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SEDI MENT OXYGEN DEVMAND STUDI ES CGF SELECTED NCRTHEASTERN | LLINO 'S STREAMS

by Thomas A Butts and Ral ph L. Evans

| NTRCDUCTIT CN

Special field sanpling equi pent was designed and enpl oyed for gathering
dat a concerni ng the oxygen consumng potential of bottom sedi nents and sub-
strates in snall streans in a six-county area in the northeastern corner of
Illinois. The sanpling programwas designed so that results fromsel ected
sanpling locations could be extrapolated for use throughout most natural
streans and rivers in the study area, except for the Kankakee Rver and its
tributaries. The data produced is readily usable for input into nost dis-
sol ved oxygen oriented water quality nodels. The project was funded by a
grant fromthe Northeastern Illinois P anning Comm ssion (N PC).

Sedi nrent xygen Denand

Sedi ment oxygen denand (SCD) can be broadly defined as the usage of
di ssol ved oxygen in the overlying water by benthic organisns. In stream
waters, it results fromthe bi ocheni cal oxygen denands of m cro- and nmacro-
organi sms. The principal mcrodenand is due to bacteria; however, brown
al gae, protozoa, and aquatic fungi may, at tines, contribute al so. Mcro-
demand i s caused by both aufwuch commnities and burrow ng fauna. Worns,
i nsect |arvae and nynphs, |eaches, snails, and nussels are the principal
burrowi ng types. Periphyton, or organisns which growon or are attached to
underwat er substrates, represent an inportant source of SCD in sonme streans.
Sine bacteria, such as Sphaerotilua and Leptom tus, formfilanentous
streaners on the bottons of nany shall ow, organically enriched streans and
exert significant oxygen demands. Attached filanentous green al gae may al so
represent a demand. Inorganic chemcal oxidation reactions can exist in
streambottons, but the extent and magnitude of their occurrence are m nor
conpared w th biol ogi cal denands.

xygen dermand due to all the above organi sns (except inorganic chem cal
reactions) has been identified and neasured to some degree in the N PC 208
planning region. 1In all, 90 successful SCD neasurenents were nade on stream
bottoms at 89 locations in the study area. The results of 13 SCDs taken in
the Fox Chain of Lakes during a separate study® are also included in this
report.

A nunber of studies by the State Water Survey (SWH) since 1972 have
reveal ed the need for including SCD in any water quality nodel involving
di ssol ved oxygen utilization and bal ance. “#3* |n the past, SD generally



has not been included irrespective of how sophisticated the nodel. Models
must have often produced erroneous or msleading results, the degree of

whi ch nust have been dependent upon the general condition of the stream
bottons and the indigenous biota. Oxygen bal ances often cannot be correctly
determned for streams having |arge, well distributed macroinvertebrate
popul ations by merely determning dissolved bi ochem cal oxygen demands (BQD)
and then bal ancing DO usages and reaeration by the basic Streeter-Phel ps
equation. As an exanple, a high benthic oxygen denmand exists in a large

but |ocalized area of the Keokuk pool in the Mssissippi River, This de-
mand is primarily responsible for depressing DO concentrations to val ues as
lowas 4 mlligrams per liter (mg/1). This is significant in that 45 per-
cent of the benthic demand is due to a very large population of a species

of fingernail clam?*

In this report, an attenpt is made to identify the primary cause of
the SOD at each sanpling station. Only broad classifications such as bac-
teria, macroorgani snms, algae, etc. are given. Respirationrates for
specific organisms are not available for conputing percentage conpositions
except for the one single species of fingernail clam observed to occur in
great nunbers in the Keokuk pool .

Study Area and Streanms Surveyed

The project study area covers the six northeastern Illinois counties
of McHenry, Lake, Kane, DuPage, Cook, and WII|. Sanpling sites were se-
lected on all the major streans in the six-county area excluding the canals
and channelized streans subjected to Lake M chigan diversion water and the
Kankakee River. The streams and nunber of |ocations sanpled per streamare
as follows: Fox River 24, N ppersink Creek 1, Silver Creek 1, Kishwaukee
River 3, Flint Creek 2, Wods Creek 1, Blackberry Creek 1, West Branch
DuPage River 6, East Branch DuPage River 6, DuPage River 3, Des Plaines River
15, Salt Creek 6, Skokie Lagoons 3, North Branch Chicago River 1, Little
Calunet River 7, Calunet Union Drainage Canal 1, Mdlothian Creek 1, Thorn
Creek 2, Deer Creek 1, Butterfield Creek 1, and Hickory Creek 3.

The streams having only one or two sanpling sites are small streans
selected to represent water courses which drain certain land use, geol ogic,
and geographic areas. Specifically, N ppersink Creek was chosen to repre-
sent a streamdraining nostly rural undevel oped marshy terrain. The Silver
Creek station represents conditions expected to exist in the headwater
reaches of a small creek subjected to secondary waste treatnent effluent,
Flint Creek was sampled in two |ocations--one at an upland site represen-
tative of a streamreach draining a large wealthy residential area, and
the other at a lowand site after the creek has meandered through a marshy
pastoral setting. Wuods Creek was sampled a short distance bel ow the Lake-
in-the-H lls dam this site represents an intermttent streambel ow an
i npoundnent.  The North Branch of the Chicago River was sanpled bel ow the
Skoki e Lagoons to determine if the prolific algal growths which seemto
perpetual Iy exist in the inpoundments affect the outlet streambottom The
Cal umet Union Drainage Canal site represents conditions occurring in a short



drai nage ditch receiving runoff fromnodest to low class residential and
commerci al zones, and light industrial areas. The Deer Oreek station is

| ocated i mmedi atel y bel ow a secondary sewage treatment plant and receives
drai nage fromboth devel oped areas and rural agricultural operations ori-
ented principally toward truck farmng. Butterfield Oreek, above the
sanpling location, disects nostly golf courses, but a large nunber of rel a-
tively small secondary sewage treatnent plants are tributary to the stream
The Skoki e Lagoons sanpl es represent bottom conditions which are likely to
occur in a relatively large inpoundnent created on a snall stream draining
a highly devel oped residential and comrercial area. The H ckory O eek
sanpl es represent bottom conditions which are likely to occur in a relatively
smal | i npoundnent created on a snall streamdraining a lightly devel oped,
sem-rural area.

Report For mat

The nethods and procedures devel oped by the SWs to performsmall stream
in-situ SCD measurenents are outlined in detail. The field equiprment and
net hods for collecting biological and sedinent sanples are presented al ong
with the basic fornulas and techni ques used in data reduction. The reduced
data and results, suitable for use directly in a water quality nodel, are
summari zed; this includes SOD, biol ogical, and sedinent data and the inter-
rel ati onshi ps between these paranmeters. Extensive use was nade of tabu-
lations and graphic presentations of raw and supportive data in appendi ces.
I ncl uded are appendices pertaining to the field traced SCD curves, benthos
identification and enuneration, descriptions and physical features of sedi-
nment sanples collected with Eknan and ponar dredges, description of sedi nent
sanpl es collected with a coring devi ce, and phot ographs of core sanpl es.
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FI ELD SAWPLI NG EQU PMENT AND PROCEDURES

Field work consisted of performng in-situ sedinent oxygen denand
neasur enents, collecting benthos sanples with a biol ogi cal dredge, and
taking sedi nent core sanples. A two-man crewwas utilized for these
oper ati ons.



Sedi nent xygen Denand

Personnel of the WX of the SW5 began devel oping ideas and formul ating
thoughts in late 1971 on how to best quantify sedinent denand. The need
for SOD data arose when waste assimlation studies of the upper Illinois
wat erway showed that first and second stage bi ochem cal oxygen denand did
not account for the |ow dissol ved oxygen (DO concentration frequently
observed. *°

A literature reviewprovided only limted infornation on nethods and
techni ques. Mst of the work toward neasuring the potential oxygen uptake
of sedinents has been done in the laboratory with disturbed sanpl es.

Bradl ey and Janmes® found differences between theoretical and |aboratory
measured SCDs to be as high as 48 percent. FRolley and Oaens’ reported that
sedi ment -core sanpl e respirators possibly underestinate benthic oxygen
usage rates. This specul ation was later verified by James.® He found that
coring techni ques reduce sanpl e vol umes up to 15 percent, thereby altering
the interstitial water content and reducing the concentration gradients of
contamnants in the mud which contribute to SCD.

Qverall, it appeared that nmore and better data could be generated if
equi pnent and et hodol ogi es coul d be devel oped for measuring Ss i n-situ.
Consequently, over the last five years the WX of the SW5 has successful ly
carried out a research and devel opment programoriented toward neasuring
Ss in the field and producing results of practical val ue.

The chanber respirometer, provided with a means of internally circu-
lating water, is the basic concept around which the SWs has devel oped
equi pment and procedures for performng i n-situ neasurenents. The operation
consists essentially of containing a known vol une of water over a given
bottomarea with some type of chanber and neasuring the DOdrop with a gal -
vani ¢ cell oxygen probe inplanted in the chanber.

Two sanpl ers have been designed. e is referred to as the bel
sanpl er and the other as the box sanpler. The bell sanpler was used during
the initial study of sedinent oxygen demands in the Illinois waterway; it
was designed and fabricated according to the specifications given in figure
1. The basic idea for this design was derived froma plexiglas box type
in-situ respironeter designed by Lucas and Thomas® for use in Lake Eri e,
The bell sanpler is bulky and difficult to handle; it weighs approxi mately
120 pounds. (onsequently, it is not readily suitable for use in snall,
relatively shall ow streamreaches which are accessible only by a snmall boat
or by wading. To fulfill the request for maki ng SCD neasurenents in snal
streans and rivers in the NPC area in conjunction with the 208 study, a
much smal | er, portabl e box-type sanpl er was desi gned and devel oped as
shown in figure 2. Its areal coverage is only 25 percent of that of the
bell sanpler, and its height to the seating flange is 1 inch | ess. The
squar e design was chosen because it provides nore interior space for the
sane height over that of a round top or bell design. This extra space was
needed to incorporate flexibility into its operation
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The box sanpler is 12 inches long, 7 inches wi de, and 6 inches deep to
the top of the seating flange. It is fabricated of 3/16-inch steel plate
wel ded all around. The seating flanges are 3/16-inch steel plate extending
1 12 inches fromthe outside faces of the box sides; a 2-inch seating depth
is provided. Renovabl e water-proofed pl ywood extension flanges can be
bolted to the steel flanges when needed.

The sanpl er was desi gned to accommodate three methods of internal water
circulation or novenent as depicted in figure 3. Included are two differ-
ent punpi ng systens and an electrical stirring mechanism The punpi ng can
be done by either a nonsubrersible or a subnersible punp. A split collar
is provided near the circulation inlet to secure the DO tenperature probe
during the punpi ng nodes of operation. A foot val ve and strainer can be
attached at the outlet to protect the punps. The subrersible punp is se-
cured to the top of the sanpler by the threaded rods and plate shown in
figure 2. The stirring mechanismis attached to the large split collar
wel ded to the inside of the top plate (figure 2), The opening in this col-
lar is sized to fit a YSI 5795 subrersible stlrrer (circa 1975); conse-
quently, this opening will possibly have to be nodified to fit the newer
nodel YSI 5795A stirrer. The DO tenperature probe is housed within the
stirrer. A though use of all three circulating methods was anti ci pated,
only the stirring systemwas utilized since it gives good results, requires
| ess equipnent, and is easy to start up and to operate. The stirring sys-
tem (see figure 3a) elininates the need for a punp and a bul ky and/ or heavy
power source. The stirrer operates on four, size E rechargeabl e ni ckel -
cadmumbatteries. The power pack and recharging systemare integrated
directly into the design of the YSI nodel 57 DOneter, the instrunent used
by the SW6 in its SCD work. The batteries provide approximately five hours
of operation before recharging.

On reaches of creeks and streans which could be sanpl ed by wadi ng
(wearing chest-waders), the equiprent was hand carried to the site and set
up. At tinmes this necessitated backpacki ng the equi pment up to a half mle
over rugged terrain. Wenever possible, pernission was obtained from | and-
owners to drive overland through fields and backwood roads to ninimze
backpacki ng operations. Awalk-in setup is illustrated in figures 4, 5,
and 6.

If the streamcould be navigated with a srmall boat, the setup illus-
trated in figure 3a was depl oyed. The boat used was a 14-foot flat bottom
j ohn boat having a 70-inch beam and 20-inch deep sides, the m nimum size
craft reconmended for use on snall streans. The boat was outfitted with
a custom made wi nch equipped with a U S. Geol ogical Survey "A'-reel as shown
in figure 3. The w nch was pivoted on a pl atform supported between seats;
the pivoting systemdesign is simlar to that for the |arge boat w nch used
during the original 1llinois waterway SCD study.? The advantage of this
type of winch design is that it can be conpletely removed to free the boat
for other uses.
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Before setting up the SCD sanpl er, either a ponar or Ekman dredge sedi -
nment sanple was taken for examnation. |f the bottom sedinents were
extrenely mucky or watery, the extension flanges were installed. |If the
sedi nents were sandy, rocky or conpacted, a successful run was not possibl e,
or required special operating techniques for success. A portion of the
dredge sanpl e was retained for |aboratory deterninations of water content
and vol atile solids. A second dredge sanple was taken and tenporarily
stored for washing and sieving after the SCD sanpler was set up and runni ng.

The DO probe was air calibrated before each run with the Amrerican
Soci ety of Qvil Engineers DO saturation tables, ! after which the stirrer-
probe was installed in the sanpler. The DO neter and recorder were hooked
up and turned on, and the sanpl er was suspended subnerged upsi de down in the
water to expel air. The sanpler was then lowered to the bottomand firmy
seated, and the hose openings were capped if the stream anbi ent DO concen-
tration was at least 3.0 ng/1l. |In oxygen deficient streans, aerated water
was poured into the sanpler at a hose connection through a plastic pipe on-
to which a large plastic funnel was secured. The pipe was renoved and both
openi ngs on the sanpl er were capped. Aerated water was obtai ned by pouring
four to five gallons of streamwater fromone bucket to another at chest
height 10 to 12 tinmes. A nost any streamwater can be brought up to satu-
ration by this neans.

Sandy, rocky, and solid rock bottons were set up with the use of sand
bags. Five 40-pound sand bags were placed around the bottomof the sanpler
to seal it. For sandy bottons, the extension flanges were installed, the
sanpl er was seated to the flanges, and the sand bags were placed on top of
themto prevent undernmining and scouring. Figure 7 illustrates a sand-bagged
installation.

Sone streans contai ned extensive, deep sludge and nuck deposits which
nmade wadi ng i npossi ble, as denonstrated by figures 8 and 9. To be able to
set up under such conditions, a portable wading ranp was used. It consisted
sinply of a 3-foot by 40-foot roll of common snow fence which was unrol | ed
into the stream The nuckiest of sedinments can be transversed with this
device. Figure 10 shows the use of the fence to gain access to the center
of a streamhavi ng extensive shoreline nmuck deposits.

Bent hi ¢ Macr oi nvert ebr at es

Aguati c macroi nvertebrates are defined as animals which are visible
to the unai ded eye and are capable of being retained in a US. Standard 30-
nmesh sieve. Benthic nacroinvertebrates, often referred to as the benthos,
are relatively stationary and therefore tend to reflect m ni numwater
quality conditions at a given streamlocation. Fish, plankton, and water
sanples are nore transient indicators of streamconditions, whereas the
bent hos represent a summation of the effects of |ong-termphysical and chem -
cal environmental factors. Consequently, benthic nacroinvertebrate sanpling
provi des inportant supportive information in any streamwater quality study,
and it is especially inperative that benthos sanmpling be an integral part
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Figure 7. Box SOD sampler sand-bagged in place

Figure 8. Sudge deposition in Little Calumet River



Figure 9. Sedinment deposition in Des Plaines River

Figure 10. Use of enowfence to traverse mucky bottom
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of an SCD study. The identification and enuneration of the benthic organi sns
can aid in interpreting the SCD data relative to the degree of degradation,
and it can also aid in pinpointing the principal source or sources of the
oxygen denmand.

Bent hi ¢ nacroinvertebrate sanples were collected with a 9-inch ponar
dredge when SCDs were neasured fromthe boat, while a 6-inch Ekman dredge
was used for nost wal k-in operations. At sone wal k-in stations the bottons
were too rocky to use a bhiol ogical dredge, so sanples were collected by
gathering rocks and gravel froma 6-inch area and scraping themwith a fine
bristle brush. Because of the logistics involved in the overall sanpling
program only one benthos sanpl e was taken per S(D sanmpling site. Froma
purely scientific standpoint, this is poor sanpling technique. However, for
S work it is acceptable since the data are basically supportive and are
used only to indicate orders of magnitude of bottom degradation. The sanples
were washed in a WIldco nodel 190 plastic bucket equipped with a No. 30
sieve. Sieved residues were preserved in Mason jars with 10 percent formnalin.
Qganisns were picked in the laboratory by the salt flotation technique.

Care had to be taken to insure the organisns floated free when entrapped in
sanpl es contai ning much sand and fine gravel. Picked sanpl es were preserved
in 70 percent ethyl alcohol until counts and identification were nade.

Sedi nent and Sedi nent Cores

Sanpl es were collected fromthe top two or three inches of benthic sedi-
nents for use in deternmning the two physical parameters, percent dried
solids and percent volatile solids. These paraneters were anticipated to be
of aid in analyzing the condition of the sedinents. The volatile solids
(loss on ignition) paraneter serves as a general indicator of organic con-
tent, while the percent dried solids paraneter serves as a general indicator
of constituency, i.e., the degree of liquidity of the sediments. Ether the
Ekman or ponar dredge was used to collect these sanpl es except in rocky
bottons. Here gravel and rocks were gathered by hand for the anal yses. Ap-
proxi mately 65 to 75 grans of sedinment were retained fromthe top |ayer of
the dredge sedinent load. The sanples were kept refrigerated after receipt
at the laboratory. Volatile solids were run according to procedures out-
lined in Standard Met hods. * The percent dried solids was deternined by
decanting the supernatant fromthe sedinments after the sanple was left un-
disturbed for at |east 24 hours, and then oven drying the renaining
nmaterial at 103°C

Core sanpl es were obtained with tube coring devices designed and fabri -
cated by personnel of the Hydrol ogy Section of the SWE. Two sizes were
utilized—ene was a 2 1/2-inch diameter brass tube unit and the other a 2-
inch stainless steel tube unit. The smaller stainless steel sanpler re-
pl aced the brass one after it becane severely deformed fromrepeated y
hitting rocks, but near the end of the study period, the stainless steel
tube becane al nost as severely deformed as the brass unit. The 2-inch
sanpler is shown in figures 4 and 5 and its use is illustrated in figure 10.
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The tube is 5 feet long and contains a plunger which is fitted at the bottom
with punp leather. A rammer weight slides on a pipe shaft nounted on top

of the tube. As the tube is forced into the sedinment with the ramer weight,
the plunger noves up forcing the water out of the tube through two ports
located at the top. The sanple is extracted on the streambank by pushing
the plunger forward.

The core sanpler worked very well in sedinents having sone consistency.
However, in thick deposits of very loose watery nuck or sand, or in rocky
| ocations, problens were encountered and true core sanples could not be
taken. Sone conpression of the cores occurred and true depths of various
types of material in the sanples could not be ascertained with a high de-
gree of accuracy. Nonetheless, the information gained fromthis type of
corhng t echni que was satisfactory for use in neeting the objectives of this
st udy.

Each core was dissected with a putty knife, and various differentia
| ayers of sediments were described, cataloged as to thickness, and photo-
graphed. \ere the sedinents were too loose for coring a ponar or Ekman
dredge sanple was photographed; representative hand-gathered rocks were
phot ographed at rock and gravel sites.

DATA REDUCTI ON AND ANALYSES

The data were reduced to useable and manageabl e form by standard and/ or
acceptabl e procedures and techni ques whenever possible. In sone instances,
however, experience and judgment formed the basis for the final answers.
This was particularly so in the evaluation of the SOD data

SCD Dat a

The SOD curves, as traced out by the recorder (see Appendix A), were
utilized as nuch as possible for analyzing and interpreting the SCD data
Proper interpretation of the curves can be difficult and know edge of the
chem cal, physical, and biological conditions which existed during the
sanpling period can greatly aid in isolating the nost representative rate.
At tinmes, recorder problens were encountered and hand-recorded data were
used. As a check, readings were hand-recorded for all runs and are pre-
sented in Appendix A

The SOD rates as taken fromthe curves are in units of mlligranms per
liter per mnute (ng/l/mn) and nust be converted into grans per square
meter per day (g/nf/day) for practical use. The general conversion fornula

is:
SOD = (1440SV)/ 10°A (1)

where SOD = sediment oxygen demand, g/ nf/day
S = slope of sone portion of the curve, ng/l/mn
V = volume of sanpler, liters
A = bottom area of sanpler,
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The specific formula for the box sanpler and stirrer conbi nation varies
according to bottomconditions. In nucks and | oose sand where the sanpl er
can be sealed up to the seating flanges the rate conversion formila is:

S = 205.5 S (2)

For rock and hard bottonms where the cutting edges are exposed and sand bags
must be placed to seal the unit the rate conversion formula is:

S = 270.8 S (3)

If a punpi ng systemhad been used, an additional formla would have been
necessary because of increased vol ume due to hose and punp storage. The
conputed vol ume of the sanpler itself up to the seating flanges is 8.261
liters, whereas the directly measured volunme with the sanpler rigged for
field use is only 7.735; consequently, 0.526 liter was taken up by the
stirrer and split collars.

Ether fornula 2 or 3 was applied between all the maj or deflection
points on a curve. The value froma curve recommended in this report for
general application in a water quality nmodel is the nost stabilized |inear
portion of a curve, which nost often occurs near the end. The begi nni ng of
many curves generated for |oose sediments exhibit high initial rates that
resenbl e exponential curves. This is due to bottomdi sturbances. These
di sturbance rates have been estimated and coul d be used in a water quality
nodel to sinulate conditions during periods of bottomdisturbance caused by
out board activity in shallowwaters, |arge boat movenents in channels, w nd
action in shall ows, dredging operations, etc.

Besides isolating |linear segments of each SCD curve, all the points on
the curve were fitted to one single equation by statistical regression tech-
ni ques. Linear, exponential, and log-log fits were nmade and conpared by
the use of correlation coefficients. The reduced data used as an input to
the generation of these curves are tabulated in Appendi x A

Stepwi se mul tipl e regression techni qgues were used to conpare seven in-
dependent variables to the dependent variable, SOD, The independent param
eters were: 1) water tenperature, 2) dissolved oxygen of overlying water,
3) sedinent depth, 4) total nunber of macroorgani sns, 5) nunber of taxa,

6) percent dry solids, and 7) percent volatile solids. The objective of
making this analysis was to determne if relationshi ps exist between sone
easi | y nmeasured physi cal and bi ol ogi cal paraneters and SOD, and if so, to
devel op an enpirical predictive equation for use in a water quality nodel.
The data used for each of these variable inputs are given in Appendix E

The i n-situ SCD neasurenents taken at anbient water tenperatures were
corrected to 20 and 25°C for conparative purposes by the equation:
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T-20

SOD,, = S0D,q(1.047 ) (4)
where SODT = S0D rate at any temperature, T°C
SOD,o = SOD rate at 20°C

Equation 4 is a formof the Arrhenius nodel which is widely used in water
quality studies involving the stabilization of carbonaceous materials in
aqueous envi ronment s. 2

The SOs expressed in terns of the standard areal rate units of g/ nf/
day can be converted to ng/1 for a given length of streamby the fornul a:

G = 3.28G/H (5)
where G oxygen used by the sedinents per reach in ng/1
S in g/ nf/ day

time-of-travel in the reach in days
average water depth in the reach in feet

II—~®

This fornula is devel oped on the assunption that the bottomarea of the
stream approxi nates the water surface area. This is a valid assunption for
nost study area streans. The expression shows that the oxygen depletion in
ng/ 1 per reach is directly related to the areal demand and the tine-of-travel
through the reach, and inversely related to the average water depth. For
nost general DO BCD water quality nodels the time-of-travel and average
water depth paraneter values are available or can be estinated.

Bent hi ¢ Macr oi nvert ebr at es

The macroorgani smcounts per dredge sanpl e were converted to unit
values in terns of individuals per square neter. Mst organi sns were keyed
to species and both scientific and cormon nanes given.

Bottom condi tions, as reflected by benthic macroorgani smpopul ati ons,
were eval uated by two methods. Qne is the Shannon-\Waver diversity index, '3
and the other is the Illinois Environnmental Protection Agency (IEPA) poll u-
tion tol erance classification. ™*

A diversity index nmathenatically relates the total nunber of organi sns
to the total nunber of taxa observed at a given location. The Shannon-
Waver index can be formul ated as:

m
D = -1-11311.44 In P; (6)
where D = Shannon-Weaver diversity index
m = number of genera per sample
In = natural logarithm
p; = Ni/Ns
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N the ig genera density

i
N
s

total density

Several authorities® ' have suggested using the index for eval uating water
quality conditions in a stream |ndexes above 3.0 are generally indicative
of clean water, whereas val ues between 1.0 and 3.0 are indicative of noder-
ately polluted water. Values below 1.0 are indicative of severe pollution.
Mly species nunbers should normal |y be included in diversity index compu-
tations; however, in this study some exceptions were nade. Because of the
ti me and expense invol ved i n keyi ng Chi ronom dae and Tubi fi ai dae down to
species in the large nunbers found at nany locations, all species of these
or gani sns were grouped into either Chironom dae or Tubifiai dae fanilies.

Agquatic biologists, through long-termresearch and practical field ex-
perience, have been able to rate nany aquatic organi sns as to pollution
tolerance. n the basis of ratings, systens for ecologically classifying
bent hi ¢ communi ties have been formil ated such as the one used by the | EPA
The | EPA categorizes organisns into four groups; by definition these are:

Intolerant: O ganisnms whose life cycle is dependent upon a narrow,

stabl e range of ideal environmental conditions. These organi sns usually
do not inhabit organically rich areas, and upon degradation or enrich-
nent of the environment, they are replaced by nore tol erant organi sns.

Moderate: Cganisns whose life cycle is not extrenely sensitive to
envi ronmental stress and changes. Sight to noderate increase in or-
ganic enrichrment norrmal ly results in an increase in abundance, but they
do not adapt to severely polluted conditions.

Facul tative: GQganisns whose life cycle is adaptable to nost stream
conditions except for gross or severe pollution.

Tol erant: QOganisns whose life cycle can tolerate the nost severe or-
ganic pollution. They inhabit both clean and pol | uted bottons; however,
they are often found in greatest abundance in areas of organic

pol | ution.

O the basis of the relative nunbers of the above organi smtypes, |EPA
has devel oped criteria for aquatic environment classification. This classi-
ficationis:

Percentage of organisms present

Type of envirorment Intolerant Moderate, facultative, tolerant
Balanced >50 <50
Unbalanced <50 but >10 >50
Semi-polluted <10 >90
Polluted 0 100
Barren areas ' ] 0
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Barren areas can exist because of a natural unhospitable environnent or from
man- made unhospitabl e conditions caused, for exanple, by toxic chenica
di schar ges.

This systemof classification was applied to all sanpling stations,

Bar graphs of the results were devel oped for each station to provide a quick,
visual inspection of the relative overall conditions which were observed

Sedi ment and Sedi nent Cores

The nature of the sediment sanples and the cores did not allowfor a
rigorous analysis of the data. Only the liquidity, volatile solids, and
the depths of the cores provided numerical information. The rest is purely
descriptive information. The solids factors and sedinent depths were used
inthe step-wise nultiple regression analysis as mentioned previously. Sedi-
ment sanples were taken at |ocations other than SOD stations to aid in
extrapolating the SOD results throughout streamreaches.

O her Met hodol ogi es

Ml epoint locations of sanpling points and streamreaches are all refer-
enced to the U S. Geol ogical Survey Hydrologic Investigations Atlases. One
anomaly occurred in the use of these maps. The milepoint for the Little
Calumet River at the match-up of the Blue Island (HA-153) and the Chicago
Hei ghts Quads (HA-89) was different on the two maps. The Blue Island val ue
was considered correct and all the sampling point locations in the territory
covered by the Chicago Heights Quad were referenced to it. Al the SOD sam
pling sites have been spotted on these maps. Those with the SOD sanpling
| ocations spotted on themhave been made available to NIPC as a supplenment to
this report.

Extensive field reconnai ssance of benthic sedinments throughout the
| engths of the major study area streams, examnation of available hydraulic
and hydrol ogic maps, *"* % ' and the taking of supplenental sedinent sanples
for percent solids and percent volatile solids anal yses aided in extrapo-
| ating SOD val ues throughout streamreaches.

SUMVARY OF RESULTS
The overall results of the study were very good. The information gen-

erated shoul d provide a good base fromwhich to estimte oxygen usage in
streans due to a variety of benthic conditions,
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SOD Results

Sedi ment oxygen demand neasurenments were successfully conpleted at 89
different stations. At one station two runs were made-—ene over a spot
relatively free of filamentous green algae and the other over a nassive
filamentous green algae growth. The sanpling station nunber, the stream
name, the U.S. GCeol ogical Survey floodplain quads (or atlases) on which the
stations are |ocated, and the mlepoint locations are tabulated in table 1.
Al mlepoints are given to the nearest tenth of a mle except those for
the Fox River where accurate estinmates to hundredths were made and for those
| ocations considered control points, nanely, dams and major streamjunctions.

The SOD curves as traced by the recorder in the field and the val ues
recorded by hand as a backup to the recorder are presented in Appendix A
For some curves mnor variances occur between the recorder and nanual |y
recorded results. For some bottom conditions precise initial calibrations
coul d not be made because of high initial disturbance rates. However, in
alnost all cases, the overall shape of the recorded curve matches that of
the manual |y plotted one. Mjor recorder problens were encountered at tines,
and no curves were generated by the recorder for stations 83 through 86.
However, hand traced curves for those four stations were made.

The anbient SOD rates along with those corrected to 20 and 25°C are
presented in table 2. These values represent the single best overall esti-
mate. The recorded curves, however, nore clearly describe the true oxygen
upt ake characteristics of the benthic sedinents. Gadual rate changes and
sudden deflections in DO meter readings are easily detected. References to
the curves should be made if rates other than the generalized ones presented
intable 2 are of interest.

Extrapol ated val ues suggested for use in water quality nodeling for al
the major streamreaches in the study area are presented in table 3, Streans
for which only one SCD measurenment was taken are listed in table 4, The
single SOD val ue given for these streanms can be considered representative of
the entire stream

Bent hi ¢ Macroi nvert ebrat es

Ninety-five stations were sanpled for benthic macroinvertebrates from
May 2 through Cctober 20, 1976. Sixty-one sanples were collected with the
Ekman dredge, 33 were collected with the ponar dredge, and 1 was a nonquanti -
tative hand-pi cked sanmple. A benthic sanple was taken at each of the SOD
sanpling stations listed intable 1. In addition, benthos sanples were
col lected at points internediate between stations 1 and 2, 5 and 6, 9 and
10, 17 and 18, and 22 and 23. The exact streammlepoint |ocations of these
intermediate stations are given in table 7. The stations, for identification
purposes, have been designated as 1.5, 5.5, 9.5, 17.5, and 22.5. These
sanples were collected to aid in the extrapolation of SOD results into areas
not readily suitable for direct neasurement of SOD. The hand- pi cked sanple
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Station
number

WAoo ~1 O 47 5 b=

Tabl e 1.

Stream

Fox River
Fox River
FPox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
For River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Fox River
Nippersink Creek
Silver Creek
Kishwaukee River

8. Br. Kishwaukee R.

Kishwaukee River
Plint Creek
Filint Creek
Noods Creek
Blackberry Creek

W,
W,

BI’«
Br.
Br.
Br.
Br’
Br.
Br.
Br.
Br,
Br.
Br.
Bn,

DuPage
DuPage
DuPage

DuFPage
DuPage
DuPage
DuPage
DuPage
DuPage
DuPage
DuPage
DuPage
DuFage
DuPage
DuPage
Riyer

River

River

RO
R.
R.
R.
RO
R.
R.
R.
R.
R.
R.
R’

Sanpling Station Locations

USGS floodplain

atlas name {rumber)

McHenry (HA-255)
Barrington (HA-150)
Barrington (HA-150)
Crystal Lake (HA-253)
Elgin (HA-147)

Elgin (HA-147)

Elgin (HA-147)

Geneva (HA-142})
Geneva (HA-142)
Geneva (HA-142)
Geneva (HA-142)
Aurora North (Ha-170)
Aurora North (Ha-17()
Aurora North (Ha-170)
Aurora North (HA-170)
Aurcora North (HA-170)
Aurora North (HA-170}
Aurora North (HA-170)
Aurora North (HA-170)
Aurora North (HA-170)
Aurora South

Aurora South

Aurora South

Aurora South

Fox Lake {HA-151)
Woodstock (HA-256)
Huntley (HA-361)
Huntley (HA-361)
Garden Prairie (HA-497)
Barrington (HA-150)
Barrington (HA-150)
Crystal Lake (MA-253)
Sugar Grove (HA-227)
West Chicago (HA-202)
Naperville (HA-154)
Naperville (HA-154)
Naperville (HA-154)
Naperville (HA-154)
Normantown (HA-210)
Lombard (HA-143)
Lombard (HA-143)
Wheaton (HA-148)
Wheaton (HA-148)
Wheaton (HA-148)
Romeoville (HA-146}
Normantown (HA-210)
Plainfield (HA-228)
Channahon (HA-362)

20

Milepoint

Loeation

99,53
90.91
87.29
82,77
78.26
74.72
72.35
68.37
64,39
61,27
58.76
57.96
56.62
55,05
54.17
52,84
50.38
49.05
48.48
48,06
46.78
44.89
36.78
36.78RB
5.00
1.70
50,50
10.50
33.80
8.60
2.90
1.40
14,30
52,40
42,60
38.90
36,70
32,00
28,40
47,70
46.90
44,80
42,20
38,00
36.00
25,20
10,90
1.40RB



* As referenced to mileage on Blue Island Atlas (i.e., station equation:
mle 17.58 on Blue Island = 4.0 on Harvey)

RB and LB = Left and Right Bank side of channel

Tabl e 1. Concl uded

Stream

Des Plaines River
Des FPlaines River
Des Plaines River
Des Plaines River
Des Plaines River
Des Plaines River
Des Plaines River
Dee Plaines Rivenr
Dee Plaines River
Des Plainee River
Des Plaines River
Des FPlaines River
Des Plaines River
Des Plaines River
Des Plaines River
Salt Creek

Salt Creek

Salt Creek

Salt Creek

Salt Creek

Salt Creek

Skokie Lagoons
Skokie Lagoons
Skokie Lagooma

N, Br. Chicago River
Little Calumet River
Little Calumet River
Little Calumet River
Little Calumet River
Little Calumet River
Little Calumet River
Little Calwmet River
Calumet Union Canal
Midlothion Creek
Thorn Creek

Thorn Creek

Deer Creek
Butterfield Creek
Hickory Creek
Hickory Creek
Hickory Creek

USGs floodplain

atlas name (raumber)

Wadsworth (HA-144)
Libertyville (HA-38)
Wheeling (HA-71)
Wheeling (HA-71)
Wheeling (HA-71)

Arlington Heights (HA-67)
Arlington Heights (HA-67)

Park Ridge (HA-85)
River Forest (HA-206)
River Forest (HA-206)
River Forest (HA-206)
River Forest (HA-206)
Berwyn (HA-252)
Berwyn (HA-252)

Sag Bridge (HA-149)
Palatine (HA-87)
Elmhurst (HA-68)
Elmhurst (HA-68}
Hinsdale (HA-86)
Hinsdale (HA-86)
Berwyn (HA-252)

Park Ridge (HA-85)
Park Ridge (HA-85)
Highland Park (HA-69)
ParkK Ridge (HA-85)

Chicago Heights (HA-89)
Chicago Heights (HA-89)
Chicago Heights (HA-89)
Chicago Heights (HA-89)

Harvey (HA-90)
Blue Island (HA-153)
Blue Island (HA-153)
Harvey (HA-90)
Blue Island (HA-153)
Harvey (HA-90)

Chicago Heights (HA-89)
Chicago Heights (HA-89)

Harvey (HA-90)
Joliet (HA-89)
Joliet (HA-89)
Joliet (HA-89)

21

Milepoint
location

103.00
92.90
83.40
79.50
73.50
69.50
65.50LB
62.40
60,60
57.50
54,30
50.10
47,10LB
45,80
36.10
35.50
27,90
23,00
13.60
11.60

1,20
24,70
26.10
28.30
17.40
26.00"
25.40"
23.80"RB
20.50*RB
17.90*
13,80 LB
13,80

1,00

0.30
18,60
10.00RB
19,50

0.70

5.10

4.80

4.60

centerline |ooking downstream



Sta.

W00 - O N B B

80D (g/m*/day) at

Tabl e 2.
Avg.
t .
(;r{;rp&) 7°¢
23.6 2.57
23.9 1.55
24,7 1.30
25.0 2,26
24.5 1.85
25.2 4,22
23.6 2.47
22.3 2.14
22.8 2.64
26,8 2.35
23.7 3.43
21.6 1.92
21.6 2.06
25.2 2.90
25.5 3.38
22.2 2,24
26,0 9,79
24,0 1,52
27.4 2.73
28.6 7.16
25.1 4.17
30.8 5.99
20.6 2.36
27.8 4.90
5.5 0.63
6.9 1,93
9.2 5.14
7.8 1.03
7.3 1.41
12.5 0.27
14,7 0,93
29.1 1.94
19.0 0.86
21.0 0.98
21.7 1.62
23.1 1.38
23,0 2.21
21.0 1.17
20.5 2.7
12.4 2.76
10.4 1.50
17.8 6.61
18.4 1,93
21.7 2.06
20.6 0.90

20°%c

2.18
1.30
1.05
1.80
1.50
3.33
2.14
1.93
2.32
1.72
2,90
1.79
1.91
2.28
2.63
2.03
7.45
1.26
1.95
4.82
3.30
3.66
2.30
3.42
1.23
3.53
8.45
1.80
2.54
0,38
1,18
1.28
0.90
0.94
1.50
1.20
1.93
1.12
2,65
3.93
2.34
7.31
2.08
1.90
0.88

25%

2,74
1.63
1.32
2.26
1.89
4,19
2,70
2.43
2,92
2.17
3.65
2.25
2.41
2.37
3.31
2.55
9.37
1.59
2.45
6.07
4,16
4.60
2.90
4.31
1.54
4.44
10.63
2.27
3.19
0.48
1,49
1.61
1.13
1.18
1,89
1.51
2,43
1,40
3.33
4.94
2.94
9,20
2,62
2.39
1.11
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Sta.
m.

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81A
31B
82
83
84
85
86
87
88
89

Avg.

terp.
(rc)

et et et
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[T, ]
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17.5
21,2
25.0
23.9
20.4
19.5
17.3
18.4
24,3
18.7
21.2
24.9
17.9
16.6
19.1
13.9
19.9
24,2
20.2
22,0
24,2
14.9
15.1
20,0
21,2
22.2
22.8
22.7
22,2
19.0
15,6
15.8
17.8

Measured and Tenperature-Corrected SCD Rates

80D (g/m*/day) at

°c

2,20
0,97
3,30
1,84
4,70
1.01
0,71
0.82
1.93
3,93
4.11
1.91
7.42
5,61
6.17
6.17
1.96
5,53
1.76
0.86
1.23
2,20
1.93
2,87
3,63
3,64
2.62
1.64
8,87
9,49
9,32
4,26
4,20
2.06
1.33
4,45
7.74
4,64
2,22
2.78
2.60
1.55
0.86
1.13
0.50

20%¢

2.49
1.16
3.92
3.05
6,20
1.43
1.08
1.09
2,02
3.67
3.93
2,02
8.32
5,31
4.90
5.16
1.92
5.65
1,99
0,92
1,01
2.34
1.83
2.29
4.00
4,26
2.73
2,18
8.93
7.84
9,32
3.9
3.46
2,60
1,66
4,22
7.34
4,20
1,95
2.45
2,35
1.62
1,05
1,37
0.55

25%
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Tabl e 3.

Inclusive milepoints

36.54-38.75
38,75-43.56
43,56-46,56
46.56-47.90
47.90-48,37
48.37-48,91
48,91-52.60
52.60-54,66
54,66-54,90
54.90-56.21
56.21-56.26
56.26-56.82
56.82-58.12
58.12-58,67
58.67-59.47
59.47-60.65

17.0-35.60

35.6-41,00

41.0-44.45

44.45-45.10
45.10-46.70
46,70-50.80
50.80-53.83
53,83-56,50
56,50-60,40
60.40-60.50

S0p g/mg/day
at 20°C

Fox Ri ver

L A

BB G = A B B R B AR D

L T T

noungioni Ao n oAl om

Imelusive milepointe

60,65-62,50
62,50-64,96
64,96-67,65
67.65-68.17
68.17-71.85
71.85-73.11
73.11-74,05
74.05-76.89
76,89-78,15
78.15-81.44
81,44-82,.61
82.61-86, 7

86.74-89.20
89.20-98,81

98.91-98.94
98.94-106.00

F-y

Des Pl ai nesRi ver

-

Mo &=L
- * & =& & = ¥ 2+ »
ORWUWDLDROLOO O

Sal t Cr eek

DuPageRi ver

23

62,30-64,75
64.75-68.4
68.4-69,30
69.30-73.10
73.10-82,35
82.35-84.14
84.14-85.67
85,67-92,83
92.83-94.20
94.20-109.84

20.50-25,18
25,18-35.60
35.60-42,80

19,00-22,00
22,00-25.,10
25.10-27.69

Estimated SOD Rates for Study Area Stream Reaches

50D g/m?/day
at 20°C
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NOTE;

Inclugive milepoints

27.69-29,30
29.30-31.40
31,.40-36,.55
36,55-37.40

27.69-36,00
36.00-40.00
40,00-42.70
42,70-44.80
44,80-46.70

13,.75-14.30
14,.30-19.80
19.80-22.30

Thorn Creek

30,70-38.10
38.10-42,30
42 + 30-45 + 30

Sout h Br.

0-11.15
11.15-18.,1¢

Ki shwaukee

Silver Creek
0-1.70
1.70-4.70
Ni ppersink Cre

0-17.00
17.00-22.60
22.60-34,41

Tabl e 3,

SOD g/m2/day
at 20°C

Inclustve milepoints

Concl uded

West Branch DuPage Ri ver

- 2.6
2.0
1,1
1.9

East Branch DuPage

-~ D e D
DO = 0D

L]
L]
L]

Lit

t
2,1
3.5
3.9

L]

- N
oo W

-
*
-

-

37.40-38,88
38,88-40,90
40.90-42.70
42,70-56,00

R ver

46.70-46,78
46.78-47.90
47.90-48,00
48,00-49.20
49,20-50,75

[ e Cal unet River

22.30-24.40
24,40-25.30
25,30-26.53

Hi ckory Creek
.58

o —

58-8
.60-2

L

.60
1.0

co

Ki shwaukee Ri ver

L2 S ]
oo

-
L]
L)

R ver

1.8
0.5

L7
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o
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45,80~49,50
49,50~55,50
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Table 4. Suggested S(D Val ues for Use
Throughout the Listed Streans

Sampling location 80D g/m?/day

Stream milepoint at 20°C
N. Br., Chicago River 17.3 2.2
Woods Creek 3.25 1.3
Blackberry Creek 14,2 0.9,

Calumet Union 1.0 7.3,,
Drainage Canal 4,2
Midlothian Creek 0.3 4.2
Butterfield Creek 0.8 1.6
Deer Creek 33.1 2.3

*  Representative of bottom areas heavily covered wth
filamentous green al gae

**  Representative of areas relatively free of filanentous
green al gae

at station 15 is designated 15a; the results represent brushings froman
irregular, jagged, relatively flat rock nmeasuring approximately 12x3x2
inches and two pi eces of 2-inch gravel.

The benthic results are summarized in table 5. The summary i ncl udes
| EPA streamcl assifications, a conputed diversity index, the nunber of taxa
observed per station, the total nunber of organi snms counted per station, and
the two principal organi smclasses and their percentage conposition per
station.

The nunber of stations categorized according to | EPA stream cl assifi-
cations for each water body studied is presented in table 6. ly sem -
pol luted and polluted categories are represented; not one of the 95 sanpl es
exhi bited either a bal anced or unbal anced condition. Details of the benthic
results and bar graphs of the percentage conposition of each tol erance cate-
gory are presented in Appendi x B.

Sedi nents and Sedi ment Cores

A total of 122 sedinent sanples were taken with either the ponar or
Ekman dredge. Descriptions of raw and incinerated sanples are given in
Appendi x C and include depths of water at the tine of sanpling and the per-
cent dried solids and the percent volatile solids figures. MIlepoints at
whi ch sedi nent sanples were collected at |ocations other than S(D stations
are presented in table 7. A very general summary of the benthic sedinent
condi tions observed during the study period are given in table 8.

Core sanples were taken at 83 of the 89 S(D stations. At the other six
stations, bottomconditions such as rocks and | oose watery sand prevented
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Tabl e 5.

Organisme
IEPA Shannon-
strean Keaver Indtviduale
claeei- diversity No. of per square
Sta. fieation index tara meter
1 P 1.18 3 1,148
1.5 P 0.62 3 669
2 P 0,81 2 842
3 P 1,22 3 612
4 P 1.00 2 2,219
S P 0.99 2 881
5.5 P 0.78 Z 574
6 p 0.99 2 1,588
7 sp 0.74 3 1,607
8 SP 1.10 3 1,080
9 P 0.61 2 517
9.5 5P 0.25 2 918
10 P 0.99 2 173
11 SP 0.99 3 708
12 P 0.96 2 1,626
13 P 0.92 2 3,636
14 P 0.66 2 2,124
15 sy 1.65 7 8,396
15a sp 2.41 12 523
16 P 0.31 2 1,397
17 SP 0.83 k1 1,952
17.5 sP 1.09 3 938
18 sp 0.38 3 8,614
1% P 0.16 3 6,501
20 SP 1.99 13 5,812
21 p 0.00 1 1,665
22 SP 0,25 3 1,090
22,5 SP 2.70 16 22,476
23 P 0.00 1 3,961
24 P ’ 0.46 2 2,736
25 sSp 1.17 k3 2,540
26 P 0.97 2 6,762
27 SP 1.38 3 206
28 Sp 0.64 s 6,501
29 SP 0.32 3 1,852
30 SP 1.61 4 4,391
31 SP 1.11 6 5,126
32 P 0.36 3 9,083
33 P 0.59 2 604
34 P 0.00 b 322
35 P 0.38 2 1,764
36 P 0.14 2 6,802
37 P 0.00 1 1,980
38 SP 1.22 3 903
39 sP 2,18 8 3,939
40 s 1.15 7 5,939
41 SP 1.75 5 406
42 p 0.58 3 45,639

P = Polluted; SP = Semi-polluted
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Principal species and % composition
z .

Name

midges

midges
aquatic worms
midges

midges

nidges
aquatic worms
midges

midges
aquatic worms
midges

midges
aquatic worms
midges

nidges
midges

midges
midges

caddis fly
aquatic worms
midges

midges
aquatic worms
midges

caddis fly
aquatic worms
midges

caddis fly.
nidges

midges

midges

midges :
aquatic worms
midges

ridges

midges

midges

midges
aquatic worms
aquatic worms
aquatic worms
aquatic worms
aquatic worms
aquatic worns
mayfly

midges
aquatic worms
midges

50
87
75
66
53
57

Bent hi ¢ Macroi nvertebrate and Stream d assification Summary

Name

aquatic worms
Phantom midges
midges
aquatic worms
aquatic worms
aquatic worms
nidges
aquatic worms
aquatic worms
midges
aquatic worms
caddis-fly
midges
aquatic worms
aquatic worms
aquatic worms
aquatic worms
mayfly
mayfly
midges
aquatic worms
aquatic worms
midges
aquatic worms
midges

nmayfly
midges

aquatic worms
aquatic worms
aquatic worms
midges
aquatic worms
aquatic worms
mayfly
aquatic womms
snails
midges

midges
midges

midges
midges
aquatic worms
midges
aquatic worms



Organiems

"IEPA Sharmon-

atreanm Weaver Individuala

olasai- diversity No. of per square
Sta. fication® index taza meter
43 SP 1.01 4 53,605
44 P 0.97 2 644
45 P 0.81 3 2,282
46 SP 2.19 11 3,725
47 SP 1.85 7 6,155
48 P 0.60 3 46,072
49 sp 1.33 4 1,162
50 P 0.42 2 15,888
51 P 0.95 2 3,531
52 P 0.85 2 2,840
53 P 0,33 2 2,840
54 sp 1.42 3 774
55 P 0.73 2 4,005
56 P 0.47 2 6,071
57 Sp 1.26 5 6,027
58 sp 1.55 7 13,261
59 sp 1.85 4 3,918
60 Sp 2,48 9 5,853
61 sSp 0.56 4 39,861
62 Sp 2.07 7 4,736
63 P 0.45 2 1,981
64 SP 0.94 3 744
65 SP 0.90 4 8,223
66 p 0.29 2 2,540
67 P 0.97 2 32,937
68 P 0.99 3 2,368
69 Sp 0.79 4 4,560
70 P 0.59 3 688
71 P 1,22 3 516
72 P 0.53 2 478
73 sp 1.75 4 385
74 p 0.00 1 12,061
75 p 0.88 2 19,809
76 P 0.87 2 23,509
77 P 0.14 2 294,201
78 sp 1.07 7 3,874
79 sp 2,29 6 7,115
80 sp 0.20 3 18,735
81 sp 0.99 4 6,672
82 sp 1.36 4 4,003
83 P 0.00 1 387
84 P 0.99 2 1,465
85 SP 1.58 4 3,830
86 sp , 0.32 3 3,530
87 SP 1.19 3 440
88 P 0.96 2 306
89 sSp 1,24 3 497

P = Polluted; SP = Semi-polluted

Table 5.

Concluded

Prineipal species and % composition

Name

aquatic
midges
aquatic
midges
mayfly
midges
midges
midges
midges
midges
aquatic
midges
aquatic
aquatic
aquatic

WOTmS

WOImS

WOTIS

wOTIS
WOTTS
WOTmS

fingernail clams
fingernail clams

leaches
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
phantom
aquatic
aquatic
midges

aquatic
aquatic
midges

aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
aquatic
midges

midges
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WOTmS
WOTTmS
WOTTS
WOTHS
WOTmS
WOTTmS
WOTRS
WOTmS
WOTmS
nidges
WOTTmS
worms

WOTIS
WOTS

worms
wornms
WOTms
WOrmS
WOrmS
WOTmSs
WOITS
WOTTS
sow bugs
WOImS
WOTTS

%

100
56
83
95
57
62
52

Name

midges
aquatic
midges
aquatic

WOTHWS

WCImS

caddis fly

aquatic
aquatic
aquatic
aquatic
aquatic
midges
aquatic
midges
midges
midges
aquatic
aquatic

wWOrns
WOImS
WOITS
worms
WoTmS

WOITMS

wOorms
WOTmS

fingernail clams
fingernall clams

. midges

midges
midges
midges
midges
nidges
midges
aquatic
nidges
phantom
midges
aquatic

midges
aquatic
midges
snails
aquatic
midges
midges
midges

midges
nmidges
nidges
midges
aquatic

aquatic

sow bugs
midges

WOTMS

WOYTS

sow bugs

WOTHLS
woIrnms

38
31



Table 6. [|EPA Stream d assi fication
Summary by Véter Body

Number of Stations

Body of Water Semi~-Polluted - Polluted
Fox River 12 18
Nippersink Creek 1 1
Kishwaukee River 2
South Branch, Kishwaukee River 1
Flint Creek 2
Lake-in-the-Hills Creek 1
Blackberry Creek 1
West Branch, DuPage River 2 4
East Branch, DuPage River 3 3
DuPage River 2 1
Des Plaines River 8 7
Salt Creek 3 3
Skokie Lagoons 3
North Branch, Chicago River 1
Little Calumet River 3 4
Union Canal 1
Midlothian Creek 1
Thorn Creek 2
Deer Creek - 1
Butterfield Creek 1
Hickory Creek 2 1

successful coring. Photographs were taken of each core, and where cores

were nmissing, pictures of dredge sanples for five of the six stations were
substituted; no picture was taken at station 80. Descriptions and phot o-
graphs of the core sanples are presented in Appendix DL The cores represent

t he maxi num penetrabl e depth which coul d be achi eved w thout severely danagi hg
the corer or getting it stuck. Consequently, the segnmented depths described
in Appendi x D do not always represent the full spectrumof benthic sedinents.
However, on a station to station basis they do provide relative depths and
sedi nent consi st ency.

D SOUSSI ON

Rel ati onshi ps of Vari abl es

The 90 successful SD runs represent a wide range of conditions as evi-
denced by the variability of the raw data presented in Appendi ces A through
D.  The 20°C SCD val ues ranged froma low of 0.38 g/nf/day at station 30 in
Flint Oeek to a high of 9.32 g/nf/day at station 76 on the Little Cal unet
Rver. Hint Oeek above station 30 drai ns weal thy subdi visions and devel op-
nments, and receives effluent fromthe Lake Zurich Northwest Treatmnent Plant.
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Table 7. Location of Supplenental Benthos
and Sedi nent Sanpl es

Sample _ USGS Floodplain Milepoint
number Strean atlas name (vumber) location
Benthos
1.5 Fox River Barrington (HA-150) 91,67
5.5 Fox River Elgin (HA-147) 75.09
9.5 Fox River Geneva (HA-142) 63.79
17.5 Fox River Aurora North (HA-170) 50,14
22,5 Fox River Aurora South 44,51
Sediment
2 Fox River McHenry (liA-255) 98.30
3 Fox River McHenry (HA-25S5) 96,40
4 Fox River Barrington (HA-150) 93,37
5 Fox River Barrington (HA-150) 91,67
9 Fox River Elgin (HA-147) 79.17
10 Fox River Elgin (HA-147) 78.69
12 Fox River Elgin (HA-147) 75.09
14 Fox River Elgin (HA-147) 74,24
15 " Fox River Elgin (HA-147) 73,11
17 Fox River Elgin (HA-147) 70.27
18 Fox River Elgin (HA-147) 69,89
19 Fox River Elgin (HA-147) 69,41
21 Fox River Geneva (HA-142) 65,34
23 Fox River Geneva (HA-142) 63.45
24 Fox River Geneva (HA-142) 62,38
29 Fox River Aurora North (HA-170) 55,11
31 Fox River Aurora North (HA-170) S5.05RB
32 Fox River Aurora North (HA-170) 55.0SLEB
34 Fox River Aurora North (HA-1790) 53,50
37 Fox River Aurora North (HA-170) 50.14
38 Fox River Aurcra North (HA-170) 50.00
44 Fox River Aurora South 44,51
45 Fox River Aurera South 38,26
46 Fox River Aurora South 37.35LB
47 Fox River Aurora South 37.35
48 Fox River Aurora South 37.35RB
49 Fox River Aurora South 36.93LB
S0 Fox River Aurora South 36,93
51 Fox River Aurcra South 36,93RB
52 Fox River Aurora South 36,78RE
79 DuPage River Channahon (HA-362) 1.40
86 Des Plaines Arlington Heights (HA-67) 65,50
111 Little Calumet R. Blue Island (HA-153) 14,30

RB and LB = Left and R ght Bank si de of channel centerline | ooki ng downstream
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Table 8. Generalized Sedinment Characteristics of Major Streans

Sample Water depth Solids content range

numbers range (ft) % Dried % Volatile General sediment conditions

Fox River
1-54 1.,6-7.0 40.0-88.5 0.2-9.2 Above dams gray-black dirty sand;
below dams relatively clean sand,
gravel, rocks; a few isolated areas
of watery unconsolidated mucks
DuPage River

64-79 0.6-3.7 35.7-91.0 1.0-13.9 W. Br.--thick watery muck behind
dams, dirty sand-gravel upper reaches,
rocky lower reaches; E. Br.--thick
muck throughout; Main Br.--sand,
gravel, rocks throughout

Des Plainee River

80-95 1.0-5.0 42.6-88.6 0.8-8.7 Sediment characteristics variable
throughout; lower reaches rocky with
pockets of deep muck and sludge;
upper reaches sandy muds or muddy
sands; middle reach contains thick
0ily muck along shores and dirty sand
in channel; dirty sands generally
exist above dams

Salt Creek

96-101 1.3-3.5 42,0-93.3 0.7-6.9 Relatively clean sand-gravel below
Fullersburg Park; deep muck above
park dam; dirty sands and scattered
pockets of muck in middle reaches;
clean sand-gravel in upper reaches

Little Calumet River

106-113 1.6-7.5 40.8-85.2 2.1-14.0 Very thick septic muck in upper
reaches; dirty sand, rock, gravel
in middle reaches; extreme lower
reach to junction with Cal Sag has
thick septic muck along shore,
dirty sand in channel
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The streamhas a clean sand bottomwi th evi dence of some fil amentous al gae
growth in spots, while the Little Calunmet above and bel ow station 76 has a
bottomlined with sludge type sedinments (see figure 8). An examnation of the
Sk in table 2 shows that the remaining val ues are well distributed between
the two extrenes.

Many physi cal, biol ogical, and biochencal factors enter into this vari -
ability. Stepw se regression techniques were used in an attenpt to isolate
the principal variables and to fornulate theminto a useable enpirical pre-
dictive equation. A data base was available for the fol |l ow ng seven inde-
pendent variables: 1) tenperature, °C 2) dissolved oxygen, ng/1; 3) sedi-
ment depth, inches; 4) macroinvertebrate density, nunber/nf; 5) nunber of
nmacroi nvertebrate taxa; 6) percent volatile solids; and 7) percent solids.
These data are tabul ated in Appendi x E,

For Appendi x E, sone adjustnent was nade to the sedi nent depths pre-
sented in Appendix D. At several stations, total sedinment depths were
nodi fied to exclude deep nmaterial considered not to be significant. For in-
stance, at station 5 a sedinment core of 17 inches was achi eved, but after
exam ni ng the photograph and the physical description of the sanple GCsee
Appendi x D), a judgnent was nade that the effective depth inrelationto
oxygen usage was only 4 inches. Wiere |oose sands or rock bottons existed
and cores could not be taken, effective depths were estinated fromdescri p-
tive field notes taken at the tine of SCD sanpling. The dependent vari abl e,
SD expressed in g/ nt/ day, was used at anbient tenperature for the statisti-
cal analyses. Al so, logarithns to the base 10 were used as an input for the
nacroi nvertebrate nunbers because of the extremes in values represented by
thi s i ndependent vari abl e.

Snple correlation coefficients between all the variabl es generated
during the statistical manipulation of the data are presented in table 9 as
amtrix. O particular interest is the last colum, the coefficients re-
lating each independent variable to SCD, Sedinment depth appears to be the
paraneter nmost highly correlated to SCD rates. However, it explains only
approxi mately 31 percent of the variability. Oly two of the renaining vari -
abl es, tenperature and |log of the nunber of macroi nvertebrates, are signifi-
cantly correlated to SCODwith even a |arge sanpl e size of 89.

What is surprising are the low correlations between SCD and the vol atil e
solids and the percent solids. Volatile solids are a rough indicator of
the organic content of sludges and should be a gage as to the rel ati ve anount
of food material available for biological activity. The correlation between
volatile solids and SCD was significant, but not high, for only 11 silt-clay

sanples in the original SCD work done on the Illinois waterway.? The |ack
of any correlation for the large 208 study sanple size and the relatively |ow
correlation for the snall Illinois waterway sanpl e size indicate that organi-

cally enriched benthic sedinents may not necessarily have high SOD rates.

The percent solids factor shows a low correlation with SCD rates al so.
This runs counter to intuition somewhat in that |iquid, mucky sedinments
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Table 9. Sinple Correlation Coefficient Matrix

Sed. Log of No. % Vol. %

Temp. DO depth no. maero. ‘taxa solids Solids SOD
Temperature -- 10 -.06 -.03 ~.08 .10 -.12 .34
Do -- .08 -.22 .08 -.13 .07 .04
Sediment depth -- .12 -,.02 .19 -.27 .56
Log. of no. macro. -- .21 -.02 .09 .35
No. of taxa - -.19 .39 |11
% Vol. solids ' -- -.73 .08
% Solids - ~.12
S0D -~

represent poorer bottomconditions and reflect recent sludge or sedinment in-
puts or algal fallout accunulations. However, interestingly, the percent

sol i ds-SOD correlation value is in the right direction, i.e., it is negative
indicating that as sanples beconme nore solid the SOD rates have a tendency
to go down.

The fact that the nunber of taxa is poorly correlated to SOD is not
surprising; often a benthic community |acking richness in species diversity
has one dom nant organi smwhich nultiplies to great numbers. Consequently,
some benthic communities devel op a large biomass around a single species, and
this biomass may have the potential of exerting a high SOD rate. A good ex-
anpl e of this occurs at station 77 (see tables 2 and 5) where a noderately
high SOD rate occurs in a bottomin which 99 percent of the macroinvertebrate
bi omass of 294,201 organi sns/nt are aquatic wor ms.

The lack of a significant dissolved oxygen-SCD correlation can probably
be attributed to the fact that, for many of the 89 |ocations, oxygen usage
appeared to result fron1nicrobiolog cal respiration fromeither bacteria or
al gae or both. MbDonnell and Hall® have reported that benthic bacteria
respiration rates are independent of DO concentration, whereas nacroinverte-
brate respiration rates decrease wth decreasing oxygen levels. Many of the
oxygen usage curves (Appendix A) were linear nost of the time the readings
were taken. This fact was used later to help classify the principal causes
of SOD at each station.

General ly, the interrelationships between the independent variables, as
characterized by the correlation coefficients in table 9, are what woul d be
expected. Most of the coefficients are not high, but a nunmber are signifi-
cant and are worth commentary. The water dissolved oxygen |levels do appear
to have a tendency to be |ower for high macroinvertebrate nunbers as evi-
denced by the negative 0.22 correlation coefficient. Also, a relatively high
negative coefficient of 0.73 between volatile solids and percent solids
indicates that harder, nore conpact sedinments tend to contain |ess organic
matter. Also, the harder, nore conpact sedinments appear to have a slight
tendency to harbor nore diverse macroinvertebrate popul ations.
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As a result of the step-w se regression analysis only the significant
variables were retained in the final formula as foll ows:

SD=0.15T + 0.30D + 0.11 log N - 0.56 (7)

where T = anbient water tenperature in C
D= estimated effective sedinent depth in inches
N = total nunber of nacroinvertebrates per square neter

The mul tiple correlation coefficient is 0.729; retaining the remaining four

i ndependent variables in the equation increased the correlation to only
0.735. The three independent variables in equation 7 account for 53 percent
of the variability and the other four only 1 percent. Consequently, other
unknown factors account for the renaining 46 percent. The nost significant
unknown factors probably are related to bacterial and al gal popul ation types
and nunbers, however, the direct determnation of the degree of influence
these factors have on the SCD is beyond the scope of this study.

Stochastic fornulations can be of aid in predicting general conditions
when the input data fall within the limts of that for which the equation
was derived. For equation 7 the ranges are: T (5.5to0 30.8°C), D (1to 17
inches), and N (173 to 294, 201/ nf). However, the useful ness of equation 7
is limted in that the standard error of estimate is 1.45 g/ nf/day, a rela-
tively large value. Neverthel ess, equation 7 could possibly be used to
determne relative reductions with sone degree of confidence. For exanple,
station 77 on the Little Calumet Rver had a predicted SCD of 5.62 g/ nf/ day
at T=22°C, D= 8 inches, and N = 294,201/ nf. Let us assune that a water
quality programis inplenented reducing the persistent input of sludges and
sedi nents, and thereby creating a nore bal anced benthos. A 50 percent re-
duction in effective sedinent is projected to occur along with a large
reduction in the sludge worm popul ati on and the evol ution of a nore bal anced
bent hi ¢ macroi nvertebrate popul ation of 10,000/ nf. Substituting these
values in equation 7 at 22 Cresults in a predicted SCD of 4.38 g/ ni/ day
or a 28 percent reduction.

Princi pal Causes of S(D

To aid in identifying the principal cause or causes of SCD at each
station, statistical regression curve-fitting techni ques were used to de-
termne if the SCD curves (Appendix A) best fit a linear, log-log, or sem -
log nmodel . As previously nentioned, a pure |inear usage is indicative of
hi gh bacterial demand, whereas a curvilinear usage can be indicative of a
nm xed denand of bacteria, algae, and macrofauna. If the SCD was al nost
whol ly the result of a macrodermand, a sem-log fit would probably occur
since this denand theoretically occurs at a rate in proportion to the re-
nmai ni ng oxygen concentration. The results are given in table 10. The
nmat henati cal descriptions of the nodel s are:
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Best-fit model

Sta.

L= < o R R Y

L

R R R R R R RO

T E R RS

R N e e

S B S S

SL LL
%
4
4
Y
Y
4

4

v/
4

/
v
v
v
Y

v

Tabl e 10.

Corr,
coef.

.9937
L9971
.9914
L9955
.9963
. 9999
.9983
L9995
. 9984
.9869
. 9907
.9988
1.0000
.9989
.9936
.9975
. 9995
. 9544
.9982
L9960
. 9961
.9881
.9878
L9978
.9857
L9879
L9991
.9930
.9918
. 9964
.9951
9977
.8814
.9966
. 9963
.8858
. 9983
L9769
L9942
L9913
L9963
.9974
.9984
.9992
.9920

-.017
-.041
111
.034
.017
.020
.028
-.002
.057
.033
.192
-,026
.000
.044
-.068
.037
.044
036
-.039
172
146
173
-.167
.078
.034
.119
.326
.045
-.121
012
.015
-.043
-.040
~-.026
.042
. 080
-.062
.152
-.172
-,001
.028
.337
-.031
.089
037

b

.0129
.0082
L0067
.0109%
. 0085
1.0023
.8598
.0103
.0120
1.0361
.0142
.0097
.0100
.0138
L0165
.0118
L9558
.8984
.0140
L0253
.0133
.0210
.0104
7275
.0238
.0190
.0272
.4923
.0069
.0265
L0033
L0101
. 0047
.0052
.6340
.5158
.0110
.3658
.0094
L0056
.0133
L9769
.0093
.0102
.0251
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S Qurve Fitting Results

Comments

linear § log-log
linear & log-log
log-log § linear
log-log slightly
linear § log-log

linear § log-log

log-log & linear

linear § log-log
linear & log-log

log-log § linear

log-log § linear

essentially
essentially
essentially
better than
essentially

essentially

essentially

essentially
essentially

essentially

essentially

equal
equal
equal
linear
equal

equal

equal

equal
equal

equal

equal

linear slightly.better than log-log

log-log § linear essentially equal

semi-log § linear essentially equal



Best-fit model

Sta. L

46
47
48
49
50
51
52
53
54
55

. 56

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81A
81B
82
83
84
85
86
87
88
89

T RUROTRLR R R TR R TR TR R TR TR TR R R TR R SRR R R RORORA RS RS S

i N

Corr.

LL coef.

v/

Y

/

.9846
.9573
.9953
.9726
.9901
.9955
.9949
1.0000
.9974
.9594
.9975
.9961
.9972
.9985
.9944
.9883
.9720
.9985
.9937
.9782
.9964
.9987
.9960
.9950
.9980
.9983
.9978
.9993
.9880
L9871
.9974
.9971
1.0000
.9422
.9981
.9991
.9996
.9920
.9855
.9898
.9952
.9986
.9966
.9941

Table 10.

-.031
-.023
.049
077
-.345
.015
.123
-.385
-.080
-.012
-.199
.103
-.098
~.446
-.321
.160
.155
~.094
-.033
.020
.205
.057
.028
-.004
-.062
-.063
.005
-.005
.060
-.079
.680
374
.024
.030
.025
140
-.027
001
-.039
.052
036
-.087
-.002
018
.012

0064
.4257
0160
.0090
.0211
7521
.0034
. 0050
. 0087
.0188
0213
.0101
.0386
.0266
.0289
.7842
.0100
.0286
.0063
0042
0069
.0096
.0144
.0190
.0189
0130
. 0086
.9436
.0287
.0522
.4198
.0156

.0100 .

. 0037
,0334
0222
1,9959
,0110
.0304
.8632
.0075
0042
.0052
.6280
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Concluded

Comments

log-log slightly better than linear

log-log § linear essentially equal

linear § log-log essentially equal
linear slightly better than log-log
linear § log-log essentially equal

linear slightly better than log-log

log-log slightly better than linear

linear § log-log essentially equal

over algal growth
over bare spot
log-log slightly better than linear

semi~log slightly better than linear
log-log slightly better than linear

log-log slightly better than linear



Li near DO used = a + bt (8)
Seni -1 og DO used = a exp (bt) (9
Log- | og DO used = atP (10)

where DO used = the dissolved oxygen in ng/1 utilized over a tine interval
t innnutes, and a and b are regressi on constants.

For most of the 90 SCD runs conpleted, little direct evidence existed
as to the principal causes of the oxygen usages. However, indirect nethods,
circunstantial evidence, and engi neering judgnent were used to formul ate
broad source classifications, such as bacteria, algae, and nacroi nvertebrat es.
QOiteria used for devel opi ng these categorizations were anbi ent dissol ved
oxygen concentration, type and depth of sediment, nunber of macroorgani sns,
the SCD curve best-fit nodel data presented in table 10, and the relative
nmagni tude of the SCD val ues.

Anbi ent DO concentrations are indicative of several conditions relevent
to bent hi c oxygen usage. For exanple, a supersaturated DO | evel indicates
phot osynt heti ¢ oxygen producti on fromsone formof algal activity. |If this
oxygen production is frombenthic al gae, either filamentous types or diatons,
these mcroorganisns will exert SCDwhen light is shut off as the sanpler is
pl aced on the bottom Consequently, anbient supersaturated DO in water
coupled with a significant SCD value would tend to indicate that benthic
algal respiration is contributing to benthal oxygen usage. This concl usion
can be supported somewhat if a slight initial lag occurs in the DO usage
curve.

These exact conditions occurred a nunber of tinmes, the best exanple
being for station 82 on Mdlothian O eek. The water was shall ow, very clear,
and al nost 200 percent saturated with DO the bottomwas lined with brown
algae (diatons). After placerment of the sanpler, over 16 m nutes el apsed
bef ore the oxygen usage rate became significant (see the curves and data in
Appendix A), and for the total 83 nminutes for which the sanpler was left in
pl ace the final SCD rate was noderately high (4.64g/ nt/ day).

Super saturated di ssol ved oxygen |evels rmay hinder as well as help in-
terpretation of results if nacroinvertebrates exist on the bottom since the
i nffluence of their respiration on the shape of the SO curve nay be "masked
out" by the high DO concentration. The respiration rates of mnacroorgani sns
are probably not proportional to the oxygen available at supersaturated
levels; i.e., the respiration rates of fingernail clanms probably are no dif-
ferent at the DO concentrations of 20 and 15 ng/1 at 25°C.  However, at 25°C
the fingernail clamrespiration rate at a DOof 8 ng/1 is three tines greater
than at 5 ng/1 as will be denonstrated in detail later.

Al so, respiration rates of suspended al gae trapped in the sanpl er may
at tines hinder interpretation of the results, particularly for highly pro-
ductive streans like the Fox Rver and certain reaches of the DuPage and
Des Pl aines Rvers. Suspended al gae conceivably could enter a respiratory
stage in the tinme frame for which nost SCDs were run. Unfortunately, suffi-
cient time was not available to devel op nmethods and equi pnent for isolating
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this potential source of oxygen usage in the sanpler. However, the actual
effect on the results, for Fox Rver stations at |east, appears to be mni-
mal since nost of the rates were relatively |ow

The condition of the bottom sedinents can aid in speculating on the
source of SCD. A logical assunption is that a cl ean sand-gravel bottom
woul d be relatively free of bacteria, whereas a sludge bottomwoul d teem
with them However, rocky gravel bottoms covered with sline bacteria such
as Sphaeroti -l ue and Lept om tus woul d certainly exert a significant denand.

The magni tude of macroi nvertebrate nunbers relative to the SCD val ue
is an inportant factor to be considered. For exanple, the bottomat station
77 on the Little Calunet R ver harbors a sludge worm popul ation of al nost
300, 000/ nt partially accounting for a noderately high observed S(D rate of
4.26 g/nf/day. In contrast, the bottomat station 30 on Flint Oeek con-
tai ned only 4400 macroinvertebrates in a clean sand bottom havi ng an observed
S of only 0.27 g/ nt/day. However, the nacroinvertebrate percentage con-
tribution to SCD appears to be greater in Flint Oeek since the unit mcro-
invertebrate contribution in the creek is 6x10°° g/ nf/ day per organi sm
conpared with only 1.4x1 0% g/nf/day per organismin the Little Calunet R ver,

Estinmates of the percentage contribution of broadly classed sources of
S are given in table 11. These estimates show only the nost |ikely con-
tributors and their relative degree of contribution. At stations 57 through
62, significant nunbers of fingernail clans exist for which respiration rates
are accurately known.* Consequently, the actual oxygen consunption of these
organi sms was conputed and the results showed their contribution ranged from
1 to 7 percent. The highest was at station 58 which had a cl am popul ati on
over 9000/ nf denonstrating that a very large active bionass is needed to
significantly depress the DO, and in nost study area streans such |arge bio-
nmasses did not exist.

Exam nation of table 11 reveals that bacterial demand is ubiquitous and
is the primary cause of S(D at all but possibly five stations. A grossly
polluted stations like 75 and 76, bacterial popul ations tend to increase at
a faster rate than do unbal anced nacroorgani smpopul ations. A only 11
stations did the estinated nmacroi nvertebrate SCD percentage conposition equal
or exceed 50 percent and the domnate contributing organi sns were sl udge
worns and m dges.

At a few selected locations specialized biological activity occurred
which affected the SCD to various degrees. The fingernail clamactivity,
nentioned at stations 57 through 62, is an exanple. Another is respiration
of diatons or brown algae and filamentous green algae. This formof SD
woul d be significant only on very cloudy days and during the night in selected
clear water streans like FHint Ceek, Calunet Union Drai nage Canal, and
Mdlothian Oreek. The actual SCD neasurenent nmay tend to be high at |oca-
tions where suspended al gae bl oons were evident at the tinme of sanpling.

The check marks in table 11 identify the stations where the results nay be
i nfluenced to some degree by algal respiration precipitated by the "dark

37



Table 11. Rough Estinmates of Percentage Contribution to SD

Macroinvertebrates Algae Possible
Wormg - Attached suspended

Sta. Bacteria midges Other filamentous  Benthic algae effect
1 90 10 v
2 95 5 v
3 20 10 Vv
4 20 10 Y
5 a0 10 v
6 90 10 Y
7 85 15 s
8 90 10 Y
9 95 5

10 95 5 v
11 98 2 v
12 95 5

13 20 10

14 95 5 v
15 80 20 v
16 85 15

17 98 2 Y
18 60 40

19 75 25

20 90 10 v
21 95 5

22 98 2 v
23 85 15

24 95 5 v
25 50 50

26 60 40

27 99 1

28 50 50

29 35 15

30 30 25 25 20 v

31 30 55 15

32 70 25 5 10 v

33 a0 10

34 98 2

35 85 15

36 60 40 -

37 85 10 5 5

38 85 15

39 75 5 20

40 65 3¢ 5

41 90 7 3

42 50 50

43 50 50

44 90 10

45 60 40
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Table 11. Concluded

Maeroinvertebrates Algae

Pogsible

Worms- Attached suspended
Sta. Bacteria midges Other filamentous  Benthie algae effect
46 80 15 5
47 55 15 30
48 50 50 v
49 as 15
50 65 35
51 65 35
52 50 50
53 50 S0
54 90 10
55 20 2¢
56 75 25
57 60 39 1
58 90 3 7 4
S9 85 9 6
60 90 4 6
61 60 36 4
62 80 17 3 : "
63 95 5 . "
64 a5 S
65 50 50
66 75 25
67 50 50
68 80 20
69 70 20 10 v
70 a9 1 v
71 99 1 v
72 99 1 v
73 95 S
74 90 10
75 20 10
76 90 i0
77 40 60
78 85 10 S v
79 70 20 10
80 55 45
81A 85 15 v
81B 40 15 40 5 v
82 40 10 60 v
83 99 1
84 80 5 15
85 80 3 17 : , v
86 90 10
87 95 5
88 98 2
89 95 5
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bottle! effect of the sanpler. G rcunstantial evidence exists, however,
which tends to show that algal respiration effects are probably mnininal
during the relatively short sanpling times used. The characteristics of the
SOD curve generated for station 82 (Appendix A), a site of obvious benthic
diatom activity, showed a very large lag time indicating a bal ance between
oxygen reserves and bacterial and nmacroinvertebrate respiration. At |east
30 minutes el apsed before oxygen usage becane discernible fromthe curve.

In cases where benthic algae significantly influence SCD rates, diurna
adjustrments in rates should be made. Basically algal SOD shoul d be negl ected
during sunny daylight hours and fully utilized during dark periods. The
daylight SOD at station 82 for instance, could be assigned a value of 50
percent of 5.28 g/nf/day. Sone values for transitional light conditions
could be extrapolated fromthe SCD curve if a conplete nodel is desired

Many small streans were not sanpled in the study area. |f general con-
ditions are known about the bottonms of these streams or if assunptions can
be made about benthic conditions on the basis of certain environmental and
geographical factors, the generalized SCOD values listed in table 12 can be
used as a guide for assigning or estimating SCD rates in these streans.

Al so, the broad classifications presented in table 13 can aid in the assign-
ment of values to various known or assuned bottom conditions where directly
nmeasured data are unavailable. The classifications are strictly "best esti-
mat es” based upon wi de experience and nunmerous field observations. The

per cent age occurrence of the various classes in the streans studied were
estimated fromthe probability plot presented as figure 11. The data show a
[ og-normal distribution, but it rmay be slightly biased since the sanpling
points were not entirely randomy selected. Roughly three quarters of the
stations sanpl ed showed some evidence of pollution; however, only about 20%
were heavily poll uted.

Anomal ous Results

In conclusion, several specific and unique situations which devel oped
during the field sanmpling operations need to be pointed out and briefly
di scussed. One occurred at station 45 on the East Branch of the DuPage
River where the SOD rate 0.90 g/ nf/day was much lower than expected. The
low rate may be the result of a chlorine residual which reportedly occurs
persistently in the streamas a result of chlorinated sewage effluent, par-
ticularly that fromDowners Grove. At the time of the SOD sanpling, a
Downers Grove technician reported the chlorine residual was 0.2 ng/1 in the
stream This residual level may be high enough to significantly retard
bacterial activity, but not high enough to disrupt nmacroinvertebrate respi-
ration to a large degree.

An anomaly occurred in the nmeasurenents nmade at the originally schedul ed
| ocation of station 2 on the upper Fox River, The schedul ed sanpling |o-
cation was approximately a half nile above where it was finally taken as
presented in table 1. An attenpt was nade at the original location to get
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Table 12. SO Values for Generalized Stream Conditi ons

Observed example Generaliaed SOD
Generalized estream conditions (Strean - Station) (g/m?/day at 25°¢,

1 Watery septic muck from Little Calumet - 76 11,5
highly developed residen-
tial and industrial complex

2 Gray-black sand and gravel Thorn Creek - 83 2.5
downstream of treated
sewage effluent

3 Relatively stabilized muck Salt Creek - 68 2,0
behind channel dam on small
stream

4 Small stream draining rural! Blackberry Creek - 33 1.0

area with some rural subdi-
vision developments

5 Small stream draining high Flint Creek - 30 0.5
class residential and
commercial complex

6 Small stream draining pas- Flint Creek - 31 1.5
ture and marsh lands :

7 Moderate size stream Kishwaukee River - 29 3.0
draining agricultural land
and small communities

8 Very clean sand bottom Flint Creek - 30 0.5
(¢lear water)

9 Somewhat dirty sand bottom Midlothian Creek - 82 5.0
with diatom growth (clear
water)

10 Somewhatr dirty sand bottom Calumet Union
with diatom and filamentous Drainage Canal - 8IB 9.0
green algae growth {clear
water)

11 Intermittent stream below Woods Creek - 32 1.5
residential lake develop-
ment

12 Gravel and rocky riffle Fox River - 15 3.5

areas in an enriched stream

13 Sediments in an impoundment Skokie Lagoons - 70 5.0
enriched by algal fallout '
from very productive over-
lying water

42



Table 13. Generalized Benthic Sedinment Conditions Categorized by S(D Rates

80D range Generalized benthic % Lower value exceeded
g/m?/day at 25°C sediment condition in streams studied

<0).5 Clean 100.0

0.5-1.0 Moderately clean 99.6

1.0-2.0 Slightly degraded 95.0

2.0-3.0 Moderately polluted 72,0

3.0-5.0 Polluted ' 48.0

5.0-10.0 Heavily polluted 20,0

>10.0 Sewage sludge like 3.0

an SCD neasurenent but only erratic results were achieved as shown by the
first part of the curves listed under station 2 in Appendix A  The bottom
appeared to exert large immedi ate demands and the DO usage was erratic and
great. The sanpler was taken up and reset a nunber of tines but the results
were always the same. The dermand in this case appeared to be chenical in
nature and coul d have been the result of bottom di sturbances from dredgi ng
operations which were reported to have occurred in the vicinity earlier in

t he sunmer.

The Skokie Lagoon results are interesting in that the SCD rates for the
two stations, 70 and 71, in the deeper areas of the |agoon where eutrophi-
cation is ranpant, are equal (see table 2), whereas in the upper end at
station 72 where very little algal growth is occurring, the S(Drate is sig-
nificantly lower. The upper reaches are relatively shallow and contain a
large visible rough fish popul ati on which constantly stirs up the bottom
causing turbidity and retarding algal growth. The difference of 1.0 g/ n¥/
day between the upper station and the lower two can probably be attributed
to algal fallout and the subsequent mcrobial breakdown of this organic
nmaterial in the bottomsedi nents. A gal washout fromthe |agoons nmay affect
the SCD of the North Branch of the Chicago R ver far downstream of the
WI Il ow Avenue Dam Station 73 was approxi mately 10 nil es bel ow the dam and
its sediments were dirty gray to black, nusty smelling sand and gravel (see
Appendi xes C and D) having a noderately high SCD rate of 2.74 g/nt/day at
25 C

Finally one totally unexpl ainabl e result occurred. It was the high
S rate of 5.14 g/nf/day at 9°C observed for the K shwaukee R ver at
station 27. Adjusting this rate to 25 C conditions gives a val ue of 10.63
g/ nt/ day, an extrenely high val ue indicative of highly polluted sedinents.
Exani nati on of the sediment data (Appendixes C and D), however, reveal ed
only clean sand-gravel and not the sewage sludge type of sedinments normally
associ ated with a demand of this nagnitude. The DO neter, DO probe, and
sanpl er were all double checked and found to be operating properly. The
only logical explanation wuld be that a chemcal oxygen denand was exerted,
though the probability of clean sand and gravel harboring a chem cal oxygen
denmandi ng substance is unlikely, and in addition, the streamin this area
flows entirely through an agricul tural environnent,
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FOX GHAIN GF LAKES DATA

The locations of the SCs taken during the summer of 1975 as part of a
conprehensi ve water quality study of the Fox Chain of Lakes!' are shown
infigure 12. A measurenent was made in each |ake except for Channel Lake
whi ch was consi dered an extension of Lake Catherine relative to bottom sedi -
ments. The SCDs are sunmarized in table 14. Benthic sedinent sanples were
collected in conjunction with SCD measurenents but benthos sanpl es were not.
Sedi nent physi cal characteristics and descriptions are given in tables 15
and 16.

The types of bottons and the SOD rates varied within the |ake system
A low of 3.44 g/nt/day occurred in the open water area of Fox Lake, while a
hi gh of 31.57 g/nf/day occurred in Pistakee Bay.

CGeneral ly, the bottons of nost of the |akes were conposed of silts or
marls, richin organic materials. Al were in a highly reduced state; all
but one of the sanples emtted noticeabl e hydrogen sul fide snells. MNany
sanpl es showed a relatively high volatile solids content reflecting the or-
ganic content of the sedinments. n the basis of the SCDresults alone, it
is concluded that nost of the bottons throughout the |ake systemare in
sone state of degradati on.

The degree to which these bottons affect the overlying water is primarily
dependent upon water depth. For exanple, a bottomhaving a significant SD
ina deep stratified lake will quickly deplete the DOin the |ower depths.
The rate of oxygen denmand cannot be mai ntai ned by natural reaeration or by
phot osynt hesis. xygen used by high SCDs in shallowwaters is usually na-
turally repl enished so that the influence of the degraded bottom conditions
is not quite so evident as in deeper waters. As an exanple, Qass Lake which
is relatively shallowin nmost areas (less than 5 feet), had extrenely high
SD rates of 14.76 and 12.54 g/nf/day in the two |ocations sanpled. However,
at the tine of the SD neasurenments the DO was above saturation even near
the bottom |In contrast to this, the deep waters of Pistakee Bay and Lake
Cat herine were devoid of oxygen.

Even the |owest SCD recorded, 3.44 g/nf/day for Fox Lake, is a highly
significant SO val ue and woul d cause rapid DO depl etion in deeper | akes.
Wthout oxygen repl enishment an SCD rate of 3.73 g/nt/day woul d deplete a
5-neter colum of water saturated with dissolved oxygen at 20 C in approxi-
mately 12 days. For a severely degraded bottom such as that observed for
Pi st akee Bay, DO depl etion would occur in less than 2 days. However, an in-
herent danger exists in having high SCDrates in shallowwater. Wen the
bott om sedi ments are resuspended physically, such as by boating activity,
the SCDrate is nonentarily increased several fold causing severe tenporary
oxygen depletion. As an exanple, the bottomof G ass Lake at station 14 re-
nmai ned disturbed for 20 mnutes after lowering the sanpler to the bottom
the disturbed SCD rate was 47.11 g/ nf/day conpared with the stabilized rate
of 12.54 g/nf/day. During this disturbed period the DOwas |owered in the
sanpl er by approxi mately 2.5 ng/1. In contrast, for a 43-mnute period after
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Table 14. Sedinent xygen Denand Rates for Fox Chain of Lakes

Lake

Catherine

Marie (east)
Marie (west)
Bluff

Petite

Fox

Stanton Bay
{(Fox Lake)

Minecola Bay
(Fox Lake)

Nippersink

Pistakee

Pistakee Bay

Grass (south)

Grass (north)

Tempergture

7 (°c)

13.8

20.8
19.8
20,25

20.3

20.4
21.0
19.0
19,05
19,0

20.5

18,75

17.9

Time frame

(min)

-2
2-26
2453
0-4
4-66
0-14
14-49
0-26
26-60
0-10
10-55
55-103
0-20
20-62
0-13
13-64

1
L

0

o

AN O~-NNOPO O
v

-6
-8
-6
-7
-5
-2
-2
-4

6
1

]

41-67
0-21
21-61
0-20
20-63

S0D at

(g/m?/day)

°c

91.63
9.80
7.76

26.18
5.70

28.05

12,72
9.82
5.58

13.75
6.25
5.59
4.58
2.81

16.11
5.78

30.54
4.12

37.64
6.33

14,97
4.36

144,00

27.80

42,76

25.68

21.19

11.13

33.38
9.13

SOD at

25°C

153.27
16.42
12.98*%
32.04

6.91*
36.36
16.04%
12.13

6.98*
16.98

7.74

6.95%

5.70

3.44*
19,72

6.91%
40.24

5.43*%
49.58

8.32%
19.57

5.76%
177.06
34,20
52.58

31.57*%
28.44

14,76*

47.11
12,54*

*|talicizedval uesrepresent stabilizedlinear portionof SODcurve
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Table 15. Solid-Liquid Conposition of Fox Chain of Lakes SCD Sanpl es

(Conposi tionsi npevcent)

Fi xed Vol atile

Lake Wat er solids solids

Cat heri ne 75.0 86. 7 13.3
Marie (east) 40.0 90.7 9.4
Marie (west) 56. 9 95.9 4.1
B uf f 25.5 74.4 25.6
Petite 17.5 85.3 14. 7
Fox 62. 2 90.8 9.2
Santon Bay (Fox Lake) 52.3 92.8 7.2
M neol a Bay (Fox Lake) 80.4 74.2 25.8
N pper si nk 79. 2 79.4 20.6
P st akee 73.8 83.3 16.7
Pi st akee Bay 75.3 84.7 15.3
Gass (south) 55.8 96. 7 3.3
Gass (north) 79.7 74.9 25.1
Cedar 23.7 84.2 15.8

restabilization occurred, the DOwas lowered only 1.5 ng/1 in the sanpler.
Table 14 lists the disturbed rates and the subsidence tines for all the
sanpling locations. The consistency of the bottomsedinments has a great in-
fl uence on both the magnitude of the disturbed SCD rate and the time interval
over which it is significant. S rates are highest in areas of algal silt
type bottom sedi nent .
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Tabl e 16.

Lake
Catherine

Marie (east)

Marie (west)

Bluff

Petite

Fox
Fox (Stanton Bay)
Fox (Mineola Bay)

Nippersink

Pistakee
Pistakee Bay
Grass (south)

Grass (north)'

Cedar

Depth
(ft)

39

10

10

12

12

6.5

32

3.2

3.2

45

Before incineration

Sulfide smell, thin
watery gritty muck
Slight oily smell,
muddy, gritty, slurry
with fibrous material
Slight sulfide smell,
small white snail
shells and small-to-

moderately large shell

fragments, marl like
Sulfide smell, muddy,
gritty, slurry

‘Strong sulfide smell,
thin watery muddy grit

Slight sulfide smell,
thin watery mud and
small crushed shells

Slight sulfide smell,
muddy mixture of
shells, fibers, and
roots

Sulfide smell, thin
watery muddy grit

Sulfide smell, thin
watery muddy grit

Very strong sulfide
smell, muddy, gritty
slurry

Sulfide smell, thin
watery muddy grit

Slight sulfide smell,
a little mud, mostly
small white crushed
shells

Slight sulfide smell,
thin watery grit

Sulfide smell, thin
watery muddy grit

48

Descriptions of Lake Bottons at SCD Stations in Fox Chain of Lakes

After ineineration

Hard gray crust of silt
and clay, powderable
Reddish-gray to brown
with some very small
shells, easily powdered
White snail shells and
shell fragments, easily
crushed to fine powder

Clay-silt with some
minute shell fragments,
powderable

Gray hard crust, uniform
silt-clay mixture

Very light fluffy mixture
of snail and small clam
shells, easily powdered

Crusted mixture of cal-
cium materials and shell
fragments, easily
powdered

Moderately hard crust,
light brown, powderable

Moderately hard crust
light brown, powderable

Moderately hard crust
light brown, powderable

Moderately hard crust
very light brown,
powderable

Dark snail shells and
shell fragments, easily
powdered

Soft reddish gray crust,
easily powdered

Fine reddish material
with some leaf and wood
ash, powderable
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Appendi x A- 2.

Station 1
IF IDo
0 0
4 .05
9 .10
14 W15
19 .20
24,35
29 .45
34 .50
39 .55
44 .60
49 .675
54 .75
59 .80
64 .85
69 .90
74 ,95
79 1.00
84 1.05
Station 9
P EIpo
0 0
2 .05
5 .10
10 .20
15 .25
20 .30
25 .35
30 .42
35 .50
40 .55
45 .60
50 .65
5% .70
60 .77
65 .82
70 .90

Station 2
T Ibo
0 0
5 .025
1o .05
15 .075
20,125
25 .15
30 .175
35 .225
40 .275
45 325
5¢ .375
55  .425
60  .475
65 .50
70 .55
75  .575
80 .60
86 .65
Station 10
LT EDO
0 ¢
2 .05
g .30
14 .55
19 .75
24 1.00
29 1,25
34 1.50
39 1.75
44 2.00
49 2.20
54 2.35
59 2.45%
64 2.55
69 2,60
74 2.65
79 2.70
84 2.75
89 2.80
94 2.90
99 2,95

DO Wsed versus Hapsed Tinme from Recorded Field Notes
(ZT in mnutes; EDOin ny/ 1)

Station 3 Station 4 Station 5 Station 6 Station 7 Station 8
kT oo T Do Ir oo rr Lo LT Lo T Do

1] 1] 0 0 0 1] 1] 0 0 1] 0 0

1 .05 3 .05 3 .035 5 .10 2 .05 2,025
3. .10 5 .10 8 .07 10 .20 5 .10 5 .05
5 .15 10 .15 13 .15 15,30 10 .20 7 .07%
8 .20 15,20 18 .175 20 .40 15 .30 12 .125
13 .225 20 .25 23 225 25 .50 20 .40 17 .175
18 .25 25 .30 28 ,27% 30 .60 25 .45 22 .225
23,275 30 .35 33 .30 35 .70 30 .50 27 275
28 .30 35 .425 38 ,325 40 .80 35 .60 32 325
33 .325 40 .475 43 375 45 .90 0 .70 37 .374
38 .375 45 525 48  ,425 50 1.00 45 ,75 42,425
43,425 50 .,575 53 .45 55 1.10 50 .80 47  .475
48 .45 55 .625 58 .475 60 1.20 55 .85 52 ,525
53 .475 60 .675 63 .525 65 1.30 60 .90 57 .575
58 .50 65 .825 68 .60 70 1.40 65 .95 62 .65
63 .52 70 .775 73 .65 75 1.50 70 1.00 67 .70

68 .55 75 .825 78 .70 78 1.60 72 .75
73 .575
78  .625
83 .675

Station 11 Station 12 Station 13 Station 14 Station 15 Station 16
T LDO IT IDD T EIDo IT I IT IDO T Ipo

o o 0 0 ¢ 0 0 0 0 0 0 0

2 .10 5 .025 5 .05 1 .05 5 ¢ 1 .02
5 .20 7 .05 10 .10 3 .10 10 o 2 .05
10 .40 12 .075 15 .15 &8 .17 15 .17 3 .05
15 .45 17 125 20 .20 13,23 22 .22 8 ,125

200 .52 22 .20 25 .25 18 .30 35 .50 13 175
25 .60 27 .25 30 .30 23 .35 40 .60 18 .30
30 .65 32 .30 3% .35 28 .40 47 .72 23 .35
3 .70 37 .325 40 .40 33 .475 550 .80 28,375
40 775 42 .375 45 .45 38 .55 55 .90 33 .425
45  .825 47 .,425 50 .50 43  .625 60 .98 38 .50
50 .90 52 .475 55 .55 48 725 65 1.01 43 .55
85 .975 57 .525 60 .60 53 .77 73 1,15 48 .60
60 1,025 62 ,575 65 .65 58 .85 80 1.20 53 .65
65 1.10 67 .625 T0 .70 63 925 92 1.40 58 .70

70 1.175 68 1.00 63 .75
75 1.25 73 1.05 68 85"

78 1.10 73 .90

78 .95

96



Appendix A-2.

Station 17 Station 18 Station 18 Station 20 Station 21 Station 22 Station 23 Station 24

T

ALY

1]
.20
.40
.60
.80

1.00
1.10
1.30
1.50
1.70
1.90
2,00
2,20
2.35

ir

0

o

0
.05
.10
.45
.65

I?

0
10
18
29
36
43
51

Iho

0
10
.20
.37
.44
.56
.69
.80
.89
.98

1.01

Ir

Do

0
.30
.59
.75
90

1,05
1.20
1.30
1.42
1.60
1.82
2,01
2,20
2,22

Continued

¥ D0 LT

0 o 0

5 .20 5
1 30 10
15 .35 16
20 .40 24
2% .50 29
30 .55 34
35 .60 41
40 .65 47
45 ,70 53
s0 .85 61
55 .90 66
60 .95

65 1.00

Do

1]
.30
.28
.48
.67
.83
90

1.10
1.23
1.36
1.38
1.46

Station 25 Station 26 Station 27 Station 28 Station 28 Station 30

T

Ipo

0

1]
.05
.05
.075
.075
.10
.15
.20
25
+275

7

o

1
15
125
175
.225
25
.275
.35
.45
.60
.65

T

0
5

Do

0
.40
.60
.75

1.00
1.15
1,30
1.40
1.55
1.75
1.85
2,00
2.10
2,20
2.40
2.50
2.60
2.75

T

o

S
10
20
30
40
50
60
70
30
90

oo

0
.10
.15
.20
.225
+275
.30
325
.35
«425
.45

97

T

0
3

tDo

0
0
¢
0
.05
.10
.20
«225
.30
35
.45
+55

iT

¢
10
20
30
40
50
60
70
80
85

o

0

0
+025
025
.025
.05
.05
.075
.1
.125

Ir Lo
1] 0
6 o
11,05
l6 .10
21 .10
31 L1235
36 175
41 .20
46 .25
51 .30
61 .40
66 .45
76 .575
8 .70
91 .80
86 .875
101 .90
106 1.00
116 1.075
120 1.10
Station 31
T  Ibo
0 0
3 -.025
8 1]
13 .05
18 ,075
23 .10
33,125
43 .15
53 .2
63 ,225
73 .25

it o
0 0
2 .15
4 .20
6 .25
11 .45
16 .60
21 70
26 .80
31 .95
36 1.05
41 1.15
46 1.25
51 1.35
56 1.45
61 1.55
66 1.65
71 1.75
76 1,85
81 1.9%
86 2,05
Station 32
T Do
0 0
7 .025
12,05
17 .12%
22 175
27 .225
32 .275
37 .35
42 425
47 .45
52 .47%
57  .525
62 575
67 .625
72,675
77725
82 775



Appendix A-2. Continued

Station 33 GStation 34 Station 35 Station 36 Station 37 Station 38 Station 39 Station 40
£ oo I LIDo IT Ibo Ir Do T Ibo IT IO Ir oo T Ibo

0 )] 1] 0 0 0 0 0 0 0 0 0 0 0 0 ¢
13 1] 13,02 4 .10 4 .28 6 .02 7 .26 5 0 5 1]
21 0 22 .1 12 .19 12 .38 15 .11 11 .43 14 .01 1 .05
28 .05 32 .1s 21 30 21 .47 24 .2 16 .46 24 .02 15 .10
33 .15 4 .2 32 .40 31 .58 30 .24 21 .50 31 .10 25 .125
43 .19 52 .25 43 .48 39 .66 41 .37 26 .51 42 .19 35 .175
56 .19 64 .3 52 .50 449 .7 53 .51 31,52 49 .30 45  ,225
60 .25 72 .36 58 .55 57 .78 61 .62 36 .56 62 .41 55 .325

83 .4 67 .60 68 .85 69 .70 42 .58 7% .52 65 .40
90 .43 73 .65 75 .90 72 .M 48 .62 81 .61 75 .425

78 .68 83 .96 54 .61 89 .66 85 .475
84 .7 88 .99 57 .66 95 .50
93 .65 60 .66
103 .81 64 70
1 .71
76 .73
a1 .75
86 78
91 .80
97 .81
104 .82
109,88
113 .80
120 .90

Station 41 Station 42 Station 43 Station 44 Station 45 Station 46 Station 47 Station 48
T EDO r Do T IDo T IO LT LDo ET Do £T D0 iT o

0 1] ¢ 0 0 0 ¢ ¢ 0 0 ¢ ¢ 0 0 0 1]

3 .07s 3 0 3 0 5 .10 6 .04 5 .05 5 .0 2 1]

8 .125 8 .25 & .05 10 .20 11 .05 10 .05 10 .05 7 .05
18 .30 13 .45 13 .10 15 .25 25 .06 15 .07% 25 .10 12 .25
28 .35 23 .75 18 .15 20 30 34 .10 20 .10 35 .12 17 .35
38 .50 33 .95 23 .20 25 .35 51 .15 25 ,125 65 ,125 22 .45
48 .67 43 1.30 28,225 30 .40 61 .19 ic .1S 8 .15 27 475

58 .80 53 1.5¢ 33 .25 35 .45 76 .25 5 178 37 .65
67 1.00 63 1.85 33 .30 ¢ .50 8 .29 40 225 47 .85
78 1.078 73 2,15 43 .35 45 55 91 .35 45 .25 57 1.00
91 1,20 83 2.65 48 .40 50 ,60 50 .275 67 1.15
93 1.25 93 2.95 53 .45 55 .65 55 ,25 71 1.25
98 3,15 58 .50 60 .70 60 ,325 87 1.45
63 .55 65 .75 65 .38 92 1.475
68 60 70 .80 70 .40
73 .65 7% .85 75 .45
78 .70 go .90 80 .50
g3 .75 85 .95 8 .55

8 .80 90 1.00

98



Station 48 Station §0 Station 51 Station 52 Station 53

T

Lo
0

.05
+05

.85

T

0

5
10
15
20
25
30
35
40
45
50
55
60
70
80
85
20
a5

Do

o
0
.05
075
075
.10
.20
.25
.45
.55
.65
.90
+95
1.1¢
1.35
1.45
1.60
1.70

ir

0

2

7
12
17
22
27
32
37
42
47
52
57
62
67
72
82
92

102,

Appendix A-2.
D0 ET DO, ET

0 0 0 0

025 2,15 2

075 7 .18 7

00 12,15 12

L128 17 178 17

AS 22 200 22

178 27,20 27

L2000 37 .25 32

20 47 275 37

.225 57,325 72

.250 67 .35 97

275 77 .40 117

.325 87 425 137

L350 92 L42%

.375

.425

.425

.475

.50

Continued

Ipo

0
LY
0
0
-.08
-.05
=10
0.10
-.10
o
01
.2
.3

Station 54 Station 5§85 Station 56

Ir

¢
5

too

0

0
025
075
.10
.15
175
.20
.25
.30
.35
375
.425
475
.525
+575
625
675
725

Station 57 Statiom 58 Station 58 Station 60 Station 61 Station 62
LT

T

Do

0
.10
.20
.30
«325
.35
40
.45
.30
.55

I

0

Do

0
.30
.40
+50
+60
+70
.90

1.10
1,30
1.60
1.85
2,05
2.30
2,50
2,70
2,85
3.05
3.25
3.45
3.60
3.7%
3.80
4.20
4.30
4.45

ir

Do

0
-.30
-.30
-.10

0

.20

.40

.50

.60

70

.90
1.00
1.10
1.30
1.50
1.60
1,70
1.80
1.90
2,10
2.20
2,30
2,50
2.70
2,70

T

LD

0
.05
.10
.15
<20
.30
.40
.60
70
.80

1.10
1,25
1,40
1,65
1,75
1.85
2.00
2.15
2.35
2,45
2.55

99

Ipo

0
.10
.35
+80

1.95
2.10
2,35
2,60
2.90
3.10
3.35
3.60
3.80
4,00
4,15
4.40
4.60
4.75
4,90
5.05
5.20
5.30

T

ibo

0
.10
.20
.30
.40
«45
« 50
.525
.55
.60
.65
.70
725
- 725

T

0
S

D0

0
0
.10
.30
.40
.525
.70
70
. 80
.90
1.00
1.10
1.20
1.30
1.40
1.45
1.55
1.60
1.70
1.80
1,90
2.00
2,05
2.10
2.20

Station 63

Ir

ipo

o
~-.10
0
.2
.4

T DO
0 o
5 0
10 .10
15 .15
20 .20
25 .30
30 .40
35 50
40 .60
45 .75
50 .85
$s .95
60 1.10
65 1,20
70 1.30
75 1.45
80 1.60
85 1.70
90 1.75
95 1.80
100 1.90
105 2,00
110 2,10
Station 64
T EDO
o 0
5 .05
10 .05
15 .075
20 .10
25 125
30 .15
35 .175
40 .20
45  ,225
50 .25
55  .275
60 .30
65 .35
70 .40
75 .45
80 .50
85 .56
90 .575



Station 85 Station 66 Station 67 Station 68

T ID0
0 0
5 .025
10 .050
15 .075
20 .10
25 .125
30 .15
35 .175
40 .20
45  ,225
50 .25
56 .27%
60 ,275
65 .30
70 .325
75,325
80 .35
85 .37%
90 .375
Station 73
T DO
1] (1]
3 0
8 .025
13 .078
18,10
23,125
28,175
33 .225
38 .275
43 325
48 .375
53 425
58 .45
63 .50
68 .55
73 575
78 .60

7T

0

Station 74 Station 7?5 Station 76

r

0
13
26
39
49
56
61

ing

0

.10
.30
.325
.35
.375
425
.45
475
.50
.525
575
. 625
.65
675
.70
725
.75

Ipo

0
.66
1.34
1.94
2.3
2,66
2.85

T

0
5

T

1]
3

Appendix A-2.
D0 P IO IT IR0
0 6 0 0 0
.03 5 .1 6 .05
A5 10,15 14 .10
.25 15,175 19 .25
30 20 .20 24 .38
.35 25,25 29 .45
.40 30 .30 34 .50
.45 35 .35 39 575
.55 40 .40 44 .65
.60 45 .45 49 7S
.65 50 ,50 54 82§
.70 S5 .55 59 .87
75 60 .60 64 ,925
.80 65 .65 69 975
.85 70 .70 74 1,10
90 75 .75 79 1,175
.95 80 .80 84 1,225
1.00 8 .85 89 1.275
90 .90 94 1.35
102 1.40
104 1.45
Station 77
0 P w0 P DO
0 0 0 0 0
.15 2 .30 3 .55
.32 3 .70 4 .70
.59 4 .88 9 .93
.80 6 1,08 17 1,2
1.11 8 1,21 21 1.35
1.42 10 1,38 29 1.49
1.51 22 2.00 39 1.65
2,10 29 2.40 49 1.83
2,47 42 3,00 60 2.00
53 3,49 64 2,07
60 3.10
65 3.88

Continued

Station 69 Statiom 70 Station ?1 Station 72

100

£r DO
0 0
4 1
11 -,05
14 .1
16 .1
21 .25
26 .4
31 .5
36 .55
41 .65
46 .75
51 .85
56 .95
6] 1.05
66 1.15
71 1.25
76 1.35
81 1.45
86 1.55
91 1.65
96 1,75
10l 1.80
106 1.85
Station 78
T IDO
0 0
6 .09
13 .22
18 .31
23 .41
i3 .56
45 .71
52 .86
60 .93

T Do
0 0
13 .10
15 .20
25 .40
30 .50
35 .60
40 .70
45 .80
50 .90
55 1.00
60 1.10
65 1.20
70 1.30
75 1.40
80 1.50
85 1.55
90 1.60
95 1.70
100 1,80
105 1.90
110 1.95
Statton 78
T Do
0 0
2 .05
7 .10
12 .15
17 .20
22 .25
27 .30
32 .35
37 .40
42 .45
47 .50
52 .55
57 60
62 .65
67 .70
72 .75
77 .80
82 .85
87 .90

I Do
0 0
5 .05
10 .15
15 .20
20 .25
25 .30
30 .35
35 .45
40 .55
45  .625
s0 .70
55 .75
60 .80
65 .85
70 .90
75 .95
80 1.05
85 1.10
90 1.20
95 1.25
100 1.30
106 1.35
110 1.40
Station 80
T IDO
0 0
1 .025
6 .025
11 .050
16 .075
21 .10
26 .125
31 .15
36 .175
41 .20
46  .225
51 .25
56 .25
61 .225
66 .20



Appendix A-2.  Concluded
Station 81a Station 81b Station 82 Station 83 Station 84 Station 85 Station 86 Station &7

T IDO T Do T IDo £r Lo IT DO ET IDO I Lo T Lo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 .38 8 .18 16 0 11 07 5 .05 2 05 3 .10 25 .1
15 .60 16 .30 25 .1 16 .11 10 .08 5 .15 6 .15 35 .15
25 1.00 28 .58 42 .3 23 .21 15 .09 8 .25 9 .16 60 .25

36 1.40 37 .79 61 .6 29 .31 20 .10 15 .45 12 .20

44 1,60 46 1.00 74 .9 36 .42 25 .10 20 .55 19 .25

51 1.82 55 1,20 83 1.1 56 .52 3o .12 25 .64 22 .25

60 1,30 64 63 35 .16 32 .75 26 .26

71 72 490 17 37 .82 29 .30

76 .82 50 .18 42 .86 32 .33

78 .84 5§ .35 47 .94 35 .35

58 .i19 52 .99 38 .36

63 .40 57 1.05 41 .36

65 .42 62 1.13 45 .40

68 .44 49 .45

71 .48 53 .47

74 .49 56 .50

¥ .31 59 .54

80 .58 62 .55

83 .59 66 .59

85 .59 70 64

74 .65

Station 88 Staticn 89
Do

r

LDo

0
.05
.15
.25
33

Ir

0
.05
QI
.13
.15
.17
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Appendi x B- 1.

Tabul at ed Bent hos Dat a

Benthic macroinvertebrates (individuals/m) at station

Organiam
Hexagenia limbata (may fly)

I

Sphaerium partemium
(fingernail clam)

Cheumatopsyche sp.
(caddis fly}

Chaoborus sp. {phantom

midge} 38
Chironomidae sp. (midge) 574
Oligochaetae (aquatic worm) 536

11

Polycentropis cinereus
{caddis fly)

Baetidae sp. (may fly)

Stenonema interpunctatum
(may fly)

5. terminatum (may fly)

Cambarus sp. (cray fish)

Tricorythodes sp. (may fly)

Pyralidae (aquatic butterfly
larvae)

Stenelmis sp. (riffle beetle)

Sphaerium partemium
{fingernail clam)
S. transversum (fingermail
<lam) 19
Cheumatopsyche sp. (caddis
fly)
Hydropsyche sp. (caddis fly)
H. phalerata (caddis fly)
H. bifida (caddis fly)
H. recurvata {caddis fly)

Chironomidae sp. (midge)

Empididae sp. (dance fly)

Oligochaetae (aguatic worm)

Branchiura sowerbyi
{(agquatic worm)

Epheron album (may fly)
Stenonema terminatum

(mway fly)
S. interpunctatum (may fly)
Gammaridae sp. {scud)
Plathemis sp. (dragon fly)
Neocleon alamance (may fly)

Caenis sp. (may £ly)
Stenelmis sp. {riffle beetle)
Dibiraphia sp., (riffle beetle)
Corixidae trichocorixa (water
boatman}
Tricorythodes sp. {(may fly)
Hexagenia limbata (may fly)
Myzobdella moorei (leech)
Hydrophilidae berosus (water
scavenger)

Cheumatopsyche sp. (caddis fly)
Rydropsyche sp. (caddis fly}

H. orris (caddis fly)

H. bifida {caddis fly)

H. aerata {caddis fiy)

H. phalerata (caddis fly)
Potamanthus sp. {may fly)

Ls 2

33
503 211
38 631

2 1

268 612 1260

22 22.5
259

344
43

216

43

6114

4 41

57

402 1167
153 1052

1 15

128

2196

1121
86
128

43

421 1014 2430 1760 4694

364

2

498
383

15a

102

205
62
36
81

[
—

128

T3

134
440

16

g

889 1320 478 440

689

17

19

77 1512

1320

421

z & 8
19

3.5

19

38

880
268 593 77

17.5 18 13 20

86
172
43

345

L4
43

19

3574
86
86
43
43

555 574 6372 1033

364 8021 86 172
43 86

26 2 3¢ 31

43
43

1334
43
173

86
43 259

86

=

77
96
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Appendix B-I.

Organiam

Planariidae sp. (flat worm}

Sphaerium sp. (fingernail
clam)

Chironomidae sp. {midge)

Ceratopogenidae {biting
midge}

Oligochaetae sp. {aquatic
woTH)

Branchiura sowerbyi
{aquatic worm)

Stenonema sp. (may fly)

Ishnura verticales (damsel

fly)

Ectopria sp. {water penny)
Caenis sp. (may fly)

Tricorythodes sp. (may fly)

21

1665

Corixidae trichocorixa (water

boatman}

Cheumatopsyche sp. {(caddis

fly)
Potamanthus sp. (may fly)

Perithemis sp, (dragon fly)

Asellus sp. (aquatic sow
bug)
A. communis {aquatic sow
bug)

Chironomidae sp. (midge)

Chaoborus sp. {phantom
nidge)

Physa sp. (snail)

Oligochaetae (aguatic
worm)

Branchiura sowerbyi
{aquatic worm)

Stenonema interpunctatum
(may fly)

5. terminatum {may fly)

Planaria (flat worm)

Hexagenia limbata (may fly)

Pyralidae sp. (aquatic
butterfly larvae)

Tricorythodes sp. (may fly)

8568

387

128

49

Dubiraphia sp. {riffle beetle)

Myzobdella moorei (leech)
Caenis sp. (may fly)

Cheumatopsyche sp. (caddis

£1y)
Potamanthus sp. {may fly)
Asellus sp. (aquatic sow
bug)
A. communis (aquatic sow
bug)
Argria sp. (damsel fly)

Chironomidae sp. (midge)
Chaoborus sp. {phantom
midge}

Oligochastae (aquatic
worm)

Physa sp. (snail)}

122

322

Continued

Benthie maeroinvertebrates (individuals/m®) at station

22 ZZ.5
990
1052 3488
43
19
3 3
86
518 322
45 48
43
171
&6
43
340
&6
171
43
216
259 2156
1895 340
128

103

7 24 25 2%

128
3961 2468 1593 4048 259

268 819 2714 518
35 36 37 38 3
43
43 216
43
1766
86
322
128 128 387 590
1636 6674 1980 473 473
47 48 45 50 5L
43
43
1420
2239
. 43
2196
128
43

86 39483 689 14554 2239 2206 171

43

6546 387

27

28

5769

560

86

43

86

171
4561

774

128
52

25

1766

43

43

43

43

43

234

0 5

2066 4005
86

905 S60

43
39440 23982

43 43

6156 29537

128

819

1334 1292 744 2669 216 3186
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Appendix B-I.

Concluded

Benthic maeroinvertebrates (individuals/m?) at atation

Organism 86 57 68

Gyraulus parvus (snail)

Dina bucera (leech) 43
Myzobdella moorei (leech) 86 1076
Piscicolaria reducta (leech) 344

Sphaerium partemium {finger-
nail clam)

5. transversum (fingernail
c¢lam)

Asellus sp. (aquatic sow
bug) 128

A. communis (aquatic sow
bug)

Chironomidae sp. (midge)
Oligochaetae (aquatic

worm) 5468 1249 1721
Physa sp. (snail) 86

68 69 70

473 9473

603 4176 1033

Caenis sp. (may fly)
Myzobdella moorei (leech) 128

Sphaerium partemium (finger-

nail clam)

&, transversum {fingernail

clam)
Asellus sp. (aquatic sow

bug) 344
A. communis (aquatic sow

bug)
Chaoborus sp, (phantom

midge) 43 619
Chirencmidae sp. (midge) 689 171 57
Oligochaetae (aquatic
WOTE}

Physa sp. (snail)

1636 3917 19

80 81 82

Psychomyiid Genus A

{caddis fiy) 43
Hexagenia limbata (may fly)
Dubiraphia sp. (riffle

beetle)
Myzobdella moorei (leech) 33

Asellus sp. (aquatic sow

bug)
A. communis {aquatic sow

bug} 43
Sphaerium transversum

(fingernail clam) 344

Chironomidae sp. (midge) 498 2066 1292
Oligochaetae (aquatic
wWOTm) 18193 4520 2324

Physa sp. (snail) 43

8 60 8L gz 63 &4 g5 g6 62
43
518 43 19
387 2367 364 387
287
1990 299Q 2714 86
603 19 43
387
862 128 1152 631 192 128 1076 128 13089
1076 774 35952 765 1799 603 6674 2412 19848
43 19
7172 7874 75 78 22 78 79
43
86 402
86
861
43 1569
43 823
153 43
33 57 171 7061 23250 387 128 &70
325 421 128 1296112745 259293814 3186 2794
nz
85 8¢ g5 g6 87 88 89
19
9
38
2026 43
1163
646 473 128 172 191 306
387 819 171 3359 249 115 153
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Appendi x B-2. Bar Gaphs of |EPA Streamd assifications UWsing Benthos Data

BAR GRAPH KEY

Month and Day Collected (1976) .

Y Organism Tolerance Category
Sampling Station Number —— 9.5 7/13  (Fractional Composition)
Intolerant

A Facultative

Moderate
Tolerant
Stream Classification > S-P
S-P = Semi-polluted
P = Polluted

105



FOX RIVER
1 8/19

4 8/12

7 8/5 9 7/30 9.5 7/ 30

10 7/28 11 8/4 12 8/6 13 8/6

106



FOX RIVER (Concluded)
14 7/29

17 7/20

17.5 7/21

20 7/14

24 7/8

107



NI PPERSI NK CREEK SI LVER CREEK
10/20 10/20

SQUTH BRAI\/ICH KI SHMAUKEE R VER

27 28 /19 10/19

FLI NT CREEK
30 10/14

WII)S CREEK BLACKBERRY CREEK
8/18 6/30

UJ

108



VEST BRANCH DU PAGE R VER
34 .7/22 35 7/22

56 EE /23

38 6/30 39 7/1

EAST BRANCH DU PAGE R VER
40 10/14 41

10/14 42 10/13 43 9/2

44 9/1 45_ 7/1

109



DES PLAINES R VER
49 10/7

57 9/16

110




DES PLAINES RIVER (Concl uded)
8/26 62 9/2 63 9/3

65 9/17

o /2

gECKIE LAGOONS

9/21 71 §/22

11



NORTH BRANCH CH CAGO RIVER
73 9/23

LI TTLE CALUMET RIVER
74 6/16

78 6/16 79 9/28 80 9/28

M DLOTH AN CREEK
82 6/16

S-P

112



THORN CREEK
83 6/8

DEER CREEK
6/8

BUTTERFI ELD CREEK
86 6/9

H CKORY CREEK
87 6/2

S-p

113




Appendi x C Physical Description of Surface Benthic Sediments

S0 Water Pereent Percent
station Sample depth dried volatile
number  number  (ft} Reow Incinerated solids solide

1 1 6.0 watery, medium to coarse light brown silt, 60,4 3.4

black sand, snail shells, fine to coarse sand,
shell frag., a little shells
organic detritus

2 7.0 watery, coarse gray sand, light brown fine to 82.8 0.2
small rocks, shell frag. coarse sand, small
{on top of hard gray clay) rock

3 6.5 gray black brown uniform fine 1light brown fine 77.0 1.2
sand with thin silt layer on  sand, many shell
top, shell frag, frag.

4 5.0 medium to coarse black sand, light brown medium 83.4 0.9

snail shells, shell frag., a to coarse sand
little organic detritus

S 6.0 very black watery muck on top 1light brown clay, 39.9 6.5
of small to medium gravel some small gravel
2 ) 6.0 black muck with medium to brown medium to 67.0 2.6
coarse sand, many pulverized coarse sand, some
shell frag. silt, shell frag.
3 7 5.5 watery, sandy gray-black muck, fine to medium sand, 63.9 3.3
many shells and shell frag. silt, small gravel,
shell frag,
4 8 5.6 thick sandy black muck light brown clay 40.0 3.9
with very fine sand
9 5.7 watery brown silt on top of light brown silt, 53.9 4.5
coarse sand-small gravel, some fine sand, very
few snail shells © small gravel
10 3.8 dirty brown coarse sand, coarse sand and pea 83.3 3.5
small to medium gravel, size gravel
a few snall shells
5 11 2.8 pgray black sandy compact mud light red clay, fine 74.6 1,7
sand
12 watery gray-black sandy muck  light brown silty 65.6 3.6
with some small gravel fine to medium sand,
small gravel
6 13 5.0 gray-black to black sandy light brown silty 73.6 2.1
muck fine sand
14 5.8 watery sandy muck on top of light brown silt, 61.7 3.7
gelatinous black muck fine sand
15 6.5 watery gray-black slightly light brown silt, 64.4 3.6
sandy muck, some small coarse sand, small
gravel, shells gravel
7 16 5.5 watery black sandy muck on light brown silt, 57.1 5.4
top of more compacted black fine sand
muck
17 4.8 watery gray-brown sandy muck light brown silt, 63.5 2.7
mixed with small to large coarse sand, small
gravel gravel, snail shells
18 4.3 watery gray-brown sandy muck dark brown silty sand 77.8 2.2
mixed with small to large some small to medium
gravel gravel
15 7.3 watery sandy gray black muck light brown sandy 50.8 6.6
on top of rocks silt
8 20 4.7 semi;compacted sandy black light brown silt 51.¢ 8.6
mue
21 3.0 dirty coarse sand, medium to dark brown medium to 80,5 1.6
large gravel, shell frag. coarse sand, snail

and clam shells
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S0p Water
gtatton Sample depth
rumber mumber (ft]

9 22 3.5
23 4.8
24 5.3

10 25 7.7

11 26 5.3

12 27 3.0

13 28 4.4

29 2.5

14 30 2.0

31 k.38 |

32 2,0
15 33 2.5

34 6.1
16 35 5.8
17 36 3.0

37

38 1.6
18 39 5.3

Appendi x C

Raw

watery gray-black sandy muck,
some organic detritus and
small gravel

gray-black stratified gelati-
nous muck on top of com-
pacted dirty sand

thin layer of watery gray-
black muck on top of dirty
sand

very watery gray-brown muck
with black streaks

thin watery muck on top of
sand and shell frag.

watery gray-black sandy muck,
a little small gravel

very watery gray-black gritty
muck on top of compact fine
sand

slightly muddy loose coarse
sand and small gravel
gray-black sandy muck

dirty watery coarse sand,
small to medium gravel

very watery gray-black sandy
muck

¢lean coarse sand, small to
medium gravel, shell
fragments

thin watery layer of muck on
top of medium to large
gravel

thin watery layer of gray-
black muck on top sandy
rocky marl

fine to medium to coarse
dirty relatively dry sand

coarse sand and shell frag-
ments, snail shells

medium coarse sand, shell
fragments and clean marl
like material

dirty medium to coarse sand,
some shell frapments

115

Cont i nued

Peraoent Percent
dried volatile
eolide

Inainerated

light brown silt
clay, some small
gravel and snail
shells

light brown silt-
clay, a few snail
shells

light brown silt
clay with some fine
sand

light brown clay

dark brown silt-
sand, shells

light brown silt
sand, small gravel,
snail shells

light brown siit
fine sand some very
small gravel

a little silt, sand,
small gravel

iight brown silt, a
little small gravel,
snail shells

light brown medium
sand, small to
medium gravel snail
shells

light brown silt,
fine sand, a little
gravel

dark brown, medium to
coarse sand, small
to medium gravel,
snail shells

light brown silt,
some small gravel
and clam shells
light brown silt

light brown silt,
some fine sand, a
few small shells

medium to coarse
sand, snail and
clam shells

medium to coarse
sand, small clams
and snails

medium sand, small
gravel, small to
medium snail shells

aolids

61,5

54,4

55.2

31.5
56.0
59.3

57.0

83.9

73.7

77.4

69.0

86.0

48.6

46,3

67.9

70.1

77.9

77.5

3.6

5.7

4.6

8.0
4.5
3.9

5.4

1.6
8.2

3.1

5.2

1.2

5.9

5.9

4.2

6.6

1.7

2.8



S0D
e 43
19 40
20 41
21 42
22 43

44
45
46
47
48
49
50
51
52
23 83
24 54
25 $5
26 56

fibrous organic detritus
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sand

Appendix C.  Continued
Wator Porosnt Forsont
dapth dreiad volatiis
(fe) Rao Insinerated solids eolids
4.0 dirty coarse gsand, small to smell to large send, 74.7 7.2
medium grevel small te modium
gravel, swmall shells
somo charred matorial
1.3 cloan coarse sand, small to clean coerse sand 88.5 i.4
medium grevel with small to modium
gravel
6.5 very watery black silt-clay orange-brown clay 65.3 2.9
slimey muck on top of large with some gand and
gravel and rocks small to modium
- gravel
4,8 dirty sand, coarse sand, orange brown, medium 84,& i.8
medium to large gravel, to coarse sand,
some organic detritus small to medium gravel
3.5 wmedium to coarse sand, mediwm 1light brown medium to 85.9 1,3
to large gravel, some small coarse sand, medium
shells to large gravel,
shells
2,5 large rocks large mud ball con- 65,3 2.9
sisting of silt
incrusted around
rocks, very hard
poTous
6.5 very watery black muck with porous silt clumps, 34.5 7.8
small gravel some sand and pulver-
ized shells
4.8 very watery black silt-clay, silt-clay, shell par- 45.5 4,5
some fine sand, pulverized ticles, a few whole
shell fragments snail shells
4.8 slightly dirty black medium sand to large gravel, 85.8 1.9
to coarse sand, small to some whole snail
large gravel shells
6.3 slightly dirty, black fine to light brown silt to 75.6 2.9
medium sand, small to large laxge gravel, whole
gravel snail shells
5.0 slight dirty, black coarse light brown sand and 75.8 2.4
sand to large gravel, whole gravel, whole snail
snall shells shells
3.7 dirty black medium to coarse light brown silt to 73.0 3.4
sand, medium gravel, large gravel, shells and
shell fragments shell fragments
1.6 watery black silt clay on light brown porous 43.3 8.0
top of gelatinous organic ¢lay mass
mack
6.0 black watery medium to coarse 1light brown silt to 67.5 4.1
sand, small gravel, shells sand, shell fragments
and shell fragments
2.5 loose dirty black medium to light brown silt and 70.0 3.7
coarse sand, pulverized sand, many snail
. shell fragments shells and fragments
1.1 slightly dirty fine to cosrse clean medium to 85.6 0.4
sand, small gravel, some coarse sand, very
organic detritus small gravel
1.2 watery black sandy muck, 1ight brown silt-fine 67.2 3.1



Appendi x C. Conti nued

80D Water Pereent Percent
gtation Somple depth . dried volatile
rumber mumber (ft) Rew Incinerated solide solids
27 57 0.8 clean fine to coarse sand, silt to medium gravel 84.4 1.1
' small to medium gravel
28 58 1.5 watery black coarse sand, light red fine to 81.8 2.1
small to large gravel coarse sand, small
to large gravel
29 59 1.5 very black sand-silt, small clean medium to 85.6 0.4
gravel , coarse sand and
very small gravel
30 60 1.3 1loose brown coarse sand, siit to small gravel 82.7 1.7
. small to medium gravel
31 61 1.2 thin layer of black floccu- coarse sand and small 85.3 0.8
- lent silt on top of coarse gravel
sand to medium gravel
32 62 0.2 thin brown flocculent silt on reddish brown clay, 79.4 1.0
top of rocks and bed rock coarse sand, some
_ medium gravel
33 63 1.0 clean coarse sand, small ° clean sand to medium 90,2 0.8
gravel to large rocks, shell gravel, shell
fragments fragments
34 64 2,0 light weight dry silt, some light brown silt- 49,2 13.9
coarse sand, organic detri- clay with some small
tous, decayed vegetation gravel
35 65 2.0 black sticky medium to coarse fine to coarse sand, 77,4 1.8
sand, small to medium small gravel
gravel, pulverized detritous
36 66 0.6 watery black sandy muck loaded 1ight brown silt-clay 44.8 7.9

with organic detritus, a
little small gravel

37 67 2.1 watery black silt loaded light brown silt-clay 41.6 8.1
with pulverized organic
detritus
38 68 1.3 clean gray coarse sand to light brown silt, 86.2 1.0
medium gravel, large rocks, small gravel with
large shell fragments silt coat
39 69 0.9 watery gray clay, medium to light brown silt to B84.6 3.1
large gravel, large rocks, small gravel, very
small shell fragments hard
40 70 1.7 1light brown muddy coarse sand, silt, very small to 77.5 2.4
some woody material, glass medium gravel
fragments
41 71 2.0 gray-black gelatinous muck 35,7 15.1
with slight petroleum smell
42 72 3.7 odorous, black septic sludge- silt-sand with some 58,0 4.2
like sandy muck small rocks
43 73 1.7 dirty black coarse sand, small rocks and 56.7 13.0
small mud balls, very small gravel, some silt
to small gravel and sand
44 74 2,5 very watery black muck light brown silt- 46,4 . 7.5
clay, some medium
sand
45 75 1.7 some black clay-silt, coarse orange-brown silt and 76.2 3.3
sand, small gravel, small gravel coated with
rocks, woody detritus an orange-brown
layer
46 76 1.8 1light brown musty smelling light brown sand and 85.2 1.0
fine sand to large gravel, very small gravel

small rocks, much fila-
mentous algae
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Appendix C.  Continued
80D Water Percent
station Sample depth dried
manber mmber (ft) Rewy Inainerated golids
47 77 2,0 black growth on medium to very small gravel 9l.0
large rocks, small to large to medium rocks
gravel, some medium to coarse
sand, filamentous algae
48 78 3.7 gray-black sticky muck with a hard dense clay 46.0
little sand
79 3.0 gray-black watery uniform fine to coarse sand, 76.4
coarse sand some small shells
49 80 1.5 black septic sandy mud, light brown fine 52.0
clay balls, some small sand and clay
gravel
50 81 1.0 gray-black dirty sand and medium sand, very 81.4
gravel some small rocks small to small
gravel
51 82 2.2 gray-black dirty sand and sand, very small to 86.3
gravel, some small rocks small gravel and
rocks
52 83 3,3 gray-black septic smelling fine to medium sand, 77,1
silty sand, very small to some ¢lay and small
small gravel gravel
53 84 1.5 gray-black sand, very small fine to coarse sand, 86.0
to medium gravel very small to small
gravel
54 85 4.2 coarse sand, small to some brown clay and 88.6
medium gravel sand, small to
medium gravel
86 11-2" of watery black muck on light brown silt, 49.6
top of sand and gravel very small gravel
S5 87 3.0 12v-18" of watery black muck reddish brown silt- 57.3
on top of sand and gravel clay, some fine sand
56 88 3.0 watery black sandy muck, light brown ¢lay and 60.0
some large rocks very coarse sand
87 BS 3.3 black dirty coarse sand and brown clay, coarse 88.6
gravel sand, small to
medium gravel
58 90 3.5 watery black muck loaded with 1light brown clay-silt 76.8
fingernail clams small gravel,
fingernail clams
59 91 2,7 dirty black coarse sand, small light brown medium to 77.2

to medium gravel, finger-
nail clams

118

coarse sand, very
small gravel, finger-
nail clams

Percent
volatile
solide

1.0

6,2

1.2

6.9

0.9

0.8

1.8

0.8

0.8

5.5

6.4

3.4

0.8

1.8

2.0



80D

atation Sample
rumber

mmber

60

61

62

63

64

65

66

67

68

69

70

71

72

73

4

75

92

93

94

95

96

97

98

29

100

101

102

103

104

105

106

107

Water

depth
(ft)

2.0

2.0

5.0

4.8

1.3

1.7

3.0

3.5

3.0

2,0

6.5

5.0

0.7

2.8

2.6

1.6

Appendix C.  Continued

Reao

loose dirty black coarse sand,

small to medium gravel,
filamentous algae

black watery oily muck loaded
with fingernail clams and
clam shells

coarse sand, small gravel,
crushed shells, some gray
clay chunks

gray-black pasty or
gelatinous muck

clean coarse sand and small
gravel

dirty coarse sand, small to
large gravel

watery black sandy muck
loaded with organic detritus
and woody detritus

dirty black coarse sand,
small gravel

very black watery muck

gray black dirty uniformly
medium sand

gray clay with stratified
layers of black clay,
smooth and somewhat watery

fresh looking brownish gray,
somewhat watery silt-clay
on top of black septic
silt-clay

earthy smelling gray-black-
brown watery silt-clay

dirty gray slightly musty
smelling coarse sand, very
small gravel

black odorous sludge

very black odorous fine sand
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Ineinerated

light brown sand,
small gravel

very hard orange
clay-silt, finger-
nail clams

very small to small
gravel, fingernail
clam shells

light brown extremely
hard packed silt-
clay

clean sand and
gravel

light brown clay,
sand, small to
large gravel

orange-brown clay
to fine sand, some
medium sand

small gravel, some
clay to fine sand

light brown hard
packed silt-clay

light brown medium

to coarse sand,

some fingernail clam
shells

light brown hard
packed clay-silt

light brown-gray
hard packed clay

light brown hard
packed clay

reddish brown coarse
sand to small gravel
orange hard packed
clay

orange fine sand

Percent
dried
golids

86.7

42,6

83.6

40.9

93.3

86.3

60.5

82.2

42.0

78.3

3.5

43.3

42,2

83.8

48.9

76.5

Percent
volatile
golide

2.1

B.7

0.%

7.3

0.7

1.3

6.9

1.6

6.8

2,6

7‘1

5.2

603
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Appendix C.  Concluded

s00 Water Percent Percent
station Sample depth dried volatile
ragnbar  rumber (ft) Baw Inoinerated solides sclide
76 108 1.6 black odorous sludge orange hard packed 40.8 10.5
clay
77 109 1.6 black odorous sludge orange hard packed 44.9 6.2
clay
78 110 2.4 coarse sand to large black orange crust over 75.7 9.7
septic looking rocks, some light gray sand,
fingernail clams small gravel, shells,

charred organics

111 3.0 black septic coarse sand to gray sand, medium 85.2 2.1
large tocks rocks
79 112 5.5 black gelatinous muck and light brown hard 46.8 6.6
sludge, petroleum odor packed silt
80 113 7.5 ‘thin watery muck on top of gray sand very small 83,2 - 14.0
black coarse sand, some gravel

woody detritus and finger-
nail c¢lam shells

81 114 0.6 relatively clean coarse sand orange sand, small 77.5 3.4
some small gravel and gravel compacted
gray clay with clay

82 115 0.7 medium to coarse clean sand, sand and small gravel 74.9 4.9
small gravel, a few shell
fragments

83 116 0.9 fine to coarse gray sand, brown fine to coarse 86,9 2.1
small gravel on top of hard sand, small gravel,
gray clay hard clay

84 117 1.7 coarse sand, shells and shell 1light brown sand-silt 81.2 3.0

frapments, some silt and
small gravel

8S 118 1.6 black sandy muck with sewage 1light brown hard 73.0 3.1
odor brittle clay

86 119 0.4 black fine to coarse sand very fine sand-silt 81.6 1.4

87 120 4,0 compact gray clay-silt mixed orange silt-sand 43.4 7.6
with fine to coarse sand

88 121 5.5 gray-black somewhat watery orange silt-sand 48.2 8.4
silt-clay, some sand

89 122 4.5 dirty gray sand, shells, gray sand, shells, 75.8 4,9
shell fragments shell fragments,

snail shells

120



Appendi x D-1. Physical Description of Sediment Core Sanpl es

Depth

Station interval

number

1
2

3

(inches)

surface
surface

0-0.5
0.5-2.5
2.5-3.5

3.5-6.0

> =
. — . .

[

« A

o

MO

[ I B R | [ I S I |
U1 B o O s 2 b B b D
PR N ) P
OO o Wn

Description

no core possible, ponar dredge sample taken, water, sand

no core possible, ponar dredge sample taken, thin layer
of loose muck on top of fine sand

very watery sandy gray-black muck

semi-compacted gray-black coarse sand with shells and
shell fragments

relatively dry coarse sand, considerable calcareous

material and shell fragments

very compacted dry to medium to coarse sand with a layer
of very white dry compacted calcareous material

watery black mud with woody material and organic detritus
gray-black gelatinous silty muck

gritty gray-black muck with snail shells and shell frags.
very compacted gray-black uniform fine sand

very compacted gray-black fine sand and some silt
compacted gray uniform fine sand

compacted gray fine sand with some silt

gray-black sandy putty-like silt

thin watery sandy black muck

transition from watery to compacted sand

wet semi-compacted gray-black coarse sand

compacted gray-black coarse to fine sand with some organic
detritus

relatively dry black fine sand with shell fragments and
some small gravel

dry compacted silt with shell fragments and small to
medium gravel

dry black silt-sand

gray-black putty-like silt-clay

gray-black putty-like silt-clay with some sand

watery silt-clay

transition from watery silt-clay to semi-compacted silt-
clay

gray rubbery, putty-like silt-clay

watery black sandy muck

very black coarse sand, shells, small gravel

gray-black silt

gray-black clay with coarse sand, small gravel, shells
loose dirty sand, snail shells, shell fragments, snail
shells, small gravel

somewhat compacted medium to coarse sand, small gravel,
large snail shells, shell fragments

compacted black fine to medium sand, a few shells, large
piece of woody detritus
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1.5-5.0
5.0-6.0
6.0-6.5
6.5-10.0

10,0-13.0

Appendix D-1. Continued

Deseription

no core possible, ponar dredge sample taken of thin
watery gray-brown muck with black streaks on top of
bed rock and stones

watery black sandy muck.

less watery gray-black sand and small gravel
relatively dry black coarse sand to medium gravel, shells,
shell fragments

same as above with some silt-clay

appears to be solid rock

thin watery gray-black sandy muck

gray-black silty muck

gray-black sandy, silty muck

watery gray-black muck

transition from watery muck to a more compacted sandy
sediment containing organic detritus

relatively dry compacted gray silt with shell fragments
and organic detritus

very fine gray-black sand with very finely pulverized
shell fragments

transition from fine sand to dry gray-brown sand and
finely pulverized organic detritus

gray brown heavily laden with finely pulverized organic
detritus

relatively dry compacted light gray sand containing
shells, shell fragments, small gravel and a little
organic detritus

sandy muck with thin watery surface layer containing
detritous

relatively dry sandy muck and small gravel

transition from sand to compacted clay

silt-clay with some sand and shell fragments

relatively dry silt-clay with a few shell fragments

marl type sediment with some silt clay and coarse shell
fragments

dry silt-clay with considerable pulverized organic
detritus

watery medium to coarse clean sand and fine to medium
gravel

gray-black medium to coarse sand, large gravel some
shell fragments

thin watery gray-black muck

less watery sandy muck

large gravel and rocks with some coarse sand, small
gravel, and shell fragments
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Station interval

ruanber

17

18

19

20

21

22

23

24

25

26

Depth
(inches)

4-7

Appendix D-1. Continued

Degeription

dry fine dirty sand

compacted fine dry dirty sand

fine dirty sand with some silt and clay

compacted black silt-clay

dirty fine to medium sand, some shell fragments

pPrimarily woody detritus, some snail shell fragments
dirty medium to coarse sand, shell fragment, some small
gravel

dirty medium to coarse sand, some small gravel and snail
shells

large rocks

small rocks, coarse dirty gravel with scme organic
detritus

black dirty coarse sand to small gravel

large rocks

large gravel to small rocks

small to large gravel

no core possible, very watery black muck over medium to
large gravel and rock, rocks stained and coated with a
black anaerobic looking film

dirty black spetic looking fine sand and some silt
large rocks

large gravel, small rocks

coarse sand, large gravel, small rocks

dirty black fine to coarse sand, gravel, some small and
organic detritus

silt-clay with gravel and small rocks

dirty silty fine sand, small to medium gravel, shell
fragments, some organic detritus

very flocculent gray-black silt clay

gelatinous gray-black silt clay

somewhat drier and more compacted gray-black silt-clay
same as above except organic detritus evident

compact gray-black silt-clay

sandy silt-clay with some small gravel and snail shells
loose watery gray-brown fine to coarse sand, small
gravel, shell fragments

black fine to medium sand

very black compacted fine to medium sand with some silt-
clay and shell fragments

same as above with some small gravel

compacted putty-like gray clay

transition from gray clay to black fine sand

gray-black uniform fine sand
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Appendix D-l. Continued

Deseription

loose gray-brown fine sand to medium gravel, some shell
fragments

dark gray-brown coarse sand to large gravel woody
detritus

gray compacted organic detritus in coarse sand

loose black coarse sand to medium gravel

loose black coarse sand to medium gravel

compacted coarse sand to medium gravel

dry compacted gray clay with some small gravel

very black fine to coarse sand

gray-brown fine sand to small gravel

black organic sand

solid wood

loose conglomeration of gray-yellow clay, sand, gravel

hard compacted gray clay

yellow clay-sand mixture

small to large gravel and rocks

gray-black coarse sand to medium gravel

watery gray medium to large gravel

no core possible, photo is of stream, sandy rocky bottom;
fine sand to large gravel and jagged-edged large rTocks
on top of bed rock

medium to large gravel

coarse sand to medium gravel, shell fragments

dirty coarse sand to medium gravel

dirty coarse sand to very large gravel

very black clay-silt, medium to coarse sand, some
organic detritus

transition from black sand-gravel to clean medium sand,
organic detritus

gray clean silt-sand to medium gravel

very watery black septic silt

dirty black coarse sand, small gravel

compacted black -septic coarse sand, with small to medium
gravel

very compacted dry black septic sand, small gravel
gray-black medium to coarse sand

gray medium to coarse sand

very watery black muck with small gravel

dry black septic muck with considerable organic detritus
transition between sediment and native bottom

dry compacted gray-black clay-silt

very hard compacted gray-black clay-silt

same as above with considerable organic detritus
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Appendix D-lI. Continued

Depth
Station interval
number  (inches) Deseription
37 0-1.0 very watery earthy smelling black muck
1.0-3.0 semi-watery very black septic looking muck
3,0-4.5 semi-compacted very black gray streaked muck
4,.5-5.0 transition between muck and sand-gravel
5.0-8.5 black sand to small gravel
38 0-3.0 medium to large rocks
3.0-5.5 dirty gray coarse sand to large gravel shell fragments
5.5-6.5 same as above but cleaner
39 0-3.0 large rock and stones coated with thin layer of slime
bacteria
3.0-3.5 gray clay, coarse sand to small gravel
3.5-6.5 very hard compacted relatively dry clay
40 0-2 medium to large gravel and rocks
2-3 medium sand to medium gravel
3-8 gray-black silt, coarse sand, small gravel
5-7 light gray silt, coarse sand, large gravel
7-11 light gray compacted clay with some small gravel,
fibrous organic material
41 0-2 very black muck loaded with detritus
2-6 very black septic looking muck
6-9 same as above except drier
9-10 black septic looking silt-clay, coarse sand, small
gravel
10-11 gray-black sand with some silt-clay, transition to
native soil
11-13 native gray clay-silt and coarse sand
42 0-2 black septic sandy-gravely muck
2-3 same as above but more compacted
3-6 gray-black relatively dry coarse sand and small gravel
6-8 black septic looking clay-silt, coarse sand, organic
detritus
8.9 gray loose coarse sand
9-11 dry gray clay to coarse sand
11-19 dry, very compacted gray-black clay
43 0-0.5 very black dirty loose coarse sand, clay balls
0.5-1.0 dry cecarse sand with clay balls
1.0-3.5 dry compacted black clay to medium gravel
3.5-8.5 dry compacted black silt-clay
8.5-9.0 lense of very fine gray-black sand
9.0-13.5 dry compacted black silt clay
44 0-0.5 watery, gray muck
0.5-2.0 watery very black muck with some organic detritus
2.0-3.0 more compacted gray-black muck
3.0-9.0 semi-compacted gray silt
9.0-14.5 compacted gelatincus gray silt-clay
14,5-15.C dry compacted silt-clay with some rocks
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Station interval
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45
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Appendix D-I. Continued

Deseription

dirty coarse sand, some organic¢ detritus

same as above except contained a 2" chunk of clay

dirty black septic-looking coarse sand and small gravel
semi-compacted black clay-silt with organic detritus

very black septic-locking coarse sand with organic
detritus

very compacted black organic detritus

large pieces of compacted woody detritus (leaves, woods
chips, etc.)

same as above except some clay mixed within

small stones, one large rock some clay-silt and organic
septic-looking organic detritus

rocky, gravel bottom, no good core possible, tan coarse
sand under rocks

rocky, gravel bottom no core possible

thin watery gray-black silt-clay

gray-black gelatinous silt-clay .

same as above but more black and septic

dry black silt-clay, shells, shell fragments, organic
fibrous material

hard compacted gray-black silt-clay

loose gray-black dirty fine sand

dry gray-black silty sand

gray-brown silt-clay with some fine sand and organic
fibrous material

gray-brown fine sand with woody detritus

clean gray fine sand

clean gray fine sand with woody detritus

gray-black coarse sand

lense of black sand with organic and woody detritus

coarse sand to medium gravel, shell fragments

loose coarse gray sand and pea gravel

very hard dry gray clay with large gravel fragments

gray-black silty sand with organic detritus and large
leaf fragments

gray-brown coarse sand, small to medium gravel

brown medium gravel to large rocks

loose coarse sand to large gravel, some hard clay

gray-black coarse sand to large gravel

clean loose small to medium gravel

loose gravel with some fine black sand

watery black muck

watery black muck with coarse sand to large gravel
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Appendix D-l. Continued

Station interval

rnumber  (i{nches) ‘ Deseription
55 0-5.0 very compact gray medium sand to large gravel

0-6.5 complex mix of gray clay,coarse sand, gravel

5-9.0 very compact putty-like gray clay

56 ¢-1.0 watery sandy black muck

1,0-11.5 dry gray-black coarse sand

0-4 thin layer of muck on top of loose black sand and

gravel

=10 very compact putty-like gray clay

0 dirty black coarse sand with many fingernail clams

0 gray-black medium sand to small gravel

0

57

58

gray coarse sand and small gravel
5 gray coarse sand, small to medium gravel, large rocks
3 gray fine to coarse sand, very small gravel
0 dry compact gray-brown fine sand
5 very loose watery small gravel
very watery black coarse sand
less watery gray-black coarse sand, shell fragments
same as above but more compact and drier
same as above but compact and dry
+ dirty black coarse sand to large gravel
watery black oily muck
5 watery black muck
.5 hard compact dry gray-tan clay
very loose but dry coarse sand small gravel, shells
gray-black pasty silt
gelatinous gray-black silt
.0 putty-like gray-black silt
.5 dry gray-black silt with shells and shell fragments
clean coarse sand to large gravel
5 very hard compact dry gray clay
.0 gray brown coarse sand to large gravel
5 brown clay with coarse sand to medium gravel
watery slightly sandy black muck loaded with leaves
and woody detritus
very black layer of organic material
light to dark gray putty-like clay
light to dark gray putty-like clay with dirty coarse
sand
0 gray-black clay mixed with coarse sand and gravel
.5 black medium to coarse sand mixed with medium gravel
5
0

59

—
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60
61

62
63

[
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64

65

[
-

66

67
same as above but more compact

compact dry coarse sand and gravel with woody detritus
+ small to medium gravel
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Appendix D-lI. Continued

Depth

Station interval

rumber  (inches) . Deacription

68 1 watery gray-black muck

2 watery black muck with decaying leaves and woody detritus
4 more compacted black muck
6 same as above but more compacted
8 relatively dry compacted muck
1 relativély dry compacted muck with some sand and gravel
1 gray-black sandy pasty silt-clay
1 very dry black medium to coarse sand
v loose dirty sand medium size rock fragments
1 dry dirty sand large gravel and rock fragments
3 dry hard compacted tan clay with small rocks
2 very watery black clay
S watery black clay
1 less watery black clay
1 semi-compacted gray black streaked clay
2 watery gray-black clay
8 less watery black, gray-streaked clay
9 semi-compacted black, gray-streaked clay
1 compacted gray clay
-2 gray silt-clay with septic black streaks
6

9

1

1

0

2

3

4

7

2

7

1

2

0

1

2

S

6

oo

69
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70

-~ B

71

72
very black gelatinous clay

telatively dry gray-black silt-clay

0 transition from silt-clay to dry black sand

7 uniform gray-black sand with lenses of dry gray silt

[

73 loose gray-black coarse sand to medium gravel

05
. very loose gray coarse sand small gravel
S
5

same as above but black and septic looking

. sandy gray clay

=T+ very dry compacted, putty-like gray clay

very watery muck with clay balls

watery muck with small clay balls and organic detritus

A NO

74

7 pasty gray clay
0 compacted hard gray clay

ot
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b
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75 thin septic-looking flocculent silt
loose black fine sand with organic detritus

5
.0
.0 fine sand, small gravel loaded with worms
05
Qo

uniform compacted fine black sand

transition from black sand to clean fine sand to small

gravel and rocks

-10.5 uniform fine clean gray sand

0 watery sewage-like sludge loaded with worms

0 less watery sewage-like very black sludge

0 transition from contaminated surface sediments to
natural gray-black clay-silt

9.0-12.0 gray sandy clay-silt
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Appendix D-I. Continued

Deacription

coarse sand with some silt-clay

relatively dry compacted clay-sand with many shell
fragments and marl-like material

dry compacted sandy-clay

sand with some shell fragments and clay

dry sandy clay

coarse sand with some shell fragments

very watery black muck

watery black muck

semi-compacted gray-black muck

semi-compacted gray muck with organic detritus
watery black muck

semi-compacted gray-black muck

compacted gray-clay

compacted gray clay with black streaks

dry compacted gray clay with some thin lenses of black
clay

no core sample taken, sandy rocky bottom; coarse sand
to large rocks with zoogleal growth

watery black silt-clay

semi-compacted gray-black silt-clay

compact gray-black silt-clay

compact gray silt-clay with black streaks

uniform relatively dry fine gray sand

no core sample taken; stations 79 and 80 are on the same
cross section, 79 is near the left bank, 80 on the
centerline; ponar taken at 80 showed a thin layer of
watery muck on black coarse sand

gray-brown coarse sand

thin layer of tan clay

very hard compacted gray clay

clean coarsé sand

clean coarse sand, small gravel, small rocks

gray-black fine to coarse sand

extremely hard compacted gray clay

gray coarse sand to large gravel

dirty coarse sand

semi-compacted gray clay with medium gravel

very hard compacted dry gray clay

watery silt-sand with some organic detritus
compacted gray, black streaked clay

relatively clean fine sand to very small gravel

compacted gray-black silt-clay and fine sand
silt-clay, fine sand, some small gravel
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Appendix D-l. Concluded

Deseription

small gravel with some silt

small gravel with some silt and fine sand
hard compacted gray clay

relatively clean loose fine sand

clean compacted fine sand

clean coarse sand to medium gravel
semi-compacted gray-black silt-clay
compacted gray-bhlack silt-clay

dirty fine sand to very small gravel
watery gray-black silt-clay
semi-compacted silt-clay with some sand
compacted silt-clay

coarse sand, small gravel, some organic detritus
clean coarse sand, shell and shell fragments
semi-compacted silt-clay

dirty fine sand

compacted silt-clay

coarse sand with some silt clay

compacted silt-clay

coarse sand and small gravel

silt-clay, fine sand
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Appendi x D-2. Photographs of Core Sanples

SCD STATION 1

o
:

SCD STATICN 2
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S STATION 3

SCD STATION 4
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SCD STATION 5

SCD STATION 6
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SCD STATION 7

SCD STATION 8
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SCD STATION 9

SCD STATION 10
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SCD STATION 11

SCD STATION 12
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SCD STATION 14
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SCD STATION 16
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SCD STATION 17

SCD STATICN 18
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SO STATION 19

SGD STATION 20
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SCD STATION 22
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SCD STATION 23

SCD STATION 24
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SCD STATION 26
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SCD STATION 27

SCD STATION 28
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SCD STATION 29

SCD STATION 30
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SCD STATION 31

SCD STATION 32
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S STATION 33

S STATION 34
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SO STATION 35

SCD STATION 36
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SCD STATION 37

SCD STATION 38
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SGD STATION 39

SCD STATICN 40

150



SCD STATION 41

SCD STATION 42
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SCD STATION 43

SCD STATION 44
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SO STATI ON 45

SGD STATI ON 46
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SGD STATION 48
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SCD STATICN 50
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SCD STATION 51

SCD STATION 52
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SCD STATION 53

SCD STATION 54
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SCD STATICN 55

SCD STATION 56
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SGD STATION 57

SCD STATION 58
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SAD STATION 59

SGD STATION 60
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SCD STATI ON 61

SCD STATION 62
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SGD STATION 63

SCD STATI ON 64
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SAD STATION 65

SGD STATI ON 66
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SGD STATION 67

SGD STATION 68
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SCD STATION 69

SCD STATION 70
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SO STATION 71

S STATION 72
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SCD STATICN 73

SCD STATION 74
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SO STATION 75

SO STATION 76
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SCD STATION 77

SCD STATION 78
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SGD STATION 79

SCD STATION 80
No core sanple taken
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SCD STATI ON 81

SCD STATION 82
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SGD STATICN 83

SCD STATION 84
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S STATION 85

SGD STATION 86
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SCD STATION 87

D STATION 88
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SOD STATION 89

175



Appendi x E  Chemcal and Physical Data Chserved during SCD Sanpling Period

Sed.  No. per m® Percent
Station  Pemp. bo depth  of macro- No. of wvolatile Percent 50D
number (°c) fmg/T) (in)  organisms taxa solids solids g/m*/day

1 23.6 11.68 6 1148 3 3.4 60.4 2.57
2 23.9 8,48 5 842 2 2,6 67.0 1.55
3 24.7 7.51 2.5 612 3 3.3 63.9 1,30
4 25.0 8.44 11 2219 2 8.9 40,0 2.26
5 24.5 7.95 4 881 2 1.7 S 74.6 1.85
6 25.2 14.00 5 1588 2 2.1 73.6 4,22
7 23.6 12.50 13 1607 3 5.4 57.1 2.47
8 22.3 9.40 5 1090 3 8.6 51.0 2.14
S 22.8 5.8% 2.5 517 2 3.6 61.5 2.64
10 26.8 10.8 1 173 2 3.0 31.5 2.35
11 23.7 15.38 5.5 708 3 4.5 56,0 3.43
12 21.6 7.29 4 1626 2 3.9 59.3 1.92
13 21.6 5.70 6 3636 2 5.4 57.0 2,06
14 25.2 7.90 3 2124 2 9.2 73.7 2.90
15 25.5 10.85 4.5 8396 7 1,2 86.0 3.38
16 22.2 5.53 3.5 1397 2 5.9 46.3 2.24
17 26.0 12.23 12.5 1952 3 4,2 67.9 9.79
18 24.0 5.63 5 8614 3 2.8 77.5 1.52
19 27.4 6.50 7 6501 3 7.2 74.7 2.73
20 28.6 9.29 7 5812 13 1.4 88.5 7.16
21 25.1 6.80 6 1665 1 2.9 65,3 4.17
22 30.8 13.35 9 1050 3 1.8 B4.6 5.99
23 20,6 5.74 4 3961 1 4.1 67.5 2.36
24 27.8 10.83 14 2736 2 3.7 70.0 4,90
25 5.5 10.44 12 2540 3 0.4 85.6 0.63
26 6.9 8.89 8 6762 2 3.1 67.2 1,93
27 9.2 3.83 8 506 3 1.1 84.4 5.14
28 7.8 8.38 3 6501 5 2.1 8l.8 1.03
29 7.3 10.68 9 1852 3 0.4 85.06 1.41
30 12.5 11.84 2 4391 4 1.7 §2.7 0.27
31 14,7 6.28 4 5126 6 ¢.8 85.3 0.93
32 29.1 11.69 4 9083 3 1,0 79.4 1.94
33 19.0 7.68 9 604 2 0.8 90.2 0.86
34 21.0 5.89 2.5 322 1 13.9 49,2 0.98
35 21.7 4.30 2,5 1764 2 1.8 77.4 l1.62
36 23.1 3.26 2.0 6802 2 7.9 44,8 1.38
37 23,0 4.74 5.0 1980 1 8.1 41,6 2,21
38 21.0 5.35 2,5 903 3 1.0 86.2 1.17
39 20.5 7.53 3.5 . 3939 8 3.1 84.6 2.7
40 12. 4 8.08 7 5939 7 2.4 77.5 2.76
41 10.4 7.55 11 406 5 15.1 35.7 1,50
42 17.8 5.68 9 45,639 3 4.2 58.0 6.61
43 18.4 7.20 3.5 53,605 4 13.0 56.7 1.94
44 21.7 6.40 3 644 2 7.5 46.4 2.06
45 20.6 2.35 8 2282 3 3.3 76.2 0,90
46 17.3 6.31 3 3725 11 1.0 85.2 2,20
47 16.0 B.34 1 6155 7 1.0 S 91,0 0.97
48 16.2 13.11 11 46,072 3 6.2 46.0 3.30
49 5.0 6.38 6.5 1162 4 6.9 52.0 1.84
50 4.0 6,65 9 15,888 2 ¢.9 81.4 4,70
51 12.4 5.58 3 3531 2 0.8 86.3 1.01
52 10.8 6.06 4 2840 2 1.8 77.1 0.71
53 13.9 7.90 5 2840 3 0.8 86.0 0.82
54 15.0 6.34 5 774 3 0.8 88.6 1.93
55 21.5 3.40 6.5 4005 2 6.4 57.3 3.93
56 21.0 5.53 11.5 6071 2 3.4 60.0 4.11
57 13,8 2.98 4 6027 5 0.8 88.6 1.91
58 17.5 4.63 13.5 13,861 7 1.8 76.8 7.42
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Appendi x E Concl uded

Sed.  No. per m? Percent
Tenp. Do depth of macro- No. of wvolatile Percent 50D
°c)  (mg/l)  (in}  organieme tara solids  golids g/m*/day

21.2 10.00 10 3918 4 2.0 77.2 5.61
25.0 4,45 - 12 5853 9 2.1 86.7 6.17
23.9 1.33 4.5 39,861 4 8.7 42.6 6,17
20.4 10.44 10 4736 7 0.9 B3.6 1.96
19,5 15.25 16,5 1991 2 7.3 40.9 5.53
17.3 6,56 3 774 3 0.7 93,3 1.76
18.4 6.49 2 8223 4 1.3 86.3 0.86
24.3 3.65 4 2540 2 6.9 60.5 1.23
18.7 4.13 4.5 32,937 2 1.6 82,2 2.20
21.2 - 2.70 8 2368 3 6.8 42.0 1.93
24.9 9.73 1.5 4560 4 2.6 78.3 2.87
17.9 9.09 17 688 3 7.1 31.5 3.63
16.6 9.43 9 516 3 5.2 43.3 3.64
19.1 38.10 10 478 2 6.3 42,2 2.62
13.9 7.15 3.5 385 4 1.4 83.8 1.64
1.9 4,06 17 12,961 1 8,3 48.9 8.87
24,2 2,55 10,5 19,806 2 3.6 76.5 9.49
20,2 1,06 13.5 23,509 2 10,5 40.8 9,32
22.0 2.60 8 294,201 2 6.2 44.9 4,26
24,2 7.55 S 3874 7 9.7 75.7 4.20
14.9 0.85 10 7115 6 14.0 83.2 2.06
15.1 1,29 3 18,735 3 6.6 46.8 1.33
20.0 21.2 2 6672 4 3.4 77.5 4.45
22,2 16,35 7 4003 4 4.9 74.9 4.64
22,8 6.80 2 387 1 2.1 B6.9 2.24
22.7 3,01 4 1465 2 3.0 81.2 2.78
22,2 2.13 5.5 3830 4 3.1 73.0 2.60
19.0 6.18 2.5 3530 3 1.4 81.6 1.55
15,6 7.38 2 440 3 7.6 43.4 0.86
15.8 6,99 12 306 2 8.4 48.2 1.13
17.8 7.07 5.% 497 3 4.9 75.8 0.50
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