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FOREWORD

The restoration of lakes is a problem which is shared by most of the
states in our nation. Numerous techniques are being used to anticipate and
alleviate the impacts on water quality and the environment of competing de-
mands on the fragile resources. The Corvallis Environmental Research Labora-
tory (CERL) has the responsibility of conducting environmental assessments
(including limnological, social, and economic aspects) associated with lake
restoration projects funded by EPA. The goal of the assessment work is to
determine the effectiveness of techniques conducted on specific lakes and to
compare the different techniques employed. In conjunction with these goals,
CERL is developing improved methodologies to assess the limnological, social,
and economic impacts, both positive and negative, of lake restoration.

A workshop was conducted, with the assistance of the Water Resources
Research Institute, Oregon State University, to bring together all persons
directly associated with the EPA Clean Lakes Program in order to describe the
overall program; to discuss in depth the evaluation techniques being used; and
to explore various decision criteria concerning lake restoration projects.
The papers presented during the three-day workshop are published in this
volume.

James C. McCarty
Acting Director
CERL

iii



ABSTRACT

A total of 19 papers was presented at the workshop held 28 February - 2
March, 1978 on the campus of Oregon State University. The objective was to
assemble grantees and project officers associated with EPA's Lake Restoration
Evaluation Program so that they could become familiar with each other's work.
Outside experts were invited to offer constructive criticism of the current
approach to assessment of techniques. Several lakes were considered for lim-
nological, social and economic aspects. A draft copy of the Lake Evaluation
Index (LEI) developed by EPA was presented and discussed.
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OVERVIEW OF EPA LAKE RESTORATION EVALUATION PROGRAM

by

S. A. Peterson

The Clean Lakes Program was originally initiated by the Office of Water
Planning and Standards (OWPS) as a demonstration grant program. Demonstration
grants are similar to research grants but they essentially involve an experi-
ment under actual conditions. The choice to implement the program in this
manner was understandable. Most of us in this room would probably agree that
lake restoration is an inexact though developing science. The truth of the
matter is that we can predict with relative certainty the general direction of
change in a lake resulting from most known types of lake restoration tech-
niques. What we have been unable to do with any precision is to predict
quantitatively the degree of change in general usability of a lake affected by
inlake or watershed treatment techniques, either individually or in combina-
tion with each other. Currently, there is no reliable method available for
determining the optimum treatment technique for specific lakes or groups of
similar lakes. Furthermore, the impact of lake restoration on the lake commu-
nity per se and the surrounding complex social structure is nearly impossible
to predict.

These were some of the reasons why, in 1975, the OWPS requested the
assistance of the Office of Research and Development (ORD) to assess and
evaluate the effectiveness of lake restoration demonstrations being conducted
under the auspices of Section 314 of Public Law 92-500. EPA's Corvallis
Environmental Research Laboratory (CERL) was assigned the responsibility for
planning and conducting the evaluation program. A major constraint of the
evaluation program was that projects had to be selected from previously funded
314 demonstration projects. I will point out later why this presented a
problem. . :

At the outset CERL envisioned two major objectives for the Clean Lakes
Evaluation Program. These were 1) to determine the effectiveness of specific
restoration techniques or combination of techniques on specific lakes and 2)
to compare the effectiveness of various restoration processes on different
lakes. These evaluations were to include not only the commonly measured
limnological variables but also various aspects of the economic and sociolog-
ical impacts associated with lake restoration. Funds to accomplish these
goals (to date $2.1M) have come directly from the 314 program and were set
aside by the OWPS specifically for the evaluation projects. None of these
funds were from the ORD, the usual funding mechanism for the research labora-
tories. All clean lakes evaluation funds were designated for extramural
expenditure which meant the evaluation program would be conducted through
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grants or contracts. Because of their greater flexibility and the shorter
time frame required to negotiate grants it was decided to use that mechanism
rather than contracts to fund evaluations on specific lake resotration pro-
jects.

These grants basically will satisfy the requirements for objective number
one, "Determination of the effectiveness of specific restoration manipulations
on specific lakes." Grants on specific projects in themselves, however, will
not satisfy objective number two, "Comparison of effectiveness of various
restoration techniques on different lakes." Therefore, CERL is paralleling
the extramural effort, and hopes to use data from that effort, with a modest,
inhouse, ORD-funded clean lakes evaluation effort which has two objectives of
its own. They are 1) to develop methods which will improve our capabilities
to predict the response of lakes to restorative manipulations and 2) to devel-
op a lake restoration guidance or user's manual to assist Federal, State and
local water resource managers with decisions concerning lake restoration and
techniques for assessing the environmental effects, both socioeconomically and
limnologically, of lake restoration.

Funding limitations made it impractical to attempt to evaluate each lake
restoration project in detail. Therefore, the strategy was to devise a means
for evaluating a subset of lakes which was representative of the entire set in
terms of treatment technique, watershed types, geographic distribution and
sociological setting. A11 of the nearly 60 projects funded as of September,
1976, were categorized according to their primary mode of treatment. The
categories included source control, in-lake control and problem treatment
techniques (Table 1). When classified by this method it quickly became evi-
dent that a problem existed from the standpoint of evaluating individual lake
restoration techniques. Only 12 of the restoration projects had single manip-
ulations. On the average each project had 2.3 restoration techniques being
applied. Ideally one would like to look at single manipulations in order to
evaluate them; however, since we had to select from previously funded projects
that was not our prerogative. Therefore, inasmuch as one of our objectives
was to evaluate the effectiveness of combinations of restoration techniques
anyway, we proceeded to select carefully a subset of projects that was repre-
sentative of the set as a whole.

By classifying all of the restoration projects according to one of three
major "lake restoration techniques" it was possible to group the many manipu-
lations into a limited number of similar types and to approach the set of
lakes in the manner of an experimental design. The experimental design de-
pends on three assumptions. These are that 1) treating manipulations in terms
of their effect is a valid approach, 2) that different lakes can be "standard-
ized" through the use of mass-balance models similar to Vollenwider or Dillion
and Rigler and 3) that the relative quantitative impacts of the manipulations
can be determined.

A11 of the 314 projects were ranked according to 1) the quality of the
baseline data available, 2) the length of time and frequency of baseline data
collection, 3), the potential for quantification of changes in phosphorus
loading on a short and long term basis, 4) probability of measurable short-
term response of the lake and 5) the number of manipulations. Assuming that
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the overall approach of the experimental design was valid for the set of lakes
and manipulations that had been funded, the top ranking projects were treated,
according to manipulation type, as a standard factorial design. Eighteen
projects were plugged into the design which resulted in the configuration
shown in Table 2. The Clean Lakes work up to this point resulted in publica-
tion of CERL report number 034 (Porcella and Peterson, 1977). Delays in
implementation of some restoration grants or too rapid implementation (before
adequate baseline data could be compiled) have resulted in some deletions
and/or substitutions of projects originally identified in the design matrix
(Table 3). Lake restoration projects currently being evaluated are shown in
Table 4.

These lakes and their role in the surrounding social setting form a
complex limnological-social system in which it is impossible to predict what
the effects of any particular restoration effort will be, on either the lake
or the community of current and potential users. Thus, the Clean Lakes Evalu-
ation Program is viewed as a means of both identifying the most useful and
cost effective lake restoration techniques for future projects and as an
opportunity to enhance that information by obtaining a better understanding of
the 1limnological and social impacts resulting from such restorations
(Christiansen, 1978).

The basic concept of the Clean Lakes Evaluation Program is still to
assess the effectiveness of individual and combinations of different restora-
tion techniques on specific lakes and to compare their relative efficiencies
to one another. However, to know what impact the restoration treatment has
had on the lake itself is not enough. The idea of lake restoration, after
all, is a human concept, with its costs and benefits supposedly weighed again-
st those of other projects in the community, or watershed, which available
funds might be used for. Therefore, it is extremely important to be able to
transform the results of lake restoration, in terms of limnological altera-
tions, into meaningful and useful social and economic pieces of information.
In the final analysis, the success or failure of a lake restoration in gener-
al, will be determined on the basis of how it is perceived by the public which
uses and pays for the improved facilities.

A variety of lake restoration treatment techniques are being employed in
the Clean Lakes Program with a number of different objectives. The one thread
of commonality woven among the projects we have selected, however, is that all
are directed toward reducing the phosphorus supply to the lakes. Therefore,
one approach being used to assess the effects of the various treatments is
chlorophyll a-phosphorus mass balance modeling. You have had an opportunity
to examine Phil Larsen's paper on this subject and he will be presenting it to
the group tomorrow.

Another way to assess the response of lakes to a restoration manipulation
is to measure changes in a number of key variables and combine them in a way
that permits a comparison of the relative effectiveness of the different
treatment techniques. This line of thought resulted in the draft Lake Evalua-
tion Index (LEI) developed by Don Porcella and me (Porcella and Peterson,
1977). Ron Glessner, however, has been working with the LEI since last fall
so he will make a presentation tomorrow on the LEI itself and some of the work
he has done in an attempt to test its validity.
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The socioeconomic aspects of the evaluations are dependent on limnologi-
cal quantification of changes in the lake system due to the restoration treat-
ment. Limnological information will be employed to develop user demand func-
tions for the purpose of predicting the number and type of users as a function
of the restoration treatment. The socioeconomic gains and losses to indivi-
duals and the lake community as a whole will be measured. Also the direct and
maintainance costs of various restoration treatments will be determined.

A11 of the in-house approaches to lake restoration assessment are highly
dependent on data from, and the full cooperation of, our grantees. Mass
balance modeling, the LEI, and the development of user demand functions are
not ends in themselves. They are means to an end. The final objective of our
assessment program is to put into the hands of decision makers a lake restora-
tion handbook or guide which will assist them in predicting the consequences
of employing various restoration techniques. It will be compiled through our
interpretation of models, the LEI and the user demand functions. With this
information in hand a decision can be made as to whether or not to go ahead
with a restoration project, as well as how to proceed and how to assess the
outcome if the project is begun.

REFERENCES
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TABLE 1. CLASSIFICATION OF LAKE RESTORATION TECHNIQUES

I1.

ITI.

Source Controls

Treatment of inflows
Diversion of inflows

Watershed management (land uses, practices, nonpoint source control,
regulations and/or treatments).

Lake riparian regulation or modification

Product modification or regulation

In-Lake Controls

Dredging

Volume changes other than by dredging or compaction of sediments.
Nutrient inactivation

Dilution/Flushing

Flow adjustment

Sediment exposure and dessication

Lake bottom sealing

In-lake sediment leaching

Shoreline modification

Riparian treatment of lake water

Selective discharge

Problem Treatment (directed at biological consequences of lake condition)

A.

m O O o

Physical techniques (harvesting, water level fluctuations, habitat
manipulations)

Chemical (algicides, herbicides, piscicides)
Biological (predator-prey manipulations, pathological reactions)
Mixing (aeration, mechanical pumps, lake bottom modification)

Aeration (add DO; e.g. hypolimnetic aeration)




TABLE 2. EXPERIMENTAL DESIGN OF CANDIDATE LAKE
RESTORATION EVALUATION PROJECTS

INLAKE
SOURCE OTHER
DREDGING  NUT. INACT DIL/FLUSH

Fountain, MN

RonKonKoma NY Mirror/
SOURCE Clear, MN Long, MN Shadow, WI
White Clay, WI Liberty, WA

Loch Raven, MD

Lansing, MI Lilly, WI Vancouver,

Muskego, WI WA
DREDGING Collins
Park, NY
Lenox, IA
INLAKE Medical, WA
NUT. Lafayette,
INACT. CA
DIL/ Moses, WA
FLUSH
Long(Kitsap
CO0), WA (draw-
OTHER down, dredge,
nut. inact,
NPS)

TABLE 3. PROJECTS DELETED AND/OR SUBSTITUTED FROM THE ORIGINAL
SET OF CANDIDATE LAKE RESTORATION EVALUATION PROJECTS

Substituted
Project Type Deleted Original Current

Source Control Fountain Lake, MN Clear Lake, MN Long Lake, MN

Inlake Control Lenox Lake, IA
Medical Lake, WA*

* Implementation grant funds used to assess the effects of the restoration
project.
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A STATUS REPORT ON THE MIRROR/SHADOW LAKES
EVALUATION PROJECT

by

D. R. Knauer and P. J. Garrison*

The objective of any lake renewal project is to restore lakes, which
have experienced an increased rate of eutrophication owing to cultural pro-
cesses in the watershed, to a less deteriorated and more useful state. It is
incumbent on those proposing lake protection and restoration alternatives to
have developed first a comprehensive hydraulic and nutrient budget for a
particular lake. Such considerations determine to a large extent the feasi-
bility of treatment and control strategies necessary for a given set of
problems.

In determining the sources of lake degradation for Mirror and Shadow
Lakes, complete hydraulic and nutrient budgets were completed to include the
contributions of groundwater, precipitation, diffuse runoff, and storm water
influx to these lakes. The nutrient loadings from the various compartments
have identified the urban storm water runoff as the major contributing
source of phosphorus to these lakes.

BACKGROUND DATA

Drainage Basin Characteristics

The Mirror and Shadow Lake basins are within the City of Waupaca.

The lake basins are "kettle holes" in outwash plains formed during the
recession of the Cary ice sheet during Pleistocene glaciation. In the vicin-
ity of Mirror Lake, the outwash consists of a 15 to 30 m thick sequence of
medium to coarse-grained sand with gravel lenses and overlies 15 m of glacial
till, which in turn rests on granite bedrock.

The Waupaca area was settled in the 1850's. The population of 2500 in
1885 increased to about 4400 in 1970. Streets around Mirror Lake were built
by 1901, and residential building in the vicinity was nearly complete by

* 0ffice of Inland Lake Renewal, Wisconsin Department of Natural Resources,
Madison, Wisconsin 53707.



1934. Storm sewerage (and street paving) was installed in the 1920's. The
city pumped drinking water directly from Mirror Lake from 1908 until 1913 at
which time a shallow well was constructed near the lake.

Figure 1 shows the storm water drainage system and entry points of
effluent into the lakes before diversion. The storm drainage basins for
Mirror Lake total about 60 percent of the estimated natural surface water
drainage, the residual area is the land extending from the perimeter of the
lake to the nearest street. The basin immediately north of Mirror Lake
covers approximately 17 hectares primarily of established residential dwell-
ings. The storm sewer received no continual water input and thus provided
characteristics of urban runoff with little interference from ground waters.
A bubble gage stage recorder system was installed and maintained by the U.S.
Geological Survey to determine flows in the 53 cm diameter concrete pipe
sewer leading to the north shore.

The area of the basin east of Mirror Lake was 2 hectares in size. The
limits of the drainage area near the two western-most inlets are poorly
defined, being surrounded by grassed areas and not directly connected to the
gutter system on the nearby street. The U.S. Geological Survey built and
maintained a waterflow gaging station near the lake employing an 18-inch, 90°
V-notch weir.

The monitored drainage basin for Shadow Lake incorporated about 20
hectares of developed urban land to the north and east and about 36 hectares
of undeveloped lowlands surrounding an intermittent (former trout) stream.
The stream serves as an open channel conduit for storm water flow. The base
flow of the stream is about 0.02 cfs. The drainage basin incorporated about
75 percent of the estimated surface water drainage area for Shadow Lake.
Stream flows were estimated from stage recordings at a U.S.G.S. H-flume
installation.

Sample collection from the North Mirror Basin was facilitated by an
automatic sequence sampler which could be programmed to take samples at
intervals as short as 10 minutes. Vacuum operated samplers paced at 30
minutes were ysed at the other two gaging installations.

Figure 2 shows precipitation, accumulative storm water flow and snow
cover in the Mirror Lake basin for 1972.

Description of Lakes

The physical description of Mirror Lake (Figure 3) is as follows:

Area . . . . . L L L e s e e e e e e e e e e 5.1 ha
Volume . . . . . . . . i i e e e e e e e e 4 X 105m3
Mean Depth (V/A) . . . . . . . . . . . . ... .. 7.8 m
Maximum Depth. . . . . . . . . . . . . ... .. 13.1 m



and Shadow Lake (Figure 4):

Area . . . . . . e e e e e e e e e e e e e e e 17.1 ha
Volume . . . . . . . . . e e e e e e e e e 9.1 x 105m3
Mean Depth (V/A) . . . . . . . . . .« . . . .. 5.3 m
Maximum Depth. . . . . . . . . . . . . ... ... 12.4 m

Based on the hydrologic budgets and lake volumes, the theoretical hydrau-
lic residence time for Mirror Lake was 4.3 years and for Shadow Lake, 2.1
years.

The annual transport of material to Mirror and Shadow Lakes via the
storm sewers is presented in Tables 1 and 2. The amount of materials trans-
ported to Mirror Lake is considered more detrimental to that ecosystem, owing
to the smaller surface area and volume. The various sources of phosphorus
loading to Mirror Lake for 1972 and 1973 are presented in Table 3. Applying
Vollenweider's criteria for permissible and dangerous phosphorus loadings to
the storm sewer influx only, it is apparent that Mirror Lake was seriously
being stressed. Figures 5, 6 and 7 illustrate the phytoplankton response to
large amounts of nutrient influx via the storm sewers during an unusually
"wet" August and September, 1972. Primary productivity increased from 395
mgC/m2/day to 1415 mgC/m2/day and the phytoplankton biomass responded in a
similar manner by increasing 5.5 mm3/1. The temporal succession in major
phytoplankton taxa changed from dominance by Cyclotella, Chroococcus and
genera of Chlorophyta before the nutrient influx in August and September to
dominance by Anabaena and Oscillatoria following the nutrient enrichment of
the euphotic zone.

Figures 8 and 9 illustrate the present distribution of aquatic macro-
phytes in Mirror and Shadow Lakes. Tables 4 and 5 represent the frequency
occurrence of macrophytes for Mirror and Shadow Lakes.

Inlake sedimentation rates have been calculated for Mirror Lake using
radiometric dating of a sediment core taken from the middle of the lake.
Using 2!°Pb, the rates of sedimentation over the past 100 years are approxi-
mately 0.064 cm/yr and approximately 0.26 cm/yr recently (Figure 10). These
data suggest an increase in the rate of sedimentation occurred about 1945.
This increase in sedimentation may be owing to increased construction activi-
ties in the watershed as a part of the post World War II building boom. This
rationale is, of course, conjecture on our part. ‘

Oscillatoria rubescens, a blue-green alga, has been observed in Mirror
Lake since at least 1950. Until 1950, Mirror Lake was a source of block ice
for commercial use, however, the operation was discontinued owing to dis-
coloring and a smell that was associated with the melting ice. In 1971-73,
we observed 0. rubescens was in significant amounts in the surface waters
during late fall and early winter to cause problems. In 1976 we took a
sediment core from the middle of the lake for the purpose of analyzing for
oscillaxanthin. Figure 11 shows the oscillaxanthin pigment with depth of
core, and it is apparent that 0. rubescens has been present in the lake in
significant biomass since 1950.
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EVALUATION APPROACH
SPECIFIC EVALUATION OBJECTIVES
The specific evaluation objectives for this program are:

1.  Nutrient Diversion - The objective is to monitor physiochemical and
biological responses to nutrient diversion. Data collected during
1972 and 1973 indicated the possible consequence of storm sewer
diversion would be lower phytoplankton biomass and product1v1t1es
Actual data will be applied to existing mode111ng efforts in an
attempt to verify predictive models.

2. Nutrient Inactivation/Precipitation - Alum will be applied to the
hypolimnion during the early summer of 1978. The hypolimnetic
application of alum to the lakes may not affect the conditions in
the euphotic zone until fall overturn of 1978, therefore, the
evaluation of the ecological processes which occur in the euphotic
zone should not be altered drastically. Examination of past data
indicates that metalimnetic oscillations are not occurring at a
significant amplitude to supply inorganic -P into the euphotic
zone. The alum treatment will be evaluated in several ways to
answer questions of the effectiveness of the Al-floc in retarding
sediment P release.

(a) Sediment P release will be measured "in-situ" under nor-
mal hypolimnetic conditions and also under abiotic condi-
tions before and following the alum addition. "In-situ"
rates will be compared.

(b) Sediment cores will be taken before the treatment and Al
concentrations measured. During the 2 years following
treatment, sediment cores will be taken to examine the
distribution pattern of the aluminum with time.

(c) Seston traps will be placed in the hypolimnion to collect
sedimenting organic material to evaluate the potential P
available for release as the alum floc becomes overbur-
dened with falling organic matter. Our data from other
alum treatments suggest this may be a possible mechanism
for resolubilization of P in the hypolimnion of alum
treated lakes.

PROGRAM STATUS
METHODS

Water samples for physico-chemical and biological analyses were collected
from the deepest portion of both lakes at monthly intervals from October 1976
until March 1977; and from March through October 1977 water samples were
collected at biweekly intervals.
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Water chemical analyses were conducted at the State Laboratory of Hygiene
usually within 24 hours of collection. Analytical methods used were those in
the EPA 1974 publication Methods for Chemical Analysis of Water and Wastes.
The phosphorus and nitrogen chemical species were analyzed by auto-analyzer
 procedures.

Chlorophyll a was determined using the 90 percent acetone extraction
method. Samples were filtered mmedIatelx upon collection through a glass
fiber filter and allowed to extract for a minimum of 24 hours at a temperature
of less than 0°C. The filters were then ground to a fine pulp and allowed to
extract at least overnight. Absorption was measured with a Bausch and Lomb
Spectronic 70 with a slit width of 8mm. Since this machine underestimates
the chlorophyll a absorption peak, a correction factor of 1.11 was applied.
Chlorophyll a was computed by the phaeophytin correction method of Strickland
and Parsons (1972).

Primary production was measured by the 14C method, starting on May 11,
1977, in Mirror Lake. Samples were collected at one meter intervals between
0.5 m and 7.5 m. Samples were inoculated with approximately 6 uCi of NaH!4COj,
and incubated from 10:00 a.m. to 2:00 p.m. CST at the depths taken. The
bottles were suspended horizontally under a bar between two floats in order
to minimize artificial shading. After incubation the samples were immediately
placed in the dark and either placed on ice or treated with 1 ml of 1 percent
merthiolate. In order to determine the amount of 14C fixed, an acid-bubbling
technique modified from Schindler et al (1972) was used unt1l July 18. When
this method proved unsatisfactory, the samples (usually 100 ml1) were filtered
through a 47 mm membrane filter (0.45 ppore size). The filters were washed
with a minimum of 200 ml of distilled water and immediately dissolved in a
liquid scintillation fluor described by Schindler (1966). The radioactivity
was measured with a liquid scintillation spectrophotometer and the results
incorporated into the equation in Standard Methods (APHA, 1971). The initial
inorganic carbon was determined from total alkalinity, pH, and temperature
using the equations of Rainwater and Thatcher (1959). Daily photosynthesis
was computed by the method of Schindler and Nighswander (1970).

The phytoplankton biomass was determined by approximating the geometric
forms of individual phytoplankters from samples preserved with acidic Lugol's
solution, and applying this volume to total cell counts made by a modified
Utermohl method as described by Lund et al. (1958). Samples were collected
from either 2 or 2.5 m. '

Water transparency readings were taken with a 20 cm white Secchi disc.
Submarine 1light measurements were made with a G.M. submersible 1ight meter on
several occasions. Incident solar radiation was measured with a model R411
Star Pyranometer (Weather Measure Corp.) connected to a potentiometric strip
chart recorder. These instruments were located adjacent to Mirror Lake.

Nutrient regeneration chambers similar to those used in the Shagawa Lake
~ study were placed on the sediments of Mirror Lake in June, 1977 (See Sonzogni
et al. for description). Water samples were taken from within the chambers
near the sediment surface and near the top by scuba divers using a 500 ml
stainless steel syringe.
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RESULTS AND DISCUSSION

Several studies have described the high nutrient content of storm water
runoff and its relationship to nutrient loading (McGriff, 1972; Kluesener and
Lee, 1974; Vitale and Sprey, 1974; and Knauer, 1975). Although other nutri-
ents are in storm water runoff, phosphorus has generally been found to be the
limiting factor in many lakes, and consequently, phosphorus loading directly
affects phytoplankton production (Vollenweider, 1968; Edmondson, 1972; Schin-
dler et al, 1973; and Jones and Bachmann, 1975).

Table 6 presents annual P loading rates for 1972, 1973 and 1977. With
the diversion of the storm sewers, the P loading was reduced from a value of
0.418 g P/m2/yr to 0.213 g P/m2/yr. The average in lake annual total phos-
phorus concentrations for Mirror Lake for the years 1972, 1973 and 1977 were
0.088 mg/1, 0.093 mg/1 and 0.090 mg/1 respectively. Although the data sug-
gest that the phosphorus concentration has not changed since diversion, a
one-year time period is not sufficient for the lake to respond to a new
steady-state condition.

Total phosphorus during the ice covered period was present in concentra-
tions of 50 pg/1 in the surface waters. During the summer months, concen-
trations decreased to 20 pg/1 in the upper euphotic zone and remained at 50
ug/1 in the lower euphotic zone (Figure 12) with much higher P concentrations
in the hypolimnion.

Dissolved reactive phosphorus in the surface water was present in unde-
tectable concentrations, 4 pg/1, during much of the year (Figure 13). In the
hypolimnion, concentrations were over 500 pg/1.

Since it is unclear the role sediments have on the internal phosphorus
loading, nutrient regeneration chambers were placed "in-situ" on the bottom
of Mirror Lake. Phosphorus and ammonium-nitrogen trends inside the chambers
are illustrated in Figures 14 and 15. Total phosphorus in the chambers did
not increase until 50 days after the chambers were placed on the sediments,
even though the environment within the chambers was anoxic within 20 days.
The time response before phosphorus release from the sediments was observed,
was contrary to the results of Sonzogni et al. (1977) and observations from
inlake measurements. This initial time lag was not noticed with ammonium-
nitrogen, however, as increases were observed prior to the development of an
anoxic environment.

The phosphorus concentrations in the chamber increased from 190 pg/1 to
580 ug/1 over a period of 157 days. Phosphorus release rates were calculated
during anoxic conditions from July 26 through September 27. The rate of
phosphorus release from sediments during this time period was 1.8 mg/mZ-day.
This release rate was lower than expected for an eutrophic lake. Phosphorus
release rates for eutrophic lakes reported in literature range from 4.0
mg/m2-day for Lake Sammamish (Welch and Spyridakis, 1972) to 10.8 mg/m2-day
for Lake Mendota (Sonzogni, 1974).
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Ammonium-nitrogen release rates under anoxic conditions were 11.6
mg/m2-day. This rate is similar to anaerobic release rates observed from
other eutrophic lakes, e.g., Lake Furesgd, 11.1 mg/m2-day and Lake Esrom, 13.1
mg/m2-day (Kamp-Nielsen, 1974).

Temperature and dissolved oxygen isopleths (Figures 16 and 17) show the
lake did not completely mix during the fall of 1976 and spring of 1977. A
metalimnetic oxygen maxima was present throughout the summer owing to algal
photosynthesis.

The depth of Secchi disc measurements is often used as an indication of
algal standing crops (Dillon and Rigler, 1975 and Carlson, 1977). The vali-
dity of this relationship is dependent upon other causes of water turbidity
in addition to phytoplankton. The correlation coefficient between Secchi
disc depth and chlorophyll a concentration for Mirror Lake was 0.92 which is
significant at the 95 percent level (Figure 18).

Secchi disc transparency measurements were generally less in the spring
than the summer (Figure 19). This was due primarily to the presence of the
alga Oscillatoria rubescens. As 0. rubescens disappears from the surface
waters, the Secchi disc depths correspondingly increased. The average summer
Secchi disc depths (June-September) were similar before and after storm sewer
diversion, approximately 3.4 m. The minimum Secchi disc depths (0.9 m) were
also similar for 1972, 1973 and 1977, and occurred when 0. rubescens was the
dominant phytoplankter in the surface waters. The maximum Secchi disc depths
varied from 5.2 m in 1972 to 4.3 m in 1973 to 4.7 m in 1977.

Chiorophyll a concentrations were much higher during April 1977 than at
any time during the year (Figure 20). The high chlorophyll concentrations
were owing primarily to the abundance of Oscillatoria rubescens. By the end
of April, 0. rubescens started to sediment to the deeper water, and by May
was found only in 5-7 m strata. During the summer, chlorophyll a values
decrease in the deeper waters from a high 80 pg/1 to 33 pg/1 by mid September.
0. rubescens was present at a depth during the summer where the 1ight levels
were generally below 1 percent of incident light. In the surface waters,
during the summer, chlorophyll a values were low, 1-4 ug/1, and the chloro-
phyll concentrations showed 1ittle fluctuation (Figure 20). In October
chlorophyll a values were generally evenly distributed throughout the water
column and coincided with the distribution of 0. rubescens.

Although changes in the 1limnology of Mirror Lake after storm sewer
diversion are not evident from the phosphorus chemistry data or water trans-
parency, there appeared to be a change in the phytoplankton. Primary produc-
tivity depth profiles for the summers 1972 and 1977 are compared in Figure
21. Knauer (1975) indicated that the low production from May to early August
1972 was owing to reduced storm water runoff as a result of a below normal
rainfall during those months and the fact that the lake failed to mix the
previous spring and fall. This was also indicated by the Secchi disc depths.
However, the importance of the storm sewer input to the lake is evident from
August through October when, with increased rainfall (Table 7), the production
curves changed drastically. Whereas the curves resembled those from oligotro-
phic or mesotrophic waters before August, with the increased rainfall the
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curves took on the appearance of those most likely found in eutrophic lakes.
The production curves for 1977 remained similar to those expected in mesotro-
phic waters even though rainfall was greater in 1977 than in 1972 during most
of the summer months. This emphasizes the effects of the lack of storm sewer
discharge to provide the necessary nutrients to stimulate phytoplankton
productivity. Maximum primary productivity levels in 1977 were only half of
those experienced in 1972 (32.6 mg C/m3/hr and 60.5 mg C/m3/hr, respectively).

Primary productivity was also compared on an areal basis for Mirror Lake
(Figure 22). Maximum daily rates were similar for both years, being 1.415 g
C/m?/day in 1972 and 1.297 g C/m2/day in 1977.

Algae belonging to the division Cyanophyta dominated the phytoplankton
during the spring and fall in 1977 (Figure 23). Oscillatoria rubescens was
the dominant alga at that time. During the summer growing season, green
algae generally dominated. These were mostly colonial species such as Qocystis
pusilla, Sphaerocystic Schroeteri and Gloeocystis plactonica, although the
bacillariophyta were an important part of the phytoplankton crop on June 20.

The species composition of the phytoplankton in 1977 was different than
before the storm sewer diversion (Figure 23). Knauer (1975) reported that
after nutrient enrichment from the storm sewers, the blue-green algae Anabaena
sp. and Chroococcus sp. dominated the phytoplankton. These genera were
either not present or only in very low numbers in 1977.

The phytoplankton biomass from May through September, 1977, did not
exceed 2.0 mm3/1 (Figure 24). The biomass increased to 3.5 mm3/1 in October,
probably in response to the deepening of the metalimnion.

SHADOW LAKE

Dissolved oxygen and temperature isopleths from 1976-77 are shown in
Figures 25 and 26). In the past, limnological studies on Shadow Lake were
not as intensive as for Mirror Lake. Secchi disc measurements were taken on
a regular basis only during the summer of 1971. The depth of Secchi disc
measurements was greater during the summer of 1977 when compared to 1971
data, 3.2 m and 1.9 m respectively (Figure 27). The correlation coefficient
between chlorophyll a and Secchi disc measurements was 0.78 (Figure 28).

During 1977, the chlorophyll a concentrations were highest in April
(Figure 29). Osc1llator1a rubescens was the dominant phytoplankter during
this period. As 0. rubescens sediments to the deeper waters, chlorophyll a
concentrations decreased to approximately 5 pg/1 in the surface waters through-
out the summer. As 0. rubescens became distributed throughout the epilimnion
during the fall, chlorophyll a concentrations increased correspondingly.

Isopleths of total phosphorus concentrations are presented in Figure 30.
The highest concentrations, ca. 470 pg/1, were observed in the hypoliminon
during the summer. Total phosphorus concentrations in the epilimnion were
generally about 20 pg/1, similar to Mirror Lake.

Table 8 lists the average concentrations for selected chemical parameters
from October 17, 1976 through October 25, 1977.
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TABLE 2. SUMMARY OF STORM SEWER MATERIAL TRANSPORT SHADOW
LAKE BASIN, 1972 (FROM PETERSON & KNAUER, 1978)

Area - (ha) = 58.6; Precipitation - (cm) = 77
Runoff - m® x 10® = 67, Runoff % = 14.8; Street & Parking Lot Area % = 7.6

Mean Output

Concentrations® Total kg (g/m?/yr)
Total Phosphorus 0.22 14.4 0.025
Reactive P (est.) 0.07 4.8 0.0078
Total Nitrogen 2.17 146 0.25
Inorganic N 0.92 62 0.105
Organic N 1.25 84 0.14
BODs 5.1 340 0.58
C1 213 14,243 24
Na 100 6,713 11
K 4.0 268 0.46
Ca 52 3,447 5.9
Mg 26 1,724 2.9
Total Solids 430 28,576 49

2 in mg/1 except as noted.
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TABLE 3. TOTAL PHOSPHORUS LOADING RATES TO MIRROR LAKE, 1972 and 1973

Vollenweider's

g/m?/yr a Loading Rates
1972 1973 Permissible Dangerous
Rainfall 0.053 0.016
Storm Sewer 0.190 0.261
Diffuse 0.060 0.097
Ground Water 0.080 0.080
TOTAL 0.383 0.454 0.088 0.172
Total Without 0.193 0.193
Storm Sewer
Total Without 0.113 0.113

Ground Water

And Storm Sewerb

@ Estimated from precipitation, storm sewer flow data and 1972 runoff
coefficients from May-November.

b Total without ground water as well as storm sewer is included because

Vollenweider's criteria were established without regard for possible

nutrient influx via ground water into the lakes.
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TABLE 4. FREQUENCY OCCURRENCE OF AQUATIC MACROPHYTES IN MIRROR LAKE

Percent! Relative?
Species Frequency Frequency

Occurrence Occurrence
Myriophyllum exalbescens 84.0 19.2
Ceratophyllum demersum 79.7 18.2
Potamogeton pusillus 57.2 13.1
Potamogeton pectinatus 53.5 12.2
Chara spp. 34.8 8.0
Heteranthia dubia 32.1 7.4
Anacharis canadensis 29.9 6.9
Potamogeton zosterformis 24.6 5.6
Potamogeton alpinus 15.5 3.6
Vallisneria americana 12.8 2.9
Nymphaea tuberosa 8.6 2.0
Najas flexilis 3.7 0.9
Numphar variegatum?
Potamogeton natans?
Any species above 100.0 100.0

! No. of occurrences in BSU/total BSU.

No. of occurrences in BSU/total species encountered in all BSU's.
¥ Present but not found in a BSU.
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TABLE 5. FREQUENCY OCCURRENCE OF AQUATIC MACROPHYTES IN SHADOW LAKE.

Percent Relative
Species Frequency Frequency
Occurrence Occurrence
Chara spp. 74.3 19.3
Potamogeton alpinus 66.3 17.2
Myriophyllum exalbescens 46.1 12.0
Potamogeton pectinatus 44.0 11.4
Potamogeton pusillus 24.3 6.3
Ceratophyllum demersum 23.0 6.0
Heteranthia dubia 19.9 5.2°
Vallisneria americana 19.2 5.0
Najas flexilis 16.6 4.6
Potamogeton zosteriformis 13.2 3.4
Nymphaea tuberosa 12.4 3.2
Anacharis canadensis 11.1 2.9
Potamogeton nodosus 9.3 2.4
Potamogeton natans 3.9 1.0
Numphar variegatum 1.6 0.4
Zanichella palustris 0.3 0.07
Any species above 95.6
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Figure 3. Hydrographic map for Mirror Lake.
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Figure 6. Phytoplankton temporal distribution for Mirror Lake 1972 and 1973.
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Lake.

35



*Ll6] 4390390 ybnouyl

9/61 49qud3dag wouj e JOUJdLl 404 syza|dosL snaoydsoyd [e30} ‘gL d4nbi4
1.6l 9.6l
120 d3S Inv ane  NAP AVW Hdv  4VYW 834 Nwr 233G AON 100 d3S
| 1 | ] 1 1 L A | 1 Il ] |

-0l

I— 002 l\\l\/oo_/&n}oo. 002__|
—~_—~_-% O /‘m

0s

/ 8 lw

02 oS N—

oS

1 / A
. 77/ 777777y \ \ o

¥3A0Q 321

(176M) 4-v10L
VT HONYIW

(W) H1d3a

36



"LL61 4390330 ybnouyl 9/6| 4aqualdas wouy

9)e7] JOUJLW 404 syjaldost (dyqg) snaoydsoyd aAL3dead paA|osSLy €| d4nbig

(1,61) dya
NV HOMMIW

L1161 9.6l
100 d3s onv ant NN AV ¥dv HVYN 834 Nvr 23 AON 120 d3S
| 1 L ) I | 1 1 1 1 1 | 1
\ Y/ /(000\11}\
IIOO¢II\\\ 00¢ 00 s
oom\\\u.\\\ —FuI
/l\ ool Lol
(0]0]]
I\
m\ -8
02 9
> O [ &> ﬁ/l\\\\\\\ll-e
> v v _
14 ol -2
’ |
7777777777777 /77777/777777777, O

(w) HLd3a

37



P (ug/1)

P (pg/1)

PHOSPHORUS

600 TOP
400
200
OT="JURe ~__ JUY ' AUGUST ' SEPTEMBER ' OCTOBER .
600 BOTTOM
400
2001 ~_”
© JUNE  JULY AUGUST  SEPTEMBER  OCTOBER B
1977
Figure 14. Total phosphorus trends in the nutrient regeneration chambers.
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Figure 23. Comparison of phytoplankton species composition as per cent
biomass before and after storm sewer diversion.
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Figure 24. Total phytoplankton biomass after storm sewer diversion.
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THE WHITE CLAY MANAGEMENT PLAN -
DEVELOPMENT, IMPLEMENTATION AND EVALUATION

by
J. Peterson! and F. Madison?

Enactment of the Amendments to the Federal Water Pollution Control Act of
1972 (Public Law 92-500) resulted in changing the primary emphasis of the
nation's efforts to control the pollution of its waters. Instead of dealing
with levels of pollutants in receiving water, Public Law 92-500 directed that
pollutants be controlled at their source, whether that source is a treatment
plant outflow pipe, an urban storm drain, a farmer's field, or a construction
site. Particular attention was focused on the agricultural community as
questions were raised concerning the amounts of nutrients and sediments mobil-
ized by agricultural operations and the effects of those materials on water
quality.

Generally, pollutants arising from agricultural operations are recognized
as nonpoint source although in one part of the rural scene there has been a
good deal of confusion. Public Law 92-500 defined animal feedlots, barnyards
and rest areas as point sources of pollution and directed the Environmental
Protection Agency to develop guidelines for regulating the discharge of pollu-
tants from them. Although there has been considerable controversy about how
many animals should be contained in a feedlot before a discharge permit is
required, it is apparent that outflows of nutrients from these areas will need
to be controlled whether they are considered to be point or nonpoint sources.

Dairy fairming dominates the 1,215 hectare White Clay Lake Watershed
which is located in eastern Shawano County, Wisconsin. Water quality in the
95 hectare lake is generally good. Because there is almost no development
along the shore, this project provided an excellent opportunity to study the
effects of agricultural runoff on water quality and thus to increase the
understanding of lakes and lake problems.

Concern for protection of the lake by the residents of the watershed led
to a request for funds from the Upper Great Lakes Regional Commission (UGLRC)
in 1973. A grant was subsequently awarded to the University of Wisconsin-
Extension in September of that year and installation of the monitoring network
commenced immediately. Additional monies were provided the following year by

1 Assistant Professor, Soil Science and Environmental Science Department,
University of Wisconsin-Extension, Madison.

2 Project Associate, Water Resources Center and Soil Science Department,
University of wisconsin, Madison.
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the same agency to support continued monitoring activities. It should be
noted that in 1971 the U.S. Agriculture and Stabilization Service (ASCS) in
recognition of some of the problems of the watershed made special cost-share
funds available for the installation of animal waste storage facilities.

Under the provisions of Chapter 33 of the Wisconsin Statutes, the Inland
Lake Protection and Rehabilitation Act, the Town of Washington, which includes
White Clay Lake, formed the White Clay Lake Protection and Rehabilitation
District to ensure the future protection of the lake. Project personnel,
working with residents of the watershed and personnel of the U.S. Soil Conser-
vation Service (SCS) and the County Extension Office, developed a comprehen-
sive management plan for the watershed. The plan included the construction
and installation of measures to control sediment and nutrient movement from
barnyards, feedlots, waterways and cropped areas. Using data from the UGLRC-
sponsored project to meet feasibility requirements imposed by Chapter 33, the
Lake District submitted an application for funds to implement their management
plans. Grants totaling $214,500 were awarded for the project by the Wisconsin
Department of Natural Resources (DNR) and the U.S. Environmental Protection
Agency (EPA).

Of the lake protection projects submitted to EPA from all the states for
funding in 1975, the White Clay Lake proposal was the only one providing lake
protection solely through intensive watershed management. Construction of the
first of the land management practices began in the fall of 1976, and install-
ations were nearly completed by the end of 1977.

While White Clay Lake is considered to be of good quality now, several
recent changes in agricultural practices threaten to produce adverse effects.
The increase of dairy animal units in the watershed is the result of fewer,
but larger herds (average about 75 to 100 cattle). Concurrently, more herds
are being held on feedlots rather than on pastures, and more emphasis is being
placed on production of corn with less emphasis on oats and hay in crop rota-
tions. A1l of these changes tend toward greater potential for nutrient and
sediment transport to the lake.

The White Clay Lake Watershed is on a gently rolling glacial till plain
of Valderan age. A relatively short growing season with an average of 130
frost-free days and fairly youthful soils (classified as Alfic Haplorthods
which have high carbonate content and modest amounts of expansible clays)
favor dairy farming with crop rotations that include successive years of corn
and oats followed by a minimum of four years of alfalfa.

Base maps have been prepared showing the SCS detailed soil survey, land
elevations at 1.2 m contour intervals, the DNR bathymetry records of the lake,
land ownership, animal concentration areas, and land uses and management
information for the past several years.

WATERSHED MONITORING

Flow monitoring devices were installed to isolate three watersheds - the
South Watershed of about 195 hectares, the East Watershed of 335 hectares and
the Manthei Watershed of 22.5 hectares (Figure 1). The larger two watersheds
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were selected to be representative of the soils, topography, and land use of
the rest of the watershed as well as other areas of northeastern Wisconsin. A
monitoring station on the lake's outlet stream measures output of surface
water from the entire watershed. Water samples taken weekly and during runoff
events at each station are analyzed for residue, phosphorus, nitrogen, and
chloride content. A summary of land uses in each of the watersheds is shown
in Table 1.

TABLE 1. SUMMARY OF LAND USES - WHITE CLAY LAKE BASIN (1974-75)

Entire South East Manthei

Basin Basin Basin Basin

Area (ha) 1215 195 335 22.5

% of total 100 16 27.5 1.8
Wooded (%) 23 20 14 0
Littoral Wetlands (%) 6.72 -- -- --
Lake Surface (%) 7.8 -- -- --
Cropped (%) 66 80 85 100
Corn (%) -- 35 25 95
Oats and Hay (%) -- 45 60 5

35ome littoral wetlands are wooded.

A survey of ground water movement and quality in the basin (Tolman, 1975)
complemented the hydrologic and nutrient transport studies for the lake.
Observations on a network of wells and seepage collectors were used to esti-
mate rates of water movement into the lake. Water level recorders showed the
relationship between lake level and water table fluctuations. Samples from
observation wells were analyzed for chloride, nitrogen and phosphorus content.
Samples from private water supplies were analyzed to determine the water
quality of the deeper aquifer. Ground water monitoring is continuing on a
quarterly basis.

Project weather stations within the watershed provide continuous measure-
ment of precipitation, temperature and relative humidity. Maximum and minimum
temperature readings were recorded weekly. Frost depth is monitored using
fluorescein tubes (Harris, 1970) at several places in the watershed from
December through April.

Watershed Material Transport

Water volume input to White Clay Lake serves as a base for determining
nutrient input and hydraulic residence time for the lake. Table 2 shows water
contributions from direct precipitation, surface water flow and direct ground
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flow for a one-year period, as well as related total nitrogen and phosphorus
inputs.

Comparing the relative magnitude of nitrogen compound sources (Table 2)
to water sources show that direct precipitation supplied about 10% of the
total N in 25% of the water input, surface water supplied 64% of the N in 35%
of the water and ground water supplied 26¥ of the N in 40% of the water.

Table 2 shows estimated total phosphorus inputs to the lake. With 35% of
the water input via surface flows came 57X of the total phosphorus. The
contributions from direct precipitation are based on only six samples taken in
the first 6 months of the year and thereby represent a rough estimate.

Annual totals of water, phosphorus, nitrogen and total residue transport
from the East and South Watersheds for 1974-1977 are summarized in Table 3.
The water transport in 1977 was the lowest of the 4 years of observations.
The outlet stream and the South branch both dried up during July-November of
1977.

Annual residue losses in the two watersheds range from about 45 kg/ha to
750 kg/ha for the 4 years with a peak during the first year which is attribu-
ted to site disturbances during construction of monitoring stations. This
range of residue transport is considered to be quite low for agricultural
watersheds.

Phosphorus areal outputs (below) show considerable yearly range (kg
P/ha):

1974 1975 1976 1977
East 0.64 0.50 2.1 0.25
South 0.56 0.83 0.37 0.01

While these outputs fit within the range of agricultural land outputs
listed by Uttormark et al. (1974), the rate for the East Watershed in 1976
appears to be a significant rhange from past years. Of particular interest is
that there was no large inciease in output rate from the South Watershed, nor
were there similar increases in nitrogen losses. Further analysis of individ-
ual runoff events and land management records may help to explain the differ-
ences.

The low areal output of materials from both basins in 1977 is related to
decreased runoff during this dry year (see Table 3).

Material losses from the Manthei Watershed are summarized in Table 4.
The purpose of monitoring this watershed was to estimate material losses from
a dairy barnyard. The lower watershed includes the entire basin, terminating
at the flow monitoring station. The sampling station of the upper site moni-
tors runoff from about 18 of the 22.5 total ha. The difference in areas
includes a dairy heifer operation.
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Year to year variations in material output are greater than for the
larger drainage basins, but the influence of the barnyard area on ambient
water quality is readily apparent.

A marsh study including material transport in and out of the littoral
zone marsh where the main stream enters the lake will be conducted during
1978-1979.

LAKE STUDIES

White Clay Lake is 95 hectare, dimictic, marl-forming lake with 13 m
maximum depth. The lake is underlain by thick glacial drift which fills a
deep preglacial valley formed at the contact between Pre-Cambrian igneous and
metamorphic rocks and sedimentary rocks of early Paleozoic Age.

The lake exhibits depletion of dissolved oxygen in lower hypolimnetic
waters during summer and winter stratification periods. There have not been
any fish kills recorded, the plant nuisances are considered to be minimal.

Lake sampling is done cooperatively with the Wisconsin Department of
Natural Resources. Monitoring includes monthly measurements of dissolved
oxygen and temperature profiles, productivity, algal composition, secchi depth
as well as laboratory analysis of water samples from the inlet, lake surface,
and 6 meter and 12 meter depths within the lake. Analyses are made for chlor-
ophyll a, nitrate, nitrite, ammonium-N, organic nitrogen, reactive phosphorus,
total phosphorus, calcium, magnesium, sodium, -potassium, chloride, sulfate,
alkalinity and pH. Table 5 summarizes water analyses for 1973-1977. Selected
dissolved oxygen, temperature and chlorophyll a isopleths are shown in Figures
2 through 4.

The overall nitrogen.loading directed to the lake in 1974 was 5.5 g N per
m2. Direct precipitation and ground water supplied 1.99 g/m? alone. Vollen-
weider (1968) suggested an annual loading of 2.0 g/m? for a lake of this depth
as "dangerous" levels of reactive or available nitrogen. Even if only 60% of
the total N were biologically available, the loading to the lake would be
above Vollenweider's criterion.

Phosphorus loading directed to the lake was also estimated. Phosphorus
is the key element in lake eutrophication considerations. It may stimulate
nuisance aquatic plant growth, but it is also an element that may be con-
trolled.

Converting the total phosphorus transport to a lake loading yields 0.66
g/m2. Surface water inputs alone supply 0.38 g/m2. Comparison of these
numbers with Vollenweider's (1968) dangerous levels (0.13) suggests that the
lake is under stress. Assuming that 30% to 70% of the total P is biologically
reactive, the apparent loading is still excessive. It must be noted that an
assessment of P transport across the marsh fringe surrounding the lake has not
been made so that the lake-P loading estimates may be somewhat high.
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Figure 2. Dissolved oxygen isopleths—White Clay Lake, 1977.
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Figure 3. Temperature isopleths—White Clay Lake, 1977.
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OTHER STUDIES

Cooperative research between the University of Wisconsin-Madison and the
USDA Sedimentation Laboratory (Bubenzer et al., 1974) was initiated to invest-
igate erosion and deposition processes on the White Clay Lake Watershed using
Cesium-137 as the tracer. Preliminary results indicate an overall erosion
from the cultivated areas with some deposition on the upland watershed. Much
of the deposition from the watershed appears to be taking place in the marsh
fringe around the lake. Significant Cesium-137 concentrations have been found
at the 50 centimeter depth within the marsh while depths of 10 centimeters or
less have been observed in the adjacent littoral zone of the lake. The re-
sults indicate that Cesium-137 can be used as a "tag" to measure both the
erosion and deposition of sediments in agricultural watersheds such as White
Clay Lake.

SUMMARY

The development and implementation of the White Clay Lake Management Plan
is an example of effective cooperation between individual citizens, local
units of government, state and federal agencies, and the University System.
The effort is providing valuable insights into many of the questions being
raised about the implementation of rural nonpoint source pollution control
programs.

By its very nature, nonpoint source pollution is a problem which requires
the interaction of a variety of agencies. The number of agencies involved
results from the historic separation between those which deal with land re-
source problems and those which deal with water resource problems. Partner-
ship between these diverse interests is critical if water quality problems are
to be solved through the implementation of land management plans.

It would appear now that responsibility for the implementation of rural
nonpoint source pollution programs will be vested in the traditional federal
agencies, namely, the SCS and ASCS, working with local SWCDs. Cost sharing
money will be available both for nonpoint control measures or Best Management
Practices for traditional conservation measures. At White Clay Lake the
Shawano County SWCD has been a co-sponsor of the project since its inception,
although the Lake Protection District has, since its formation, served as the
focal point for identifying nonpoint source problems and for allocating funds
for improvements designed to solve those problems.

From the experience at White Clay Lake, it would appear that this mechan-
ism—the creation of a Lake Protection District—can be an effective means of
dealing with critical nonpoint source areas. In watersheds of reasonable
size, it affords local residents the opportunity to develop and implement land
management plans designed to improve water quality. Of further importance is
that Lake Protection Districts have the power to tax. The White Clay Lake
District has never levied a tax, but the authority is there and it might be a
way to raise money to supplement funds available from other sources for non-
point source pollution control.
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When Lake Protection money became available, members of the White Clay
Lake District agreed to use it for their most critical nonpoint problems—
barnyards and feedlots—and to use monies from the ACP program for cost shar-
ing the installation of conservation practices on croplands. The reasons for
this were eminently practical—there was not enough Lake Protection money to
do everything so investments of these funds were directed toward the most
critical problem areas. Additionally, barnyard work is expensive and in all
cases the money required far exceeded the traditional $2,500 per farm per year
limitation of the ASCS program. This innovative approach might well be ap-
plied to the allocation of newly authorized federal nonpoint source control
money.

Designers of nonpoint source pollution control programs are currently
debating the question of mandatory vs. voluntary control programs. At White
Clay Lake the District was able to share 90% of the cost of control struc-
tures, a figure somewhat higher than that envisioned for new nonpoint pro-
grams. Of the farms with livestock in the watershed, all but 3 were improved
using project funds. This is a cooperation rate of about 83%. It should be
noted, however, that two of the noncooperating farms are located directly on
the shore of the lake and that both have large livestock operations for which
adequate protection against sediment and nutrient movement is not provided.

The University has played an important role in the White Clay Lake effort
since its inception. Responding to concern expressed by residents of the
watershed about the water quality of the lake, University personnel helped
hustle grants, design and install the monitoring network to quantify movement
of sediment and nutrients from agricultural operations toward the lake. Data
from this work served to meet the feasibility requirements of Chapter 33, thus
making the Lake Protection District eligible to apply for funds to implement a
management program. Research work showed that even though the water quality
of the lake itself was good, nutrients were moving to the lake in amount well
in excess of those considered to be safe for maintaining present lake quality.
Attention was focused on land activities, as major changes in the in-lake
system were not expected during the course of the study. Excessive nutrient
loadings were the basis for the protection program rather than changes in
water quality.

Project activities are continuing. Now that protective measures have
been installed in barnyards and feedlots, on streambanks and on cropped lands,
monitoring is being continued to assess the effectiveness of these practices.
The marsh area, through which much of the water going into the lake moves, is
being studied to determine its effectiveness as a nutrient and sediment trap.
Long-term surveillance is essential to determine change in lake water quality
and reductions in pollutant loadings.

The White Clay Lake experience has been valuable in many ways. It is a
good research tool providing insights into environmental problems resulting
from agricultural operations and the movement of sediments and nutrients into
lakes and streams. It is an excellent educational tool not only for the
residents of the watershed but also for the many students, elected officials
and citizens who have toured the project area. It is a fine demonstration of

69



local people working with a number of agencies and institutions to solve
specific problems.
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SOCIO-ECONOMIC IMPACT OF LAKE IMPROVEMENT PROJECTS
AT MIRROR/SHADOW LAKES AND WHITE CLAY LAKE

by

L. L. Klessig, N. Bouwes and S. Lovejoy*

HISTORY OF LAKE USE

Mirror and Shadow Lakes are small natural lakes located in the City of
Waupaca (1970 pop. = 4,342). The city is the county seat and largest city in
Waupaca county (1970 pop. = 37,780). Principal economic activities in the
county are agriculture and tourism with some 1ight manufacturing. Mirror Lake
is 13 acres and Shadow Lake is 40 acres in size. At one time ice was harvest-
ed from Mirror Lake but the practice was stopped in the 1950's when the ice
began to smell (decaying algae) as it melted. Both lakes have been used for
over 100 years for water recreation. Water is supplied to the lakes by groun
dwater and until recently by storm sewers.

White Clay Lake is a natural lake (3250 acres) in Shawano County (1970
pop. = 6,488). The county seat is Shawano (1970 pop. = 6,488), located about
nine miles west of the lake. Green Bay (1970 pop. = 87,809) is less than one
hour driving time to the southeast. The village of Cecil (1970 pop. = 369) is
located two miles northwest. The lake has been used for marl production and
recreation. The main economic activities of the county are agriculture and
tourism. White Clay Lake is located in a small watershed of 3000 acres that
is used almost exclusively for agriculture. There are ~30 landowners in the
watershed and 14 own livestock. There is one small resort and a few other
non-farm residences. Most pollutants entering the lake probably originate
from farmlands.

LAKE USERS

Mirror and Shadow Lakes are most heavily used for swimming in summer by
local residents especially mothers with children. The Shadow Lake beach is
the only beach in the city. There is regular but limited fishing and non-
power boating activity. The lakes are also used for ice skating in the win-
ter. Some day-users from surrounding communities are attracted to the lakes
for picnicking and water sports but overnight tourists are not common. The
Waupaca Chain of Lakes is located a few miles southwest but its use is domi-
nated by power boating and fishing activities of second home owners and tour-
ists. Shadow Lake is part of a large city park which serves as a focal point

X University of Wisconsin System, 1815 University Avenue, Madison, WI 53706
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of community recreation especially in summer. In July and August of 1977 the
average mid-afternoon count of swimmers was 77.2. On July 14 at 2:00 p.m. 350
swimmers crowded on the beach. The maximum number of boaters and fishermen on
the lake at any one time during the day averaged 2.6 boaters and 4.6 fisher-
men. It should be noted that these figures account for the number of recrea-
tionists at the single time of day when use was highest. Total users per day
may be two-three times the figures given. There did not appear to be any
increase in activity during the weekend. More refined data on usage will be
collected in 1978-79.

White Clay Lake is used for fishing year around. There is some pleasure
boating in summer (speed of boats is controlled by town ordinance) and hunting
in fall. The users appear to be mostly local residents and day-users from
surrounding cities. Shawano Lake, a major tourist attraction and second home
center a few miles west of White Clay Lake, attracts most of the powerboating
and waterskiing. White Clay Lake appears to be viewed as a quiet complement
to the noise and bustle and surface water user conflicts of Shawano Lake.
When morning and evening observations are combined, and average of 5.2 boats
per day were being used for fishing from August through November of 1977.

In December and January an average of 17.6 people were ice fishing each
day. A major local event is the ice fishing derby which attracted 155 ice
fisherpersons on a Sunday in January. With this exception, the amount of
weekend activity is not particularly pronounced compared to weekday activity.
It should again be noted that all recreationists were not counted. Mid-day
recreationists (particularily in summer) were not observed. However most
fisherpersons were probably noted since fishing is concentrated in the morning
and evening. More refined data on usage will be collected in 1978-79 from the
beginning of spring fishing to the end of the ice fishing season.

LAKE MANAGEMENT DISTRICTS

Mirror and Shadow Lakes were part of the Inland Lake Demonstration Proj-
ect of the Wisconsin Department of Natural Resources (DNR) and University of
Wisconsin Extension. The study of these lakes, funded by the Upper Great
Lakes Regional Commission, revealed that storm sewers were the primary source
of the nutrients (phosphate) that were feeding increasing growths of weeds and
algae. In 1974 the Wisconsin Legislature enacted Chapter 33 of the Wisconsin
Statutes which enabled local communities to form a special purpose unit of
government to manage their lake(s). The Waupaca City Council created one of
the first lake management districts.

The City Councilmen also serve as the commissioners of the district. In
1975 they voted to undertake a restoration project which consisted of storm
sewer diversion to prevent the entry of new nutrients, alum treatment to
inactivate nutrients already in the lakes, and aeration of Mirror Lake to
prevent fish-kills. They applied and received $130,000 in state funds.
Through the DNR they also applied for EPA funds under Section 314 (Clean Lakes
Act) of Public Law 92-500. In the first set of awards under Section 314,
Waupaca was awarded a grant of $215,000 in January 1976. Additional local
matching funds were necessary in the amount of $80,000. The district electors
had voted a tax levy of 0.9 mils on the taxable property (equalized value =
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$41,000,000) for two consecutive years. The city also decided to spend extra
money to repave the streets where new storm sewer lines were constructed.
Because the district had voted the tax in 1975, conditional on an EPA grant,
work began almost immediately after the EPA announcement and storm sewer
construction was completed in 1976.

White Clay Lake was also the subject of previous study involving the
Wisconsin DNR, University of Wisconsin Extension, Upper Great Lakes Regional
Commission, Soil Conservation Service, U.S. Geological Survey, U.S. Agricul-
tural Research Service, and the Shawano County Soil and Water Conservation
District. The lake is still of high quality but the study indicated a high
potential for degradation from agricultural runoff if farming practices were
not changed. With encouragement from Extension specialists, the farmers in
the watershed asked their town board to create a lake management district
under Chapter 33 for the purpose of protecting White Clay Lake.

A1l the land in the watershed was included in the district formed in late
1974. 1In 1975 the district received a state grant and through DNR applied for
an EPA grant. White Clay Lake was also among the first set of awardees under
the federal Clean Lakes Act in January 1976. EPA contributed $107,000, DNR
contributed about $100,000, and the district contributed in-kind services to
complete the matching requirements. The Shawano County Agricultural Stabili-
zation and Conservation Service has provided the accounting service.

A number of barnyards were resloped and manure storage facilities built
in the fall of 1976. Most of the other farmers asked for similar construction
work in 1977. During this process Tom and Dave Brunner, young and progressive
farmers, provided leadership within the community. Their farm became a local
and statewide model of land and manure management practices. The lake dis-
trict petitioned the town board for self governance under 1976 amendments to
Chapter 33 of the Wisconsin Statutes. In the ensuing election Tom Brunner was
elected chairman of the district. Subsequently, he was also elected to the
town board.

PHILOSOPHY OF ANALYSIS

An investigation of the socioeconomic impacts associated with lake reha-
bilitation/protection requires a very broad conception of the stimulus produc-
ing these impacts. The investigation cannot be limited to the impact of the
actual physical intervention of the technology; the investigation must view
the project as a social process which began when local citizens began to see
problems with their lake, organized to combat these problems, took action, and
are now "reaping the benefits" of their investment and the investment of
funding agencies. The process actually continues on into the future. Under
ideal conditions data would be gathered at several points in time. Baseline
data would be gathered before the prospect of a lake project had begun to
"contaminate" perceptions. Impact data would be gathered during the project,
immediately after the project, and several years later when limnological
changes had fully manifested themselves. While it would still be difficult to
separate out other causal agents, a comparison of baseline data and impact
data would be the best basis for evaluation. For obvious reasons this inves-
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tigation is limited to one point in time--immediately after the physical
intervention. This requires comparisons with other control groups and the use
of models to quantify impacts.

SPECIFIC RESEARCH QUESTIONS

Economic evaluation questions relate to the benefits and costs associated
with efforts to reduce and correct lake pollution; in these cases, overferti-
lization is the problem. The following four questions are being addressed:

1. What are the recreational benefits associated with an increase in
water quality?

2. What are the benefits accruing to affected property owners because
of increases in water quality?

3. What are the aesthetic impacts and how are the trade-offs between
these and economic benefits viewed by the public?

4. what are the costs to the agricultural sector for compliance with
alternative preventive and/or remedial actions to pollution?

Sociological evaluation questions are more process oriented than product
oriented. The specific questions span a variety of quantative and qualitative
parameters and the impacts span a period of years. The following is an at-
tempt to categorize the questions and structure the data to the degree possi-
ble:

1. What are the necessary institutional conditions for undertaking a
lake restoration project?

a. What involvement is necessary by "the general public", local
property owners, and local officials?

b. What 1legal powers are necessary to raise revenue for local
matching of federal grants?

c. What types of local leaderships are necessary and how does such
leadership develop?

d. What types and degrees of support from the media and education-
al institutions are necessary?

e. What is the optimal institutional arrangement and division of
responsibility/authority between federal, state, and local
“partners" in a lake restoration effort?

2. Who is being impacted and what is the differential impact on various
segments of the population?

a. What is the perception of the changes in water quality and in
distribution of project benefits and costs?
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b. Who cares about water quality and what aspects do they care
about?

C. Who uses the water and who owns the shoreline?
d. Who has the option of substitution and at what cost?

e. How have patterns of interaction changed or been maintained
between neighbors, kin, and recreating groups?

What is the long term impact on ecological awareness and participa-
tory democracy?

a. Do local residents better understand ecological principles and
lake systems?

b. Have attitudes toward state and federal agencies improved or
deteriorated?

c. Has the stimulus of the project developed a sense of control of
community destiny and personal efficacy or contributed to the
fatalism of "small town in mass society"?

d. Has community cohesion suffered or increased as a result of the
project?

Would the residents and the local leaders do it over again if they
made the decision now?

THEORETICAL APPROACH

Economic analysis will be guided by four models which correspond to the
four economic questions noted earlier:

1.

To evaluate recreational benefits a travel-cost model of the Clawson
genre is geing employed, but with observations based on individual
observations rather than grouped data. This will allow for the
inclusion of variables, such as cost and distance, that normally
cause multicollinearity problems. The general form of the model
employed to represent the demand relationship is:

n
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where vij is the number of visits by decision-making unit i to lake
i xijk is the value of the independent variable k for the decision-

making unit i on lake j, and eij is the error term. The primary ob-
jective 1is to produce a statistical demand curve with reliable
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estimates of the structural parameters--particularly those of the
cost variable from which the resource variable is derived, and those
of the water quality variable which is used to determine the econom-
ic significance of a water quality change.

The methodology employed extends previous efforts by incorporating
the recreator's perception of water quality directly into the model.
The model also 1links these perceived subjective ratings to the
o?jective water quality ratings (Lake Condition Index) of limnolo-
gists.

To estimate those benefits capitalized in property values an exist-
ing model as developed by Dornbusch et al. will be applied. This
model depicts the benefits of improved water quality as decreasing
proportionally with the reciprocal of the distance to the water
body. Application of the model requires a water quality expert's
statement of both present and predicted levels of water quality
expressed in terms of the components used to describe the Perceived
-Water Quality Index (PWQI). The PWQI of the water quality expert
along with information on the water body type and the degree of
public access and use, is used to determine the PWQI value which
would be perceived by residents at the site. To obtain a value for
the coefficient of the distance-to-water term in the expression
yielding the percent change expected in prices of properties at the
site, the value of the PWQI and water body type are utilized.

Thus, the change in price expression is:
APX = bo + b, (1/DW)
where b = -b, (1/0W)

= e6.398 ( . 492 e 1.18 WBT Lake e.991 WBT Bay

b, eres)

DW = maximum distance from water up to 4,000 feet.

WBT Lake = dummy variable with value of 1 if water body is a lake
and zero otherwise. ,

WBT Bay = dummy variable with value of 1 if water body is a bay and
zero otherwise.

The change in price is now applied to zones where the number of
homes and average home price are used to calculate total price
change.

To estimate aesthetic impacts a model is proposed which consists of
a hierarchical array of elements,social goals, subgoals, social in-
dicators, and action (or decision) variables. A change in any one
element of the model is, in general, related to a change in all
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other model elements. An expression which states a relationship
between two elements is called a connective. Goals are further and
further broken down into their component parts until they are repre-
sented by measurable parameters (social indicators). It is these
social indicators that are impacted by public action, i.e., a water
improvement program. To establish the ultimate impact of a public
action on the attainment of a social goal, viz. aesthetics, it is
necessary to establish the relative weight of the components compri-
sing a higher level goal or subgoal and to establish the functional
form of the connectives between the lower and the next higher step
in the hierarchy.

To estimate farm level impacts of institutional alternatives design-
ed to modify operator behavior a linear programming model will be
employed. This model is based upon existing management practices
and technology in order to capture the status quo mix of agricultur-
al activity. The economic model provides the land use configuration
necessary for running a hydrologically oriented simulation model
which predicts both total storm watershed soil loss and the concen-
tration of sediment in watershed drainage water. Having captured
the status quo land use configuration and its attendant sediment
yield a set of institutionally determined parameters, such as alter-
native levels for cost-sharing minimum tillage systems, low interest
loans for terraces, technical assistance and education, and toler-
able soil loss limits are introduced into the economic model. The
economic, administrative, and land use implications of these alter-
natives can then be examined.

Sociological analysis cannot be defined by a neat set of models or equa-

tions.

No single theoretical perspective adequately addresses the range of

impacts--changes in social structure, values, attitudes, and behavior of the
impacted population. The following perspectives are influencing the research
design but knowledge of local conditions is also being used to select appro-
priate parameters:

1.

Under the Northwest Ordinance and the Wisconsin Constitution, lakes
are held in trust for the public but little legal provision was made
for their management. In many ways lakes suffer from the "tragedy
of the commons" and theories of managing the commons can be used as
a framework to discuss the respective rights and responsibilities of
public users, riparians, local officials, and agency bureaucrats.
(Managing the Commons, eds. Garrett Hardin and John Bader.) Alter-
native institutional arrangements between these groups will receive
substational attention.

Mancur Olson's Logic of Collective Action provides a departure point
to analyze the interplay of groups needs (to manage the lake) and
individual motivations to "let George do it" unless separate and
selective incentives are provided and personal efficacy is demon-
strated.
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3. The theme of adaption developed by Honey and Hogg may be most useful
to large technological interventions but it is also useful to assess
the impact of less traumatic lake projects on the way individuals
and institutions relate to their natural resource base (cultural-
environmental relationship). For example, the willingness of White
Clay Lake area farmers to build manure storage facilities may be due
to economic incentives, ecological sensitivities, and the threat of
non-point pollution abatement regulations. The 1lake protection
project may be perceived by the agricultural community as a way of
coping with future disruption.

4. The entire lake restoration process is a special type of community
development. This perspective provides a framework to analyze
leadership development, consensus building, and public participa-
tion.

DATA NEEDS
Stateﬁide survey will be conducted to provide:
1. data for development of the recreational model,
2. data for the aesthetic model, and
3. comparative data for the sociological analysis.

A probability sample will be drawn for telephone interviews with a ran-
domly selected adult in the household. Since not all Wisconsin adults will
have recreated in one of Wisconsin's 1100 largest lakes (lakes over 100 acres
have been rated for water quality on a scale from 0-23) during the previous
year, the initial sample size must be expanded to provide sufficient number of
lake recreationists for the recreation model.

Farm operators and other residents of the White Clay Lake watershed will
be personally interviewed to:

1. obtain information on the farm operation,

2. ascertain degree of involvement with and attitude toward the lake
district/project,

3. obtain data which can be compared to the statewide survey,
4. determine use of the lake.

Waupaca riparian/property value data will require evaluations on the
water quality components that comprise the PWQI from the limnologists associ-
ated with the Mirror/Shadow Lakes project. Information regarding number of
properties within each zone from the water body can be obtained through on-
site observations. Information regarding property values can be obtained from
real estate offices, tax rolls, or residents themselves. More than one source
may be chosen for comparative purposes. Personal interviews will be conducted
with the riparians to:
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1. obtain information on perception of property values,

2. ascertain degree of involvement with and attitude toward the lake
district/project.

3. obtain data which can be compared with the state-wide survey, and
4. determine use of the lake.

Recreationists will be interviewed at both sites to:

1. obtain data which can be compared to the state-wide survey,

2. determine use of the lake, and

3. ascertain patterns of recreational behavior and group interaction.

Ethnographic information has been and will continue to be obtained by the
research team through extensive contact with community leaders, as a by-
product of the personal interviewing conducted by project personnel, and
related case study investigation of documents and media reports.

STATUS

Statewide survey will be conducted in September immediately following the
Labor Day close of the summer recreation season. The schedule is in the
process of completion at the present time and has been reviewed by Russell Gum
and Louise Arthur of the USDA Economic Research Service. Daniel Bromley,
Thomas Heberlein, Basil Sharp, and Douglas Yanggen of the University of
Wisconsin, and Michael Patton of the University of Minnesota will review this
schedule as well as the other schedules noted below.

Farm operators' schedule has been used in another related project in
Wisconsin and with some additions is very nearly completed. Interviews with
farmers are scheduled for March 1978 before spring planting begins.

Waupaca riparian/property value data will be collected later in 1978.
Waupaca residents will be interviewed later in 1978.

Recreationists will be interviewed over an entire year since activities
occur in each season. The schedule will be finalized in April of 1978 and
interviewing will begin with the beginning of the spring fish season in May
and continue through the ice fishing season next winter.

Ethnographic information has been informally collected by the project
director since 1974. A systematic effort will begin in March of 1978 when the
research team begins to spend extended periods of time in the community. This
type of information will continue to be gathered until the final report is
written.
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APPLICATION OF RESULTS

The U.S. Congress reaffirmed in Public Law 92-500 that clean water was a
national goal. By definition such a goal is considered to contribute to the
social well being of our society. It is a desired state of affairs that is
sufficiently broad and multifaceted to insure unanimity as to its appropriate-
ness.

However, as the goal became more specific there is less unanimity; with
limited resources choices must be made regarding which water to clean up (or
keep clean) and to what degree of purity. Should resources be concentrated on
the Great Lakes, inland lakes, major rivers, streams, or groundwater? Should
point or non-point sources receive greater attention? Is agricultural, indus-
trial, or residential pollution most severe and which is easiest to correct?
Should highly eutrophic lakes be rehabilitated or should high quality lakes be
protected? Should lakes in residential areas or lakes supporting a hospital-
ity industry receive priority? How important is local commitment and a legal
infrastructure?

This research is not intended to answer all the above questions but
should help decision-makers at all levels of government answer some of them.
It is inappropriate to decide public policy by taking a poll but the informa-
tion from the statewide survey will show the relationship between recreational
activity/satisfaction and lake water quality. It wil also provide information
on lake users--their characteristics, knowledge, attitudes, and aesthetic
preferences.

The other surveys will provide specific information on the benefits and
costs associated with two lake projects in communities where overnight tour-
ists are not a major user group. It will also provide information on changes
in knowledge, attitudes toward government and citizen participation, and
community leadership. Finally it will provide a list of necessary institu-
tional conditions and recommend intergovernmental interaction for undertaking
a lake restoration project.

The results will not provide a single formula which can be applied to
several candidate lakes to rank them for funding. In the opinion of the
authors it is neither possible nor desirable to abdicate legislative and
agency judgement to a mathematical model. It seems appropriate that the local
community, state government, and EPA continue to make individual judgements on
project viability and cost effectiveness. The results of this research should
assist those judgements but not replace them.



EVALUATION OF LAFAYETTE
RESERVOIR RESTORATION PROJECT

by
M. W. Lorenzen, F. M. Haydock, T. C. Ginn*
INTRODUCTION

Sections 314/104(h) of the Federal Water Pollution Control Act Amendments
(PL 92-500) of 1972 are directed toward nationwide restoration and protection
of lake water quality. Under this program, federal grants are awarded to
local agencies on a 50:50 matching basis to fund lake restoration projects
which qualify. The East Bay Municipal Utility District (EBMUD) was awarded a
demonstration grant under this "Clean Lakes Program" and proposed to implement
a lake restoration project at Lafayette Reservoir. The proposed project
includes hypolimnetic aeration to provide a suitable habitat for cold water
sport fish and alum treatment for nutrient inactivation to 1imit algal growth.

Tetra Tech, Incorporated, will conduct an independent study to evaluate
the restoration project. The purpose of this study is 1) to monitor water
quality conditions before, during, and after restoration, 2) to analyze these
data in conjunction with the application of a water quality ecological model
to elucidate the mechanisms of water quality improvement, and 3) to evaluate
the technical characteristics of the restoration system for potential applica-
tion elsewhere. ‘

LAFAYETTE RESERVOIR

The reservoir is located in Lafayette, California, approximately 20 miles
east of San Francisco (Figure 1). Lafayette Reservoir and its watershed are
owned and operated by the EBMUD as a recreational facility and emergency
standby water supply. It was created in 1929 when an 92-inch earth filled dam
was built. Since it is situated close to the Bay Area Rapid Transit (BART)
Station and Interstate Highway 24, it is readily accessible to San Francisco
Bay Area Residents.

Weather conditions in the area are generally mild. Annual precipitation
averages 26 inches. The topography of the watershed is shown in Figure 2.
The drainage basin encompasses only 1.3 square miles (830 acres) most of which
is undeveloped park and recreational area.

* Tetra Tech, Inc., Lafayette, California 94549
81



FAIRFIELD

NOVATO
SAN PABLO VALLEJO-
BAY
SAN PINOLE
RICHMOND
CONCORD
= wn
o Pz BERKELEY, AYETT,
{
)
I~ 13 $®€4)'€}
SAN £ ‘; '9"0,73‘
FRANCISCO -2 P oA AND R
c%’, 14
DALY CITY C‘o SAN LEANDRY
LIVERMORE ..
PLEASANTON
IFICA wauueszxe — UNION CITY
MATED ®
Yy
SAN NEWARK
CARLOS FREMONT
. ITY
3 h
0

Figure 1. Map of San Francisco
voir.

Bay area showing location of Lafayette Reser-

82




52' 30"

T Wi ww

Figure 2. Topographic map of Lafayette Reservoir and neighboring area.

83



Morphological Characteristics

At maximum capacity, Lafayette Reservoir has a volume of 4,246 acre-feet
(5.2 x 106 m3), a surface area of 128 acres (51 ha) and maximum depth of 80
feet (24 m). The bathymetry of the reservoir is shown schematically in Figure
3. The reservoir volume is generally quite stable. Water levels typically
vary less than 5 feet (1.5 m) per year and average about 445 feet (135.7 m) of
elevation [ approximately 4 feet (1.2 m) below the spillway elevation]. The
area-capacity curves presented in Figure 4 show that this elevation corres-
ponds to an average volume of 3,700 acre-feet (4.5 x 106 m3), an average
surface area of 125 acres (50 ha).

Since runoff into the reservoir is very limited, the water Tlevel is
maintained by importing water from the Mokelumne River which is located in the
Central Valley of California. Due to taste and odor problems, Lafayette
Reservoir is considered an emergency standby water supply, and little water is
withdrawn from it.

Geological and morphological characteristics of the reservoir are summar-
~ized in Table 1.

TABLE 1. SUMMARY OF LAFAYETTE RESERVOIR GEOLOGICAL AND MORPHOLOGICAL

CHARACTERISTICS

Parameter Lafayette Reservoir
Location

Elevation 450 feet

Longitude 122% 8' 26" W

Latitude 37% 53' 14" N
Drainage Area 830 acres
Evaporation 55 inches/year
Precipitation 26 inches/year
Surface Area 125 acres
Lake Volume 3,700 acre-feet
Depth

Mean 30 feet

Max imum 80 feet

Epilimnion 30 feet
Length of Shoreline 3 miles
Duration of Stratification April - November
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Limnological Characteristics

Lafayette Reservoir is a subtropical, eutrophic lake with sufficient
dissolved nutrient to support abundant algal growth. Temperature and oxygen
data compiled by EDMUD (1976) show that temperatures range from 8°C to 24°C in
surface waters and from 8°C to 14°C near thelake bottom in the deepest part of
the lake. Thermal stratification generally begins in March, followed by rapid
depletion of hypolimnetic dissolved oxygen. Anoxic conditions typically
prevail in the hypolimnion from July through October when the lake destrati-
fies.

In August of 1977, the EBMUD initiated a monthly sampling program to
characterize water quality during the pretreatment phase of the restoration
project. Samples are taken at depths of 2.5, 5, 10, 15, and 20 meters, and
analyzed for temperature, dissolved oxygen (DO), phosphorus, nitrogen, chloro-
phyll-a, alkalinity, and pH.

Temperature-DO profiles presented in Figure 5 show that stratification
was well defined in June of 1977 and continued through November. The thermo-
cline was at a depth of about 30 feet with a maximum AT of about 12°C in
August. Oxygen concentrations were less than 0.5 mg/1 in the deepest part of
the lake from June until December. Heavy rains precluded sampling in Decem-
ber, and by January of 1978, the lake was well mixed.

Phosphorus and nitrogen profiles presented in Figure 5 indicate that the
major source of nutrients is the organic sediment within the reservoir.
Phosphorus concentrations are highest in the hypolimnion during periods of
stratification; however, reactive phosphate appears to be well above growth-
limiting levels throughout the water column. Nitrogen concentrations are also
well above critical levels for algal growth. Ammonia nitrogen predominates in
the anoxic hypolimnion, while the euphotic zone is characterized by the more
oxidized nitrate and nitrite forms.

While algal growth does not appear to be limited by availability of
nutrients, other factors including light and pH extremes do impose some re-
strictions on algal growth. Profiles of chlorophyll-a, alkalinity and pH
presented in Figure 6 show that periods of high algal activity (high chloro-
phy11 and pH) tend to be followed by periods of lTower productivity.

The reservoir supports a large growth of blue-green algal species. The
EBMUD records indicate that their numbers range from over six million cells
per 100 ml in August of 1977 to approximately 2,400 per ml in January of 1978.
Green algae are also common, though less abundant.

In order of abundance, the warmwater game fishes include bluegill (Lepo-
mis macrochirus), black crappie (Pomoxis nigromaculatus), white catfish (Icta-
Turus catus), smallmouth black bass (Micropterus dolomieu), largemouth black
bass (M. salmoides), green sunfish (L. cyanellus), and the channel catfish (I.
punctatus). Rainbow trout (Salmo gairdneri) are stocked in the lake during
the cooler months, but they do not survive through the summer. The fish are
stocked at catchable sizes on a '"put-and-take" basis. Nongame, warmwater

87



*dLO0AU3S3Y 9333AejE] JOJ sa|tjoud Juatuajnu pue aunjedadwsy ‘uabAxo panfosstq G dunbiry4
ﬁ 09
: oY
.A... oz
1 1 1111
om

1161 Y3GWN3IAON

2161 ¥380100 L1261 ¥3GW31d3S

1161 1Snonv

8161 AMVNNVYP
O~eeu__ - O,,
...... Gil::::
¢ hs N
-_...__-—m [ U O T U O T O | L [ O | [ .|
8l ol (o) 8l o'l o 81 o'l 0 ®I ol 0 81 ol
(a—=) JLIYLIN (o-)AUVHLIN (=—=) JINVONO (o--0) VINONWNV
I/N Bw N39O0 LIN
o
8161 AYVNNVYP 4161 H3GW3AON 1261 ¥390100  L.6] ¥38W31d3S 4161 1sSnonv ﬁ ©
n 094 <
b T R] e ov T
g . OHINO @ 02
- qviolL O
et 11 1 [T T T O T | (N O T T O | L1t 111 S n
80 v0 (o) 80 0 o 80 v0 0 80 $0 0 80 0 0O m
I /d bBw  SNYOHJSOHd m
-
8161 AMVNNVIF 1261 ¥38W3AON 44614380100 1261 ¥38NW31d3S 4261 1SNONV
H, N 09
- -« v . ov
N - ¢ 4 K\ .\\
é - % ¢ D ! oe
Lt i1 i1iil RN NN (VRN O T T T T T T N O 0 I B O | 0
ol 0 o¢e ol 0 02 ol 0 0¢ ol 0 02 ol o
(v—9) Do JUNIVYIAWIL (e--) I/0W NIOAXO Q3ATOSSIC

o2



1Lt 111

09

oe

0

o

L1t 1111

JLOAU3SDY 3333Aeje] U0y HA pue AjLurieyie (303 ‘B-|jAydodoiy) ‘9 aunbL4
8161 AMVNNVI_ L1161 ¥38W3AON 1161 ¥380120 - 1161 ¥Y38N31d3S 4161 1SNONV _
LL®1 1111 ] ._.b.....T.F.....l..h________
o]} ] o Ol ¢ o Ol S o Ol ] o Ol ]
Hd
8.6l >m<:z<_.u L1261 ¥38W3IAON_ 4761 ¥380100 - 4,61 ¥38W31d3S _ 2261 1SNonv
N N ] -
- N . ]
wi b 11 1 111 | O B | [ | 1 11 1 I O O |
002 o]0 ]] (o] 002 00l (o] mo« 00l o 002 ool o 002 00l
1720200 Bw ‘ALINITVYIV ViOL
8161 AHVYNNVF L2161 Y3GW3AON _ 4261 ¥3680100 _ 1261 ¥38W31d3S _ 4161 1sSnonv
_LLL.LI_LLLlEL“ l. l,
02 ol (o} oe ol L) 02 ol o o¢e ol o o2 o

cw/bw  ‘p -TTAHMOYOTH)

d3d

09 4

H

ov.
0e

