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Proposed Sherwin Ski  Area

WATERSHED ANALYSIS

Hvdroloqic Sett inq

The proposed Sherwin Ski  Area is s i tuated within the
Mammoth Basin drainage system of the Long subuni t  of  the Owens
hydrologic uni t  of  the Lahontan drainage province. The
Mammoth Basin has a total  area of  approximately 71 sguare
mi les and encompasses the ent i re watershed of  l lammoth Creek
(see Figure 1 ) .  The boundar ies of  the Basin are def ined by
the Convict  Creek drainage div ide to the east,  the t ' lammoth
Crest div ide of  the Sierra Nevadas to the south and southwest,
the Dry Creek drainage div ide to the northwest,  and the Hot
Creek Gorge to the northeast.  Al though i t  is  the same surface
stream, the name of Mammoth Creek changes to Hot Creek (pr i -
mari ly by histor ical  t radi t ion) af ter  crossing U.S. Highway
395 in the eastern port ion of  the Basin.  Pr incipal  t r ibutary
surface streams of  Mammoth Creek include Coldwater Creek,
Sherwin Creek, and Laurel  Creek.

The Mammoth Basin is a relat ively broad, easter ly t rending
basin wi th only one surface out let :  Hot Creek to the north-
east.  The Basin is physical ly descr ibed as a two-mi le wide
val ley f loor dist inct ly conf ined by the steep slopes of  the
Eastern Sierra Nevadas to the south and west,  and relat ively
high r idges to the north and east.  Topographic rel ief  is
dramat ic,  wi th elevat ions varying from 7r000-8r000 feet on the
val ley f loor to 1 1 ,000-1 2,000 feet along the crest  of  the
Sierra Nevadas.

The cl imate of  the Basin is heavi ly inf luenced by i ts
locat ion wi th respect to the crest  of  the Sierra Nevadas and
the Mammoth Pass gap. Mitd summers wi th dai ly highs of  over
8OoF are contrasted by harsh winters wi th lows near OoF.
Relat ively high wind condi t ions are prevalent due to oro-
graphic ef fects.  Humidi t ies are low, varying from 15t to 30t
with higher values usual ly occurr ing in the spr ing and autumn
seasons. Precipi tat icn occurs pr imari ly as winter snow,
al though rain showers are common throughout the remaining
seasons. Annual  precipi tat ion var ies considerably wi th in the
Basin,  ranging from less than 10 inches in the northeaster ly
extremit ies to over 60 inches at  Mammoth Mountain on the
west.  Mean annual  precipi tat ion isohyetals (  50-year record)
for the Basin are shown on Figure 2.







Watershed Character ist ics

Proiect  Locat ion.  The general  locat ion of  the proposed
Sherwin Ski  Area with respect to the lv lammoth Basin is shown on
Figure 1.  I t  is  s i tuated in the western-central  port ion of
the Basin just  south of  the pr ivate lands which comprise the
community of  Mammoth Lakes. The total  study area encompasses
approxi-mately 4.7 square rni les and is topographical ly t r ibut-
ary to l {ammoth Creek which f lows easter ly approximately one
mile northeaster ly of  the project  l imi ts.  The Ski  Area
drainage boundar ies are def ined by the Sherwin Creek watershed
to the east and the Lakes Basin drainage system div ide to the
south and west.  There are no perennial  surface streams within
the project  area; conseguent ly,  the only apparent hydrologic
cont inui ty wi th adjacent drainages is v ia subsurface
groundwater f low.

The l imi ts of  the Sherwin Ski  Area watershed are shown
topographical ly on Figure 3.  For convenience of  evaluat ion,
the watershed has been subdiv ided into f ive drainage subareas,
Iabel led I  through V. Addi t ional Iy,  a fur ther div is ion has
been made within Subarea I I  to def ine a drainaqe area of
special  interest  at  the Canyon Lodge locat ion.

Drainaqe Subareas. The drainage subareas are essent ia l ly
def ined by natural  topographic boundar ies.  A summary of  the
drainage areas included within each subarea and descr ipt ions
of the features to which they are t r ibutary is presented in
Table i .

Drainage
Subarea

Table l .  Drai .nage Subareas

Tributarv Point

r 258

rr  1,262

( I IA) (430)

I I I  626

373

v

ToEals

Area,
Acres

476

Percent of
ToLal

Watershed

8.61

42.r5

(14.36)

20.90

12.45

l  5.89

100.00

Seasonal  spr ing 500 feet.  west of  Sherwin
Creek. Tr ibutary to Sherwin Creek.

Drainage conf inement (  sump) near Motocross
Base Lodge. Tr ibutary to Sherwin Creek I /4
mi le east.

Drainage conf inement near Canyon Lodge.

Natural  drainage conf luence near Sherwin
Road. Tribucary to l, lammoth Creek I/2 ni-le
northeast.

IV SmalI  val1ey near Snowcreek Base
sump at lower end. Tr ibutary
Creek 3/4 niLe to north.

01d Mammoth meadow area, Bodle
Hidden L,ake. Tr ibutary to MarnmoEh
mile northeast.

2

Lodge with
to Mammoth

Ditch and
Creek I

2,995





Precipi tat ion.  Mean annual  precipl tat ion ranges from 1 B
inches at  the Iower elevat ions to 40 inches at  the highest
peaks within the ski  area watershed. Precipi tat ion f rom year
to year is highly var iable,  however,  and departures f rom the
histor ical  mean range as high as 508. Mean annual  precipi-
tat ion and total  product j -dn for the watershed subareas are
summarized in Table 2.  Precipi tat ion f igures were der ived
from area-weighted averages of  the
shown in Figure 2.

5O-year mean isohyetals

Table 2. M".n Annlg|Eeclgllgllon.

Drai.nage
Subarea

Mean Annual
Precipi tat ion,

inches
Mean Annual Water
Product ion,  AF/vearArea, acres

258

1,262
(430)

ozo

373

476

2,995

I

I I
( I IA)

I I I

Tt l
IV

Total : Average:

21 0

)4 .2
(38.4)

30.5

26.4

30.0

Total :

67L

( 1 ,376)

1,591

82r

I ,190

7 ,868

The pattern of  annual  precipi tat ion is dist inct ly cycl ical
in the lv lammoth Basin.  Winter snowfal l  is  heavy and frequent
because storms are general ly associated with large scale,  Iong
durat ion f rontal  movements.  Average winter accumulat ions of
snowfal l  range from 49 inches in the Town of  Mammoth Lakes
(elevat ion 8r300) to 1 06 inches at  Mammoth Pass (elevat ion
9r500).  Dur ing the remainder of  the year,  ra infal l  occurs
pr imari ly as the resul t  of  local  convect ive thunderstorms.
These storms are character ist ical ly of  short  durat ion wi th
peak rainfal l  intensi t ies of  less than 1.5 inches per hour.

Topographv. The ski  area watershed drains norther ly f rom
the crest  of  a ser ies of  unnamed peaks, commonly known as the
Sherwin Ridge, to the f loor of  the Mammoth Basin.  Elevat ions
r ise precipi tously f rom 7,850 feet to over 111500 feet at  the
souther ly extremity of  the watershed. The western port ion of
the drainage is uni formly steep with average slopes of  35-
50*.  The eastern port ion includes a narro\d val ley known as
Sol i tude Canyon but st i l l  is  dominated by moderately steep
slopes of  25-40*.  A graphic representat ive of  the watershed
slopes is presented in Figure 4,  and a s lope analysis for  each





subarea is tabulated
ist ics of  the drainase

in Table 3.
subareas are

General  physical  character-
summarized in Table 4.

Drainage
Subarea

I 258

II  T,262
(I I -A) (430)

III 626

IV 373

v ..476

Totals 2,995

TotaL 0-57.
Acres AcE;-T Acres Z.

r0 3.9

:: ':l
tr2 r7.9

20 4.2

2t3 7 ,L

w
2L 8.1

218 17.3
(42) (e.8)

t02 16.3

64 t7.2

33 7.0

438 14.6

^. .*-
ol 1q 1

1r7 ?q o
/77\ / r  7 0\

Lqz Lz.  I

24 6.4

LI J.b

601 20. I

30-502
Acres Z.

39 15. l

76 6.0
(s7) (13.3)

to Lz.  L

80 2t.4

r2r 25.4

392 l3. l

\ 502
Acres Z

6.4

u.6

97 37.6

593 47.0
(2s4) (59. l  )

194 31.0

158 42.4

285 59.9

1,327 44.3

Acres

Table 4.  Phvsical  Character ist ics

Elevat ion
Low Feet

Drainage
Subarea

I

I I
(  I IA)

I I I

IV

v

258

LrZOZ

(  430)

626

373

476

High

10,900

1 1 ,500
( 1 1 ,200)

10,700

10, 1 50

l0 ,  150

a .)<n

7 ,910
(9,080)

7 ,850

7 ,850

8,000

10,600

14, 700
(7 ,2OO)

l4,600

9,600

4,400

Basin Slope
Pe rc en t,

z) .v

24.4
(2e.4)

r9.5

24.O

48.9

Geoloqv/Landforms. The ent i re Mammoth Basin has a complex
geologic history,  and the geomorphology of  the region is
var ied and unusuar.  Pre-Tert iary metamorphic and grani t ic
rocks form the backbone of  the s ierra Nevada, but rert iary
volcanic rock,  Quaternary glacial  and lake deposi ts,  and
recent al luvial  and volcanic mater ia ls are al l  interbedded
throughout the Basin area. The val ley f loor of  much of  the
Basin has been formed by subsidence of  an enormous col lapsed
caldera centered in the Long VaIIey area. The f loor has been
f i l led al ternately wi th volcanic rock,  g lacial  deposi ts,  Iake
deposi ts,  and al luvial  outwash from the Sierra Nevada. A
unique feature of  the ski  area watershed are the rock glaciers
Iocated throughout the Sol i tude Basin area.

Basin Len



General  landforms and surf ic ia l  geologic features of  the
Sherwin Ski  Area watershed are depicted in Figure 5 and
summarized in Table 5.

ff
Drainage Total  GR f ' ' lR
Subarea Acres Acres Z Acres Z

_ lr 256 t I5 44.6

I I  t ,262 47r 37 .3 77 6.  I
( r rA) (430) (r3s) (3r.4) (29) (6.7)

III 626 279 44.6

GT
Acres Z,

108 4r.9

343 27,2
(60) (14.0)

89 t4.2

75 20. I

RG
Acres L

6 2.3

/  u.o

JI O.J

- -

Acres L

09 ) . )

t1? ?t  I

114 30.5

Acres 7
T

E;;-7

I8

Lt Lt .4

1.4 277 21.9
(206) (47.s)

l3 53 8.5 60 9.5

q4 rr .6 zJ o.z

::
115 3.8 504 20,2

Iv 373

u qio

Totals 2,995

60 16. l  26 7.0

55 1 1.6 153 32.1

980 32,7 269 9,0

48 10. I

663 22.r

5 1.0

320 10.7

GR
MR

RG
M
A
T

*Lue*g

Grani t ic  Rock
Mecamorphic Rock
Glacial  Ti l l  and Old Rock Glaciers
Act ive Rock Glacier
Glacial Horaine
Al luviw
Talus Deposit

Soi ls.

h igh permeabi l i ty  of  surface soi ls
surface runoff  concentrat ions.

Surf ic ia l  soi ls throuqhout the Mammoth Basin
ref lect  parent rock mater ia ls and are general ly coarse grained
and non-cohesive.  In the Sherwin Ski  Area watershed, soi ls
consist  predominant ly of  s i l ty  sands of  decomposed grani t ic
or ig in.  Gravel ,  cobble,  and boulder f ract ions are var iable
but typical ly s igni f icant throughout the study area. Soi ls
are c lassi f ied general ly as inorganic,  but  pockets of  meadow
deposi ts are randomly distr ibuted along the lower s lopes and
part icular ly wi th in the Sol i tude Canyon area.

Previous studies of  the t ' lammoth Basin have classi f ied soi l
types on the basis of  erosion and runoff  potent ia l .  The
classi f icat ion system is based on four soi l  character ist ics:
runoff  potent ia l ,  soi l  depth,  erodabi l i ty ,  and potent ia l
vegetat ive product iv i ty.  Surf ic ia l  soi l  types for the Sherwin
Ski  Area watershed are mapped on Pigure 6 and summarized in
Table 6.  In general ,  the potent ia l  for  s igni f icant erosion
hazards wi th in the watershed is Iow to moderate due to the

and the lack of  d ist inct
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Table 6.  Soi . ls  Tyoe Distr ibut ion*

Drainage
Subarea

I

I I
(  I rA)

I I I

IV

Tocals

A Very Low
B Low
C Moderate
D High

73 28.3

236 18.7 54
(12) (2.8)

188

183

c222
Acres -F-

88 34. I

625 49.5
(373) (86.s)

242 38.7

2t3 44.8

I ,168 39.0

c232
A-.=rZ

97 37.6

347 27.5
(46) (10.7)

196 31.3

190 5i .0

42 8.8

A7) tO I

D43l.-
Acres 7"

22 4.6

22 0.7

Total
Ac res

a)) ' )  Pr l ' )

Ac*T AcresT

258

1,262
(430)

626

476

7 qqq

30.0

49 .0

309 10.4 624 20.8

SOIL TYPE CODE*

cl3I

f-+
Runoff Potent. i .al  Soi l  Depth Erosion Pot.engial

I  0 to 20 in.
2 20 ro 36 in.
3 Over 36 in.
4 Vari.able con-

dit ions

I l,ow hazard
2 Moderate hazard
3 High hazard

Vegetat . ive ProducEivi  gy

I  Low pot,ent ia l
2 Medium pocent ia l
3 High potent ia l

Veqetat ion.  Plant communit ies found in the watershed are
typicar of  the Eastern s ierra region and include represent-
at ives of  the upper sonoran, Transi t ion,  canadian, and
Hudsonian I i fe zones. The pr incipal  p lant communit ies consist
of  mixed coni fer  forest ,  whi te bark pine forest ,  montane
scrub, r ipar ian woodland, and sagebrush scrub/chaparral  in a
complex and diverse mosaic which depends on srope, elevat ion,
and soi l  condi t ions.  Ground cover ranges from ress than 109
in t ! .  upper forested areas to over 7ot in the sagebrush
scrub/chaparral  communit ies on the lower s lopes.

Prant communit ies are mapped on Figure 7 and a tabular
breakdown of  vegetat ive distr ibut ion is presented in Table 7.

Tablc 7.  V?ertat lon Dl t t r lbut lont

Dr!inr8c
Subaacr

I I
( r r^)

IV

Totr l r

'g.ge!!.

Acr.! L

t47 57.0

5l{  40.7
(275) 63.9)

2t5 34.3

49 13. I

60 12.6

985 32.9

!{c
Acrcs !

79 30.6

':: ::.u
197 3t .5

I3l  35,  I

; ;

L
Acr. !  Z,

l4 l . l
(5)  ( l .2)

- -14 0,5

2.4 206
(2.1) (32)

l7l

135

9.7 7t

2.1 593

CR
lcres !

:: ::

l5 3. t

15 0.5

8A
A< rcr I

2t  9.1

2(A 16.5
( loe) (  25.4)

4t  6.9

)5 t ) .o

% m.2

430 t4.3

Total
Acra!

258

| ,aoz
( 43O)

OA BR
Acres I  Acrer !

626

J73

t76

2,995

(e)

46

6l

30 6.3

30 t .0

16.3
( 7.4)

27.3

36.2

15.5

19.8

YP lhi t .bark Pttr !  For.sr
fC f i rcd Contf€r Forcat
L Lodgepole Plnc Foresr
RIP Rtpar lan H..doy
QA Rrf.r ian t loodland
BR Xtred Brugb sod Chap.rral
GR Cressland and Pasturc
EA B.rren Arc6!
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ICtershed frvdrolcqv

Hvdroloqic Data and Records.  The locat ions of  long-term
and short- term precipi tat ion and streamflow gauging stat ions
within the Mammoth Basir i  are shown on Figure 8.  There are no
stat ions speci f ical ly located within the Sherwin Ski  Area
watershed, but short- term streamflow records are avai lable for
Sherwin Creek at  a locat ion approximately 3/4 mi le northeast-
er ly of  the watershed boundary.  Long-term precipi tat ion and
streamflow data for  the Basin are presented in Appendix A.
AIso included is a plot  of  the histor ical  streamflow hydro-
graph for Mammoth Creek at  Highway 395 and the short- term f low
records for Sherwin Creek from 1979 to 1982

The long-term records indicate that  annual  precipi tat ion
is highly var iable wi th in the Basin wi th s igni f icant
departures f rom the mean occurr ing randomly f rom year to
year.  AI though the relat ive quant i ty of  streamflow is also
var iable,  the runoff  hydrograph exhibi ts a consistent seasonal
pattern.  The pattern cons: sts of  large peak f lows in the
spr ing and ear ly summer snowmelt  months (Apr i l  through JuIy),
mean f low volumes through the late summer and autumn, and
minimum f lows Curing the winter months.  Typical  peak spr ing
f low volumes are 1 0 t imes as Iarge as minimum winter f lows,
ref lect ing the rapid snowmelt  pat tern of  the Eastern Sierra
region.

Mammoth Basin Hvdrologv. The Cal i fornia Department of
Water Resources (DWR) completed extensive hydrologic studies
of the Mammoth Basin in 1973. These studies included correl-
at ions of  streamflow data,  precipi tat ion records,  est imates of
vegetat ive water consumption, surface water evaporat ion,
groundwater,  and subsurface f lows within the Basin. The
analyses and studies conducted by DWR vrere summarized in a
general ized hydrologic balance for the l " lammoth Basin which is
schematical ly presented in Figure 9.  The relat ionship of  the
Sherwin Ski  Area watershed to the overal l  hydrologic balance
is indicated on this f igure.

A hydrologic balance is basical ly a conceptual  repre-
sentat ion of  the steady-state path of  water wi th in a
part icular basin or watershed. I t  is  a useful  tool  for
determining the potent ia l  long-term avai labi l i ty  of  surface
and groundwater resources. Signi f icant hydrologic charact-
er ist ics of  the Mammoth Basin are summarize:  below:

l" lean annual  water product ion (  der ived f  rom pre-
cipi tat ion) is in excess of  103r000 acre-feet.
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Approximately 60t of  the annual  water product ion is
lost  through evaporat ion and vegetat ive consumption
( evapotranspirat icn )  .

The remaining balance of  water (40r000 acre-feet per
year)  Ieaves the basin as surface f low in Hot Creek
at the Gorge.

Hydrologic cont inui ty between the internal  drainage
areas of  the basin is maintained by a combinat ion of
surface and subsurface f lows. The internar barances
indicate that  the magnitude of  subsurface frow is
equivalent to,  and frequent ly greater than, measured
surface stream f lows.

Al though local ized groundwater basins are known to exist ,
the Mammoth Basin does not appear Eo contain a large cont in-
uous groundwater reservoir .  Subsurface hydrologic cont inui ty
is thought to be maintained pr imariry by underfrows through
fractures,  f issures,  and rocar ized underground channers.  Th;t
s igni f icant underfrows exist  is  ver i f ied by the fact  that  the
surface outfrow at  the Hot creek Gorge is substant ia l ly
greater than the surface stream inf low.

Surface Runoff .  The Sherwin Ski Area watershed is topo-
Creek and Sherwin Creek, butgraphica 1 Iy t r ibutary to Mammoth

there are no apparent direct
Accordingly,  i t  is  assumed that
the watershed only occurs under two

surface f low connect ions.
direct  surface outf low from

condit ions:

short- term peak storm events dur ing the summer months.

2 -  Peak snowmelt  runoff  dur ing the spr ing wi th f rozen or
saturated soi l  condi t ions.

The maximum 5-hour summer precipi tat ion for  var ious
recurrence intervals (  as determined by studies conducted for
the Mammoth Lakes Master Storm Drain PIan) and corresponding
average 6-hour runoff  rates are presented in Tabre g.

Table 8.  Summer SEorm Runoff

1

Recurrence
fnterval .  vears

2

5

lo

20

s0

6-Hour
Rainfal1,
inches

1.0

1.6

2.O

2.4

3.0

3.5

2.13 r  .45

4.41 2.34

6.52 3.46

to.24 5.43

13.66 7.24

2.23 t2.86

3.60 20.76

5 .32 30. 70

8.36 48.23

It . l4 64.30

Runoff .  cfs

0.49 2.r5 (0.88) r  .12 0.59 0.91 5.26
r .19 5.26 (2.r4)

1.e3 8.48 (3.46)

2.85 12.55 (5.11)

4.48 19.72 (8.03)

5.97 26.29 (  10.7 r  )100



For purposes of  watershed analysis,  i t  is  assumed that the
2-year recurrence interval  (  50t  probabi l i ty  of  occurrence )
represents average runoff  condi t ions.  Review of  the synthet ic
hydrographs prepared for the Master Storm Drain Plan indicates
that a 6-hour storm event at  a 2-year recurrence interval
y ie lds approximately 24 hours of  total  runoff .  Incorporat ing
these factors,  total  average annual  surface runoff  due to
summer storms for the ski  area watershed is presented in
Table 9.

Table 9.  Annual  Surface 0utf low--Summer Storm

Drai .nage
Subarea

I
I I

( I IA)
I I I

IV

Total

Drainage
Subarea

Average
Runoff ,  cfs

o.49
z. L>

(0.88)
L.L2
0.59
0.9r

5.26

DuraEion
hours

Surface Flow
Volume, AF/vr.

z.+
24

(24)
24
24
14

I
I

4
(2)
2
I
2

l0

Whi le runoff  f rom snowmelt  usual ly occurs over long
per iods of  t ime, under certain condi t ions peak surface f lows
can be generated. These condi t ions include the occurrence of
unusual ly high dai ly temperatures when the ground surface is
st i l l  f rozen and the occurrence of  ra infal l  whi le s igni f icant
snolr /  depths are present.  A procedure for calculat ing peak
runoff  volumes for these condi t ions was developed in the Storm
Drain Master Plan. Based on this method, the calculated
average annual  surface runoff  associated with peak snowmelt
condi t ions is summarized in Table 1 0.

Table I0.  AnnuaL Surface Outf l -ow-SnowmelE

Calculated Peak
cfsSnowmelt

Est imated Average
Durat ion,  days

I

I

(7)
I

7
7

Surface Flow
Volume, AF/yr.

42
167
(e7)
70
28
42

I
I I

( I IA)
I I I

Ttt

Total

3
t2
(7)
5
2
3

25 349



Evapotranspi  ra t  ion . Evapotranspirat ion includes water
absorbed, consumed, and transpired to the atmosphere by
vegetat ion as welr  as water evaporated directry f rom soi l
surfaces. Evapotranspirat ion factors for  the vegetat ive
communit ies found within the watershed area are summarized in
Table 1 1 .

Table 11. Evapotranspirat ion Factors

Vegetat ive Community

Whitebark Pine Forest  (WP)
Mixed Conifer Forest  ( l lC)
lodgepole Pine Forest  (L)
Ripar ian Meadow (RIP)
Ripar ian l ,Joodland (QA)
Mixed Brush (BR)
Grass/Pasture (GR)
Barren Areas (BA)

TotaI  evapotranspirat ion
subarea are obtained by
the vegetat ive acreages
Est imated total  annual
ized in Table 12 below.

Eva pot ranspira r ion
feec /year

1.9
)1

t .7
2.5
J.U

l . i
2.O
0.5

water losses for each watershed
mult ip l icat ion of  the above factors by

presented previously in Table 7.
evapotranspirat ion losses are summar-

Table 12. Watersh.d Euapotr .nspirat io

Drai-nage
Subarea

I
I I

(  I IA)
I I I

IV
V

Totals

Total
Area, acs.

258
r,262
(430)
626
373
476

2,995

1.80
I .61

( I  .s0)
1.65
1.46
I .71

r .63

Average EvapoE.rans-
pirat ion feet/vear

Total  EvapoErans-
pirat ion AF/vear

465
2 ,035

(647 )
1,032

546
813

4,gg1

There are no naturar surface water impoundments or
diversions of  water for  domest ic use within the ski  area
watershed, and, therefore,  evapotranspirat ion represents the
total  consumptive use within the drainage area.

Groundwater Outf Iow. The DWR studies of  the Mammoth
Basin div ided groundwater outf low into two components:  (  1 )
shal low underf low in al luvial ,  g laciar,  and sedimentary
deposi ts;  and (21 "deep" percorat ion into f ractures of  under-
Iy ing basal t  format ions.  The volumes associated with shal low
underf lows are of  considerable magnitude and represenE a

l0



signi f icant hydrologic feature of  the Basin.  Al though deep
percolat ion f lows are not as s igni f icant,  they cannot be
ignored ent i re ly.

The studies suggest that  the deep percolat ing water does
not resurface unt i l  i t  reaches the out let  of  the Basin at  the
Hot Creek Gorge and is es 'sent ia l ly  t ' Iost"  as a potent ia l  water
resource. Al though the DWR studies concluded that the volume
of water lost  to deep percolat ion was essent ia l ly  indeterm-
inate,  the Sherwin Creek drainage was designated as a probable
area of  deep percolat ion due to i ts surface geology. Inspec-
t ion of  the DWR hydrologic balance (  see Figure 9 )  indicates
that the assigned value of  deep percolat ion for  the Sherwin
Creek drainage represents 41 t  of  the potent i .a l  groundwater
f low. There are s igni f icant di f ferences between the surface
geology and topography of  the ski  area watershed and the
Sherwin Creek drainage, however.  The method used by DWR for
determining deep percolat ion and shal low groundwater f low
volumes was not explained, but the Sherwin Creek drainage is
the only area where such f igures were provided.

Assuming that the basic hydraul ic conduct iv i ty (or t rans-
missiv i ty)  of  saturated sediments is the same for the two
drainage areas, but incorporat ing di f ferences in hydraul ic
gradient and depth of  saturated sediment,  the potent ia l
shal low groundwater outf low for the ski  area watershed is
approximately 1 78t of  the value for the Sherwin Creek
drainage. Further assuming that the amount of  water lost
through deep percolat ion is inversely proport ional  to the
volume of  shal low outf low, the est imated value for the ski
area watershed is approximately 23* of  total  avai lable
groundwater.  Consider ing that no deep percolat ion losses were
assigned to drainage areas within the l r {ammoth Basin other than
Sherwin Creek, the use of  th is factor is probably conservat ive.

Deep percolat ion f rom inter ior  Subarea I IA is assumed to
be negl ig ib le due to i ts elevat ion and the shal low depth of
the under ly ing grani t ic  bedrock.  In any event,  the subarea is
tr ibutary to the lower reaches of  Subarea I I ,  and water
volumes lost  to deep percolat ion are included in the overal l
hydrologic analysis.

WatersheQ__lt f9:of  oqic Balance. As noted previously,  a
hyarol6liFE-L-aniE-@ an analytical method of
determining avai lable water resources. Al though the basic
equat ion of  the balance is that  inf low equals outf low, there
can be many complex ccmponents involved. Analysis of  the
Sherwin Ski  Area watershed is s impl i f ied by the fol lowing
assumptions and factors:

1.  There is no apparent surface
from other drainage areas.

11

or groundwater inf low



2 -  consumptive use eguars evapotransplrat ion because
there are no domest ic or agr icurtural  d iversions andno surface bodies of  water.

3.  There is
watershed.

no surface storage volume within the

P=ET+SO+GO

where:

P = precipi tat ion
ET = evapotranspirat ion
so = surface outfrow (  includes summer and snowmert

runoff  )
Go = groundwater outfrow (  incrudes shalrow and deep

f low components )

-  
Incorporat ing the previous determinat ions of  the aboveelements,  the hydrologic barance of  the drainage subareas ofthe ski-  area watershed is presented taburar ly in - taure 1 3 andgraphical ly in Figure I  o.  The hydrorogic barance representssteady-state condi t ions dur ingr a *"" i  precipi tat ion year.  Asindicated in the barance, drr  of  the major drainage subareasare essent iar ly hydrologicar ly independent wi th in th;  area of

l : :?: : : :  
except for  Subarea rrA which has been speci f ical ly

I SOIAEEd .

Accordingry,  the basic equdt ion of  the hydrorogic barance forthe ski  area watershed cin be reduced to:

Table 13. Watershed Hydrolocic Balance
(Mean Precipi tacion Year)

1,262

3,595

4
r67

l7l

2,O35

I ,070
319

I ,399

(r tat

(43o)

( 1 ,376)

(ee;

(647)

(630)
l-9.)
(630)

I I I

626

1,591

I ,032

375
tL2

487

IV Total

476 2,995

I ,  190 7,869

2
42

44 359

813 4,891

256 2,Ot7
77 601

333 2,6t8

Area, acres

Inf low. AF/year
Precipi  tat ion

Rainfal l
Snowmel t,

Subtotal :

Evapotranspirat ion

Groundvater Out, f low
Shal low
Deep

Subtotal :

373

821

258

IO
349

I
28

29

2
70

72

(2>
( gt1

I
42

43

671

465

r26
37

163

546

r90
56

246

Draina e Subarea
I

Outf low, AF/year
Surface OuEflow

L2
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Drainage Subareas I  and I I  are physical ly t r ibutary to
Sherwin Creek just  above i ts conf luence with t" lammoth Creek.
In terms of  the DWR Mammoth Basin hydrologic balance, however,
the subareas are not included within the designated watershed
of Sherwin Creek because they are s i tuated just  west of  the
drainage div ide.  AII  other areas of  the ski  area watershed
(subareas I I I ,  IV and V) aie indirect ly t r ibutary to Mammoth
Creek.

Groundwater Storagg,.  Examinat ion of  the topographical
featuf f i  georogy of  the ski  area watershed
indicates that there is a high probabi l i ty  that  local ized
groundwater basins exist .  The most promising locat ions for
such basins are at  the lower elevat ions of  drainage subareas
II ,  I I I  and IV. As shown previously on Figure 5,  the geology
in these areas consist  of  a l luvial  ' rvaI leys" conf ined by
lateral  and terminal  g lacial  moraines. Conf i rmat ion of  the
existence of  such groundwater basins is provided by the log of
an MCWD test  wel l  dr i l led in 1984 at  the motocross s i te
(Subarea I I ) .  The wel l  log indicates that unconsol idated
sand, gravel ,  and boulders were encountered to a depth of  425
feet.  Stat ic water level  in the test  wel l  was at  216 feet
below ground surface, and the est imated capaci ty of  a
product ion wel l  at  th is s i te was 500 gpm (800 AF/year) .

There is also a potent ia l  groundwater storage basin in
the general  area of  Canyon Lodge, dt  the downstream end of
Drainage Subarea I IA.  Al though not as extensive as the lower
basins,  surface vegetat ion and soi ls condi t ions indicate that
groundwater levels are much shal lower at  th is s i te.

The character ist ics and est imated groundwater storage
capaci t ies of  the major ident i f ied subsurface basins are
summarized in Table 14. Locat ions of  the basins are shown on
Figure 1 1.

Table 14. Ground@

Descr ipt ion

Motocross Site

Canyon lodge

Local Depression

01d Borrow Pi t

Tr ibutary
Subarea

Saturated
Thickness,

feet

Estimat,ed
Volune,
acre-feet

3,000

350

3,000

4,5OO

Speci f ic
Yield,

z
Est imated Stor-
age Capaci ty,

acre-feet

750

600

II

I IA

I I I

IV

200

50

150

70

25

20

20

150

13

20 900





Maximum Drought Condi t ions.  The long-term precipi tat ion
data indicates that the lorest  annual
precipi tat ion of  record occurred dur ing the drought of  1976-
77. Total  precipi tat ion at  the Lake Mary Store gauge stat ion
was only 44.74t^ of  the long-term mean, and this year is
general ly considered to represent a 1 00-year event (  i .  e.  ,
Lhere is a 1 t  probabi l i ty  of  occurren". i  .  Dur ing such a
drought event,  there are s igni f icant changes in the hydrologic
balance of  a given watershed.

During severe drought condi t ions,  the surface runoff
outf low is assumed to be negl ig ib le.  Deep qroundwater outf low
is considered to be constant,  however,  wi th a corresponding
reduct ion in shal low groundwater outf low or subsurface storage.

Signi f icant changes occur in the mechanisms of  vegetat ive
consumption dur ing drought per iods.  Plants prefer to der ive
necessary water direct ly f rom precipi tat ion and near-surface
soi l  moisture,  but  the avaiLabi l i ty  of  such water sources is
reduced dur ing drought condi t ions.  Accordingly,  a s igni f icant
port ion of  vegetat ive demand must be withdrawn from deeper
soi l  layers.  Previous studies have est imated that total
evapotranspirat ion dur ing drought years is approximately 70t
of  mean precipi tat ion year values. Unfortunately,  the total
evapotranspirat ion has not been broken down into direct
precipi tat ion loss and soi l  moisture deplet ion components.
For the purposes of  th is analysis,  soi l  moisture deplet ion
values of  between 4 and 6 inches have been assumed, modif ied
for the surf ic ia l  soi l  types for the drainage subareas. The
resul t ing breakdown of  the components of  total  drought year
evapotranspirat ion is presented in Table 1 5.

Table l5 '  Evaootranspirat ion components
(l'l,aximun Drought Year )

Area, acres

Total Evapotranspira-
t ion,  acre-feet/year l

Soi l  Moisture Deplet ion2
Depth,  inches 5.5
Volune, acre-feet/year l18

Direct  Precipi t .at ion
Loss z0a

(4.s)  s.o 4.4
(163) 260 i38

258 t ,262

326 r,425

(430)

(  4s3)

(I IA) I I I  IV Total

476 2,995

569 3,424

5.2
206 1,237

363 2,187

626 373

722 382

4.9
515

9r0 (290) 462 244

lAssumed at  7OI of  total  evaPot.ranspirat ion for  mean precipi tat ion year.
2Depttr  est imated at  2OZ of totat  soi l  depttr  for  subarea.

Draina e Subarea

14



The analysis of  evapotranspirat ion components indicates
that dur ing maximum drought condi t ions,  approximately 64t of
vegetat ive consumption is der ived from direct  precipi tat ion.
This is considered reasonable consider ing that less than 45t
of  the normal precipi tat ion is actual ly avai lable.

Incorporat ing the above factors,  the hydrologic balance
of the ski  area watershed under maximum drought condi t ions
(1OO-year event)  is  presented in Table 16.

Table 16. Wate.shed Hvdrologic B.1.

Area, acres

Inf low, AF year
Precipi tat ion

Outf low, AF/vear
Surface Outf low

Evapotranspirat ion

Groundwater 0utf low
Shallow
Deep

258 L,262

300

0

208

1 ,608

0

910

379
319

( I IA)

(430)

(616)

(0)

(2e0)

(326)
(0)

I I I

626

712

0

462

138
112

IV

373

367

.Total

476 2,995

532

0

393

3, 519

2,r87

0

244

67
56

55
37

92 731
77 601

Comparison of  Table 1 6 wi th Table 1 3 indicates that the
est imated shal low groundwater outf low dur ing maximum drought
condi t ions is approximately 36t of  the mean year outf low. Of
part icular s igni f icance is the conclusion that shal low
groundwater storage is relat ively unaffected by drought
condi t ions even assuming that deep percolat ion losses remain
constant.

Water Qual i tv

Surface Water.  The lakes and streams of  the Mammoth
Basin are of  excel lent  qual i ty and conseguent ly are sui table
for a wide var iety of  benef ic ia l  uses. The most extensive
water qual i ty sampl ing program of the Mammoth Basin was
performed by DWR in the per iod 1970-1972. Data f rom that
sampl ing program is presented in Appendix B, and the locat ion
of water qual i ty sampl ing points is shown on Figure 12. In
general ,  the surface waters of  the Basin are low in total
dissolved sol ids (TDS) and mineral  content,  are sof t  to
moderately hard,  and have low alkal in i t ies.

Drainage Subarea

1s





The mj-neral  content of  Mammoth Creek (  the pr imary surface
stream of the Basin) var ies seasonal ly and is typical ly l -owest
dur ing the spr ing and ear ly summer snowmelt  months and highest
dur ing fa l l  and winter Iow f low per iods.  The mineral  content
and chemical  composi t ion of  surface waters also changes with
Iocat ion.  Mineral  content increases at  the lower reaches of
I" lammoth Creek, and the'  character changes from a calc ium
bicarbonate type to a sodium bicarbonate type. The noted
var iat ions are not s ignl f icant enough to af fect  the excel lent
qual i ty of  surface waters,  however,  and maximum TDS values are
general ly Iess than 200 mg/I .

Surface water qual i ty analyses for Mammoth Creek above
and below Sherwin Creek and for Sherwin Creek i tsel f  are
summarized in Table 17. Al though the analyses are based on
l imited sampl ing and some data is missing, the resul ts are
representat ive of  the water qual i ty character ist ics of  the
surface streams.

Const iEuent.

Dissolved Oxygen

TenperaEure

pH

Fr.

Ca

Mg

Na

K

CO:

HC03

soa
c1
NO:

B

r

TDS

TotaI Hardness

Turbi.diry

Shervin Creek
Above Campground

March JuneUni. E

ng/L

oF

umhos

ng/I

nglI

ng/L

ngl I

ag/ I

ng/1

ng/l

ng/L

ng/t

ng/ l

ngl l

ngl l

nrgll CA C03

JTU

Table 17. Surface Wacer Qual i ry

Mamrnoth Creek Mammoth Creek
Above Sherwin Creek Below Sherwin Creek

March June

r0.7 8.8

37 48

7.8 7.3

180 80

t27

72

123

ZL

00
90 33
73
tt
1L

0.3 0.2

.01 0

0.2 0

r08 40

8.8

37 48

t.6 t .J

195 80

127
A1

133

31

00

99 33

74

l l

0.3 0.2

.0r 0

0.2 0

106 37

10.6 8.7

34 46

7.6 7.4

42 35

OJ

; ; ; ;

10

0.6 0.5

L7
'l t

2663to59
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Water Qual i ty Prob1ems. The most s igni f icant water
gual i ty problem in the Mammoth Creek watershed is the
discharge of  sediment and si l t  dur ing peak runoff  per iods.
Surf ic ia l  soi ls of  the area are general ly f ine grained and
cohesionless,  and the natural  pat tern of  runoff  (wi th large
peak f lows for short  per io(s of  t ime) is conducive to sediment
transport .  There is considerable evidence that inadequately
control led runoff  f rom developed urban areasr dS wel l  as f rom
disturbed natural  areas, contr ibutes s igni f icant ly to s i l t  and
sediment discharges, however.  In recoEnit ion of  the problem,
the USFS began monitor ing suspended sediment and turbidi ty
Ieve1s in the Mammoth Basin area in 1979. A summary of
sampl ing resul ts col lected from 1979 through 1982 is presented
in Table 18.

Table 18. Suspended Sediment and Turbidirv

Suspended Sediment,  mg/ l Turbidi ty,  NTU
Sampl ing Locat ion

Mammoth Creek

Above Lake Mary

01d l,tammorh

East of  Community

Above Murphy Gulch

Below Murphy Gulch

At Highway 395

Above Fish Hatchery

Sherwin Creek

At Sherwin Road

l,tammoth Mountain

Above Warming Hut I I

At  Canyon Blvd.

Chair l i f t  9 watershed

Tonn of I'tammoth lakes

Below Minaret  Vi l lage

Murphy Gulch at  Vis i tor  Ctr .

Murphy Gulch at Mammoth
Creek

18

312

98

184

957

218

63

94

78,920

l7,600

8, 150

420

1 1 ,940

5,690

o.7
I

zv

3

8

0.5

I

0.5

195

328

27

Mean

5

27

60

44

l.4 r

t9

l6

8

8,250

5,030

822

I

224

13l

tJ)

140

33

T4

27,000

8,900

3,380

406

3,500

2,79O

Max. Min. Max. Min. Mean

22

0.3

)

154

2,L7O

715

o.2 0.6

0.6 15

12 35

323

586

0.5 10

310

0.3 2

13 2,570

95 1,350

7 306

190

737

434

69

4
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The sensi t iv i ty of  natural  soi ls to disturbance is c lear ly
indicated by the sediment levels measured in the runoff  f rom
Mammoth Mountain.  The impact of  runoff  f rom urban development
is also ref lected in the increased sediment and turbidi ty
levels in Mammoth Creek as i t  f lows through the developed
areas of  the community.  In response to the evidence of
^. i^- . iF. i^^- !  ^^r : -^- !  : l^^srgnlrrcanr sediment discharges, the Lahontan Regional  water
Qual i ty Control  Board (RWQCB) adopted speci f ic  erosion control
requirements for  the Mammoth Creek watershed in 1 983. The
guidel ines establ ished waste discharge requirements for  urban
runoff  and include mandatory erosion control  measures for aI I
development wi th in the watershed.

Natural  (  background) IeveIs of  sediment discharge are
somewhat di f f icul t  to determine accurately due to a lack of
corresponding suspended sediment data and f low measuremenrs.
In 1981 -82, however the USFS measured instantaneous discharge
f lows and suspended sediment concentrat ions at  the Mammoth
Creek at  Highway 395 gauging stat ion over a 1 2-month per iod
from October |  1981 through September,  1982. In th is
part icular year,  the annual  f low volume of  Mammoth Creek was
177% of the SO-year mean (see Appendix A).  The dai ly sediment
discharge ranged from a maximum of 140 tons/aay dur ing JuIy to
.02 tons/day in November.  Total  annual  sediment discharge for
Mammoth Creek at  Highway 395 was 5r100 tonsr or approximaLely
0.20 tonsfacre of  watershed above this point .

Short- term sediment discharge measurements are avai lable
for Sherwin Creek, but the data is essent ia l ly  random and
cannot be extrapolated to produce annual  sediment Ioad
est imates (  see Appendix C) . Insoect ion of  the avai lable
measurements and review of  Table 17 indicates that the
sediment product ion rate of  the Sherwin Creek watershed is
signi f icant ly less than that for  Mammoth Creek. The Sherwin
Creek watershed contains several  lakes and natural  topographic
impoundments,  however,  and the lower sediment product ion rate
undoubtedly ref lects th is feature.  For the purpose of
analysis,  the 0.20 tonsfacre product ion rate is assumed to be
representat ive of  the natural  sediment y ie ld f rom runoff
throughout the ski  area watershed.

Groundwater.  The qual i ty of  groundwater in the Mammoth
Basin var ies wi th Iocat ion,  source depth,  and temperature.
DwR summaries of  wel l  locat j -ons,  groundwater qual i ty analyses,
and water temperatures are included in Appendix D. Al though
the qual i ty of  groundwaters wi th temperatures below 80oF is
general ly excel lent ,  certain chemical  const i tuents (part icu-
rar ly metal l ic  erements )  somet imes occur in s igni f icant con-
centrat ions which exceed Publ ic Hearth Dr inking water
Standards.  Problem elements include i ron 1 f 'e)  ,  manganese
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(1"1n),  arsenic (as; ,  and mercury (Hg).  The occurrence of  theseelements in s igni f icant concentrat ions appears to be a func_t ion of  depth and subsurface georogy rather than rocat i -on.  rngenerar,  groundwaters extracted from-ih"rror depths 
- i t """  

than200 feet)  exhibi t  lower concentrat ions of  metal l ic  erementsthan those with deeper sources.

In 1984, the Mammoth County Water Distr ict  (MCWD) dr i l ledseveral  exploratory test  wel ls in the v ic in i ty of  the MammothLakes community-  As shown on Figure 13, three of  the testwel ls (Nos. 4,  6,  and 7')  
""r . - iocat"a 

adjacent to the lowersropes of  the ski  area watershed. A summary of  chemicalanalyses for these wel ls is presented in Table 1g.

Chemical
Const i  Euen t

Arsenic

Barium

Cadmium

Chromium

Fluor ide

Lead

Mercury

NitraEe (N03)

Selenium

Si l  ver

Copper

Zinc

Manganese

Iron

Chlor ide

Sul fate

Bicarbonate

Car bonate

Calcium

Magnesium

Pot.assiun

Sodium

Maximum Level
(Drinking I'larer

Standards )

.05 mgl l

1.0 mgl l

.0 lO mgl l

.05 me/l

L .4-2.4 ng/L

.05 mgl l

.002 mgl l

45 ng/L

.01 mgl1

.05 mglt

1.0 mglt*

5 mg/l*

.05 mglt*

.30 mg/l*

250-600 mgll*

250-600 mg/1*

Test l . /e11 No. 7--0-625T--

.001

. l l

.c04

.001

.10

.004

.005

10

.006

.85

l2

140

0

30

.71

3.2

20

Table 19. Groundwater Qual i ty

Test Wel l  No. 4 Test Wel l  No. 6re re
.03

.t0

.006

.002

.41

.04

0

r.1
.006

0

0

.3

0

0

2.8

.006

.01r

.05

.12

.04

1.6

18

175

0

32

l3

6.7

I1

.053

.10

.006

.002

.22

.o4
0

4,9

.006

.00s

.019

.48

.09

.94

33

160

0

23

23

6.7

20

.04

.03

.006

0

.3

0

0

.59

.006

.0rt

. l l

.44

.04

.75

35

180

0

25

20

1.0

2I

.03

.02

.01

.08

.05

.06

.013

.t9

.o4

.09

1.9

50

170

0

35

l5

7.2

16
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Chemical
Const i  tuen t

Maximum Level
(Dr inking Water

Standards )

Table 79 (cont.  )

Test Wel l  No. 4
@60r----6s-i8-t-

Test Wel l  No. 6
@B5r----@40-f

Test Wel l  No. 7
--6trt-f-

Y!4J

A lkal in i ty

Total  Hardness

pH

EC

TDS

6.5-8 .8*

900-2,200 umhos*

500-1,500 mg/ l*

140

145

7.9

:so
230

l,/ ,<

135

340
)1i

130

150

370

210

150

140

7.8

370

260

78

7.6

320

*Indicates recommended level  only.

The var iabi l i ty  of  metal l ic  e lenent concentrat ions is
demonstrated in the summary.  Samples col lected from Test
Wel ls No. 4 and 5 indicate s igni f icant ly di f ferent manganese
concentrat ions even though they are in c lose proximity to each
other.  Both deep and shal low sanrples f rom Test WeI l  No. 6
show manganese concentrat ions in excess of  dr inking water
standards,  but shal low samples f rom Test WeI l  No. 4 are wi th in
the standarcls.

Of part icular interest  is  Test VIeI I  No. 7 which is located
at the l t {ammoth l , iotocross s i te at  the lower end of  Drainage
Subarea I I .  Manganese concentrat ions at  th is s i te are margin-
al ly acceptable,  which might be expected from the sample
resul ts at  the other two si tes.  The most surpr is ing feature
of Test WelI  No. 7 is the s igni f icant concentrat ion of  mercury
(.005 ng/L) which exceeds dr inking water standards by 250t.
Mercury is a toxic substance not general ly found in the
groundwaters of  the lv iammoth Basin (see Appendix D).  I t  has
been postulated by the MCWD that the presence of  mercury is
related to magmatic vapors r is ing along the Sie: : ra Nevada
faul t  in the v ic in i ty of  the test  weII .  Unfortunately,  only
one Ceep sample was col lected and analyzed at  the test  wel l
s i te.  I t  is  possible that  mercury concentrat ions vary in
response to seismic act iv i ty,  that  mercury concentrat ions are
much lower (or even nonexistent)  at  shal lower depths,  or  that
the sample merely ref lected a long-term accumulat ion of  the
vapor near the wel l  s i te.  Without addi t ional  analyses, how-
ever,  i t  is  impossible to determine the signi f icance of  the
test  resul ts.  I t  should be noted that other than mercury and
manganese concentrat ions,  the groundwater qual i ty at  the Test
WelI  No. 7 locat ion was excel lent  in terms of  aI I  other
const i tuents.

Water Riqhts

General .  Histor ical ly,  there
compff i  for  surface water r ights
between agr icul tural ,  mining, and
establ ishment of  t " lamnoth Lakes as a
in the last  1 0 years,  however,
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domest ic users.  With the
major dest inat ion resort
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Distr ict  has gradual ly acqui-red and consol idated most of  the
important surface water r ights for  domest ic_ consumption. The
pr imary point  of  MCWD surface diversion is at  Lake Mary in the
Lakes Basin watershed of  Mammoth Creek. Due to the unique
features of  the hydrologic cycle of  the Mammoth Basin,  which
includes heavy winter snowfal l ,  rapid spr ing snowmelt ,  and
highly var iable annual  precipi tat ion,  the avai labi l i ty  of
surface water resources is I imi ted. An important condi t ion
imposed on the MCWD for the consol idat ion of  water r ights was
the implementat ion of  a comprehensive surface water resource
management plan which includes storage regulat ion and main-
tenance of  minimum downstream surface f lows. Dur ing drought
condi t ions,  the MCWD is current ly unable to sat isfy the
domest ic demands of  the Mammoth Lakes community solely by
surface water diversions under the constraints of  the
management plan.

Accordingly,  the I" ICWD has embarked on a groundwater devel-
opment program. Current ly there is only one ful l  product ion
wel l  wi th in the Distr ict 's  system, but another wel l  is  near ing
complet ion.  Long-range Distr ict  p lans forecast the develop-
ment of  at  least  three more deep weII  sources.

The ski  area watershed is s i tuated southeast of  the
l ' lammoth Lakes community and considerably downstream of the
pr imary MCWD surface diversions and storage impoundments along
Mammoth Creek (  see Figure 1 4l  . Any surface waters diverted
within the ski  area watershed for i r r igat ion or snowmaking
wiI I  not  af fect  the MCWD diversions. fn addi t ion,  surface
waters diverted for such purposes would be returned to the
hydrologic system of the Basin (  Iess vegetat ive consumption
and evaporat ive losses )  at  the lower reaches of  the watershed.

Groundwatg_q lx l recl lon.  Deep weII  supply sources are not
suui  permi ls or .ppi tp i i " t ion l imi tat ions.
Considerat ion must be given, however,  to the avai labi l i ty  of
groundwater resources and the potent ia l  for  interferences with
IvICWD domest ic supply wel ls.  At  the present t ime, the MCWD has
abandoned the idea of  wel l  development in the motocross area
and is concentrat ing i ts ef for ts in the Snowcreek meadow
area. Drainage Subarea V, and possibly a port ion of  Subarea
IV, are t r ibutary to the MCWD wel l  development f ie ld.
Development of  deep weII  suppl ies downstream of th is area
(Subareas I ,  I I ,  I I I ,  and port ion of  IV) wi l l  not  have any
effect  on groundwater resources to be developed by the MCWD.
This conclusion is reached by analysis of  the overal l  ground-
water hydraul ic gradient and considerat ion of  subsurface
geologic condi t ions.
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Sherwin Creek. There are three diversions of  record for
t r re f f isurf  ace stream r ds summarized in Table 20
below. Locat ions of  the diversions are shown on Fiqure 1 5.

Table 20. Sherwin Creek Water Ri .ghts

Name of Holder
Permit .  or
Statement No. Source

Boys Club of
San Gabriel  4905

U.S. Forest  Service
Sherwin Creek Campground 3370

U.S. Forest  Service
Motocross Track 10205

SE ream

Stream

SEream

Diversion
Anount,  gpd.

3,000

130

500

Total :

Annual
Volume, AF/vear

I?R

.10

.15

r .53

Although the ski  area watershed is not di rect ly t r ibutary to
the sherwin creek stream f low, there is a potent iar  conf l ic t
wi th the USFS motocross diversion. This diversion occurs in
the vic in i ty of  the drainage div ide between the two ! . rater-
sheds. The short- term use of  th is diversion (  3 to 4 weeks per
year)  and the relat ively smal l  volume of  water involved indi-
cates that there is no signi f icant conf l ic t  wi th potent ia l  ski
area water resource development.

Water Resource Development Potent ia l

Surface Water Resources. The Sherwin Ski  Area watershed
aoes erennial  surface streams or water
courses. Al though seasonal  spr ings are known to exist ,  they
appear only for  short  durat ions dur ing the spr ing snowmelt
months.  The mean precipi tat ion year hydrologic balance for
the ski  area watershed indicates that total  surface outf low
volumes are approximately 360 acre-feet annual ly.  However,
th is surface f low is not concentrated at  speci f ic  locat ions
and only occurs for  short  duraLions. Dur ing low precipi tat ion
years or drought condi t ions,  no surface outf low at  a l l  is
ant ic ipated from the watershed. Consequent ly,  the potent ia l
for  development of  re l iable water suppl ies f rom the surface
water resources of  the watershed is considered to be extremely
l imited.

The topography of  Drainage Subareas I I ,  I I I ,  and IV
includes numerous natural  depressions and t tsumptt  areas. These
natural  topographic impoundments are ideal  locat ions for
surface water storage faci l i t ies such as lakes or ponds. The
potent ia l  storage capaci ty of  the surface water impoundments
shown on Figure 16 is in excess of  200 acre-feet (70r300r000
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gal lcns )  at  moderate dept i r : :  of :  5 to 6 f  eet .  Due to the highly
permeable nature of  surf ic ia l  soi ls,  i t  wi l I  be necessary to
l ine aI I  surface storage faci l i t ies wi th impervious mater ia l
and the actual  s ize of  the art i f ic ia l  impoundments wi I I
prcbably be l imi ted by economic considerat ions.  Judic ious
select ion of  surface storaqe si tes at  locat ions wi th favorable
natural  topograp,hy woulc l  '  t i in i r i r .  other construct ion and
earthwork costs,  however.

Groundwater Resources. The hydrologic analyses of  the
Sherwin Ski  Area watershed show that there is a s igni f icant
potent ia l  for  the development of  groundwater resources. The
steady-state hydrologic balance indicates that the total
est imated groundwater outf low from Drainage Subareas I I ,  I f I ,
and IV is approximately 2,119 acre-feet per year.  Dur ing
maximum drought year condi t ions,  the outf low is reduced to
about 584 acre-feet for  these subareas, but th is is st i l l  a
signi f icant resource. In addi t ion,  the potent ia l  groundwater
storage basins associated with these subareas have an est i -
mated total  storage capaci ty of  approximately 2,250 acre-feet
of  water.  This volume is roughly equal  to the steady-state
annual  groundwater outf low and indicates that deep wel l
sources can be expected to produce rel iable water suppl ies on
a long-term basis.

Based on geologic considerat ions,  the most favorable
Iocat ions for the development of  c leep wel l  water suppl ies are
shown on Figure 17. Condi t ions are favorable for  mult ip le
deep wel l  instal lat icns at  a l l  locat ions except for  loca-
t ion D. Due to the relat ively smal l  s ize and shal low depth of
the associated groundwater storage basin,  i t  is  probable that
only one supply source coulC be developed at  th is locat ion.

Detai led geohydrologic studies of  each si te are necessary
to accurately determine the potent ia l  y ie lds f rom indiv idual
deep wel l  instal lat ions.  However,  approximat ions of  potent ia l
supply capaci t ies can be made from avai lable geologic and
hydrologic informat ion.  Rough, conservat ive est imates of  the
potent ia l  y ie lds for  the designated weII  Iocat ions are summar-
ized in Table 21.

Table 21. Porenr ia l  Wel l  Yields

Wel l
Locat ion

Tr ibutary
Subarea

Total  Deprh to
Depth,  Water Level
feet  feet

Mean Annual  Potent ia l
Groundwater Re- Yie1d, AF/ Pot.ent ia l
charge, AF/vear year Yield,  ppn

AII
B I I I
CIV
D I IA

*Recharge reduced
both locat ions.

400
400
400
100

200
250
250
50

I ' 389't
373
245
631

695
186
t23
80

i f  wel ls

430
115
75
50

are developedby groundurater extracted at  Locat ion D
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Al:hough the clevelq.pment of  deep wel l  water suppl ies
appears to be ent i re ly feasible,  there is a concern regarding
the qual i ty of  the water obtained from such sources. The MCWD
test wel I  analyses indica. te that  s igni f icant concentrat ions of
mercury,  i ron,  and manganese may be encountered. Since only
one water qual i ty sample vras analyzed, i t  is  not  certain that
the resul ts are representat ive of  the character of  groundwater
resources in the area. I t  may be that groundwater extracted
from di f ferent depthsr or even sl ight ly di f ferent hor izontal
Iocat ions,  wi I I  not  evidence the same concentrat ions of  these
metal l ic  e lements.  In any event,  mercury vras the only con-
st i tuent which speci f ical ly exceeded the toxic concentrat ion
I imits of  the PubI ic Heal th Dr inking Water Standards.  The
recommended l imi ts for  manganese and i ron concentrat ions are
pr imari ly based on aesthet ic and water system maintenance
considerat ions.  Nei ther substance is toxic,  but  h igh levels
of  these const i tuents produce object i -onable colors and stains
and tend to produce deposi ts in water pipel ines.  Iv lercuryr on
the other hand, is extremery toxic,  and water contaminated
with high levers is not sui table for  human consumption.
Mercury concentrat ions measured in the I , , !CWD test  wel l  only
marginal ly exceed the dr inking water standards,  however,  and
the groundwater could st i l l  be used for other purposes such as
irr igat ion or snowmaking.

Summary and Conclusions

The informat ion
sect ions of  th is
conclusions:

and analyses presented in the previous
report  are summarized in the fo l lowing

1.

2.

The proposed Sherwin Ski  Area watershed encompasses
4.7 square mi les (2,995 acres) and is hydrological ly
tr ibutary to Mammoth Creek and Sherwin Creek. There
are no direct  surface f low connect ions l inking the
watershed with downstream surface waters,  however.

l lean annual  water product ion
watershed is approximately '7 ,
subject  to var iat ions of  up
year.

of  the ski  area
868 acre-feet but is
to 50t wi th in any given

3. The topography of  the watershed is var iable wi th
signi f icant elevat ion di f ferences and is general ly
dominated by s lopes in excess of  30t .  Due to the
permeabi l i ty  of  surf ic ia l  soi ls and surface geologic
features,  the natural  erosion rate f rom the watershed
is low to moderate.
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4.

7.

8.

9.

A var iety of  p lant communit ies occupy the watershed,
basical ly strat i f ied wi th respect to elevat ion.
Alpine forest  communit ies are predominate wi th
relat ively sparse understory ground cover.

The most s igni f icant components of  the mean annual
hydrologic balance are evapotranspirat ion and
groundwater outf low. Evapotranspirat ion represents
62* of  the avai lable water product ion.  ShaIIow
groundwater outf low is est imated at  262 of  total
precipi tat ion.

6.  The watershed can be subdiv ided into f ive drainage
subareas, each of  which is isolated by topographic
drainage div ides.  There is no apparent surface or
groundwater cont inui ty between the drainage subareas,
and they are considered to be hydrological ly
independent.

The lower reaches of  each of  the drainage subareas
contain topographic and geologic features which
indicate the presence of  groundwater storage basins.
The existence of  such basins is general ly conf i rmed
by test  wel l  dr i l l ing in the area.

The hydrologic balance for the watershed dur ing the
maximum drought per iod (  1 00-year minimum precipi-
tat ion event )  indicates that shal low groundwater
outf low is s igni f icant ly reduced (  36t  of  mean
outf low),  but  that  groundwater storage is not
depleted.

General  qual i ty of  surface rvaters in the area
(Mammoth Creek and Sherwin Creek) is excel lent  but
subject  to seasonal  var iat ions.  The most s igni f icant
surface water qual i ty problem in the l ' lammoth Basin is
the discharge of  s i l t  and sediment f rom urban devel-
opment and disturbed areas. Sediment y ie lds for  the
watershed under natural  condi t ions are low and are
est imated at  0.20 tons /acre annual ly.

Groundwater qual i ty var ies considerably wi th loca-
t ion,  temperature,  and depth of  extract ion.  Problem
const i tuents include mercury,  manganese, and i ron.
Insuff ic ient  data exists to predict  whether or not
these const i tuents represent s igni f icant concern for
the ski  area watershed.

10.

25



1' t  .

12.

Urban consumption imposes signi f icant demands on the
surface water resources of  the Mammoth Basin.  The
ski  area watershed is located considerably downstream
of exist ing points of  d iversion, however,  and there
is no signi f icant natural  surface outf low.

A port ion of  the ski  area watershed (Drainage Subarea
V )  is  d i rect ly t r ibutary to the proposed l" lCWD
domest ic wel I  f ie ld.  The remaining drainage subareas
are s igni f icant ly down-gradient of  the wel l  f ie ld and
considered to be hydrological ly independent.

The potent ia l  for  development of  surface water
resources within the ski  area watershed is minimal.

There is a s igni f icant potent ia l  for  the development
of  groundwater resources in the lower reaches of  the
watershed. Considerable water supply capaci ty (over
1r000 AF/year)  is  avai lable f rom deep weII  sources.

13.

14.
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Mammoth Basin Histor ical

Precipi tat ion and Streamflow Data



ANNUAL PRECIPITATION AT LAKE I ' {ARY STORE

Season

Seasonal
Precipi tat ion

Inches

Cumulat ive
Precipi tat ion

Inches

Cumulat ive Mean
Prec ip i tat ion

Inches

Percent of
Seasonal

l'le a n

Departure
from Mean

Percent

Accumulated
Departure
from Mean

Percent

L9 46-47
L9 47 -48
1948-49
1949-50
1950-51
r 95 1-52
r952-53
1953-54
1954-55
1 955-56
1956-57
I 957-58
r958-59
1959-60
1960-6r
l96t-62
1 962-53
r963-64
1964-65
1955-66
1966-67
196?-58
r 958-69
r969-70
1970-71
t97 r-72
r97 2-7 3
197 3-7 4
r97 4-7 5

24.65
24.20
23.89
24.35
35.99
40.15
25.50
27 .52
23.50
44.15
28.00
34.25
22.40
18.10
24 .65
31.40
33.40
22.03
37 .2L
20.30
43.40
19.15
43.65
23.25
25.20
23.40
28.0s
31.90
28.45

83.36
81. 84
80. 79
82.35

T2T.7I
135.78

89 .62
93.07
79.47

149.31
94.61

115.83
75.75
6L .2I
83.36

106.19
112.9s

74.50
12s.94

68. 65
.L46.7-t

64.76
L57 .7 6

78.63
85 .22
79.13
94. B6

107. BB
96.2r

-16.64
-18. t6
-19.21
-17.65
+2I.7L
+35.78
-10.38

6.93
-20.53
+49.31

5.3 's
+15.83
-24.25
-38.79
-16.64
+ 6.19
+12 .95
-25.50
+25.84
-31.35
+46.77
-35.24
+57 .7 6
-2L.37
-14.78
-20.87

5.14
+ 7.88

3.79

24 .65
48.85
72.7 4
97.09

133.08
L7 3 .23
199.73
227.25
2s0. ' t5
294.90
322.90
3s7. 1 5
379. s5
397.65
422 .30
453.70
487,10
509.13
546.34
566 .64
610.04
629.19
67 2 .84
595.09
' t2r .29
7 44 .69
772.7 4
804.64
833.09

24 .65
24.43
24.25
24 .27
26 .62
28 .87
28.53
28 .4I
27 .86
29 .49
29.35
29.76
29.20
28 .40
28.15
28.36
28.65
28.84
28, ' t5
28.33
29.05
28 .60
29.25
29.00
28. B5
28 .64
28 .62
28.74
28.73

16.64
34. B0
54.01
7r.66
49.95
14.17
24.55
3r.48
52.01

2.70
8.09
7.74

16.51
55.30
7r.94
65.75
52. B0
78.30
52.46
83.81
37.04
72,29
14.52
35.89
50.67
7L.54
76.68
68.80
72.59



ANNUAL PRECIPITATION AT LAKE MARY STORE

Sea son

Seasonal
Precipi tat ion

Inches

Cumulat ive
Precipi tat ion

Inches

Cumulat ive l ' lean
Prec ip i tat ion

Inches

Percent of
Seasonal

Mean

Departure
from Mean

Percent

Accumulated
Departure
from Mean

Percent

r97 5-7 6
L97 6-77
r977-78
197 8-7 9
1979-80
1980-81
1981-82
1982-83
1983-84

22.58
13.23
41.63
25.03
36.90
19.41
52.58
48.60
30.70

855.67
868.90
910.53
935.s6
972.46
99r.87

1,04 4.45
1,093.05
r , r23.75

28.52
28.03
28.45
28.35
28.60
28.34
29 .0r
29.54
29 .5- l

76.36
44.74

140.78
84.65

L24 .7 9
65 .64

177.82
164.36
103. B2

-23 .64
-55. 26
+40.78
-15.35
+24 .7 9
-34.36
-77.82
+64.36
+ 3.82

96.23
-15r.49
-1r0.71
-r25.06
-101.27
-r35.63

57.81
+ 6.55
+ 10.37

38-Year Mean = 29.57 fnches



ANNUAL PRECIPITATION AT IvtAMl'tOTH PASS STATION

Season

Seasonal
Precipi tat ion

Inches

Cumulat ive
Precipi tat ion

Inches

Cumulat ive lvtean
Prec ip i tat ion

Inches

Percent of
Seasona I

l'le a n

Departure
from lr lean

Percent

Accumulated
Departure
from l" lean

Percent

r  949-50
1950-51
1951-52
r952-53
1953-54
I 954-55
1955-56
1956-57
195?-58'
r  958-59
1959-60
1960-61
r961-62
1962-63
1963-64
1964-6s
1965-56
7966-67
1967-68
1 968-59
I 969-70
L97 0-7 L

Z2-Year Mean
50-Year Mean

46.2
61.9
82.L
52.L
48.1
48.6
85. I
s l .1
70. 3
65.7
33.9
44 .3
59.4
61.5
57 .3
84.9
7 4.6
67 .9
40.1
68.0
49 .6
54.8

46.2
108.1
r90.2
242.3
290.4
339.0
424 .8
475.9
546.2
6r1.9
645.8
690. I
7 49.5
811.0
868.3
953 .2

t027.8
1095.7
1r35.8
1203.8
r253.4
1308.2

46.2
54.05
63.4
60. s8
58.08
56.5
60.69
59.49
60.69
61.19
58.71
57.51
57.65
57.93
57. B9
59. s8
60.46
60. 87
59,78
60.19
s9.69
59 .46

77.70
104.10
138.08

87.62
BO. B9
81.74

144.30
85.94

118.23
110.49

5?.01
74.50
99.90

103.43
96 .37

L42 .7 9
L25.46
114.19

67.44
114.36

83.42
92.L6

-22.30
+ 4.10
+38.08
-12.38
-19.11
-18.26
+44.30
-14.06
+18.23
+10.49
-42.99
-25.50

0.10
+ 3.43

3.63
+42.79
+25.46
+14.19
-32.56
+14.36
-16.58

7 .84

-22 .30
-18.20
+19.88
+ 7.50
-r1.6r
-29 .87
+14.43
+ 0.37
+1 8.  60
+29.09
-13.90
-39.40
-39.50
-36.07
-39.70
+ 3.09
+28.55
+42.7 4
+10.18
+24.54
+ 7.96
+ 0.12

= 59.46 Inches lYear
(Projected) = 56.3 Inches/Year
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STATION

MAi/IMO'|H BASIN RUNOFF*
ifvr cREEI( -- coRcE (ccnnnx noru)

Quantities in acre-feet

Y ear

Lg24-2ll

,-26

-27

-28

Ly29-3O

r93r-32

r932-33

r933-31+

3,053

3,l+5o

l+t+, tl6

35,99ll

30, \t t '

29,2W

23,6n

24.?51

38,oor

l+l+,373LF6-37

.%7-3B

Acre Fcet

160

3l+,920

3l+,311+

(a,6ro)(2,B3o)

2,?& |  2,Ln

3,889i3,38r |  5r . r

2,209 |  t+g.5

, rOL9

2r2\7 3,3rg 2 r2\9

2 rl t lr r r74t2,21+2

2'7'\

, '289

2,753

8,55r

Fron LADWP

2,TlB 2,TTl 8,5t , 6,(#e b,983 6r,*



MAMfuIOTH BASIN RUNOFF*
STATION

Quant i t ies in acre-feet

Y ear

1939-l{o

1940-l+I

rg42-43

191{3-l+lt

-45

L945-t$

L9t6-47

r947-48

19r2-53

S"pt.  I  Sec. Ft .

2 r53'+ 7 rzl-,

7,933 3,grg

3,27t

Acre Feet

l lo,Fr

43,oo3

52r5l+B

56._jqz

50,r8r

3r3

l+r,

3vT

ffi

' l  [ t ro,r ,  LADWP

20,



MAMilIOTH BASIN RUNOFF*

STATION Hor cnEH( -- coRGE (cumu nono)

Quantities in acre-feet

Year

L913-

l-916-Tl

T9N.'B

rgSB-59

L959-60

rg6o-5r

tg6t-62

t$z-61

rg6t-5\

L96I+-6,

L#5-66

tg66-6t

tg6t-58

Acre Feet

35,r8o

33,868

,2 12\6

b3,B5o

n,nL

5,l+' l t

z9,dzt

2,, t+37

39,oBo

\r,7r9

33, 53r

l+5,9l+r

38,l+Ba

3r43r llr?rB

2 r5r7 2 r72L 8,455

4,r53 6,5t3

3,r35

3,0r9 l+, ato

3,615 2 r83,
t From LADWP

or6



MAMMOTH BASIN RUNOFF'

STATION Hor cREr.K -- coRcn (corrvrY RoAn)

Quant i t ies in acre-feet
Acro Foet

|  [ : ronr l -ADV/l t
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MAMMOTH BASIN RUNOFFI

station sHmwrN CREEK AT BASE oF MoLrMrArlrs

Date D i  scharge

cfs

Date Discharge

cfs

5-r I -70 tc* rt-21+-70 3.ot
5-2r-7O 2.r : \-zz-Tt L.J+

6- 9-ro l+. o1 t+-29-T]: 2.O+

5-t5-To 7.01 5- 6-?l ] 2,O+

5-r8-Zo 7.5! 5-L3-TI 2.O+

6-zr-to B.ot ,-20-TL 3.5: ,
7- r-7o 6.>t 5-27-Tr 3.5!
7- B-ro z<* 5- Yr:. 4.ot

7-L5-70 6.s! 6-LL-TL 5.o1
7-23-7o a-!o .>: 6-tT-rt 8.oJ

7-30-70 e .ol 5-z\-rt An*

8- t- to 5.o1 7- L-TL 7.o:
8-?o-70 , .o: 7- 9-rt 5.o+

8-28-Zo
'+. tl 7-r5-7L qc+

9- 4-70 4.o1 7'22-7a 6.ot
9-10-70 3.5l 7-29-7L 5.o1
g-?L-7O 3.ol B- 5-TI \ .0+

9-30-70 3.O: 8-ro-Zr 4.o1
10- 7-70 3.Ol 8-t9-n 3.5l
ro-19-70 3.o1 B-26-ft 3.5l
11- 2-70 3.oi 9- z-TL 3.5!
l1-ro-70 3.ol 9- 9-7r .2 q+

u -r8-Zo
Rom LiDt{P

3.Ol 9-L6-7r 3.Ol



MAMMOTH BASIN RUNOFF'

Station SHmi{IN CREEK AT BASE OF MOUMIAIIIS

Date
-Discharge

cfs

Date Oischarge

cfs

9-23-TL 3.01 7-L3-72 \ .o i

9-30-TL 3.01 7-20-72 3.O1

Io- 7-7r 3.Ol 7-27-72 i .o j

Io-Il+-fr 3.o: 8- 3-rz 2.O:

ro-21-?T- 3.Ol 8-r.o-zz 2.ro

1o-28-rr 3.03 8-L7-72 1.58

u- l+-?]r 3.5: 8-z\-fz r.l+9

u-It-rr \ .o1 8-zt-lz L.79

11-r8-'n 3.5! 9- 7-72 2.79

LT-29.TL 5.O! 9-L\-72 1.28

L2- z-Tt 3.O1 g-28-72 2.10

L2- g-lt 3.Ot Lo- 5-72 2.55

L2-L6-7l.] 3.Ot LO-L2-72 2.AO

\-zo-72 3.Oj LO-Lg-72 2.2L

t+-zl-lz 3.O: to-26-72 r.58

5- I+-72 3.O1 LL- 2-72 r .30

5-tI-72 3.5: TT- 9-72 2.IO

s-:.8-tz 5.Ot 5-z\-zs 201

6- t-tz 6.ot 5-3L-73 zz!

6- 8-zz 8.ot 6- 7-73 eot

6-:-s-zz 8.ot 5-rh-zr zo!

6-zz-zz 5.ot 5-zt-zz rrl

t- 6-tz 5.Ot 6-28-73 zo!
t Fom I-ADYIP



Stat ion

MAI '4MOTH BASIN RUNOFF'

SIffil{IN CR-EK AT BASE OF MO{J}iltAIItS (contlnuect)

+ from I-ADWP



Mammoth Basin

APPENDIX B

Surface Water Qual i ty Data



MINERAL ANALYSES OF SURFACE | |ATER
An explanat ion of  column headings fol lows:

GH - The instantaneous gage height in feet  above an establ ished dahrm.
e -  The instal taneous discharge in cubic feet  per second (cfs) .  "8" indicates the value has been

estim ated.
OO - The dissolved oxyBen content in mi l l igrams per l i ter .
IAT - The percent saturation of dissolved oryg€rl.
LABORATORY

F9-- --  
Laboratdry determinet ion of  dre etectr ical  conductmce in microohos at  25o Celsius.

FI  ELD
Ec - Field deternination of dre electrical conductsrce in micomhos at ternperature *dren sarnpted.
LABORATORY AXD FlELD

pH - Measure of acidity or alkalinity of water; 6etd or laboratorv deternii iFtion.
TDs - Gravimetric detesnination d total disslved solids 

"t 
udc"iJ;-6;lG" 6elsius).

SUH - Totd dissolved sol ids determined by addiUon of  analyzed const ihrents minus V2 of  b icarbonate.
TH - Totd hardness.
NCH - Noncarbonate hardness.
Tl l {E -  Paei6c Standard Time on a 24{rour c lock.
TEI' lP - water ternperab,rre in degrees Fahrenheit at the timeof field sampling
SAR - Sodium Absoption Ratio.
TURB - E -  Jeckson Candle Uni ts QCU) -  HeJl ige

A -  Jackson Turbidi ty Uni ts eTU) -  Hach

REH (remarts)  as fo l low:
T -Total Dissolved Solids and the calculated SUM of constituents are not within Z) percent

of  each other
E -  Total  Dissolved Sol ids (TDS) value is not ' * i th in 0re range of  0.35 to 0.20 of  the electr ical

con du cti vi ty
S - The anion sum and cation sum for a complete analysis is not within dre prescribed

toierance of =5To.
C -  The electr ical  conciuct iv i ty div ided by the EC-EPM factor (or i f  absent,  100) is not wi th in

x
z
N

?9n yf the a'erage of the cation sum and anion srm for complete analyses.
-  The f ie ld EC and the lab EC are not wi th in g%oI each other
-  The valueof the const ihrent is greater than the f ie ld l imig in wtr ich case al l  9,s wi l l  appear.
- This analysis has been reported under a different station mrmber.

B - Elcron

CA - Calc ium
CL - Chlor ide
COg - Carbonate

F -  Fluor ide
HCO3 - Bicarbonate

Thc HINERAL CONSTITUENTS are as fo l lows:

K - Potassiusr
llc - Magnesium
N A - Sodiuo
il03 - Nitrate
SlO2- Si l ica
SO4 - Srlfate

The LAB and SAHPLER agency codes are as fo l low:

1200 -  Los furgeles Department of  Water and power
4740 - Southem Califomia Edison Compary
50 10 - U. S. Geologicat Survry
5050 - Departrnent of Water Resources

5086 - CRWQCB, Lahontan Region
509 | - Califomia Deparbnent of

Publ ic Hedth
5788 -  U. S Agr io.r t ture Consul tants
5999 - Unknown

I



MITERAL ANAIYSES OF SURFACE IIATER

INDD( OT SAMPLING STATIONS

Statlon lh:mber

v2 1870.Oo

v2 187r.Oo

v2 1875.00

v2 1877.O0

v2 18?8.r0

v2 1876.20

v2 L878.22

v2 1878.30

v2 1878.35

v2 1828.\o

v2 1878.50

v2 1882.l+o

v2 1882.50

Stat lon Name

Hot Creek at the County Road

Hot Creek at the Geysers

Marnmoth Creek Above Hot Creek

Merffnoth Creek at old HW 395

I'iammoth Creek et Freeway

l'farunoth Creek Below Sherwln

Sherwin Creek at Voohis Camp

l'lammoth Creek Above Sherr.-in
Creek

Marorooth Creek Below Upper
USFS Campground

!4arunoth Creek et Upper USFS
Carnpground

Marnmoth Creek at olcl Mammoth
Road

Mammoth Creek Below Tr.'ln Lakes
Brldge .

Twtn Lakes at Out l-et  Below
Dam, Stat ion No. J

Twln Lakes at Pedestr lan
3r ldge, Stat ion No. 1

v2 1882.50



IIDD( OF SAI.IPLII.IG STATIOi.IS

I

Station ltunber

v2 L8g2.7O

v2 1883.00

v2 1883.r0

v2 1883.55

v2 1881+.OO

v2 I88l+.05

v2 r88J+.l0

v? r88U.15

v2 1881r.2O

v2 188\,25

vZ r88l*.3o

w r88b.32

v2 188b.45

v2 188\.50

v2 r88b.:>

v2 r8B!.60

Stat lon Name

Tuin Lakes at Upper Auto
Bri, lge, Station l io. 2

Lake Mamie at Outlet Above
Dam

Lake l ' lanie Station l io. I

Horseshoe Lake Statton No. 2

Lake l4ary at Outlet Below Dan

Leke George et End cf tsoat
Dock

Lake George Overflow lleer
Lake Mary

Lake Mary Ststion No. 5

Lake Vrary Station No. 5

Lake Mary Station No. 2

Lake Mary Statlon No. I

Lake Mary at Maryrs Store
Boat Dock

Lake Mary Statlon No. 8

Lake Mary Stetlon No. 3

Lake l'iary Station l{o. 7

Lake l.lary Station No. It
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HINOR ELEMENT ANALYSES OF SURFACE WATER

The CONSTITUENTS are ai  fo l lows:

AS -  Arsenic CR Hex -  Chromium HG - Mercury
Hexavalent

AL -  Aluminum CR - Chromium NI -  Nickel
SB - Anitomony CU - Copper PB - Lead
BA - Bar ium FE -  I ron SE -  Selenium

BE - Beryl l ium GA - Gal l ium SR - Stront ium
BI -  Bismuth MN - l \ langanese AG - Si lver
CD - Cadmium LI -  L i th ium TI -  Ti tanium
CO-Cobalt  MO -Molybdenum V -Vanadium

The LAB and SAI. IPLER codes are as fol lows:
1200 - Los Angeles Department of Water and Power
5010 - United St.ates Geological  Survey
5050 Departrnent of lVater Resources
5086 Cal i fornia Regional Water Qual i ty Control  Board, Lahontan Region
5788 United States Agricul ture Consultants
5999 -  Unknown

Explanat ion of  NUMBER used to indicate the AHOUNT of CONSTITUENT in sample:
EXAHPLE: _s

6 5A = 6 x 10 grams per liter analyzed by Atomic Absorption

l0 5C = 10 x t0-tt"*, per liter analy.zed ty Colorimehic

22 65 = 22 x 10-6 grarns per liter anall,zed by Spectrographic

(-
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APPENDIX C

Sherwin Creek Sediment and Turbidi ty Data



SHERWIN CREEK ABOVE SHERWIN CREEK CAMPGROUND
/ rq'1 4\
\ t  t ,  t t

!

Locat ion:  SW I/4,  SW L/4,  SE
South Range 27 East,
SE of  Mammoth Lakes,
NW of Bishop, CA.

Drainage Area: 5.9 sq.  mi.

Elevat ion:  784A f t .

Remarks:

L/4 of  Sect ion l ,  Township 4
M.D.B.& M.,  approximately 3 mi les
CA. (Ranger Stat ion) and 4A mi les

aa

Measurements are taken at  the br idge on the road to
Voorhis Vik ing Camp.

Instantaneous Di ssolved
Discharge PH Temperature Oxygen

Date Time (cfs)  (uni ts)  (Deg C) (ng/I)

Alkal in i ty
(CaC0?)
(ns/r l

Jun 5 090i t
Jun 12 ' Ig3A

Jun 21 1325
Jun 26 1135
Jul  3 I23O
JuI Ig I IA0
Jul  !7 0915
Jul  31 IL2A
Aug 7 0835
Aug 2A L420
Sep 14 1535
Sep 25 1110
Oct 12 1145
Oct 17 1015

Average

25
2A
I6
13
15
14
I4
I4
13
TO

5.7
5.6
4.5
4.5

7.q
7.9
6.9
6.9
6.9
6.9
6.8
6.8
6.8
7.A
7.I
7.9
?.9
7.A

6.9

rg.a
Ig.  a
L2.q
L2. q
12.O
12. 0
13.0
13. o
r  3.0
L4. g
13.5
r0.5

9.9
9.s

11 .5

9
9
I
8
8
8
8
I
8
9
9
9
9
9

8.5

17
34
T7
I7
l7
t7
17
l7
T7
T7
I7
17
t7
I7

18
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Sherwin Creek above
Creek Campground

Sherwi n
conr 'a ( t l r r ;

Hardness Spec i  f ic
(  CaC0.)  Conductance
(ng/Ll  (micromhos)

Turbidi ty
(NTU)

9.5
0.5
a.4
?t.6
s.3
a.8
6.7
s.8
a.7
s.9
9.7
2.9
s.8
1.9

Non-f i l terable
Residue
(ng/t)

lg
7

I  . .
4.5

6.4
a.4

14
8
3
I

5

Total
Col  i  fo rm

(colonies per
100 ml): Date

Jun 5
Jun 12
Jun 2I
Jun 26
JUI 3
Jul  Lg
Jul  17
Jul  3I
Aug 7
Aug 2A
Sep 14
Sep 25
Oct 12
Oct L7

Averag e

I7
17
I7
I7
I7
I7
l7
T7
L7
L7
T7
17
L7
T7

l7

2g
26
2A
25
26
25
25
25
26
25
25
3s
25
3A

25

:

2

:

-

:

.8

I
I

I
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SHERWIN CREEK AT SHERWIN CREEK CAI, IPGROUND
( \qBo)

lLocat ion:  SE L/4,  NE L/4,  of  Sect ion I ,  Township 4
27 East,  l t l .D.  B.& 14. ,  approximately 3
t ' lammoth Lakes (Ranger Stat ion) ,  CA. and
Bishop, CA.

Drainage Area: 5.9 sq.  mi.

Elevat ion:  7840 f t .

Rema r ks :

South Range
miles SE of

40 mi les NW of

at

l , leasurements taken at  Campsite #77 in Sherwin Creek
Campground.

Instantaneous Non-f i l terable FecaI
Discharge Residue Turbid i  ty Col  i  forms

Date Time (cfs)  (mgl l )  (NTU) (Colonies/100m1)

Jun
Jun
Jun
Jun
Jul
JuI
JuI
Aug
Aug
Aug
Aug
seP
seP

Ave ra9 e

120 0
1000
1000
1130
13 30
r0 20
I3I5
1315
0950
110 0
110 0
l3l0
10 30

2
r6
23
30

5
13
27

2
10
l7
24

5
8

T2
24
46
57
38
30
31
27
23
20
L7
t2
13

l3
4
7

t2

14
7.0

l3
6.0
3.7
2.8
5.3
2.0

.8
2.5
5.0
1.7

.8

5.0

<1
<1
<I

8
1
3
4
7
5
8
6
3
4

;;
7
9
3
5
9
3

I5
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Location:

SHERWIN CREEK ABOVE SHERWIN CREEK CAMPGROUND
(tret)

9E l /4,  NE L/4,  SE L/4,  of  Sect ion I '  Township 4 South,
Range 27 East M.D.B.& Fl . ,  approximately 3 mi les
south east of  Mammoth Lakes (Ranger Stat ion),  CA.

pr" inage Area: 5.9 sg.  mi.

Elevat ion:  7840 f t .

Remarks:  Sarnples taken 100 f t .  upstream of the fdod vehic le
br idger near the Sherwin Creek Campground picnic area.

Jun
Jun
JuI
JUI
Jul
JuI
JUI
JUI
JuI
Aug
Aug
Aug
Aug
Aug
SeP
SeP

Instantaneous
Di scha rg e

Date Time (cfs)

Non-f i l terable
Residue

(ns/L)

13
15

2
0.7

6
2
3
2

0.5
I
9

o:3

8
3

0.5
I6

5

22
30

9
13
I5
2L
23
28
30

4
IO
L7
20
25

2
9

115 0
I210
tr50
1t 50
L225
I 200
120 0
I  300
r1 00
1130
t225
13 20
L220
I 040
115 5
r 355

8.9
8.8
7.4
6.5
6.4
5.7
5.6
4.6
5.0,
3.5
3.6
3.5'  
3.4
3.4
4.0
3.3

3.3
8.9
5.2

Turb id i  ty
(NTU)

0.7
0.4
1.5
2.0
1.3
1.4
1.7
2.7
0.7
0.6
2.O
r.8
2.0
1.5
1.1
0.4

0.4
2.7
r .4

ttl i  n imum:
l'{ax imum :
Mean:



APPENDIX D

Mammoth Basin Groundwater eual i ty Data





MINOR ELEMENT ANALYSES OF GROUND ITATER

Tho CONSTITUENTS :rc as fo l lows:

AS - Arsenic CR Hex - Chromium 
'  

,a -  l r tercury

Hexavalent
AL - Aluminum CR - Chrornium NI -  Nickel

SB - Anitonony CU. -  Copper PB - Lead
BA - Bar ium FE -  l ron SE -  Selenium
BE - Beryl l ion GA - Gal l iuru SR - Stroi t ium
BI -  Bisnuth MN - l r langanese AG - Si lver
CD - Cadmium LI -  L i th iuo Tl  -  Ti tanium
eO - Cobalt  MO - Molybdenum \t  -  Vanadium

The LAB and SAHPLER codes are as fo l lows:
1200 - Los Angeles Department of Water and Power
5010 - United States Geological  Survey
5050 Deparbment of lYater Resources
t086 Cal i fornia Regional \ \ 'ater Qual i ty Control  Board, Lahontan Region
a786 United States Agricul ture Consultants
5999 - Unknorvn

Explanat ion of  NUHBER used to indicate thc AHOUNT of CONSTITUENT in sarnple:

EXAIIPLE: 
-5

5 5-{ = 6 x 10 gams per liter analyzed by Atomic Absorption

rO 5C = 10 x 10 
-5grams per liter anall'zed by Colorimetric

2,85 =22 x 10-5 grarns per liter analyzed by Spectmgraphic
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MINIRAL ANALYSES OF GROUND WATER
An explanat ion of  column headings fol lows:

TDS - Gravimetr ic determinat ion of  total  d issolved sol ids at  l80o Celsius (or *105" C).
SUt{ - Total dissolved solids determined by addition of analyzed cpnstinrents F - Differsrce

' between total anions and total cations of over 5 percent.
EC - The electr ical  conductance in miclomhos at  25o Celsius.
pH -  Measure of  acidi ty or alkal in i ty of  water.
TH - Total hardness.
NCH - Noncarbonate hardness.
Tl l {E -  Paci f ic  Standard Timeon a 24-hour c lod.
TEHP - water temperabrre in degrees Fahrenhei t  at  the t ime of  f ie ld sampl ing.
SAR - Sodium Adsorption Ratio.
REH (REMARKS) as fo l low:

T - Total Dissolved Solids (TDS) and the calculated S.lM of constituents are not within 20 percent
of each other.

E -  Total  Dissolved Sol ids value is not wi th in the range of  0.35 Jo 0.70 of  the electr ical  conduct iv i ty.
S -  The anion sum and cat ion'sum for a complete analysis is not 'wi th in the prescr ibed tolorance

of 5 percenl
C - The electrical conductivity divided by the EC-EJ\,IP factor (or if absent, 100) is not within 20 percent

of dre average of tbe cation sum and anion srm for complete analyses.
X - The field EC and *re lab EC are not within 20 percent of each other.
Z -  The value of  the const i tuent is greater than the f ie ld l imi t ;  in wtr ich case a- l l  9 's wi l l  appear.
N -  This analysis has been reported under a di f ferent stat ion number.

The HINERAL CONSTITUENTS are as fo l lows:

B - Borcn
CA - Calcium
CL - Chlor ide
CO 3 - Carbonate
F -  Fluor ide
HCO- -  Bicarbonate

J

K -  Potassium
MG -.  Magnesium
NA Sodium
NOg - Ni t rate
SlO2 -  Si l ica
SOa - Sul fate

The LAB and SAHPL ER agency codes are as fo l lows:

1200 -  Los Angeles Department of  Water and Power
4740 - Southem Califomia Edison Company
50 l0 - U. S. Geological Survey
5050 -  Department of  Water Resources
5086 -  Cal i fomia Regional  Water Qual i ty Control  Board,  Lahontan Region
509 | - State Department of Public Health, Elureau of Sanitary Engineering
5788 -  Uni ted States Agr icul ture Consul tants
5999 -  Unknown

L
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