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INTRODUCTION

Williams Lake is a deep, oligotrophic lake located in Worth Central
Lemhi County. Inlet water to the Lake consists of one permanent stream
(Lake Creek), one sma2ll spring, and several intermittent streams. The east
end of the lake is privately owned and is lined with cabins and a2 commercial
resort. The western two-thirds of the shoreline is part of the Salmon Nat-
ional Forest.

METHODS AND MATERTALS

This study was designed to assess water quality and trophic status, and
to quantify impacts from private land., We chose five lake stations, one
inlet stream and one outlet stream station (Figure 1). Sampling was conducted
six times during 1979 and 1980. Sampling at lake stations consisted of oxygen
and temperature measurements at 1 metre intervals throughout the upper 18 metres;
secchi disc measurements, chlorophyll a at subsurface depth, and water chemistry/

bacteriology at three depths.

DATA ANALYSIS

Water chemistry consisted of 18 different variables, measured on most
samples. Data analysis relied upon 3-way analysis of variance; with stationm,
time of year, and depth as the independent variables. Since we do not have an
adequate number of multiple observations per cell, we have no assessment of
interraction affects among the independent variables. The data anzlysis results
are presented in the last sectiom.

RESTULTS AND CONCLUSTIONS

The results of this study do not show a clear impact on the lake from recre-
ation or home development. There are moderate to severe erosional facies in the
north and west sides of the watershed, and these are probably the source of the
deltaic sediments near the mouth of Lake Creek. Additional sediments are deliv-
ered by the creek itself. These sediments provide shallow areas where rooted
macrophytes excel. Home construction and recreation along the east shore may
cause deposition of materials, and expansion of the shallow litteral zone along
the shore. This would also provide a place for rooted macrophvtes to excel.
Planktonic algal concentrations are low most of the vear, with a peak ian October.

- This is apparently the period when water temperatures are conducive to peak algal
growth. The annual mean chlorophyll a (10.9 ug/l) indicates that the lake should
be considered mesotrophic. However, that is biased by a high detection limit



(5 ug/1l) and a large number of samples collected at peak production (61% of all
samples were collected in October). Thus, it appears that Williams Lake is an
oligotrophic lake, with rather high chlorophyll a at one time of the year, and
with accelerated macrophyte growth in isclated areas. There is not sufficient
evidence to indicate that recreational homes place any undue impacts on the
lake other than increasing macrophyte footholds. Impacts from sanitary wastes
were evident only once, and were inconsequential to total lake volumes.



DATA ANALYSIS RESULTS

In this section, we present a summary of data analysis results for each
variable. In each case, we present variable nzme, gzrand mean, overall standard
deviation, and correlation coefficient r2 for the 3-way Anova model, The
correlation coefficient is an indication of the percent variation in the depen—
dent variable explained by the model. Statistical significance of the model
is summarized as: NSD=no significant difference, #=p<0.05, #**=p<0.01.

Where effect of an independent variable was reported as significant, we also
present mean, standard deviation, and sample size for each category of that

variable.



VARTABLE NAME

Grand Mean

Ortho Phosphate (as P)

0,04

r2 for 3—way model

0.71

S.

d.

0.03

Statistical significance of independent variables.

bt

Station o Time of Year Depth

it X d s.d.n Date] X | s.d.] no Zi s.2f n
r1 03] .03| 6 || you.| -03].02] & e | o.ost .03 |4
L2 |04} .04 |14 § wa | 071 .02 | 8 N .031.03 | 17
13 |.05] 03|16 || sav | -07] .02 | 16 g | .08}.03 |17
ve 1.04] 03] 14 l 5419 | -03) .03 | 15

vs l.oa]l 04|16 || 4ue.| -02] .03 ] 16

s1 ]-08] 02| 7l ogep.| 051 .05 | 15

g2 1.03] .02{ 5

Station Numbers:

Time of Year:

Depth: Epilimnion, Metalimnion, Hypolimnion

See Figure 1

Month Collected




VARTABLE RNaME

Grand Mean

2 for 3-way model

Total Phosphorus

0.08 mg/l

0.62

S.

d.

0.04

Statistical significance of independent variables.

Station * Time o Year Depth **

# X “ s.d.f n Date} X | s.d.l n X| s.di ®
L1 FO7 .05 6 Nov. .114 .03 8 E .07 L0411 44
L2 }07] .04 114 Feb.{| 11} .01 8 M .06 .03} 17
L3 |.08] .04} 16 May | <09 .02 16 H .12 024 17
14 |.08| .04 14 |l 3,14 | 06§ .03 | 15

Ls {.08] .05] 16 sue.| 07 .05 16

gy .11 .03} 7 oce.l 071 .05 15

g2 |.06f .03t 5

Station Numbers:

Time of Year:

Depth: Epilimnion, Metalimnion, Hypolimnion

See Figure 1

Month Collected




VARTABLE NAME ammonia as N

Grand Mean 0.08 mg/l 3. d. 0.05

r2 for 3-way model

Statistical significance of independent variables.

Station * Time of Year_wii_ Depth 5SD

# X - s.dj n Date] X | s.d. n X s.df n
L1 }.12{ .06] 6 Nov.1.13 | .06 | 8 E

L2 (.08] .04 14 Feb.| .15 .09 8 M

L3 .09 .08} 16 Mav | .06 .04 116 1

L4 §.07] .04 14 §] yu1v | .06 .03 115

L5 |.08)] .05{ 16 Aye.} 04 .02 116

s1 }.05] .03 7 Oct.] -08 .03 115

s2 ].04l .02{ s

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME Nitrate plus Ritrite (as N)

Grand Mean 0.05 mg/1

r? for 3-way model

.61

5. d.

0.07

Statistical significance of independent variables.

Station Numbers:

Time of Year:

Depth: Epilimnion, Metalimnion, Hypolimnion

See Figure 1

Month Collected

Station ** Time of Year ™ Depth NSD
# 1 X | s.afn Datef X | s.d.] n X| s.df n
L1 .08] .10 6 Nov.l .10} .08 8 E
L2 .05 .06 {14 Feb.! .09] .11 8 3
L3 J.02{ .02 16 Mav | .05 .08 | 16 H
L4 1038 03§14 |l yuivy | .03] .03 | 15
L5 {.02] .03 16 Auc.{ -057 .06 | 16
sl {.07{ .08] 7 oct.f .03} .05 | 15
g2 {.23} .10 5




VARIABLE NAME Chlorophyll a

Grand Mean 10.9 ug/l S. d. 8.5

r? for 3-way model A

Statistical significance of independent variables.

Stétion NSD Time of Year 77 Depth

it X “ s.dJ n Date}] X | s.d.] n X{ s.d.

L1 Nov.l =7 N.A.p———— E 12.5} 9.0 18
L2 X R A M . 0

L3 Mav | ] Il . H > 0

L July 6.0 | 2.2] 5
LS Aug. 5.0 10 4

a1 Oct.lA'B 9.4 |14

52

Station Numbers: See Figure ]
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypoclimnion



VARIABLE NAME Total Coliform Bacleria

Grand Mean 20 S. d. 75

r? for 3-way model Na

Statistical significance of independent variables.

Station Time of Year___ii_ Depth aSD
# -Z‘;“s-d-n Date] X | s.d.| n X| s.d
L1 [133{ 265| 4 Nov, | 106 191 7 E

L2 3 319 Feb. 0 0 9 M

L3 4 S| 11 Mav |~~~ NA-—f————m 1

L4 5 21 21 Julv 7 6 15

L5 7 71 9 Aue. 14 13 5

51 43f 431 5 Oct. ) 12 15

52 27 2] 3

Station Numbers: See Figure I
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME Fecal Strep Bacteria

Grand Mean 10 s. d. 39

r? for 3~way model NA

Statistical significance of independent varizbles.

Station “* Time of Yea;___ji Depth NSD
# X ‘ s.d. n Date] X | s.d.] n X | s.d
Ll 11 1 5 Nov.{ 14 17 7 £

L2 2] 2 12 Teh. 0 0 9 M

L3 21 2 | 14 Mav 3 5 15 H

L4 2{ 3 113 {jguiv | 66 {137 5

L5 8] 14 12 Aug. 5 9 15

s1 73{118 6 Oct. 6 15 15
.52 3 2 4

Station Numbers: See Figure 1

Time of Year:

Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion




VARTABLLE NAME Feeal Coliform Bacteria

Grand Mean<l colony/100 ml g, 4. -

r? for 3-way model

Statistical significance of independent variables.

Station NSD Time of YearﬁﬁEEL Depth NSD

# X - s.d., n Date] X | s.d.|] n X s.d.] 1
Ll Nov. E

L2 Feb, M

L3 Mav H

L4 Julv

L3 : Aug.,

51 Oct.

s2

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARIABLE NAME Secchi Disc Transparency

Grand Mean 3.0 metres S. d. 0.9

r? for 3-way model NA

Statistical significance of independent wvariables.

Station _ NSD Time of Year NSD Depth WA
i# X - s.d.J n Date}] X | s.d.] n X s.d
L1 Now E

L2 Feb M

L3 Mav H

L4 July

L5 Auvg.

Sl Oct.

S2

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME

Kjeldahl Nitrogen

Grand Mean 0.92 mg/1 S. d.

2 0.72

r< for 3-way model

wn

™~

Statistical significance of independent wvariables.

Station NSD Time of Year o Dapt 5D
7 X - s.d. n Date] X | s.d.] m X{ s.d
L1 Xov. .49] .18 8 =

L2 reb.| 211931 B |1 u

L3 Mav 1.607 .46 16 H

L& Julv 1.23§ .35 15

L5 Aug. .611 .19 16

S1 Oct. .641 .23 15

52

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion




V... nTABLE NaME Total Hydrolvzable Phosphorus

G—znd Mean  0.03 mg/l s. d. 0.02

r~ for J~way wmodel 0.50

Stztistical significance of independant variables.

Station -:SD Time of Year 7 Depth NSD
# 11X s.d.. B [ Date} X | s.d. n X s.d ©
L1 ! Nov, -0 -02 8 E
| I .02 .01 8
L2 ' Teb. M
H
| .02 .01]| 16
L3 § Mav 0 ! H
.02 01} 1
L4 J July 3
.04 .021 16
L> i _Aue.
.02 .01] 15
S1 Qct.
S2 !

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME Specific Conductivity

Grand Mean 110.93 umho/cm

r? for 3-way model 90.34

21.15

Statistical significance of independent variables.

Station NSD Time of Yaa;_;ii_ Depth NSD
i z s.d. n Date] X | s.d n X{ s.d n
122, .
L1 Nov. °| 8.3 8
120.2] 7.
L2 Feb. 7.8 8
108.47115, G
L3 Mav 5.1 16
85.1i39.1 15
L4 July
108.5; 8.3 16
L5 Aug
126.9] 5.2 15
51 Qct .
52

Station Numbers: See Figure 1

Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion




VARIABLE NAME COD

Grand Mean 8.18 mg/1 5. d. 3-76

rl for 3-way model 0.69

Statistical significance of independent variables.

Station * Time of Year NOD Danth fSD

i X | s.d.] n Date] X | s.d.] n X | s.d.
v (7-9) 3.0) 2 i g ;

Lo {96 L4 4 o y

L3 0.2y 4.0 6 Mav .

L4 9.8 0.8 4 Tulv

L5 1.1 1.8 4 .

g1 7.3 3.4 7 et

52 2.2 0.5 5

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARIABRLE NAME Sodium

Grand Mean 6-1 mg/l s. d. 1.1

r2 for 3-way model 0.51

Statistical significance of independent variables.

Station A Time of Year * Depth
# |X |s.dlnm Date] X | s.d.| © X | s.d
L1 5.310.7 5 Nov. 6.2 | 0.6 8 E
.2 10.5 |11 . .
12 P Feb. 7.4 | 0.6 3 M
.51 0.7 |10 . .
L3 Mav 5.8 1 0.9 16 -
.31 0.7 8 6.1 0.3 15
L4 Julvy
5.811.8 {10 5.6 2.0 7
L5 Aug. i
5.14 1.1 6 NA -
Sl ~ Qct.
.81 0.1 | 4
52 ]

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME

Grand Mean 3-9 mg/l

2

r< for 3-way model

Magnesium

0.

58

s. 4. 0.4

Statistical significance of independent variables.

Station Numbers:

See Figure 1

Time of Year: Month Collected

Station % Time of Year ** Depth NSD
# X {s.dfn Date] X | s.d.] n X[ s.dj n
/ Y
1 It 1] 0.6 6 Nov. 4,2 14,1 8 E
. 3.8 3114 . .
L2 Feb. 4.3 & 8 M
3.8] .3116 ‘ 3.6 .3 16
L3 Mav H
3.8 2714 3.8 .3 115
L4 Julv
3.8 L3116 3.7 .3 ] 16
L3 Aug. :
4.3 6] 7 4.0 .2 15
Sl Qct.
4.0 1] 5
52

Depth: Epilimnion, Metalimnion, Hypolimnion




VARIABLE NAME  Bicarbeomate Alkalinity as CaCQq

Grand Mean 51.6 mg/l 5. d. 5.75

r? for 3-way model 0.39

Statistical significance of independent variables.

Station  NSD Time of Year *% Depth NSD
¥ X d s.d. n Date] X | s.d.| n X1 s.d
L1 oy 53933 | 8 |

r9 oy 158:6] 60| 8 [,

L3 oo |48.9] 88 [ 18 |1,

4 Tuly | 49:3] 39 13

L5 rue | 50°3] 3.9 | 16

si Oct . 53.3| 2.7 15

52

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARIABLE NAME Sulfate (as SO4)

Grand Mean 10.1 s. d. 9.57

r? for 3~way model 0.25 (NSD)

Statistical significance of independent variables.

Station 15D Time of Year___fi? Depth NSD

# X | s.d] n Date] X | s.d.}] n Xl s.dt n
Ll Nov. E

L2 Feb. M

L3 Mav H

L4 Julv

L5 Aug.

S1 Oct.

52

Station Numbers: See Figure 1

Time of Year: Month Collected

Depth:

Epilimnion, Metalimnion, Hypolimnion




VARTABLE NAME Total Hardness as CaCOq

Grand Mean 46.0 ma/1 - 8§, d. 5.92

r* for 3-way model 0.24 (NSD)

Statistical significance of independent variables,

Station =5D Time of Year NSD Depch NSD

i Eqs.d. n Date] X { s.d.] n X| s.d] =
L1 Nov. E

L2 Feb. M

L3 Mav H

L4 July

L5 Aug.,

S1 Qect.

S2

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metzlimnion, Hypclimnion



VARIABLE NAME Calcium

Grand Mean 11.8 mg/1 S. d. 2.0

r? for 3-way model 0.24

Statistical significance of independent variables.

Station NSD : Time of Year_**_ Depth NSD
it X - s.d.] o Date] X | s.d.|] n | s.d
L1 Nov. £2.5 | 0.9 8 E

L2 Feb.{13.4 | 0.5 8 M

L3 Mav [10.7 1.8 16 H

L4 Julv J11.8 1.2 15

L5 Aue.[12.6 | 1.4 16

s1 Oct.l1.1 3.2 15

52

Station Numbers: See Figure 1
Time of Year: Month Collected

Deptht: Epilimnion, Metalimnion, Hypolimnion



VARIABLE NAME Potassium

Grand Mean 1.5 mg/1 5. .30

r2 for 3-way wodel 0.70

Statistical significance of independant variables.

Station NSD Time of Year - %% Depth SD

# X d s.d. n Date] X | s.d.} n X s.d.
L1 ou | 1-4 1001 | 8 ] g

L2 Fep.| 1-6 9.2 8 i

L3 ae 1 1.80003 ] 16 || g

L4 Jule | 1.3 02 | 15

s aue | 12 (002 | 6

Sl Oct.{ NA-——f—

82

Station Numbers:

Time of Year:

Depth: Epilimnion, Metalimnion, Hypolimnion

See Figure 1

Month Collected



VARIABLE NAME Chloride

IR
[\ ]

Grand Mean O-% 5. d.

r? for 3-way model 0.76

Statistical significance of independent variables.

Station-_mE§§_ﬂ Time of Yeaq___ff Depth NSD
4 ‘3- s.d.] n Date] X | s.d. n X | s.d.
L1 Nov.]5.0 | 2.3 8 E

L2 Feb.} 7.1 1.4 8 M

L3 Mav | 6.8 | 1.5 ] 16 H

L4 July | 4-6 | 0.5 | 15

L5 Au.| 203 0.3 15

31 oce.| 7+2 1.0} i5

s2

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARIABLE NAME pH

Grand Mean 7.8 SU 5. d. 0.5

2 0.56

r* for 3-way model

Statistical significance of independent variables.

*k

Station  SD Time of Yazr i Dapth

# :'}_C_d s.dJ n Date] X | s.d.} n x| s.d.| n
Ll vou | 7-7(0.1 | 8 E 7.9 {0.6 |44
L2 Feb.| 7-310.2 8 M 7.4 10.4 {13
L3 May | 7.9]0.6 |16 a | 7.5 lo.2 |13
L4 Julv | 8:410.5 | 7

L5 aue.| 8:010.2 | 16

- - oce | 7:510.4 |13

52

Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion



VARTABLE NAME Silica (as Si0p)

o~

Grand Mean 15.6 mg/1 s. d. 3.

r2 for 3-way model 0.76

Statistical significance of independent variables.

B L

Station Time of Year Depth
# [X | s.dnm Date] X | s.d.] n X| s.dj =n
L1 |16.3 7.2 6 Nov.116.4 1 4.5 8 E 16.5 16.8 144
. . 14 . .
Lo [4.4 4.6 Feb. 22,2 1 6.6 8 M 13.1 2.4 17
14,4 3. 16 . . 6 5
L3 3.3 Mav 14.8 | 3.6 16 q 15.8 {1.6 17
L3.6 3.1 14 . .
L4 61 Julv 12.1]15.3 | 15
3.4 2.8 16 15. .
L5 - Aup., 7122 16
6 . 4.6 7 15.9 14.3 15
51 Oct.
18.9 5.1] 5
52
Station Numbers: See Figure 1
Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion




VARIABLE NAME Total Solids

Grand Mean  81.5 mg/l s. 4. 11.3

r? for 3-way model 0.66

Statistical significance of independent variables.

Station * Time of Year ** bepth
X | s.dfnm Date] X | s. n X| s.d n
Ll 34.0] 11.9) 6 Now. 89.0f 5.1} 8 E
BO. 7 12, .2410.
L9 7 9f 14 Feb. 93.2}10.9 | 8 A
80.1| 9.4] 1 . .
L3 6 Mav 75.4 1 3.6 116 u
.41 10.2] 14 69.2 |81.
L4 Julv | sl
B.0] 8.9 16 88.3 [11.5] 16
L5 ) Aug,
04 .4 16.5) 7 82.9 | 6.1115
51 Oct.
8l1.6f 10.3f 5
52

Station Numbers: See Figure 1

Time of Year: Month Collected

Depth: Epilimnion, Metalimnion, Hypolimnion




Figure 1. Bathymetric Map of Williams Lake
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WATERSHEED

CHARACTERISTICS - WILLIAMS LAXE

Total Shoreline
Public (USFS)

Private

Depth

Surface when full
> 10
>25!
>50!
>75"
>100!
~21257
>1507

Miles
3.03
1.83

1.20

BATHMETRIC AREAS

MilZ

0.36
0.29
0.26
0.22
0.17
0.14
0.11
0.02

Km?

.93
.74
67
.57
.43
.35
.28
.05

OO0 O0OOOQ

Mean Depth

INLET ZONE*

Kilomzters

4.88

2.95

1.93

L
(e
NMNNO S W

75.02 feat

* Depositional zone on west end, near inlet stream
Mean depth 2 metres, from inlet to 25' contour

Area: 0.004 miz, 0.011 Km2, 1.1 ha, 2.7 acres

1.1% of lake surface area

Mean volume

Influent Volume

Hydraulic Residence Time

7.446 % 108 ££3

acres

229.
183.
165.
140.
106.
87.
69.
12,

W~ O W 00O

22.86 M

3.15 x 108 ft3/year

2.36 years

60.5%
39.6%



EROSIONAL FEATURES SURROUNDING

WILLIAMS LAKE, IDAHO *
SEE MAP ON NEXT PAGE

CODE FEATURE
TS Talus and Sheet erosion
S8 Sheet Erosion
So Moderate ercsion
53 Moderate to severe erosion
8¢ Severe to extreme erosion
QLs Quarternary and Pleistocene Landslides

Note that un-stippled areas have land-forms with no
significant erosion.

* Data courtesy of Paul Krupin, BLM, Salmon



See Explanations on previous page
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VOLLENWEIDER LOADING MODEL

Mean depth (E) = 22.86 metres
Hydraulic Residence Time (Ty) = 2.36 years

qq = Z/Ty = 9.69

—Phosphorus Loading (g P.m 2 yr_l) = (0.011
X Total P = 0.11 mg/1

X Influent Q = 0.283 m3/sec (=8.9 X 10° m3/yr)

4|

Precipitation P = neglible
Total P supplied per lake = 981.72 grams/year

Area = 92,700 m?

3, (P) = mg P. w2 year ~! = 0.106

Normalized areal phosphorus loading =

(L(P)/qg) /(1 + Ty = .004
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Figure 1. US OECD Data Applied to Vollienweider P Loading
- Mean Depth/Hydraulic Residence Time Relation-
ship (After Rast and Lee7),



BACTERIAL DENSITIES July 24, 1980

Colonies/100ml
Total Fecal Fecal
Location (See Map) Coliform Coliform Strep
#1 <1 <1 2
#2 <1l 4 2
#3 4 3 4
A 4 i <1
#5 <1l {1 2
#6 6 1 4
#7 4 1 8
8 1 <1 2
#9 <1l <1 <1
#10 <1 - <1 <1
#11 1 {1 8
#12 <1 <1 <1
#13 1 <1 4
#14 22 13 <1
#15 1 <1 <1
#16 1 1 {1
#17 <1 {1 <1
#18 <1 <1 2
#19 <1 <1 14
#20 <1 <1 <1
#21 <1l <1 4

#22 1 1 4
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