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The Alpine Lakes Wilderness Area contains more than
700 lakes (see map), many of which provide exceptional
recreational opportunities. The lakes are receiving an in-
creasing number of visitors and the resulting heavy use of
trails and campsites near these lakes could result in degra-
dation of lake-water quality. Reliable predictions of water-
quality impacts caused by specific levels of recreational
activity at each lake would greatly aid in managing the
Wilderness Area. However, extensive data are necessary for
making this type of prediction, and such data are not
presently available. In the absence of extensive data,
identification of those lakes that are most susceptible to
water-quality degradation, and identification of natural fea-
tures in the Wilderness Area that affect the susceptibility of
lakes, is needed to help guide current management of
recreation.

In this report, the inherent susceptibility of a lake to
degradation is considered from two perspectives as deter-
mined by its natural features: (1) water-quality sensitivity,
which is the tendency of a lake's water quality to degrade in
response to pollutant loading, and (2) the likelihood of
pollutant loading, which is determined by the presence of
drainage-basin features that enhance the transport of pollu-
tants to a lake. Water-quality sensitivity and pollutant-
loading likelihood combine to determine the relative suscep-
tibility of a lake to degradation of water quality at a given
level of recreational use. Such an evaluation of suscepti-
bility can be combined with a planner's assessment of lake-
recreation potential, which should consider such factors as
historical use, accessibility, and lake attractiveness, to
judge the overall potential for water-quality degradation.

This study was designed to make optimal use of
existing data in a short period of time to fulfill an immedi-
ate need of the U.S. Forest Service for use in legislatively
mandated wilderness-area planning. Available data allowed
limited assessment, for 298 lakes in the ALWA (Alpine
Lakes Wilderness Area), of the relative likelihood that each
lake would receive pollutants under conditions of intense
recreational activity in the lake's drainage basin. Water-
quality sensitivity was numerically evaluated for 60 of the
298 lakes, and those evaluations for the 60 lakes were used
as the basis for general conclusions about the sensitivity of
the other lakes in the ALWA.

Excessive nutrient enrichment, causing nuisance
growth of algae and rooted aquatic plants, has been ob-
served in many lowland lakes that have residential and other
land development within their drainage basins. Although
symptoms of nutrient enrichment were not observed in any
of the ALWA lakes, the potential for excessive nutrient
loadings due to increased recreational activity in the future
is important to evaluate. Of the two major nutrients
(nitrogen and phosphorus), phosphorus is usually the growth-
limiting nutrient in lakes; more phosphorus will cause more
plant growth. Thus, lakes were assessed according to their
predicted response to increases in phosphorus loading. This
evaluation is useful as a general indication of lake sensi-
tivity to other pollutants as well, because some of the same
basic physical processes (dilution and sedimentation) control
the effects of most pollutants on lakes.

Evaluation by Modeling Sensitivity to Phosphorus Loading

A simple mathematical model that simulates steady-
state (constant annual average) phosphorus concentration in
a lake, and which utilizes relatively few data, can be used to
predict whole-lake sensitivity to increased phosphorus load-
ing. This is the best method presently available to evaluate
the response of lakes in the ALWA to increases in pollutant
loading. However, the method is not suitable for predicting
localized and short-term responses to pollutants.

The phosphorus model used in this study is a mass-
balance model, developed and refined mainly by Vollen-
weider (1968) and Dillon and Rigler (1975). It has been
found to work well for a wide variety of lake types (Larsen
and Mercier, 1976; Rast and Lee, 1978). The model relates
the steady-state concentration of phosphorus in a lake to
the annual loading of phosphorus to the lake, the volume of
the lake, the rate of water flow through the lake, and the
loss of phosphorus trapped in lake-bottom sediments. Ap-
propriate data for use in the model were available for the 60
lakes studied by Dethier and others (1979). Because these
lakes were selected as being representative of the range of
lake types and climate found in the ALWA, they serve as a
basis for general conclusions about other lakes as well.

For each of the 60 lakes, model predictions were made
of the response to a hypothetical increase in phosphorus
loading of 5 kg/yr (kilograms per year). This was considered
a large, but potentially foreseeable, increase relative to

MANAGEMENT APPLICATIONS

For application to water-quality management, the
most important findings of this study are:

(1) The type of water-quality degradation likely to
occur in the ALWA is temporary and local. The
most serious pollutants related to this type of
degradation are pathogens. Long-term whole-lake
degradation is not likely to be a significant prob-
lem at pollutant-loading rates potentially asso-
ciated with wilderness-area recreation.

(2) A preliminary identification of lakes most sus-
ceptible to localized short-term degradation is
possible by using the ratings of pollutant-loading
likelihood shown on the map. Such an assessment
does not include consideration of water-quality
sensitivity, however, and further studies would be
necessary to assess both sensitivity and pollutant-
loading likelihood on a more detailed lake-by-lake
basis.

(3) The general physical principles and environmental
characteristics of the ALWA that govern the
transport of pollutants and the assimilative capa-
bility of lakes provide practical guidance for both
current recreation management and further
studies.

Current recreation management can be effectively
guided by some general criteria that are based on dis-
cussions included in this report. Lakes often may be
protected from pollutants simply by directing intense rec-
reational activity to sites outside the drainage basin of the
lake, or to parts of the basin that are remote from the lake.
For example, a waste-disposal unit near a lake may only
need to be moved a short distance to remove it from the
drainage basin of the lake. Drainage-basin boundaries are
shown where possible on the accompanying map, but the
scale is too small to guide specific decisions of this kind.
For site analysis or planning recreational use for an indivi-
dual lake, drainage basins should be delineated on large-
scale topographic maps, with appropriate field-checking.

Recreation in the drainage basin of a lake should be
planned according to the following general criteria:

A4 AVAILABLE DATA what seems likely for any of the alpine lakes, especially the
- % = smaller ones that have few recreation sites. Results thus . . .
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evaluations concerning all lakes in the ALWA.

GENERAL WATER QUALITY

The water quality of the 60 lakes studied by Dethier
and others (1979) provides a good indication of the general
water quality of most lakes in the ALWA. Thirty-five of
these 60 lakes are west of the crest of the Cascade Range,
which approximately bisects the ALWA in a north to south
direction (see map). This part of the area has a cool, wet
climate characterized by annual precipitation in the range
of 3-5 meters. Twenty-five of the lakes are east of the
crest of the Cascades, where there is a much drier but still
moist climate characterized by annual precipitation in the
range of |-3 meters. Despite the different climatic condi-
tions, no statistically significant differences were observed
between water quality of the east-side and west-side lakes.
Both groups had excellent water quality, as indicated by

LAKES INGTON SNOHOMISH PERRY
LAKES COUNTY KITTATAS
LAKES OKANOGAN

related to this type of water-quality degradation are prob-
ably pathogens. The bodies of water that are most sensitive
to transient and localized water-quality degradation are
small, shallow lakes and small, shallow embayments that are
poorly flushed during a time when recreational use is
intense. On a relative basis, the lakes with the greatest
local or temporary sensitivity probably are in the eastern
part of the Wilderness Area where runoff, and thus lake
flushing, is least.

POLLUTANT-LOADING LIKELIHOOD

General Considerations

A lake may be susceptible to water-quality degrada-
tion if the soil, geologic, and(or) hydrologic characteristics
of its drainage basin (the area that potentially contributes
surface runoff to the lake) favor the transport of pollutants
to the lake from trails and campsites. Surface runoff is the

of water and filtering of pollutants, wastes deposited near a
lake or its inflowing streams may be rapidly carried to the

privies should be evenly distributed among the
suitable locations around a lake; concentration of
these facilities should be avoided.

(6) All the above guidelines are especially important
for areas adjacent to shallow lakes or embay-
ments that are likely to be poorly flushed during
the high use season.

Further studies should include two main efforts:
(1) detailed, lake-by-lake evaluations of the distribution and
location of basin and lake characteristics that increase
susceptibility to water-quality degradation, and (2) ongoing
monitoring of water quality. Such a study should be limited,
however, to a few selected lakes in high-use areas. Evalua-
tions of these lakes should include identification of wet
areas, bedrock areas, and steep slopes in the drainage basin;
identification of shallow and poorly flushed embayments;
and an assessment of the location of heavily used recreation
sites relative to the location of these basin and lake

A ; X . . :
4 S il high water clarity and low concentrations of dissolved solids primary means by which pollutants are transported to a features. These findings would provide guidance for current
TN : 7 S5 (Dethier and others, 1979). In comparison to other Wash- lake. Generation of pollutants within, or disturbance of, any Lo X . ) Cd
Lo /////\\%J . S \‘7//2%5 ( ington lakes studied by Bortleson and Dion (1979), the Alpine part of a lake drainage basin could result.in adverse impacts p,ogrgm seo tﬂ?:tdifofnggf:,%misﬂliewfnf;t qeﬁggif,gogfrﬁ;ﬁ
b7 “ / J)] * Lakes are among the most pristine in the State. An example on the lake. The most likely pollutants from recreational site locations, and the most effective timing and frequency
J is the much greater water clarity of the Alpine Lakes, as activity, as discussed earlier, are nutrients and pathogens of sample collection.
//X\'- et shown in figure 1. derived from human (or livestock) waste, and sediment.
-~ alrhesn (eResindne SIEE S Sereigent iy i o e S ihe Lake-water samples should be analyzed for specific
7 SSHEUHNGMEY e Tt el e g e e conductance (an indicator of dissolved-solids concentration)
‘ o ence of certain land types in lake basins makes some lgkes in the field and, if values are found to be high, samples
/ jj@ & mass suscept}ble than others to temporary, but potentially should be analyzed for pathogens (based on analyses of
v = ) serious, localized pollution. appropriate indicator bacteria), and possibly chlorides in the
B . . . laboratory. Specific conductance alone should not be relied
/ >0 _Three major land types in the ALWA tend to increase upon because high values may occasionally result from
SR m the likelihood of pollutant loading to lakes: (1) steep, soil- natural conditions. All three parameters are generally good
5 &) o= covered slopes, (2)exposed bedrock, and (3) wet areas. indicators of the presence of human wastes, however, and
[ iz S'teep, so'll-cover'ed slopes are vulnerable to erosion asso- specific conductance can be easily measured with a portable
@ 5 ciated W{th trail construction and heavy visitor traffic, field meter. Samples should also be periodically analyzed
Q Such erosion can resylt in sedqnent entering a nearby lake for the possible presence of pathogens, regardless of speci-
- - = or stream. Erosion is a potential problem throughout much fic conductance values, as these may sometimes be present
= 60 617 136 73 of the ALWA because slopes are steep. In bedrock areas, in the absence of detectable chemical indicators. Phos-
ALPINE WASH— KING AND CHELAN where there is little or no soil available to allow infiltration

phorus analyses are not recommended because, based on the
findings of this study, nutrient enrichment is not expected

= : to be an important problem in the ALWA.
= W oy = LB L lake by surface runoff. This situation may pose a problem . B
SN g LAKES for a few lakes, but exposed bedrock near most lakes is too itori m would provi warn-
M 2 Such a monitoring progra ould provide early warn
fC:;/ s >S LN steep to be used for camping or trails and, therefore, ing of potentially serious problems, and aid in developing
W% FIGURE L. — Median Secchi-di e recreational use of these areas is not likely to be a major criteria for effective management of recreation. Results of
i i g reoulpaénof \evca::shli-nglign lve:lilebslhtsyecf:?\ri dsigie\clitsid source of pollution. the monitoring could be combined with the lake-by-lake
At ; 7 - , . inventories of factors that increase susceptibility to water-
\\@ ; ] AN bility is a measure of water clarity and is Wet areas are probably the most important single land 1qual?ty rldeg?adation to test for correlat‘zolns bztween the
— : i statistically correlated with the amount of type that affect the transport of pollutants to lakes in the recreation use of specific land types and the presence of
/,f , £ 31831' gro“(/thz(Dxllon e)md nglher, 1975). Low ALWA. Extensive wet areas occur near many lakes, they water-quality problems.
¥ readings (<2 meters) are characteristic of often attract high rates of recreational use, and their soils
/f’éﬂ, ?, A highly productive lakes, while high readings generally afford poor treatment of human wastes. Wet
/%( ig A 2 §> 6 mletelrS) a;ie :?U.at”)' foDuntd 1? lak;:s Wllﬂj a areas in the ALWA are generally alpine meadows or sparsely
> W g ow algal productivity. Data for the alpine forested, brush-covered land. Parts of these areas are often
) %%M \&? lakes is from Dethier and others (1979), and dry eno,ugh for use as campsites and trails during the CONVERSION TABLE
\ “ 1 w"%ﬁ Jj (S L, data for the other lakes is from Bortleson and summer season. When these areas are near lakes, they
< \x|\c\ V% T ~ "-f\{ / Dion (1979). usually attract recreational use because they are flat to Multipl By To obtain
X ) AN =g . . tly slopi d often afford open views. Unfortunatel ——— r B
e 1N i Y gently sloping an p Yy
&‘%j\ \\i\ Wy i seemsT:oerees’;(ifl::;itnl;vitri:n ctlgzhfto)hoovefzinlgkfeeﬁ:tlonrs-the e the physical and hydrologic characteristics of wet areas are Meters (m) 3.281 feet (ft)
AN N Z g ' such that intense recreational use is likely to result in e iliarais e 2.205 ounds (bs)
%} \‘éil \\\%‘ / g\\ ) (1) The lakes are remote and inaccessible by any pellutant losdip of adiscent bodlesof water. E : ;
S ‘o\,s . ! -
{ 3 3 WS ~ A /’(& fnela.ms. otdher thain :orlsell:ack cg folot tra.vehl,ftr:jw hlas resul;e.d The wet areas in the ALWA are predominantly under-
& - & ] 9M in limuten use o The faxes S, along Wit Je ceira lowners » lain by silt and fine sand, with minor amounts of clay and
SANSA of most of the land, has prevented permanent development. medium sand. The soil and rock materials in these areas are REFERENCES
&’% Tl saturated at very shallow depths (water lies within about
E\\f\' gz) The abuqdant ann'u.al precipitation in the areaf, one half meter of the land surface during most of the year). Bortleson, G. C., and Dion, N. P., 1979, Comparison of
even in the east-side localities, causes large volumes o When disturbed, these areas are highly vulnerable to erosion selected cultural, physical, and water-quality charac-

dilute (low concentrations of potential pollutants) water to
flow through the lakes each year. This rapid flushing tends
to dilute and "flush” any pollutants that may enter a lake.

teristics of lakes in Washington, U.S. Geological Sur-
vey Water Resources Investigations 77-62, 54 p.

by surface runoff, which occurs readily on gentle slopes
because water cannot infiltrate the saturated ground.
Moreover, saturated conditions reduce the retention of
pollutants by the soil because (1) surface runoff, which can Dethier, D. P., 1978, Earth-sciences information for planning
carry wastes directly from the land to a lake or stream, is and management in the Alpine Lakes Wilderness Area,
rejected by the saturated soil (Dunne and Leopold, 1978) and Washington: administrative report, Puget Sound Earth
thus is not filtered by the soil; and (2) pollutants that do get Sciences Applications Project, Seattle, Washington,
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The present high quality of lakes in the Wilderness
Area, however, does not necessarily indicate that these
lakes will escape degradation of water quality in the future
if recreational use increases.
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7 Sy > underground are generally more mobile in saturated than in 59 p-
7 2}7 3 &< %ﬁ }g/; :f’ \ g R(f“ unsaturated soils and can more readily move to ac)ijacent
Y Q ‘ G S iQ surface-water bodies by subsurface flow (Otis, 1976). The Dethier, D. P., Heller, P. L., and Safioles, S. A., 1979,
7r“/”\’ : : M f£§ % “% WATER-QUALITY SENSITIVITY closer these wet areas are to a lake or inﬂo“; stream, the Reconnaissance data on lakes in the Alpine Lakes
=% SN A , SYNE VA
7 ) 43"\//‘

Base from U.S. Geological Survey
Snoqualmie Pass, Skykomish River,

= fig i 7 N General Considerations : -Fi £
_/;//T// 7 gg@i‘wﬁ L \\';h\\j e _ _ the water quality. Open-File Report 79-1465, 201 p.
! = g @szs?oa& @ 2 The sensitivity of a lake to water-quality degradation S e T b el £
L . I . % ~ A by pollutant loadings depends mainly on the capability of the Evaluation by Drainage-Basin Wet Areas L0, Jayeine IGO0 T s » A simple method 1or
S 5 57 f?jfg\l N Al lake to dilute and "flush" pollutants with water flowing ya-uation oy Dreines : , predicting the capacity of a lake for development
//_‘ % =)y RETLN = \%\;ﬁ through the lake, and to "trap" pollutants in the bottom The hke.hhood that a Wl.lderness Area lakg will receive based on lake trophic status: Journal of the Fisheries
/ /@f i ! AN sediments if they settle along with particulate r-atter. pollutant loadings because of increased recreational use was Resources Board of Canada, 32: p. 1519-1531.
/ </ @ A A These factors are important on both a whole-lake (average evaluated according to the extent of wet areas near the
- % = conditions throughout a lake) and a localized scale, and on lakeshore and, to a lesser extent, in more remote parts of Dunne, Thomas, and Leopold, L. B., 1978, Water in environ-
% T botha longterm and shrt-tenm me s Loty i e e
SUEZ AN W L/ -~ : ) 1 _ as in ; ' rancisco, California, p.
K \ /// o0 (- R ) S/ ﬁﬁi\ Ev On a long-term, whole-lake scale, a lake that has a necessary data were not avgnlable. FlTld 1psp§ct1fc>n of zbgut .
i i A '/ A SN ZaY = large volume of water flow through it each year has a high 50 lakes was used to assign general criteria for judging Larsen, D. P., and Mercier, H. T., 1976, Phosphorus reten-
Aol ﬁﬂ i - i’ﬁ/z AT capability to dilute and flush pollutants. Conversely, a lake whether an alpine lake has a high, moderate, or low likeli- tion capacity of lakes: Journal of the Fisheries
4 fan / _\@z/ng , i with a small amount of water flowing through it has a hood of receiving pollutant loadings accorgimg_ to the extent Resources Board of Canada, 33: p. 1742-1750.
Wﬁ/ﬁ fure c relatively low capacity to dilute and flush pollutants. In of wet areas that affect the lake. The criteria are given In . , . _
j:f,/\/ : p 520 addition, pollutants that reach the bottom sediments of a the map explanation. These criteria are subjective, but they Mancini, J. L., 1978, Numerical estimates of coliform
3@57—\ AN N deep lake are less likely to be "recycled" to near-surface are based on extensive field experience in the Alpine Lakes mortality rates under various conditions: Journal
NV % Y7, ﬁ?i waters, as compared to a shallow lake, because the mixing Wﬂg?metsﬁ Area;i b'!'ll'_‘te)' E;redlc)irto'poselddf?r planning guidance \2X2+a82er Pollution Control Federation, Nov., p.2477-
KD , : ok of waters throughout the lake is less frequent and often PERHIRE-tesavallatility QL GaCIR AL Ca e 4
j)m \ R{’JF‘%\)\ ﬂ@ ' AN\ incomplete. If other factors are equal, lakes that are . . o ) ) y
NI A %}ﬂ& S i ) IR R ) = shallow and have a small inflow are the most sensitive to Results of the evaluation of pollutant-loading likeli- Otis, R. J., 1976, On-site disposal of small wastewater
5 2 =] : i hood h th i Of the 298 lak : - i
ollution; lakes that are deep and hav large inflow ood are shown on the accompanying map. € akes flows: Small Scale Waste Management Project, Uni-
@/Z, pollu ] p and have a larg are 3 ; A :
Ao é the least sensitive. Evaluated, 122.4 I\\Ier:_e hratelfi 10W,1 22d_m0?iréi?§, 2nd 52 as versity of Wisconsin, Madison, 85 p.
. = aving a relatively high pollutant-loading likelihood.
N\ N ) Water-quality sensitivity is not only a whole-lake Rast, Walter, and Lee, G. F., 1978, Summary analysis of the
S Afrfﬁ i characteristic; features that make an entire lake sensitive EVALUATION OF LAKE SUSCEPTIBILITY North American (U.S. Portion) O.E.C.D. Eutrophica-
* : S Z A 3 \ \{;/ 7S 5\ B ?, also can be present in isolated parts of an otherwise rela- tion Project: Nutrient loading -- lake response rela-
NS AT R A : oA \ A7) : " x = j?{"-fﬁ 1S 5% 3 tively insensitive lake, especially during dry periods. For Evaluation of the susceptibility of lakes to water- tionships and trophic state indices: U.S. Environmen-
- : N A =5 : ; : i’L = 9 example, a deep, large lake with abundant inflow may have quality degradation must include consideration of water- tal Protective Agency, 600/3-78-008, 455 p.
7D il , , p p g ! g
&\ S ' % \ = : /) Z > 7 ¥ LN ( RN " ¥ &‘ a small embayment that is shallow and receives little inflow quality sensitivity and pollutant-loading likelihood from two _
’ V,/M\;\m . f ‘ N ip '\iy \ during late summer, and exchanges little water with the rest perspectives: long-term whole-lake degradation and tem- Vollenweider, R. A., 1968, Water management research:
: o NGB i Ly )/ 7 9 < /-‘\J QL . )/ | | & * 1 \& 4715 60" of the lake. Consequently, the small embayment may be porary local degradation. Findings of this study are suffi- Organization for Economic Cooperation and Develop-

EXPLANATION

wet area, or 10-30 percent of shoreline area is wet
area and greater than 10 percent of basin area is
wet area.

== = == «== Alpine Lakes Wilderness Area boundary

—-.—— Drainage basin boundary

® Lake not shown at 1:100,000 map scale

R. J. Gilliom, D.P Dethier, S.A. Safioles, and P.L. Heller

SCALE 1:100 000
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1980

PRELIMINARY EVALUATION OF LAKE SUSCEPTIBILITY TO WATER- QUALITY DEGRADATION
BY RECREATIONAL USE, ALPINE LAKES WILDERNESS AREA, WASHINGTON

Hydrologic data compiled 1979

extremely sensitive to localized but temporary degradation
during dry periods, while the main lake remains relatively
unaffected. Therefore, evaluations of water-quality sensi-
tivity based on average conditions for an entire lake must be

sion. Adverse impacts of sediment, such as deposition in
lakes and increased water turbidity, are not addressed in
this report because of insufficient data. For some small
lakes with large stream inflows, sediment loading could be a
significant problem. The second type of potentia! pollu-
tants, pathogens, probably will be the most important cause
of localized and temporary water-quality problems; but they
are not common whole-lake pollutants because they tend to
be relatively short-lived in a lake environment (Mancini,
1978; Zanoni and others, 1978). Nutrients, in contrast to
pathogens, are soluble and actively involved in chemical and
biological cycles. Nutrients are relatively persistent in
lakes and would be the most likely cause of long-term
whole-lake degradation of water-quality for lakes in the
ALWA.

cient for evaluating the susceptibiity of lakes in the ALWA
to long-term whole-lake degradation of water quality, and
they permit a partial evaluation of susceptibility to tem-
porary local degradation.

tible to temporary and local water-quality degradation.
This conclusion is based mainly on the finding that a large
number of lakes have a moderate or high rating of pollutant-
loading likelihood. Though seasonal or local occurrences of
high sensitivity in these lakes were not evaluated, it is
probable that because of the large number of lakes with
adjacent wet areas, some of these lakes or their parts also
have a high water-quality sensitivity on a temporary basis.
Such local occurrences of high susceptibility to degradation
of water quality are likely to result in serious problems only
at heavily used sites. More detailed lake-by-lake evalua-
tions of water-quality sensitivity and the distribution of
drainage-basin features that increase the likelihood of
pollutant loadings is therefore warranted for lakes that
receive especially high levels of use.
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