,
The water level in Well No. 22 is not related to pumpage of Well
No. 15, which taps groundwater in the deeper consolidated rock.
The water level in this well responds primarily due to recharge
from Mammoth Creek streamflow (Figure 14). Well No. 22 was dry
until June 17, 1993 and during 1994-early 1995. There has been
water in the well continuously since June 1995. The shallowest
water level in Well'No. 22 was in August 1995. Depth to water in
this well rose about 12 feet during May-July, 1955, due to recharge
corresponding to high flows (exceeding 40 cfs) in Mammoth Creek.
During 1996-99, the water-level trends in Well No. 22 also followed
the pattern of streamflow in Mammoth Creek.

A water-level hydrograph based on manual measurements for Well
No. 23 and pumpage for nearby Well No. 1 are shown in Figure 15.
Depth to water in Well No. 23 has ranged from about 5 to 16 feet
during the period of record. The shallowest water levels were in
the spring and early summer of 1993, 1995, and 1996. Depth to
water in this well is not influenced by pumpage of Well No. 1,
which taps groundwater in the deeper consolidated rock. Well No.
23 is located relatively close to Mammoth Creek and is clearly
influenced by recharge from streamflow (Figure 16), and possibly
from other local sources of recharge. On August 1, 1996, a float-

type continuous water-level recorder was installed in Well No. 23.
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Some problems were experienced with this recorder, but reliable
measurements were obtained during most of 1997-99. A detailed
hydrograph for Well No. 23 is provided in Appendix D.

Water-level hydrographs for the remaining shallow monitor
wells are provided in Appendix D. Well No. 4M is located in the
meadow area east of District Wells No. 6 and 10. The water level
in this well rose significantly after early 1995 due to significant
surface water flow in the meadow. Depth to water fluctuations in
this well have followed patterns of Bodle Ditch flows, rising
during periods when flows are present in the ditch. In May 1998,
the water levels in this well were the shallowest since 1988.

Well No. 5M taps the shallow volcanic rock, and no water was
observed in the overlying glacial till at the time of drilling of
this well. Depth to water in Well No. 5M has ranged from about 2.5
to 8 feet. The shallowest levels have been in the spring and early
summer, and the deepest in the late summer. The shallowest level
each year has ranged from about 2.5 to 3.5 feet.

Well No. 10M was dry from October 1392 through June 10, 1993.
Some water appeared in this well during June 17-August 19, 1993,
and during June 6-June 20, 1996. The well was otherwise dry from
late 1992 through December 4, 1996. 1In 1998 and 1999, there was
water in Well No. 10M most of the time. This well is adjacent to
District Well No. 10, and the water level in Well No. 10M is
primarily influenced by pumping cof this well and also by local

.recharge.
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Well No. 11M is located in the southwest part of the meadow
area near the Bodle Ditch. Water levels in this well have seasonal
fluctuations, corresponding to flows in the ditch. The shallowest
water levels have generally been in June-July. Water levels
gradually declined during 1989-92, but rose significantly after
1992. The water level began to rise significantly in April 1996,
and the shallowest level yet measured (about four feet deep) was in
June 1996. The water level in this well remained relatively
shallow through 1999.

Well No. 12M is located in the western part of the meadow
area. The water level in this well has responded significantly to
a number of recharge events. The water level in this well began to
rigse significantly in April 1996, and reached the shallowest level
of record in June 1996. The water level in this well remained
shallow through 19989. The water levels in all of the shallow
monitor wells thus respond significantly to recharge, often

associated with flow of nearby surface water.

Water-Level Elevation Contours

Figure 17 shows water-level elevation contours for Ilate
September 1999. The hydrologic boundary is shown north of Welles
No. 1 and 5A and south of Wells No. 16, 17, and 20. This boundary
is believed to be present only west of a line connecting Wells No.
14M and 21. A cone of depression was evident due to pumping of

District Wells No. 10 and 15. This cone of depression did not
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extend east of Well No. 19. The overall direction of groundwater
flow in late September 1999 was similar to that shown in the
previous annual reports. This map shows only the horizontal
component of groundwater flow in the basalt and interbedded glacial
till. Other evidence (i.e., water levels in SC-1 and 8C-2)
indicates that there is also significant downward flow of

groundwater in most of the area.

CHEMICAL QUALITY AND TEMPERATURE OF GROUNDWATER

The results of chemical analyses and temperatures of water for
the supply wells and monitor wells during the 1999 water year are
provided in Appendix E. Water samples were collected from the
supply wells in July and August and from the monitor wells in
August 1999. Transducers are installed in most of the deep monitor
wells to continuously measure water levels. Because of these
transducers, it was not feasible to collect water samples £from
these wells during 1999. The coldest water (53°F or less) has
normally been from shallow monitor wells in the meadow area and in
water from the supply wells tapping consolidated rock, south of the
hydrologic boundary. In contrast, the warmeat water (60°F or
greater) normally has been from the wells tapping consolidated
rock, north of the hydrologic boundary, closer to the known area of
relatively shallow geothermal water in Mammoth Lakes. The lowest
electrical conductivity values (less than 200 micromhos per

centimeter at 25°C) have normally been for shallow monitor wells
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and Well No. 11. The highest values (greater than 430 micromhos)
have been for wells tapping the consolidated rock in the western
part of the area. There is no evidence of significant changee in
chemical quality or temperature of well water during water year
1999, compared to previous information in the earlier annual

reports.

MAMMOTH CREEK STREAMFLOW

Records of streamflow at the outlet from Twin Lakes and the
0ld Mammoth Road crossing during the 1999 water year are provided
in Appendix F. The mean monthly flow at the 0ld Mammoth Road
crossing ranged from 9.1 cfs in September 1999 to 82 cfs in June
1995. 1In 1999, the flow at the Old Mammoth Road crogsing began to
rise significantly in May, and the highest flows were between May
15 and July 16.

Average daily flows are plotted in Appendix F for both
stations for each month during the 1999 water year. A comparison
of these daily flows indicates that the streamflow at the 01l1d
Mammoth Road crossing normally equaled or exceeded that of the Twin
Lakes outflow. During most periods (excluding April-July), the
flow was greater at the downstream station, by from about several
cfs to up to 10 cfs. This downstream increase in flow is
attributed to inflow from ungaged tributaries below the Twin Lakes
outlet and possibly some groundwater flow. Such groundwater flow

could enter Mammoth Creek locally from unconsolidated deposits.
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Historical records indicate that during the summers of drought
years, there was little difference in streamflow between the two
stations. This information indicates that pumpage of District
wells did not influence Mammoth Creek streamflow during the 1999

water year.

VALENTINE RESERVE SPRINGFLOW

Rates of flow of the main spring at the University of
California Eastern Sierra Valentine Reserve are provided in
Appendix G. Figure 18 shows the variations in springflow during
May-September, 1999. Records for late May, June, and much of July
are not available due to equipment malfunction. In May, flow
ranged from about 70 to 116 gpm, and decreased after early May.
For most of the period of springflow in late July-September, the
flow ranged from about 46 to 55 gpm. Pumpage from the closest
District Wells (No. 15, 16, 18, and 20) that were pumped during
this period is also shown in this figure. Well No. 15 was pumped
primarily during July-September, Well No. 16 was pumped primarily
during late May, June, and in late August and September. Well No.
18 was pumped only for relatively short periods. Well No. 20 was
pumped primarily £rom May until early September. Careful
examination of Figure 18 indicates that the variation in total
pumpage does not correlate with the springflow. In late September,
springflow increased about 10 gpm, and total pumpage decreased by

about 3.5 million gallons per week. However, consideration of
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AND DISTRICT WELL PUMPAGE (1999)
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pumpage for individual wells indicates that pumping patternsg of
District wells was not the causative factor for the observed rise.
That is, pumpage of the individual wells does not correlate with
springflow.

Springflow measurements for the seven-year period of record
(Figure 19) indicate that the pattern of springflow is related to
runoff. For most years, springflow was lowest in July or August,
and then increased near the end of the water year. This could have
been due to lower air temperatures, which would result in decreased
evapotranspiration of water by plants in the area. Another
possible factor is increased runoff from higher land on Mammoth
Mountain. There was no noticeable impact of District pumping
during the 1999 water year on springflow at the Valentine Reserve.
This is consistent with monitoring results during the previous

years.

DATA EVALUATION AND INTERPRETATION

Water-level hydrographs for most of the monitor wells tapping
the uppermost glacial till strata and consolidated rock in and near
the District well field indicate relatively constant water levels
during the 1999 water year. Substantial recharge was indicated
during the 1995-98 water years, coincident with substantial runoff
in the Mammoth Creek watershed. Water-level hydrographs for Wells
No. 7, 21, 24, and 8C-1, east of the District well field, also

indicate substantial rises during that period. Recharge was
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indicated to be the primary factor influencing water-level trends,
except for some active District supply wells. Significant water-
level declines due to pumping have only been observed in or near
the pumped wells themselves.

The water-level elevation contour map for September 1999
confirms that the cone of depression due to pumping of District
wells is localized, and does not extend east past Well No. 24.
Because the water levels in the consolidated rock in the well field
are well below the channel of Mammoth Creek, there is no apparent
impact of District pumping on streamflow. This was confirmed by
the Mammoth Creek streamflow measurements upstream and downstream
of the well field. Water levels in the most westerly deep wells
(No. 53, 16, 18, and 20) that are closest to the Valentine Reserve
were relatively stable or rose during the 1998 water year. There
has been no impact on flow of the springs at the Valentine Reserve
or on the flow of the Hot Creek headsprings due to pumping of the
District supply wells.
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PUMPAGE AND WATER-LEVEL DATA
FOR DISTRICT SUPPLY WELLS
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MAMMOTH COMMUNITY WATER DISTRICT
PRODUCTION WELL WATER LEVEL DATA
OCTOBER 1998 - SEPTEMBER 1999

WELL NO. 1 WELL NO. 6
Date Static Date Pumping Date Static Date Pumping
10/07/98| -173.21| 05/05/99 -194.47 10/7/98 -7.36
10/115/98| -172.78] 06/03/99 -191.80 10/15/98 -7.89
10/22/98| -172.63| 06/21/99 -191.33 10/22/98 -7.72
10/29/98|  -172.11| 07/01/99 -197.87 10/29/98 -7.18
11/06/88] -171.96] 07/09/99 -200.13 11/6/98 -7.02
12/01/98, -170.58, 08/23/99 -211.42 12/1/98 -5.78
01/05/99| -169.53 1/5/99 -2.09
02/02/99| -168.78 2/2/99 -4.91
03/02/99| -167.46 3/2/99 -5.25
04/02/99| -165.12 4/2/99 -1.23
05/12/99] -163.21 5/5/99 -0.89
05/19/89) -163.19 5/12/99 -0.53
05/27/99| -162.96 5/19/99 -1.75
06/01/99] -164.22 5/27/99 -1.22
06/08/99| -163.27 6/1/99 -1.22
07/13/99 -173.53 6/8/99 -2.09
07/26/99 -177.83 6/21/99 -0.89
08/04/99! -178.88 7/1/99 -2.12
08/12/99| -176.89 7/9/99 -1.77
08/19/99| -181.02 7/13/99 -1.94
09/01/89 -183.61 7/26/99 -1.42
09/07/99 -181.48 8/4/99 -1.77
09/14/99| -181.84 8/12/99 -2.12
09/20/99| -181.26 8/19/99 -1.94
09/28/99| -181.96 8/23/99 -2.12
9/1/99 -8.01
9/7/99 -8
9/14/99 58,
9/20/99]n/a N
9/28/99 0
Mean -173.83 -197.85 -3.39 #DIV/0!
Max -183.61 -211.42 -8.01 0.00
Min -162.96 -191.33 0.00 0.00
Historical
Mean -197.70 -252.81 -45.85 -147.24
Max -268.10 -295.00 -160.00 -200.00
Min -149.75 -191.33 0.00 -77.43

prodwell



MAMMOTH COMMUNITY WATER DISTRICT
PRODUCTION WELL WATER LEVEL DATA

OCTORER 1998 - SEPT

WELL NO. 10 | : WELL NO. 15

Date Static Date Pumping Date Static Date Pumping
10/07/98 -33.02| 10/15/98 -59.84 10/7/98 -193.74| 07/09/99 -205.08
10/22/98 -32.84| 01/05/99 -44.31 10/15/98 -192.63| 08/23/99 -222.69
10/29/98 -32.67| 01/23/99 -42.83 10/22/98 -191.51] 09/07/99/ -226.08
11/06/98 -33.02; 02/06/99 -43.35 10/29/98 -180.24| 09/14/99| -228.48
12/01/98 -33.91| 06/18/99 -42.54 11/6/98 -189.33 i

12/18/98 -12.64| 06/23/99 -43.58 12/1/98 -187.21

01/23/99 -16.31) 07/01/99 -44 14 1/5/99 -187.86

02/02/99 -16.50| 07/09/99 -46.77 2/2/99 -183.28

03/02/99 -16.67 3/2/99 -180.21

04/02/99 -17.02 4/2/99 -176.64

05/05/98 -16.67 5/5/99 -174.83

05/12/99 -16.31 5/12/99 -173.96

05/19/99 -16.14 5/19/99 -171.71

05/27/99 -16.31 5/27/99 -172.92

06/01/99 -17.72 6/1/99 -172.73

06/08/99 -16.31 6/8/99 -173.51

06/11/99 -17.89 6/21/99 -178.71

06/21/99 -19.47 7/1/99 -183.98

07/13/99 -20.87 7/13/99 -190.09

07/26/99 -13.54 7/26/98 -196.29

08/04/99 -13.08 8/4/99 -199.63

08/11/89 -13.07 8/12/99 -201.97

08/19/99 -13.14 8/19/99 -204.83

08/23/99 -13.31 9/1/99 -208.41

09/01/99 -13.33 9/20/99 -213.53

09/07/99 -13.49 9/28/99 -214.21

09/14/99 -13.68

09/20/89 -13.797

09/28/99 -14.77

Mean -18.82 -45.92 -181.43 -220.59
Max -33.91 -59.84 -216.32 -228.49
Min -12.64 -42.54 -171.71 -205.08
Historical

Mean -58.66 -121.74 -219.07 -258.76
Max -164.00 -200.00 -275.07 -297.00
Min -8.13 -40.92 -168.15 -183.42
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MAMMOTH COMMUNITY WATER DISTRICT
PRODUCTION WELL WATER LEVEL DATA
OCTOBER 1998 - SEPTEMBER 1999

WELL NO. 16 WELL NO. 17
Date Static Date Pumping Date Static Date Pumping
10/15/98| -483.53| 10/07/98 -485.59 10/7/98 -367.79
10/22/98| -481.44| 01/20/99 -481.03 10/15/98 -367.42
10/29/98| -480.01| 05/19/09 -486.19 10/22/98 -367.59
11/06/08| -478.97| 05/21/99 -487.22 10/29/98 -367.26
12/01/98| -477.75| 06/01/99 -488.88 11/6/98 -367.18
01/05/99) -478.16| 06/08/99 -487.84 12/1/98 -366.99
02/02/99| -477.53| 08/19/99 -471.47 1/5/99 -366.64
03/02/98| -478.65| 08/23/99 -478.06 2/2/99 -366.31
04/02/99, -478.78| 09/07/99 -480.27 3/2/99 -365.76
05/05/99| -479.38] 09/14/99 -481.83 4/2/99 -365.48
05/12/99 -480| 09/20/99 -477.28 5/5/99 -365.62
05/27/99| -486.81 5/12/99 -365.36
06/21/99 5/19/99 -365.19
07/01/99 5/27/99 -365.53
09/28/89) -472.14 6/1/99 -365.37
6/8/99 -365.29
6/21/99 -365.26
7/1/99 -365.04
7/9/99 -365.06
7/13/99 -365.39
7/26/99 -365.36
8/4/99 -365.34
8/12/99 -365.34
8/19/99 -365.58
8/23/99 -366.33
9/1/99 -365.69
9/7/99 -367.38
9/14/99 -367.39
8/20/99 -366.8
9/28/99 -366.41
Mean -479.47 -482.33 -366.11 -369.52
Max -486.81 -488.88 -367.7¢9 -369.52
Min -486.81 -488.88 -367.78 -369.52
Historical
Mean -465.92 -482.79 -374.85 -375.18
Max -483.94 -491.50 -386.71 -386.00
Min -413.65 -471.47 -365.04 -369.52

prodweli



MAMMOTH COMMUNITY WATER DISTRICT
PRODUCTION WELL WATER LEVEL DATA
OCTOBER 1998 - SEPTEMBER 1999

WELL NO. 18 WELL NO. 20 | .
Date Static Date Pumping Date Static Date Pumping
10/7/98 -51.12] 01/23/99 -114.36 10/7/98 -406.74| 01/23/99 -439.88
10/15/98 -50.51| 02/06/99 -105.06 10/15/98 -401.41] 02/06/99 -439.59
10/22/98 -50.78| 07/09/99 -101.27 10/22/98 -401.38] 02/17/98 -445.00
10/29/98 -50.12 10/29/98 -400.91] 03/12/99 -450.51
11/6/98 -49.94 11/6/98 -401.21| 03/19/99 -450.12
12/1/98 -49.11 12/1/98 -401.06| 03/25/99 -455.08
1/5/99 -400.47| 04/01/99 -454.18
1/5/99 -62.67 2/2/99 -402.19| 04/03/99 -456.00
2/2/99 -65.16 3/2/99 -404.78! 04/08/99 -456.16
3/2/98 -62.05 4/2/99 -408.22| 05/05/99 -454.25
4/2/99 -51.29 5/12/99 -404.22| 05/14/98 -451.94
5/5/99 -50.54 5/19/99 -404.27| 05/21/99 -454.53
5/12/99 -54.49 5/27/99 -406.81| 06/08/99 -456.84
5/19/99 -48.32 6/1/89 -406.50| 06/18/99 -457 41
5/27/99 -47.32 6/11/99 -407.66| 06/23/99 -456,53
6/1/99 -46.78 6/21/99 -411.97 7/9/99 -456.84
6/8/99 -47.13 7/1/98 -414.84|  8/17/99 -456.69
6/21/99 -47.91 7/13/99 -418.01 9/7/99 -441.88
7/1/99 -50.53 7/26/99 -416.88
7/13/99 -51.47 8/4/99 -420.59
7/26/99 -51.52 8/12/99 -418.59
8/4/99 -59.52 8/19/99 -420.03
8/12/99 -54.23 8/23/99 -416.28
8/19/99 -51.80 9/1/99 -421.47
8/23/99 -56.11 9/14/99 -415.44
9/1/99 -54.95 9/20/99 -411.69
9/7/99 -54.95 9/28/99 -410.25
9/14/99 -58.47
9/20/99 -61.16
9/28/99 -56.19
Mean -563.32 -106.90 -409.33 -451.86
Max -65.16 -114.36 -421.47 -457.41
Min -46.78 -101.27 -400.47 -439.59
Historical
Mean -60.65 -97.42 -411.60 -451.98
Max -87.90 -114.36 -436.52 -489.01
Min -40.00 -81.91 -398.91 -428.53

prodwell



APPENDIX B

PUMPAGE AND WATER-LEVEL HYDROGRAPHS
FOR EARLIER SUPPLY WELLS
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APPENDIX C

WATER-LEVEL MEASUREMENTS
FOR MONITOR WELLS
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APPENDIX D

SUPPLEMENTARY WATER-LEVEL
HYDROGRAPHS FOR MONITOR WELLS



AY "ON T73M 804 HAVHOOUAAH TIATT-HILYM

(1084) J83eM 0) Yideq




NS "ON ANV ‘VS 'ON ‘G "ON T13M HOd HdVYOONAAH TIATT-HILYM

e .

g

S S

B B

-

(100) Jo3eMm o} yideq




L "ON T13M ¥0d4 HdVIDOUAAH T3AT

-43LVM

o0g

b e v o wene <l
<
g
&

[Is

(380.) Jo3eM 03 tndag -

057




(1904) 1erepM 0}

ydeq

40

50

WATER-LEVEL HYDROGRAPH FOR WELL NO. 11
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WATER-LEVEL HYDROGRAPH FOR WELL NO. 11M
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Water-Level Hydrographs from Transducer
) Measurements for Well No. 14M

Note: Solid triangle and adjoining depth to water
on graph are for measurement with an electric sounder.



Well # 14m

6661/0£/90
6661/6¢/90
6661/82/90
6661/L2/90
6661/9¢/90
6661/92/90
6661/5¢/90
666 }/¥2/90
6661/£2/90
6661/2¢/90
6661/12/90
6661/02/90
6661/61/90
6661/61/90
6661/81/90
6661/41/90
6661/9L/90
6661/51/90
6661/71/90
6661/E1/90
666 }/21/90
6661/21/90
6661/11/90
6661/01/90
666 1/60/90
6661/80/90
666 +/L0/90
666 1/90/90
666 1/50/20
6661/50/90
666 1/10/90
6661/£0/90
6661/20/90
6661/10/90

,

o o [w] o Q [=3 (o) (=] [« (=]

8 &8 8 8 8 8 8 8 8 8 8

(=) (=3 Q [w) o (=] (=] [=] o [=] (=]

~ w0 [=33 [+ o [er]

a & & & ™~ « & @ 1) ] 5]
(190) 1e1em 03 yideqg

Jun 99 Chart



Well # 14m

6661/0£/90
6661/6¢/90
6661/82/90
6661/L2/90
6661/9¢/90
6661/92/90
6661/5¢/90
666 }/¥2/90
6661/£2/90
6661/2¢/90
6661/12/90
6661/02/90
6661/61/90
6661/61/90
6661/81/90
6661/41/90
6661/9L/90
6661/51/90
6661/71/90
6661/E1/90
666 }/21/90
6661/21/90
6661/11/90
6661/01/90
666 1/60/90
6661/80/90
666 +/L0/90
666 1/90/90
666 1/50/20
6661/50/90
666 1/10/90
6661/£0/90
6661/20/90
6661/10/90

,

o o [w] o Q [=3 (o) (=] [« (=]

8 &8 8 8 8 8 8 8 8 8 8

(=) (=3 Q [w) o (=] (=] [=] o [=] (=]

~ w0 [=33 [+ o [er]

a & & & ™~ « & @ 1) ] 5]
(190) 1e1em 03 yideqg

Jun 99 Chart



Well # 14Nr

6661/92/40
6661/92/L0
6661/92/L0
666 /v2/L0
6661/€2/L0
6661/22/L0
6661/12/L0
6661/L2/L0
6661/0¢/L0
6661/61/L0
6661/81/20
666L/L1/L0
6661/91/20
6661/91/L0
6661/51/20
6661/71L/L0
666L/EL/L0
6661/21/L0
6664/ LL/LO
6661/L1L/L0
6661/01/L0
6661/60/L0
6661/80/L0
6661/L0/20
6661/90/20
6661/90/L0
666 +/S0/L0
6661/v0/L0
6661/20/L0
6661/20/L0
6661/10/L0
6661/10/20

N

g

N

[

=4

o

k]

&

2

b

™~

[-2]

-4

0

=

{3

-]

®

2

-

b

o~

.
[« (=] o (=] o [=3 Q o [=] o [=]
S S =3 = S S =3 S S Q =
[=] [=] o o o o [=] o [= [ (=)
[} < Vel © P~ [-=] [«)] [=2 — o (]
N [a\} N o N o N [\ [32] [y} ”
(3924) Jejeps 0} yydeg

Jul 99 Chart



Well # 14m
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Water-Level Hydrographs from Transducer
Measurements for Well No. 19

Note: Solid triangle and adjoining depth to water
on graph are for measurement with an slectric sounder.
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Water-Lovel Hydrographs from Transducer
Measurements for Well No. 21

Note: Salid triangle and adjoining depth to water
on graph are for ament t with an electri
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Water-Level Hydrographs from a
Float Chart Recorder for MW-23
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Water-Level Hydrographs from Transducer
Measurements for Well No. 24

Note: Solid triangle and adjoining depth to water
on graph are for measuremant with an electric sounder.
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APPENDIX E

CHEMICAL ANALYSES OF WATER FROM DISTRICT WELLS



MAMMOTH COMMUNITY WATER DISTRICT
PRODUCTION WELL WATER QUALITY

Production| Sample | Sampie Conductivity TDS Temp

Well Site Date Time umho/cm ma/L (°F) pH
1 6/6/96 8:20 240 168 47 74
9/12/97 10:15 180 96 49 7.2

7/6/98 14:30 210 120 47 7.4

7/14/99 9:20 208 165 48 7.6

[ 6/6/96 9:05 470 283 49 7.5
9/12/97 9:25 397 198 53 7.1

7/7/98 8:20 300 160 51 8.2

7/14/99 8.45 305 172 50 7.6

10 6/6/96 9:20 465 315 50 7.3
9/12/97 9:14 359 179 55 7.2

6/30/98 13:25 350 240 49 7.6

7/14/99 8:30 353 231 49 7.5

16 6/6/96 9:45 240 152 55 7.4
9/12/97 9:19 288 144 55 7.2

6/30/98 13:45 360 210 53 7.5

7/14/99 . 9:05 355 190 55 7.6

16 7/11/96 9:00 660 432 70 7.5
9/11/97 10:11 632 317 73 71

7/6/98 14:35 710 500 70 7.1

8/20/98 10:30 890 480 70 7.2

17 7/11/96 8:45 360 265 65 7.3

No sample due to motor/pump failure

7/6/98 | 9:15 350 280 60 7.1

8/20/99 10:10 350 280 61 7.2

18 7/11/96 8:15 540 332 47 71
9/12/97 13:40 500 251 68 71

7/6/98 14:15 490 350 70 6.9

8/20/99 11:30 510 355 67 7.1

20 7/11/96 9:20 217 164 59 7.1
9/11/87 | 9:57 336 168 61 6.9

No sample due to motor/pump failure
8/20/99 [ 11:00 | 310 210 60 7.1

quality10/25/99
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APPENDIX F

MAMMOTH CREEK STREAMFLOW



66MoOl4

62 _|Zol 1S9 'l 94 9L €e LA 0Z ¥'é ¥6 winuiulpy
€2 98l [eyee< vee<  levee< 20} |¥6 8¢l Syl 8%l SGl €6l wnuixe
¥e  |Ver 88 i 6 1’6 €6 Ll 9L uespy
| 2ol 0gsl [4R4% %] ¥é6 9L 9¢l e
1’6 €721 [4:413 [ XA TNTA X433 201 9l 96 (4 [X4) Vel 0g ]
86 (4] 5991 4 &4 eree< 68 9/ 201 0L 9t 8¢l 62 ]
sal 92l _ |90/} 2ree<  |evee< ¥'é 9L L8 Lot 22 601 9Cl 8c
601 ol [4%A ] [A XA%S Zy'ee< 20} 97 68 9zi [ ¥6 821 |42 i
41 2t 6521 Zree< eree< 68 92 68 och ¢l 86 8¢l |92
9l cll [A43 Zy'ce< [4 AR 8 9L 68 S'¥l 6L S0l V2L |52 .
X4 91l (4594 ) Zp'Te< [4 R4A%S 68 [X:] 68 2 21 ] 601 el |44 i
€27 1’z 81’6l r'ge< [4 FA% ¥e €8 68 91} €8 4]} 2 14
96 611 0.6l Zrze< Zrze< v6 62 68 621 £8 20l il 44
6’8 120l or'sl ey'2e< [4 4% 8'6 62 68 ¥l €8 20l 601 %4 N
68 L0} 01’61 cyee< [444%3 96 £8 68 g€l €8 20l 20l 0z
68  [Z0i 9¥'9Z ch'ie< €62 ¥6 1's 68 201 €8 01 ol 6l
£8 L 09'0¢ [ 4% L d:T4 68 [X:] 68 | & L8 il (U]} gl ]
6L 9ll 06°0€ Zr'Ze< | &4 68 1'e 6'8 9l 68 9l 96 11 a
e (4] [4 £4%3 Zh'ee< 8'le 68 62 1'é L 68 ril ool gl i
6, 611 [4 XA%S Zyee< Zige L8 64 1’6 g 68 ¥l 86 Sl
£8 __loel [4.4:14 [4 &433 cree< Sg I's 1’6 29 68 [ X4} 86 143
L8 121 [4%:14 ehee< 1971 S8 |i'e 00} 89 68 ogl 201 €l N
€8 98l _100°0¢ Z¥'ee< (851 S8 [X:] 9'bl 99 68 Sel 96 cl
1’8 671 Zy'Ze< 4 44 Syl 58 €8 el 89 Ve Svi ¥'6 13
S8 o¥l  |2vee< g9l ol '8 .8 8¢l 99 v'6 S'el | 4] ]} ]
S8 1S°€l 2gie 1’8l o¥L 1’6 68 9721 89 201 SSi 2ol 6 ]
g8 8'cl 4 443 592 |0kl S8 €8 20t 89 ol GGl 2l 8
S8 8€l _ [Z¥ee< Zyee<  [eEl L8 1’8 €8 0L 60} 2 921 L ]
1’6 Syl eyZe< [4 K45 92t S8 '8 €8 [ v L0l 8721 9
¥6 Q€cl Zyze< eyze< €el 92 [X:] €8 99 vii 601 8cl S
¥é Pl ZrZe< ZrZe< [5) 9L '8 £e 89 S§cl €l 8¢l 14
96 osl [AZ4ARS Z¥'Ze< GGl 9z 6 sg |99 (X414 j 1) oyl €
86 0’61 [4 XAZS [4 AR ocl 92 S8 S'8 89 V'EL gl sl Z
20} €61 [4 F4AR Zbce< (211 92 g8 ¥6 |89 'R d) 87cl €6l 3
d3s onv.__ |anr NOr AV addv - [dvin a34 NV J3a AON 120 |Aeg o
o | # I Y __|6e66} . g66L |
puooas sad jaa} 21qno ul abieydsip Ajeq

MOTILNO0 SIMVT NIML




66MO|4

9L S0l 26l 0.2 341 Z6 A 62 9/ 89 86 68 winuiury
4 [A 1[4 S'LS [ad3 €0z (A} €zl 413 £EL %4} 891 9'st wnuixep
1’6 6€l ¥ze 4] S8y SZl g6 ol 56 (415 Lzl 2 ueayy

Sl 1Z°61 691 64 98 £e 9Zl Le
62 611 951 Ly €0zl el 601 26 6L €el [ 4} [0
6'8 £cl 09l 88y 9€LL L'el (411 S0l €8 Sl 611 62
[4:] el 891 gel o'col 09} St (4] _|€72) 98 86 a7l :14
8'6 el Tl S'¥8 ¥'501 <l |4} 6'8 €T1 a8 4] 9¢Zl 22
Zoi ol 2Ll €l6 656 (4] 601 <6 9?¢1 26 S0l 611 9c
SLE Gl il 168 [4] ezl 601 S0l £el 26 ol 6k 74
€c) £zl 68l 506 189 £l <ol 56 Zl 26 |44} g0l 144 |
|44} 611 L6} 9001 ¥'59 Syl Z0i 86 o€l Z6 £Zl S0l €2
98 S0t €6l 9'001 L'¥9 (A S'6 26 611 26 ecl S0l t44
98 601 £6l 8'66 1'8S il 20t 64 S0l (419" 201 |74
68 2l 59C 9't6 Lo o'gl 20l 68 611 g9 61l col 174
68 St 0'LE 8'66 L've 6FL 60l 56 S0l S0l |43 56 61
6L 611 0'ee 9'0Et €Le (N4 [4113 g6 Z6 6 9zl S'6 8l
92 €72l 9ve o'vbl L'o¥ 97Z1 S6 <6 €8 86 €cl S'6 Ll
9L 9?cl [V 44 98l '8¢ gel Z6 g6 6L 86 o€l 56 9l
92 €el 6z 286 vy 61l g6 S0l 9L 2ol LEL 56 St
£8 091 ace 668 gle cli 26 60} 9L 86 L'yl 56 i
£8 €64 olg 9L 9¥e 86 56 9771 6/ 26 6¥l 96 el
167 f44 29¢g 185 SiZ 2'6 S'6 LEl 64 Zol g5l 26 14}
£g L6l 6'8€ 00E 2’61 (4]} S'6 25t 64 201 9'Si 68 L
£e 6'vl 29¢ 0L2 £6l [42) 68 L'vi 6L 2l 891 56 oL
€8 S¥l 1L'S€E o'le L6l 96 [ A L'yl e 4] 251 Zol 6
te 6%l elE 8'8 {44 86 76 L'yl 9s 9zl ocl Zii g
68 asl S6¢ ¥'S9 681 S0l Z6 86 £8 £cl 611 £zl )
6'8 S¥l 6ch 9'tl Ll 8'6 S'6 98 €8 921 il [ 41 9
4] sl 005 €ee o9l 56 86 68 6L Sl €l 4} S
56 96l 1'€S 288 [} 26 86 26 98 26 [} o€l |4
S6 961 6'%S 2’68 g/t 56 56 Z6 €8 £l o€l (4] £
86 i34 G'LS 168 24l 47" £e 9'6 _it'8 L'yl St 96} 4
S0l 6¥l 295 €0l Svl 41 €8 98 £8 9¢cl (243 9'G1 I
d3s onv anr NOr AV ydv uYw g34 NVr o3a AON 100 Keg

6661 8661
puooas Jad ja8} 31qna ui abieyssip Aeq

avoX HLOWWYW @10 LY MOTd M3IUD HLOWWYW



8661 4990100

peoy wew pio—m—
MOIIND SYT UM —e—

62'5Z'vZ/01 'SIuaAZ uojieydideld

NOSIHNVYJNOD MOTJNYIHLS YITHD HLOWNVIN

PuU023g Jod J@a4 a1gno




8661 JoquiaAoN

peoy wew piO—a—
MOIND SYT UIM| —e—

W

2

0£'62'8Z'L1'01°L'9/1} SWuaAZ uoneydidalg

N

oY e W e

NOSIHYdWOD MOTINYIHLS HITHO HLOWINYIN

1qn9

puU09as Jad 1994 9




8661 Jaquianaq

PEOY Wep plO——
MOINO SHF UMY —o—

02's1's'e/g) SwaAg uoneydioald

o oW

NOSIHYdWOD MOTINVIN LS YIT40 HLOWNYIN

1ano

pu023g Jad Jaad o




6661 Arenuer

peOY Wep PO —m—
MOPIND SY UIM| —o—

1€'92'¥2'e2'02'61'81'L1'9L/) SIUSAT uohENdIdald

- N R " - A B TS VR S R

NOSIHYJNOD MOTIWYIHLS Y¥IFH3 HLOWWVYIN

1qng

puoIag Jad 1994 9!




6661 Arenigad

pecy wew plO—m—
MOFING S| UM L —o—

Z'81'91°6'8°L'9/Z :SIUBAZ uoneydivald

N N A a2 2 a4 a3 A A A
N =2 O © © N O 0 & 0N = O © 0 ~N O 0 & OGN

NOSIRIVJIWOD MOTENYIX LS MIIHO HLONWYIN

1ano

puodss Jad 1924 0




6661 yoiew

PEOY WEW PO ~E—
MOINO SY UIM | —e—

LE'£Z'02'6°8/¢ SIUAAT uoneydidald

NOSRYJWOD MOTJWYIHLS ¥3340 HLOWAVYIN

\qn

puCas Jad 1894 92




6661 Iudy

pEOY Wew PIO—a—
MOBIND SYT UM —d—

62'92'72'12'8'9'6"E" /b [SiuaAg uoneldioaly

$ & ¢ e v o

NOSIHVYJWOD MOTINVYIAULS NFFHO HLOWWYIN

ChEEEES

pu0oag Jad 18a4 21qno




(s)0 Zt'ze Auoedes Jiam saye um))
6661 Aey

SJo peON WeW pIO —a—
SJO MOLING SYT UIM] —o—

SZ'¥Z'e2 '€/ SuaAg uonendioaid
22 |E0E 628229252V ET 2242 026L 8L LLOLSLPLELZLILOLB 8@ 2 O S ¥ e 2

NOSIMVAINOD MOTAWVIHLS XIFUD HLOWWVIN

3

174

or

09

o8

goi

(143

ovi

puooag Jad 1894 2IgnD




(540 gz Auoeden Jiam saye uim])
6661 aunp

PEOY Wep PO ——
MOYING ST UIM] —e—

NOSIHYAINOD MOTJIWYIHLS 3T HLOWWYIA

V4

oy

09

08

ool

ozi

ovi

091

pu02as 134 1824 o1gno




(sjo z¢'2¢ 18 Anoeden Jjam saxe] uim1)
6661 AInp

PEOY WEN PO —8—
MOIINQ S UM L —o—

E1/L :SuaAT uoneydiald

CO I

Sy
&
‘e

NOSIHYdWOD MOTINVIYLS X3FHO HLONWNYIN

puooag Jad 1884 91qng




6661 1snbny

PeOY WeW PIO —a—
MOYINO S M| —e—

%

)

92'Z2'04/8 :S1uaA3 uonendioaid

o
N
<o

&Y o QN

NOSIHYJWOD MOTJNVIYLS MIIHD HLOWWVYIN

puodsg Jad jesd J1IgnD




6661 foquiaydag

pecy wen p|Q —m—
MOPING SHT UIM ]| —e—

2z'1Z'81/6 S)uaAg uogendioalg

O P R

NOSRIVAWOD MOTNYIN LS ¥ITHO HLOWNYIN

©

puooes Jad 1994 2Igno




APPENDIX G

VALENTINE RESERVE SPRINGFLOW



Date Time
5-Nov1gg8 17:00
6-Nov 17:.00
7-Nov 17:00
8-Nov 17:00
9-Nov 17:00

10-Nov 17:00

11-Nov 17:00

12-Nov 17:00

13-Nov 17:00

14-Nov 17.00

15-Nov 17.00

16-Nov 17:00

17-Nov 17.00

18-Nov 17:00

19-Nov 17:00

20-Nov 17:00

21-Nov 17:00

22-Nov 17:00

23-Nov 17:00

25-Nov 16:59

28-Nov 16:59

27-Nov 16:59

28-Nov 16:59

29-Nov 16:59

30-Nov 16:59
1-Dec1998 16:59
2-Dec 16:59
3-Dec 16:59
4-Dec 16:59
5-Dec 16:59
6-Dec 16:59
7-Dec 16:59
8-Dec 16:59
9-Dec 16:59

10-Dec 16:59

11-Dec 16:59

12-Dec 16:59

13-Dec 16:59

14-Dec 16:59

15-Dec 16:59

16-Dec 16:59

17-Dec 16:59

18-Dec 16:59

19-Dec 16:59

20-Dec 16:59

21-Dec 16:59

22-Dec 16:59

23-Dec 16:59

Valentine Reserve Spring Discharge

24 Av. Flow
{gpm)

66.8
66.6
66.4
66.2
65.9
65.7
65.4
48.9
85.5
65.6
85.7
65.3
65.6
65.2
64.6
64.6
64.6
64.9
64.7

48.2
64.4
64.2
63.8
63.7
63.6
63.4
63.3
63.7
47.8
63.4
63.4
63.2
62.8
62.2
62.0
61.7
61.5
61.2
61.3
60.8
61.0
60.8
60.7
60.9
61.1
60.86
60.4
60.0

1998-99
Date Time
24-Dec 16:59
25-Dec 16:59
26-Dec 16:59
27-Dec 16:59
28-Dec 16:59
29-Dec 16:59
30-Dec 16:59
31-Dec1998 16:59
1-Jan 1999 16:59
2-Jan 16:59
3-Jan 16:59
4-Jan 16:59
5-Jan 16:59
6-Jan 16:59
7-Jan 16:59
8-Jan 16:59
9-Jan 16:59
10-Jan 16:59
12-Jan 16:59
13-Jan 16:59
14-Jan 16:59
15-Jan 16:59
16-Jan 16:59
17-Jan 16:59
18-Jan 16:59
19-dJan 16:59
20-Jan 16:59
21-Jan 16:59
22-Jan 16:59
23-dan 16:59
24-Jan 16:59
25-Jan 16:59
26-Jan 16:59
27-dan 16:59
28-Jan 16:59
29-Jan 16:59
30-Jan 16:59
31-dan 16:59
1-Feb 1999 16:59
2-Feb 16:59
3-Feb 16:59
4-Feb 16:59
5-Feb 16:59
6-Feb 16:;59
7-Feb 16:59
8-Feb 16:59
9-Feb 16:59
10-Feb 16:59

24 Av. Flow
{gpm}
59.9
59.5
59.3
59.3
58.8
58.8
58.6
58.7
58.4
58.4
58.4
58.2
57.9
57.7
433
433
57.4
57.3

57.0
56.8
424
56.3
56.2
56.2
56.4
56.3
56.8
56.7
42.4
56.4
42.3
56.3
56.3
56.2
55.9
55.7
55.9
41.8
55.5
55.4
55.2
55.5
55.5
55.0
57.3
61.0
58.9
57.8



Valentine Reserve Spring Discharge

1998-99
Date Time 24 Av. Flow Date Time 24 Av. Flow
{gpm) {apm)
11-Feb1998 16:59 57.0 1-Apr 16:59 80.0
12-Feb 16:59 56.4 2-Apr 16:59 79.0
13-Feb 16:59 55.9 3-Apr 16:59 77.7
14-Feb 16:59 55.8 4-Apr 16:59 76.3
15-Feb 16:59 55.5 5-Apr 16:59 75.3
16-Feb 16:59 55.5 6-Apr 16:59 74.7
17-Feb 16:59 41.7 7-Apr 16:59 741
18-Feb 16:59 57.1 8-Apr 16:59 73.6
19-Feb 16:59 57.3 9-Apr 16:59 72.5
20-Feb 16:59 56.6 10-Apr 16:59 70.9
21-Feb 16:59 56.4 11-Apr 16:59 69.1
22-Feb 16:59 56.0 12-Apr 16:59 67.3
23-Feb 16:59 55.7 13-Apr 16:59 65.9
24-Feb 16:59 56.2 14-ppr 16:59 67.5
25-Feb 16:59 56.9 15-Apr 16:59 53.1
26-Feb 16:59 56.8 186-Apr 16:59 73.5
27-Feb 16:58 57.0 17-Apr 16:59 76.8
28-Feb 16:59 59.6 18-Apr 16:59 80.1
1-Mar 16:59 449 19-Apr 16:59 88.3
2-Mar 16:59 60.4 20-Apr 16:59 98.2
3-Mar 16:59 61.5 21-Apr 16:59 109.0
4-Mar 16:59 61.9 22-Apr 16:59 118.2
5-Mar 16:59 62.2 23-Apr 16:59 117.4
6-Mar 16:59 62.0 24-Apr 16:59 111.2
7-Mar 16:59 46.9 25-Apr 16:59 105.2
8-Mar 16:59 82.4 26-Apr 16:59 105.4
9-Mar 16:59 62.5 27-Apr 16:59 111.0
10-Mar 16:59 62.2 28-Apr 16:59 1115
11-Mar 16:59 61.7 29-Apr 16:59 107.1
12-Mar 16:59 61.0 30-Apr 16:59 102.6
13-Mar 16:59 60.5 1-May 16:59 99.5
14-Mar 16:59 60.3 2-May 16:59 99.9
15-Mar 16:59 59.7 3-May 16:59 97.0
16-Mar 16:59 59.4 4-May 16:59 94.2
17-Mar 16:59 59.3 5-May 16:59 948
18-Mar 16:59 60.1 6-May 16:59 100.8
19-Mar 16:59 62.0 7-May 16:59 107.3
20-Mar 16:59 63.2 8-May 16:59 82.8
21-Mar 16:59 64.0 9-May 16:59 108.6
22-Mar 16:59 65.6 10-May 16:59 107.6
23-Mar 16:59 67.1
24-Mar 16:59 51.7 12-May 11:00 111.0
25-Mar 16:59 71.3 13-May 11:00 114.6
26-Mar 16:59 71.4 14-May 11:00 109.2
27-Mar 16:59 556 15-May 11:00 103.2
28-Mar 16:59 76.7 16-May 11:00 101.8
29-Mar 16:59 79.3 17-May 11:00 99.6
30-Mar 16:59 79.8 18-May 11:00 98.9

31-Mar 16:59 80.4 19-May 11:00 97.1



Valentine Reserve Spring Discharge

1998-99
Date Time 24 Av. Flow Date Time 24 Av. Flow
{gpm) {gpm)
20-May1999 11:00 95.4 2-Sep 16:00 489
21-May 11:00 70.1 3-Sep 16:00 48.8
22-May 11:00 90.9 4-Sep 16:00 48.6
23-May 11:00 87.6 5-Sep 16:00 36.2
24-May 11:00 84.9 6-Sep 16:00 36.0
25-May 11:00 83.2 7-Sep 16:00 47.8
26-May 11:00 80.9 8-Sep 16:00 47.4
9-Sep 16:00 35.4
10-Sep 16.00 47.2
24-Jul 16:00 47.2 11-Sep 16:00 47.2
25-Jul 16:00 46.7 12-Sep 16:00 471
26-Jul 16:00 46.2 13-Sep 16:00 35.2
27-Jul 16:00 344 14-Sep 16:00 46.8
28-Jul 16:00 343
29-Jul 16:00 459 17-Sep 14:00 54.6
30-Jul 16:00 457 18-Sep 14:00 54.9
31-Jul 16:00 46.0 19-Sep 14:00 55.4
1-Aug 16:00 46.0 20-Sep 14.00 56.5
2-Aug 16:00 45.1 21-Sep 14:00 555
3-Aug 16:00 46.9 22-Sep 14:00 55.7
4-Aug 16:00 46.5 23-Sep 14:00 56.5
5-Aug 16:00 46.3 24-Sep 14:00 56.2
6-Aug 16:00 47.3 25-Sep 14.00 56.5
7-Aug 16:00 35.2 26-Sep 14:00 56.8
8-Aug 16:00 48.1 27-Sep 14:00 56.6
9-Aug 16:00 48.2 28-Sep 14:00 57.0
10-Aug 16:00 484 29-Sep 14:00 55.9
11-Aug 16:00 35.8 30-Sep 1999 14:00 55.0
12-Aug 16:00 48.5
13-Aug 16:00 48.8
14-Aug 16:00 48.9
156-Aug 16:00 485
16-Aug 16,00 48.6
17-Aug 16:00 493
18-Aug 16:00 48.7
19-Aug 16:00 48.4
20-Aug 16:00 36.4
21-Aug 16:00 48.4
22-Aug 16:00 48.4
23-Aug 16:00 48.6
24-Aug 16:00 47.9
25-Aug 16:00 48.0
26-Aug 16:00 48.2
27-Aug 16:00 49.4
28-Aug 16:00 48.6
29-Aug 16:00 486
30-Aug 16:00 48.4
31-Aug 16:00 48.7

1-Sep 16:00 36.7



Valentine Reserve Spring Discharge

1998-99 Daily Average
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