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METHODOLOGY
WATER SAMPLE COLLECTION
Purpose
The objective of the Project.is to determine strengths of known sources
of wastes and to obtain an accurate picture of quality at any point in the
waters under study. A large number of samples wers collected and analyzed to
yield the physical, chemical, and bacteriological data necessary to evaluate
the waste loading and water quality. A systematic system of sampling was set
up to gather data from the Detroit River and tributaries, Michigan part of
Lake Erie, beaches, industrial oﬁtfalls, and municipal outfalls, These sam-~
ples had to be collected in the field and transported to the laboratories in
accordance with accepted practice, and in numbers and time sequence that
would allow optimum use of laboratory facilities.
Methods
In order ta efficiently cover the large area involved and simplify
scheduling, 't was necessary %o divide the regularly sampled stations into

five groups called runs. The breakdown of these runs was essentially as

follows:
Run No. 1 - Upper Detroit River
Run o, 2 =~ Lower Detroit River
Run No. 3 =~ Lake Erie
Run No. 4 - Upper Tributaries and Beaches

Run No, 5 - Lower Tributaries and Beachas
Because each of these runs could be covered in approximately five hours,
the samples could be delivered to the laboratory for the immediate analyses,

Runs No. 1 through 3 were taken from either the 31-foot boat or the 25-foot



boat while Runs No. L4 and 5 were taken by automobile. Sampling operations
waera scheduled in detail on a weekly basis and these weekly schedules weras
usually adhered to. Every member of the crew received a copy of the schedule
which outlined specific duty assignments for each man., This method greatly
decreased the amount of supervision necessary.

Identification of samples was accomplished by numbering the bottle caps
by station number with a grease pencil. The bottles were usually numbered in
advance and set aside in cases groubed according to run number. When the
samples were collected in the field, a field record of sample number, time,
and temperature was entered in the field log book. The field records of indus-
© trial waste outfall grab samples were ltept on separate sheats. Figure 1 shcws
orie such sheat with the field data filled in. These sheets were given to the
crew with the outfalls to be sampled designated by means of a check mark. This
mothod allowed a great flexibility in scheduling and eliminated a great deal
of paper work. The samplers could then fill in the sheets as the samples were
collected aygq bring the sheets back to the office where they were filed in the
fireproof cabinet, In the laboratory, the field crews poured the samples into
other bottles and assigned each sample a laboratory number., This laboratory
number along with the field number and field data was entered on laboratory
data sheets resulting in one 1 boratory sheet for each sample.

On regular sampling runs, the type of samples collected were chemical
and bacteriological grab samples. These samples were collected using "scoop
sampler" when working from a boat or a "bridge sampler" for bridge work. By
wading out from the shore, the crews could reach all the beach sampling stations.

Most of the tributary stations could be sampled from bridges. To reach the



river and lake stations, elementary navigation, involving landmarks or compass

bearings and time and distance computations at known speeds were required.
River Sampling

The following procedure was used for sampling a particular range in the
Detroit River, As the boat approached the starting point near the U.S. snore
or west shore, the operator adjusted the engine rpm.to give the boat a desired
operating speed. On the basis of numerous time runs, curves of engine rpm ver-
sus boat speed, have been drawn as shown in Figure 2 and from these, the speed
was selected., A speed of 10 fps was usually selected since this has proved the
most practical operating speed for the majority of the ranges., When the boat
rounded the turning point, the operator started his stopwatch beginning the
time run. To allow for the effect of the river current, the boat proceeced
across the range with its bow at a slight upstream angle. Distances were
determined by multiplying the boat's speed by the time from the starting point.
If the boat wis traveling the usual 10 fﬁs for example, it would reach a point
300 feet from the start in 30 seconds., When the proper time intervals were
reached, the boat operator informed the crew either by voice or by a short
blast on the horn and they immediately scooped up a sample, In addition to
the boat operator, there was ucually a crew of two.men on & sampling run; one
to grab the sam; 2s and the other to handle bottles and record data. When the
operation was running smoothly, the crews could take a sample every 10 seconds.
In such cases, it was only necessary to cross a range once., Under rough weather
conditions, however, or where there were many sampling points at short intervals,

it may be necessary to cross the range twice, sampling the even rumbered stations



the first time and the odd numbered stations the second. To insure that the
boat was making the proper headway across each range, the operator checred
his time whon he passed certain known reference points, such as buoys, along
or parallel to the range., These points usually checked out with surprising
accuracy. If there was error, however, the operator would stop and do the

complete range over again when the speed adjustment had been made.

\

Lake Sampling

The lake sampling was conducted using much the same procedure as in the
river., In the lake, howover, directions could not always be determined by
visual alignment with landmarks and therefore, were usually run on the basis
of compass bearings., Sampling stations are a considerable distance agart in
the lake, therefore, higher beat speeds such as 30 fps were used for purposes

of timing.

Industrial Sampling

o~

In addi.ion to regular sampling, the collection of grab samples from
industrial outfalls constituted a maj v part of sampling activities. Thess
samples were often hard to get due to shallow water and submerged objects
near the outfalls, TFor this tyme of work the 25-foot boat and the 18-foot
jet boat were used. To get a sample the boat operator noses the bow of the
boatl up to the outfall and a member of the crew positioned in the bow scoops
the sample with an industrial waste sampler and pours it into & chemical
bottle. In some cases, it was necessary to make more than onec scoop and/or

pass at an outfall in order to get the desired amount of chemical sample.



Bacterial samples were normally not taken at industrial outfalls. However,
in cases where one was required, it was taken with the scoop sampler used in
river work or with a bridge sampler, Figure 7 and figure 8 show locations of
industrial waste outfalls, Industrial and domestic sampling surveys are

described in Section II.
Depth Sampling

To verify that surface samples would truly represent the water quality at
the various sampling points in the s£udy area, a number of samples were taken
at various depths as well as at the surface. Types of samples collected at
depths inciuded chemical, bacteriological, and dissolved oxygen samples. The
bacteriological samples were collected at depths using the J,Z, Aseptic bacteri-
ological collection device, which is described in the equipment descriptions.

Chemical samples were collected with a Kemmerer Water Sampler.
Dissolved Oxygen Sampling

Dissolved oxygen samples were taken not only during depth sampling work
but also in other instances. These were collected with either an American
Public Health Association sewage sampler or a Kemmerer sampler. When the
Kemmerer samplexr was used, iv 'ad a rubber delivery tube on it. This tube
was inserted so that it ran to the botvtom of the bottle, In either case, the
250 cc. bottle was overflowed at least twice its capacity. The American Public
Health Association sampler is built for this purpose and does this automatically.

In the case of the Kemmerer sampler, this was accomplished by timing the {low,
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Compositing Samples

On many occasions 12, 16 and 2L-hour composite samples were analyzed,
These composite samples enabled the Project to obtain results more representa-
tive of an average from fewar analyses. Some of the compositing was done in
the field, but the majority of it was done at the laboratory in the following
manner., Composites were usually limited te chemical samples only which were
collected on three shifts by three different crews. At the end of each shift,
the crew would return to the lavoratory with all the samples in chemical col-
lection jars., When the crew from the last shift for the day came in, they
would do tha compositing. This consisted of taking the individual samples
from each station, usually 3 to 6 full 2-guart chemical jarg, and pouring
tneir contents into the 3-gallon wide-mouth pouring jug. After shaking the

Jug to assure adequate mixing, the laboratory bottles were filled from it,
Preservation of Samples

Many of the samples could not be analyzed immediately after collection
and required certain preservative measures., Chemical samples usually required
no preservation as they could be held over for a few days. Certain of the
chemical analyses were perfor:'c: in Chicago (Great Iakes-Illinois River Basins
Project laboraicries) because the Project's laboratory was not eguipped to do
thom. In this case, half of the sample (2 quarts) was preserved by adding
20 ml1 of HNQ3 solution (strength 1:1) to it. This was done in the laboratvory
by the field crews when they poured the samples from collection jars into
bottles for analyses. Bacteriological samples were all iced immediately after

collection and analyscs on them were performed within 2L hours. Dissolved



oxygen samplos were all fixed in the field immediately after collection in

accordance with the method prescribed on page 310 of "Standard Methods™"

(11th Edition, American Public Health Association, N,Y.),
Safety

No sample is important enough to warrant risking a life or possible
injury due to an accident, therefore, the exercising of safety precautions
takes orierity over everything else. Since sampling from boats usually
carried on during all types of weather and water conditions, the crews had
to be especially concious of the safety measures which they were to employ.

The first step towards safely was to make the boats as safe as possible.
This was accomplished by having thoroughly experienced boat operators at the
helm, and maintaining the necessary safety gear such as: 1lights, horn, 1life
jackets, fire extinguishers, distress flares, extra line, and a radio on board.
The two larger boats were equipped with twin engines to decrease the possibil-

-

ity of power Tallure at a critical time. All the crew members were also made
thoroughly familiar with the set of safety regulations drawn uop specifically
for ihe Project's boats, These safety regulations are divided into general
rules for crew members and passengers and additional rules for crew member

only, as follows:

Rules for Crew rmbers and Passengers

1. Boat capacities not to be exceeded, except in emergencies, are:

a, When sampling activities occur during run:

(1) 3 passengers and 3 crew on 31' boat
(2) 3 passengers and 3 crew on 25! boat
(3) 2 crew and 1 passenger on 18' jet boat
(L) 2 crew on L' utility

(5) 2 crew on 9' pram



b, When no sampling activities occur during run:

(1) 12 passengers and 3 crew on 31' boat

(2) 8 passengers and 2 crew on 25' boat

(3) 2 crew and 3 passengers in 18' jet boat
(L) 3 crew on 1! utility

(5) 2 crow on 9' pram

2. All crew members should wear soft rubber soled shoes. Others in
office should wear them if they know in advance of a scheduled trin.

3. No smoking during fueling or while engines are being started.
L. Life preservers shall be:
a. Worn by:

(1) All persons aboard at all times if conditions warrant.
(This decision to be made by boat operator.)

(2) All persons while in the process of sampling, working
over the side of the boat, or on the bow while boat is
in motion,

(3) All hands in 9' pram, always.

b. In surficient supply so that there is at least one life
preserver for each person on board.

c. Kept clean.

5. No =arson shall climb up onto flying bridge on 31' boat while boat
is * s motion. Walking or other movement on boat decks and bridge
is aiscouraged and should be held to a necessary minimum. 3Iveryone
must be seated while the boa* is proceeding at full throtile.

6. Care should be used in getting in and out of the boats.

7. No hands or arms should be over the side of the boat excepi when
sampling. This is ¢3 .cially true when approaching or leaving a
dock,

§. No sitting on bow, or side and stern gunwales.

9. If you ever capsize, remember, that if the boal continues to float,

it is best to remain with it. You are more easily located by a
search plane or boat.



Additional Rules for Crew Members:

1,

10.

11,

Minimum crew should consist of three men {including the boat
operator) during regular work opsrations or iwo men on short
trips.

At least one life ring buoy with line attached should be con-
veniently located within the work area of each boat.

4 first aid kit must be on cach boat and-at least one crew
member nmust be able to administer first aid - including arti-~
ficial respiration.

A1l crew members should understand the operation of fire
extinguishers, flares, and radio, as well as being able to
take over the wheel in emergencies.

Conditions under which the boat will not go out or cease
sampling operations:

3, Under adverse weather (to be decided by boat operators).
b. Boats will be pulled out when ice conditions warrant it.
c. No run without boat operator except in cmergencies.

Crew members shall not cast off lines until the boat operator
gives the command.

The boats will abandon sampling operations to aid any vessel
in distress and obey the Rules of the Road and all U.S. Coast
Gua rd regulations.

Keep an alert lookout. Serious accidents have resulted from
failure in this respect.

Watch your wake. Pass through anchorages only at minimum speed.

Keep firefighting and lifesaving equipment in good condition and
readily available at .1 times.

Know yeur fuel tank capacity and cruising radius. If necesssry
to carry additional gasoline, do so only in proper containers
and take special precautions to prevent the accumulation of such
vapor in confined spaces,

Good housekecping is even more imvortant afloat than zshore.
Clecanliness diminishes the probability of fire.

Consider what action you would take under various crmergency
conditions - man overboard, fog, fire, a stove-in plank or
ovher bad lcalt, mobor breskdown, bad storm, collision.

1



s

1y, Have an adequate anchor and sufficient cable to assure good
holding in a2 blow (at least six times operating depth).

15. Eliminate tripping hazards where possible, make conspicuous
those which must remain, have adecquate grab-rails,

16. Always have a chart (or charts) of your area on board.

17. Xeep electrical equipment and wiring in good condition, No
knife switches or other arcing devices should be in fuel or
engine compartments.

18. Check your fuel supply system; see that the tanks are vented
outboard, that the fill pipes which are located outboard of
coaming cextend to the bottom of the tank. Have an adequate
filter on the fuel line.

In addition to the boating safety regulations, there were many other
safety considerations,

Daily weather forecastis were received from the Naval Air Station's
YWeatner Station al the beginning of each working day. These warned the boat
operators of any dangerous conditions which were likely to arise while thay
were out sampling.

Sampler: were made thoroughly familiar with the hazards in each piece of
equipment before it was put to use. '"henever the crews had to set foot on
private property, such as railroad bridges, permission was first.obtained from
the owner or custodian, Outfall sampling also required extra precautions such
as careful vigilance of waves from passing boat traffic which miéht throw the
sampling craft on rocks or against a dock. Bridges were convenient sampling
points, but traffic hazards were great. Precautions, such as not parking en
the bridge itself and making good use of vehicle lights when stopped, helped to
minimize dangers in bridge sampling.

In general, the fact that no major accidents occurred during the Project's
sampling activities can be credited largely to the extensive safety vprecauvions
exercised by the Project's personnel,

10



Location
Detroit River

The selection of sampling points on the Detroit River was influenced oy
such factors as the location of known pollution sources, the flow character-
istics, and the location of points used by the International Joint Commission.
Comparison of the Detroit River-ILake Erie Project's results with those gathered
by the International Joint Commission, whose data dates back as far as 1913, was
desired. This was the reason for selecting many of the same ranges and points.

A mileage index system was used for the purpose of identifying the location
of sampling ranges on the river and its tributaries. This system involves tke
use of one or more letters in identifying the stream followed by a number which
represents the distance in river miles from the mouth or other point of reference.
In the case of the Detroit River, the reference point is the Detroit River Light
opposite Pointe Mouillee, which is the zero mileage point established by the
U.S. Army Corps of Engineers. The designation Dt 30.8 for example, refers to
a range on tr3 Detroit River approximately 30.8 miles from the mouth and the
designations DtCn, DtRg, DtEr, and Dto refer to ranges on Conners Creek,
Rouge River, Ecorse River and Monguagon Creek, respectively. In the Detroit
River there are 15L sampling points located on 15 ranges as shown on the map
(Figure 3). These sampling points or stations are numbered from Rl to R1SlL

and are listed as follows:

11



Range

DT 20.6

DT 19.0

DT 17.4W

DT 17.0E

Description

Above Rouge River from Delray
Detroit Edison Dock to
Canadian Industries Lid.,
Dock

NE Corner - Great Lakes Steel
Strip Mill to Canadian
Shore

Ecorse Light to Head of
Fighting Island

Fighting Island to LaSalle
0il & Coal Co. Slip

12

Ft, from U.S. Shore

Sample No, or West Bank
R1 5
R2 20
R3 50
Rl 100
RS 200
R6 300
R7 L0O
R3 500
R9 600
R10 700
R11 1,000
R12 1,500
R13 1,800
R1L 2,000
R15 2,200
R16 2,300
R139 100
R1LO 200
R1:1 200
R1L2 L 00
R1L3 800
RibLL 1,000
R1LY 1,500
R150 2,000
R151 2,200
R152 2,300
R153 2,100
R1SL 2,500
R17 100
R18 200
R19 100
R20 600
R21 800
R22 1,000
R23 1,200
rR2l; 1,100
R25 1,600
R26 1,900
R27 2,200
R28 100
R29 Loo
R30 700
R31 900



Ft. from U.S., Shore

Range - Description Semple No, or West Bank
DT 1.6W Wyandotte City Power Plant & R32 20
Water Works Dock, over intake R33 100

and through cut to Fighting R2L 200

Island R35 300

R36 10O

R37 600

R38 800

R39 900

RLO 1,000

RL1 1,100

Rbi2 2,000

RL 3 2,300

RLl 3,000

RLS L, 000

DT 12.04 Trenton Channel Toll Bridge R8BS 122
from U.S. Mainland Shore to R37 322

West Shore, Grosse Ile R88 190

RE9 670

RO 880

LT 9.6W 0. C. Howey 3oat Dock on 21k5 160
U.S. Mainland to West Shore 16 300

Country Club on Grosse Ile R1L7 500

R1L8 900

DT 9.3E Grosse Ile to Canadian Shore RL6 100
above Stony Island RL7 200

' RL3 500

RLO 800

R50 1,200

R51 1,500

RS2 2,000

RS3 2,500

RSL 3, 000

RSS 3,300

RS54 3,600

R57 L, 000

R58 L,500

RS9 L, 800

R60 5, 000

R61 5,300

R62 5,600

R63 5,800
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Range

DT 8.7W

DT 3.9

Dzscriotion

Trenton Channel County Bridge
from U.S. Mainland to West
Shore, Grosse Ile

Maple Beach above Huron
River outlet to Sunset Beach,
Bar Point

o

| d

R85

80
280
L80
680
980

1,2L0

500
1,500
2,500
3,500
4,500
5,500
6,500
7,500
8,500
9,500

10,500
11,500
12,500
13,500
1,500
15,000
16,200
16,500
17,500
18,5C0
19,000
19,300



Range

Di 30.8%

Dt 30.7E

Dt 28.4L

Dt 26.8W

Dt 25.7

Description

Windmill Pointe to head

of Peach Island

Peach Island to Canadian
Shore at head of Detroit

River

Waterworks Park Ccal Dock

to Detroit Yacht Club

Dock, Belle Isle

Belle Isle Bridge

U.S. Engineers Warehouse
to Jiram Walker & Sons Ltd.

Canada

15

Ft. from U.S.

Sample No. Shore or West Bank
R97 20
R98 100
RS9 200
R100 300
R101 1,00
R102 500
R103 700
R10L 1,000
R105 2,000
R106 2,500
R107 100
R108 300
R109 500
R110 700
R111 850
R112 900
R113 980
R11h 100
R115 200
R116 300
R117 Loo
R118 700
R119 1,000
R120 1,300
R121 1,500
R131 52
R132 169
R133 292
R13L L21
R135 689
R136 1,094
R137 1,L78
R138 1,903
R122 50
R123 100
R12k 300
R125 600
R126 1,000
R127 2,000
R123 2,600
R129 3,200
R130 3,L0C



Lake Erie

Sampling peints in the Michigan waters of Lake Erie were selected afier
teking into consideration such factors as tributaries, beach areas, lake sur-
face area, boundaries, wind variations and possible current variations, Here,
as in the river, the samplirg points are on fixed ranges. Many of the 1L ranges
are identical tc those established by the International Joint Commission in its
19L7 study of the area. There are 28 lake stations at various locations la-
beled L1 through L28. These locations are listed as follows but-are~probably

best explained by the map (Figure 3).

Station Description No.
Range A to B

L,,000 £t. (Buoy 26) L

12,000 fr. (Buoy 13) L2
Range B to Milleville Beach

10,000 ft. L21
Range B to shore

3,580 ft. L3

10,700 ft. Lh

Range B to H

L,800 ft. (Buoy 7 & 8) LS
14,L00 ft. (Buoy 3 & L) 16
Range 1L to LB
11,000 ft. 122
Range H to shore
6,650 ft. L7
20,000 ft. 18
Range H to R
9,800 ft. L9
29,L00 ft. 110
Range R to Stony Point
5,850 ft. L11
17,500 ft. 112
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Station Description No.

Range R to Raisin River

8,250 ft. (Buoy 3 & L) L15
16,500 ft. (Buoy 7 & 8) L27
21,600 ft. (Buoy 9 & 10) 128

Range Stony Point to Raisin River

5,600 ft. . L23

16,800 ft. L2h
Range R to shore below Plum Creek

7,200 ft. L13

21,600 ft, L1k
Range R to C

10,9L0 ft. . 117

32,800 ft. 118
Range 120 to L1k

11,000 £t. L25

33,000 ft. L26
Range C to shore

7,07C f+t. L19
21,200 ft, L20
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Beaches
The 31 beach sampling stations listed here were picked so that they could
be sampled either by car or from a small boat., Stations are numbered Bl

through B3l and are shown on the map of the Lake (Figure 3).

Station Description Name No.

Position: 120-031-06"N, 83°-11'-06'W, Maple Beach Bl
150' offshore - 100' south of Troyon
Road off Erie Drive,

Position: L20-02:48nN, 830-11'-06"W, Milleville Beach B2
200 ft. offshore 20' south of Longdon
Road off Erie Drive.

Position: 41°-591-09"N, 83°-13'-.35'W, Estral Beach B3
150" offshore opposite house No. 7880

Take Shore Drive on the northern end

of beach.

Position: Li®-§8¢-Lo"N, 83°-14'-18'"W, Estral Beach BY
100'offshore from small sand strip

used a&s resident bathing beach next to

house No. &792 Lake Shore Drive.

Position: LI7-56'-30"N,.83°-151-39"my, Dewey Beach BS
100" offshor. in line with chain link

fence which divides the privately owmned

Stony Point Park from the free accesw

beach along Dewey Road.

Position: L1°-56'-25"N, 83°-151-4L0W, Dewey Beach B
100 ft. offshore 200 ft. south of the

face brick gate wall that crosses

Dewiey Road.

Position: L1°-56'-20"N, 83°-18'-35"y, Woodland Beach B7
150" offshore in line with Clover-

dale Road.

Position: 2°-561-15"N, 83°.18'-L5my, Woodland Beach B3

150" offshore midway between Oakwood
& Woodland Blvd., off Parkwood Street.
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Station Description

Position: 41°-561-13"N, 83°-18'-52'W,
150 ' offshore midway between Beech-
wood and Elmwood Street,

Position: 41°-561-05"N, 83°-18'-56"W,
150! offshore in line with North
Grove Road which intersects Lakeshore
Drive in the Grand Beach properties.

Position: L1°-c61-02'N, 83°-191-00"W,
150! offshore off Lakeshore Drive
midway between B10O and B12 locations
in lirne with Grandview Blvd.

Position: Li®-55r-58vN, 83°-19'-08'W,
150" offshore in line with South
Grove Road which intersects with the
southern end of Lakeshore Drive in
Grand Beach property.

Position: L1°-55+-53"N, 83°-19'-11'W,
150! offshore of Kress Park in line
with the midpoint of Kress Park Bathing
Bzach approximately 300' south of

South Grove Road.

Position: L1°-55'-50"N, 83°-19'-12'W,
150t offsho>z in line with Xonrona
Drive which ntersects the northern end
of Edgewate: Blvd. in Detroit Beach.

Position: L419-55'-LéuN, 83°.191-20m,
150! offshore in line with 8th Street
at the point where it intersects
Edgewater Blvd.

Position: L1°-551-38"N, 83°-1yt-27m,
150! offshore = line with Lth Street
at thz point whei'e it intersects
Edgewater Blvd,

Position: 41°-551-30"N, 83°-191-35my
150" offshore in line with Grand Blvd,
which intersects the southern end of
Edgewater Blvd. in Detroit Beach.
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Name

Woodland Beach

Willow Beach

Willow Beach

Willow Beach

Willow Beach

Detroit Beach

Datroit Beach

Detroit Beach

Detroit Beach

B10O

1l

B12

B13

Bl

B15

316

B17



Station Description

Position: L19-551-17"N, 83°-19'-39'W,
100! offshore 200! from pilings at the
north end of the park offshore from the
turning loop on the Beach Trail.

Posicion: L1°-551-02mN, 83°-191-L3'w,
100" offshore in line with the
concession stand on the beach,

Position: L1°-5L'-L3nN, 83°-191-50"W,
150! offshore 1600' south of the
concession stand on the beach.

Position: L10-5L1-21"N, 83°-191-571,
150" offshore 500' north of the pilings
on the southern end of the beach.

Position: L1°-521-02N, §3°-22'59'W,
100! offshore in line with Main Road
whare it intersects Lake Erie.

Position: 41°9-511-33nYN, 83Om231_25uw’
100" coffshore in line with Lighthouse
Bivd, where it hits lLzke Erie.

Position: L1°-51'-10"N, 83°-23'-L5W,
100" offshore in line with the

LaPlaisance 2d.-lLavigne Rd. intersection.

Position: hi -501-52m¢, 83°-231-55my,
100t offishore 700! north of Otter
Creek where it flows into Lake Erie,.

Position: 41°-50'-39"N, 83°-2l -0y,
109" offshore 300' south of Otter
Creek where it flows into Lai-u Srie.

Position: L1%-5n1-22my, 83%_2i1-1lmy,
100" oifshore in line with Socuth
Otter Creek Road where it runs into
Iake Eric.

Position: 41°-50'-00"N, 83°-2L'-25w,
100" offshore 2,L00f socuth of point
yvhare Scuith Otter Creek Road hits
Lake Erie.

?osition: Llo—h9'-32"NJ 830-2h'—h3“W,
007 offchore 100' scuth of pilings
T the northern end of the picnic
yround amuscment-beach area.

f

©Q

20

Name

Sterling State Park

Sterling State Park

Sterling State Park

Sterling State Park

Bolles Harbor

Bolles Harbor

North Otter
Creek Beach

North Otter
Creek Beach

South Otter
Creek Beach

South Qtter
Creek Beach

Toledo Beach

Toledo Beach

B13

B19

B20

B21

B22

B23

B2k

B25

B26

B27

528

B29



Station Description Name No.

Position: L1°-L8'-50"N, 83°-25'-58'W, Luna Pier B30
100! offshore in line with Allen Cove
Road at the point where it intersects
Lake Erie.
Position: L1°-L81-32vN, 83°-26'-28', Luna Pier : B3l
100" offshore in line with Luna Pier
Road where it runs into Lake Erie.
Coordinates are taken from U.S. Lake Survey Corps of Engineer's Chart #37 and L1.
Tributaries

Selection of sampling points on the tributaries was largely governed by
the locations of bridges, since nearly all tributary sampling was done from
bridges. The T indicates a tributary sample and the number indicates the
exact location. Each tributary has been assigned certain station numbers,
some of which have not been sampled as yet, but are designated for possible
future sampling, Unless otherwise stated in the location description, the

sampling points are located at midstream. The following is a list of thece

sampling points by tributary.

Station Location Station No.
—

Connere Creek (Nos. Tl through Ti)

Conners Creek 0.3 miles up from mouth, TL
20" from right bank

Conners Creek 0.3 miles up from mouth, T2
LO' frem right L nk

Conners Creek 0.8 miles from mouth, T3
20" from right bank

Conners Creek 0.8 miles from mouth, TL
LC!' from right bank



Station Location

Rouge River (Nos, T10 through T27)

Rouge River (middle of stream)

DT&TRR bridge over new channel,
0.37 miles upstream from mouth,
50! from right bank

DT&IRR bridge over new channel,
0.37 miles upstream from mouth,
150" from right bank

At RR Bridge to Zug Island by intersection
of White St. & Jefferson St. west in old
channel 0.81 miles from Detroit River

In old Zug Island channel at DT & IRR bridge
on north side of Zug Island, 0.33 miles from
Detroit River,

Lt Jefferson St. west 1.09 miles upstiream
from Detroit River.

At NYC RR bridge 1.L7 miles upstream
from Detroit River.

At Wabash RR bridge 1.87 miles upstream
from Detroit River

At Fort St. bridge 2.19 miles upstream
from Detroit River

&t Dix Ave. bridge 2.75 miles upstream
from Detroit River

At Schaefer Road bridge, 3.87 uiles
upstream from Detroit River

At Greenfield rcud bridge 5.02 miles
upstream from Detroit River

At DT&IRR bridge next to I-94 Expressway
5.28 miles upstream from Detroit River

At Rotunda Drive bridge 6.3k miles
upstream from Detroit River
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Staticn No.

T10

Tll

T12

T13

T1L

T16

T17

T18

T19

T20

T?1

T22

T23



Station Location

At Michigan Avenue bridge 8,13 miles
upstream from Detroit River

At South Military Road bridge on Lower
Rouge River 10.37 miles upstream
from Detroit River

At Ford Road bridge 10.83 miles
upstream from Detroit River

2t Southfield Road bridge 7.5 miles
upstream from Detroit River

Ecorse River (Nos. T31 through ThLl)

Ecorse River (middle of stream)
At Jefferson 0,08 miles up from
Detroit River

At west side of D&T SLRR bridge
in line with Alfred St. 0.2 miles
up from Detroit River

On South branch at Emmons Blvd, 0.9
miles up Ifrom Detroit River

On South branch at Gohl St. 1.8 miles
from Detroi. River

On South branch at Fort St. 3.0 miles
from Detroit River

On South branch at Dix Road 3.9 miles
up from mouth

On North branch at Mill St. 1.0 miles
up from Detroit River

On North branch at Soutnfield Road
1.3 miles up from mouth

On North branch at Empire Avenue
2.1 miles up from Detroit River

On South branch at Fort Street
2.8 miles up from Detroit River

Cn North branch at Dix Rcad
3.6 miles up from Detroit River
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Station 53.

T2hL

T25

T26

T27

T31

132

33

T34

T35

T36

137

738

ThO

Thl



Station Location Station Ng.

Monguagon Creek (Nos. TL6 through TL9)

Mcnguagon Creck (middle of creek) TL6
At Biddle, 0.5 miles up from
Detroit River

Cff rzil siding bridge closest to T47

Pennsalt's West Side Plant, 0.82
miles up from Detroit River

At D&T SLRR where Huntington Creek empties in L8

Where Huntington Creek flows in cditch Th9
approximately 2,000 ft. west of Quarry Road

Huron River (Nos. TS5 and TS6)

Huron River at River Road, TSS
middle of stream, 2.1 miles
upstream Ircm Detroit River

Furon River at Fort St. in Rockwoed, TS6
middle of siream, 1.8 miles upstream
from Detroit River
Swan Creek (No. T65)
Swan Creek at River Road, middle T&S

of stream, ¢.8 miles upstream from
Lake Erie.

Stony Creek (“o. T70)

Stony Creek at River Road, middle T70
of stream, 0.6 miles upsiream from
Lake Erie.

Sandy Creek (No. T75)

Sandy Creek at River Road, middle T75
of stream, 1.0 miles upstream from
Lake Erie

Raisin River (Nos. T80 through T90)

Raisin Eiver (middle of stream) T80
at mouth, veiween buoys 1] and 12
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Station Location

0.5 miles upstream from mouth approximately
600 ft. downstreazm from channel connecting
Raisin River with Plum Creek Bay

1.13 wmiles upstream from mouth, approximately
500 ft. downstream from turning basin between
blackcan buoys 15 and 13

1.56 miles upstream {rom mouth, approximately
LOO ft. downstiream from creek entering on the

left

1.95 miles upstream from mouth under I-75
Expressway bridge

3.0 miles upstream from mouth at Winchester
Road Bridge

3.L0 miles upstream from mouth at Macomb
Street bridge

3.55 miles upstream from mouth at N, Monrose
Street bridge

;.25 miles upstream from mouth at Roessler
Street bridge

4.8 miles upstream frcm mouth at
Telegraph Re:-2 bridge

13.50 miles upstream from mouth at
Ida Maybee Road bridge

Plun Creek (No. T95)

Plum Creek 2.8 miles from mouth middle
of stream at Kentucky Avenue

LaPlaisance Creck (No. T101)

LaPlaisance Creek 0.8 miles from mouth,
middle of stream at LaPlaisance Road
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Station No.

781

T8L

T8S

T86

167

T88

T89

TSS

TiCl
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BOTTOM SEDIMENT SURVEY (SLUDGE SURVEY)

Purpose

Moving water has the capacity to carry particles of various sizes depending
on the velocity of the water. As the moving water slows in areas where the
river widens, or behind islands, the larger particles settle to the bottom. As
the river water moves into the lake, the velocity is greatly reduced so that the
finest settleable material will eventually find its way vo the bottom of the
lake. Some of these particles result from natural phenomenon, such as soil and
bank erosion, and the debris from the life cycle of vegetables and animals,
Other sediment results from man's activities and the purpose of this study is

to identify such materials and determine their effect on water quality.

Method

Cne sample of bottom material was taken for every square mile in the
Michigan portion of Lake Drie and at selected stations in the Detroit River
vhere conditions were thought to be favorable for the settling of waterborne.
material,

iWhen the boat arrived on a samp..ing station, a marker buoy with anchor
attached was thrown overboard. Then the bottom sampler was lazunched overboard
and allowed to sink to the bottom while the boat was drifiting with the wind or
current, Samples for DO were taken at the surface and at the bottom anc a
water-temperature profile measurement was taken, While this was being done,

the sampler had been towed across the botfom by movement of the boai, and at

ct

he end of this operation the sampler was towed to the surface by means cf a

hand line., The ccntents were removed and observations made of color, consist-
)

ency, odor, oil, and bottom fauna. The entire operation took place within e

radius of one hundred feet of the anchor buoy marking the location of the
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sampling point. At the end of the operation, the buoy was picked up and a
timed run made to the next sampling point, where suitable points of observa-
tion were available, The exact location of the boat was verified by means of
sextant shots.

After physical observations were made and recorded, the sample was placed
in a one-half gallon glass Jjar. Part of the sample, well shaken and mixed,
was then poured into a plastic jar containing H2SOh preservative. This was
later analyzed in the laboratory for the following: POh, NO3’ NO2, N, NH3’
and phenols. The remaining part of the sample in one-half gallon jar was
taken to:the laboratory and analyzed immediately for pH, metals, and oils,

Location
The location of the sampling points are shown on the accompanying maps

(Figures 9 and 10) and described on the list on page 28,

Equipment and Personnel

Crew - +two or three

Boat - 25' or 31!

Detroit l:iver-lLake Erie Project bottom sampler
Electronic thermometer

Kemmerer sampler

Sextant

Marker buoys

27



LOCATIONS OF DETROIT RIVER SLUDGE SAMPLING STATIONS

Approx.

Station Mile-Point Description

S1 5.3 West side NAS Channel, 1000' north of buoy R2. .

S 2 5.0 At buoy BC 3, south of NAS Channel.

S 3 5.0 At east set of piles off south tip of Horse Island,

S kL 5.0 800' east of last set of piles east off south tip Horse
Island.

S5 5.0 150! east of last set of piles east off south tip
Horse Island.

S 6 6.1 Trenton Channel at west shore on range extending from
near weather bureau signal station to south tip Swan Is,

S 7 6.1 1100' from west shore {same range as S 6).

s 8 6.1 2800' from west shore (same range as S 6).

S 9 7.0 Trenton Channel 2000' west of East shore (Grosse Ile)
at Groh R4.

S 10 7.5 Trenton Channel 800' from west shore on range south of
Monsanto Chemical Co. new dike.

S11 1.5 1550! from west shore (same range as S 10).

S12 7.5 200! from =2st shore (same range as S 10).

513 8.0 Trenton Channel off South end of Detroit Edison Co.
coal dock.

Sihk 9.6 Tron.on Channel at west shore (end dock of 0.C. Howey
Boat Yard) on sampling range DT 9.6W.

s15 9.6 800' from west shore (same range as Sli).

S16 9.6 1200' from west shore (same range as Slh).

S17 10.5 Trenton Channel 100' from west shore on range opposite
Church R. (Grosse Ile).

Si8 10.5 800t from west shore (same range as S517).

319 10.5 1200' from west shore (same range as S17).
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LOCATIONS OF DETROIT RIVER SLUDGE SAMPLING STATIONS

Avprox.

Station Mile-Point

Description

S20 11.4
S21 11.L
S22 11.4
S23 12,2
s2l 12.2
S25 12.2
S26 13.0
827 13.0
528 13.0
529 13.3
$30 13.8
$31 13.8
S32 13.8
533 5.2
S3k S.0
835, 5.0
536 5.0
S37 6.8

Trenton Channel at west shore on range in line with
buoys BC 21 and RN 22,

600" from west shore (at buoy BC 21)(same range as §20),
1150' from west shore (same range as S20).

Trenton Chanrnel 100' from west shore on range from
Firestone Steel Products Co. smokestack to Grosse Ile
at a bearing of 110°.

550! from west shore (same range as S23).

950! from west shore (same range as S23).

Trenton Channel at west shore on range extending from a
point on the west shore 500! downgtream from Wye Steet
to Grosse Ile at a bearing of 120 .

LOO' from west shore (same range as S26).

00! from west shore (same range as 526).

Trenton Channel at west shore off Wyandotte Chemicals
Corp. (south plant) approximately 1300' upstream from

Wye Street.

Trenton Channel 50' from west shore on range extending
through buoy R30 at a bearing of 110°,

LOO!' from west shore (same range as S30).
800! from west shore (same range as S30).
At buoy RN 2 approximately 1 mile south of Hickory Is.

300" west of west edge of Livingstone Channel at south
end of dike (approximately 1100' south of Lt. 13).

200" east of east edge of Livingstone Chanrel at south
end of dike (approximately 1000' south of Lt. 1L).

150" west of Lacey's Cas Dock near Bar Point, Canada.

At buoy BC 13, 900' north of Sugar Is. east of Grosse Ile.



Approx,
Station Mile-Point Description

S38 7.0 300" west of Livingstone Channel dike on lire through
Lt, 17 and Lt, 18 (Livingstone Channel).

539 7.7 LOO' east of Grosse Ile and 1350' due west of buoy RN 6
(in area between Grosse Ile and Livingstone Chanrel).

sk 7.7 14,00! east of Grosse Ile and 350' due west of buoy BN 6
(in area between Grosse Ile and Livingstone Channel),

skl 7.5 850' north of buoy HBC adjacent to Powcder Hcuse Is.
(in area between Grosse Ile and Livingstone Channel).

Sh2 7.5 LOO' northeast of south tip of easterly Livingstone
Channel dike at the Sugar Is. cut (approximately 1100
north-northeast of Lt. 20 in Livingstone Channel).

sk3 7.5 200' west of Canadian shore, 1450' north-northeast of
buoy R 6L, D in Amherstburg Channel.

Shls 9.3 650" east of Grosse Ile on sampling range DT 9.3Z
(line from Ferry Rd. to Upper Entrance Light).

sks 9.3 800" west of buoy B 27 (same range as SLbL).

Shé 9.3 At upper entrance light.

sh7 9.3 750' east of upper entrance light (same range as Sbh).

sk8 $.3 200' west of Canadian shore (same range as Shl).

SL9 1.6 100t from ¥ st shore on sampling range DT 1L.6W (lin

from south pile at Wyandotte Power Plant to buoy R 92
in Fighting Is. Channel).

S50 1.6 850t from west shore (same range as SL9).

S51 1.6 1600' from west shore at water intake (same range as
sL9).

S52 1.6 2250' from west shore at east end of cut (same range
as SL9).

S53 1.6 At buoy B 91 in Fighting Is. Channel (same range as
sh9).

S5k .6 At buoy R 92 in Fighting Is. Channel (same range as
SL9).

S55 15.9 Fighting Is. Channel 200" southeast of Grassy Is.
Light.
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Loprox.

Station Mile-Point Description

S56 15.9 Fighting Island Channel 200' south of buoy R 96.

557 15.9 Fighting Islana Channel 650' east of buoy R 96.

558 16.2 Junction Ecorse and Wyandotte Channels at west shore

on range extending through buoys HB and R 13.

S59 16,2 At buoy HB (same range as SS8).

S60 16.2 At buoy R 18 (same range as SS58).

S61 17.1 Ecorse Channel at buoy EC 5..

S62 17.2 Head of LEcorse Channel at buoy B 7.

S63 17.1 Head of Ecorse Channel at buoy RN 6.

S 17.0 Head of Wyandotte Channel at buoy BC 23.

S65 17.0 Head of Wyandotte Channel 150' south of buoy HB.
S66 17.0 Head of Fighting Island Channel 150' southeast of

Fighting Island north light.

S&7- 17.0 Channel east of Fighting Island, 200' from Fighting
Island on sampling range Dt 17,0E (line from Fighting
Island at a bearing of 100° to Riverview Harbour Hoists

in Canada).
S68 17.0 100' from Canadian shore (same range as S67).

S69 18.4 At west shores on range extending from Great Lakes
Steel Corp. (Ecorse plant) through the two buoys
marking the south edge of the anchorage area.

S70 8.4 At % y marking the southwest corner of the anchorzge
area (same range as S69).

7/

S71 18.4 2700' from west shore and 500' from buoy marking
southeast corner of anchorage area (same range as
S69).

S72 18.5 In center of south Nicholson Slip L50! from mouth.

S73 18.6 In center of north Nicholscn Slip L50! from mouth.

STh 19.0 Al entrance to small boat dockage area along west

shore 650' downstream from pipeline.



Approx.
tation Mile-Point Description

S75 19.5 At entrance to small boat launching ramp along west
shore approximately 700! upstream from north building
line of Great Lakes Steel Corp. strip mill (first
sampling point on range extending from the launching
ramp at a bearing of 110° to the Canadian shore).

S76 19.5 1200' from west shore (same range as S575).
S77 19.5 2550' from west shore (same range as S75).
578 19.7 100' from west shore opposite Detroit Edison Co.

Rouge plant water intake.

S79 Rouge River (main channel) off sobuth shore 800' down-
stream from West Jefferson Avenue bridge.

s80 Rouge River (main channel) off north shore 900' down-
stream from West Jefferson Avenue bridge.

s81 Rouge River (old channel) off east shore LOO' south-
west of DT&I RR bridge.

s82 Rouge River (old channel) off west shore 100' south
of Scoti Paper Co. conveyor.

S83 Rouge River (short-cut canal) off north shore 350!
east of DT&I RR bridge.

S8l Rouge River (short-cut canal) off south shore 550°
east of DI&I RR bridge,

585 19.8 150! from v st shore and 750! north-northeast of
buoy R2 at mouth of Rouge River,

S84 20.0 50' from west shore on range extending from a point
on Zug Island 1650' downsiream from the north end
of L 2 Great Lakes Steel sheet piling to the north
end of the Ontario-Hydro dock in Canada (bearing of
range 110°),

S87 20.0 1350' from west shore on International Boundary
(same range as S86),

S88 20.0 2600' from west shore at north end of Ontario-Hydro
dock (same range as $86).

589 20.3 100' from west shore 350' upstream from Allied
Chemical Corp. piling.
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Approx.
Station Mile-Point Description

SG0 21.2 At west shore on range extending from south edge of
slip just south of Revere Copper and Brass to
Confederation Coal and Coke Slip in Canada. (Bearing
of range 110°.)

$91 21.2 950" from west shore (same range as S90).

592 21.2 2000' from west shore and 75' from Canadian shore
(same range as S90).

S93 22.1 At north shore on range 100' south and parallel to
Ambassador Bridge.

S9L 22.1 1000¢ from north shore on International Boundary
(same range as S93).

595 22.1 1850' from north shore and 150' from Cznadian shore
(same range as $S93).

$96 2L.5 At north shore on range extending from southwest
corner car ferry slip warehouse to Canada at bearing
of 170°.

597 2h.5 1250' from north shore at Internatiocnal Boundary

(same range as S9%96).

598 2L.5 2500' from north shore at Canadian shore (same range
as S96).
599 25.7 At north shore on range extending {rom Parke-Davis

& Co. pron. .y at Walker St. to northwest edge of
Ford Motor Co. (Canada) building at bearing 155°.

S100 25.7 1550' from north shore (same range as S99).

S101 25.7 3935 from north shore at Canadian shore (same range
as S99).

S102 28.L 50" from north shore on range extending from East

edge Detroit Boat Basin slip to flagpole at end of
Detroit Yacht Club dock.

S103 28.4 16507 from north shore and 50' from flagpole (same
range as S102).

S1chk 29.4 At north shore 750' downstream from buoy 3C3.
$105 29.h 100'..south.of buoy BlA,
5106 29.L 100! north of Lagoon Light on east end of Belle Isle.
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Approx.
vation Mile-Point Description

5107 28.2 Fleming Channel 100' from south shore Belle Isle on
range extending from southeast edge of parking lot
near flagpole (2800!' upstream from Dossin Great Lakes
Museum) to Canadian shore at bearing of 160°.

S108 28.2 Fleming Charnel 1800' from south shore Belle Isle
and 50' from Canadian shore (same range as S107).

S109 30.0 At north shore on range extending from mouth of Port
Lagoon through buoys BS, HB, and RL at bearing of
185°,

S110 30.0 950! from north shore at buoy BS (same range as
S109).

S111 30.0 2100' from north shore at buoy HB (same range as
S109).

S$112 30.0 3550' from north shore at buoy RL (same range as
S109).

S113 31.0 At east corner breakwater 1300' upstream from Wind-

mill Point Light.
S11, 31.2 At Rear Lignt (Peach Island Range Lights).

S115 30.8 50! from south shore Peach Island on range extending
from Peach Island to Edgewater Thomas Inn (Canada)
at bearing of 135°.

S116 30.8 950! from scath shore Peach Island and S50' off
Canadian shore (same range as S115).



LOCATIONS OF LAKE ERIE SLUDGE SAMPLING STATIONS
Shown below are the coordinates of all Lake Erie sludge sampling stations,

expressed in miles North or South and East or West of the Detroit River Light.

LN - 1E 35 - 2%
LN -0 35S - 1E 7S - oW 11S - 104
WN - 1 38 -0 7S - 3W 11S - 11w
LN - 2w 35 -1 75 - L 115 - 12W
35 - 2W 78 - SW 11S - 13W
3N - 1E 35 - W 75 - 6W
3N -0 38 - Lw 78 - W 128 - W
IN - Y 35 - SW 7S - 8w 125 - 8W
3N - 2W 3S - 53w 78 - 9W 125 - W
75 - 9w 128 - 104
2N - 1E LS - 1E 125 - 11w
2N -0 LS -0 8s - 3w 125 - 12w
2N - 24 hs - 1w €s - LW 125 - 13W
2N - W LS - 2w 8S - 5w
Ls - 3w 8s - &W 135 - 8w
IN - 1B LS - LW 835 -~ W 135 - 9W
W -0 LS - SW 8s - &w 135 - 10w
N - % LS - 53w 8S - 9w 135 - 11w
IN - W 88 -~ 104 138 - 12W
IN - 1 55 -0 135 - 13W
55 - W 98 - LW 135 - 1w
0 - 1E 55 - 2W 95 - SW
0-0 58 - 3W 98 - &W LS - 11w
0 - 1w 58 - Lw 98 - W LS - 12w
0 - 2W 5S - 59 935 - 8w LS - 13w
55 - 64 S - 9w 14S - W
18 - 1E 55 - W 98 - 104 1S - 15W
1S - 0 53 - 8w
1S - W 5S - G4 105 - SW 155 - 104
1S - 2w 10S - &W 155 - 11W
6S - 1 105 - 7TW 155 - 12W
28 - 2E 68 - 2W 10S - 8w 158 - 13W
25 - 1E 65 - W 108 - 9W 155 - Uw
25 -0 6s ~ LW 108 - 10W 155 - 1w
25 - W 65 - Sw 10S - 11W
28 - 2W 6S - 6w 105 - 12w 16S - 11w
2S5 - W 65 - TW 165 - 12W
2S5 - LW 6S - 8w 11S - W 16S - 13w
25 -~ 5W 65 - oW 11S - W 165 - 1w
6S - 9 115 - 8W 16S - 143w
118 - W
178 - 13W
9 3/835 - 7 7/84 (Raisin River Dumping Ground) 17S - 1w
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LOCATIONS CF RAISIN RIVER SLUDGE SAMPLING STATIONS

Station Description

SRA - 1 Midway beiween buoys BC9 and RN1O in the Raisin River
Channel.

SRA - 2 Midway between buoys BCll and EN12 at the mouth of the

Raisin River.

SRA - 3 Mid-channel in the Raisin River east of the turning basin
near buoy BC1S.

SRA - L Mid-channel in the Raisin River under the Interstate 75
bridge.
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METHODOLOGY
CURRENT TRACING TECHNIQUE (FLUOROMETRIC)

Purpose

The majority of fluorometric current tracing operations in the Detroit
River fa2ll into three general categories., First, are those studies performed
to determine flow patterns in an area of changing channel characteristics
such as at the head of an island or channel division. Second, are dye releases
made within or at the outfalls of sewage treatment plants in the area. Six of

these studies were made in the Detroit River area, three from the City of

Detroit sewage treatment plant outfall, and one each from sewage outfalls on
Belle Isle, in Trenton, and in Wyandotte. The third major area of study is at
the mouth of the Detroit River where current patterns in the transition zone
from river to lake were desired.

Methoeds

A typic 1 currenit tracing operation begins by anchoring the boat at a
dye release point and pumping Rhodamine B dye slowly into the water. A posi-
tion fix is tazken and the time of release and other pertinent information is
recorded. Floais are placed at the head and at the tail of the dye strezk as
the dye is pumped. As long as the dye can be seen, it is traced visually by
making timed ru.5 into the dye from a temporary buoy left at the release point,
and by cross-referencing the location of the dye streak with respect to prom-
inent landmarks or buoys. Characteristics of the dye streak are noted such
as its length and width, and any irregularities in shape.

Cross-sectional runs across the dye plume using the fluorcmeter begin as

the dye becores visually faint. This operation requires a minimum of four



men; two sextant operators, one fluorometer operator and recorder, and one
boat operator. The boat is aimed at a buoy or at a prominent lancdmark on the
opposite shore, or set on a compass course, A speed is selected between ten
and twenty feet ver second. Approximately one minute before the run is to
commence, the pump and fluorometer are turned on to permit electronic compen-
ents to warm up, and air bubbles to be expelled frcm the system. As the run
is started, the recorder on the fluorometer is switched on and a reference
mark is made on the chart, Sextant fixes follow at approximately one-minute
intervals (closer if the cross-section is short). The fluorometer operator
marks the chart each time a fix is taken, records the time of the fix to the
nearest five seconds, and logs the angles as read by the sextant operators.
Occasionally fixes: are not used during a dye cross-section, usually in an area
containing numerous buoys. In this case, a course between severzl buoys is
run and reference marks are made on the recorder chart at each buoy. It is
particularly important that speed remain as uniform as possible between buoys
when using 1 .is method.

Sufficient sextant fixes are plc*ted in the field to check for - -
errors. Upon completion of a day's work, the recorder chart is removed from
the machine and properly labelled. Due to the construction of the recorder,
which will not permit a pencil to be inserted near the stylus, and also a
30-second time lag in the tubing and intake apparatus, the position fix marks
on the chart log the corresponding points on the curve of dye concentration
by three-quarters of an inch (chart speed is 30 inches per hour). Thus, all
fix marks must be shifted this distance and properly identified shortly afier
the runs have been made. If all field records are clear and complete, the

final plotting and interpretation of results can be postponed to a later time.
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DYE STUDIES PERFORMED IN THE DETROIT RIVER

(upstream to downstream)

Map # Date Description of Release Point
1 $/23/63 Upper Peach Island Range Light
2 9/2L/63 North of piling above Windmill Pointe Light
3 10/7/63 S visual traces done at head of Belle Isle
N 7/30/63 Belle Isle sewage treatment plant (outfall line)
5 5/16/63 Buoy "HB" south of Belle Isle
6 5/13/63 Range Dt 20.6 (approximate center of channel)
7 S/1L/63 Range Dt 20.6 (300' east of International 3oundary)
5/15/63 Range Dt 20.6 (300' from west shore)
9 6/20/53 In Rouge River (old channel) near mouth
10 6/20/63 In Rouge River (main channel) at Dix Avenue bridge
11 5/8/63 Detroit sewage treatment plant (over outfall)
12 6/17/63 Detroit sewage treatment plant (outfall line)
13 ./18/63 Detroit sewage treatment plant (outfall line)
1 10/7/63 3 visual traces at head of Fighting Island
15 10/7/63 7 visual traces at beginning of Fighting Island,
Wyandotte, and Ecorse Channels
16 10/7/63 1 visual trace above Point Hennepin
17 6/2u-25/63 Wyandotte sewage treatment plant (outfall line)
18 5/1/63 Grosse Ile county tridge (middle of swing span)
19 5/2/63 Grosse Ile county bridge (approximate mid-channel)
20 6/256/63 Trenton sewage treatment plant (outfzll line)
21 5/7/63 Middle Livingstone Channel at Upper Entrance Light
22 5/9/63 Livingstone Channel cut
23 7/9/63 Range Dt 3.9 (approximate 5000' from west shore)
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Map # Date Description of Release Point

2l 6/6/63 Range Dt 3.9 (approximate 50C0' from west shore)

25 6/6/63 Range Dt 3.9 at middle of Livingstone Channel

L0



DYE STUDIES PERFORMED IN LAKE ERIE
(other than synoptic vector work)

Map #ee Date Description of Release Point
1 6/10/63 3 visual traces in Raisin River-Brest Bay
2 6/11/63 L visual traces in Raisin River-Brest Bay
3 6/27/63 1 visual trace at buoy Bl (west outer channel)
L 7/9/63 Off Pointe Mouillee
5 7/16-17/63 Off Pointe Mouillee
6 8/6-7/63 Buoy Bl (west outer channel)
7 8/7/63 1000' scuth of Stony Point

s%See Figure 13

L1
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PLOTTING A SEXTANT POSITION FIX ON A RANGE
USING A 3-ARM PROTRACTOR
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CURRENT TRACING TECHNIQUE (SYNOPTIC VECTOR CRUISE)

Purvose

The synoptic vector cruise is this Project's method of obtaining current
pattern information for one sct of meteorological conditions over z large area
(i.e. the Michigan waters of Lake Erie), in a relatively short period of tire.

A technicue such as this is necessary when currents are relatively slow, as in

a2 lake, and the study period must be short. Fluorometric technicues would be

mucn too time-consuming to be used by the Detroit River-Lake Erie Project.

Method

The method is as follows, A number of dye release locations -iere selected
initially to give as complete coverage as possible for the area in question
(i.e. Michigan waters of Lake Erie). One, or occasionally two boats visit all
release points designated for the day's work in an order determined primarily
by convenier.e. If the point happened to be a navigation buoy, & small cuan-
tity of concentrated Rhodanine B dye was poursd next to it and the time of re-
lease recorded., Most relcase points were not marked, however, and exist cnly
as & bearing and a distance fron some reference point (buoy, shore, etc.). To
locate them a timed run was :.-.'. irom the proper reference point and, upon
arrival, a tcup:rary buoy was released to mark the spot. Dye was then released
in the same manner as with an existing buoy. While waiting for the dyve to rove
away from the relcase point, wind direction and velocity readings were taksn
and a temperature profile recorded. A timed run was then made from thre buoy

o the center of the dye plume. Three items were recorded following this »un:

L2



dye direction, time elapsed from buoy to dye, and the time the run ended.
Conversion of the 'time elapsed from buoy to dye" reading to distance irom
buoy to dye was simplified by maintaining a constant boat speed during runs
at ten feeu per second.

Plotting the results obtained at a release point can often be done
during the fifteen minute waiting period at the next point. 4 small field
work map, drawn especizlly for this work, was used. To complete the field
record dye vector direction, dye rate of travel (in fom), time of dye relezse,
and wind direction and velocity were entered on the field map next To the
vector dravm from the release voint,

Analysis of results was approached in two ways. The first method in-
volved scanning individual synoptic vector cruises for daily current pattiern
trends, This would give successful results under conditions of constent
winds and water level during the period of field measurement, In ihe other
method, results for each station were tabulated and broken dowvm into groups
by wind dirc .iion and velocity. Results from all stations for a particular
set of wind conditions were then plc..ed and analyvzed for an overall current

pattern for a given wind situation,
Location

The location of all synootic vector dye release points is shovm on

Figure 12 and are described on the list shown on pages L5 and L5,
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Equipment and Personnel

Crexr - two (2) per boat
Boat - 31! and/or 25!
Dye release apparatus
Stopwatch

Marker buoy

Dye in quart polyethylene bvottles

Elecironic thermometer or regular thermcmeter
Charts and forms

[ poug
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SYNOPTIC VECTOR CRUISE DYE RELEASE STATIONS (LAKE ERIE)

Station Description N
R 28D Buoy on east edge of channel near Light 29D

R 1LD Buoy on east edge of channel near the Detroit River Light
R 14 (EOC) Buoy on east edge of East Outer Channel

BlA (EOC) Extreme southerly buoy on west edge of East Outer Channel
R 6(W0OC) Buoy on east edge at West Outer Channel

Bl (WoC) Extreme southerly buoy on west edge of West Outer Channel
Bl (RRC) Extreme easterly buoy on south edge of Raisin River Chanrnel
B3 (RRC) Buoy on south edge of Raisin River

B7 (RRC) Buoy on south edge of Raisin River Channel

BC1l (RRC) South buoy at mouth of Raisin River

R 2(THC) Extreme easterly buoy on nerth edge of Toledo Harbor Channel
R 10(THC) Buoy on north edge of Toledo Harbor Channel

R 18(THC) Buoy on north edge of Toledo Harbor Channel

P 1 1000' south of tip of Stony Point

p 2 15000' at a bearing of 270° from R6(WOC)

1P 3 10000' at a bearing of 45° from buoy thD(EOC)“

1P L 15000' at = bearing of 70° from buoy R1lL (ECC)

1P § 20000' at a bearing of 90° from buoy BlA (EQC)

IP 6 20000' at a bearing of 215° from bucy BlA (EOC)

IP 7 20000' at a bearing of 290° from bucy R 18 (THC)

r 8 20000' at a bearing of 30° from station LP 7

LP 9 10000' at a bearing of 180° from buoy B7 (RRC)

IP 10 14500' at a bearing of 75° from station LP 1
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Station Description

1P 11 15000' at a bearing of LO° from buoy Bl (RRC)
LP 12 15000" at a bearing of LO® from station LP 11
P 13 7500' at a bearing of 270° from buoy R 14D

LP 1k 7500' at a bearing of 270° from buoy R 28D

P 15 11500' at a bearing of 170° from station LP 1
1P 16 5000' at a bearing of L5° from buoy R LD

LP 17 5000' at a bearing of L5° from station LP3

Lp 18 7500' at a bearing at 70° frcm buoy R 1l (EOC)
P 19 7500' at a bearing of 45° from station LP 4

LP 20 7500' at a bearing of L5 from station LP 19
1P 21 10000' at a bearing of 90° from buoy BlA (EOC)
1P 22 10000 at a bearing of 30° from station LP §
LP 23 10000 at a bearing of 30° from station LP 22
LP 2l 10000' at a bearing of 30° from station LP 23
1P 25 10000' at a bearing of 105° from station LP 12
1P 26 7500' at a bearing o< 270° from buoy R 6 (WOC)
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FLOW MEASUREMENTS IN THeE DETROIT RIVER
Purpose

Flow measurements were made on each sampling range in the Detroit River.
The-purpose of this is to determine the '"pvercent of flow" distribution for
this Project's sampling points across a range, rather than for the amount of
flow, Actual flow in c¢fs was taken from the weekly averages published by
U.S. Lake Survey. The laboratory analysis of szmples yields a2 concentration
value for each substance tested. To get the total guantity of these materials
passing a range in some unit of time, it 1s necessary to know the amount of
flow that should be assigned to each sample. The flow measuremenis made by
this Project were used to determine the percent of total river flow that each

sampling poini represents.
Method

Because -he Detroil River averages approximately 3,000 feet wide and is
from 20 to LO feet deep, a different r .thed of velocity measurement was ra-
quired than that used on tributaries. The boat was put in aoproximate position
on the sampling range by a timed run, then anchored in place and accurately
located by a scxtart vosition rix. The water depth at the gaging site wes
measured using thn. depth-indicalinz cable reels on one of the modified bridge
cranes mounted at the stern of the boat. One current meter was lowered to
two-tenths deptih and the other to eight-tenths depth, The rumber of meter
revolutions in four minutes was used instead of the ons-minute interval that
was used on.the tributarics, to allow for possible variztions in velocit

caused by turbulence or surges in the river channel. Both meters were rood
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simultaneously. Ihe boat pulled anchor and the operation proceeded to the
next gaging point, From ten to fifteen gaging points were used per campling
range. The same computational methods were used for determining flow at each
point as were used on the tributaries. River cross-sections were drawn and
velocity curves constructed. From these velocity curves, the flow at each

sampling point was determined.
The location of Detroit River sémpling ranges is shown on Figure 15.

Crew - three (3)

Boat - 31¢

Cranes - two (2)

2 Price Type A current meters
2 Stopwatches

2 Sextants

Charts and forms

3-Arm protractor
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TRIBUTARY STREAM GAGING
Purpose

Stream flow was measured on each-tributary sampled so that a relationship
could be established to determine the quantity of water flowing each time e
water quality sample was taken., The laboratory results indicate the concentra-
tion of each substance ir the sample., These concentration values are then
applied to the quantity of water flowing at the time to give the total pounds
of material carried by the stream, per unit time.

Method

On each tributery, a gaging site was selected to measure flow. A staff
gage was installed and each time the tributary was sampled, the gage reading
was recorded. By comparing this reading with the rating curve drawn for the
particular site, the flow in cfs was determined for each sample taken, The
site selected for the measuring section in each case, was above the backwater
effects of Lake Erie or the Detroit River. The staff gages were installed
where optimu metering conditions and good hydraulic control were found.

A Price Type A current meter was used in most cases for measuring flow,
but in shallow areas and in low flow during the summer the pigmy Price meter
was used, With thellarger Price meter, measurements were taken at .2 depth
and .8 depth when the depth of the river exceeded 1.5 feet. When the depth
was less than 1 foot, the pigmy meter was used at the .6 depth. The number
of sections taken across the stream varied from 10 to 20 depending on the
width of the stream. At each measuring point, the veloéity of the current
was determined by counting the number of revolutions per minute on the current
meter and reading the velocity from a table furnished with the instrumen=.

The cross-section area for that reading was then multiplied by the flow to

Lo



give the total cfs for that measurement. The total for all the measurements
across the river was added together to give the total flow for the river at
that time. By making several of these measurements at gage readings, a rating
curve was developed from which the flow could be determined by reading tne gage
during the sampling operations,

Location

The location of the tributary gaging sites is shown on the accompanying
chart (Figure 16) and are described on page 51.
Bquipment
The following is a list of equipment required for stream gaging:
Staff gage
Level
100-foot tape
Stopwatch

Current meter
Tagline
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LOCATIONS OF FLOW MEASURING SECTIONS ON TRIBUTARIES

T0 THE

DETROIT RIVER AND IAKE ERIE

Tributary

Section Location

Ecorse River (North Branch)
Ecorse River (South Branch)
Monguagon Creek

Huron River

Swan Creek

Stony Creek

Sandy Creek

Plun Creek

LaPlaisance Creek

Scuthfield Road bridge in Ecorse
Emmons Blvd, bridge in Lincoln Park
Jefferson (Biddle) Ave. bridge in Riverview

Willow Road bridge (500' upstream) west of
Flat Rock

Drew Rcad bridge in Newport

Detroit & Tolédo Shore Line RR bridge (adjacent
to North Stony Creek Road) in Frenchtown

North Dixie Hwy. bridge near Detroii Beach

New York Central RR bridge (adjacent to
Xentucky Ave.) in Monroe

Detroit & Toledo Shore Line RR oridge (adjacent
to Albain Rd.) south of Monroe
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EQUIPMENT

To conduct the sampling program, many types of eaquipment were utilized.
The ecuioment available plays a part in detcrmining the speed ard efficiency
of sampling operations. Some of the equipment used by the Prdject is described

here in order to give a clearer victure of sampling work done.
Boats
31-foot Beriram

The 31-foot Bertram is the Project's largest boat. This fiberglass hull
is approximately 21 feet in length with an 1i-foot beam and a 2%—foot draft.
Because of its sturdy design and twin 2380 hp engines, it oroved to be a safe,
Tast, and seaworthy boat for oven water. It is large enough to carry special-

ized survey ceouipment and a crew of 3 to & men.
25-foot Bertram

The 25-foot Bertam has, basiczllvy the same fiberglass hull corstiruction
as the 31-foorer. It was mainly used for river sampling beczuse of iis 10-foot
beam and large open-work area. A secondary use was for industrial wasie outfall
sampling since the stern-mounted outboard units allowed the operator to place

the bow in shallowar areas.
18-foot Turbocraft

A fast runabout with a 220 ho engine, the Turbocraft jet-vowered bhoat

)
"
o}

o propeller and can operate in shallow waters. It was used to samplc

industrial waste outfalls and do other shallow water work.

52



1-foot Aluminum Utility

The 1lL-~foot Beco Craft Aluminum Utility with a 10 ho outboard motor
was used as a cartop boat for sampling in iributaries and in protected

areas of the Detroit River.
9-foot Pram

Powered by a 3 hp outbeard motor, the 9-foot aluminum pram was a
lightweight cartop boat used for sampling alongz beaches, in coves, on

tributaries, and in areas which the other boats could not maneuver.

Collection Devices

Scoop Sanmpler

This collection device shown in Figure 17 was constructed by the
Project personnel. It was used in regular sampling to collect most of
the surface _amples. 3Soth chemical and bacteriological bottles fit snugly
into their respective holders and ce be inserted or withdrawn quickly

making it possible to take several samples per minute with this device.
-.1idge Sampler

The bridge sampler is cssentially a scoop sampler with the poie

removed and a line in its place.
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Industrial “astes Sampler

A device, designed and constructed by the Project, consists of a poly-
ethylene container on an alumirum handle which may be used as a scoop dipped

into an outfall at various angles.
Kermerer

For collecting chemical samples at various depths, a Kemmerer sampler
was used. This device which is shown irn Figure 18 can collect an 13-inch
column of water (3,000 cubic centimeters in volume) at any depth desired by

entrapoing it between the 2 valves or stoppers.
A.P.H.A. Sewage Sampler

Figure 19 illustrates the construction of the American Public Hezlth
Association Sewage Saroler. Used mainly for collecting dissolved oxygen
samples at =ny depth, it is designed to eliminate the possibility of entrav-

ping air in the water during collection,
J.A., Aseptic Bacteriological Sampler

The J.Z. Bacteriologicsl Zampler is a mechanical device designed
aseptically scrole water at any deoth ir a lzke or ocean. Since this is a
relatively new type of collection device, a description of its use is in
order. Figure 20 shows the assembled instrument ready for use. It is pro-
vided with a glass reagent bottle, 250 ml capvacity for the shallow water use
as was recoulred by this Project. All components, except the messerger, must

be sterilized beforc use and assembled under aseptic conditions. The glass

5h



SAFETY LINE

HOLE
>
11} I3
|, 2" DIAMETER
.
CHEMICAL  BOTTLE
HOLDER ‘\\\\\ BACTI BOTTLE HOLDER
' —T—
. : le3% g SFRING  CLIP
i [

ALUMINUM  PIPE

SECTION
COMMERCIAL

BASE REST
U

-

HAND CLEANER TIN

SCOO0P SAMPLER

ALUMINUM  TUBING



" FIGURE I8

¥,
i Ec.‘.—-—— MESSENGER
L)

; ——e

LINE

F‘M' e RELE ASE JAW

VALVE

ya
Yt /¥
\

XN

- A Bt emee o o me w e — e ——————

N\

P O —
=
N

4
Wi

Y

N

 <o— CYLINDER

B e e i e e o e e e

ity
- ‘,\.'f.:,
.y
-~

“x
~
\ 14

)
[N

DRAIN TUBE  QPENING

-

LOWER VALVE — . DRAIN TUBE



@

" APHA SEWAGE SANMPLER

.- INTAKE

FIGURE

TUBE

GLASS STOPPER

BOD BOTTLE

BOTTLE STAND

19



)

\;/'
! ___—~ MESSENGER

= SEALED GLASS CAPILLARY TUBE

b

g £
r':r

/ l GLASS REZIAGENT

/ BOTTLE

: T——LasS  TusING

-J. Z. BACTEZRICLOGICAL
SAMPLER




bottle and its glass and rubber tubing should be assembled while hot to

create a partial vacuum upon cooling. The sampling overatvion is quite

simple., After the frame is attached to the wire and lowered to & desired
depth, a messenger is released from above. This messenger sirikes a trip-
ving lever which is forced upward against the sealed capillary glass tube

and breaks it. The broken tuve attached to the flexible rubber tubing flips
over sidewzys so that the open end of the glass tube is approximately 6 inches
away from the metal frame. The evacuated bottle immediately aspirates water
and is filled in a matter of minutes. J.Z., Samplers may be attached in seriles

to & shin's wire for multivle sampling at a single station.

Botiles

Chemical

For field transportation of chemical samples, the Project has been using
wide-mouth, half-gallon glass jars with black plastic screw-caps. These can

be purchase from any of the leading chemical supply houses at about 50 cents

per bottle.

Bacteriological

The bacteriological bovtles usecd were of the wide-mouth round, rezzent
type with a 250 .1l capacity. Stoppers for these were eitched meiric glass,
covered with heavy gage alumintm foil to protect the mouth from contamiration

vefore use.



Dissolved Oxvgen

Bottles used for collecting dissolved oxygen samples were of the 300 ml

tyoe recommended by the American Public Health Association.

Pouring Jug

4t the laboratory, 3-gallon wide-mouth flint glass jugs with wire
carrying handles were used to composite samples collected in the field where

composite samples were required.

I

Auxiliary Lquipment

Ice Chests

After collection in the field, the bacteriological samples must be
b ;=3 p

]
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prescrved until they are analyzed. For this purpose, the Project used
ice and picnic chests with cube ice to pack the samples in. These chests
were 137 x 1h" x 26" in size and were purchased for zbout 313 each from the

local Coca Cola Bettling Comnany.

Tharmoneters
For temperature nicasura. nts during sampling, ctainless steel thermom-

eters of tnz Dial Reset Type with a 9~inch stem length were used. Thress

r Lo temperature change, were sturdy and very easy to read.
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Navigation and Plotting Instruments

Sextant
The sextant is 2 portable instrument for measuring the angle between two

objects and is well suited to navigation work on small boats as it dces not

require stable support. The instrument operates on the principal of optically

aligning the reflected image of cne object with a second object. This is
acccmplished by moving a pivoted arm containing a mirror, in an arc until
ceincidence between the two cbjects occurs. The angle between the two is
tnen read directly from a graduated scale cn the arc arcund which the pivoted

arm is swung. Although the instrumert is ecuipped wiih & telescore, it is
.

rarely used when sights are fairly close, thus allowing greater speed in making

observations.
To take position fixes from a moving toat, itwo sextants are employed.

Three targets (obiecis) are used with the middle tafget cemmon to voih left

and right hand sextant shots. On signal, both shots are taken simulianecuslyz.

As long as -2 boat is not located on & circle passing through the three
sextant stations, pcsition of the beri can be determined from the two angles
so obtained.

When the boat is at anchor, and thersfore, time is not a factor, one
sextant and one operator may take both sights.

Three-arm Protractor

The three~-arm protractor is an instrument used to obtain a graphical
solution from position fix data. This device consists of a disk wiih three
arms projecting from its center. The middle arm is fixed arnd is at the zero
degree location of two graduated scales markec at degree intervals in clock-

wise and counter-clockwise directions about the circle. The movable armzs of



protractor are set at théir respective sextant shot angles and are clamped by
means of a thumbgscrew. The type of three-arm protractor employed on this
Project is of plastic and has vernier scales on each of the movable arms enab-
ling angle settings to be made to the nearest two minutes.

Position is plotted by first placing the center line of the middle arm cn
the middle sextant target and then moving the instrument about until 211 three
arms bisect their respective sextant rargets. A mark is then made through the
center of the instfument. This method of position fixing is rapid and can be
performed readily on a boat with the aid of plotting board and appropriate maps.
This also allows changes to be made in field operations while they are in
progress.

Course Profractor

This device is extremely useful for charting boat courses and also for
plotting certain types of field data, such as results of synoptic vector cruises,
This protractor consists of a plastic sguare with a compass rose etched on it
and a movab 2 plastic arm. When correctly oriented on a chart, a2 course ma2y be
plotted by setiing the arm to the derired bearing.

Radio Direction Finder

The radio direction finder operates on the principal of "homing in" on the
signal emitted by a radio.swvation. The instrument is operated by rotating the
direction-findis_ antenna until radio signal strength from the desired station
is at a minimum (i.e. minimum antenna length presented to the signal). This
antenna may be fastened to a hand-held compass or to a special plotting opro-
tractor ovrovided with the set. The radio direction finder is less precise than

sextant positioning and in this Project's field overations, has been used only
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when the 31-foot boat is out of sight of land or navigation buoys. Thus, the
instrument is also a safety device for emergency situations such as heavy foz
or a storn.
Boat Cranes

Two cranes were mounted on the 31-foot boat for use in current metering,
bottom fauna collection, temperature profile work, etc. The cranes were of the
type commonly used for current metering from bridges, modified for boat use by
removing three rubber-iired wheels and rearranging several structural components.
These, in turn, were mounted on two horizontally mounted airplane wheel hub
assemblies and fastened to the deck. Thus the aircraft wheel assemblies served
both as support and vivots for the cranes, allowing them to be swung about.
Interchangeable cable reels were used with the cranes. OCne was wound with
insulated cable and was used for current metering work. The other reel wes
wound with a heavy-duty steel cable and was used in lowering heavy objects such
as the Petersen dredge. All depth readings, when cranes were used for an oper-
ation, were .azken directly from the footage indicator on the reel. For current
metering work in calm weather, the cranes were clamped directly to the stern
of the boat, thus allowing three cranes to be mounted simultaneouslv, This
permitted two current meter measurements and & temperature profile to be taken

imultaneously.
Depth Finding Equipment

The majority of depth-finding observations were made using a lead line,
consisting of a ten-pound lead and shrink-resistant rope marked at half-fathom
intervcls, The 31-foot and 25-foot boats are equipped with an electronic hull-
mounted transducers to which can be attached a Bendix Model No. DRZ1 battery

operated, echo sounding recorder. Because of its simplicity and reliabiliiy,

59



the lead line was found to be more suitable on this Prcject.
Wind Measuring Instruments

Two methods were used to determine wind velocity and direction in ithe
field, The first mathod employed a small plastic ﬁind meter operating on
the pitot tube principal., This meter has two scales - one reading from
2 to 10 miles per hour, thé other reading from O to 60+ miles per nour. As

this meter is not eauivped with a vane arrangement for indicating wind direc-

nis measurcment was determined by compass bearing.

ct

ticn,
A Navy hand-held wind measuring set was also used. This instrument has
a rotor with a vane-iyve wind speed indiczstor and has two wind velocity scales,
both reading in krots. The instrument is ecuipped with a wirnd direciion vanz
which is freced by pulling a trigger, wﬁen the vane has oriented itself to ira
wind direction the trigger is released, locking the vane., Comparison of wvanz
direction with the course heading of the boat at the instant the reading wzs
taken, yiel:s wind direction. Calibratiing the inexpensive vlasiic wind metsr
readings azeinst the more elaborate MNavy ecuiopmant oroved that the former

velocity readings were rcliable and were used without correciion.
Elcctroric Thermometer

A resiszani s-tvpe electronic thermometer was usad for all tempzrature

profile and surface tempcrature runs. This instrurenrt corsists of a small

sensing element &t the end of a 50-foot wire, which in turn, is contected to
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a small plastic case containing ti tronic components and a calibraie

temperature scale. A woocder case was ouilt to protect the thermonmezer with
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a clip board for recording temperatures and space for the wire and the
element, Thne wire was taved to a heavier steel-center cord as it was felt
the wire provided would not be durable encugh to support the weighis recuired
to make the elgment sinlk vertically when used for temperature oprcfile worx.
In operation, two fifteen-pound weights were hooked to the cord holding the
wire and element, then ths asscmbly was lowered by means of a boat crare. A
temperature reading to the nearest tenth of a degree cenitigrade was taken at
four-foot intervals. For surface temperature run work, the sensing element
was fitted to the same intake used for the fluorometer. The instrument was

/

read and the reading recorded at timed intervals on each run.
Drogues

Two types of drogues, both built by Project personnel, were used for
field operations. The firsi iype consisted of a four-foot length of cedar
fence post with weights attached by lire The amount of ballast was adjusted
so that ths "loat would protrude approximately two feet zbove the water sur-
face. By replacing the weights with an anchor and adding line, the drogues

O

were used during synoptic vector cruilses as temporary reference buoys.
The second type of drogue utilized, consisted of one-guarter inch ply-
wood, four foot square with a weight centered below. These drogues wvere

released along w.th dye, for photography work from Navy helicopters. 1411

drogues were painted brilliant orange for better visibility.
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Fluorometer

The Turner Model 111 fluorometer is an exiremely sensitive instrument

capable of detecting Rhodamine B dye in concentrations of less than 0.05
parts per billion. TFor current tracing work, the instrument was ecuipped
with a recorder and a flow-through sample chamber, Thﬁs, the instrument
can be used either for continucus monitoring of dye concentration with time
at a fixed location, or for providing a continuous record of dye concentra-
tion aéd location while thz boat is moving on course.

3

The fluorometer is an opntical ecuivalent of th: Wheatstone bridge used
in electrical work. ILight rays from an ultraviolet lamp pass through 2 ori-
nary filter which extracts light of unwanted wave lengths., This light strikes
the sample Tlowing through a glass chambsr (cuvette). The ultraviolet light
causes dyc particles in the sample to emit light of a different wave lzngihl,
which in turn, falls upon & secondary filter designed so as to allow lignt of
orly this w ve length to pass. This light then strikes z photomuliinlier
cell. Tne intensity of this light is "compared" electronically to the inien-
sity of light from a standard source. A servomechanism accomplishes ths 1iz
intensity balancing procedure and ithe result is showm on the fluorescence dizl

on the instrument. Calibrati.s, using kncwn concenirations of Rhodamine B dve

is necessary i. »rder to determine a relationship between scale reading on thre
fluorometer dial and dye concenturation This procedure was done initially and

also several times during the course of overations.
Use of the fluorometer on the 31-foot boat recuired the inswallatisn of

a pump, a tubing system and intake, and a small electric power converter io
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convert the 12-volt d.c. currcnt available on the boat to the 110 a.c. re-
quired by the instrument. A diavhragm type pump was chosen for the work as
it would not require priming; this being the main drawback of the centrifugal
type. A one-inch vplastic tubing system for inlet and outlet connections, con-
several valves, was installed vermanently in the boat. A small rubber

tainin

&
tube was tapped into the line to withdraw water for the instrument. As the

pump could pump 7 to 8 gallons per minute of water, and the instrument reguired
less than one-half gallon per minute, most of the water was bypassed. 4lthough
this may appear inefficient, this has the advantage of allowing the amount of
water to the instrument, as well as the pressure on the instrument, to be
varied. This versatility is important in eliminating a2ir bubbles in ithe sysiem.
Two intake systems were used during the course of operations. The first systen
utilized consisted of one-inch rubber hose with an elbow and an intake nozzle.
Intake depth could be adjusted from the surface to thirty feet. This restricted
boat spéed however, so that a new intake was constructed of steel vipe and fit-

tings designe ! to withdraw water at a depth of two feet. This intake operztied

satisfactorily and did permit running at speeds up to 20 feet per second.
Rhodamine B Dye

Rhodamine B is a reddish-purple fluorescent dye with properties that
make 1t especial., well-suited to current patiern work. It can be detected
in concentrations of less than 0.05 parts per billion, using a fluorometer
and proper filters; can be used as a visual tracer, and is harmless to humans
anc¢ to rish. In addition, this cye will maintain fluorescent properties in

the water over a much longer period of time than does most other dyes.
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Rhodamine B dye is sold by DuPont de Nemours in solution (LOZ by weight)
with glacial acetic acid. Handling is much more simplified if this form is
used rather than the powdered form. One quart of the dye-acetic acid solution
(a commonly used dose in this Project's work) costs between $L and 35.

The dye was used both in concentrated and dilute form. A small cuantity
of concentrated dye poured directly into the water from a quart bottle proved
to be the most effective when tracing currents visually (as in synootic vector
cruises).

In fluorometric current iracing work in the Detroit River, a long sireak
of dye was desired to maximize the likelihood of detecting the dye with the
instrument on a cross-sectional run after the dye became too dilute to be
secen, This is done by 2dding one to four quarts of dye (devending on the
magnitude of the particular current study) to a S5-gallon carboy and filling

the remainder of the jug with water.

Dye Release Apparatus

It was found desirable in some irrent-itracing work ito release Rhcdamire
B dye in a streak rather than in a slug. A simple sysiem was built consisting
of a five-gallon plastic carbov (jug), a tire pump, and itwo pieces of rubber
laborztory tubing. The top of the carboy was fitted with an air hose znd a
dya dispensing hose. The 2ir hose was connected to the manually overated tire
pump. With practice, the rate of dye releases could be varied from five to

twenty minutes depending on the operaior's speed in pumping.



Current Meters

Current meters used were of the Price iype, havinz a rotor with cups
mounted on a vertical axis. The Price type A current meter was used for all
Detroit River work as well as for work on some of the larger tributaries. The
cable suspension mounting for this meter was used exclusively, both when hand-
held and when supported by crane in a boat. The Price pygny meter with wading
rod assembly was used on the smzller tributaries. The pygmy meter is a scaled
dovm version of the tyve A meler and is used in shallow streams for lew velocity

work where the latter is inaccurate,

Water Level Recorders

g

ortable water level recorders (Belfort #5-FW-1) were utilized in corijuric-
tion with field operations. These units consist of a float and counterweight
connected by a perforated stainless steel tape which is looped over a sprock-
eted wheel ca the body of the recorder. Float movements are transmitted throuzh
this wheel to a gear train and cam to s recording pen. Thne ven records on &
chart wrapped about a circular drum driven by a clock mech~nism. The rats of
rotation of the drum can be altered from one day to eight days by chanzing
gears.

Installatin of a water level recorder requires the construction of =z

A

g for the instrument itsslf.

[=]

stilling box end some itype of platform mountin

ra

he stilling boxes wers buillt by Project personnel of guarter-inch nliwood.

Cross-scceiionel dimensions are approximetcly one and one-half food b orne
foot with lengths vaeried to meet the individual situation at the provosed
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recorder site. A small hole is drilled in the bottom of the stilling box
to permit water level in the box to adjust to the waler level outside thce
box, yet not show small transient fluctuations caused by wind action and
the passing of small boats.

One water level recorder station was kept in cperation continuously
L

ther

from April through Kovember 1962, at the dock used by Project beats. O

recorders were installed as necded at other locstions,
Detroit River-Lale Erie Projecct Sludge Sampler

The sampler developed by the Project for sludge survey vurposes consists
of a 2-inch diameter tube, about 18 inches long, fitted with a horizontal
stabilizing member of wood and a pressure rclease tube that allows water to
exit as the botiom material enters the tube. The horizental stabilizing
member serves a three-fold purpose; 1) adds buoyancy and stability to the
sampler while it is being towed behind the boat on the way to the bottom;

2) holds t¢ sampler in upright position on the botiom so that the cuttiinz
e will dig into the bottom materir’; 3) prevents the sampler from

sinking too far into the bottom material, thus taking a sample of the upper

Fy

layer which is in contact with the water,
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STORM WATER OVERFLOW
AND
DOMESTIC WASTE SURVEYS

SECTION II



WASTE SURVEYS

DOMESTIC WASTE SURVEYS

Purpose

Comprehensive surveys of the six major sewage treatment plants in this
Project's study area were carried out at various times throughout the summer
and fall by Project personnel in cooperation with the Michigan Department of
Health to determine the waste loads to the river at different seasons of the
year.,

The plants in question were studied at two separate times. First in
the summer during the chlorination season, and then in the autumn after chlor-
ination had ceased., The initial survey of the plants was very detailed, both
as to analyses required, and frequency of sampling. The later survey covered
only those areas wnere the initial results showed that a problem existed.

The plants originally surveyed were Belle Isle, Detroit, Crosse Ile
(Potawatame2 Woods Subdivision), Monroe, Trenton, and Wyandotte, After
studying the results of the surveys on these plants, it was decided that it
was unnecessary to run a second study on the Belle Isle, Grosse Ile, and

Trenton Plants.

Survey Dates and Times

Plant surveys were spread over several weeks in order to ease the bur-
den on the laboratories and to allow related outfall and river studies to
proceed smoothly. The first survey of the Wyandotte plant was delayed
several weeks to allow plani expansion to proceed to a point where the results

would be more meaningful.
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Dates of tha surveys for the various plants are listed below:

June 9 through June 12 Monroe and Grosse Ile

June 16 through June 19 Detroit

June 23 through June 26 Trenton

August 11 through August 1l Wyandotte and Belle Isle
November L through November 7 Detroit, Monroe and Wyandotte

The summer surveys all started at midnight on Sunday mornings and
extended through four days until midnight of the following Wednesday nignt.
The survey in November started at midnight on Monday morning and extended

four days through midnight on the following Thursday.

Analyses Performed

With the exception of the Belle Isle plant, the samples taken during
the initial survey were subjected to a comprehensive analytical breakdown.
The following analyses were run on the samples taken from the Detroitv,

Grosse Ile, Monroe, Trenton, and Wyandotte plants during the initial survey.

ABS Nitrites

“mmonia Nitrogen Nitrates

BOD Organic Nitrogen
Chloride pH

COD Phenol

Cyanide Phosphates

Total Coliform Settleable Solids
Tecal Coliform Suspended Solids
TFecal Streptococ:.s Sulwpnates

Greasa Total Solids

ixn Toxic Metals

Analyses of the Belle Isle plant were curtailed because of the relative-
1y low volume of effluent as well as the fact that the volume of sample ob-
tained was also small; this was due to the fact that samples were tzken at

the plant by an automatic sampler rather than manually. Analyses run on the
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Belle Isle samples were as follows:

pH Suspended Solids
Phenoils Settleable Solids
Chlorides Total Coliform
Alkalinity % Fecal Coliform
BOD Fecal Streptococcus
CQoD

During the second survey in November, analyses were performed only
on parameters shown to be significant by the first survey. Analyses were

as follows:

jols| Nitrates

Phenols Nitrites

Alkalinity Ammonia Nitrogen
Suspended Solids Organic Nitrogen
Settleable Solids Total Coliform
Grease % Fecal Coliform
Phosphates Fecal Streptococcus

Sampling Procedures

Sampling procedures varied both with individual plants and with the

survey. -lach plant will now be covered individually,
Grosse Ile ~ June 9 through June 12

The influent samples for chemical analyses were taken at a temporary
vweir located in front of the sedimentation tanks, Effluent samples for
both chemical and bacteriological analyses were taken as the sewage passed
over weirs at the end of the sedimentation tanks. Since the plant has
pre-chlorination, the influent bacteriological samples were taken as the

sewage entered the wet well,

69



Bacteriological samples of the effluent were taken every hour on the
hour while the influent bacteria samples were taken twice-a-day at 2 a.m.
and 2 p.m. Chemical samples were taken on a composite basis with sewage
being added to the bottles every hour in amounts directly proportional to
the number of pumps running at the time. Since there were periods at the
plant during which no pumps were running, on occasion the composites were
taken a few minutes before or after the hour. Composites were made up for
12-hour periods with the influent composites running from midnight through
11 a.m. and from noon through 11 p.m., Effluent composites were taken from
1 a.m. through noon and from 1 p.m, through midnight, Three separate Jugs
" were used for both influenf and effluent composites, One jug contained a
phosphoric acid and copper sulphate preservative for the phenol analysis;
the second contained sodium hydroxide for the cyanide analysis, and the
third did not have any preservative but was kept cold by placing it in an
ice chest. Samples were taken manually by means of a sampling pole icen-

tical to "hose used by the Project for river sampling.
Monroe - June 9 through June 12

Influent samples for both chemical and bacteriological analyses were
taken at a point between the grit chamber and the sedimentation tanks. All
effluent sampies were taken through an opening over the outfall sewer about
25 feet above where the sewer empties its contents into the Raisin River.

Sampling procedures were identical to Grosse Ile except that composites

were made in amounts proportional to that going through the plant which were
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recorded by a meter built into the plant. Samples were taken manually by
means of a sampling pole identical to those used by the Project for river

sampling.
Detroit - June 16 through June 19

All samples were taken through sampling lines leading from the plant
directly to the laboratory inside the plant. The influent tap line is lo-
cated between the grit chamber and the sedimentation tanks. The effluent
tep line is located in the outfall sewer. During normal flow, an effluent
sample reaches the laboratory about ten minutes before the sample sewsage
reaches the river.

Sampling vrocedures were identical to the above plants except that
the tap lines were used instead of the manual samplers. Composites were
made in proportion to the meter flow in the plant at the time of sampling.
Five additional effluent bacteriological samples were taken and held for
the requ ‘ed ten minutes before chlorine neutralization, in order to ad-

Just for the ten-minute additiona” detention time in the outfall sewer.
Trenton - June 23 through June 26

Effluent chemical and bacteriological samples were taken as the
effluent entered the outfall line after bassing through the chlorine con-
tact chamber. Influent chemical samples were taken as the sewage entered
the sedimentation tanks while the influent bacteriological samples were
taken as the sewage entered the plant in order to avoid the pre-chlorination.

Sampling procedure was identical to that done in the previous plants znd
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composites were made on the basis of the number of pumps running, their
size, and the duration of the run. Samples were taken manually by means
of a sampling pole identical to those used by the Project for river samp-

ling.
Wyandotte - August 11 through August 1k

Influent chemical and bacteriological samples were taken between the
grit chamber and the sedimentation tanks, All effluent samples were taken

as the sewage entered the outfall sewer,
Belle Isle - August 11 through August 1l

Influent bacteriological and chemical samples were taken at a location
in front of the sedimentation tank, Effluent bactveriological and chemiczal
samples were taken at a temporary weir as the sewage lefi the sedimentation
tanks.

The -ampling program at this plant was considerably different from
that done at previous plants. Influent and effluent chemical samples were
taken automatically by devices designed to take samples proportional fo the
flow. The use of these samplers prohibited collection of three separate
influent and effluent composites as was done at the other plants, Further-
more, the sample collected was in no way refrigerated. Bacteriological
samples were taken of the influent twice daily at 2 a.m, and 2 p.m., when

the automatic sampler was being serviced.

Detroit - November L through November 7

Influent and effluent bacteriological samples were taken from the tap
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lines as in the previous survey, Bacteriological samples were taken of the
influent at 2 a.m, and 2 p,m.; the effluent samples were taken at 3 a.m.,

;
9 a.m., 3 p.m. and 9 p.m. There were no special samples prepared after a
‘

ton-minute delay as was done in the previous survey at this plant. Chemical
composites were taken every hour in proportion to the flow at the time of
sampling, but no composites were made of either the influent or effluent

for cyanide analyses. Influent as well as effluent composites were, there-
fore, prepared in two jugs each; one containing copper sulphate and phos-
phoric acid for phenol analyses, and one jug without preservative for the
remaining analyses. Influent composites were taken from midnight through
11 a.m, and from noon through 1l p.m., while the effluent composites were

taken from 1 a.m, through noon and from 1 p.m. through midnight, which was

the same as for the summer survey,
Monroe - November L through November 7

A1l afluent and effluent chemical and bacteriological samples were
taken just after the grit chamber nd at the end of the cutfall line,
respectively.

Bacteriological influent samples were taken at 2 a.m. and 2 p.m.,
while effluent samples were taken at 3 a.m., 9 a.m., 3 p.m., and 9 D7,
Chemical sampies were taken every howr and composited according to the
measured flow al the time of sampling. Composites were prcparca in unre-
frigerated bottles as well as ones containing copper sulphate and phos-
phoric acid, Samples werc taken manually by means of a sampling pole

identical to those used by the Project for river work,
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Wyandotte - November L through November 7

Influent samples during this survey were taken from an influsnt tap
line draving sewage at a point below the grit chamber (in the previous sur-
vey the influent samples were taken manually). Effluent samples were taken
as the sewage passed over the discharge weir,

The sampling schedules were the same as for the previous two plants
and chemical samples were composited according to the measured flow at the
time of sampling. The effluent samples were taken manually by means of a

sampling pole identical to those used by the Project for river work.

Sample Preparation for the Iaboratory

Summer Survey Excluding Belle Isle

As was mentioned in a previous section, chemical composites of both
influent and effluent were placed in three separate jugs. One contained
preservaiive for the phenol analyses, one contained preservative for the
cyanide analyses, and one, without preservative, was kept under refriger-
ation,

The compositing schedule for all plants was designed so that a mini-
mum of 1% gallons of samplc was obtained in each jug., The figure of 1%
gallons was ~vrrived at after adding together the amounts needed for the
various analyses. It was not necessary to gather 1% gallons of sample in
the jugs for phenol and cyanide analyses, but it was decided that there
would be less chance for error if equal amounts were added to each jug.
When the sample collectors arrived, therefore, the contents of the cyanide

and phenol jugs were thoroughly stirred and one liter of the contents was
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then pourcd into the proper polyethelene bottles, The remainder of these
samples was then discarded., Refrigerated samples in their entirety were
brought back to the laboratory along with the bacteria samples., Upon
arrival at the laboratory, the contents of the refrigerated jugs were
placed in four, separate smaller bottles, The first of these was a %—
gallon glass bottle to be used for separate laboratory analyses., The

second was a 2-liter polyethelene bottile containing nitric acid preserva-
tive which was set aside for later compositing with its counterpart from

the other 12-hour period and subsequent shipment to Great Lakes-Illinois
River Basins Project for the toxic metals and iron analyses. The third
bottle was also a 2-liter polyethelene which contained no preservative

and also was set aside for later compositing with its counterpart from

the other 12-hour period and subsequent shipment to Great lzkes-Illinois
River Basins Project far ABS, sulphate and phosphate analyses. The fourth
bottle was a $-gallon glass container filled with the remainder of the .
sewage fc¢ * the grease analysis run in our laboratory. The samples for
Great lLakes-Illinois River Basins ’roject were combined on an equal volume
basis for shipment as 2l-hour composites., A more accurate 2lL-hour com-
positing procedure involving the use of the flow records was not undertaken,

due primarily, to the difficulity in getting immediate records.
Belle Isle Survey

No samples were sent to Great Takes-Illinois River Basins Project from
the Zolle Isle sewage treatment plant, and therefore, the only sample prep-

aration consisted of pouring the composites into the proper 3-zallon slass
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bottles as well as bringing the bacteria samples back to the laboravory.
Autumn Survey

Chemical composites of both influent and effluents were placed in two
separate jugs, one containing preservative for the phenol analysis and the
other containing no preservative, Sine the BOD test was not run during
this survey, the latter jugs were not refrigerated.

iThen the sample collectors arrived at the plants, the contents of all
jugs were thoroughly mixed and one liter of sewage from each of the phenol
jugs was poured into the proper polyethelene bottles. One gallon of un-
preserved sewage from each of the remaining two jugs was poured into two
Z-gallon glass bottles. All bottles were brought back to the laboratory
(total of six bottles) where they were delivered without any further pour-
ing or transfer. No samples were sent to Great Lakes-Illinois River Basins

Projecv.

Personnel Involved

Plans for the surveys were formulated by the Michigan Department of
Health and by the Detroit River-Lake Erie Project. All prior arrangements
with the sewage treatment plant operators were made by the Michigan Depart-
ment of Health; installation of temporary weirs, water level recorders and
automatic samplers was also performed by the Health Department. The actual
in-plant sampling operations were carried out throughout both surveys by
the plant personnel, with the exception of Belle Isle, wnere the sampling

was automated., All sample bottle collections, processing, shipments, and
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analyses were done by personnel of the Detroit River-lake Erie Project,
and sampling equipment, bottles and preservatives were furnished by the
Detroit River-lake Erie Project, Water level recorders and weirs were
provided by both the Detroit River-Iake Erie Project and the Michigan

Depariment of Health., Automatic sampling eguipment for the Belle Isle.

plant was provided by the Michigan Department of Health,
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INDUSTRIAL WASTE SURVEYS

Purpose

The industrial waste program of the Detroit River-lake Erie Project
was divided into two segments, the first being a comprehensive survey within
the indusiry, measuring the quality and quantity of the raw water and waste
discharges. These were short, intensive surveys featuring composite samp-
ling to determine the sources of waste which may have a bearing uporn the
water quality in the Michigan area of the Detroit River and lzke Erie., The
second approach was an outfall sampling program whereby many spot collections
were made at all the outfalls which could be reached without stepping inside
the confines of the industrial properties. Here the purpose was to add
reliability to the comprehensive surveys and to provide a2 series of resulis
over a long period of time to measure changing plant process and producticn,
sffectiveness of newly installed treatment methods could also be evaluated.
Another vary vital purpose of the spot sampling was to determine if the
comprehensive survey was typical of a normel day's operation in the plant,
or whether more careful controls of waste processes were being followed
because the survey was being conducted. It seemed that, in several cases,
the theory worked out tha. .ne industry was doing a finer Jjob during the
survey thean . ther times of the year, In fact, because of this, repeat
comprehensive surveys were performed on several of the industries.

The entire industrial waste program provided information whereby
recommendations could be made and a plan worked out to control the waste
discharges degrading the water quality in the study waters. Table 1 shows

the name, location and outfalls of the industries studied,.
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Comprehansive Surveys

At the beginning of the Project, many conferences were held with
agencies within the State of Michigan to provide information for the plan-
ning of the study. Due to the nature of the intrastate enforcement actions,
the Project worked very closely with the two State agencies having juris-
diction over ﬁater pollution control matters and, in the case of industrial
wastes, this was the Michigan Water ResourceS Commission,

An excellent cooperative effort and close working relationship with
the Michigan Water Resources Commission was started at the outset. Several
conferences were held to plan the industrial waste programs. The major
issue resolved was who would handle the field work in the comprehensive
sampling program. For the reascns given, it was decided that the Michigan
Vater Resources Commission could best handle this phase of the study:

1. The Commission would have no problem getting inside the plant
property to plan and carry out the surveys.

2. .ae Public Health Service had no mechanism besides legal action
to get inside plant property.

3. The Michigan Water Resources Commission was considerably more
familiar with each industry in question and perhaps would be able to shed
more light on the information obtained.

Following this decision, the program tegan immediately with the Com-
mission making the arrangements and performing the field work 2t each indus-
trial location, and the Project laboratory performing the analytical chem-

istry on the samples collected in each industry.
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The Public Health Service reviewed the field work of the Michigan
Water Resources Commission during some of the earlier surveys in order to
be familiar with the operation,

The order in which each industrial survey would be carried out and the
type of information collected at each industry was then determined. Table 2
presents the form that was used and the type of information collected.

In all, L1 industrial corporations or major divisions and 116 waste

effluent outfalls were studied.

Sampling installations were set up at the raw water intakes and the
industrial waste outfalls. Samples were collected automatically every 1%
minutes for a period of usually 12 hours and composited according to flow,
The sampling usually continued for two days. In some_cases, longer studies
were followed because of the magnitude and complexity of the problem; some
studies were also repeated at a later date. VWhere reliable and continuous
flow records were not available, a flow measurinz setup was installed con-
sisting «f either a V-notch or rectangular welr and an I&S {ype F water

(1)
level recorder to measure the height of water over the weir, Figure
demonstirates a typical setup. In a few cases where temporary {low-meas-
ing equipment was impractical to install, flow volumes were either estim-
ated or obtained from cor.c..y records,

Follow: '~ collection, the samples were transported immediately to the
Detroit River-lake Erie Project laboratory for analytical determinations,
Table 3 represents the chemical parameters studied in most cases. It was
felt that, although many of the parameters studied would be of little value
in the interpretation of the indusirial waste resulis, it would be best 1o

(1) Black, H.H., "Procedures for Sampling and Measuring Industrial Wastes,”
Sewage and Industrial Wastes, 2L:L5, January 1952,
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aporoach it from a very comprehensive manner so as not to overlook anything.
In a few special cases other parameters such as cyanide, aluminum, flucrides,

turvidity, and fecal coliform determinations were performed.
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TABIE 2, INDUSTRIAL WASTE SURVEY FORM
Name of Industrial Company
Industrial Division
Address

Organization of Survey
Dates of Survey
Purpose of the Survey
Personnel Participating

a2, Industry

b. IMichigan Waeter Resources Commission

c. U.S, Public Health Service
Location of Plant
Raw Material Used per Unit Time
Production ver Unit Time
Operations, Hours and Days of the Week
Employee
Water Supply - source and amount

a., Potable

b, Sanitary

¢. Process

d, Cool.ng
Sanitary Waste -~ Discharge location and/or treatment method
Process Waste - Discharge location and/or treatment method

Description of Waste Reduction Measures
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TABIE 2, INDUSTRIAL WASTE SURVEY FORM (CCNTINUED)
Survey Procedures
a, Sample Collection Methods
b. Flow Measurement Methods
¢. lLaboratory Analytical Results
d. Flow Volumes Each Outfall or Process

e. Calculations including Loadings

Conclusions and Recommendations

Summary



TABLE 3, CHEMICAL PARAMETERS STUDIED

pH

Phenols, ppb
Chlorides
Alkalinivy

COD

BCD

Total Coliform
Nitrates
Nitrites

Ammonia Nitrogen
Organic Nitrogen
Phosphates

ABS

Sodium
Potassium

Calcium
Magnesium

Total Iron
Silicates
Sulfates
Dissolved Solids
Suspended Solids
Settleable Solids
Copper

Cadmium

Nickel

Zinc

Iead

Total Chromiun
0il

Industrial Waste Outfall Surveys

Reconnaissance surveys with the assistance of the Michigan Water

Resources Commission nelped locate the industrial waste outfalls. All

outfalls observed from the industries shown on Figures 7 and 8, Section I,

wnich eitier were discharging or were thought to discharge at any time

were studied and sampled, Altogether, 130 outfalls were investigated withn

1,176 coilections being made,

In most cases, samples were collected with use of the Project boats,

using a large can fastened <1 the end of a long pole to reach into the out-

fall. Durir~ the earlier part of 1962, the outfall samples were collected

by taking the regular industrial waste inspection trips with the Michigan

Water Resources Commission boat and personnel. Composite samples were

collected for a short time in July 1963 at two of the Pennsalt Chemical

Company outfalls on Monguagon Creek and again in October 19563 at the
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Monroe area industries. All other times, grab samples were collected,
Samples were not collected in any manner in relation to flow although
flow volumes were estimated at each outfall a few times. After much
thought, it was deemed impractical to attempt making reliable flow meas-
urements at the outfalls,

The large majority of the samples were collected during the daylight
hours; however, each outfall was sampled at night as often as possible to
give a better picture of the complete waste problem,

Dmphasis was placed on spot sampling at different times of the year
because of the availability of field crews and the volume of samples being
handled by the Project laboratory. Table L shows the frequency of collec-

tion of industrial waste spot samples.
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TABIE L,

FREQUENCY OF INDUSTRIAL WASTE OUTFALL SAMPLES

Week(1962) Wo. of Samples
Auvgust 6 16
13 15
20 1
27 16
September 3
10 1L
17 16
2L 17
October 1 16
8 16
15 16
Week(1963) No, of Samnles
January 7 10
1L
21
28
February L
11 27
18 3k
25 32
March L 27
11 16
18 12
25 53
Aoril B
3
1> 21
22 3L
August 19
26 11
September 2
9 10
16 12
23 2
30 3
October 7
il 25
21 1L

Week(1962) No, of Samples
October 22 16
29 16
November 5
12 16
"19 16
26
December 3 2L
10
17
2k
31
Week(1963) No, of Samples
April 29 29
May 8 7
13 7
22 3
29 13
June 3
10
17
2L
July 1
8 28
15 71
22 131
29 23
August 5
12 11
October 28
November i
11
18 Ll
25 16
2 57
9 36
16
23
30

4150, more emphasis was placed on certain outfalls than others,

This is shown on Table 1,
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AR

Industry

1 FU.oER OF SAMPLES BY INLDUSTRI! » OUTFALL

—

Outfall ﬁ

Allied Chemical Corporation

Placstics Division .
Ceneral Chemical Division

Semet Solvay Division
Solvay Process Division

Americen Agricultural Corporation

Anaconda American Brass Corporation

-

W D ~N OV FWND N

+Fw -

American Cement Corporation

Peerless Division

o

Chrysler Cornoration

Arolex Division
Cyclew.. .d Division
Engine Division

County DPrain #5

Dana Corporation

Darling and Conpeny

Dupont Corporation

Firestoze Tire and Rubber Company

H

R | -

87

Location

01d Channel Rouge
Rouge River
1" "

0ld Channel Rouge
114 11 1"

n 14 14
n it 1"
1" ’ 1 1"
1 n "

1 1" tn

Detroit River

Rouge River
1 1"

Rouge River
1 "

014 Channel Rouge
A1 n "

Detroit River

Elizabeth Park -
Detroit River

Detroit River

Nicholson Slip -
Detroit River
n

1

Rouge River
1" it

Detroit River

Detroit River
1" 14

" "

No. of’

Samples

oNeRo N

-
O=) £

23

N OH

N == K)‘



LauuE L NUMDED OF SAMPLES BY INDUSTRIAL CUTFALL

No. of
Industry Cutfall # location Semples
Ford Motor Company  Rouge Plant Tailrace Rouge River 7
Slip Weirs " " 19
Ruolo Creek " " 20
Foundry " " 20
Navel Boarracks n " 18
! 1 n
.ifr{ 11} 1t ]2-
Gate 11 " " 5
Dix Street " " 1
FFuel Oil Corporation 1l Nicholson Slip - 2
Detroit River
Great Lakes Steel Corporation
Ecorse Rolling Mill 1 Nicholson Slip - 8
Detroit River
n 111 7" 19
11 n 14 19
14 " 11} 18

1 n e
14 1t 1

1 1" n

¢

Blast Furnace Divisien

Detroit River
(Zug sland) " n

el e
WO OO\ FW D D O\ 0= O\ W N

e et I i =~
WWNODN-IO DAWY W OHOOWO OO F &

4] 111
n n
1" 1]
1" 1"
n u
n "
" "
10 ” "
ll n L1
12 0ld Channel Rouge
13 ' 1 4] 1% "
lh' 11 11 1t
80" strip Mill 1 Detroit River
2 1l 1"
Koppers Corporation 1 Detrott River 2
Ed Levy Company 1 Rouge River T
McKinstry Avenue Sewer 1 Detroit River L

McLouth Steel Corporation
Gibraltar 1 Detroit River 2

86



LB 1 NTHLGR OF SAMPLES BY INDUSTRIATL OULFALL

Qutfall #

Industry
McILouth Steel Corporation
Trenton 1
72
3
L
Mobil 01l Corporation 1
¥onsanto Chemical Corporation 1
Parke Davls and Company 1
2
3
4
Pennsalt Chemical Corporation
East Plant 1
2
3
L
>
West Plant (Monguagon Creek) 1
2
Revere Copper and Brass Corporation 1
2
3
Schroeder Avenue Sewer 1
2
Scott Paper ..ompany 1
Shewinigen Resins Corporation 1
Tank Ferms 1
U.S. Rubber Company 1
2
Wyandotte Chem:.c.l Corporation
North Plant : 1
2
24
3
4
La
South Plant 1
2
3
4

(®2)
\O

Location

Detroit River
1 11}

1" "
n n
n r
11 t
" n
1" 1}

"
" t

Detrolit River
" n

L1} "
1 n

" "

Monguegon Creek
" 7"

Detroit River

n L1

Detroit River
1" 1t

014 Channel Rouge

Detroit River
Rouge River

Detroit River
" n

Detrolt River
17 ”

1 1"
n 1
"
’ n
1
"
(4 n

1" n

JNo. of
Samples

= -\

L7

10

19

1k
10

15
20
:

_—



Industry

ITNEDR € SAMPLES BY INDUSTRIAL JJTrALL

Outfall

Wyandotte Chemical Corporation

South Plant

Wye Street Sewer

Ford Motor Company - Monxoe

=W

Fw o

Consolidated Paper Company

South Plant

Jjorth Plant
West Plant

}onroe Auto Equipment Corpany
Monroe Steel Castling Company
River Raisin Paper Company

Monroe Paper Products

Total

H O O FPHWDH

I

130

Location

Detroit River
Detrolt River

Raisin River
1 1

tt "

12} 1"

Raisin River

1n 111
1 "

” "

Raisin River

Raisin River

Mason Run - Raisin River

Raisin River

No. of
Samples

22

O

21

21

1,176

As the study progressed, more outfalls were discovered and added to tkhe

field sheet. Industrial waste ocutfalls,which were inaccessible either by

being submerged or inside company property,were collected upon request by the

Michigan Water Resources Commnission.
observations were recorded.

shown in Table =

At each cutfall, time, temperature, and

An exemple of the field record form used 1s

After collection, the samples were brought to the Project laboratory for

irmmediate eralyses.

With the limitations of the laboratory in mind, the

following determinetions were regularly attempted on all the semples collected:
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Cnlorides
Suspended Solids
Phenols

01l
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STORM WATER OVERFLOW

Automatic Sampling of Overflow

Sites of Overflow Monitoring Equipment

Two basic locations were selected for the storm water overflow sampling
stations. One was the City of Detroit which has a combined sewerage system,
and the other was the City of Ann Arbor which has a separate storm water system.
Ann Arbor is located about LO miles west-southwest of Detroit and, because of
this, its climate and rainfall is very comparable to that of Detroit.

In Ann Arbor, the Allen Creek drainage system was selected while the
Conners Creek system was selected for monitoring in Detroit. The selection of
this latter system necessitated the installation of two sampling locations.

One of these is located where the system empties into Conners Creek and the
other is located at the end of a relief sewer for the system which empties

into the Detroit River about four miles below Conners Creek.
Construction Details of Overflow Sites

CONNERS CREEK: The Conners Creek sewerage system ends in a large gate
house about 1,500 feet above the head of Conners Creek. A triple-barrel
underground box sewer connects the gate house with the creek. This connecting
sewer always cou.ains water at the level of the Detroit River. There are nine
independent 10'x10' flap gates in the gate house. The gates are designed so
that when the water on the river side is highest, the gates are closed, but
when the water level in the sewerage system exceeds the river level, the gates

swing open and allow the sewage to pass on into Conners Creek and eventually
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enter the Detroit River.

The installations at all overflow locations consist of two basic systems;
one is the saﬁpler activation and supply system which will be covered individ-
ually for each site, and the other is the automatic sampling mechanism itself,
which is essentially the same for all sites and which will be covered in
another section of this report.

The activation system at Conners Creek consists basically of a proximity
switch located at the bottom of one of the overflow flap gates. When the gate
swings open, the switch closes the circuit and provides current to both the
automatic sampling mechanism as well as a one-horsepower submersible pump used
to supply sewage to the.sampler. The pump is located in a steel cradle zi an

clevation low enough in the sewer to assure submergence before it is onerati

ct
]
3
G4

During overation. the pump lifts the sewape about 10 feet in 2 3-inch neoprene

. 1, - . o -
hose to a 3" x %" tee followed by 2 uarottling walve. 4 %-inch plastic hos

[4}]

runs from the tes to the automatic sampler and the throttlinz valve is used to
regulate the amount of {low passing through this hose to the sampler. The
majority of the sewage passes through the throttling valve and is returned to
the sewer.'

When flow through the gates is marginal, there is a tendency for them to
flutter. This, of course, vov.d cause the sampling equipment to turn on and
off several vir. - within'a few minutes. To preveni this, an electrical meter-
ing device was installed which does not allow the system to turn on until the
gates have been open for a preset number of minutes.

Flow measurement is accomplished by the placement of floats on both sides

of the gates together with proper recording ecuipment. FHead differential be-
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tween the sewage in the system and the river can therefore be determined
during an overflow, and with the correlation of these head differentials and
actually measured flows, a fairly accurate measurement of total flow can be
obtained.

JEFFERSON AND LEIB: The Leib Street sewer is a relief for the Conners
Creek system, When the sewage reaches Jefferson Avenue during normal flow,
it turns and passes through a regulator chamber into the Jefferson Interceptor
sewer, During conditions of storm water runoff, however, the regulators close
when the flow becomes excessive, and the sewage then rises until it reaches
the elevation of a nearby overflow barrier, It then passes over this barrier
or weir, travels on for awout 1,500 feet in an underground box sewer, and
then empiies into the Detroit River. The activation of the pump and sampler
at Leib is accomplished by the use of a float switch located on the wall of
the sewer; when the sewage causes the float to rise to the level of the bottiom
of the over low weiq, the switch engages and the pump and sampler sre placed
into operation. The pump is a one-horsepower submersible pump identical to
that installed at Conners Creek. The sewage is transported about 10 feet
vertically and 25 feet horizontally in a 3-inch neoprene hose to a nearby man-
hole. In the manhole, the sz .ze passes through a 3" x %” tee and throttling
valve. The maj’narity of the sewage then passes through the valve and back into
the sewer. An amount, regulated by the throttling valve, is carried about
another 25 feet through a 2-inch plastic hose and into a small wooden struc-
ture containing the automatic sampler as well as flow monitoring ecuipment.
low depth over the weir is measured by an electric drive Bristol 6-inch

strip chart recorder in conjunction with a bubbler-iype liquid level gasge.

2
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invert of the sewer. A float switch with modifications for the high velocity
encountered in the sewer is also mounted on the wall and set to activate the
entire system'when the water reaches a levél high enough to submerge the pump.
The sewage is lifted about { feet vertically and 10 feet horizontally along
the wing wall of the sewer in a 3-inch neoprene hose; the sewage then passes
through a 3" x 3" tee followed by a throttling valve. As at-the other instal-
lations, most of the sewage passes through the valve and back into the sewer,
while a small amount is forced through a %—inch plastic hose to the sampler,
The sampler at Ann Arbor is located in a smsll steel shed about 25 feet away
from the wing wall of the sewer. The flow-monitoring ecuipment consists of
an electric drive Bristol 6-inch strip chart recorder in conjunction with a
bubbler-type liguid level gage and its operation is identical to that at leib.
A correlation between water level in the sewer and flow can be established by

vroper stream gaging of the sewer during periods of runoff.
Details of Automatic Samplers

At the present time,. the Detroit River-Lake Erie Project has five auto-
matilc samplers: three of these sampiers are always at the overflow locations
during the overflow season, and the other two are kept as replacements and/or
cemonstirators.

The samplers are all constantly being modified and improved, and because
of thie, all five of them are different from each other in the minor details.
The original samplers had a wiring system which required 5 individual timers;

now, however, all but one use a wiring system which requires only L timers.
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NARRATIVE DESCRIPTION OF SAMPLERS: As can be seen from the accompanying
drawing, the sampler consists of a circular table with 2L holes drilled uni-
formly éround its circumference. A sterile bacteria bottle is placed in each
nole. The table is mounted on wheels and is driven in a clockwise direction
(looking from above) by a motiondiser located under it which is not shown on
the drawing. The actual samples are taken by means of the mechanism located
on the right side of the device. During operation, sewage enters the sampler
by means of a %—inch hose attached to the vertical tube on the sampler (1).
When a sample is not being taken, the sewage passes on through the sampler and
out the discharge line (2). When a sample is taken, a solenoid.(B) pulls the
intake pipe to the left and the sewage then passes down into the tottle below.
The actual time that the solenoid is engaged and the sample is being taken is
usually less than 13 seconds and this time is controlled by an industrial
timer (L). As soon as the sample has been taken, the motiorndiser is engaged
and moves the table to the next botile. Control over where the motiondiser
stops is achieved by the microswitch (5), located beneath the solenoid. When
the switch drops into one of the small holes shown on the turntable, the cur-
rent 1s shut off to the motiondiser. The three box—like structures located
on the left side of the sampler (6, 7, ¢) perform all of the device's other
time functions. In order to collect a sample within a minute or so after £he
entire mechani.: - has been acilivated, a separate timer with its owm setting is
required; in the drawing, this is the timer labelled (6). The construction
of the entire mechanism is such that samples wéuld be taken repestedly at the

intervals set on this timer unless it is removed from the circuii afier the

initial sample. This timer is taken out of the circuit by the timer which is
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labelled (7). After the initial sample, 211 subsequent sample times are con-
trolled b7 the end timer (). Another microswiith is located on the apparatus
(9) for the purpose of shutiing the sampler off after one complete revolution
of the turntable has taen olace. This prevents any bottles from receiving
¢ aouble sample. With the exception of the electrical cquipment. the samnler
consisis oriaeril. of aluminum.

NARRATIVE DESCRITTION OF EIECTRICAI, OPRRATICN OF SAUPTER: A pictorial

descrintion of the sampler's electrical pattern at any instant of oneration

s

has been prerared and should be followed simulianeously while reading this
description.

The Paragon timers all operate basicallv as follows: to mzize the timing
mechanism work, it is necessary to complete a circuit from terminals 9 as
well as 10 to terminal 5. If s lead is connected to terminal 9 or 10 alone,
and the other is connected to terminal 5, the timer will not run. In addi-
tion to the timer's circuit, there are two other independent circuits in each
timer. Th first of these controls terminals 6, 7 and 8. Fower is normall:
fed into this circuit through termiral 8, and during the actual timer opera-
tion, terminal 8 is connected directlyv to terminal 6. After the oreset tinme
on the device has expired, terminal 8 is immediately disconnected from ter-
minal 6 and power is transferred over to terminal 7. This terminal will then
remain "hot" un.il the power to the timing circuit is cut off. When power is
again supplied to the timing circuit, terminal 6 will again be "hot" until
the set time has again expired. The third curcuit in the mechanism controls
terminals 1, 2, and 3 (terminal L1 is a2 junction terminal only). Power is

normally fed into this circuit through terminal 3. As long as power is
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supplied to the timer circuit regardless of whether or not the set time has
elapsed, terminal 2 will be "hot". Only when power has been cut off to the
timer circuit will terminal 1 become "hot" instead of terminal 2, It is seen,
then, that terminals 6 and 7 change over when the timer expires while terminals
1 and 2 change over only when power 1is actually cut off to the timer circuivt.

The industrial timer also consists of a timer circuit which controls
terminals L1, L2 and CL2. A circuit from L1 as well as CL2 to L2 must be
completed in order for the timer mechanism itself to run. The other circuit
in the industrial timer controls terminals C, NC, and NO, Power is normally
suprlied to this circuit through terminal C. When the timer is actually
running, terminal NC is "hot"., After the preset time has expired, terminal
NO becomes "hot" and remains so until the power to the timer circuit has been
cut.

.

When the sampler receives current initially, all three Paragon timers
are in operation. The timer circuits of the 132 timer and the outer 112
receive their power from the main inlet line, while the inner 112 receives
its power through the outer 112 timer., The industrial timer does not oper-
ate at this time because there is not a ground to its timer circuit.

If the timers are set properly, the first one to expire is the middle
112, Upon expiration, its e minal 7 becomes "hot'" and, since grounded wires
are in this c. -nit, wires from the terminal provide a ground to the indus-
trial timer as well as the solenoid, The solencid is therefore engaged during
the period that the industrial timer is actually running.

The instant the industrial timer mechanism expires, terminal NC loses

power and terminal NO receives power. This cuts the current to the solenoid
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while providing current to the motiondiser. The instant the solenoid snaps
back, therefore, the turntable begins to rotate.

After the turntable starts to turn, the microswitch nearest the solenoid
is thrown; this breaks the ground in the timing circuits of both the 132 timer
as well as the center 112 timer. The breaking of the ground to the middle 112
timer cuts off terminal 7 of this timer and therefore shuts off the industrial
timer. This shutting off of the indusirial timer eliminates terminal NO as
the source of power to the motiondiser, The motiondiser must receive power
from another source at this time, therefore, and this is provided by terminal
1 of the 132 timer. This terminal gels power at the same instant that ter-
minal NO of the industrial timer loses its power.

Then the motiondiser advances the turntable far enough that the micro-
switch is rethrown, it loses its power, because at this instant, the 132
timer circuit is reactivated and terminal 1 of this timer subsequently loses
power., At the same time, the middle 112 timer regains power and all three
Paragon tirars are thefefore running again at this point.

If thc timers are set correctly, the outer 112 timer expires shorily
after the first sample is taken. Upon expiration, its terminal 6 loses power,
and therefore,cuts power off to the center 112 timer. The outer 112 timer
receives its power directly ..om the inlet and will not be reset until the
entire mechzonism is shut off and turned on again; the two 112 timers are,
therefore, permanently out of the circuit from this point on.

The same basic cycle covered above is now repeated over and over again,
until all 2L bottles are filled. The only difference is that the industrizl

timer and solenoid are engaged through terminal 7 of the 132 timer, instead
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of terminal 7 of the 112 timer. After the 24th sample has been taken, the
microswitch on the inlet line is thrown and the entire system loses its

power.

River and Beach Monitoring of Storm Water Overflows

Purpose

Results from samples taken prior to this special survey indicated that
the direct dischargze of overloaded combined sewers to the river had a definite
effect on the quality of the water in the river, It was desired, therefore,
that more information about the water quality in the river be obtained before
and after overflows had occurred. To achieve this, a separate river-monitor-

ing program of storm water overflows was set up as outlined below.

Method

In order to obtain a sound comparison, it was desired that the river
be sampled oefore the overflows occurred, preferably within the 2L-hour
period preceding an overflow. To ao this, arrangements were made with the
Weather Bureau at the Naval Air Station, in which the bureau was to notify
Project personnel at least fc.r hours before a rainfall with an intensity
greater than 0.1 inches per hour was to arrive in the area. Upon receipt
of this notification, Project personnel were to immediately go out and
sample the river, regardless of the time of day, at points which would give
a general picture of the river quality. After a significant rain had passed

through the area, the river was sampled again as many times as it was deemed
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necessary, or conditions permitted, or until the effect of the storm upon

the water had subsided.
Equipment

Sampling was done from one of the Project boats and no unusual

equipment was required,
Location

Three stations were selected on Range DT 30,84 to show the quality of
the water entering the river; three stations were selected on Range DT 28.LV
to show the effect, if any, of the effluent from Conners Creek, and five
stations were also sampled at DT 20.6 which is located below most of the
Detroit outfalls on the river. Three stations were also sampled at DT 11.6,

which is located below the Rouge River as well as HEcorse Creek, and three

stations were also sampled on DT 3.9, which is located at the mouth of the

Detroit Ri- =r.
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AUTOwNAIC SAMPLER USzZD IN
STORM WATER OVERFLOW STUDY
DETROIT RIVER—LAKE ERIE PROJECT

PREPARED BY PUBLIC HEALTH SERVICE
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BIOLOGICAL STUDIES



BIOLOGICAL STUDIES

Introduction

The nrocedures followed in the biological studies were standardized
with those emploved by the Public Health Service, Great Lakes-Illiroils River
Basins Project. With minor variations, the same procedures are also used by
the U.S. Bureau of Commercial Fisheries and the University Institutes engaged
in studics of the Great Lakes.

Descrivtions and figures of most of the pieces of apnaratus mentioned
in this summary of overetions are provided in “Standsrd Methods for the
Txanmination of Water and Wastewater" (1llth edition) and in Welch's "Limnol-
ogical Methods.” Detaills of methodology are also covered in these treatises,

To assure adherence to standerd practice, all personnel coonerating in
the biological work were trained by the Project biologist. The usual orecezu-
tions were taken, of course, to label sample containers and specimen jars with
the statior location and date of colleclion, 1In the field, this was done with
a china-marking crayon. In the labcratory, collection identification labels
were placed in the preserving fluid of the jars and vials into which svecimens
were sorted. The catalogued collections of preserved material are available
for reference.

The 31-foo. boat was used for the survey work. Operations were carried
out by a Team composed of the boal operztor, two engineers, itwo aquatic
samplers, and the biologist. When the biologist was not ztoard, resvonsibi-
lity Jor proper collection and handling of the bioclogical samoples was

delegated to the engineer in charge of the survey.



Bottom-fauna Samnling and Processing

To obtain information on the distribution and abundance of benthic
invertebrates, 53 key stations were selected for samnling: 28 located on
critical ranges of the Detroit River and 25 located in the Michigan waters
of Lake Erie. These bottom-fauna stations were selected on ithe basis of
reconnaissance surveys conducted - during the 1952 season. (For lake station
numbers and locations, see map, Figure 26.)

Depths at the stations on the river ranges vary from a minimum of L feet
a2t the American ‘shore to a maximum of U3 feet in the channel 2t the interna-
tional boundary lines. The majoritv of the rivér stations are locsted 3t
cdeoths of from 29 to 30 feet. Most of the lake stations are betwveen 20 and
25 Teet in depth; the maximum depth s shown on the U.S. La¥e Survey chart
is 26 feet, the minimum § feet.

Three bottom-fauna surveys were conducted during the 1953 sezson: one at
the end of May, one the last week in August, and one the third week of QOctober.
All the ste ions were sampnled during the spring and autumn survevs. In the
Auvgust survey, only the river statiors were samplecd.

While the boat was anchored for bottom-fauna dredging, the following
meteorological and hydrological measurements were made: wind velocitiy and
direction, wave height and c¢irection, current velocity and direction, sky
cover, air tempe.ature, resistance-thermometer profiles, and Secchi-disc
transparency readings. (See field cdata sheets for record of complete reas-
urerments and observations: for description of Secchi disc and method of

making measurements, see Welch (1), pp. 159-140.)
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Water samplies for chemical determinations of pH, alkelinily, dissolved
oxygen, nitrates and phosphates were also taken at selected stations. On the
river, samnles were taken at the surface only. On the lak%e, one sample at the
surface and one near the bottom were taken for dissolved oxygen deierminations
at all stations. & surface sample for pH and slkalinity determinations was
taken at all stations. NWNitrate and phosphate determinations were limited to
surface samnles taken at the 12 ststions where phytoolankton collections were
macde veriodically. Sampling for phytoplankton and zooplankton, as described

below, was also’'done while the boalt was at anchor for bottom-fauna dredgin

4y

S

[13]

L hand-operated winch, eguipned with metering wheel and wire ceble, w
used to 1ift the dredge. All samples from the bottom were taken by a Petlersen
dredge with weights zttached to bring its total weilght to 70 vounds, unloaded,.

With jaws fully onen, it bites into an area of bottom anproximatzly 0.9 sguare

3
W8}
3
4}
4]

foot. (For detailed description of Petersen dredge constructicn, mainten

o

and operation, see Welch (1), pn. 178-180 and "“Standard Methods" (2), nwn.
Princival steps in handling th~ bottom-faunaz samoles follow:

L. Three dredge hauls are taken at a staiion.* Contenis of the dredge

@]

are discharged into a heavy-duty metal pan, then cdumped into a large plasti

dishpan. Material from each naul 1s worked up sevarately so that averages of

s:Because of orolonged bad weather during the soring survey, only one haul
for bottom fauna was taken at each of the soft-botiom laxe stations.
During this survey, an extra hasul for botitom material analysis was collectad
at the lake and river stations.
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the numbers of various grouvs of organisms can be used in calculating the
numbers per square foot of boitom at each station,

2. The sample obtained from a haul is washed by genily hosing it
through a set of two rectangular utilily screens. The top one for coarse
material is %—inch galvanized hardware screen; the bottom one is No. 20
prass screen. These are nested on a walst-high table rigged on the rail of
the vessel so that the water is sluiced overboerd.x

3. Preliminary picking and sorting of the coliections are done on bozrd
ship. The larger snails, clams, and leeches are picxed out during the hosing
operations. The rest of the material from the No. 30 screen is weshed into

a white enamelled pen for tweezer picking and sorving. Some samples reauir

(8]

additional screening. This is dorne with a No. 30 U.S. standard sieve, using
a buckelt of water and a turkey baster,

L. All specimens are sorted into screw-cap plastic jars containing
collection water, and they e¢re stored in an ice chest., Stones covered with
colonies o: nrganisms arc submerged in gelvanized buckets for examinesticn at
the laboratory. Occasionally, unde> foul weather conditions, a few dredge

hauls are brought back in the plastic dishvans to be sieved at the laboratory

ht veriation in this meihod was employed curing a follow-un survey
ected ~“ver and lske stations conducted during the week of Augusi 10,
. 411 the samples were taken from soft bottom, The 25-foot boat, used
tnis survev, was not ecuipned with a hose puap. Mud, sili, and ooze
sere removed from each dredge haul by dumping the dishpan inio a 23 mesh
nvlon bag, which was stitched to a 20-inch diameter cenvas collar, grasping
the collar securcly, and dunking the bag in the water. (The Tvler ecuivaler
for the Wo. 30 U.S. Standard Sieve is 28 mesh: check of losses with g 32
nmesh aylon bag disclosed that escape of tubificid worms from the 25 mech
nylon was negligivle.) Washed samples from the bag were sieved through a s
of Vo. 5, No. 10, and Mo. 30 U.S. Stancdard Sieves in a wide-mouith bucket,
using water dipped by ship's bucket while at anchor,

th
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S. Sanvles are brought to the laboratory the same day they are collected
and are held in a refrigerator at aboutl 7° C. Each haul is processed into
proper preservatives for the various types of organisms. (Formalin, 10 per-
cer<, is most commonly used.) The specimen jars are labelled, and the collec-
tion record is completed. Wherever feasible, identifications are made to
species from the living enimals. Total countls are made of the number of each
taxonomic grouping.

5. Numbers of worms in the large tubificid aggregations are estimated

BN L 1

by the water displacement method. Care must be taken to free the aggregation

from 2ll foreign material by repeated floatation, washing, and screening.

Fluid from the cleaned sample is removed by draining and blotting. Worms

are separated from an aliquot of the sample with jJewelers tweezers, and a

number counted sufficient to disnlace l-ml of tap water contained in a 25-m1

graduated cylinder. Displscement of the total sample is measured in a 500-nl

graduated cylinder, and the total number of worms in the sample is calculated.x
7. R “allve abundance of periphytic organisms, such as sponges and

bryozoans, which colonize stones 15 2xpressed as '"sparse,'" '"medium," or

gense. "

¢The modified floataiion meltiod develoved by Anderson (3) was used to remove
tubificid wo-ms from the 196l bottom sampnles. These had been nreserved in
10 percent for.ialin, so the floataticn time was five minutes or less; bitis
of bottom debris which were floated by the sugar solution along with the
wrorms also interferred with the procedure. In arriving 2t quaniitative
estimates, unhe number of vreserved worms obtained by repeated floatations
vas multinlied bv 2 (the factor derived by Anderson for efficiency of
floatation of tublificid worms removed from bottom samples before and after
prescrvation by using a solution of granulated sugar with a specific gravity
of 1.12).
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J. & complete record for each collection is kept by station on field
datz sheets and laboratory bench sheets. Data is collated on needle sort
vunch cards., The catalogued collection of preserved specimens 1s mainiteined

in the laboratory for reference.

Phywonlankion

Surface samples for determining the distribution and abundence of pnlank-
tonic algae were collected at apnroximately ihree-weel intervals. Thirty-Tive
stations were selected: 23 on ranges of the river, 12 in critical areas of ine
lake,

Samples from near the boitom were collected only at selected stations
during the bottom-fauna cruises mentioned above since depth sampling studies

had indicated that the waters were homothermous and well-mixed verticall

I3
~

After the boats were laid up, phytoplankton collections were limited to semples
talken from the Belle Isle bridge and the two Grosse Tle bridges.

Phytor onkton sampling runs were made during the day, using the 25-foot
boat, Usually the river stations wr -2 sampled on one day, and the lake steticns
the following day.

Collections were made Ifrom just below the surface with a Femmerer sampler
(capacity, 3 liters): description and instructions for oneration and mainten-
ance azre given in Welch (1), op. 199~201, 231.

The raw water sample was run into a two-liter polyethylene boitle contain-
ing avproximaicly 7O ml of phytovlankton preservative (thimerosal -~ 0.15 nercent,
Lugol' 1 solution -~ 1.0 pmercent, plus one gram of sodium borate for eacn gram of

thimerosal; for effectiveness of this preservation, see Williams (L).
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Care was exercised to take the samples with the Kemmerer sampler in a
vertical position and to keep the sample bottles out of direct sunlight. Air
and water temperatures were recorded at time of collection.

The methods employed in the laboratory for processing and analyzing the
ohytoplankton samples followed closely procedures developed by the Public
Health Service in its National Water Quality Network plankton studies. A
critical discussion of these methods is given by Williams (L). For descrip-
tion of equipment and discussion of techniques employed in plankton analysis,
refer to Weleh (1), pp. 279-297, alsc "Standard Methods"(2), pp. 5L43-572.

Tdentification and Enumeration of Algae by
Sedgwick-Rafter Slide Strip Count Technique

The following covers the sequence of operations as performed in our
laboratory from the 2-liter preserved sample:

1. The sample is thoroughly mixed by inverting the bottle, swirling the
contents, and then gently rocking it lengthwise.

2. An 1liquot of about 250 ml is poured at once into a beaker and trans-
ferred to a polyethelene bottle of a size to fit the hand conveniently for
remixing.

3. The Sedgwick-Rafter counting slide is immediately loaded with a
straight-tip dropping pipette (polypropylene, 2 ml capacity, 110 mm in length,
with orifice ot . hout 1 mm ),

L. Two strip counts are made under 200 diameters magnification by moving
the slide lengthwise with the mechanical stage of the microscope and enumera-
ting those specimens which are enclosed in the area of the Whipple ocular

micrometer. The minute centric and pennate diatoms are simply tallied by
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groups since they cannot be identified to genus under magnifications obtain-
able with Sedgwick-Rafter slide.

The colonial diatoms Melosira, Asterionelle, Fragilaria, and Tabellaria,

can be recognized to genus, however. Algae belonging to other groups can be
determined to genus, some to species. Each single-celled individual or natural
colony is counted as one unit,

5. Counts for each genus and group of algae are recorded on the bench
sheet, tallying counts obtained in each strip separately., Counts of inert
diatoms or other specimens which were not in the living state at time of
collection are also tallied,

6. Quantitative expressions of the number of phytoplankters per ml are
derived by applying the factor of 25, which was obtained from calibration of

the microscope, micrometer, and slide,

Membrane Filter Preparations

1. A retal millipore filter holder is mounted into a 2-liter sidearm
flask attacued by heavy rubber tubing to a wvacuum outlet. This is the same
setup used for bacteriological membiane filter operations. Sterile technicque
is not required for plankton work. However, membrane filters must be kept
free of dust, and the filter ‘unnel must be rinsed with tap water and wiped
after each operation.

2. A membrane filter is positioned in the filter holder, using tweezers
to handle the filter., (Type of filter used is Pillipore; plain, 0Q.LS micron
pore size, L7 mm diameter.)

3. The vacuum is turned on, and a 250 ml aliquot of the mixed sample is

_ poured into the funnel.
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L. The vacuum is turned off as soon as filtration is completed, and the
filter is removed from the holder with tweezers.

5. The filter is labelled in the free margin immediately upon removal
from the holder. Station number, date of collection, and the size of aliquot
are recorded in waterproof ink.

6. Filters are dried in a covered tray and stored in screw-cap vials.

~

The membrane filter preparation serves as an herbarium record of most of
the phytoplankters. For diatom identification and enumeration, the filter can
be mounted in cedarwood oil or immersion oil, If preferred, a permanent hyrax
slide can be made by the method described below, after dissolving the filter
in acetone and decanting the excess fluid. A comprehensive discussion and
bibliography covering the application of membrane filter techniques to studies

of the phytoplankton are contained in a paper by C. D. McNabb (5).
Vial Concentrates from Settled Plankton

1. The sample remaining in the %ottle is thoroughly mixed, and excess
sample down to one liter is discarded.

2. The remaining one liter of the sample is then settled for about 24
hours. This is done in the inverted sample bottle which is stcppered with
siphoning tubes, adjusted so approximately 200 ml of the concentrated sample
can be retained. (A set of 12 bottles are inverted in racks hung over the
sink.)

3. Excess fluid is run off into the sink by releasing the clamp on the

outlet tubing.
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Li. The vacuum is turned off as soon as filtration 15 comnleted, and the
filter is removed from the holder with tweezers.

5. The filter is labelled in the free margin immediately upon removal
from the holder. Station number, date of collection, and the size of alicuot
are recorded in waterproof ink,

6. TFilters are dried in a covered tray and stored in screw-cap vials.

The membrane filier preparation serves as an herbarium record of most of

3 Fald

the phvtoplankters. For diatom identification and enumeration, the Fili
A . ks 3

Ler can
be mounted in cedarwood oil or immersion oil, If vreferred, a nermanent nhyrax
slide can be made by the method described below, after dissolving the filter
in acetone and decantingz the excess fluid. A comprehensive discussion ard

bhibliography covering the avplication of membrane filter technigues to studies
g : g 4 )

of the phytoplankton are contained in a paper by C. D. McMabb (5).

Vial Concentrates from Settled Planktiton

1. 7The sample rema2ining in the bottle is thoroughly mixed, and excess
sample down to one liter is discarded.

2. The remaining one :iver of the sample is then settled for about 2L
hours. This is sone in the inverted sample bottle which is stoppered with
siphoning tubes, adjusted so approximately 200 ml of the concentrated sample
can be retained. (A set of 12 bottles are inverted in raclks hung over the
sink.)

3. Excess fluid is run off into the sink by releasing the clamn on the

outlet tuving.
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li. The stopper is removed, and the concentrated sample is poured into
a 250 ml beaker labelled with station number and collection date. Beaker is
covered and left undisturbed for about 2L hours. (Siphon tubes and sample
bottles are rinsed with tap water and drained.)

5. Fluid is removed from the beaker with a syringe so that approximately
10 ml of the concentrated sample remains, {The pipette of the syringe must
be lowered gradually into the fluid and the inflow into the syringe bulb
controlled so that none of the settled plankton is disturbed.)

6. The hb ml concentrate, which represents the settled plankton from
one liter of the preserved sample, is stored in a L5 ml screw-cap vial in
which a permanent identification label has been placed.

Vial concentrates, when properly catalogued and maintained, provide =z
collection of valuable material for critical qualitative and quantative studies
of nannoplankton. The vials need to be checked periodically for replenishment
of preserva ive,

Preparation oi Hyrax Slides
for Diatom Identification and Enumeration
1. The plankton concent~2”2 from one liter of the sample is used in pre-~
paring the hyrax slides. Materials required are: hyrax liquid mounting med-
ium (refractive index 1.65), benzene, 18 mm cover glasses {No. 1, square),
non-corrosive microscope slides.

2. A set of a dozen slides at a time are produced. Care must be taken

to arrange the vials, cover glasses, and slides in a matched sequence.

Station numbers and collection dates are inscribed on the slides with a
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diamond marker.

3. The series of cover glasses is set up on an electric hot plate
adjustable for temperatures up to 600° F.

i, Each cover glass is loaded with 16 to 20 drops of the mixed concen-
trate delivered from a glass dropoping pipette of suitable aperture.

5. Fluid is evaporated from the cover glasses very gradually by setiting
the hot plate at low heat.

6. Residue on the cover glasses is incinerated on a red-hot plate for
an hour.

7. The cover-glass preparation is affixed to the slide by grasping it
with tweezers and inverting it onto a drop of hyrax mounting medium placed in
the center of the slide.

8. The slide is placed on the hot plate (at about 200° F.) to evaporaie
the mounting medium.,

9. The slide is removed from the hot plate to a masonite mounting board
where the c-ver glass is centered before the medium hardens.

10. Excess medium is scraped from the slides with a razor blade, and
slides are cleaned with benzene. Finished slides are stored in a slide box,
arranged by station and date sequence,

11, Identification and p.oportional counting of the diatoms are done
from the hyrax ."ide under oil immersion at 1212,5 diameters, using Koehler
illumiratior. About 250 individuals are counted to determine the four most
abundant species. The percent occurrence of each species in the sample is
then applied to the diatom group total derived from the Sedgwick-Rafier strip

counts to obtain an expression in numbers per milliliter. (See the monograph
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by Williams (L) for a discussion of proportional counting.)

Zooplankton

To obtain data on the occurrence and relative abundance of the planktonic
microcrustaceans, rotifers, and protozoans, collections of net plankton were
made at the phytoplankton sampling stations during the spring and autumn
bottom~-fauna surveys.

Zooplankton sampling was done with a one-half meter oceanographic net
(No. 20 nylon) equipped with a weighted plankton bucket.

Samples were taken by verticai tows, one tow at each station. The ret
was lowered through the water until the weights atéached to the bucket almost
touched the bottom. It was towed to.the surface by hauling in the line slow-
ly at a uniform speed of about one foot per second. The ring of the net was
quickly raised from the surface of the water, and the sleeve was rinsed by
repeated immersions. The bucket containing the collection was detached from
the net, an the contents were drained into a polyethylene bottle, Clinging
plankters were removed from the buck t by squirting preservative from a
syringe. Ninety-five percent ethyl alcohol was used to kill and preserve
the zooplankters. The net concentrate was brought up to a volume of 100 ml
with the preservative.

Erumeration was done under a widefield stereoscopic microscope at 120X
magnification from two 1-ml aliquots of the concentrate contained in a
Sedgwick-Rafter counting cell. A survey count by groups of microinvertebrates
was made, i.e., all copepods and nauplii, cladocerans, and rotifers were

enumerated, Protozoans were not included. The mean of the two counts was
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used to compute the number of orgenisms per liter. Whensver a vair of counus
showed marked deviation from the mean, one or more additional zligquots were
counted.
The number of organisms per liter in each group of animals was roughly
calculated by avplying concentrate and depth factors to the survey count totals.
The net strains a column of water the area of the 0.5 meter ring. For
vertical tows with this net, the simplified conversion formula applied wes
n/l = 1,7 N where N equals the mean of the paireé counts, D equals sounded
D-5
devptn in feelbt, 5 equals height in feet of net ring when weights are touching
bottom. WNo efficiency factor for the net was derived since it is recognized
that the quantitative data can be used only for rough estimates of relative

abundance. (See Langford (6) for a critical discussion of zconlankton samn-

ling methods.)

Periochrton

Colle: ions of veriohytic organisms, such as hydras, brvozoans, sessile
protozoans, "algac, funzi, anc¢ shecihzd bacteris, were obtained by suspending
sets of microscope slicdes contained in racks from U.S. Coast Guard buoys on
the river located near ranges DT 20.3, DT 17.C, and DT 8.7.

A rectangular rack was ouilt to nold a2 set of 18 microscope slides. L
was made from s.rips of cyoress wood with bottom and hinged 1id of hardware
screen according to the general design given in Welch's “Limnological Methods,"
pp. 260-262. The 18 saw-cuts in the long vieces of frame were made wide enough

to hold two slides in the slot instead of a single slide.
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Because of strong currents and boat traffic in the river, it was neces-
sary that the racks tied off the buoys should float horizontally at a depth
of three feet. Each rack, accordingly, was fitted with a current baffle at
the end where the retrieving line was to be fastened and with a float at the
other end. The baffle was made from a piece of sheet metal 3 inches wide bent
around the frame end at a 60-degree angle to form fins about L inches long.
For the float, a toilet bulb was bolted to a piece of sheet metal cut at a
right angle to cover the butt end of the frame. Both pieces were slotted and
attached with bolts and wing nuts to the frame so that they could be demounted
when the rack was lifted from the water at collection time. The rack wzas
counter-balanced with lead weights attached to the bottom of the frame so
that it would float out horizontally from the buoy in the current at the
desired depth. A length of heavy-duty sash chain was affixed tio the vadeye
of the buoy to serve as a retrieving line, ancd the racl was altached by clip-
ping the snap fastener at the end of the chain to an eyebolt centered in the
frame end & the baffle. During the summer season, a lush growth of peri-
phytic organisms populated the slide - within a submergence period of two weeks,

four collections were made from the slide racks during the season. A
summary of the method of handling the collection follows.

The retrieving line at the buoy is picked up with a boat hook, and the
rack 1s quickly nclipped from the snap fastener. Tne baffle and float
attachments are demounied, and the rack is wrapped in aluminum foil, Racks
are covered with collection water in separate trayvs which are nested in an

iced refrigerator chesvu.
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Collections are worked up in the laboratory the affernoon and evening
of the collection day in the following manner. The three sets of slides from
the middle of the rack are preserved in screw-cap jars: one set in 10 nercent
formalin for reference, the two adjacent sets for nitric acid ireatment and
diatom hyraz mount nreparations. Every other set of the remsining slides 1is
examined for living organisms, which grow attached to the outside surfaces of
slides. FBach of these eight sets is placed, clean sides down, in a neuri
dish 1id containing enough water for the tray to cover them, The slides are
inspected under a widefield stereosconic microscope providing magnifications
up to 120 diameters. The density of the various kinds of organisms fourd on

) -

the slides from each rack is exvressed qualitatively on & scale of relative
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abundance. Clean sets of slides are placed in the vecant slots of f
Racks are held submerged in the waier of the iray in the chest refrigerztor

to be reset at their respective buors the next dayv.
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