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LETTER OF TRANSMTITTAL

February 10, 1986

Mrs. Amnette Phillips, President
Pleasant Lake Property Owners Ass001at10n
11695 Pleasant Shore Drive

Manchester, Michigan 48158

Dear Mrs. Phillips,

We ar pleased to submit this report on Pleasant Lake to you
in accordance with our prior agreeement.

We wish to thank you and Mr. Bob Frakes for the assistance
ve r=ceived during the study. We also wish to thank Mr.
Richard Dimond and Mr. Phil Jones of the Aura Inn for
allowing us to use their boat launch site whenever needed.

OQur aim in preparing this report was to provide information
to help lakefront homeowners understand their lake and to
provide a practical guide for those who must manage the
future of Pleasant Lake. We hope that the people who use
this report will find it useful and interesting.

Sincerely yours,

Wallace E. Fusilier Ph.D. - Gerald A Cleary P.E.
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DISCUSSION AND RECOMMENDATIORS

& Oxydgen concentrations do not appear to be depleted in any
part of the lake, therefore fish populations should find
adequate supplies throughout the year. Hypolimnetic
aeration is not recommended at this time.

* ﬁs shown in the calculated theoretical nutrient budget,
Pleasant lake has a large amount of phosphorus in the bottom
sediments (over 20 tons). The nutrient budget shows that
the two main sources of phosphorus are septic tank effluents
and lawvn fertilizers.

® Lawn fertilizer used in the immediate lake watershed
should be phosphorus free, for two reasons. First, enough
vhosphorus is already in the soil. Secondly, phosphorus
does not make lawns green. Nitrogen does. Phosphorus is a
root-growth nutrient.

® Some method of exporting the septic tank effluent from
the immediate watershed should be explored. The cluster
system concept is a possibility. In a cluster system, each
house has a septic tank and pump, which the individual home
owner maintains. The effluent from each septic tank is
pumped via a pressure sewer to a large tile field some
distance from the lake and serves 10-15 houses., The purpose
of this type of system is to remove a large amount of
phosphorus from lakeshore areas, preventlng it from flowing
into the lake and causing more serious problems than the
laXe currently has.

As early as 1924, reports by the Michigan Department of
Congservation (now the DNR) show that Pleasant Lake has had

. weed problems.

An aquatic weed survey found that the major weed problems in
Pleasant lake during the fall of 1984 were native pondweeds
{(Potomogeton spp.) and native milfoils (Myriophyllum sp.)
See map 6.

Several attempts were made during the spring, summer and
Tall of 1985 toc map problem weed areas, but for some reason,
‘the weed growth was greatly diminished that year,

) For Pleasant Lake, weed harvesﬁing is the method of
choice for weed control, for several reasons.

‘1.- Weed barvesting does not introduce any potentially
toxic materials into the lake water.

‘. Vegetation would be removed from the lake, so oxygen
supplxes are not depleted when the material settles to the
‘bottom and decomposes. Hypolimnetic dissolved oxyden would
remain high and the sediment phosphorus would remain
precipitated. :



- 3. Harvesting minimizes fish kills.
4., The area is immediately useable.

® If an infestation of curly leaf pondweed (Pobamogebton
crispus) should occcur in mid to late May, no control
measures should be initiated. Usually this plant dies back
by the middle of June which, in most cases, is before the
lake is used extensively for recreation. Many times lake
front property owners becoume needlessly concerned with this
aquatic weed, but in most cases, their concern will diminish
rapidly as the weed dies back rather quickly.

@ HNot all weeds should be removed or killed. Aquatic
plants remove nutrients from the water column, and provide
hahitat for fishes. {ne of the problems often seen on local
lazes is that everyone wants a sandy beach and no weeds.
Since all of the shoreline nutrient filters are removed, the
problems moves out into the lake. Since the process is
Eradual, most lake front property owners don’t realize the
consegquences of their actions.

® Chara beds should be maintained. Chara, although it
"looks looks like an aquatic plant, is an alga which removes
phosphorus from the water column. Chara can be recognized
by its musty odor and the crusty feeling of the leafy
portions of the plant in late summer.

¢ Temperature monitoring for the Michigan Gas Pipeline
thermal discharge should be conducted at the edge of each
500 foot radius mixing zone.

® The monitoring results discussed in the Consumers Power
Company August 1975 proposal, if they were implemented,
should be awvailable for public inspection.

¢ The high summer surface phosphorus concentrations at the
two west sample stations were unusual (113 and 68 micrograms
per liter). If these results can be duplicated, a study
should be conducted to find the source or sources of these
nutrients.

®  Laundry drains from the houses in the immediatg lake
watershed should be dye tested to determine if this
wastewater is bypassing the normal sewage system.

® A newsletter should be published several times a year
informing lake residents about current problems and
golutions.

® The Pleasant Lake Property Owners Association should
consider joining the Michigan Lake and Stream Associations
if they are not currently members. This group is aware,
concerned and knowledgeable about lake problems.



@ A Pleasant Lake Property Owners Association should be
formed to manage the lake management program.

® To pay for any lake management activities, several
options exist.

1. Ba=se the assessment on?ihe present lake lot assessment
roli. :

2. Base the assessment on the front footage for each lot.

3. Base the assessment on an "equal benefit"” basis. This

would mean equal division of costs among the riparian
owners. : '

'L



SCOPE OF WORK——BASIC SERVICES

1. Lake Bottom Contour Mapping

A hydrogeologic map of Pleasant Lake, including bottom
contours, and lske and watershed geometry shall be prepared.
Maps shall be based upon existing information, including :
USGS ‘maps. Bottom contours will be determined by echo-sound
readings on various lake transects.

Aquatic vegetation shall be field or laboratory identified -
and mapped. All sampling stations will be noted on the map.

2. Lake Water Quality

Samples shall be taken in late summer while the lake is
stratified, and in early spring while the lake is well
mixed; at not less than ten sample stations. The following
lake water quality tests will be run:

Dissolved Oxygen {surface to bottom profiles)
Temperature (surface to bottom profilesz)

PH {surface to bottom profiles)

Conductivity

Alkalinity

Total Phosphorus :

Total Nitrate and Nitrite Nitrogen

Secchi Disk transparency

Chlorophyll a '

A theoretical nutrient budget shall be prepared, based on
the results of the tests. (If additional tests are required
because of sample contemination or other types of analytical
error, they shall be completed at no additional charge.)

3. Evaluation

The dissolved oxygen concentration at various levels shall
be eraluated and the possible effect on fish populations
shall be discussed. The thermal stratification as it occurs
in the lake in late summer will be discussed. . The water
quality test results shall be evaluated to determine the
causes of the lake problems. Possible corrsctive actions
will be suggested where appropriate. The rooted aquatic
rlant populations will be evaluated for practical control
measures. |

4. TReport

A.report shall be prepared in sccordance with PA 345 of 1966
{(the Inland Lake Improvement Act of 1966} which will discuss
the results of the tests and measurements made on Pleasant
Lake, and summarize the findings and recommendations to
control existing problems. It will also recommend possible
methods of preventing future problems. Above all, the



report wiil he written in a clear, concise and
understandable manner.

5.

Meetings

Meetings will be atiended when requested by the Pleasant ]
Lake board to review the project plan and progress. At the
-final meeting with the Lake Board and lake residents, the
final report and results will be presented.

8. Costs for the Pleasant Lake Study and Evaluation. $1500

Includes the following: :
1. All sampling and lake measurements, including
sampling equipment and supplies, boats, sample -

containers, eto.

2. All lab tests, including personnel costs and
computer time.

3. All historical information, including mapping,
lake volume calculations and nutrient budgets.

4. The report, inecluding all secretarial,
duplicating and graphics costs.

5. Enginesers signature



Bame. ... ...t ivennnnnnn.. Pleasant Lsake
Sizme ... .., 202 Acres
Volume................... 2105 Acre feet

5. o 91,693,800 cubic feet

£ ) ol 685,869,624 gallons
B = ) o 5,720,152,664 pounds
Maximum depth............ 35 feet
Mean depth............... 10.4 feet
Location........... Ceeaas Sections 21 & 22 (T3S R4E)}

Freedom Township,
Washtenaw County, Michigan

Drainage basin........... Huron River System
Lake drainage area......,. 692 acres _
Elevation................ 951 feet above sea level

PLEASANT LAKE DESCRIPTION AND LOCATION

Pleasant Lake is a 202-acre kettle lake located in Sections
21 and 22 of Freedom Township (T3S R4E), Washtenaw County,
Michigan. See Map 1. The lake was formed 10-14, 000 years
ago vhen the retreating glacier left a block of ice buried
in the glacial drift. The bottom contour map of Pleasant
Lake shows the various irregular riddes, mounds, and
depressions which are often found in this type of lake. See
dap 2. The lake is fed by groundwater from springs. The
lake surface elevation is 951 feet above sea level and is an
expression of the groundwater table. The lake has one
surface inlet, and a single rarely-intermittent outlet. The
lake is located on the southern edge of the Mill Creek
Basin, part of the Huron River basin. Water from this
system enters Lake Erie above Monroe, Michigan. The
drainage basin for Pleasant Lake is 692 acres (Marsh &
Borton, 1974). See Map 3. There are 107 or more residences
surrounding the lake, all served with on-site septic tanks
and tile fields; plus a 24 unit trailer park served by a
community septic system. :

Since 1948, Michigan Gas Storage Company, a division of
Consumers Power Company, has been operating the Freedon
Natural Gas Compressor Station west of the lake. The plant
uses Pleasant Lake as a source of cooling water and also as
a discharge point for the heated water. It is capable of
‘operating 24 hours per day. It has an intake channel and
three thermal discharge pipes at the west end of the lake.
At full operational capacity, 8210 gallons of cooling water
per minute can be pumped through the plant. The water is
used to cool as many as 13 natural gas compressors; and the
compressed gas.
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HISTORICAL RECORD

The following information was taken from the records of the -
Institute of Fisheries Research of the Michigan Department

of Natural Resources located on the University of Michigan

Ann Arbor campus. The files are open to the public and can. =
be seen during normal business hours. ' S

& From Hichigan Lakes and Streams Bireotory,-Eaét LanSing}=:;;ft
NI, 19831. - ' _ _ ' -

~ Pleasant Lake--Washtenaw County, Freedom Twp near M=11; .ne
of Manchester. 600 [sfe] acres. A road touches lake orY

N.W. and S. sides. Extensive resort development. - Boat -
livery, good swimming, gravel beach, sparse woods,.  one
island, hilly land on 8. High & rolling on other sides.
Lake much frequented. Large and small mouth bass, dblue
gills; perch, pike. »

& Michigan Department of Conservation, 1924

Vegetation thick,. much ValIisneria‘{wildrceleryi;‘rﬁﬁfﬁbﬁjfrf;"‘n
thigkly covered with vegetation. S

Immediate shore——Several cottages

- Surrounding country--mostly cultivated _

Point of examination—-S. side of lake _ ' _
Species of fish--Pike & larde mouth bass, blue gills &
pumpkinseed, small mouth bass. Caught fingerling perch in
abundance. Encourage large mouth bass and great lakes
verch. :

signed Metzelsar - . September 12, 1924

® 16 October 1930, Institute of Fisheries ResearchifAshiéy,
Tarzwell, Eschmeyer) Michigan Department of Conservation, .
- Division of Fisheries

No outlet.. : - R
Vegetatlion fairly abunhdant. Chara, Niads, P. Amplifolius. ,
Animal life--minnows, crawfish & insects fairly numersus. -
- Bottom--mostly sand and gravel _ '
Imaediate shore--Mostly sand and gravel o N
Point of examination——North shore. About 80 blue gills, 15
pumpkin seed sunfish, several blue gill-sunfish hybrids, 1 -
- green sunfish, 4 large mouth bass, 10 small perch, 2 rock
bass, 75 blunt nosed minnows, 5 IDA darters. :

® October 12, 1936, Institute of Fisheries Research
- (Egschmeyer) Michigan Department of Conservation Summary
Sheet, Division of Fisheries.

Degcription—--Lake is shallow in most places but has some

deeper holes (about 30 feet deep). The shore line is mostly
sand and gravel with many boulders. Vegetation is plentiful

10



and minnows seem rather abundant. The lake contains some
golden shiners which the natives took for Cisco. Fish are -
very. abundant in the lake, 90351b1y due to. the faect that it~

is heavily fished. Conditions seem ideal for fish. Ratives
report that illegal fishing has been done to a considerable
"extent in the lake. At present however, the laws are being
observed due, at least to some extent to Mr. .E. J. Sodt, who_-;
nas a store on the lake and also quite a few boats to rent B
Mr. Sodt is a deputy game warden as well as a. deputy :
. sheriff, and is doing what he can for the good of the lake.:
: There are a number of cottages along the shore——about 15

The rather large number of fish taken is due to the f'
that a number of hauls were made with & 125’ sein. - Thé
- Tish (blue gills & sunfish) were taken to the Northv1lle e L
hatchery., Fish in the lake are not so abundant as flgures"
seem to indicate..

Water——clear ' :
Vegetation-~-Some Pctomogeton robblnsonll and P amp11f011us
Bo+tom——Pulpy peat .
~ Immediate shore--sand and gravel
Surrounding country--higher, cultivated
Point of examination-~central part of lake

10 blue gills, 3 golden shiners, 2 perch.

Large and small mesh gill nets were used.

® INSTITUTE OF FISHERIES RESEARCH (MAPPING) 1943
About 200 acres, 36 feet deep, 1% mile long, 1/3 mile wide.

- Water level at time of mapping was about two feet high
according to Mr. Maurice Sodt who has an Inn on the lake -
.shore, The shore has a few marshy areas, but most of it is

hlgh and has sand and gravel.

Sodt -has a good sized area for camping and picnicking. This
is the main entrance to the public, although the road passes
within 100’ of the w. end. Cottage’ development is’ good ‘but
not all sultable shore has cottages. '

Fishing is only fair; The predominant species are -
bluegills, crappies, sunfish, pike, and large mouth bass
There was seldom a fisherman on the lake during the mapping
period, but one day two weeks before there were sbout two
dozen fishermen. Fishing success varies little’ 1n summer or
winter, and isg llght at all times.

Water supply comes from springs and nelghborlng drainage.
Outlet is through marsh at east end.

‘Mapped Feb 2-9, 1943
W.F. Carbine

George Washburn

L.E. Perry

i1



THE WATER QUALITY STUDY

Samples were taken at two different times. A summer series

of samples were taken to detect possible high Chlorophyll a
concentrations, shallow Secchi dlsk,transparencles,.and L
oxyden depletion from the deep bottom waters, which may -~ .-
occur during this period. This date was August 29, 1984 e
Bottcm contour measurements were made at thls time. " '

A spring series of samples was obtalned to detect hlgh
- phosphorus levels vhich often occur ih Michigan lakes wh‘
the lake waters reach the same temperature {isothermal) fr
" tcp to bottom and the entire lake mixes by wind actlon :
- Thls date was April 15, 1985, ‘ .

THE SAMPLING STATIOHS

The sampling statlons involved nine in-lake sites and the' e
outlet. However no wabter was found flowing from it dur1ngif:k.,
any of the visits to the lake. The sample sites are shown .=~ @
on Map 4. : o R

 THE ANALYSES

Dissolved oxygen, temperature, Secchi disk transparency, = - |/
conductivity and depth measurements were conducted in the R
field., Alkalinity, pH, total phosphorus, total nitrate,
chlorophyll a and sediment analyses were performed in the

Water Quality Investigators laboratory near Dexter, .

Michigan. All tests followed the procedures outlined in
Standard Hethodg for the Bxaminalion of Hater and

Hastewater.

THE LﬁKE ﬁATER QUALITY INDEX

The nake ﬂater Quallty Index (LWOI) was developed for two
reasons: _ _

1} There was no consensus of opinion among lake scientists
redarding which tests should be run to define the water
quallty of a lake; and, . :

2} there was no consensus of opinion among lake SCientlsﬁs
regarding the meaning of the data collected durlng lake |
studies,

The study involved the use of two questionnaires sent out to
555 lake water quality scientists (selected from the
membership of the American Society of Limnology and :
Ooeanography).  The first questionnaire asked the scientists
to indicate which tests they felt would give the best -
definition of lake water quality. 70% of the questionnaires
were returned. The tests most often selected by the

' scientists became the index parameters. They are:

12
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Dissolved Oxygen (Percent saburation} pB
Total Phosphate Chlorophyll a

Sexchi Disk depth . . Total Nitrate
Temperature 7 - Alkalinity
Conductivity -

The second questionnaire, sent out after the first was = =
returned, asked the scientists what the results of the tests . -
they selected as good indicators of lake water quality e
weant. The above parameters, and the accompanying rating-
curves were combined into a. lake water quality index. The
index values randge from 1 to 100, with 100 being excellent
lake water quality. The index seems to rate lakes about tF
same way bteachers rate students: 90-100 = A, 80—90'- B by
70-80 = C, 60-70 = D, and below 60 = E. .

The Lake Water Guality Index value for Pleasant 1ake rE

from 51 to 85. This indicates that the water quallty of

Pleasant Lake ranges from failing to good. Lake Water ;”f. RS

Quality Indexes from the summer sampling data ranged from 81 &

" to 85, indicating good water quality. Spring indexes ranged -
from 81 to 84, indicating dood water quality, with the. e

exceptions of station 4 which had an index of b1 {falllng S

water quality), and station 5 which had en index of 76 (falr S

water quality). The index sheets show by the low position -

of the red marks on the thermometer-type rating curves that

the problem parameter at both sites was a high concentration .

of phosphorus. Station 4 had a phosphorus concentration of

113, while station 5 had a phosphorus concentration of 88; ‘ .

- The cause of these high phosphorus concentrations is unknown"-'

at this tlme. : _ ‘

The highest index for a southeast chhlgan lake studied by
"the author is 95.

A DISCUSSION OF THE INDEX PARAHETERS |
TEMPERATURE (AND DISSOLVED OXYGEN AND PHOSPHORUSY

Temperature exerts a wide variety of influenées on a lake,:
such as the separation of layers of water (strat1f1cat10n},
solubility of gasses, and biological actiwvity.

Variations in the temperature of lake water effectlvely
isolate layers of water in a lake during the summer: {(and to
a lesser extent in winter). Since water is heaviest at 4 .
degrees Centigrade (39 degrees Fahrenheit), the. cold water
remains on the bottom as the surface water warms in summer.
Since the warm water is lighter, it remains on the surface,
Oxygen readily diffuses from the a2ir to the surface water of
a lake, so although warm water holds less oxyden than cold
water, high lake surface dissolved oxygen levels are
generally maintained. There are instances when thls
.condition could be upset. .

2
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For example, bacterial decomp031t10n ccours at a much hlgher
rate in warm water than in cold water. And since warm water
hoids less oxygen {and obther gasses) than cold water, the
"increased use of oxygen by bacteria when they decompose
materials, along with the lower amount of oxydgen dissolved
in warm water, leads to a much greater yossibility that the
?ake oxyeEen will be depleted,.

However, xhe oxygen in the cold, bottom water can be L
depleted in late summer, usually by bacterial decomp051t1cn e
of "dead plants. This was found to be the csase in 98% of -
southeast Michigan lakes and 85% of northern Michigan - lakes

" studied by the author. This loss of oxygen in the bottom" of-'
lakes is important because of the role it plays in L :

rhosphorus release from the sediments.

Phosphorus will precipitate (usually in combination. with L
iron} when there is oxygen present in the water. This means -
that in good quality lakes, the bottom sediments of a lake
act as a trap for phosphorus. However, if the oxygen in the
bottom water becomes depleted by bacterial decomposition of .
dead plant material, the phosphorus will become soluble and '
enter the water column Once there, it can easily be taken
- up by plants and algae, which can then create the unsightly
surface conditions found in many of the lakes 1n southern
MlChagan . ,

High dissolved oxygen conditions can occur when anaerobic
conditions cause large sediment phosphorus releases which
produce algal communities. Algae produce oxygen during - .
daytime photosynthesis, so it is possible to have very high
concentrations of dissolved oxygen during the late afterncon .
of a sunny summer day in a eutrophic lake. However, the
aldae use oxygen the same way animals do, in a process
called respiration. It is possible for hlgh concentrations
of/algae to remove almost all the oxygen in the surface
wvater of a lake or stream during the night. Thus although
it would seem that oxygen is in plentiful supply if the
sample was taken in the afterncon, if the sample was taken
just before daylight, test results might show that there is
" very little or no oxygen present.

Surface temperatures were 13 °C in the spring, and 25 °C in
the summer. The bobttom of the deep hole was 20°C in the
summer. The thermocline, defined as a chande in temperature
of greater than 1°C per meter was not evident at any time.

DISSOLVED OXYGEM

- Dissolved oxygen is the parameter most often selected by
lake water quality scientists as being important. Besides
its importance in providing oxyegen for sguatic organisms to
use, oxygen is involved in phenomena such as phosphorus
precipitation and release from the lake sediments.

15



Summer surface dissolved oxygen concentrations for Pleasant
Lake ranged from 8.1 to 9.1. The oxygen concentration at
the 30 foot level in the deep hole was 1 6 m1111grams per
liter.

TOTAL PHOSPHORUS

Although there are several forms of phosphorus found in
lakes, the experts selected total phosphorus as being the
most important. This is probably because all forms of
rhosphorus can be converted to the other forms. Currently,

most :lake scientists feel that phosphorus, which is measured',ffii

in parts per billion (1 part per billion is one second in 31
years), is the one chemical which might be controlled.  If

"its addition to lake water could be limited, the lake mlght'iﬁ

nct become covered with the algal communities so often found-
"in eutrophic lakes. It should be pointed out that if
limiting the amount of phosphorus which enbers a lake will
~prevent eutrophic conditions;,; all of the other nutrients are
present in the lake which will permit this condition to
oceur. In other words, the quality of the lake water is
poor, but if phosphorus 1nput is limited, it is hoped that
the plants and algae won’t grow in excess. 80 parts per
biilion is con31dered to be a high value by the Michigan
DNR. ‘

Spring total phosphorus concenbtrations in Pleasant Lake
ranged from 8 to 113 micrograms per liter, with an average
value of 30.7 micrograms per liter.: As noted above,
station 4 had the highest phosphorus concentration, 113 ug/1
and station & had the second highest, 68 ug/i. Both of
these samples were taken from sites on the west end of the
lake.

Summer surface in-lake phosphorus concentrations ranged from
19 to 33 micrograms per liter, with an average concentration
of 25 microdrams per liter.

" TOTAL NITRATE

Nitrate, also measured in the parts per billion rande, has
traditionally be considered by lake scientists to also be a
limiting nutrient. However, nitrates can be made from
nitrogen by nitrifying bacteria, lightning, and a variety of
other sources. Therefore it is not controllable. The
_experts felt that any value below 200 parts per billion was
excellent in terms of lake water quality., The hidhest value
found by the asuthor was 633 parts per billion in Inchwagh
lake in Livingston county, a lake that has a sewage
treatment plant dlscharglng 1nto it.

Pleasant Lake had very low summer nltrate concentratzons,
ranging from 17 to 18 micrograms per 11ter,-ﬁ1th an average
value of 18 micrograms per liter. The spring values were

- considerably higher, ranging from 155 to 305 micrograms per  j*v{

16



liter with an average of 238 micrograms per liter. These
values were within normal ranges found in southeast Michigan
lakes.

HYDROGEN ION CONCENTRATION (pH) AND ALKALINITY

prH has traditionally been a measure of water quality. Today
it is an excellent indicator of the effects of acid rain on
the lake., About 95% of the rain events in southeastern
Michigan are below a pH of 5.6 and are thus considered acid.
There seems to be no lakes in southeast Michigan which are
being affected by acid rain. Most lakes have a pH value
between 7.5 and 8.

Summer surface pH values for Pleasant Lake were exceedingly
uniform at 8.4 at all stations except one which had an 8.5.
Spring pH values were constant at 8.4 for all stations.

Alkalinity is a measure of the ability of the water to
absorb acids {(or bases) without changing the hydrogen ion
concentration (pHY. It is in effect, a chemical sponge. In
most Michigan lakes, alkalinity is due to the presence of
carbonates and bicarbonates wvhich were introduced into the
lake from ground wabter sources. In lower Michigan,
acidification of the lakes should not be a problem because
of the high alkalinity concentrations. The presence of
carbonates in water also provides a source of carbon which
plants may use for photosynthesis. - ,

Pleasant Lake had an average summer surface alkalinity of
129 milligrams per liter with & range from 125 to 132. The
average spring alkalinity was 152 millidrams per liter with
a range from 149 to 152. These high alkalinity wvalues, and
the high pH value noted above, classifies Pleasant Lake as a
hard water lake. It alsoc means that Pleasant Lake will not
be affected by acid rain in the forseeable future.

CONDUCTIVITY

Conductivity, measured with a meter, detects the capacity of
a water to conduct an electrice current. More importantly,
however, conductivity measures the amount of materials
‘dissoclved in the water, since only dissolved materials will
permit an electric current to flow. Purse water will not
conduct an electric current. It is the perception of the
experts that poor quality water has more dissolved materials
than does good quality water. We concur with this

- perception. _ :

The summer surface conductivity for Pleasant Lake averaged
427 with a range of 420 to 440 at the surface. The value
.didn’t change with depth. The spring surface conductivity
was 410 at all stations. These values show that the
chemical makeup of Pleasant Lake water changes little.
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SECCHI DISK TRANSPARENCY (originallyVSecchi’s disk)

In 1865, Angelo Secchi of Rome, Italy devised a 20
centimeter white disk for studying the transparency of the
water in the Mediterranean Sea. Later a limnologist named
Whipple divided the disk into black and white quadrants
which many are familiar with today.

To take a Secchi disk reading, the disk is lowered into the .
water on the shaded side of the boat to a point where it -
disappears. Then it is raised to a point where it is
visible. The average of these two readinds is the Seccbl
disk depth. It should be pointed out that the reading
should be taken between 10 AM and 4 PM. Rough water will .
- &ive . slightly shallower readings than smooth water. Sunny"
days ‘will give slightly deeper readings than cloudy days. 5
Wave achtion influences the v151b111ty of the disk more than
sunny or cloudy days. o

The Secchi disk transparency is a lake water quality test
widely used and accepted by lake scientists. The experts
generally felt that the greater the Secchi disk depth, the
vetter quality the water. However, one Canadian scientist

"~ pointed out that acid lakes have very deep Secchi disk

values. (Would you consider a very clear lake a good
quality lake, even if it had no fish in it? It would be
almost like your swimming pocl.) Most lakes in southeast
Michigan have Secchi disk readings of less than ten feet.
The spring reading was 5 feet at all stations. The summer
Secchi disk readings ranged between 8 and 7 feet, with an
average of 7 feet. - These readings do not appear t0 be
unusual for a southeast Michigan lake.

If there are sample sites where the lake is too shallow and
the disk can still be seen when it rests on the bottom, the
reading should be taken at a near-by site. Since the
sampling procedure is supposed to be designed to obtain
representative samples, the concept of moving the boat to an
-area where a Secchi disk reading can be properly taken is
valid.

CHLOYOPHYLL a

Chlorophyll a is used by lake scientists as a measure of the
biological productivity of the water., The experts felt the
bast quality water had about 5 milligrams per cubic meter of
Chlorophyll a. They felt that very low levels of
Chlorophyll were not desirable, probably from the point of
iview that there was a good chance that there were very few
plants (and animals) living in the lake. On the other bhand,
they felt that high levels of Chlorophyll a were indicative
of poor lake water quality. The highest Chlorophyll a found
by the author in southeast Michigan lakes was 63 milligrams
per cubiec meter. However readings as high as 160 milligrams
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rer cubic meter have been reported.

Pleasant Lake had an average summer chlorophyll a
concentration of 11 micrograms per liter, with a rande from
9 to 14 micrograms per liter. These are somewhat high
chlorophyll a concentrations, indicative of a lake with some
biological productivity.

THE LAKE WATER QUALITY INDEX (LWQI) CALCULATION SHEETS

. The Lake Water GQuality Index calculatlon sheets whlch follow
were developed to show graphically what the results of nine
different lake water quality tests selected by a large group
" of lgke water quality scientists meant in terms of lake .
water quality.

HOW TO READ THE LAKE WATER QUALITY INDEX CALCULATION sm-rs

The calculation sheets show the tests selected by the panel
and the method of relating the test results to the: concept .
of lake water quality. The various test names are listed at .
the top of the sheet, .

The thermometer~type rating curves convert the test results
to a uniform 0-100 lake water quality rating.  The quality
rating for each test is found inside the thermometer.

The index combines all of the individual quality ratings -
into a single Lake Water Quality Index. The index ranges
from 1 (very poor lake water quality) to 100 {excellent lake
water quality). The index seems to rate lakes about the
same way professors rate students; 90-100 = Excellent, 80-90
= good, 70-80 = fair, 60-70 = poor, and below 60, failing.

The index is portrayed in three different ways, as a number
ranging between 1 and 100 in the circle marked LWQI, and by
a color and position on the sheet edde scale. The purpose
~of the sheet-edge scale is to review quickly large numbers
‘of lakes or test sites within a lake and determine how the
quality of the various lakes or sites compare with one
anotaer

" The p031tion of the red line on the thermometer-type rating
scales permits determination of the parameter (or
parameters) which cause the index to be depressed. The
lower the red line, the greater the problem. A glance at
the top of the problem thermometer—type rating scale
-identifies the test and the test results. The rating scales
‘also permit determination of what test results would be
considered excellent in terms of lake water guality by the
panel of experts surveyed.

19



Y7 LVYSYT]

!/

NOILYIS

anvt .
d ;.<4‘ -

b 89N bE

Qaq330X3 8l

oM

YNy JAYT

| Ewm_@m,r |
7} =

A LTI
padd8

LorrAtidr e

43

J&M
JINENMOL,
AOF 33

ekl

T PRSI

THIT0A AYL

EYTILTEET M,Q\d
i it

SETewTTY — b9

Matlial
H15VL DVNIVHG,

T NoYNH
__4gAL HOLLOG. 1NFA00 QT
it L |

Do~ aHIL

| N~

THHITOAAN

aLve

eniq

enlg

uasoib

Usall

-yeeil
Mok

mojled

soljek
efueic

efiugld

sBunio
pel

oo

58

g9l

Y]

[}

St
X2AN! ALITYND HILYM 3HVA

56

X 28 X(_s8 )X{ 99/ )X( 84 X 69

&

St

L1oiTVHY.

98 X(28 o0s )X 88
= - 0 A - O - - O - 4..0- L0 A . l..Q,...a g -+ O A ..O;.o I -
L0} Lotd  etoTloloty 0002+ o L OF , | .
00T = 0507 - . cmm....o_.a . L0t g6 SO Ok - ﬁow....m.w g~k0 1+
06 =03  0sLT-102A 876 "oz TY 008 q5 ) 0004z -o_m-.n _mnl-om_. 002 0230 k02
MM Loe G N IO P S 006 7. 0T ® oe- “M? -
-}0€ € -0 B+ -0 €~ -0e 06~ FoeSF  ge-l0E-
ah - 0021 *-0 O-ﬂ Qmﬂ! IO 008 = I* mﬂ' Qm.ﬁlw IQT +
59 0¥ TO v oy L-op- Loy 9T =0 Lopd  OLT-RO PSP
05~ 000T~ 26 gy bos S ooz - 3 %% ot ov..-% v 07
s +087  gg5 087 . -;om.z..... g?ﬁom-.a - 08 0T0G,  0TR0Se o 0% Lgg UET0EH
st =091 9 "Loo -094 Lood ool 2Tdoske ‘{Tos. Load "’
Dy - 084 ~ B8~ ~2"S 003~ FOT 008 0*E -0T 091 o#ﬂu o 081091
hO .IrONl L0 . R g't = 1% 9e1 49
i “”” o8 s goy ot I S ' oer 0450 sz 4
, e "Lnag . = » - - =0
g 087 og -10%7  popemilbllng g 05T-T08Y  oge 087 o'g LoedST prdopd  Tloe{™  Logte
ag mioml .oov : ’ . ) 87T |°m B0E ~ L1 -0 021 08 ﬂﬂl *
or 00¢ - 06  41g JOBTgeg ™" FOBT" ggp 06 mw 40607 OI4D64 U065,
- . ] - + ' " ) mﬂ vﬂ' | Ilo_ﬂ
o 7004 0. —00L 078 O0H0'? goT~00 Ips Slqo 0'o140011 88 g J00 IS :l@l se-too 1t
) ( o L 33 ( . II.\\ -
H\NL_ 0T/ 58 LY Ll a 7 27 }.m\\ se
/8 UMMW>ﬂeM=\Mc353 g T/du T/ . w/Hu o8 Do M1
J-¥od vioy ALIALLONGNGD nd ALINITVATY - © Hi4ad € . HOLLVALYS.
: 1310348 Wil - N —ToK w510 TIDOIS ¥ TAHIGECT0 ,MAnMMMMW”m FUNLVHIdHAL

IONVH BNTVYA IWIHLXI TVNHILXT IHL A1 L LY DNILYH >._._.._<:_0 HI3LANVYHYY 3HL 138

o

SIAAHND DNILVH ALIMVYND
{0oT pesoxe zaast sfupiex Lyyrenh TERapIaTPUl)

M

j@118n}

QTVYT J01 YAANI A 11TYNR UAIWM SALIYAIALUINN A9 1THRITMNG Y] J0] 133HS z.O.._.<4_:o._<o

20



Yy 7 LVYSYIT m;:._

Bn|q
el

Hoeih

uaaib

. Mook

mopteh

moleh
" abuwio

ebuvio
pud

sBuwlio

pos

zo_._.<.wm_
~ |

&mg?n “suva

nmnmmoxm w_ mcz.qw_ m:.._<> mEmm.—.xm .._<zmm._.xm 3

ST

51 Y]
XAAQNI ALIIVND mw._.<>> ANV

G5 .

gy

T

§a

Gl

STAHND DNILYH ALITVND
(ogT peacxe aast sBuTier Ayprenb Tempraipul)

HL 4l _. 1y mz-._.<m ?:.2__.._0 mmhm£<m<m 3H1 138

oD

=<8 xum xﬁu x.,.mm X{ 002 )X ¢ 00/ 39
ot - 1.l L., 1]
0 , . - O " - 0 o - 0 . G .
0 0T-LO 10" _ L .
yauy_ AV oLt ¥ oos+0t- 0L+ .oT-MM AN
Ty T 86 o ns 2t o - . .
o 00 L0zt 0087 gz 000T1gpl  Log- L0z- Lozt Loz
i VT 96 . Ly oor- , 006 ~ 0t - .ﬂn o Mmﬂ M” 8¢
- ﬂl - . e et b " o b= - ek L
3883 DE , amn.. oe Lo 008 7 oe 0¢ - ¥ . og 081~ oe Loy 7€ o€
AT, V' Lo pea0t g Fop  9'T +O¥.g Loy wttourst Loy
g mu (M 6 Loy oL = . 44 091+ og YO
__JLISNHOL, oo 081 Fog ot Log4  ©0°C -+ogd’ 0T-tpsd 0G1.eq 606
#od 534 06| Log ose [y 009 1 — ost-0% g T8
. oe L 0g- Losd 9% logds LTlosd ort0s{  oek0e
8'8 28 002~ Loz 008 = 018 - 0T
.Ht \Jw. ; .mSS ' (0 2 we() /o () 2o 't = p2dtt ik T ol 2
gra e pprg ST Lot oy - <027 . perrOlfor  FOLA
TUIT0A TAYE ooF =} 0¥ . o1 921~ g o -0
ummmluuun ho\ln b'g ....Dm-.lo.u o108~ 0gE +08- 0'e lvOﬂu:hM uﬂlﬁowc aﬁ._”t.,cm-...om o ..om..IN.
LE - m - QDM " i - £
2 EXITOmOT T U% dw.ow '8 40875+ -omué pgz = 061 EN -+08<. 0z OT-+08+  SITTOG.
o’ . e B X' , ¥l Lot
v * NISYA ZDVNIVNC o°e ﬁ 0°9 poT-00 5L 002 0 p*oTHO0 I B8 g ~+DO IS zdl@ eZ100 1T
Y Q&S H ) \_/ w \_Jua \/ \_
, X b ¥ e o)
. | loeh || /4| [be g _
TR T : ,_ _ : / .9/ M b H ?.%\m.% Iw.m ,
v/ uumw\,«wﬁ“s\”g_% e 1/du 1/ gu/au A Jo NI
, b LLTALLONUNGD OLLVHNLYS
NOINWITOaAN . d=POd TVIOL ™4y i hd ?ﬂ%ﬁuﬁs.« R—fon o M0 o P Ti0s0TO MM LA
, _ __ AIATOSSIq

@1118n}

-

83%YT 103 X aN1 ALITYND H3LYM m>_._.<u._4n:h._:§,mm._.zgw;z: eyy 404 LI3HS zc_k<.50,4<0

21



AHY eniqg veasd _ Moo A eluvio .
.\\%.v\.\.. F?QWQE& anig useil usels Mmol|8 4 motek obunzo | PO pa) po
A zo:ﬁm A o .
: oE §8 8l g8 55 g O 5 gl
\u.m.wDTWNw m:.<n xmmz_ ALITVYNOD mm._.f_s any"

b x_.

Qmmmmoxm m_ m_wz<m_ m_D..“<> ms_mm._..xm ._<zmm._.xm mI._. A _. 1y mz:.«m ALITYND mm._.ms_<m<m A4l 138

= 58 x.&,th X\007 )X 5 - JX( <8 X 091 )X 88
- S S 1. _ 6
° 0 Te 01 Lad 1 o.a'.o,; b} 0 - -0 1o FOo -
| .08 Lo1d orordotderr 141 4, Logkr O . ' =
yapy- gy | 90T ooz 1 - _ oop-rOly Ot 8'0 047 . -0 1 .ow.wmw b=} 0 b o &
eron 2Of | 0 1024 osurer0z- 86 Tog{ 7’7 008 g5 00T gz, oz © " Loz 0z% ozl (2B
niado a1 | o9 ooet- 96 o Ly A 006 U A ol A 00% toe  ee- 1€ m.
: g, =0C+ 00FT-RDEA L ged Ty o0¥ _ o't ¢ 06T . >
w”.wwe.. DE o oF (0%  gog o 0F7 r08Y  gpr 06 wﬂ 980 €- =%
_ oL ~ . g~ -0 " i -
LSATYRY, g4 ~ ¥°6 Lgpto'? , 52+ [
g9 +0p- 00IT=hgp- oF L0 P .0 P o1 pt-3Y =<
, N , " - L, =0 P~ OLT==0 tr- rt
IomM |9 000t 26 gy T ot w07 o5t Ly ¥ o7 I
alusuuor | es ~r0SH 08 05~ L0G L0g “ned . kpod e
- Mn - o6 06 - -0°g 052 a8t 009 =} os o8 ost{ 09 s PETO8 3 m
. ‘e N -0 04 Mal:E b {7} ) O#Hlloﬂl e G+ (o B
\J \K.NN}AWQB oF - 05L = B'e =T m. [sliiAy Loz 009 - o1 o1 % o m
Mr\ o PP IR 2 BN L IR & 1P 2 L0 24 L0 2- o4 Loz 1@
NHVIOA DAY | oeieem——— %8 s % or 0ET 0L oo o
- o -y |6 -l 1 o .IO e
e Oke | st T08] oo 108y ekl 05108 g5 HOB- a+oed  Fload™  Loari |m 8
gree - 6O¥ : u——— e 0217 08 924 P o R
e YAHY_ZOYNIVHCL | OF Ly 5 06~ 06+ ST Fog  00E a
PrYrarerys] b9 W4 oo tra - 1B'g 06™ ;g7 -['06- 0t+08-  STI-F06-.,, © = b
2 >Ft ot post 52 o -
. y .|. . . | -0 S
.ﬂ N1ovd T9VRIV] 0 -H00H o (1)1 o8 100 L-0'9 coﬁl.ocw_.mb ocda : g =tontle 11 8 £2400 2T
NOYNH ( - U v -
_24AL HOLION V3400 GA3H. _ £
4 ..-V\—b%“&\ wﬁ mm Od\v \ﬂ. .ln . x .
[ \ -
T70 0 a Dg | dHAL : . @ M %\ i N\ \\ Tsm\~ ..m |Ml.ﬂ M
1/80 Dosz 1 wa/monun e n -
9| PC e ALIALLO0UNOD ‘e 4 7 . gu/fu Holivunivs ,.oo NI o
NOWHITOAKN  47F0& IO Ty na g e Mor T TN e ._.E_&%aa % fpiotxo TWLVHISIL
. 014108510
833V J0] XAANI ALITYND HILYM BAILYOITdILINK QILHBITMNN 84} 20 133HE NOILYINDIVO

22



YNy 7 .E%g

Vo

zo_._.,ﬁ.m

&m.wb,,.\_wm

4 mx<4

w._.<n_
nmnmmoxm sl mmz<m m:.._<> m_Emm._.xm ._<zmm._.xm mI._.h_

oniq

aniq
:.ne._n

teald

vesf
MOJeA

mopte &

Mmook
ofusio

sBuwlo
pos

oBunio

pos

oo_.

51

$9

3]

Sf

Ge

xmn_zu >.u._._<:0 mm._.d.g ANV

92

S

1 iV BNILYY >.—.j<36 mm._..m—z<m<m mI._. 13s

xmnz_ ALITYND HILYM SAILYOINJILINW GILHDIIMNA 8Ul 10) LHAHS ZO“._.<43OJ<O,

o%xumx.&_x‘m@ X os_x.m..m__x <b X oo X 88
oM I " n N | 6
- 0 4 -0 -0 - . O gp-+ 0 4 - 0 -1y FO0 o
. \ . ooz~ oF - 11 =
014 0'0T~.0150'F atd i 1
vy L 000z~ - oog-F0b4 Ot ¥ 01+ FOLTOT gpLOt w
. 86 =~ o A - - - - A
v AmQNM 08t =4-02- Log-{2'F 008 pa)  000T g5 ] 02 ozt loed |2F
HigAa a5yl post 9'6 vy 0O~ 006 08 = 002~ og  @e-] gk
:ﬂ“@r NE 00F T~} £ -0 €+ F08 o FOE Log- ”“.M..,.cn..”wﬂ ge+0Ed m 2
_Lsaly. 00ty  ¥'6 Foptor 2 10 _ sz , 3
i 0P 0 P+ e OLT-0 3P oy
T 0007 26 = Lgey 008 ? oot - 222" otA o?ém w0t | M
JSIMEHMOL, 006 Ml +0 5 , 05401 " hogH vr~.pa.d " Lng- »
- ) | . 0'6 ~ U3 0% " 084, 429 Hs-2 ad T
. o*g 082 009 = - 0g1~."" [93 =&
\(\OQ mmmnm 008 IIO o O w-_l Iomi_cm.ﬁ L Do LT= . 09 4 n-..w_
; ost 4 | ooz~ " loz o008 "Uoey o084 oeroed |0
TN ENIIASTM Loz 9T~ get  bag o}
oot ~04 gLT~p025 0 2- 0L 3
AHI0A TV 009 ST Cor P02 perd C4Tor o, P04 &
TEBEE . CON soea 08 0511084 gep OB r-+0g4 o toed ¥ Loet |m B
et 5 b9 MMM 06 ouz -] 064 0T06+  STI-rD6-,4, > FOBA b
% N1gve AhVHIVIG o ol o0T=t00 sy © 0 e ot =
. o'q 8 E21O0ITT
NOdNH v
AdAL HOLL0E {AHAQD O33H W L
" | _ .
’ oed | |08 A b -
1700 00 Dy dHIL : .n\ . %\ w \v‘%\m.& |m.’ﬂ m
e U st p w/sonm -, /i 1/ o8 — o o
E - DAUNGO S : . NOLLVYALVS &
. HOIRHITOJAN K -Pnd .H<_H..Qb 0 141000dS lid ;—.H.M.UHWHSQ % —foH Amw“uﬂm“unw v TLBIONOTO % (RIAAXO AYNLYHTAHTL M .
_ L * qaA108S1a
SaMVYT J0)

23



afluwlo
pai

Mmool
eBuelo

ueeiB
Mmoo

eniq

sl moj[eh -

o n_.__,n uea.t efiunio pel

ﬁi_kz%qﬁm iy

; " 20:..4.5

EL iKY g9 L) ¥ SE 9% 54
X3ONI t..z:c ALY M NV :

&%m?n v

nmmmmoxm m_ moz<m m:..._<> mzmmbxm .._<zmmkxm JHL h: b .._.< ...uz-._.<m >._._4<DG mm._..mz,o.m{m FHL 138

z | 98 X km Xi<e8 _x\wm_ X{ 09/ x,n,m.x o8 X oo/ X €8
DR~ Lo 1.1 1.1 | , 6
N ,0 - 0 . r 0 e ﬁo.._ o.on.-_u g S¥~} O+ - 0 4y L 0 o -
. . Lotd e ore?.oﬂ.,..o.q ooozs T o= ,r _ m..
Iy T ooT -~ 000% - . . ODOIIO—.! i IO —.l g0 ‘!Dw! " ..D—.l TQF!IW.M OTlD—.! .ml.r.
e _ : : 86 " om0’ - - -2 ~ . _
..MHHE_, B A 402 osr-toz] V6 oz oo -02- 00010 2. .02 Lozd Loz-T%t Loz o m.
CJpain gEvd, | o8 005~ 9% - Ly oOF Q66 = 0T FE ot = 002 ~0g  BE7 W &,
prrtvETe NE gL =0 00¥I-10E- 0 € ot -0 € . OB Log4  %TToef ge-r0ed Ce
3803 . 1 oL - sozt | yeg ooy boey 0287 o 008 7] - ¥ . 08T~ oy ¥ um
—LSATYHY. | g9 oOpd 00TTHQ e _ ,..noei.. D P () P g1 0P, “Lopd DLT~=0 po{*S¥ <
IS 09 00014 26 Low 908 8 goL = . M o R et ov..,,.ca ye 07 2 .M
Al 08 J08Y 06 ¢ L Log 'z Hogd oz~ e
SHAOL. MM J | 8 06 oy 092 og ot 008 ~ o1 ¢ nilww.J- 08108y ggp08Tes IFTOEY [ E
ANOG F3dA . | ¢p opd 098 Lgo. 094 9T ST Lophs LT -09 : Z d
o RIVIS R AINROD _ RPN I IO 094 08+ g L0878 094  ortr098y 06108 o5
TR PWNIIASIM 024 Losd lou et -, Loy IF se1 . 69 a3
‘ g ~ 0oL 9'8 - Lyeg SLTT0L R0 2+ LOL-4-ET | ROZd . J0L4 (=
— THNTDA DAYD. 08 - 009 - . 14 ooy - o'y - T - oet 0l 5
M.””W““Uﬂ . ho\d . mﬂ% 008 I..Toml Q- cm| .-ﬂ Qm..—..l.co_ml ‘ 048 'lomi 0's l\Gm!l h.ﬂ l “”“!IOWIT”“ M m
“premet g b9 ot - oo¢ AT T Rl o FO87 poz 4064  0i9 7060z 01064  STITOB7ge .
Cootte : 1. 0% ) %3 | , . 2
. yisva oy | O PPOY - o =00l o8 0009 ger-1001LteL O o'otd00H- €8 5 00
~ NOINH \ Y w S U
__9dal HOLLog {¥IA0D CA. . A €
% vy " '
. Ly | |ars || G| | o€ g7 Lo | < el or |2
7T 0 q | g Wil : _ — - . i A.m\\.m 0
., AR Dest U SR g /8 1/n . VY e W =
a-bpd Tyzop ALIALLONGNGD - d ILINITWTY - - “'wid3a NOILVMNLVS | Y
ROINHITTOAAN . . '._H.“_B.Em H WAL N =FON \S10 10038 T TUNHIONOTHD Rau“,w_ﬁwm.»ﬁm ALVHIIRIL

¥
i

m.mv_a.._...._,on.,x.unﬁ_ >._._._4:U..mm_._.<§ .w>_.._.<0_._n_._._..4_32 nm,._.Ic_w.e..z: oyl 10} LHHHE NOILVINDTIVD

24



u Bnjq veo:l . mojjal - pBuvio
W\<QNF>\TW¢EQ— mx.ﬂ.._‘._ Brq used ueasd moies | MONeA ebusio | *DVTI° pol pas
NOILYIS |
2 O 60b 5B Y] 50 gg . oF g 62 gi
-aLva . X3GNI ALITYND mmt;., FNY
t 89NV LE !

, 1IOMT
YAy TAvL
~ERIO}ARE
sRao E...m_ WYL
ek
4283 &m»uﬁﬁl
JoM
JTHSHMOL.
AOG I3 A
iLEt&E
LN \J%\v\ghm%o
TWII0A TIVL
Ta8]~2108
T sore

w_mn.uﬂwﬂa.a
: o0 b7
NISYE ADYHIYHEG

Nodnt

1700 04 PN

+

NOIHHIO0dAH

030330X3 Si mcz<m mn.._<> mzmm._.xm ._tzmm._.xm mr._. AL LY 02.&(& >._.3¢DO mmkm£<m<m 3HL h.wm

(*3)

S3IAHND DNIlvY AL17vND
(00T posax@ Ieadl S3UTIex Aypremb [PAPTAFRNI)

= .%xumx% xum X\ o0/ x.&.x 08 X 901 X 85
e icl lar I.O! b 0 ,.-.QI ﬂ..-D.lIO!..Q wV]IOl iolio 09
. 0*0T-L01-10'F 000" S S 0401 .
oot -0t Sonlso - T IR e FOby g 01 . -0t FOteg o0t
: PR I IO i : g =B _k
o6 402+ osertoed P Fog P 008 g 000Tga, 02+ SL2 B LLE g 1,12
08 0051 96 5 |y'y oop- 006 ot [ oe- 06T o bar
§L *+0E4 00¥I-+0E-+ r0E P08 g IO -0e+ . OB azl.om..-o_, 90~
oL - - @cﬁ -l lo-* neg= =0 gL~
gg 40P 00¥Ihop -0 - acml..ovg.. -0 b nre LT~ e 9¥ L0 -
09 . 000T~ AT N 7 ool - 7 0917 Lpg ¥
gy 081 JO084 | 109 0ot 06~ 0z-10G bOS nq ZETF0GH
o8 006 C 06 |geg oz L 009 = ost " [
sb =+094 9°f "Lpg- 084 | 09 094 L0094 om+09- o094
, 03t - B N e B O o7 009 ]
% Loz Lo bou oz 01 i T2
o - ooL 0L FOMLg sttt 04+ 047 gerO04tor o, 1047
% 1og{  loed .. Loe oad %", $2T o 5L -
S 008 ™ v 0s1087 gz 7087 ozt foe LF
07 "Lmpd OOF I P R 008 . o - -
087 oo =087 zeg 108 Tpeg T FoeTY gz 06 .oz OT+064  ST-+06-.. S¢0sd”
O.H ﬂOﬂ . - .*N' .IQ.H
0 004 o 04 o0'8 -TOOL0"9 gor=t00 5L osd' g 4001} E@E £ T00 LT
-\ \_/ \_/ o ./ \_/
. e S0/
4 '
/2 / . 5/8¢
1/dn Do%i p Wo/soium - . g fiu 1/in w/ Ry Do HI
_ ALIALLONMNGD b ALINITVATY e . H1d3a £ HOLLVENLYS TUALYHIEHIL
d-¥od VI0L DLIIAS . maor, NP yorg mippgg © VIAHMOYOTID a._u\.,umwmm

"M

1snjg

o
-

g3V 10} XIANI ALITVND HILYM FAILYOITAILINW QFLHDIZMNA 841 40} LITHS NOILYINOTYO

25



-

77 LNBSHTId YT

L

zo;m_,ﬁ

IOM1

VHEUPREAN

[LEET

gAY R

widan vy

Jasg )

nE

LEATYHY

d

&M

_ALHEHMOL,

~NOU

LW 33@&3

g =

AHNTOA YT

1983]=210F

gwored

S0k

e Y HY OVRIVEGL
prerewinl ~E b9

gor

i ©q1sve_JOVNIVNG

(644
dAL. HOLI08.

¢

ang
i o

T URIL

HOTRHITO4AN

b 8ONYLE VA -

030330%3 SI.

ang

-an

ugo

:aehn,

ueolp
mojiei

mol|o 4

Mmook
sfueio

_sBuslo

phuwie

pel

pos

S8

7%

Y

GG
XIANI ALITVYND HILYM IHV

Gy

1

g2

51

= {08 X9 X 82 X( L8 )X{00)X €5 JX( 96 X 901 X €&
‘e + O rod4 R0 to- L 0 o 104, e+ O+ -0 4 L 04
ot | oorLortos 000z P L |
oot ogu...mr. T ooper Oty -0l gug 0T -0t .o—.nmw o0+
' -1 Al N - .. - ﬂ“tl -
06 402+ oszt402d FC TozJtY 0037 qp)  000T4p L0 2 z [ n2z. .om.._.: L0z 3]
. - ' o 006 , e ooz~ fof 86 c
o QosT 96 5 'y oope 0'1 - 08 - >
¢t ++0€- oott-+0B4 ~  }OE+ " Loe- Log- Lot ogd %' ToeqSt gpkoed |
oL oge- o 008 = , -y ) 097 0¥ or
9 Lop] 00TTtopd VELowr?t Lapl o Lopd etfordg oo ford  ocporrst bopd |
08 =1 -} B00TN 26 lgy 9 oo - Tl 12 09T |ge ¥ w
gg ~r0G- ; pOGH v 0S5 ogdot L0 G - 0'C ~Log 0zl o L0 G A 8N .
g - 0oé 0'6 Lotg ﬁmul_. ' o1 005 ~ er 08§ 081 09 ”Mw 0§ m
st +084 999 “Log. 09 .08 Logd 9% 4oads L'Lopd ov}08 )
ob ost - |, 88 |3 002~ " |0z 00§ A Rl IS 0t=+09-
~044 ot -r024 . FOLA g'c ~ 91 ge1 199 0
. 00L Cn g SLT-FOLA 0 4 R0l 2T -0 £~ {04 044 | &
5 ) wsd | 0 -3 ST 0'¥ - 0T oL o] S
. [ - i . ,ll . l - N o " ety
sioete oos 5087 yeg LU0 051108 gge 087 0% :.om-rm 1~ 08 ”ij.om, ”” Lot |m
QN I.o - ' HUQ— ' e - . L
or 4087 oof 08 geg SO8ges e oat 106" A 7087 ot L ST-06+.g, 5706+
00t = : wd  fse ¥ bt
ro 003 o -0k 08 TOOH0' go14004sL O o'otfootkee g Hoolfs 8 pz00tler
o/ \_/ _/ \_/ 'w /L N O .
) R
. . .E, - L)
. [) -
LAt i L i T /A 5o 1 =
-b0d VL DRANGD d ALINITVATY — H1d3d HOLLVUALYS : ®
d .om .ob 0111048 It 0L H ~~FON xmma 140038 ¥ aawmmomoumu mauhmwmw“w TUALVHAIHAL

IONVH 3NTVA SWIHLXS TVNUZLXE SHL 1 1 LV ONILVH ALIVND HALENVHYd JHL 138

e

- {poT pe?Ixd 13adU S3UFIEX L371enb TEMPTATpUL)

"§33V1 204 XIANI ALITYAD HILYM SAILYOITAILT QILHDITMNN BUI J0) LTIHS NOILY®

INDTIVO

26



. " mx<...__ ‘ . \ eniq , ueslh | mopesk aBuvso )
ST FQQWQ&& e o et ,c.?.u | monex | O | epupie | *PVME pol pe.

% TUNOILYLS B | _ _
, L g GV . Gg ¥ g4
S xmcz_ ALITYND mm:.,:s MY _

ccn

b 89NV LT awva |
Qmammuxm w_ mwz.«m m_34<> ms_mm._.xm |_<2mw._.xm m:._.r Al _. 1Y Gz_._.<m >.~._.._<DG mm.ﬂ.m§<m<& AHL ._.mw

, : . _ 6
oMt 1 1.1 1lal , . . _ .
. | o r o 1. . m. . , - , o . -F o - QDQH - D - c-ﬂ li o ITQ ,m#.ll o o B o !Iﬂ L D L —-— ~
A ' e - Ly - ] ‘l..l = 4 . 7 ) fom' op = - ’ A..
yayy 34V, 00T ot 000% - Otq .0%0T .o_. ¢ o0y +f-0 H 01~ g0 LObT . 0} - -o_.u_.WM o0 L m
. - g w e ‘ Lo e = . ) <
“pasve me 05 <F08q  0siT 02+ B8 oz STV 008 g ) 0001 g, oz ” um.-cm.. Loz.lst 02 (o
Hrgio 21 | 08 7 0087 96 3 Lpey oov- 006 = srd 5 oen poz=| ~ Fog g6l ck
ey ‘54 D€ 00FI0E- Lo L ned L a e  And 06T o bt - o
4253 DE L ‘ 087 ' gos °F 01, OB 0%y 5TO%Y |5
e ammr | % Topd  coztgpd v Loptety 50,10 . §2- I
. R 0¥ ov, Loy 9T 0P Topd  otrRorrs Lo
I5M 89 | oot TTE geed L goe 3 oL 8 g 09T Loo PP " w.m
-1 Iloml 06 llonl . Ioml . om!lcﬂ lomn ' Q.- 0t=t. N la.ml 2o, i )
AOO 354 1 0 $ 06 08 oszd - r 009 7 , u» 0 031~ B 08 “ m
sy ~-09{ 00 Lo 09 Load® I P R e - & a9 z &
. _ g o b 09 . F09d g OB Log4  op11094  petoo{ | @
MR 044 . gor -rO2q . FOLY . ste-02d 024 9T losdrr s, et t02d0) 0 g s
aunioA TIVL MM Jt 000 9°8 - ="' 82 oo¥ o'y - Nk © DETH 0L wﬂl.. FE 5 “
BB 1 ey e -l - o N . “ 4 ‘- a4 0
wﬁua Soke .  fmiinsmioter 005 081 veg F g 0317089 oge 1087 o ..;oa.-w.m nfoe]  loed’ Loat [ &
; 02 1pgd 0% Logd . bogd |, SPTEOSS3 00F o Lo, 9011 9% 81 v A
atle o0 b9 | ot - oo% ~geg 06 geg T PO gy JOB% Do 060z 01067 STITOE, lkadh "
o | T4 ) . gegd [z . ¥ ot 2
—— HiLgve 20M10 o To0H 0 @ 08 t00H-0'9 gor400ItsL 00 0 o'or-footfes ¢ -looifs ﬁl@l 82400 421
EEQEE /lL /" ¢
% . : A T , NL 0/ . N
i1 o “.._:ﬁ . : . 3 3 m\%\ov -
. \u.. e oAt e /i /%0 U/ T
: d=bpg vioy ALIALLONINGS d 0 RLINDTVATY - laat NOTLVHNLYS ‘o
{HOTRHITOZAR oLaaies MUY R =S8 yoi0 Tiooas ® éﬁs_oéu x inioaxo TUMVEIMHEL o

27

} , : : : . aINT08514

X3AN! ALITVND HILYM JAILYOITQILY  /GILHBIZMNN U3 10) L23HS NOILYINDTIVYD ;




Bniq yoeib majak _ _ sBuwia

YT lﬁ}x?..ﬂ@..mam v ., .._o.n_n o | vagid ueald Mol ek ..so.::, oBuwio o.u__:m.,_ bt uo_.

Z NOILVIS .
. ool L P BEY) ) 9 T Sl

a1vd | XAANI ALITYNAD HILYM IHVI
7 8INKbE . - . |
Q20330X3 S! AONVH 3NTVA SNTHLXI TYNHILXT THL 41 L LY BNILYY ALIIVND HILIWVHY FHL 138

= (68 X(_cg X( 28 )X( 28 )X(09) )X(~.s X(<p X 007 X 98

: 6
,_O.S.m ™ - O - 0 - CFO - 0 . 0 - o.al_..o....o g~ 0 4 . - Q g F O -
o1- o1 o' otdoLtor 00027 .t O] ot ' g
Yagv_aavil 00t - DOQNII o009 llc FI - IOﬁl mno '...Q.Fl ﬂﬂLloﬂl SQPIION OT!Q - m
. I U P | i | . i
s T 0@ | toz] ourfozd PO TL0gfFY 08 hgpl 00T, L02- oz tOBL0E o ko et
—_— HJT LWL | 08 7 9081~ 9'6 4 Lyy oop 006 14 [T o ooz T : > =
r-rr—e nE st 4o08d  oopi-koe- R AL PPN ogd 0T ®loed ot Lopde gelogd [T
T sy | 2 ] v ooy 038 Fa 0087 oz oogt{ O [oF ok
, g9 O] 002T-hopd V'O TopaOP L Loy -0 - Lopd  ot1-oprtt | Lope ]
IoM 09 - 000T~ 26 lgw gos ¢ o 22 091 Log ¥ .
JLISNHOL, MM “.om. 008 097 e oS ++q 052 F05-0T o0 05 021087 09 g 2ETO09 J44a
™ " “ . L Z®
NOG33d s¥ 08 8” To% 09 2°s a0z Loa " -094 ool ortos]" wsbosd |07
A asL < . T e = 07 008 = E ]
LN 3%&@“&%%3 % 1ol - Loz 91~ gt ka9 3
S€ -] graol  ppeg BTTOL, 041 F0L1 . gerO4ton o, FO4T .
o THNIOATAVL | gg - . , ooy B R pe Ly (20
.,mﬁwm& SOk 2z 1087 'g 03T-F084  pgp OB L08- Mﬂ-ram;rs :L.nm.nw. & m.
e VY _ZOVHIVHQL | O R g0 008 o 0 —————
-0 6+ J084 1106+ U0 B
Nma.aaa oY bd ot - 092 02 Ehnl § 9 ol Lor| 8
— . Nigvd FpvNIVMg | O W TOOL 9 got-100 t}st S.Iq oottt g -loo1fs #.-q £2-{00 21
yoynH =\ J w S U Wit
—JdAL HOLLOB. | WIACD GTI4. : ; ‘
| &2 | |97 L | A b Se | g
T/M TG | Do dHlL .,mv : : t/ 0\ hed e - ¢.h\@.m {2
- T/8n DegZ 1 W /soiun e /3 T/ . w5 %a NI -
. -$0d qﬁ_o._,. ?_..;H___o.m._zs I ALINT MY . Hidag Ll NOLLYY¥NLVE TUNLYEIIHIL ®
HoTNKITOdR © d7YOS Q14101145 . Tava - FTT ysra ioogs T TIMMORTIR X IS0 K

__..,_.. SAUVT o) XAANI ALIIVND HILVM m>:.<u_.dn:h.m.. QALHDITMNA BYl Jof L33HS NOILYINDTIVD '



\\\és WpSeTTd P

/

ZQK.(._.m

59 %&b

- 10m1

YUY AV

%tg . Py A
e DF

JoM

4 JINSHMOL

ANO(J 334

TN 7 RS

HRYIOA_TIVL, |

um&..?_um .ﬂ,Q\:R

O yawy Iovvie
TR b9
nmﬁ.ﬂﬂ&.

, NSV ATyR1YA

NOJNH

"7/ 00 | Jo uHilL

KOIHKIT0ANI

CRLYA T ‘ o
amammoxm m_ muz«m m3§ ms_mm.rxm .Ezmmpxm AHL A1 L LY oz_.:_.m >.:._§c HALIWVHY THL 138

enq

s:_n,

|- | uessd.

upall

:u.uw

mojiei

mot[oh

molek
efiuwio

sBuyio

pBuvio
peal

pei

88

54

EY :
xm_cz“ ...._._.”5._0 mm...<>> mx<.._

)

.St

ge

00}

g1

LSATENY.

25 X\wm X unm X Q% X M.mv 09/
-0 4 ._.,a..., ko ,A-.D.,.. .. Lo ,10...6. L0 -
B _ : . 0007~ B
dowd 0 fowd oororfov - lgpld o1 L0107
ot 000% = - . r 009~ QF R DP Qﬂ. o QTIOﬂI
o5 4024 osirozd U6 ozt oS apt.  000T gz -0z 58 .02+ 2
01 .~ 08T - - ,,. ﬁ- Oam.,.l 007 DE 88~ <
: . 1 9*6 o o ¥y oob- , o >
gL -+0E4  0obI-}-0E- -0 Lo g- Lo~ 061" ge-" gploed | T
oL = o 008 =f 22 B 14 =
g9 ~-0p~ 00214 . Lo OLT0 =37 =
09 4 .| 0007~ 00t = . 09Tt lge *ende 4
gg ~08+ - {) G o 0°C “Log 0306+ 0 § L.() G -
0§ ””” 009 ~ og ) ﬂm .um . 0% 09T~ nm “wm teros m
st =091 Looq" .9t Loods TLood ovip09d T oetoe{ B
ost - 008 ~ o'e . :
% Los SO I S 919 0,0 3!
gt = -ooL = -0 4+ -0 2+ LT R0 2+ O Le 0 2+ G
. 0*f - 0eT oL g 5
0 1ogd 00°7 | ooy = .81 vt .. fot 0 |
8T - RS oog = : @wm w0 8= 0°g I.‘DﬂlThH tT~-0D8~ O,ﬂﬂl_oomllbﬂ . ﬁu,om-._....ﬂ. m
“Z 1064 oo 098 "Lhg iq 0840z OT+0Bd  ST-+06 s 8 5 [
. La P - N Ll 0 L od - et b ] -
1 007 - f m.wn. . 0z 38 -0
o0 =001 0 * cﬁ,roopa.a 0'0THOO0MEE ¢ <0019 adm
./ /L 33
8| |0k | |8 |est ¢ | z
| . < .m.m.ﬁ |2z i1 ¢ YARE:
, ﬁ\mz o2 o _.5\_.@9_:3 .w\ws .ﬂ\,*: . \\.Q\ S “.
ng w/f 3w Dg NI -
‘a=¥pd nv1og ALTALLONUNGD 1id ALINTTVATY - © Hidad £ HOTLVUNLYS &
o ..E.S.___,m, ) 404 X wcz 310 10038 B TIAHONOTHD aau\.,mwmw“m_ uxﬁém&.ﬁ.

{091 peaoxs xwasu sixpiex Ayrrenb TEnpraTpur)

ol

.g33Y7 J0) XIANI ALITYND HILVM FAILYOITdILT: "GELHBIIMNA eul 10) LIIHS NOILYINDTIVD

29



CERVRILY

u.:E,.. vessd |. moped ) . sbuwio .
\\\/\Qw F%@..WQ% § wenit mone k moneh 1 opuwso | UBUTHO pel Rod
~< ST ,._ﬁ 68 94 s¥  gE 52 g4
B anz_ ._,.:.;.DG mm._.<3 mx<._ _
- 87 ddY h \ :
Dmmmmoxm w_ moz<m m:a_<> m_zmmhxm .__<zmm.rxm gHlL n: _. 1Y _._.uz_.s.m >._._.._<Dn. HILIWVHY 3HL Hmw
= \mu x..wm x.nm x cm_.x_ﬁw x }w x Q\o aE 007 )
1IOMT L Lo .. L _ . : L
. _ o . e °1 o f ' aoanp. e 0°0 ~ O0%o ‘s¥- 04 F 0 bo i B PR
‘ b koid . Lotd ot0Tq0L0F . i R e P | . :
| -+ Nl Bl 0002 o. T + ooger O} o 0t gug +OHT m,...o—. FOLLOT gptot m
o b ~pOQ | % 708 esttT0Z 86 Loz.[2'F 008 g 000Tgp oz ® ¥ Loz- Loz.{5t  loa] |2F
pafa e | o8 4 | oost ‘964 lypoord | 67T ot [®  oge 0oz roe g G E
TRIARSD- HE | 5t 04 - 00FT10E- . PO " oeq | _pOBd 06+ . Logd  ThoedSt gelopd 19
993 oL - - 008 - A oat=l ot 365
I 8T __,82-..3. POV g B na LR g um..,-o?é ye- 07 “.m
. grsanl. | se 087 | gos ~O8° "~ Logd ot -tpgd® ‘oz-lpg- .cm.-% 160G+ > i
400 3334 o8 : R 000 = . e st~ - |58 d8
QQ. m gy =08 008 “LooH ‘ Jo etz .n LT~ 109 {4 o
qllln . 05L - 008 ;Tom ‘ofe ..l.of.“ﬂ OO  o¥T--00+ op--094 o ;
\fm{&\\hm\\z ,.cv. =0 2 0oL, -...Oho. A2 g'e R o1~ et by O 5
6 -] : 02 ozter T fou- Joud, Logd i€
_ 0704141, | op 009 = oo - 0% - OET 0L gp- ‘ T .
ﬁ&ég SOk | st 087 gog 08" oge 081 oee Lood T rdogd  T'loedl _.ca,-m s 8
O oy ol | Ofacleakalen 2 on o0k - AT T, ot ot sl b ek
7513 1o TN U_w_ b9 0T - wwm . oaz - 06" .m"w n.om...mu 0T+06-  STT-TDB-Lqg ”u‘..wo?aw e
Eor ” - - R £ 0 2
t nrsva apwiivig, | © JPOH o -001 00% ~00LF 0 0'0TH00LFEE 8 40048 1 .
NoOYAH T ,r\ o \ ~
_ 2da% Horioe (IAQ) T3A. - . £
1 : , 1 - e '
. ¢/ Q> a : : : . 1 - ...
TITTO T Do WL, - \_V _ \d m nﬂ(ﬂ.\ rﬂ:ﬂrﬂ i |W. m. ) \\.Q\ _ M~ o
o R onm M e L ¢u/a . o o
- t _ _ F v . i HOLLVERLVS
HOTNHITO4Al d-bod VLOL 1 Toas pd o ALy oy qar A e wdovon Ly qunLywzanat o
: : 3 . aIAI0SSTA
| .xumz__,\E..__éo,.._muﬁ;.,.m_.>___,2u_,._.,m,_.h_‘..,.M,__.‘om.hzm_maz:.‘a_._ s0} LAAS NOILYIND1VD

30



,0_.:n

vy 7, LNBSY I Y

Bnig

powsfl

upalb

~yonsl
maojjal

no|jek

meojel
sfunio

afluvio

ouﬁ:m
pel

pes

zohk.n_.._.w
. E

oo_.

m.”.<a

Ry” Ndt §1

e

gl

88

)

5T)

ge &

xmozm >._._.m<20 mm._._(..s ANV

g1

nmammoxm sl mwz<m m_.._.._<> mEmm._.xm ._<zmm.._..x.m JHL ...= L1V mvz:.f.m ALIIVND mm._.mszmt& IHL 138

=76 x_hm X8 )X \@_ X ef\\_\, X( 74 XL a9 )X o007
10M71 a . ] _... Lal . ,
O, ...O . e L 0 - . - O o 00 !..On;a gpet O 4 w.o.tlo S I -
: . . P : onaz=y . oF - .
Lol kD14 otoTLQlgotP . L J_
yagy ave, | 90T R L ro oos+0H . [0l geg O T . -0t 04Tl grr044
w2 DIRARY. RPN R 86 ~ oy s . N Ly | s
25108 Q&P o6 ~+024  0sLT7H02- Loz.{2"? 008 -0z 0001+ 5 Loz ® - o ..ow.fr.mu Loz
- __Eun o8 05T 96 4% 0OV~ 006 - = 01 = e ooz} -08 €€
P LT 8. ~-0E-  00bI~-0E- 0 € .06 e Lo Log- 06T o o.lo¢ 9g--0E-
e |me§I< % 0021 ¥6 gry 058 |0 ] . M 08T~ PO
g9 0P o~ Fop Lopd, ° Fobd ooimdieey . lopd  oLTOpY
JoM |9 0001+ 265 Lgwy o1 T o0 el -1 g IS g
- iSOk, | ss 08T gog 1081 v JJOF7 0§ 10T -0G64  0°F ...om....o a«L..om.; o 108 e 26708
= B 0'6 = " |oeg sz | 009 - ost~{ =~ |58
\J\OQ mmm gp {10 001 loow- . Qg wh! . §*g - I~ LT+ ' N9
: .E.rm%\b&zbbp o - o8t = a's - et " ¢ acujxow..n,n 003 ..-Oo. ‘o 1;Qm.“m.n 084  o¥T-08- ot~ 0B+
TN LS F024 oo 0L L FOLY g0 lord  #tdostrr Tlos Iilose oz
SHIT0A_ DAY, MM 7 009 9'8 - A] -S% oob = o't - ekt (110 & it s 14 8z 0L+
- L G- “Lnad : N , . - L <0
T GOR | 5 %] wa 00 yrefliny ommmeem o 105 o 00 wrjony sl poey
o Yy AUNINIL | 0% “Lgpo ook = ol . sz~ pog Lo 92~ 54
ZeTaTEe1Y = ] <59 .._..om gog =087 7eg JOB 5 -0 -9 osz 06" '9 +06 08 0T-06+  STI-TO6-.. stLggd™?
wmﬁ% 0 008 = . . TR o5 2 . Q7 _- O Lot
HISVH FDYNIVY, ol 0 -1001 o8 0009 gpr=i00llgL 002 OO 0 o'0T400LrEE 4 & 51
NYOYNH o \— \—/ " m \ , G —
X . m . s
0/ b .
._\,___.. [N Jp I . , - \V \Q; m u—V\ lw.ﬁd £ H M l\.\ .OM m\
, -1/ D42 1 Wo/eoijum e /3 1/dn e \ T
© g-Yoq yLor ALIAILINGNGD nd ANy o H1daa € HOTLVUNLVS oy S
HOTHHTTIOAN! . DHIdNS W04 R=FOR  yorq Tuoagg © TIANAONOTED B ook PR

] S_QI\HHS DNILVYY ALVYNoD
{oot ‘peasxe Iasan SBuTiEx Lypyenb TROPTATpuL)

182

1sn} "M

n

ER A uo_, XIAANI >k_4_<_..__0 HALYM FAILYOITdIL "IN QILHDIIMNN 8wl 2_: 133H8 NOILVYINDAVD

31



7 LNESETd T

/7

£9 Nd¥ S

|

ZOZ.«Q,M

Lva -

wnjg

. entg

use

1)

‘upesl

pBuvio
pei

mojje i
eflupio

:nn___w

mopleh sBuwio

mopted

pes

oo_q

58

T8l

99

- X3ANI ALITVAD, _mmbrs mf._

&8 'L se g2

| .___o_a.N

9l

mmmmmoxm m_ mwz<m m24<> ms_mm._.xm .._<zmm.rxm m_._.w .....: _. ._.¢. uzﬁkm >.~._4<3G mm._.m_2<m<& gHL 138

o .

SAAEBND DNILYH ALIIVNAD

{00t pesoxs xeaan sButrer {yyyTenh TEMpIATPUY)

| :_mx& x\_@;x 2 X6 X(Lb 001
1OMA P S A 1 . . ,
.. . Q . : . ..,. o . = o ™ . QQONI. . Q.ﬂ Ll o loa ,ﬂf'! c "] r ollo e Q b B
: . 01 Lotd orordotdoy r o0l 1ot .
yayy avn | 90T —— Lq.o oogepOte o FOhY geo O v " 04+ ey
pr TN N . 86 o 2 o4 T Naml? . .
Rl ~20@ | o 024 omrto2y. joe- B 008455 .83 L02-  }oz- oz 028t |oz-
NLdT0 VT, | 08~ 008t~ 96 4 Loy o 0064 | g [® oo ooz © fes geC
Jor ¥ NE st togd ooritoed - poeT Tt laed - Loed P oed BoeF gedoe-
™ Jay | & Lopd oort-lopd . vehoptetr 98700 e O 8- ol lM"
— , pOb 80ZTppy - P8 THOp RET2] - Ford. op  OLTH-OP -0
JoM |8 0001 265 gy 00E ST oo - 1t 091 Log Y& s
. gusiEor, | s 7089 go6 05 o' _POSH 0§ OT DG " 01=L0gH oG ., te0G-
0% -0°g 092~ 009 ~ . . 081~ 59 :
g4
AOJ 334 sy -h0g{ 998 "Lpgd Y Ik : Lt- N
...H,H\IL. ; " e g o " bgeg ooz 09 091 k094  or1084 os--08-
.W 3 oY - . 08L '8 2°¢ ooz~ Loz 005 ~] .
\Jw.sx.m m\ a !_.Oh- oot =10 4+ ' +o 2 grr--02- . 024 ,m.nlro.h' mn.n.._..Oh-..mw
HIIOA VL. | og w09 98~ ¥ LA osTf 0410t o, FOLS ,
:g-gg COfe | % 108 g 109y epmebiatym, 34!_'_ oe 08" 2t--08- ”Mﬂamr”“ pout
' - iﬁmég oz "Log+ 06 065 ‘ lom! 98T~ .._.-Om 00E ~ o 42 o
grEEr o b | ot - pos g8 ° pee 084" g5y 08 0899 ””L‘cm.. i
L . [] , ; ’ -0
t N15YE JDVNIVHA ﬁa 00l 0 =004 o0'8 +f004-0'9 gor-{00 gL 0OL SOOI~ O o*ol o .
NOYIH \—/ ~— . | -
345 HELL0. {100 0034 : .
L e o . 1) | | |
e I Y K L I i e Nyl
- . 1/8n Doz 19 W /soyun e /9 1/in : E\u..__ Be HI
+ g=boq wyrog MIALLONUNGD ki ALINITVIIY KOLLYHNLYS °
HOTNHITOAN a oy MM 1t :zm.sa i o8 ,umnw_aﬂumam ® TLANZ0ROTI uaﬂmmxm THALVHIARIL

§
1

S}V 40} XAUNI ALITYND HALYM IMLYOIMILINW GILHDIZMNA 8U) 10} LIIHS NOILYINDTVD

32



mojfek s .10 aBuvlo
etuvio | ** . pes pos

Bniq : © yooib

.,,u.n.B . ueeld ueoib molio A to:_;

27 .s\%qé DIV,

——NOIL¥1S

59 L 89 Lm.mgﬁ _3_... mw..f
e X3aNI t_i:c HILYM DIVT

Y7 m\&\ Sl mta_

ammmmoxm m_ m02<m m:.._<> m_zmm._.xm 4<zmm._.xm_ mI._. m_ w ._.< Gz_._.<m >._...._<30 mmhm2<m<m HHL 138

o

-0~ o .°.Hl.l —.!lﬂ LA - . ] . e o ) - "
yayy. v | %0t 0 R L SN weht B U T T . 01 rOLEY o0l m
A - 8°6 ozl 008 | 00BTA e osee |- .
Py 2o | e oEd Loz Ty G0z 00015 Ny 52. fo«.._,..z ozl |QF
_ wain et foes 4 ot 96 8 __ Lyey oope 006 o L 00z~ 06 86- Ik
T HE o -08+ Foed -0 6 Loed  %Thoe " gphop{ [
3903 g | ot , - . pegd ko 0B . osT-  [ob 56
Iom | @ w6 ey [ 00 O] oty Ly 3
. duswol, | ss <081 ove 4 2% OG0T }0S 02108+ "09.eg LET08- 5
, o 05 ) =0'g 082~ 009 = 1o 0971+ - _m
.\(\QQ. m.wm | gy Do =T , , 11 ] 09 < 0
. -09- 094" Lood  ovTr094  oe+0Bq |0
~FITRINZAEM | @ Fo. Nk s o
_ : st - 044, 104 "0 4o, o] O 5
SRR 1y 11,04 TR " oov = L S n
:&..Euu .m.Q\.n gz 08" ST, oo 08 w1:E tly .cm.rm _M m
_ , 0z - . ko8 g Py lwd -
lul!ll:!llllﬂmm X 0 B~ Lo g~ 08 00E Foe- L0 6 07 -9 '
erstamt sl b9 | ot - : osz O G L B
t Nigva apwiivdg | © JOO} -100 st oilq m ﬁ _11@.: )
| NOINH . T NS o/ B , ~
__a4RL HOLI08 NIIACD QI - 3
% : m Q . . . ) .
87\ ok | |FB| |2 L Z
‘ .l.l. K I & ' ) . . [
:;_: 0 Dg HILL L : N \ o .hl“.\ . i i B\ MN w
] T ,.ﬂ.\mz,? Dogy p Wo/soium . - .m\mE 1/in : . E\us : : =
: ) , . g . . : g HI -
g-bog viog HLIALLONUNGD i C RLINTTVATY Wl £ ¢ ‘NOTLVUNLYS o
HOTNHITOAAN d E ot * T e o it Rt N==FOH . yerq Tioozs 7 L0 aahumwﬂm QUAVEIIRIL 3

83NV 42 X3ANI C:éa._“mm,:;_m>;<u_._ﬂ__¢..ss,nm?cm;zmﬁ_;? LAEHS NOILYINDTYD

33



. - mx(J._. = o _enq .n::._w : meted . sBuvio
H\\%q\ﬂ ..h}\.?_.ﬂqm‘mm e:Z _.,_,. ,.:a_-,_..u, . _:-u._u f .;2?.; . ,30:.1... ouc_:c wu::o, v& .u.: _

R

DI SOOI - X3ONLALITYAD HILYM XY _ ‘

XG Ao Sl PO WO MRV BIVT
| a30330X3 SI IONVH INTYA NIHLXI TYNHILXS 3HL i L LY ONILYH ALITVND HALIWVHVL 3HL 138

(x8)= | ﬁux\ﬂmx.&xo%x 08 )X 14 (96 Woo1 W 001

1M1 = ko opod o ofey o lod Lol o
’ 1. 4 AR O I O ooz ad 1 _“
0 - LOLs 00T JO_,,.I. o' oL Lot Lo1LT Lot Lo ot L0l

o

04, gp-F O ' ;.,...,D ..Fu Fod e

| | 0°0 =
yagy oz, | 99T 0002 oosOtq . 014 g 0 . | o
oty ) . Lo ; g4 -~ 28 ol ) . 1 1z - , A ,
ab108 ..RQ.&P L e Ry L -0Z+ TV 008 gz  000T pa - load ® 0z Loztos Loz
B30 VL 9%6 o
ne

08 1§ . 00ST- : . - . 006 ] wod TP gee ‘ooz~ T fo8 BE~f
st +oed aositoed YRR PPN loe] " Tloed . “loed ]

ey Lapd
008 = . -y 1 ot 0F-Lyy 9708

Bl
_ ,-_,mj..oT

2609+

s

3093 ose- o

- , oL ™ : R I | ..
LEATYHY, g9 .,_....Qv.... 00TThnpy . ¥'6 lQVw,u L4 aawlrovl.xm. . Lo

.Hqﬁo , 09 o .83-_ g 26 | . oot =
. siol, | 88 TO8Y  gop £0S7 0 FO8Y . FOGIOT FOSH
g gt 082~ 009 ™

\J\OQO.m_oqh& s +o0s- 094 ‘Losd’
LN \dwbﬁ.w_.\rﬁmmb\_. [ o 15,4 "2 002 " Loz oos -

4

_ JHOOATWL | 5e o
Mwwm”“% . SOk | s 0 y g, |
| ngow d@% . .Mn “:.om;. | .
retyer

¢ HIsve gayNiwig | 0 700!

L4

0e~-094

L) 2
B .
.Imb . .ID

ai}] QHI. -

oo¥ =
R may
DOE =~
08% -

_.S_BA&H‘IO DNILYY ALITYNRD .
{0oT pouvoxs Isasau S3UIIRT L37tenb TENDIATPUL)

00z 4001~ 0

lO-

T M

b | lom||+8 SSE| LSS mm L

* . ﬁ\w: 8082 1) .E._\mE_E:. ) A\uE w.\q__.. . "

L ALIALLOMINGD n = S : sl DILYYAL o NI
alNHrtods - d-Pod VIoL PR Cnd ATV g o ROTLYUALVS W
N 3 ) B vy ,z O yorq Tiioaas e TIANOUOTHD & waﬂm umﬁﬁu%,ﬁ -

1nienj

83NY1 401 XAANI ALITVND HILYM JAILVOITIILTAN GILHDIZMNN oul 10) LIIHS NOILVINDTVD -

34



g\é\ 7 haw_mqb

/

57 m\n\m\h\

eng

veosd

N1 Y L

mojink

uesld noliek

Mook
efiuvio

-uznhw

pBuwio
pes

ped

FERMRTT:

"8

50 .
xmoz_ t,:.;a mmt..; mv_ﬁ

&g mv

§6

,ﬂ@ x.mm x.% x (0g )Xi é x( ,v._.x lb

g2

nmmmmcxm m_ Gz<m m:._<> mEmmhxm J<zmm._..xm m_I._. ...: : ._.< Gzr_.(m >._._._<30 mmhm2<m<m FHL ._.mm

oo\ oa\_
._ oMt L ._‘ 4 S ., B P . : | I 6
B ro ...c.,. : O "0 ‘......Oy . -O;:u , g+ O 4 +0 - 0o -
, ot 0l ‘0 0T-L01 top . €00z oo ¢ OoF . S R m.
. <Ok , B0 1« "0td .OL . Ot Lot LOL0T
. ymyaive | 9T | ooz 3 TO7 oogarOb . P4 g0+ ot mnt.o_., O g 0Ol &
e @mw o6 =024 oserbozq B0 Loz Y 0slgpl  000Tezd oz{© T |ozd oz52  lozd |BE
RN o8 + - - pOYT - : 9tg o ’ iv-' oove 006 + 0T = Qn,j 00T~ o BE- ) : m m_
£ T DE §L <-0B4  00FI-10€- r0€- -0 - 5 fOE" roeq, Loe- 3&..8.-2 o084 |3
Ll , 1ot o 1 e v 0se ko 9997 T 08T 0¥ =
SRV, | gy 4eope . 00ZTppd | F'6 “Rop?"Y Sl N T .mnl.-ov.. OLTH-0 p-8Y Lo <
J & 0 000TT | gl Loy oee- 4 oL i 09T Log _j e »
e SUSIAEL 1 O T oos 791 o ..V.mm.r ' am«.._.om._.s os| o't toa{? ortogy o LSl TT0S: 5 2
ANOF33dA dopad 008 o 0" batr 097 7] RPN o S -09 Za
%%E_B. s 08 ost T8 e 199 o0g pozat 091 o 008 09" . 3.k D-094-6 L"Lpod  ovt--09{  ope09d 1O
oy = " : I = : 0T ,
-0 2 Lazd - - oz - T €T+ ] "
t \JT hﬁ\\s 55 — 0l oL ~+04 en sF2 | oo SLTH-02 - Lozd gL TDNL. P 8 oy 8 liON.ﬁ ? Lodd m i
2408 _ 98 pg | STy o 0¥ - oet-rO040L . | NE k
R ol 1L aﬁ__lo.ﬁ. os¢ FOB]  gvg 4081 v1-L06- ”M-.o?”“” . foes m B
_ .Il\l..l..ﬁ Lo 521~ . |og Oofee— Lo : i e
Nw-ﬂﬂl__dga 0 lﬂvw N.ﬂ o Omﬂilw.ﬂ loml A 8T ‘ID Ql m”w “lo mloM“ O.ﬂllo m| md.ﬂllo mtTmﬂ ””110@! td m
oy e [ ry ¥ . ‘8 - i ’ ' =0T —
LE% 0°8 ~001~0"9 gor-100 45 002 OO O 0'01004rEE 9 ﬁ g 11 1
NOYNH _ /U WA ~.
1454 HOLA0H{1LIA0 073 _ o .
X m - o . . ,. e s
R | o/ 118 It t 1594 | |, & . -
T 00 | da ..ﬂﬂ__._.l, e &V ,. \.v m lﬁrm.\ - M ¥ M . NPV . \9\ . m\— m
. . 1/3n D082 |y W /soitum’ W /8w T/ /o o L iy
e ALIALIOMNGY - - R -  NOLLYNNLY o ®
Homwrtoam . &PORTOE Tyrapyyg o MUUTAN g tol g @ TIAIMOTIO Pl Mt umaﬁ_u&_ﬁ A
. , _ _ _ . o . maatoss1a

8IAVT ,w_m,u._x,mnz__ +.:u.¢_:u,“._¢m,.rw;_._.mw.;«o__.___,n_‘w.ﬁiz. QELHBIZMND 81 0] La3HE NOILYINDIVO

35



sBunio

yyy7 LNYSETd m,fj_ L ema Cveeun | vesss L 0NGk | woned Soanie | souwo | U0 pos

2 zoﬁﬁmn_

~ 68 ... gL . .80 . ) R4 ge 8z 5l
, . xmmz_ >._.3<30 mm._.fs mv_dj

9 ¥d6 & \ m:a
amcmmoxw 8l mwz<m m:.d<> m_zmm._.xm chmm.rxm mx._. .n__ _, 1y mz_._r<m >.Z4¢:0 mm._.ms_(m«.m JHL L3S

[{ ]
o
I~
<
)
©
X
.
SN
X
Q
D
N
6\.
>
~
q\
=<
®
Q\.
o
<
O
2

5P — lod - la. . . | : 6
. o - - o -] r o by b - ‘e -] g
e Cobed ey fed kol wetOte mIoy O 1017 o
_ L0~ ; 0*0T-.0L 40 , . I 2 ) .
YUy a4y Q0T = 000z Q—L , . OW ] ,OOO!.D_.! - .-Ow! n-o l.lc.wl T . ..QFO .-OFI...NM Q?IOW! .Wu
,_ CAT I g X o .- - : LI -
“oton CO3 | 06 08 estrTO2 ozt o0l pp ] oottiozl  lozd® T loed . toest  lozd |2F
w30 v, | o8 o * pogTH 9°6 A . Lyey poved - 006 = A LT SJ 0E  BE cE
e HE 8L r0E Sort-oe- -0 - FOBY  ooe O Cfoed, Logd %105 geroed | E2
3803 _ oL - nae - " - 08T 0¥ 3
LSATVNY, J p02T-L ¥'6 gpl9t? o0 ] 0 : : $2] : R
g9 0P O~ 0 e L0 e . Lo b R <5
15 M a5 o 000 26+ Lgey oo 0¥ g 00L = ov | 7 Tafpldlien ,««.._ov o ov..S e H.m
. ALSKMOL, | 8§ n.om. oo =087 - g 08 05497 -06 02 ...om.no 0z=L0gd .o "0Seg UET0S- 21
233 os -0*g 082 009 = S o ) 08T - = b
~OG 334 Jd.pgl 008 . : 9T . - 09 Z
sv 08 -09+ -08+ 09 Lood' 3ELoots  LTosd 09+ o
.WEEBF o o ost 4 .| #'%- Fr's o0z Loz 00§~ gus 0076 7 p084  orte097 - 0e-091 .
LI PNLASYM L02d  gor k024 FOLd  gppdos- osd  etoster Tlosd  Floul® 03
3ot | o 4 T ood o ¥ m e ¥ oo "1 lar i ol B P
bl SORe |58 4087 o JO%  ppeniliigu ostWNORmn gp 0B g TOBY, ; 2TTOB- ”M;.om.-wu ot [ ¢
c Py IwInid | 9% Thogd  00F RO, 06" g2T-| . . log 008 - © ho 9% u“ w2
ZBTBTERRTTY UQ .nmuQ 0T MWM 2's ~ l.grg . [06" 0szes 06 m"w 10640z 01106  STI08-q, §2.g g "
Cigeioy R . ] - wls S 4 0T =3
T wrevs mownivy | O 7O0H o ~0OY o' 500409 gpr-00itss 00 -OOMS" D groT{00 18 Siq
NOYNH et /- _/  \J w /s
_adAlolionpiiaco gia €
P S¢ : e e
A I A - : \d m . ln...“\ |m.$.ﬂ i Iﬂ. . ku.mu mﬁ w
v 1/ Do%Z 1 Uk /E0qum S 1w /0 ol . pou
‘ _ , . LS : B Do NI -
. b ALIALLOAUNOD v B by : ¢/ OILVUNLVS 9
HOINKE —o.msa__ d~ B4 MYLI0L 013104948 fd . %BH.JzC.u..__.‘w@AG oo § =0 .v_mmﬂ.ﬁ%m%umm 7 TLAHSONOTHY M. fNTOKX0 ux:.—.qmum.zwh. e
: : - _ . aIA10ss1d

83NV o) XAGNI ALITVND HILYM FAILYDITAILINW QILHDIZMNA BUI 0] LFTHE NOILYINDIVO

36



YNy 7 F%%E YT

b

59 AdY 51

T 1omT

) yayy BT
~Ba103aRE
,ﬂﬁhﬂﬁ _;“m.—nwm_ﬂl
. a9y NE
ABATYHY,
I M
- JTUSNMOL.
}\GQ m.wo« =
POV \ ')
LI MVNIIA
AHATOA TIVY.

yaa)~8I0m MQR
gearyou
e e VMY IDVHLVHIL
7 BXSTHITTR .mvt dwe

L NIgva AOKIVMG

NOYNH
-2dA1 NI {IA0 O3

T 00 Dg  dHk

HOINHITOZAN

' . (-1} u ,» . ,
B B IO I R I I Rl B
zoz.ﬁm ) _ .
e8 = 81 .89 ) K12 8¢ 82 g1
m.:a R XIANI ALITVAD WALYM anvl : |

{00T peaoxa zesan sHuriex A317enb pemprappuy)

Qmammoxm, w_ w02<m m:._._<> ms_mm._.xm Jﬁzmmhxm m:._._. 4 ._.< mz_._.s..._ >._._.._<:0 mw._.m§<m¢m FHL 138

- / : , .o )
= (o x‘wm_xdm xomxaix_ /5 XL b K9 Kool )
N 0 4 ._.O.. ,,..o.. , ,-QL. : - O O.u,ix.ﬁ|nﬂ .,mvl...an ﬁo.lc 0
. . *nTel L ne : ODD......_! or - ' . . .
oor-FOH agu:;o? 00T _._..:... o'y 00904+ _ ._.o—. 240 dotat L0t .o_..uww o0}
o6 024 oszr-oz+ 0 Loz T 008 np 0001 pp. ..om..ﬁ.u mnl”..ow. Loz~ 5 .ow-,__ m
' 4 : : .y Ly n.- -1 [~ £
gL “+0e- [i]s1:2) ...Dﬂl -0) £~ loﬂ! loml ) - 0 - 061 IQ.ﬂ.Jlmﬂ ‘ﬂml‘loa.- n
Mw ‘n}ovl conﬂ....o.w... ¥ ~Lop 9T amm...,.cv..o T 0 b % oy ._“”M Q,YHMM u
09 4 00T~ 26+ o'y 00EYTTNE oot - gz~ 09T fgg _._T..QT P
gs 087 oo OS] .. FOS1 " logdol 08+ ozdog] . bogd, wlosd |3
o i og ooe o . 052 lgy 009 LT Sl B P z
T 1 IO ml B “ p= - - ot ) -l_l ) -t ~ i -
o o | oo | swe et ooz 080z 00s - 0P o1 09 M”..”. 08 - oe-r08 M
el 00f -FOZY 02 Loz 024 g " Lo
g™ oot =0 9+p - Lyep SLTTOL, . 0L 024 ger-fO4or ., FOLY e
6e Toad - 009 !-Dmn . | ooy = 4T~ L <
5 - 008 : 0 oge =084 TT=+0 0+ ST.om.. m
02 1ogq OO To6H Lo .. SETL4g.t08 O0F | o] . to | v
ot 20z - ge e oaz {08 0TT084  STIF06"
o 4004 o ~00H o' 00109 gor-tootfss eeIre (T
) T e T et T e
N ) . . . . il .
) 1/8n ‘D087 1 i /gotjum Cp 1/5n \ pruid
. . ; ne S ¥ /i Do NI =
J-¥0d vioL ._..___.;;cmz_zs : “d B AALIGUY by - 1LY LT S € NOTLYUNLVS e ]
, w Dlanouds - W10L. k Ez © w10 pgg © TIMMOHOTH) uauwuwm.mm TSI

A

- BIAVI ) XFANI ALITYND HILVM FALLYDITAILINW ‘GALHDIZMNN su1 J0) 1IIHS NOILYINOIVD

37



Q\

5y m?\w\h\

w._.<n

ZOE._E.m

-enig
uaeib

ueesf

used
Mojiek

mofjek

Moo A
sfiuepio

eBuwio

pBuvio
pei

pel

88

‘“.,.‘m.h

T o
- XIONI >.E._<:G mm._.<>> mx<4

59

-2 4

e

g2

- 81

nmcmmoxm m_ mmz<m mD._<> m_zmm._.xm ._<zmm._.xm JHL ...,= F ._.,q Gz:.<m >._.3<:G mmkm2<m<& m:._. 138

oo\,_

wrr .l . L. |
’ ﬁo._ . m..c 1. ..D_- - To ol o' ...o L mv...ﬁo.. - 0 1
_ aid A TPRUNES SRS P8 1 1 oo0z 1 o _
TR aot=OM - M CTTOM T oop 0 L FOM g rOMTT O AdaE
Lmnakmhu-_“.. m Q@r ..bm 028~  osLy-hDCH ..ﬁ.o II.ON...rNof OQWI;ON.‘. OQOﬁQIONl IGNIIN wnIIONI lONIimﬂ
. g i f o8 % | oosTH | 9%6 7 ey covel 006 0°T - "8 ope 008~ 06
e R ol i B i Foe M ¥ oed Loe- Log- togd  %Loedsf
”Y sy | g lop| oot S N TR LB M oery o
JIomM - e _acﬁ....ow_. 26 :;ov.. oog 0V o, JOP el O “ﬁ:-c?-mv
) : K - ey . \ C ' ] 08
« Juisiuor. | es 0S8 406 087 +0G togdut re o't 4og? oz~ _
‘ 08 o - 0'6 = Lgeg T oo o . 08 0% s
NOG 33a4 o dood . o0t 1 ggl o8- 0'g 082~ [, 009 - o o . 0571 53
E@Eﬁp T e N e 9% g 00z-0%,; gos 0% Sk Fooys L09q  orT-00
\)\ M r024 oo ~+02]  FOZ L0 24 Lo2d  9'S~Lpzler 817 se1q 19
JHIIOA YL | 5 e | gra ] by HTTV e o0y = oy JOLTE . FO4y ot OLtae
B8] ~8108 Jopgs T o LOyg- e . -
H .u , ho\“ ) mﬂ i , oog 'Tcm V.F-u o} ﬂmm Iroml . 0 N “OQ"F.H H.H'lcml ma.ﬁjloml 9L
Imma.mmu ot “Logd  OOMBeT T ... [08... StTlog0s 00E _ N O~ D
>0 b9 | ot - ””M.. ge- - Fece [067 s«.u.o.rr mw <0640z OTT06- SU-T0B-q,
. i - . - - 8T ¢
Wisva zowpg | 0004 o -100H 078 FOOH-0'S gor-toOtse O0F OO 0 0*0THOO N} 66 .
v 0O O U UL T O
. O/ | . : -
TS0 o L L - 7 | 1K m ..ﬁ...m.\ Im.Od 3 M |m. \QU
, . Cop/8 in , i : ,
o e G WL e w0 o
Romal VLIS ! WAOL N=POR - e ioong © TIMOWOTO ¥ o
_ ‘ . 14108814

ot=}01-

ge-0 8"

9e--O B
v O
TEh08
08— 089
L0 2
824 0

(3 o0
9%+ 4

m?a B
é

“_ﬁo 1 -

. S§3AHND DNILVY ALITVAD
{opt pasoxs xeasu sEuriex Lyjrend Tenprappey)

o

¢l

Jo NI

R EGNE B

"M

-y
[~
o
-
o
-

sa%v1 ._L_n.;_.xm.n_zm_ ALITYAD HALYM mzhmua.__n___ﬁ._nz QILHDIZMNN o1 4o} LAAHS NOILYINDIVD

a8



NUTRIENT BUDGETS

Calculating a theoretical nubtrient budget can help lake
residents understand the sources, sinks, pathwasys and
amounts of nutrients which can cause unwanted plant
conditions in their lake. Although nitrogen snd phosghorus
are both nutrients, phosphorus, more than any other element,
- has been identified as the key element for triggering plant
growth. This is because it is relatively scarce in the
'environment, and it is the one nutrient which man can =
control. - Nitrogen is less often considered in nutrient

- buddet calculatzons because it can be fixed in the s
environment by a variety of mechanisms, such as llghtning C
and/or bacteria, thus it is pretty much uncontrollable._

Currently, most people involved in lake management feel thatlﬁ
if the amount of phosphorus in a lake could be reduced, the we
iake water quallty problems W111 be 1ess 3

A NUTRIENT BUDGET FOR PLEASANT LAKE

The following is a theoretical nutrient budget for Pleasant
Lake. Two sampling runs were made on the lake, one in early
Apr11 to detect possible high phosphorus concentratlons, and
- one- in late Augist to detect high chlorophyll a -

. concentrations, low or high dissolved oxygen coneentratzons,,
- shallow Secchi disk btransparencies, shlfts in pH and changes
in alkalinity.

The follow1ng assumptions are being made when calculatlng
| the nubtrient budget of Pleasant Lake,

® The laboratory test results were representative of_the
- concentrations of nutrients for a six month pericd.

® All lake lots are 1 acre lots, and 50% of eaéh lot is

"_lawn

® The volume of the lake remained constant throughout the'
year.

l% Phosphorug is the limiting nutrient.
.J' The mean residency rate was 3 persons per household.

The following data {(and sources) were used 1n the nutrient
A budget calculations. ‘

L Lake volume = 2105 acre feet (WRI)
81,693, 800 cubic feet {caloulated)
686 mllllon gallons (calculated)
5.72 billion pounds {calculated)
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® Pleasant Lake drainege area, 1no1udlng jake = 692 acres,
{Marsh & Borton, 1974)

¥ Average flow from lake = none observed.

?WQ§€r1ng in— lake mean phosphorus ooncentratlon =.30.?'u§/1*

®  Summer in-lake mean phosphorus concentratxon 25'ﬁ§)l?“

:gegTerage daily per capita'wate:'uSe = 45;§’§aiioﬁsf(ﬁ§%P

nJEFQ

g . MEan phosphorus concentratlon in domestlc waste water
23 milligrams per 11ter (USEPA, 1980} :

N Canadlan geese release 2 grams of phosphorus per day i
- {WCSCD Newsletter, June 85) - ‘ _ .

7‘. Yearly household phosphorus released = 9.58 pounds . ?
(45.6 gallons X 3 persons X 8.34# X 365 X 23/1 000, 000
9 58 pounds.).

O Mean phosphorus ooncentratlon of septage 232 mllllgrams
per liter (USEPA, 18280). ' ‘

® Mean % phosphorus of spring lawn fert1llzer '4%n(Sloahs"-
Nursery) - 3

. Mean % phosphorus of fall lawn fertilizer = 20% {Sloans
Nursery) o

-1',0 50% of the homes fertilized‘their lawns;zIQStimafed)

'® The mean phosphorus concentration-of stormwater runoff

2ﬂ. .° milligrams per liter (Gannon, et al, 1875).

® Water weighs 862.4 pounds per cublc foot or 8.34 pounds

B per gallon

“:-O There are 7.48 gallons in each cubic foot‘sf'watsr

0 There are 107 homes and 24 trallers Wlthln 300 feet of -
the Pleasant Lake shoreline.

®  Water yield per square mile = .54 cofs (USGS,. 1972)

'@ One tenth of average water yleld represents overland
~ sheet flow. ,

PLEASANT LAKE PHOSPHORUS RETENTIG&, 7
" Using the 5.72 billien pounds of water figﬁféj;the amount

" of phosphorus in the lake water in the spring is 176 pounds.
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“Jvlt is calculated that 1255 pounds of phosphorus is releas

The amount of phosphorus in the lake in summer is 143
. pounds. The yearly average in-lake phosphorus concentratlon
is 28 ug/1. :

Since almost no water flows out of the lake, nutrients which
entar the lake remain.

 PHOSPHORUS FROM SEPTIC TANKS

- {These figures assume that all the phosphorus released fro“_
- septic tanks reach the lake after a period of years.)
Using the EPA fidures of 23 milligrams of phosphorus; per

- liter in human sewage, an average flow of 136.8 gallons per
'day per household (45.6 gallons per capita per day X 3 .
"'people per household), and 131 households with septlc t"k

effluents discharging into the soils surrdunding the: 1ake

?1nto the soils surrounding Pleasant lake. - Soils have qu1te o
‘en ability to absorb phosphorus, but eventually all soily - 0
become saturated. As the soils become saturated, the totali =
- septic tank phosphorus load could reach the lake if the tlle‘ﬁ"
L fzelds are located near 1t _ ‘ ‘ .

,'Assum1ng that septlc tanks are. pumped once every ten years,
. - that the tanks are 1000 gallon tanks, that the tank is half - -
. full of sludge (500 gallons) when it is pumped, and the = . .
- concentration of phosphorus in the sludge is 232 mllllgrams Do
per liter, less than one pound of phosphorus.is removed with =
the septic tank sludge when the tank is punmped once in a ten
year period. The above figures show that regular pumping of . .
- the septic tank is not a very feasible method of removing -
phosphorus. from the lake watershed. If all 131 tanks are

.. pumped once every ten years, less than 13 pounds of

phosphorus per year will be removed from the lake watershed

'PHOSPHORUS ADDITIONS FROM LAWN FERTILIZERS

 7‘E;-+The 66 houses (50X of 131) that use lawn fert1llzer at a

commonly applied rate, 40 pounds of phosphorus per acre per  ¥
year; will now be considered. _ _ :

As stated above it is assumed that the=lots“afé one acre in
gize, that half the lot igs lawn, and that a spring and a

fall fertilizer application is made each year (a local
nurseryman reports he sells almost as much lawn fertllizer

in the fall as he does in the spring, but the fall - o
fertilizer has a much higher phosphorus concentration. Mean -
apring fertilizer phosphorus concentration is 4%, whlle mean
fall fertilizer phosphorus concentration is 20%.) Most =
fertilizer is sold in 40 pound bags that cover 10,000 square
feet. Thus each person buys 80 pounds of lawn fertilizer in -
the spring at 4% phosphorus and 80 pounds of fertilizer in
the fall at 20% phosphorug. Each home owner who fertlllzes

" his lawn uses about 20 pounds of phosphorus per year (4% X -
80# + 20% X 80# = 19.2%#). That’s 1267 pounds per year for :
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.17, 202/640). Sheet-flow stormwater is considered to be about’
-~ one tenth of the average flow from this area, 6r about 04
" efs. Using the .04 cofs figure and the .8 milligrams per '

. =1iter stormwater phosphorus. concentratlcn reported by. .
..»'. Gannon, 63 pounds of phosphorus per year are. contrlbutedgto

the 66 houses. Assuming that half the phosphorus is taken
up by the lawn, 633 pounds could ‘potentially be washed into
the lake. , o

PHOSPBORUS ADDITIONS FROM STORM WATER RONOFF

_ It is assumed that the storm water phosphorus is delxvered
. only from the lake watershed of .77 saquare miles (892-

-~ . ‘the lake through stormwater runoff from the eﬁtire
gg;watershed

ot Lake area ---------------- L AN N R e o0 e & 202 . ac E
- Total Watershed ares. e nsis e .. 692 acres
‘Watershed area minus 1ake area. .. ......000 490 acres

. Average Flow (USGS, 1972) (Mill Creek gage) .54 CFSISq Ml
. Stormwater sheet flow from Pleasant lake -

watershed {minus lake area). ,.;..;...;a;04 CFS- S
"'Average stormwater phosphorus concentrat1on .8 mg/l _ f- '

mosmonus ADDITIONS FROM GEESE

- -over the winter because of open water whlch in yesdrs. past N
. was caused by the heated outfall of the gas pumping statlon.

- During the 1984-85 winter periocd, it was estimated that - .
between 500 and 1000 geese remainéd on the lake all wxnter.-
If 500 geese remained on the lake from January 1 to March 1,
. and half the fecal material remained in the lake (or on the
' ./ice), the phosphorus load added by the deese during those
three months is about 100 pounds. . Current thinking by lake -
scientists is that waterfowl more often reoyale rather than

: ;add nutrlents

- summ OF POTENTIAL PHOSPHORUS ADDITIOHS PER YEAR

o Potentzal phosphorus 1nput from sept1c tanks. ... 1255 pounds‘“-;-
" Phosphorus removed by septic tank pumping........ ~13 pounds . - -
. Potential input from lawn fertilizers...... e . ‘832 pounds .
- Phosphorus additions from stormwater runoff...;.. 63 pounds
' Phosphorus additions from geese.....:............. 100 pounds
POTAL POTENTIAL PHOSPHORUS INPUT..........ccc... ; 2038 pounds -

_$SHMMARY

" The above calculatlons show that the single largest , .
‘eontributor of phosphorus to Pleasant Lake are the septic
tanks surrounding the lake. Lawn fertilizers are the second
highest contributor. This is based on the assumptions that
only half of the houses fertilize the lawns, and half the
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applled fertlllzer is captured by the spil. HNeither of
these assumptions may be correct.

The above calculations show that pumplng septle tanks once -

- every ten years removes very little phosphorus from the

. . watershed. Likewise, although the geese appear toc be o
" plentiful, the phosphorus load added by them is mlnlmal,‘ S

7'3'compared to septic tanks and lawn fertlllzers.

© WHERE DOES ALL THE PHOSPHOR{IS o

o As the above summary shows, 1t is possxble for 2038 pcund'
- of phosphorus could enter the lake each year; yet the lak

. - as an averade has about 160 pounds of phOSphorus in 1t 0
'Where did the rest go? .

sz As long as there is oxygen 1n the water phosphoruS-' .
. precipitate to the ‘bottom sediments.  And that is probab y

" where most of it is going, to the bottom sediménts of the . -

L to almost 200 pounds of phosphorus per acre.; ‘The above

~ ‘lake.  If the rates of input and preclpltat1on to the- : L
L -sedlments were constant over the last 20 years, aver 20 tons;
- are being retained by the lake sediments.  This breaks down,.

“iﬁhjealeulatlons show that Pleasant Lake may haveé almost. 5 t1 és{ ffL“-

:aﬂrmore phosphorus in the lake sediments than is recommended

-for lawn appllcatlon (at 40 lbs per acre per year}

1% is certalnly valid to ask why one should WOrry 1f the

"-fphosphorus is preclpltated to the bottom sediments?

'sﬁ-,nght now, there are too many plants in the 1ake However,n*f;"
. the real problem will be when the amount of oxygen required =~
.. to decompose the plant materials in the lake is exceeded,

" and the phosphorus which has been precipitating over the . -

- "years will go beck into solution, and algal blooms wzll

‘oceur. These are extremely undesirable conditions.  The .
algae not only form a green scum over the entire surface ‘of

‘:ﬂﬁ- the lake, but when they d1e and decompose, they stlnk

' The ab111ty of the lake to preclpltate phosphorus to the

ﬁii_bottom sediments was not addressed in this nutrient budget

ealculation. The reason it was not addressed is because in
~ the future, it is gquite possible for the precipitated
phosphorus to re—d1ssolve and cause seriousg water quality.

T problems
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GROLOGY OF THE PLEASANT LAKE BASTN

Pleasant lake is located in the Huron River basin which is
underlain by two major types of earth materials;
" consolidated bedrock and unconsolidated glacial deposits.

: Overlying the bedrock are glacial drift materials deposxted‘
--_durlng glacial tlme, about 14,000 yvears ago. ,

-  The bedrock formations that dlrectly underlle the glaclal :
17;'dep031ts dip generally west and north west.  Coldwater Sha
" is found under the Pleasant Laké Basin at dépths of 150-17
" feet. This shale is primarily a greenish to bluxsh Era
shale with some lenticular beds of sandstone Its thickn
”Qranges from 400 to 700 feet. : : '

;:All surface geologlc features of‘the.aréa;w
.:continental glaciers that formerly coveéred mos
- Amerieca north of the Ohio and Missouri: rlv“rs
" of Michigan. Thé moraines—-hilly belts. of i
l;materlal——were deposxted by recurrent forward mo

i! SOIL TYPES sumomxm PLEASANT LAKE

ﬁ"A llterature review was eonducted to 1dent1fy the 3011jtypesﬁw.

.~ which form the immediate shore of Pleasant LakKe. . In most e

.1 cases, the soils were loams, which are made up of between 7—3A
"27% clay

V;‘j Listed below are the SOIL TYPES and PERCENT OF DISTANCE f-
”,'around lake.

| TABLE' on'}r: L

- S0IL TYPE : : , ' PERCENT OF DISTANCE
Brockstone Loam e . 40 .
. . Miami loam . .. 18 -
. Conover Loam : , _ 15
Boyer sandy loam - : A : : : 13
Adrian muck ‘ r | - . 10
- Kidder sandy loam 3

~ Pella loam - ' 7 1

c . R 100%

;fiﬂMap 5 shows the 1ocat10ns of the various 5011 types around =
' ~ Pleasant Lake.

x
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.BOTTOM SEDIMENT ANALYSES

Bottom sediment samples-were taken at éll in-lake sample

- . stations with a Peterson Dredde. The samples were air

aiﬁ;:-organ1es, then welghed again.

" lakes, but may be an:aberration due -to different sampling

dried, then dried at 103 °C over-night. After welghlng; fhe .
samples were fired at 500 °C for 2 hours to burn off the .

The amount of mineral material found in the bottom sed1ment:
~ varied from 60 to 99%, with an average of 78%. See Table:2
" below. This is greater variation than is usually found i

;f‘depths. The 99% mineral sample was taken near the 1sland
'rthe west end of the lake. . . _

‘ .'89d1ment organlo losses as hlgh ‘as 60% (40% mlnera_
. been cbserved in hlghly eutrophlc lakes. 3

| TABLE 2. T
'BOTTOM SEDIMENT ANALYSES -

N
e
cr
@

% Mineral . Comments -

1

RIS
©
o

All saﬁd & gravel -

76% Mesn sediment mineral cortent
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THE WEED SURVEY

. A weed survey of Pleasant Lake was conducted during the Fall
of 1984. ' All near-shore waters were inspected for weeds -
which would interfere with boating or swimming.- Heéd beds
‘were mapped when discovered, and field identified. Map 6. o

.-, .7 shows the location, extent and identification. of the maaor o
S weed areas in the lake durlng the fali of 1934 .

E'Several trlps were made to the lake in 1985 1u an attempt
- discover weed problems,‘ but for someé unknoWii reason;. the
.-appeared to be few. - In late August, all near-shore
a:were 1nspected but problem weed beds were not foun

‘”'gThe 1984 Fall survey found four weeds fllle
‘shallow areas. Native pondweeds (Potomogéion 9p
dominant species, with larde stands found &k the
J‘east ‘end and smallér stands on the west énd.
;milfoils {Myriophyllium sp.Y, water lilys, &
,;(Chara) were found in scattered beds as shown on th weed o
. tap. . Some wild celery (VaIIIsnerIa sp.) was found SQattered

'-Jythrough—out the shallow areas.

ﬂllearly as 1924, employees with the Mlchlgan Departme t of
" Conservation noted that the lake bottom was' "thlckly cove d-
'W1th vegetatlon_. L , S

Weeds have a functlon in a lake In PleasahtiLake they‘ '
remove . phosphorus from the Water column; making it . -
_.fiunavallable for phytoplankton. - All four of the dominant ~ = =
. weeds are considered excellent for flSh for a variety Of.x

" peasons. - Blue gills eat pohd weed. Chara is an excellent. Co
.~ producer’ of fish food, especially for trout.. Milfoils and =~ - -
. water lilys provide fish shelter and food in the form of '

" insects.
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- The Freedom Compressor Station, (12201 - Pleasant Lake Road, .
Manehester, Michigan) located at the west end of Pleasant
Lake, is owned by Michigan Gas Storage Company, a division
- of Consumers Power Company. A NPDES (National Pollution
- Discharge Elimination System) permit which expires Octobé
.31, 1985, authorizes the discharge of non-contact cooling
. water 1nto Pleasant Lake from two natural gas compreassor .
“'statidhs, con51st1ng a total of 13 comptressors on the s'”e
- The water is used to cool both the rhatural gas as i
-0 compressed, and the diesel engines which power. the
.. compressors. The cooling water for both statioh
~7 . from a common source, a small brick building on t&”
- - of the lake.  When all ‘compressors are onwllne,,821

*:losds are reached only during the summeér months when das
© . from southern states is pumped to various underground \
" storasge wells in Michigan. During the wintér months, 0 to 5
- compressors may be operating. The plant also clrculates »
7 ‘water to keep the equipment from freezing up. : :

_‘There are three permitted thermal dlscharge nutfalls, 001

w0 located immediately north of the intake site, (002 near the L
",;outlet at the S.W. corner of the lake, and 003 in the intake
ripe. - . ) L

© .7 Outfalls 001 and 002 are permittéd”to dischirge a maximum of

- 11,450,000 gallons per day of non-contacht cooling waber
between April-November of each year. The permit reguires .
that the discharge shall not increase the temperature of the
receiving water at the edge of a 500-foot radius mixing zone:

.. by more than 3°F. (The temperature limitations sixd other

- ‘permit requlrements don’t apply in mixing zohes.} See Map

. .7. No discharge is permitted duringd the months of :
- DecemberhMarch from outfalls 001 and 002. :

_Outfall 003 is the wvater intake. The permit requires that i
during the months of April-November, no water shall be .
discharged from this outfall. This is not unusual because
during this time period, this is used as a water intake.

- During the winter months, (December-March) the permit

- authorizes 3,000,000 gallons of cooling water per minute to
‘be'discharged to Pleasant Lake. The same 3°F restriction
outside the 500-foot radius m1x1pg zone applies. o

Samples for monitoring permit complisnce are required te be
taken at each outfall prior to discharge. It’s interesting
to note that the permit allows a 500-foot radius mixind zone
‘and sets temperature limits at the edde of it, but doesn’t
require temperature measurements at the edge of thelmixing
" zone) nor is an ambient temperature monitoring station -
" established. How can one tell if the permit requirements
are being observed if the lake water temperatures at the
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edde of the mixing zone, and at an ambient (control) site
are not measured?

- The monitoring requirements of the August 15, 1975 plan
. prepared by Consumers Power engineers, if they were . :
.. implemented, are not being made public. Among the q;g.,,f 
.| monitoring requirements of the program are; weekly winter
. ‘aerial photo surveys of Plessant Lake during ice conditions;
. weekly sampling of ice thickness and:water témperatures
- during icing conditions, and, determlnatlon,.lf possible;
" gafe and unsafe areas of ice. This may pose some-liabili
,~'prob1ems for Consumars Power if someone - breaks through'th‘

»;s“shown that they knew about the th1n~1ce condltlons ﬁhd
‘*:_dldn t warn the publlc.

SOME NOTES ON HEATED WATER DISCHARGES 70 Lms

S ﬂhen heated water is dlscharged to staading. water bcdles,-.fﬂ;—
" the water, if it is warmer than the lake watér, rises- e

" quickly to the surface. The greater the- temperature . SO
difference between the heated water and the lake water, fhei'

- faster 1t rises to the surface. ‘

- Furthermore, the greater the d1fference between the water - T
.. and air temperature, the greater the rate of heat exchange -
: rbetween the water and the air becomes. :

Thus heated water dlscharges rise quickly to the surface of o
the lake and dissipate fairly rapldly into the air.

L WHAT ARE THE EFFECTS OF THE HEATED WATER DISCHARGE ON : f_u:r--
R PLEASANT LAKE? - o

“The opben water areas created urlng the w1nter months by the'
.. heated water discharge prov1§es both disadvantages and- @ .
 .advantages for Pleasant Lake. These effects depend on each -
- persons particular outlook regardxng the purpose and uses of
'ﬂPleasant Lake.

Most lake" sclentlsts would con51der wxnter heated water
discharges to be a benefit to the lake. The lack of ice
- cover would permit continuous diffusion of oxygen into the .
lake water throughout the winter months, prevnn*lng OXygen

. depletion yroblems which often occur under ice cover . :
conditions in Michigan lakes. Since the oxygén levels would
remain high, winter fish kills would rarely occur. ,
Furthermore, since phosphorus remains tied up in the = _
sediments of highly oxygenated water, it would not c1rculate
throughout the water column-in the spring when the entire
lake mixed. This would serve to limit the product1v1ty
problems of the lake during the warmer months R

’Ice fishermen would have & problem with the lack of 1ce, but
there is some evidence from thermal dlscharge studies of
81 y L e e e



power plants thét the warmer wabter provides better fishing
than cold water in winter. Fishing may have to be done. from
- a boat, but the fishing might actually 1mprove.

. Ice skaters, ice fishers, and snow mobilers would have a

" problem with the channels of thin ice created by the warm
- water.. Since it is extremely difficult to determine the
- f‘thlckness of ice without boring a hole through 1t, thls
- condition could be life threatenlng. ‘ :

" Boaters-should find the open water beheficial, since they
" could use the lake year round. Water skiiers and swimmes
- except for the stout hearted, should not notlce any,effec%
-on their activity. o

, Bird watchers, especlally those who like ducks and (1=
.. should welcome the open water because it will attract hdrdes
- of ducks and geese.. The amount of phosphorus added to
* Pleasant Lake by the winter goose populat1on Seems m1n1
-”g(see Nutrlent Budgets). ,

5Peop1e who flSh should percelve the opén water’to be> S
" beneficial because it would prevent most wiriter fzsh-kllls,'ti"
-+ . thus prov1dlng more fish in the lake during the summer '
“1z'months.. . : _

ff;In:SUmmef; a sllghtly dlfferent story emerges

- Most lake scientists, although they recognlze that the'w”rm ff"”
. ‘water rises quickly to the lake surface and ‘dissipates - G
. rapidly into the air, would feel the heated water dlscharge-i”'
.less than desirable. because warm water holds less oxygen
- than ecold water. Thus the oxygen available to agquatic
“organisms would be less. However, the problem would be '
. minimal because the rest of the lake is open during the
.. summer. The fish can easily move to other areas of the

rrlake : o ‘ : :

. Boa ters and watar sklzers should not flnd thelr uses f’;ijf'a3;
. impaired by warmer surface wabter temperaturés in summer. - -
Swimmers in the immediate area of the heated water discharge

‘might find the water temperature uncomfortable, although

. summer water temperature measurements near the discharges
- {inside the mixing zone) found 81°F temperatures, while
" ambient {(control) temperatures were 77°F. Bird watchers . - .
should not find their use of the lake impaired, although the =
birds may move to other parts of the lake. (Diuring the late

. summer survey, most of the geese were found on the east end -
‘of the lake. This is probably more related to the éextensive.
shallow water areas on the east end rather than the heated

water discharge on the west end.) :

The lake was checked for apénf#étefiin Januéfy,_féﬁfdaf?'ahd_ _
March 1985. A small area, about 200 feet across was open.
It was located about 200 feet from the west end of the lake, -
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. 7. did it here, why don’t they do it on other lakes? -

almost directly east of outfall 003 but within the 500-foot

mixing zone. Since the exact location of outfall 003 is
unknown at this time, it is difficult to determine if the
open water was caused by discharges from that outfall.

- It might be assumed that perhaps the large flock of geese -
'kept the small area of water open all winter. ‘But if they
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LAKES

Lakes form layers. Wabter temperature differences in a lake
cause the water to form layers. These layers are given .
" names by lake scientists. The top layer, which in summer is
the warmest water, is called the epilimnion. 1In many'lakes,f, :
o - %he temperature of this surface layer will reach 25 c {?? F}“ff;
‘o more. : : : :

N LThe mlddle layer, deflned as the 1ayer where ‘the temPeratu
"changes most, is called the thermoellne (or metal1mn10n 3

The hottom layer, below the thermocllne, is calledhth’
‘_hypollmnlon, and in summer is the coolest water 1n: h

. The greater the: temperature differences between
_ ¥ bottom layers of water in the lake, more refistant to- mixing
‘. the different layers are. - Because of this stability (or ;i'j;a'
- . resistance to mixing), the layers of water generally do nat R
mix durlng the summer months. ‘ -

fﬁ*;The layering of lake waters csuses 51gn1ficént‘e' :
-~ vwithin a lake which are not visible to most lake users.. ' TR
. biggest problem relates to the amount of oxygen dissolved in

- the water. And the amount of oxygen disscolved in the. Water
f~has 31gn1f10ant effects on the chemzcals dlssolved in it.

_Q'In a lake, the most s1gn1flcant source of dlssolved oxygen A
is the atmosphere. Oxyden diffuses into water from the alr,;i
and diffuses faster if the amount of oxygen in the_water is
, low. 8ince the surface layer of water, the epilimnion,;- is -

- in closest contact with the air, this laver usually has an. -

adequate supply of oxygen during the summer months.: IR el
*- - {Oxygen, and most other gasses, by the way, are less 901ub1e. .
7 in warim water than in cold water.) The two other layers of - -
... water in a lake, the thermocline and the hypolimnion, since
.. they don’t mix with the surface water, can become déepleted .
of oxygen during the later summer months. . The organisms
- which live there use the oxygen to live just as we do, but
- since there is no oxygen being added, it is possible for
. them to remove all of the oxygen from these layers.; Once -, -
- the layers of water bhave been depleted of oxysgen, no¢ animals
. such as fishes, live here. Interesting chemical ehanges
- +take place however.

Phosphorus is of particular concern when addressing lake -
problems because it is felt that if the amount of phosphorus
which enters a lake can be controlled, the amount. of plant
life, both floatlng {planktonic) and rooted will also be
countrolled.

L e Phosphorus entering a lake from various Scurces wzll be _ ‘

DT - _precipitated to the bottom sediments if there is oxyien in

S the layers of water in the lake. The reverse is also true.
If there is no oxygen, especially in the bottom layers of
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water in a lake, the phosphorus in the bottom sediments will
redissolve end enter the water column where it will be

picked up by plants, incorporated into their tissues, and
show up as increased floating or rooted plant masses. Once
this happens, the cycle becomes more proncunced. The plants.
grow over the summer, die back during the winter and settle
to the bottom, where they are decomposed by the bacteria . :
which live there. The bacteria use oxygen to decompose the

S pléants, and in the process, deplete the oxygen from the -

bottom layer of water. Then the phosphorus, which had been e
- precipitated to the bottom sediments over the years,
redissolves, enters the water column and causes more_pl;,
growth the next yeéar. Once this cycle has started, it is
dlfflcult to break _ =-._-,w;

Although some feel it might be poss1b1e t6 keep the
. phosphorus tied up in the bottom sediments by pumpit Y
- into the bottom layers of lake water, this is seen by others . -

- as-a temporary measure which will eventually have to be
addressed.. The goal of most lake scientists is to iry to :
1imit the amount of phosphorus which enters the lake in the
- first place. :

‘Although this discussion has focused on thé various layers
of water formed by lake stratification during the summer,
and to a lesser extent during the winter, there are times
when the the lake is isothermal (same temperature) from top
to bottom and has no layers. In Mlchlgan lakes, this
usually occurs twice each year, once in the sprlng and once .
. in the fall. W®When the temperature of the water in a lake is
uniform from top to bottom, the lake water is easily mixed
by the wind. ,

The spring and 1ate summer sampling perlods used in thls ,
study were selected to take advantage of phenomena related
- to various temperature related effects. oo

.'The purpose of the early sprlng sampllng Tun was to detect
- potential high phosphorus concentrations which are often-
found immediately after ice-cut. Here is what happens.,
- After ice has formed on the lake, no further atmospheric
- oxygen diffuses into it. If oxygen consumption rates are

" . high in the water under the ice, it is possible 0 cause

depletion of oxygen in the water column, and subsegquent
‘release of phosphorus from the bottom sediments.. After
ice-out, when the temperature is uniform throughout the P
- lake, winds mix it, bringing up water from the bottom highly
- laden with phosphorus, which is then mixed through-out the .
water column. '

In late summer, after stratificatioh occéurs, oxygen is often
depleted from the deep wabers of lakes. To determine if

this occurred in Pleasant lake, dissolved . oxygen and
temperature profiles were taken during this period.
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.7 . 'Bubbles such as those which make up foam hre made up of loni
- molecules. Fats-and oils are examples of these types of’

- Chlorophyll a coneentrations, which indicate the existence
© of floating plant communities (phytoplankton) are often
highest in late summer when the water is warmest, and - ,
adequate sunlight exists. The late summer sampling run alsc -
- attempted to detect high chlorophyll a concentrations, if -
they existed in Pleasant Lake. 2r : S

FOAM ALONG THE LAKKSHORE

- Many people are concerned about the foam they seé along :
shore line of lakes, especially in the early spring. . Thi
~think it is indicative of some sort of pollution. . This
<. ~usually not the case. There are two. possible sources fi
. the materials which make up the foam. The first is a -
" - matural source. - ' i ERR

' molecules. For example, soap is made from fats and oils: - -

:;1krall plants, including aquatic ones, produce make some type - .
0. of oil. When these plants decompose, the oils are released

and, being lighter than water, float to the surface. The

'*ﬁ'wave action, caused by the winds across the lake surface -

-3.pushes‘the 0il film to the shore, concentrating: it.. The - -

'-‘Iwaves also introduce air into the oil film; which makes the

. bubbles.  These bubbles combine with other bubbles to form -

.+ the foam found on lake shorelines. These foams seem_tc_;,;;5 '

 x'appear early in the year, soon after the ice disappears. -
-~ Ordinarily bacteria would break these molecules down; but -
the water is so cold that the necessary bacterial action is

" very slow or non-existent.

. A second potential source of molecules which could make foam

" is oils from snow mobiles or fuel oil from fishing shantys
-which is spilled on the ice. W#hen the ice 'melts, the oil.

o~ .would remain on the surface ahd wave action would again
- concentrate it. - :

56



SEWAGE TREATMENT SYSTEMS: FACTS-&RD'FICTION

, Generally, there are two types of sewage treatment systems,F,f'
-. - municipal sewage treatment plants,-and on~91te septlc tankf.
. systems.

‘As .a-general rule;‘one never hesars ﬁhat &'ﬁuﬁiclﬁéi'séﬁ e
treatment plant is "failing". It may be - Toverloaded
not meeting the permit requlrements, but 1t 15 neve
=-"fa111ng“ sewage treatment plant '

;;It is this authars feellng that all munlclpal'sewagé
" treatment plants are failing, in that none. put out:
- effluent even 0105e to the quallty of the.water.
- receiving stream.- Recently, two new sewage trea
- effluents (Dexter and Ann Arbor) .and two . -old mewapi
- Lreatment. plant effluents (Loch Alpine aad Mllfordi
- gtudied using the National ‘Sanitation Foundatlcn Water’
g‘&uallty Index for Rivers. The index ranges from- 0,{poo y
' water quality) to 100 {excellent watér quality).. AN
2 for the Huron River was sbout 80. The Ann Arbor Sewage SR
. Treatment Plant (STP) effluent index was 44, the Dexter. STP o
2 effluent index was 38, the Loch Alpine STP efflusht: 1ndex

' was 37 and the Mllford STP effluent 1ndex was 29

'{What thls study says is that the quallty of the effluent

- from all four of the sewage treatment plants studied is. poor—'
. - when compared to the quality of the.river, and that the new,;
. expensive sewage_treatment plants are not doing a much . - .
" better job than the old plants.  All of these sewage =

. treatment plants are still pollutlng ocur rivers. SRR

-‘,The real questlons ig ...Are we wasting b11110ns of dollars Cf
..~ building new sewade treatment plants which are d01ng a'ﬁ, v
' -unlformly poor an of treabing sewage? -

The above d150u5510n was 1ncluded to prov1de a background -
for a discussion of on-site sewade systems (septic tanks and
tile fields}, whlch are often termed "failing”. :

 '”; The 1nd1v1dua1 on—31te system con51sts of a septlc tank and Q
a tile absorption fieild.

The septic tank is =a large watertight concrete tank whibh'isj:
~ ‘buried in the ground. It has an inlet on one end, an outlet
on the other, and a lid which ¢an be removed for inspectlon
or pump-out. Generally, sewage flows from the house to the
tank, and from the tank to the tile field by gravity. "The
. purpose of the septic tank is hold the sewafe for a period

of time to allow the organisms in it to decompose the sewage
into methane, carbon dioxide, . water, and heat. :

'ﬁf;f“'The warm methane and carbon dioxide gasses tzavel baok up ."'
.. +the sewer pipes and leave the system from the roof vents on
the house. The water flows into the tile ahsorptlon fleld
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where it is introduced into the soil. The heat generated by
the decomposition of sewage, along with the heat in the
‘sewage itself, prevents the sewers, septic tank, snd t11e

- field from fr9921ng in the winter.

- The tile absorption field is made up of a series of lines of,*‘
.. -lousely placed clay tiles or perforated plastic pipe which '
. are supposed to provide distribution of the septic tank
;_effluent over a ldrge area and allow percolation into t
~.'soil, -Some think septic tank effluent is pure”; but thk
- is not the case. It contains many bacteria and v1ruses
~$along with high concentratzons of salts,llncludlng"
.~ phosphorus and nitrogen, and some ordanic. materia
- tile field itself provides little treatment. . The
T expected to do a great deal. Some SGllS, geﬁeral
-have a high capacity to absorb a variety Of materidls,
" including bacteria, viruses, and phosphorus. 'Thé«abﬁorﬁtlve
“'capaclty of sands and gravels is less, S Ll

f;'The phosphorus blndlng capaclty of the soxls doe
* to be total or permanent. In many cases, after a 1ake has -7
- - been subject to human habitation for 20 to thirty years, . .
<. lake problems appear. It seems that small amounts of .. .
- phosphorus slowly move through the scil and enter the lakegﬁgl--
. However, the process is cohtinuous. So even if a lake is .

..~ sewered, the phosphorus in the soils can contlnue to enter.
o the lake for a number of years

e There are some who feel that septlc tank systems whlch -
release phosphorus into the lake are failing. . These systems?
- are not failing. They are working as they should. What
" ‘many do not realize is that the systems do release nutrients-

" --into the environment, and that in tlme, they can reach the

" lake. . : :

- This author feels there are two conditiohs"ﬂhich iﬁdicaté'
- septic¢ tank or tile field failure. One, when the effluent
from the tile field appears on top of the ground, and two;
when-the toilets, sinks, or dralns back up in the house. '

‘The effluent from the tlle field generally appears on the
so0il surface when the lines in the tile field can no longer
introduce the effluent into the soil. Genéerally, this
condition is caused by a build up of black sulfide slime
around the pipes in the absorption field, :

: —Backlng up of sewage in the toilets, drains and sinks in the B
" house can be caused by a plugged tile field (discussed :
ahove), or by a plug of material somewhere in the sewer
lines or septic tank. :

" Some of the caUses of on-site system failuré.

1. A lack of oxyden in the soil cover of the tile fieid.
In the absence of oxygen,-bacteria in the soil form the
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bléck sulfide slime which prevents percolationrof the ,
effluent in the scil., The best type of cover for a tile

. field is a llght friable soil whlch passes air easxly.‘_The.'“
. worst type is clay. :

2. Floatlng chunks of undecomposed materzal break loose in ;”
the septlc tank and plug the outlet pipe. : Ll

, w'§3., The tank is not pumped often enough, and the slud
.- 'the bottom builds up and plugs the outlet pipe.. .The ..
7 important point here is that the tank’ should. be.i“spee
'_'_abaut every two to three years, and pumped when‘heeegé

: f4ﬁ' A solid plud Forms in the cast 1r0n plpe whle
*ﬁ_two septlc tanks together. :

ﬂf5 A layer of solldlfled grease bu11ds~up,gr lual
';plugs the sewer plpes , :

igl véhlcles drlve over the sewer plpes or tlle
1ﬁ‘crush the plpes :

57 Tree roots enter the t11e fleld plpes and plug;theﬁ up:

1535 " There is some indication that the salts from ‘g
o softener can cause clogging of the soils under a’ tlle fl

"'_'som: FALLACIES ABOUT SEPTIC TANK SYSTEMS

1. . Septic tank systems remove nutrients. As noted above,_w_‘
L phosphorus seems to reach lakes 20 to thlrty years after
‘{éﬁpeople move on a lake. u

. 2. Don’t -use a garbage grinder. ﬂhy thls i often oL e

. recommended is not understood by the authof. Most of the

" ‘materials put into a garbade grinder are vegetablé in R
- corigin. BSeptic tank systems are designed to handle these

tynes of wastes. It’s not a good idea to put meats or fat-

in-a garbage grinder but that s because they decompcse
slowly. o

,uu,f3. Have the septie tank pumped out every three years The_
" o author’s septic tank has been in service for fifteen years, B
and has been pumped out once. ~ As noted above, the tanks . P
need to be checked ocecasionally, and pumped when necessary.
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- PLERSANT LAKE WATER EUQLITY DATA

S o e i o e P T YT R L 0 T e e W o T ——

VSPRINE-SAHPLINB'DATR
‘DATE STA. DEPTH  TEWP. D.0. CHL.A- SECCHI NITR. ALK. pH COND. PHOS.

" 4715785 ft.0 13 10.1

: 1t 0 3 5 ft. 235 152 8.%

< A/35/85 0 2 0 ft. . 13 . 10.1 - 3 5 ft. 225 © 152 8.4

7. #/15/85 3 0 ft, 13 10.1 4 - 5 #t. 225 149 9.4

- 4715785 . 4 0 Ft. . 14 9.9 3 5 ft, 270 - 149 8.3

. A218/85 5 0 ft. 13 10.0 & 5 ft. 155 152 8.4

. 4715/85 & ¢ ft. 12 10.0 3 5 ft. 335° 152 "8.%

C 4/15/85 -7 0 ft. i3 10.0 4 5 ft. 305 152 ‘8.4

. 4/15/85 8 0 ft. 13 9.9 4 5 ft. 245 . 152 8.4

. 8/15/85 9 0 ft. 13 10,1 - 4 5 ft. 145 153 8.4

“*;-_4/15;&5 100 ft. - 13 - 9.9 5 5 ft. 265 152 8.4
'»?.S?RINE AVERABES 13 1000 5 ft. 238 152 8.4 310 332

S
[4) ]

‘ ;iDEPTH PRGFILE AT STATION ONE

COB/1S/85 1 5 £t M1 40,1 =e=  —es ==l cee wuo Zon Ll
A/15/B5 1 10 ft..  F  L0.6 === === mmm eme e hewl il
4/15/85 1 15 ft. 7 1001 mmm mem mm e ame e Al

- DEPTH PROFILE AT STATION THREE

‘ 4?15!85-

35 4t. 0 13 10,1 === === Jmen mem dmm adn o
£/15/85 3 10 ft. 11 10,0 --= === === —mm  —em eee o
4/15/85 3 15 ft. 9 9ub  ——=  mm= el e eam el ool
A715/85 3 20 §t, 2 I T T T T —
'4/15/85 3 25 ft. b 8.8 -—=~  mmm mme mem eme aee o
3 30 §t. & B.1 —==  mmm mmm eee eme een e

#115185

TENP.: Temperature in degrees Centigrade .
- b.B.. Dissolved Dxygen in milligrams per liter
- . CHL. &. Chlorophyll a in micrograms per liter
" SELCHI ~Secchi Disk transparency in feet
NITR. Total Hitrate nitrogen in micrograns per liter
LK. Alkalinity as Calcium Carbonate in mxlllqrams per liter
tpH Hydrogen idgn concentration
.. COND.  Conductivity in umhos per em at 23 degrees Centlgrade
PHOS.  Total Fnusphcrus in micragrams per liter:
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PLEASANT LAKE HHTER BUALITY DATA

e EREESES SN EESSRER

Bt 3t 1 1+ 14

.. FALL SAHPLING DATA

" DATE - STA. * DEPTH TEHP. D

T 7 0. CHL. ﬁ SECCHI NITR. ALK, - pH CGHB. PHES.;;_' B
S B/f24/784 - 1 . SURF. 23 8.9 22 b 1% 132_8.4 420 2 220 s
.. B/24/B4 -2 SURF. 25 .4 1 - 7 18 129 8.1 420 -
-Bf24/784 3 . SURF. 25 8.1 S S | ‘18 132 B.4 3§20
. B8/24/84. - 4 SURF. 25 8.3 = 9 7 18 129 8.4 320
. - B/24/84 5 SURF. 26- .B.1 ‘.2 7 18 130 8.4 %
< 8/24/B4 & BURF. 23 - 8.8 12 7 t8 130 8.3 .
¢ .BJf24/84 7 SURF. 25 9.1 10 7 18 - 125 8.5
7. .-B/24/84 8  SURF. 25 7.0 14 [ 18 126 8.4
2:35124i84 9 SURF. 23 8.5 9 7 16 127 8.4
= o FALL nvznﬁees 25, B 11 7. 18 U129 8.4
L - DEPTH PROFILE AT STATION ONE
<. BJ24/84 1 5 ft. 25 B.%? - m—— mem e el - ==
o T gr24/88 10 ft. 24 B.B == = mme mma e —m—— e
o /24784 1 15 ft. 24 - B.2 - -—- —mm e e e e -
" ;_8124184. l 19 ft. 23 4.8 --- e -
2 ' jDEFTH PROFILE AT STATIBN THREE
v LT BI24784 35 ft. 13 !0 H —--- = wmel e ame | add —-——
. 8/24/84 0 3 10 ft. 11 10.0 — wmm mmm mmm e e e
.- . B/24/84 3 15 ft, . 9 . b --- _— . meE ees ee- -— ——
. B/26/84 3 20 Ft. 7 9.0  e-m  ee— eem e e e o
LT Bl24/84 3 25 ft. b 8.4 - e - -
<. -8/24784 3 30 ft. b B.1 — kS LB -, -
" TEMP, - Teaperature in degrees Centigrade
?_D.U._-riﬂxssolved nygen in a1111grams per liter
;, CHL. A Chlorophyll a in micreograass per liter
- BECCHI Secchi disk depth in feet _
T KITR. Nitrate nitrogen in m:cruqrans per liter T
. ALK, - Alkalinity in milligrass per l:ter as talciue carbonate

: “pH- °  Hydragen iap concentration :
- COND. . Conductivity in umhos per centimeter
~ PHOS.  Tatal phosphorus conrcentration in sicrograns per liter




Fassett, N.C., A Hanual of Agquatic Plants. The University
of Wisconsin Press, Madison. 1969

Fukano, K.G. Field Trials of Several Aguatie Herbicides,
Report No. 1659. Instutute of Fisheries Research, Michigan
Department of Natural Resources. March 13, 1983.

Fusilier, W. E. An Opinion Derived Nine Parameter
Unweighied Hultiplicative Lake Water Qualily Iadex: the
LHQI. Ph.D, Dissertation. The University of Michigan. Ann
Arbor. 1882,

Gannon, J.J., et al., A Nater 8ualiily Study of the Huron
River. Water Quality Program. The School of Public Health.
The University of Michigan. Ann Arbor. 1975.

Hooper, ¥.F., Field Trials of New Aguatic Herbicides, 1960,
Report No. 1614. Institute of Fisheries Research, Michigan
Department of Natural Resources. March 3, 1961. Presented
at a meeting of the Aquatic Weed Control Society, February
14-i6, 1961 in Chicagao, IL.

Marsh, W.M., and Borton, T.E., Hichigan Lakes and their
Hatershes: an atlas. Michigan Department of Natural
Resources and The Water Resources Commission. November 1974.

Sloan, M., Personal Communication. Sloan’s Nursery.
Dexter, Michigan. September 1974,

Soii Survey of Washienaw County, Hichigan. U. S. Department
of Agriculture. June 1977. '

Southeasiern Michigan Water Resources Study——Agricultural
Appendix. U.S5. Department of Agriculture. August 1975.

Standard Bethods for the Examination of HWater and
Hastewater. The American Public Health Assceciation.
Washinton, D.C. 168th Edition. 1985.

Twenter, F.R., Knutilla, R.L., and Nowlin, J.O., Hater
Resources of Hashienaw County, Michigaa. U.S. Geological
Survey. 1876.

Waterfowl Populations Can Contribute Nutrients to Lakes.
Hashienaw County Scil Conservaiéion District Newsletier. Ann
Arbor, MI. June 1985.

63



AN ADDENDUM TO THE 1985 PLEASANT LAKE WATER QUALITY REPORT

EGRASTAN WATER MILFOIL INFESTATION IN PLEASANT LARKE

On a visit to Pleasant Lake on June 22, 1986 milfoil was
discovered at the boat launch site. On June 25, a weed
survey of the lake was conducted. The accompanying weed map
of the lake shows the results of the weed survey. The
stippling represents areas infested with surasian water
milfoill {(Hyriophyllum spicatum’, the area being about 50
acres. This plant was not found during the 1985 study
period although a thorough search was made. There is
estimated to be about 350 acre~feet infested with m11f011

Eurasian water milfoil is termed an “"exotic"” weed because it
is not a native lake weed, being imported from Europe a
nunber of years ago. This weed causes real problems in
lakes for several reasons:

® It grows to deeper depths, {(as deep as 15 feet) =0 it can
reduce the recreational area of a lake considerably.

€@ Since it is not a native plant species it has no
recognized nabtural enemies to limit its growth.

& Since it grows from roobts that can survive over the
winter, it gets an earlier start in the spring and crowds
out beds of native weeds. (Current thinking among many
aquatic botanists is that most other aquatic plants grow
from seeds. )

® It has two growbh periods, one in late spring and another
in late summer.

Control of eurasian water milfoil is difficult at best.
Lake level draw-down is preferred by this author because it
is a cheap control measure that introduces no harmful
chemicals into the lake and appears to work as well as any
other. However Pleasant Lake cannot be drawn down. There
are several other methods of control available, none which
are really satisfactory.

Eurasian water milfoil can be harvested using a mechanical
weed harvester. The harvested weeds should be removed from
the lake. One of the problems with this procedure is that
it is not very long-lasting because the weed re—grows aboub
an inch per day, so it requires several harvests per year to
keep the lake useable. A second problem is that this weed
naturally reproduces by fragmentation. This also means thab
any weed fragments left in the lake by the harvesting
operation can reproduce in other parts of the lake. It
should be noted that boat propellers alsc cause
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fragmentation. However, most areas of Pleasant Lake that
can be infested with this weed are probably already infested
so the problem of cut fragments infesting other parts of the
lake is not great. There are some reports that multiple
harvests reduce the vitality of the plant.

Agquatic contact herbicides such as Aquathol and Diguat will
kill the leafy parts of the plant but not the roots. Thus

the milfoil will be back after a period of time. A problem
with the use of any herbicide is that the plants settle to

the bottom when they die and can deplete oxygen supplies as
they decompose.

2,4-D, a systemic herbicide, seems to be the method of
choice for control of surasian water milfoil. (2,4-D is a
chlorinated benzene ring which leads this author to feel
that it is not a safe as many suggest. It is, however, the
broad-leaf weed-killer presently used on many lawns.) g

Although there is some confusion as to the specific action,
most seem to think it’s absorbed by the leaves and then
transported to the roots so it kills the enbire plant. This
researcher has been watching the results of using 2,4-D to
kill eurasian water milfoil in several reservoirs in the
area and has yet to observe complete eradication. One of
the possible reasons the milfoil is not completely
eradicated is that many of the plants grow far enough below
the surface to escape detection by the herbicide applicator.

The following is suggested if the Pleasant Lake POA might
want to use 2,4-D to abtempt to control the milfoil
infestation. Apply 2,4-D now to the milfoil. The services
of a professional aquatic herbicide applicator are
recommended. (A permit from the DNR is needed.) In late
August, survey the lake for any residual infestation. Since
this would coincide with the late August growth period, any
milfoil that was missed should be discovered. Apply 2,4-D
to the areas of surviving milfoil. About this time next
summer, survey bthe lake again for additional milfoil and
treat as needed. Survey again in fall and treat as needed.
This procedure should pretty much control the milfoil. The
lake should be surveyed yearly after that to identify
potential milfoil problems. It should be possible _for
residents Lo detect and report, or map the milfoil to keep
costs down. Besides, those living on a lake are more
quickly aware of pobtential problems than is one who visits
the lake occasionally.

If 2,4-D is used to kill the milfoil, it is suggested that
contact herbicides not be applied at the same time because
they will kill the leaves. The action of a systemic
herbicide such as 2,4-D depends on it being taken up by
healthy leaves and translocated to the roots. If you kill
the leaves with a contact herbicide, translocaetion will not
cecur and the roots will remain viable.
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It should be noted that in some cases for reasons not well
known, eurasian wabter milfoil infestations disappear without
any human inbtervention. Some think it may be the result of

a plant virus infection.
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