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Ms. Julia Graf
Hydrologist
Unfted States Geological Survey
Champaign County Bank Plaza
102 East Main Street
Urbana, I11inois 61801

Re: Graf Deposition in OMC Case
Dear Julia:
Enclosed is the original transcript of your deposition. You will have to read
it for accuracy and sign (notarfzed) the signature page. I have enclosed an
example of how any changes you wish to make should be documented. Please do.
not make any changes on the transcript itself. If changes do need to be made,
please use this basic format. Handwritten is fine. Send any changes to me.
I will have them typed and returned to you for ygur signature. If you have
any questions, don't hesitate to call. Thanks again.

Very truly yours,

George Phelus
Enforcement Attorney

Enclosure

bcec: Jacobs



IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION

THE UNITED STATES OF AMERICA,
Plaintiff,

vS. No. 78 C 1004

OUTBOARD MARINE CORPORATION
AND MONSANTO COMPANY,

ENFORCEME: "
SENSITIVE

Defendants.

Nt S Vst S NtV e st Vit S o V® it

AFFIDAVIT OF JULIA B. GRAF

Julia B. Graf, on oath, makes the following changes to the transcript of-
her deposition in this litigation:

Page Line Reads Should Read
6 15 "Property?" "Pro_bl em 2"
6 17 “in and out" "in the ditch and out"
8 1 "q" A
8 3 "gauging” "gaging”
9 3 "runoff methods" "runoff models"
9 4 "gauging" “gaging"
9 6 “flow, data" "flow, and data"
11 : 1 “gauging" "gaging"
11 3 "the professional “staf f"
staff"
11 3 "all who would" "all the professional
staff would"
12 8 “Larry Balding" "Gary Balding"
12 23 "or some district” "or subdistrict”
13 24 "Larry Balding" "Gary Balding"

16=5V28.0/066



22
22
22
22
23
23
23
30
30
32
32

34

35
38
39
39
40

Line

20
17
24

9-10
10-11

11
16
19
23

12
13
16
17

15

10

24
14
19
23
14

Reads
"date of reduction®
"which we were"
"implying"

“relates to"
“dimensional”

"parameters, that
contain"

“grains and"
"dimensional”
"velocity of grain"
"dimensional”
“initial"
"mearsure"

“out of"

"time. I"
"failure"

"in filtration"

“in any discharge"

"a whole"

"with me"
"average pounds"
"measure"

"vanes with"

“"times the square"

Should Read
“data reduction”
"which were"
"applying"
"relates two"
"dimensionless"

"parameters
that control”

"grains, and"”
"dimensionless"
"velocity, of grain"
"dimensionless"
“inertial"
"calculate"

llatll
"time, I"
"failure,"
"impervious"

"at any discharge
using the"

“a whole sampling
period,"

- omit -

"average of the points"
"measurement”

“vanes parallel with"

“times the area of the
square"



57
61

61
75
75
76
76
81
84

84
87
87
95
103
104
104

Line

11
15
20

18

22

14
20
21

22
16

14

16

10

22
12

Reads
"sampling"
"to determine"
“pul led"
"geology"
"status"

"on days so"

", load,"

"discharges."

"marging"

"house"

"the measure of"
“complietion”
"beyond with"
“the ultimate."
"rainfall and time
density"

"in density"
"will become"
“covered out"
"axis"

"orally"
"hydrologic, the"

"Mr. Toler"

Should Read
“samples"
"determined"
"out
"geodetic"
"basis"

“on days when the

recorder malfunctioned
SOll

", suspended load,"
"discharges would be
different from what was
estimated.” _
"margin"

"whole"

"the amount of"
“construction”
"with"

"the ultimate goal."
"quantity and time
distribution of the
runof "

"intensity"

"will be covered"
“"covered up"

"basis"

"normally"

"hydrologic part of the"

"Mr. Noehre"



Page Line Reads Should Read
104 14 "Mr. Toler" “Mr. Noehre"
106 21 "study by" “by"

106 23 "based only on" "based on no"
107 1 "beds predicted" "predicted"

112 1 "bank" "bankfull"

113 14 "measures that" "measures the discharge"
115 11 "collecting in" "checking”

117 18 “knowl edge" “Tikely"

118 10 “"temperature" "specific gravity"
118 15 “reliability" "reality”

122 17 "large" "Tike"

122 17 "a very significant" “significant."”
122 18 “chance for transport."” - omit -

123 23 "unusual terms" “usual cases"
132 10 "and the range" "in the range"
133 2 , "letter, the curve" “curve"

133 8 "than water" "water”

133 16 "was read" "was calculated"
134 12 "presented" "calculated"

135 12 "not melt" “melt"

137 6 "draining" “drainage"

137 23 “in the" "in a"

137 24 "model or" "model are"

140 3 "data" "daily"



Page Line
145 3
146 9
146 10
148 11
148 13
148 12
150 4
159 3
164 5
165 5
166 2
182 4
196 9
210 15
211 11
211 16-17
212 9
235 8

SUBSCRIBED AND SWOBN to

before/me this
Of jz/tug

A

Y

L/

4 day

////f/{/é“’d/

?

Reads
"qualifications"
"degradation”
“flowing"

"graphs”

ug g

"preliminary”

"flow or"
"relationship change
so often during the
study and"

“yes, which would"

Ildat aIl

"stream discharge
added"

“relating to"
"US EPA"
“graph in"
“graph in"
"graph in the"
“graph in"

“in our"

Should Read

“calculations"

“vegetation"

"growing"
“photographs"
ngQ"
“preliminary visits"
“for"

- omit line -

"no, but it would"
l'daysll

"sediment"

“relating the"
"USGS"

“Graf and"
"Graf and"
“Graf and"
"Graf and"

"in other"

_g{«-,g,az,.(
Julia B. Graf v

Notary Public
/ﬁé

£g ’\Jﬁw/ /= /s
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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS

THE UNITED STATES OF AMERICA,
Plaintiff,
Vs.

QUTBOARD MARINE CORPORATION
AND MONSANTO COMPANY,

Defendants.

R St Pt L S L

EASTERN DIVISION

No. 78 C 1004

I hereby certify that I have read the foregoing transcript of my

deposition given at the time and place aforesaid, consisting of Pages 1 to

247, inclusive and the attached correction sheets, and 1 do again subscribe

and make oath that the same is a true, correct and complete transcript of my

deposition so given as aforesaid, as it now appears.

Subscribed and sworn to
before me this 4? day
</, A.D. 1981.

L)

v

:72’”/-;4_,¢/ ‘ éZ’Z’-‘zc/

Notary Pubiice, -

‘é%/éé ¢ '79‘%7/92/?/5—

7<auiia B. Gfaf 5




5) 1.5.G6.S. shall place marked poies or poles \1th washers at the EIth
sites to cdetermine cdegree of scdiment ceposition or scour.

6) U.5.G.S. shali deploy eguiprent and instruments as necessary to accomplish
the ebove before the first mejer snow-uelt of the spring. If snow-melt
¢cccurs Lefore a mejor rainfvall event, an attennt shall be macde to describe
or ricasure quantitatively the flow concitions associated with this melt.

~DEPOSITION
EXHIBIT

RAF- |- 1D

e YO T e

n
Interagency Agrecront
: Between
- U. S. Geological Survey .
oot and the y .- .
A . U. S. Env1rornonta] Protection Agency o ot
l. Pu}gose
‘he-U. S. Environmental Protection Agency (U.S. EPA), Jocated at 220 South
Jearborn Street, Chicago, I1linois 60604, needs assistance from the U.S.
5eological Survey (U.S5.G.S.), at Chempaign, 11linois 61820, in developing
1ydro]ogic and treznsport informetion for the North Ditch, a small tributary
-0 Lake Hichigan loceted in Vaukegan, I1lincis. This information would
se used in helping to determine the transport of polychlorinated biphenyl B
{PCB) contemineted sediment Trom the D1tch to the Lake. This information
7111 be used to support the Government's position in a lawsuit, filed against
che Outboerd Marine Corporation (OVC) in Laukegan, whose dxscharges al]egedly
s>sed the contemination problem. .
*>. Scope of Hork :
k. The U.N.5.S. shall develop theoretical stage-dischérge and velocity- '
.discharge releticnships at eight sites aleng the Korth Ditch curing e
three rainfall/runoff events, invelving at leest the folnowing 4
1) four (or five) of the eicht sites w111 have st aff gauoes . -“VA%T ;?f;‘;*_.“}lf;a
installed by U.S.G.S. . C T e S e T
- 2) the site Turthest downstream will have stage and rainfall e :
recorcers installed by U.S.G.S. to obtain continuous stage - ST .
hydrographs and rainfall data. e :
3) U.S.G.S. shall use rainfall and runovf data co]lecued by them -
frcm the downstreem site to calibrate a mathematical model . el
L which should yielcd lcng term, ennual-pezk dischzrges and a Gl T
‘magnitudz-frequency relationship. , ) _ S R L
: IS N BT e
~4) '1.5.6.S. shall obtain cross section measurements of all eight . i o
sites with the resultent weter surfece profiles and shall compute s
velucity-cischarge relationships at each of the eight sités. SR AR
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B. The U.S.G.S. shall quantitztively assess the potentiel for movement
of the P(B-contaminated sedirents frem the Horth Ditch, involving the
following: . ..
1) ean initiel estinate of bettom stebility shall be nrovided by
. U.5.G.S. by obtzining mean or medien grain size end specific
gravity of bed material azt no-flow ccnditions and applying
eppropriate mathematical mocels. Surface sediment samples
will be collected by U.S.G.S. using hand sanplers. Samples
shall be split for enalysis by U.S. EPA for total PCB.

2) during each of the three rainfall events to be analyzed, U.S.G.S.
. shell neasure water temperziure and water depth and shall collect _
suspenced sedinents samples frem the cownstream station (with assistance
from U.S. EPR) frequentiy curing each event for determination by
U.S.G.S. ¢f particle size distribution if sample size is sufficient.
.S. £EPA wil]l cdetermine suspenged sediment concentrations on duplicate
sarples ccllected “rem °cCh verticel.

3) U.S.6.S. shell then plot ratmng curves ‘or suspended sedizent and
© total sediment discharce wiich chell then be used to determine sediment

dischaerce erxpecied at a given water discherge (using information
cathered in egbove).

'4) Using sedizent totel PCEB data, suspended sediment data, and total and
par‘QCJ1a:e 7{3 cate, en estimzte of the rate of transport of contamin-
2ted sediments into Leke V1ch.cgn shall be mace by U.5.G6.5.°

U.S. 224 personn2l shz)l .collect water ,anﬂles at three of the sites
for cneiv;ns by U.S. ZPA for totel PLL, equeous PCB, and total suspended
solids. fizesuremznt 2nd szaple collection frequencies for A and B above
shail. be bzsed on-the aq:cnsi:y eng curation of cach cof the three events
to b2 cbzervzd, end shzll be frecuent cnouyh to accomplish the goals set
cut &hoya. . .
e &5 soon a5 possible when an event ' is to occur,
srnsting with U.S. EPA ficld perscennel when an

ks b.b. ersonnel shall acquaint U.S. EPA personnel
: m::h §.f$af7c ¢fieile of «hat they aust do for U.S5.G.S. in the

tlie Uiteh {1rat and must beyin work inmediately.

Thz U.S.2.S. chzil previde 237 persennel and equipnent ncccssary to acconp]xsh
th2 &bov2 tzets, mg;l feor ele feilcuing: .
ﬁ, 4.5, CRAwWITY o vnds nérsereel and 6.u1pmcnt ncccssary to collect
2 -"]h‘m wellr ‘*‘LJ s et ille& 6f the e1ght Ditch sites for total PCB,
ficcoivad PLE, and ¢oL&] syspeniied §61ids,
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B. U.S. EPA will provide personnel to assist in the collection ¢f the surface
sediment samples referred to abcve and will provide sempling devices and
containers for the spl1t;1ng of those samples for analysis for total PCB by
U.S. EPA. N .

C. U.S. EPA will provide personnel necessary to'assi;t in co]1eciion
of the suspenced sediment semples referred to above.

D. U.S. EPA will provide personnel necessary to assist in collection of
samples and taking of measurements should they arrive at the site first.

U.S.G.S. perscnnel shall acquaint U.S. EPA personnel with procedures and

use of ecquipment on these items above for which EPA-assistance will

be proviced, and shall .specify sanpling frequencies and locations and

211 other required infcrmation needed to accomplish these tasks at the

site. Access to the OMC plant site shall be arrenged only through the

U.S. EPA unless otherwise instructed by U.S. EPA. The U.S.G.S. shall follow
EPA-approved chain of custody procedurés when handling all samples.

4, Durction of Acrecment

_This Agrenrent will begin on the date of execution or on March 1, 18739,
whichever occurs first, and will continue through September 20, 1°79 This
Agreement nizy be.terminaued by either party with a 30-day aovance written

- ‘notice. If the Agreement is terminated, the U.S. EPA will provide only

. those funds necessery to cover actual expenses incurred prior to termination.

1

5. Reports B }., R T A S

- Summary reports including data, observations, and interpretation shall -be
submitted to the Project O7ficer as soon as pcssible following the first
and second events observed, and before May 15, 1979. Availability for
testimony a3 to procedures and Lny results cbtazined may be necussary by
U.S.G.S. personnel beginning May 15, 1979, and availability for witness
preparetion and depositions may be nceded prior-to that date if da»a from
an event have been collected by then. ‘
A final report shall be ‘submitted as soon as possib]e after the third event
- is observed. 1t is important that as much of the study results as possible
be prepared and submitted by Mey 15, 1979. Due to the litigation, it is
t.andetory thet all infcrrmation gethered in this study be kept strictly con-
-fidential and discussed only among those directly involved in the work.
In no-cvent may the results c¢i the PCB levels be discussed with or divulged
to-anyone other then a U.S. employee dircctly involved in this study.
Informetion is releasable only through the case attorney, Kaye Jacobs, at
(3]2) 353-2094. .
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6. Project Officers

Fbr U.S.G.S., Al Nochre, DeXalb District
' 815-7563-1162

For U.S. EPA, rdward D1Domen1co Enforcement DIV]S]OH
FTS-353-2110

7. Fuhds.

The total cost of the worL to be perfOrhed s estlmated not to exceed $450,000.
. Payment to U.S.6.S. will be cn a quarterly basis on Form 1081 (6 copies)

-to U.S. EPA, Region V, Financial Menagement Division, 230 South Dearborn
Street, Chicago, I]]inois 60204. Billings will itemize all costs incurred

- during the billing period and cite the number of this agreement together
‘with Appropriation No. 68301C5, Account Ho. 968105RC00, Object Class No. 2570,
and Document Control No. N10172

8. A'thor1gv

The bas1c aqthor1ty for Inter ncy Agreenments is the Econory Act of 1932.-
“'Envircnmental Protection Agency A;. ‘U.S. Geblogical Survey

John #cGuire . Thomas J. Buchenan

' Regional Admwn.stra;or ) Assistant Chief Hydrologist for Operations —

Regicn ¥ . - Reston, Virginia

'.Date . * Date
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'Supporting Infermation - EPA Order 1€10-A

This Interagency Agreement between U.S. Environmental Protection Agency
(U.S. EPA) and the U.S. Geological Survey (U.S.G.S.) provices that the
U.S.G.S. develap, with U:sS. EPA participation, a hydrologic profile of
the Worth Ditch in Waukegan, 111linois beginning on the date of execution
of this Agreement or on Maerch 1, 1879, whichever occurs first. The.
effort should be completed by September 30, 1979. .

The U.S.G.S. hes done extensive hydrologic work recently on small tribu-
taries in Northern I11linois under the 208 planning program, and has the
specific expertise and resources, including specialized sampling and analysis
equipment and .instruments, necessery to accomplish these complex tasks.
Their vest experience &nd predictive skills in the aree of rainfall event
analysis would tend to reduce the number of ncedless and expensive "dry

runs" asscciated with this kind of effort. Therefore, the work cannot be
done more efficiently and econcmically by another source. Considering the
ebove factors, it is in the best interest of the Government to enter into
this Agreement.

-

P
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pound(b)...... ... ...l 0.4536

pound per cubic foot (Ib/ft*) .. 0.01602

Tempcrature

degrees Fahrenheit (°F)..... . -32x0.556

iv

To obtain ST (metric) unit

Klomecter (km).
meter (m).
millimeter (mm).

meter per second (m/s).

\

cubic meter per second (m?*/s).
klogram (kg).
grams per cubic centimeter (gm/cm®).

degrees Celcius (°C).
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PROGRESS REPORT OF

POTENTIAL FOR MOVEMENT OF SEDIMENTS,
NORTH DITCH, WAUKEGAN, ILLINOIS

By Julia B. Graf

ABSTRACT

Stage-discharge and sediment-discharge relationships for North Ditch, Waukcgan, inois,
have been determined from measured cross sections of the channel and graoin-size distribution of
bed material samples, for o water tempercture of 20°C. Average bed material has a mean grair size
of 0.156 mm and contains grains in size fractions from 0.0014 mm to 11.2 mm. Minimum dis-
charge required to move this bed material was estimated with an initisl-motion criterion applied
independently to each size fraction of the bed material According to that estimate, grains in the
0.708 mm fraction and finer are mobde at low discharges in the ditch, those in the 5.66 mm
fraction and coarser are stable for discharges at Lankfull stcges, and intermediate size fracticns will-
be set in motion as discharge increases from 0.4 ft* /s to that at bankfull stage. Sediment loads of
each size froction were calculated for discharges ranging up to the bankfull stoge discharge of
58.5 ft3/s, by three different methods. Total sediment load at bonkfull discharge cclculated by the
thrce methods ranged from 0.036 1b/s t0 6.75 1b/s. In the absence of any measured sediment loads,
6.75 1b/s can be token as an estimate of the maximum load of sediment coarser than 0.089 mm
expected in the ditch.

INTRODUCTION

The U.S. Geological Survey in cooperation with the U.S. Environmental Protec-
tion Agency has determined the potential for movement of bed sediments in North
Ditch, Waukegan, linois (figure 1). North Ditch is 8 small tributary (drainage arca
about 0.11 mi*) to Lake Michigan which drains property belonging to the Outboard
Marine Corporation and the North Shore Sanitary District. The project, directed by
Allen W. Nochre, is aimed at development of discharge and velocity-frequency rela-
tionships for the ditch, calibration of a rainfall-runoff model for the drainage basin,
and development of scdiment load-discharge relationships for both measured and
unmeasurcd scdiment discharges. Initial results of the project presented here give a
preliminary estimate of the hydraulic propertics and sediment discharge characteris-
tics of the ditch bascd upon measured channel cross sections and grain-sizc distribu-
tion of bed sediment samples for a single, assumed water temperature.
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The methods used for the sediment load calculations are based upon the
assumption that scdiment is transporticd by steady, uniform flow. The reach vsed
for the calculations should be as straight 2nd 2s uniform in slopc and cross section
as possible. Ficld inspection showed the lower channel section, from gage 1 to gage 2
(fig. 1) to be the most suitable for the calculations. Inspection at low stage revealed
that the channel bed consisted of riffles and pools. Riffles were shallow, disclosing
clean, moderately well sorted, gravelly sand (fig. 2). Ripples, an indication of bed-
load transport, were visible in the thalweg. In the pools the bed was not visible
because of the turbid water but was found to be composed of material much finer
than that of the riffles (fig. 2). Pool sediments were black, had a soupy consistency,
and were very similar in character to those found in two pools at and just down-
strcam from the plant outfall (figs. 1 and 2). Average bed material, determined from
nine samples taken in the reach between gages 1 and 2, was found to have a geo-
metric mean size of 0.156 mm and a gcometric standard deviation of 2.25 mm.
Other characteristics besides nonuniformity in channel shape and sediments were
found that could affect the transport of scdiment. Cattalls and refuse (cans, bricks,
grease clumps) were present on the bed, and a steel retaining wall forms the north
bank along most of the downstream section. Cobble gravel was found at the culvert
outlet but did not form a significant portion of the channel area.

HYDRAULIC CALCULATIONS

The hydraulic characteristics of an average cross section in the downstream
reach of North Ditch were calculated using the method of Einstein (1950) becausc
measurements of hydraulic variables were not available. Cross-sectional arca, A, and
wetted perimeter, P, were measured graphically from five measured channel cross-
sections for a range of water depths, and hydraulic radivs, R, was determined for en
average scction from the relationship R = A/P (fig. 3). Mean velocity was calculated
using the above values in the logarithmic velodty equation:

I = 57510 (12.27 B—"-) .
u, k,

where U is mean velodity, u, shear velodty or \‘SgR'. S channel slope, g the gravita-
tional constant, R’ hydraulic radius with respect to the grains, kg bed roughness, and
x an empirically-determined correction factor which accounts for the change in
pressure during the transition between smooth and rough flow. Channel slope was
determincd from measured cross sections to be 0.000399, omitting the scction at
gage 1 because backwater conditions that exist much of the time probably influecnce
channel dlope at that section. A stage-discharge relationship was calculuted for the
average section from the arca-stage plot and the mean velodty (Q = At) (fig. 4).
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STABILITY OF THE BED MATERIAL

An estimate of the mobility of the bed materal was made by applying zn
inital-motion criterion to ecach size fraction of the bed matcnal. This criterion,
which gives the flow conditions at which particles of a given size and density first
begin to move, is based on mcasurcments made under steady, uniform flows in
laboratory flumes.

Threshold shear velocities for size fractions of the bed material of North Ditch
were taken from a refined version of the Shields curve (Miller et al., 1977, p. 511,
513) for quartz-density grains at 20°C. The shear velocities were converted to
hydraulic radius using the relationship u, = 4f gSR, and corresponding discharges
were read from figure 4. The results (table 1) indicate that particles of the 0.708 mm
fraction and finer would be mobile even at low flow. Intermediate size fractions,
those with mean diameters of 1.41 and 2.83 mm, should be set in motion as dis-
charge increases from 0.4 ft*/s to that at bankfull stage. The largest grains, those in
the 5.66 fraction and larger, should be stable even at bankfull discharge.

Table 1.~Initial motion condition

Grain Size u, R Q
(mm) (ft/s) (ft* /s)
11.2 10.285 6.30 ‘above

' bankfull
5.66 0.190 2.80 . stage
2.83 0.131 1.33 27.2
1.41 0.0886 0.609 2.6
0.708 0.0623 0.301 0.4
0.354 0.0492 0.188
0.177 0.0426 0.141 below

low flow

0.089 0.0328 0.0834 condition
0.032 0.0259 0.0520
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SEDIMENT LOAD CALCULATIONS

Methods

Sediment load calculations estimate the transport capacity of the stream, i.e.,
the maximum amount of tediment that a stream in equilibrium can possibly carry at
the given hydraulic and bed conditions. Methods for sediment load calculation differ
in the amount of data required for their use. Suspended scdiment samples, corres-
ponding water temperature, and water-surface slope are required for calculation of
sediment discharge by the modified Einstein method (Colby and Hembree, 1955).
Development of sediment rating curves requires suspended sediment samples and
corresponding discharge. Because those data were not available, the method, as
originally introduced by Einstein (1950), and relationships of Graf and Acaroglu
(1963) and Laursen (1958) havc been used to arrive at a preliminary estimatc of
sediment discharge for an assumed watcr temperature of 20°C.

Einstein's bedload function estimates the capacity for transport of bedload and
suspended load for 8 steady, uniform flow. It does not consider sediment trans
ported as washload, defined as material finer than normally occurs in the bed. The
function consists of a bedload equation, a suspended Joad equation and assumptions
which permit a link between the two. The equations have an analytical basis, but
require the use of a number of cmpirical coefficients and correction factors.

Unlike most of the other bedload functions, Einstein’s method considers beds
which are composed of a mixture of grain sizes. The presence of grains of different
sizes on the bed is partially accounted for by the use of des (grain size at which
65 pereent of the bed material is finer) as a measure of bed roughness. That size was
chosen on the basis of laboratory flume experiments using six different scdiment
mixtures. Also, transport capacity is calculated scparately for each size fraction of
the bed material. The grain size used in the calculations, d, is taken to be equal to
the mean size of the fraction, and particle settling velocity is determined for that
same size. In addition, an empirical correction factor is applied to the final bedload
equation to account for the shxe]dmg of smallcr grains by larger ones and by the
laminar sublayer.

. The basic bedload equation expresses an equilibrium hetween the rate of ero-
sion of particles from the bed and the rate of deposition. The probability of crosion
of a particle is assumed to dcpend upon the hydrodynamic lift on that particle and
its weight. The cquation rcduces to a relationship betwcen two ‘dimensionless
parametcrs,
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where p, is the density of eediment grains, P the density of fluid, d the grain size
for which load is Leing calculated, S the slope of the bed, g the gravitational con-
stant, gy the bedload transport rate, and R’ the hydraulic radius with respect to the
grains. Einstein called the first paraineter flow intensity and the sccond intensity of
bedload transport. To find the bedload for a size fraction, ¥ is calculated from
measurcd variables, @ is found from an smpirical relation between ¥ and @, and
several correction factors are applied to @ to given the bedload rate.

The basis of the suspended load czlculation is a well-accepted analytical rela-

tionship introduced by Rouse (1937), which gives the concentration of suspended
sediment, C, at a chosen level, y, in relation to a known concentration, C,, at a

reference level a:
C _(D-y _a z
C, - y D-a

where D is the total depth of flow, z = v /ku,, v, is particle settling velocity, x is the .
Karman constant (approximately 0.4), and u,, is shear velocity. The transport rate
of suspended sediment is given by: :

,

where @1 is mean flow velocity.

Einstein uses the above relationships with the logarithm velodity equation in
the form

where x is a correction factor and k; is bed roughness, to determine the suspended
sediment load. To obtain a rcference concentration, Einstein assumes that the
suspended load is derived from a bed layer, defined as 2 zone 2 grain diamcters
thick, in which bedload transport takes place. The known concentration C, is taken
to be the average concentration in the bed layer as determinced from the bedload
calculation, and the reference level a is taken to be 2d.
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A unique feature of Einstcin's method is the division of the total hydraulic
radius into two parts, that with respect to the grains, R, and that with respect to
larger-scale bed irrcgularitics, R”. The sccond is assumed to represent that part of
the flow which is ineffective in sediment transport because of separation of flow
from the bed caused by bedforms (ripples and dunes). Graf and Acaroglu (1968)
have devised a total load function which depends on an empirical relation between
two dimensionless parameters which are very similar to thase of Einstein (1950):

(p-e/Pld & CGR

A~ SR yz-p/e)sd’

where T is the volume concentration of particle transport, R is the total hydraulic
radius (R' + R") and other variables are as previously defined. The relationship
between the two was found empirically to be &, =10.39 ¥, ~*-**. In order to make
their relationship applicable to both open channel and closedconduit flow, Graf and
Acaroglu (1968) have used the total hydraulic radius rather than R’ of Einstein. In
addition, they make no distinction between bedload and suspended load but mstcad
obtain the total concentration of transported sediment.

Laursen (1958) used qualitative arguments to develop three factors which he

related to sediment load. The ratio u,/v is used to express the cffectiveness of the
mixing action of the turbulenoe A measure of the effective tractive force on a parti-

de is gwcn by 7,77 , where ;" is the shear stress exerted by the flow on s particle,

and P is the shcar stress necessary to initiate motion of that particle. The ratio of
particle size to total flow depth, d/y,, was also found to be uscful in the relation-
ship. The factors are related by:

(7 ()%

where T is the mean concentration of sediment, in weight percent. To find'c, To' is
evaluated according to

, “'jﬁ dmll‘

T = —_—,
0 30y,

where d, is the mean size of the total bed material s2mple and T is the mean veloe-
ity. The critical shear stress, ¥ , and scttling velocity, v, are found from empirical
curves for cach size fraction, and f(u,/v;) from an empirical relation developed by
Laursen. The volume rate of transport, qg, in ft* /s, is found from the discharge, Q,
andc,

10
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Sediment load, G, in the 1b/s is then fround from g4 by the relation G, = 165 g,

Results

Calculations of sediment discharge were made by the three methods described
above for each grain-size fraction of the bed material of the ditch for a range of
discharges (table 2). The total sediment discharge at a given discharge was deter-
mined as the sum of the size fractions for which calculations were made. A water
temperature of 20°C was used for the calculations, grain density was taken to be
165 Ib/ft> (quartz density), and channel slope was 0.000399. Hydraulic charactens-
tics used were those shown in figures 3 and 4, and average bed material was assumed
to have the distribution given in figure 2. Figures 5 and 6 are plots of sediment dis-
charge versus discharge for each size fraction and for the sum of the size fractions
(total sediment discharge), as calculated by the Graf and Acaroglu (1968) method
and the Laursen (1958) and Einstein (1950) methods, respectively.

DISCUSSION

The discharge given by the initial-motion condition for a given sized grain is
the minimum flow intensity required to move a particle of that size. The conditions
under which that criterion was determined in the laboratory are quite different from
those in any natural situation, and the cffect that those differences have on the
beginning of motion is not well understood. Though the relatively weak cchesive
forces that exist among very fine quartz grains are reflected in the initial-motion
cnierion, no attcmpt is made to consider the stronger cohesive forces that clay
mincrals may devclop. The presence of clay minerals, oil, or plants would tend to
increase the flow intensity required for motion. Also, the laboratory measurements
have been made on size-homogeneous beds. The presence of a range of bed-particle
sizes affects the beginning of motion, and the cffect appears to be different for each
size fraction. In a grain-size mixture, the flow intensity required for motion initia-
tion may be increased for small grains which become trappcd between larger grains,
and may be decrcased for large grains which can roll over beds of finer grains.

The methods used above for calculation of sediment discharge differ in the way
in which physical principles are applied to the transport problem, and cach mcthod
makes use of different empirically determined relationships among derived parame-
ters. The results of the Einstein (1950) and Graf and Acaroglu (1968) mcthods
differ largely because of the difference in definition of hydraulic radius. The differ-
ence will be greater at lower flow stages.

11
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Table 2.—Calculated scdjmcni dischargcs

Grain Size Discharge Sediment Discharge (1b/s)
(rmm) (3 /s) Graf and Acaroglu Einstcin Laursen
0.089 6.16 0.274 - -
26.5 1.51 - 0.170
34.8 1.98 - 0.290
45.6 2.66 - 0.452
'58.5 3.47 - 0.724
0.177 6.16 . 0.136 - -
26.5 : 0.744 - 0.0155
34.8 0.977 - 0.0380
45.6 1.32 - 0.0866
58.5 1.72 - 0.155
0.353 6.16 0.0680 - -
26.5 0.371 - -
34.8 0.488 - 0.00815
45.6 0.652 - 0.0232
58.5 0.853 0.00%17 0.0477
0.708 6.16 ‘ 0.0335 - -
26.5 0.182 - ' -
34.8 0.238 - -
45.6 0.319 0.00340 -
58.5 0.418 0.0259 0.00667
141 6.16 0.0165 - -
26.5 0.0896 ~ -
34.8 0.118 - -
45.6 0.153 - -
58.5 0.260 - -
2.83 6.16 0.00812 - -
26.5 0.0442 - -
348 ' 0.0586 - -
45.6 0.0776 - -
58.5 0.102 - -
Total load 6.16 0.536 - -
26.5 2.94 - 0.186
348. .- "~ 3.86 - 0.336
45.6 5.18 0.00417 0.562

58.5 6.75 0.0301 0.934

12
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DISCHARGE, fi°/s

Figure 5.—Sediment discharge through an avcrage cross section as
calculated by the mcthod of Graf and Acaroglu (1968).
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Although all three methods can be uscd for channdls with beds having a mix-
ture of grain sizes, only Einstein (1950) explicitly considers the interaction of the
differcnt sized grains in the bed and the effect of that interaction on the probability
of movement. If each size fraction is treated separately, the probability of a given
grain being set in motion and remaining in motion increascs as the grain size decreases.
Einstein (1950) reasoned that on a bed composcd of grains with a range of sizes, the
probability of erosion of the finer fractions would be decreased because of shielding
by larger grains and the laminar sublayer. Because Einsicin includes a factor to
account for this effect, his method predicts that the largest loads will be in the
intermediate size fractions rather than in the finest size fractions predicted by the
other two methods.

The method which best models transport in a given situation can be detcrmined
only by comparison of calculated sediment discharge with sediment discharge
mcasured in the reach for which calculations were made. In the case of North Ditch
no measured sediment discharges are available, and it is possible to specify only a
range of possible sediment discharges. The results of application of the method of
Graf and Acaroglu (1968) can be taken as maximum sediment discharges expected
for North Ditch, and total sediment discharge in the ditch at bankfull stage most
likely lies within the range between the value calculated by that method (6.75 1b/s)
and the value determined by the method of Einstein (1950) (0.0301 1b/s).

CONCLUSIONS .

The lack of measurements of sediment discharge makes it impossible to know
at this time which of the estimates presented above most closely approximates the
actual sediment discharge relationship for North Ditch. In the absence of any addi-
tional hyd:aulic or sediment discharge measurcments, the results of the Graf and
Acaroglu (1968) method can be assumed to give an estimate of the upper limit of
sediment transport capacity of North Ditch at the present bed slope. A scdiment
discharge of 6.75 1b/s is predicicd by that method for discharge at bankfull stage.
Application of an initial-motion criterion to each size fraction of the bed material
of the ditch indicates that all fractions with mean sizes of 2.83 mm and finer will be
set in motion as stage increases to bankfull. All of the methods used predict that
fractions with mean sizes Jarger than 2.83 mm will not be transported in significant
quantities in the ditch, ' ' '
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AN ESTIMATE OF SEDIMENT MOVEMENT IN NORTH DITCH,
WAUKEGAN, ILLINOIS

By

v

Allen W. Nochre and Julia B. Graf

ABSTRACT

Stage-discharge and sediment-discharge to stream-discharge rclations hove been developed for North Ditch,
Waukegan, IIL, a small tributary to Lake Michigan. Indirect methods were used to obtain a stream-discharge rating
curve, and discharge and stage measurements were used to adjust that relation. Transport cunves for discharge of
both measured sediment and bed motcrial were developed from measured scdiment concentrations and by calculation
from three indirect methods. The strecam- and scdiment-discharge relations were used with stage record to estimate
daily sediment load in the ditch for the study period March 13 to September 30, 1979. Maximum daily sediment
load during that period, as estimated from the measured-sediment transport curve, was 430 1b. Mean daily sediment
load for the 202-day period was 25 lb; the sediment load for the study period was 5,100 1b. Pealk: strearn discharges
estimated by empirical equations for floods of 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervels were used with
@ bcd material transport curve to estimate sediment discharge for these floods. Total bed material discharge for the
same floods is estimated lo be 220 1b/h for the 2-year flood peak and 1,600 Ibfh for the 100-year flood peak.

INTRODUCTION

A short-term study of the flow and sediment-transport characteristics of North Ditch, a small
tributary to Lake Michigan, was undertaken becausc of a nced for the determination of the rate of
movement of streambed materials into Lake Michigan. North Ditch drains property belonging to the
Outboard Marine Corporation and the North Shore Sanitary District at Waukegan, Ill. (fig. 1). Data
collection nccessary for the study included bed-material samples, channcl geometry and slope data,
continuous precipitation and stage measurements, discharge measurements, and sediment-concentra-
tion information. Thesc data were collected from March 13 through September 30, 1979.

Channel characteristics, stage record, and strecam-discharge measurements were uscd to devclop
a stage-discharge relation for the ditch and to cstimate hourly and mean daily discharges for periods
of flow. Corresponding daily loads of scdiment were estimated using a transport curve computed
from mecasured sediment concentrations. Flood-peak stream and bed-material discharges were also
cstimated. '

The 0.11 mi? drainage arca includes plant buildings, parking lots, roads, railroads, and an
expressway, for a total of about 40 percent impervious surface. The arca between gages 4 and 5
(fig. 1) is wooded and grassy and it scrves as a disposal site for urban debris. Downstream, cattails
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“and other vegetation grow along the ditch. The ditch drains an area of land fill which is compozcd
of sandy matcrial (Withman, 1971). The ditch itsclf is small, 3 to 5 feet deep and 20 1o 40 feet wide
across the top and is unlined except for a stecl retaining wall which makes up much of the north
bank between gages 1 and 2. A channcl profile (fig. 2) shows that the steeper upper reach, between
gages 4 and 35, is scparated from the lower reach by three culverts and two pools.

Streambed maternial is composed of sand with some gravel; organic debris and finer sediments
are found in the pools. Because of the large impcervious surface arca and the permeability of much
of the remaining area, it is believed that a large proportion of the sediment load of the strcam at
gage 1 is derived from the channel itself.

The work was performed in cooperation with the U.S. Emironmental Protection Agency
whose personnel collected some of the sediment samples and analyzed sedimcent concentration for
those samples. ’

SURFACE WATER RUNOFF

Field Data Collected

A stream-stage recorder gage (No. 1), four staff gages (Nos. 2-5), and a precipitation recorder
were installed along a 3,329-foot rcach of North Ditch from gage 1 to Pershing Road (figs. 1, 2).
Figure 3 illustrates daily precipitation, stage, and mean discharge for the study period at gage 1
(gaps in stage record due to recorder malfunction). Elevation and cross-sectional geometry at 13
locations were obtained by level survey; roughness values (Manning’s n) were selected during the
survey.

Stream discharge was mcasured at gage 1 during scveral storm and low flow periods. Maxi-
mum discharge measured during the study at gage 1 was 5.3 ft*/s. In addition, discharge measure-
ments, gage heights, and some maximum stages were obtained at gages 2 through 5.

Stage-discharge Relation

Due to the short study period and lack of available data, indircet methods were used to develop
the stage-discharge relation (rating curve). Ficld data were used to verify the computed relation in
the range of the discharge measurements. Water-surface clevations (stage) were computed by the
step-backwatcr computer program (Shearman, 1976) which is bascd on Chow's step method (1964).
That method uses the energy equation with Manning's formula to estimate encrgy losses between
consecutive cross sections. Required computer input data include discharge, stage, cross-section
geometry, and Manning’s n values.

Input values of discharge at gage 1 were estimated using empirical equations developed by
Allen and Bejeck (1979) from multiple regression analyscs of regional data from gaged sites in
northern Illinois:
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where Q is strcam discharge and the numbered subscript denotes the flood recurrence interval, A is
drainage area, S is main channel <lope, and If is percent impeniousness. The North Ditch drainage
area, slope, and percent imperviousness were 0.11 mi?, 6.29 {t/mi, and 40 percent, respectively.

Starting water-surface clevations at gage 1 were developed by the slope-conveyance method
Dalrymple and Benson, 1967) which makes use of Manning’s equation. The energy slope used in
Manning’s equation was assumed to be cqual to the general slope of the ditch.

Cross-section gcometry and Manning's », additional input values, were determined from field

surveys. The range in Manning’s n along the ditch was from 0.030 to 0.055 for the main channel
with no overbank flow.

A culvert rating computer program bascd on methods described by Bodhaine (1968) was used
to obtain a stage-discharge relation at gages 2, 3, and 4. Program input consists of approach section
and culvert gcometry, roadway elevation, and roughness cocfficients. The culvert rating program
calculates discharge from the continuity and energy equations. Discharge mcasurcments made at
gages 2, 3, and 4 were used to define the low end of the rating curve at each culvert. The stage-

discharge relations at these gages were used to verify or to calibrate the stage computed by the step-
backwater method.

Stage was not a reliable indicator of flow at gage 1. A bharricr sand bar, built to various heights
by wave action along the west shoreline of Lake Michigan (Visocky, 1977), often blocked flow from
a sewage-plant outfall downstrcam from gage 1 and direct wave action from Lake Michigan were all
. observed to cause backwater in North Ditch and thus affect the stage-discharge relation during the

study period. The barrier bar was breached and ecroded during periods of rainfall when the water
surface rose in the ditch causing the bar to become unstable.

The described backwater conditions caused the stage-discharge relation for gage 1 to shift to
a lower discharge for any given stage. During those periods flow conditions were defined by use of
a discharge measurcment and the highest and lowest recorded clevation before and after the breach-

ing of the barrier bar. Flow into Lake Michigun was obscrved on days during rapid drops in rccorded
stage at gage 1.

. e mm -y

e S ———— - 1 S wt

e . ¢

RPN G

e snammw, T 7

.- ———r—— ———— o~ &

| —— e

—




’

. AT AN I S S G S R AT PR LA DO S IR LT LV ASTRRO R )5 JDCRRPNS Foll 0 AL Ll N S S PO

Hourly discharges were computed using the recorded stage with the rating curve. The hourly
dizcharges were then averaged to determine mean daily discharges (fig. 3). Discharge could not be
computed for 25 other periods because discharge measurements were not available to define the
changing control conditions. During these periods and the periods of missing stage record, 2.81 inches
of rainfall occurred or 14 pereent of the total precipitation recorded during the study.

SEDIMENT MOVEMENT

Bed material of North Ditch was described, and initial estimates of sediment discharge were
presented in a progress report (Graf, 1979). The three bed-material discharge rclations presented in
the progress report were calculated using indirect mcthods with measured bed slope, grain-size
distribution of bed material, and an assuincd water temperature. In this report, data from scdiment
concentration samples collected between March 13 and September 30, 1979, are presented, and a
v sport curve derived from those data is compared to the bed material transport curves given in
the progress report.

Sediment Concentration Measurements

Samples for determination of sediment concentration were collected at gage 1 throughout
two storm runoff periods (March 30 and April 11-12) and once during cach of thrce misccllaneous
periods of flow. The samples were collected using the equal width increment (EWI) mcthod (Guy
and Norman, 1970) which yields a representative sample of sediment carried above a level 0.3 ft
from the streambed. Stream discharges during the two runoff periods were determined from staff
gage readings made at the time of sampling, whereas measurements of stream discharge were made
3t the time of sediment sampling for the three miscellaneous samples.

The variation of scdiment concentration and stream discharge with time for March 30 (fig. 4)
typical of the response of small streams with low base flows to a high intensity rainfall. The data
for April 11.12 (fig. 4) show a situation which may be more typical for this ditch. During that
peniod, streamflow at gage 1 was affected by strong onshore (upstream) winds which created waves
and at times causcd backwater conditions in the ditch.

Sediment Discharge Relations

Measured sediment discharge at gage 1 was computed for cach sediment concentration sam-
ple and plotted against its corresponding strcam discharge (fig. 5). A straight line fitted to the data
using the least squares technique for regression of logarithins of the data is also shown. For compari-
son, the hed material transport relations calculated in the progress report have heen replotted on
figurc G with the regression line.

Comparison of scdiment discharges estimated from cach of the four transport curves (fig. 6)
reveals that the method of Graf and Acaroglu (1968) significantly overestimates sediment discharge
through the ditch. The differcnce between the measured-sediment discharge data and the estimates
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Figure 5.—Mcasured scdiment discharge data and calculated regression
line for North Ditch.
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of bed nuaterial discharge by the Graf and Acaroglu method is a~sumed too targe to be caused only
by the unmeasured-sediment discharge, whichi is that portien carncd between the hed surface and
the lower limit of the suspended-sediment samples — 0.3 ft above the bed. Einstein’s (1930) indirect
method estimates bed material discharge orders of magnitude lower than any of the measured-
sediment data over the entire discharge range.

The regression cquation calculated for the miecasurcd-sediment data compares most closcly
with estimates made by Laursen's (1938) mcthod. At low stream discharges, measured-sediment
discharges arc higher than those estimated with the Laursen method. The difference may be caused
by the inclusion of silt and clay sized scdiment in scdiment samples. That very fine fraction is not
accounted for in bed material transport calculations. At discharges higher than about 13 ft*/s the
Laursecn mcthod estimules greater sediment discharge than does the regression line. The difference
between the two estimates (15 percent at a discharge of 15 {t*/s and 66 percent at a discharge of
40 ft*/s) is of the order of magnitude that can be expected for the difference between bed material
& -harge and measured-sediment discharge. Therefore, at discharges between 13 and 40 ft /s, the
L. .rsen equation probably gives hetter estimates of the amount of sediment in transport than docs
the regression line. '

A transport curve which is a composite of the lower section of the regression line and the
upper portion of the transport curve calculated by Laursen’s indirect method is given in figure 7.
That curve can be used to estimate sediment discharge over the range of stream discharge expected
in the ditch. Neither portion of the composite curve gives total sediment discharge. The lower section
does not include the unmecasured-sediment discharge, and the upper doces not include the silt and
clay sized scdiment that is considered not to be bed material. Because the highest discharge measured
during the study period was about 5 ft*/s, no verification of the upper portion of the transport
curve was possible.

Flood peak discharges for six recurrence intervals, estimated from equations by Allen and
Bejcek (1979), were used to estimate sediment discharge at gage 1 (table 1). Because all of the

~stimated discharges are above 13 ft? /s, the transport curve obtained by Laursen's method was used
- estimate sediment discharge.

Table 1.—-Sediment discharges at gage 1 for lood peak stream discharges

Flood Estimated

Scdiment
recurrence peak discharge
interval discharge (lb/h)g

(year) (1’ /s) '
16 250
23 520
10 7 710
25 a3 1,100
50 a6 1,300
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Scdiment Load Estimates

The regression line calculated from the measured sediment discharge was uscd to estimate
-diment load for cach day for which hourly strcam discharge valiues were determined (table 2).

SUMMARY AND CONCLUSIONS

Stage-discharge and scdiment-discharge to stream-discharge rclations were developed by
wdircct methods and direct measurements and used to estimate daily sediment loads in North
yitch for the period March 13 to Scptember 30, 1979. A barrier sand bar at the mouth of the ditch
ffected the stage-discharge relation. The maximum measured discharge and the mean daily discharge
rere 5.3 and 1.8 ft’ /s, respectively. The transport curve derived from mcasured sediment concen-
cations, used with hourly discharge values for days of known flow, gives an estimate of 5,100 1b for
=diment transported through the ditch during the study pcriod. Of that total, almost one-third was
ransported in the month of March. The maximum daily load was about 450 1b and the average
‘a .oad for the study pcriod was about 25 lb. Scdiment discharges corresponding to flood peak
tream discharges were estimated using a bed material transport curve developed by indirect methods.
jed material discharge is estimated to be 250 Wb/h at the peak discharge of the 2-ycar flood and
,600 1b/h at the peak discharge of the 100-ycar flood.

Stream discharge and sediment loads estimated from measured sediment data are considered
o be low. The amount of sediment not included in the estimate may be significant because 14 per-
‘ent of the total rainfall occurred on days for which discharge could not be computed. During low-
low periods unmecasured sedinent discharge is probably insignificant and the mcasured-sediment
ransport curve (the regression line) probably approximates total sediment discharge. During higher
low periods, the difference betwecn estimates made from the mcasured-sediment data and the total
cdiment discharge will be greater because unmeasurced discharge will be significant. At discharges
dgher than about 13 ft* /s, the bed material transport curve calculated by Laursen’s indirect mcthod
:an be used to obtain estimates of scdiment discharge. Because that method docs not account for

h It and clay sized fraction, it will also yield a value which is less than the actual total sediment
liscnarge.
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Talle 2.=Daily sediment load, mcan daily discharge forscle cted davs during the ‘
study period, and hourly pe: ak discharge L
Scediment < ) il
Date load M Dn.;h.argc (ffs) ) “
(1b) can daily Peak e
P 3
Mar. 25 56 0.3 - .
Mar. 20 370 1.5 4.0 -
Mar. 27 220 09 - 2
Mar. 28 200 1.0 - ;":
Mar. 29 360 14 4.1 i~
Mar. 30 340 1.4 4.3 =
Mar. 31 12 0.1 - L
Apr. 12 66 0.3 1.1 ;_
Apr. 13 27 0.1 - -
May 11 230 1.0 2.3 :‘_
June 6 13 0.1 - o
June 7 42 0.2 1.1 l'.':.":
June 8 21 0.1 - F*
June 14 22 0.1 -
June 15 84 0.4 1.6 <
V —
June 29 450 1.8 3.7 =
June 30 290 1.2 - n
July 4 99 04 2.1 "
July 12 51 0.2 - -
July 13 140 0.6 21 L
Aug. 3 72 0.3 - o
Aug. 4 170 0.7 - "
Aug. 5 250 1.0 4.5 =
Aug. 6 97 0.4 - .
Aug. 7 96 0.4 - .
Aug. 11 140 0.6 19 -
Aug. 23 280 1.1 52 )
Aug. 24 30 0.2 - -
Aug. 25 15 0.1 - [
Aug. 29 210 0.9 34
~ Aug. 30 24 0.1 -
) Sept. 1 71 0.3 - |
Sept. 4 180 0.7 4.7 o
Sept. 5 130 0.5 - -
Sept. 13 28 0.1 - .
Sept. 14 100 0.4 5.3
Sept. 15 45 0.2 - S
Sept. 16 20 0.1 - 9
Sept. 17 34 0.2 - ;’
Total 5,100 ‘ ﬂ
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Protocol fcr Obtaining Rainfall Zvent Water Samp]es
from
horth Ditch at OMC Waukegan, 11linois

Upon notification that & rainfall is imminent in Waukegan, the EPA teem
leacer who is on cuty (call) will alert the following:

a. The OMC contact (see attached Record of Communication dated 3/7/79).
b. The USGS contects -

i

T

i

Al Noehre .
threough FTS operator at 353-4401 - ———
815/753-1162 (work) EPOSlT!ON

i

"
il

815/758-5054 (home) 17  EXHIDIT =

or ALY =

. 13 o A =

Tom Fisk {E ¥ /b-Fl > =

through FTS orerator at 353-4401 il =

~— 815/753-1162 (work) =

815/758-32304 (home)

N ¢||”

{

¢c. Other member(s) of the EPA teeam.

The team will proceed to Waukegan and OMC and begin sampling from the catwalk

at the U.S. Ceological Survey (USGS) flow gaging station on North Ditch. Sampling
will be performed 2t a second sampling staticn just east of Pershing Road

on North Pitch. If possible, samples will be obtained from a third sampling

point lccated on North Ditch as it crosses the beach toward Lake Michigan.

I

l

Samples obtained at the cetwalk sampling point will be teken, using en 1SCO
autowatic sampler. The intake of the sampler will consist of a stainless
steel strainer connected to teflon tubing leading to the intake of the pump
1 the sempler. The stainless steel intake should be suspended at midstream
and mid-depth, on the Lpstream side of the catwalk, in such a way that it
. Joes not contact the bottom of the stream. The d1scharge of the sempler pump,
‘“"on>vsf:ng of teflon tubing, will be used to fill three 1 liter glass bottles
in rapid succession every helf hour. The half hcur sampling frequency may
vary cescnaing on the enticipated rainfall event duration. Ten samples per
station spaced ovar the whole rainfall event is the gecal.

R

A

!

il

To ensure the integrity cf the samples taken by the 1SCO sampler method,

the sampler snould be run for at least one minute discharging to the down-
stream side of the cetwalk, prior to filling the bottles each time. Secondly,
2 cuplicate of each of the three bottles should be taken on the fifth sampling
of each event (i.e.: two bottles for PCB's, followed by two bottles for total
suspended solids, follo~ed by two bottles for suspended PCB's) at each station.

Finally, an empty bottle blank should be sent to the CRL with the samples
taken from a1l three stations during any one event.
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Samples collected frem North Ditch 2t the point nearest Pershing Road end

at the beach locetion should be dipped with e stainless steel container of

such a size and in such a way that bottcm sedimants are not resuspended in

the sample. The seapling container should be agitated thoroughly and constantly
as the sample is pcured imrediately into three 1 liter bottles. This sampling
should be repsated evary half hour. The sempling frequency may vary with the
anticipated dureticn of the rainfall event, as mentioned above. Agein, a
duplicete set of seaples should be taken during the fifth sempling of each
event.

i

il

(T

]
I

vSanp1ing should continue until after the rainfall has ceased and until pre-
rain stream staoce is reached. Terperature and time should be recorded on the
fieid sheets at ezch station as each set of samples is collected.

With the collection of the first set of samples at each station, a field sheet
will be started. This sheet can be used through the fifth set of samples
including the set of duplicate samples. Both the samples and the field sheet
sheet should be ezanoted to show that one general chemistry sample (white

abel/01 preservezive code) and two PCB samples (pink label/03 preservative
code) wvere collected. On2 of the two PCB semples should have the word “Sediment"
added to the lebel uncer "PCB's" in the middle of the right side of the label.
Additionel field shzets can be added as necessaery and all pertinent descriptive
information should be completed on eich sheet. The last sheet for the sampling
station at the U.S.G.S. flow gaging staticn should include the description of
an enpty bottle biznk ior each event.

T

fif

il

Chain of custody shzets should be initiated 2t the same tim2 that the first
field sheets are prepered. All sample bottles, whether filled or empty, should
be stored in 2 locked vehicle until they are delivered to the CRL. As bottles
are Tilled, they should be recapped and 2 piece of custody tape placed over

~ the cap-botile connection such that the cap cannot be removed from the bottle
without breaking the seel. As usual, all field activities will be performed ac-
cording to strict custocy procedJres Any unusual circumstances or changes in
routine procecures shcuid oe noted in detail on the field sheets or on attach-
ments to the fielc sheets. ,
It may also be necesszry to take suspended sediment samp]es from the catwalk
at. the USGS gagingc stetion for analysis by the USGS. These samples should be
taken using the suspended sediment sampler provided by the USGS. The first
set of samples shculd be teken when there is enough flow (depth) to sample at
least three points on the cross-section. This depth would be about 0.3 foot
on the steff cage. The reletive turbidity of the stream water should be ob-
served &nd noted cn the field sheet. The agreater the turbidity the more
necessary it is to becin sampling. .

e T SR

When sampling is to start, the resuspended sampler should be taken to the . - =
decpest, fastest moving no1nt on the ditch cross-section. The sampler should
be luwered and raised, experimentally, at a constant rate such that the bottle
fills to 2/3 full. ¥when the rate has been determined, a clean bottle should
be placed in the sa=pler. The sampler should be lowered and raised at the same

A
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i
1

-3-

rate at each of the 3, 4, 5 or 6 vertical locations marked on the catwalk,
wherever there is enouch depth. A separate bottle ray be used at each location.
Caution: the sampler should be lowered such that it just contacts the bottom
and should not be pushad or angled. As the sample bottles are removed from

the sampler, they should be capped and the appropriate information should be
recorced on the cap. At & minimum, the following should be recorded: date,
time, staff gege level, temperature, depth on the sampler staff, sampling site
number from the cetwalk and type of sample TSS (total suspended solids) or SIZE.
The SI1Zt semples shou'd be. taken only every other time that the TSS samples are
taken. Then, 2 custody sezl should be placed. across the top of the cap and
secured to the bottle.

The sampling should be repzted at 6 inch intervals (staff gace readings) as
the stream rises to peak flow and then falls again to the pre-sampling level.
Also, each time semples are teken at the catwalk, a staff gage reading should
be taken at the downsireem end of the culvert which passes under the parking
Yot access road (the first staff gage upstream of the catwalk).

If problems or questions zrise regarding any of the activities listed above,
- the teem leacer should imm=diately call:

{r. Roscoe Libby at 212/353-9772 (FTS) - work
or 312/323-3615 (Com) - home

or

Mr. John Helvig at 612/725-3272 (FTS) - work
or 612/786-3516 (Com) - home
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- United States Departiment of the Interior

CEOLNGICAL Sl RVEY

P.O. Box 1026

—— o W ———— —

Pt Champaign, 1L 618620
Novgmbcr 21, 1978
’ . h--\.\:i.' .-A R
Mr. Howard Zar ' TOR OFFIC..« Voo UalY - DEPOSITION
: EXHIBIT

U.S. Environmental Protection Agency *
CGrcat Lakes National Program O‘f;ce
230 S. Dearborm Street

Chicago, IL 60604

Dear Howard:

Attached is a supplement to our proposal of October 24, 1978,
concerning transport of sediment in North Ditch, Waukegan.

1 have discussed this u1th Ed DiDomenico and he is expecting
it.

Also cncloscd is a manual on laboratory aralysis of sediment.
Ed has irdicated your laboratory is receptive to doing the
anzlyses. We will be plececd to work with you on proper
saupling cquipment and procedures.

We will be pleascd to discuss this with Ed vhen he has
reviewed it.

" Sincerely yours,

SHTL.

L G. Toler
Acting District Chief
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POTENTIAL FOR MOVEMENT O BOTTOM SEDIMENTS IN THE NORTH
DITCtl, WAUKLGAN, 1LLINOIS - SCDIML NT SAMPLING PROGRAM

. . . ’ 1})!0]”/.”- -
APPROACI: = FC‘R O..’:[.',’."“L Uzz o;, Mine JLE

[ ]

An initial estimatc of the stability of bottom scdiments of North Ditch

" can be made using a Shicld's type curve (Miller, et al, 1977) giving flow

conditions at the initial-motion condition for beds of cohesionless grains
of uniform size. -In order to use such a relationship, mcan or median grain
. > : -

size and specific gravity of the bed material must be determined from samples

taken at no-{low cond1txons, and a svitable value for water v1scosity at the

time of transport must be chosen. App11cat1on of this type of rclat10nsh1p

"will yicld the lowest flow conditions at which transport of cohesionless

- grains can be expected and will make possible a prediction as to whether or

not transport could ‘take place at flows expected to occur in the Ditch.
;'O')V?ns - e
WUhhihy |
Additional measurements of channe] character15t1cs and scdiment dlscharge

vill be used as a check on the estimate dcscribed above and will permit the

detcrmination of the amount of sedinment transport expcctcd for a given runoff

_event. Measurcments of bed material grain-size distributions and discharge’

and size-distribution of suspended sediment will be used with measured water

discharge, channel morphology, water depth and wvater tempcrature data to

plot ratirg curves for suspended sediment dlschargc and total scd1ment dis-
charge. These curves can then be uscd to determine sediment discharge
cxpected at a given water diséhnrgc. Used in conjunction with the discharge
and vclokity frequency rclatioaship cstablished for the Ditch from the hydro-
logic phase of the planned program, the réting curves will ﬁakc possible the

asscssment of the potential for trunsport of contaminated scdiments into

lale Michigan., .

U 0006565
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/ Bed material can be sampled under no-flow conditions with hand-opcrated

samplcrs, and the sampl%ng program will include 1) mcasurement of channcl
longitudinal profiﬁc by ‘sounding along the thalweg, 2) mcasurcment ;f crdés-
scction profiles at each of the eight sccpions whé;c staff gages érc planncd,
3) determination of the areas of thc bed, if any, composcd of non-crodible
material (hérd clay, -gravel, ctc.) or stabiiizing material (équatic plants,
etc.), and 4) collccti;n of bed m;tcrial samplqs of the erodiblc parts of
“the bed. The number of bed material samplcs ncedcd depends on the variabil-
“-1ty of the bed both arcally and with depth and the sampling dcns1ty will be

~determined on site. Bed material size distributions, channel cross-section

profiles, and water surface slope measured during flow events can be used in

Oniers, EEN Brrpiaa,

dlscharge for a given water discharge. 21 S 1:1. PO M LA SRR sy O"\"'l'
LRI / T

Dcpth—intcgratcd ETR suspendcd sediment samples will be taken at the

“‘the Elnsteln bed-load function (Exns}eln, 1950) to cst}i-tc the sediment
i

downstrcam station ‘at which‘ﬁater discharge is to be ncésurcd_during runoff
.events. Khen possible, sample; for.dctcrminatipn of suspénded sedincnt con-
centration will be taken' at a 1 to 3 foot spacing across the channel and ai
- frequent in;erva]s during the ri;ing and falling stagés. At the time of
. sampling, depth at the sampling point, water temperature, and water discharge
- will also bc mecasured. Suspended sediment concentrations aﬁd water discharge
- taken at a number of times during cach runoff event for several events will
.provide the data needed to construct a sediment rating curve for the suspended
-scdiment discharge of North Ditch. 1If sufficient material is collected at a
- given discharge, the groin-size distribution of suspended sediment will be .

determined. That size distribution can be used with bed material size

- T - USuuuesss
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d;stribution, water temperature, water velocity, and depth to calculate

scdiment discharge using the Mcdificd Einstein.Proccdurc (Colby and Hcmbrec,

1955). The Modificd Einstein Proccdure provides a more reliable estimate of

»

scediment discharge than does the LEinstein bed load function, ‘and so would

yicld a more rcliable sediment rating curve for.thc total sediment discharge.

References:
Colby, B. R., and Hembree, C. H., 1955, Computations of total sediment®

discharge, Niobrara River near Cody, Nebraska: U.S. Geological
'Survey;‘Wéter—Suppl& Paper 1357, 187 p. .
Einstein, H. A., !950, The bed-load function for sediment transportation
in open channel flows: U.S. Department of Agriculture, %echnical
Bullétin 1026, 70 p.
Miller, M. C., McCavc; I. N., and Komar, P. D., 1977, Threshold of

scdiment motion under unidirectional currents: Sedimentology 24,

'p. 507-528,
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United 3t:1tcs Department of thc mlcnox

CLOLOUICAL SURVEY

. _ ‘ P.0. Box 1026
R : “Champaign, JL 61820
October 24, 1978

, ’fol. AT '.- oz ooy .

DEPOSITION

Mr. Howard Zar ) 5;

U.S. Environmental Protection Agency : §‘ E?“EET,D :
Great Lakes National Program Office ééﬁﬂﬁ

230 S. Dearborn Strect E 7"5'2'_??%“,.

Chicago, IL 60604
" Dear Howard;

The attached proposal for obtaining hydrologic information on
North Ditch is forwarded as per our meeting on September 27, 1978.
A lot will depend, of course, on climatic conditions, but wlth

+ luck, we should get the data we need in a reasonable time.

We have not been specific about the collection of bottom samples
for size and total carbon analyscs and did not include funding
specifically for this. I am not sure if your requirement for

"’,/’chaln of custody of samples applies or if our routine procedures
arc adequate. le would be pleased to assist your samplers, if
necessary, and perhaps could suggest an analyst.

If this mects with your approval, and all necessary permission
can be obtained, we would like to begin collecting data yet this
* fall. Please call if there are any questions.

Sincerely yours,

Lawrence A. Martens
District Chicf

- R Y T

LT:nv '.
[nclosure ' :
/74/?1 a[‘w L aw& ﬁbz'z RECE[
Kiosees VED
v NEHtN (o = (‘ °"{"U“— (' T
‘@mwa ) ““lx ’Bm
- . “ s tons -€ l/szm ;."’ M2
: / u’ ‘:_‘ _ [/ll y' ["" 0 ﬂ ul 0[[/(‘[
;\ Renwsd - . _ L0, it Lespg

”mmﬂ ‘Z% ‘ - - &jgﬁﬂUUBSBB

. se M8 4 imeicee B Was  Ctemr  tleemgyc Tev cmamemse . ose tessen i ey
. . [ :

. - e e e
«.A--wv-.—“...-: iy mimiiiass e e tmececw R ki




." d/
. a -~ 0 ’

£ ' : () pomepal Ug;‘-,O'N\X Y "//3},

° ' FoR Gr e S S
. ALY . 4 b’ Y

. e - JORNS ol

. . s, 4 (T
PROJECT PROPOSAL. o C Vel &)\

o
’

POTCNTIAL: FOR MOVEMENT OF BOTTOM SEDIMENTS IN NORTH DITCH

'AUKEGAN, ILLINOIS

|

PROBLEM: Polychlorinated Biphenols (PCB's) from industridl sources havcf

1

¢ ‘ &‘-‘\

accumnulated in the bottoﬁ sediments of North Ditéﬁ, a small (D.A. = aboué

: ]
0.01 ni2) tributary to Lakec Michigan in Waukegan, Illinois. PCB's have a

low soiubility in water but are known to adhcre to organics, clays and - %;: .
sand, in that order of preferencé. Resuspension of the bottom sediments. ki-f'
. ¢ é
and downstrcam movement are a potential threat to the waters of Lake ; f f
. _ L)
;Michigan. The U.S. Environmental Protection Agency has asked for assist;pcei g N

-
r

i

in providing the hydrologic information necessary to assess the potential-
for resuspension and movement of the bottom materials.
OBjECTIVE: To establish for North Ditch a discharée and velocity frequency
relationship to provide information for assessing the potential for sediment
transport.
APPROACH: Eight sites along North Ditch have been tentatively selected for
.. data collection. At all eight sites, a theo£etica1 stage - discharge relation-
ship will bc devcloped, samples of bottom materials will be collected for size  —~
analyses, and total organic carbon will be determined for the sediment samples.
- At four of the ecight sites staff gages will be installed and samples will be
collccted by USEPA for water quality determinations. | )

At thc downstrcam site, stagc and rainfall recorders will be installed
to obtain continuous stage hydrographs ana rainfall., Discharge mcasurcments
will be made at the recording sitec to gstnblish a stage-discharge rclation

and verify or adjust the theoretical rating.

LS uu06569
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Strcam channcl cross-scctions obtained at all cight sites will be

a

uscd to compute water surfzce-profiles by step-backwater or other indirect

method. These profiles will be used to develop the theoretical stage-
discharge relationship at cach site. The stage-éischarge relationships

at all cight sfé&?;i;ill be adjusted to the,d;wnst;cam site using measured
discharges at-the downstream site. | |

:Rainfall and runoff data at downstream site will be used to caligrété

a USGS rainfall-runoff model. The calibrated model, along with loﬂg-term
rainfali-data from the U.S. Weather Service, will be used to synthesize long-
texrm annual-peak'discharges.' A magnitude-frequency relaticnship wiil be
dcvelbpcd for. the site using the synthesized discharges and the latest U;S;
Water Resources Council Techniques. Discharges for the various frequencies
“will be compared to results obtzained by regional estimating equations }Cuftis,
1977,.Allen, In review) for consistency of reshlts. '
Cross section properties obtaincd to detcermine water surface profiles

will be uscd to compute velocity-discharge relationships at each of the

eight sites.
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Projecct Duratlon Pro;cct would bc corp]ctcd durJnr 197 fzscal year.

Rcports: Open file release of about 30 pages of data and 1ntcrprctatlon

[ -

[

would bc requested. ’ ‘ -
Personnel: Al Nochre (GS-13) would be projcct chief. Field personnel
arc available for assistance in the De Kalb Subdistrict. James Culbertson

and Herman Fcltz have been consulted. Culbertson suggests C. F. Nordin be

~ consultant on potential transport of bed material. ‘ ) ) ;u/&o/LdLJJV’

e

nivl

-

COSTS
Equ;pment - Purchase and install’ $5,000

Operation, maintenance and surveying
cross sections _ . 6,000

Ana]yticai including computer time and

report writing - 9,000
Subtotal 20,000

WOTSC 4,800

"“':“_"'}r"ﬁ' District |

\5 G _ - Costs 10,500
- : TOTAL $35,400

REFERENCES:

Allen, Howard E., Jr., and Becjcek, Richard M. (In revieh) Effects of
urbanization on thc magnitude and frequency of floods in north-
castcrn 1llinois .

Curtis, G.W., (1977) Technique for estimating magnitude and frequency
of floods in lllinois, U.S. Geol. Survey Water-Resources Inv. 77-117,
70p. .
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IN THL UNITLCD STATES DISTRICT COURT
FOR THE JOERTIERN DISTRICT OF ILLINOIS
EASTERN DIVISION
TdE UNITED STATES OF AMERICA,
Plaintiff,
vs.

No. 78 C 1004

OUTBOARD MARINE CORPORATION
ARD MONSAUTO CO!MPANY,

et et et e’ N e el Nl Nl e

Defendants.
The deposition of JULIA B. GRAT,
called by Outboard Marine Corporation for examination,
pursuant to agreement and pursuant to the Rules of
Civil Procedure for the United States District
Courts éertaining to the taking of depositions,
taken before Thea L. Urban, a Notary Public in and
for the County of Cook, State of Illinois, and a
Certified Shorthand Reporter of said State, at
30 North LaSalle Street, Chicago, Illinois 60602,
on the 16th day of February, A.D. 1981, commencing
at 10:00 o'clock a.m.
PRESENT:
MR. JAMES T. HYNES,
(Deputy Chief, Civil Division
United States Attorney's Office
219 South Dearborn Street

Chicago, Illinois 60604),

and

Theo L Urbon
Cer‘:if-eJ SchtLanJ Qecor’lor

134 SouiL La Sa”o Sﬁnot
I b "S-V28-O/0(p & Cl'\iwgo, “linoir 60603

312 - 782-3332



3-11-81
KAYE,

ORIGINALS TO BE SENT TO GRAF AND BRYSON FOR SIGNATURE.

N
LINDA

P.S. - WE DID NOT MAKE COPIES OF THESE DEPOSITIONS FOR YOU.
IF YOU NEEDvCOPY, YOU CAN MAKE ONE WHILE YOU HAVE
THEM IN YOUR POSSESSION. ALSO, THESE ARE THE

ORIGINALS SO WE NEED THEM BACK, AS THEY ARE OUR
ONLY COPY.



PRESENT: ({Continued)

MR. GEORGE PHELUS,

(Water Lnforcement Division

U.S. Environmental Protection Agency
230 South bDearborn Street

Chicago, Illinois 60604),

appeared on behalf of the United
States of America;

MS. ROSEANN OLIVLR,
(Phelan, Pope & John, Ltd.
33U North Lafalle Street
Chicago, Illinois 60603),

and

1R, JET'FRLEY C. FORT,

(iartin, Craig, Chester & Sonnenschein
115 South LaSalle Street

Chicago, Illinois 60603),

appeared on behalf of Outboard
Marine Corporation;

MR, JAMES H. SCHINK,
MR. ROBLRT SHAPIRO,
(Kirkland & Ellis
200 East Randolph Drive
Chicago, Illinois 60601),

appeared on behalf of Monsanto Company.

Thea L. Urban

Cev’{i,f;ecj SLO*QL ard erorfcr

124 Sout"\ Lo So”o Stwoi
CLicago. [1linois 60603
312 - 782-3332




Graf - direct 4

(Witness sworn.)
J UL IA B. GRATPF,
called as a witness herein, having been first duly
sworn, was examined and testified as follows:
DIRECT EXAMINATION

BY MS. OLIVER:

Q What is your name, please?

A Julia B, Graf.

Q How do you spell your last name?
A G-r-a-f.

MS. OLIVER: Let the record show this deposition
of Julia B. Graf is being taken pursuant to the Federal
Rules of Civil Procedure and by agreement of the
parties.

BY MS. OLIVER:
Q What is your residence address?
A 603 South Cleveland Street, Philo, P-h-i-l-o,

Illinois.

Q What is your present occupation?

A Hydrologist with the U.S. Geological Survey.
0 How long have you worked for the USGS?

A Two years and two months, three months.

Q Do you have a business address?

A Yes. It is Champaign County Bank Plaza, 102

Theo L. Urban
Cc -tiFred S"\orﬁl\anJ erortgr

124 Soutl\ La Sa”e Stmet
CLIcago, HYinoie 60603
312 - 782-3332




Graf - direct 5

East Main Street, Urbana.

Q Is that the office of the USGS?
A Yes.
Q Were you asked to do some work for the

US EPA or the United States relating to a lawsuit that

is entitled United States vs. Outboard Marine?

A Yes, we were.
0 When were you asked to do work?
A It was first brought up to me very shortly

after I started working for the Survey in November or

December of '78.

0 Who brought the subject up to you?

A My supervisor, Larry Toler.

Q What did you and Mr. Toler discuss doing in
19782

A He asked me to write a proposal for a project

to estimate the movement of sediment in the North

Ditch.
Q Did he tell you there was a 1awsﬁit pending?
A I don't remember.
Q Did he tell you what the North Ditch was or

anything about what you were supposed to be writing
a proposal on?

~
A There was at that time already large parts

Theo L. Urban

Ce-ti:ieJ Sl\ortl‘ard‘ erortﬂ-

134 Sou‘:"\ L_a Sa”o Stmt
CLicago, [Hinoic 60603
312 - 782-3332



Gruf - direct 6

of a proposal written that described the area and the
problem and what he needed in addition to that was a
more detailed plan for field work and laboratory
work specifically relating to the sediment.
So I read the materials that had been
collected to write that first part of the proposal.
Q Do you know who wrote the parts that were

already written?

A No.

Q What did those parts that were written
comprise?

A It was a general statement of the problem

and the description of the area, and more specifics

concerning the hydrologic part of the project.

Q What was the general statement of the property?

A That there was need to know the rate of move-
ment of sediment in and out of the mouth of the Ditch
and the total amount in a given time and to predict
future movement.

Q Do you know if the portion which had been
written before you became involved in the project was
done pursuant to the US EPA request for support in
this lawsuit?

A Yes, I'm sure that it was.

Theo L Urban

Ce"tlFieJ SLOT“.LCH‘.J Depm'ter

134 gouiL l_a Sa”c Street
Chicago. [Hinois 60603
/ 312 - 782-3337



Graf - direct 7

Q And Mr. Toler was supervisor of this project?

A He was Chief of the Investigation Section,
which is the section in our organization that handles
project work, so he often does the initial work on the
project proposals and acts as title supervisor until
the people actually begin working on it.

Q Did you have any contact in November or
Decemper of 1978 with anyone at US EPA about this
project?

A I don't remember the exact dates, but I began
communicating with Ed De Dominico sometime in that time

period.

WWhether it was December, January, November

of 1978, I don't remenmber. '78 was mentioned after
the time and then November, December, January. I
don't remember.

Q How is the US3GS set up, what departments are
there or divisions?

A We are in the Water Resources Division.
There is a Geologic Division, a Topographic Division.
There is the Conservation Division.

Q What does the Water Resources Division do,
what does that division do?

A We do all things relating to water resources,

Thea L. Urban

124 S:utL Lo Sa”e Stmt
Cl'wicago, Hlinois 60603
32 - 782-3332

N\
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Q We study stream flow., One of the main areas
of our concern is maintaining a nationwide system of
stream flow gauging systemn to collect basic stream
flow data and analyzé it to do statistical work on it
to make predictions.

We do some work with ground water, some
more in some States than other States, ground water

movement, composition, resources.

Q Since joining the USGS in 1978, 19772
A '78.
Q In '78, what projects have you worked on

other than this project?

A I have two current projects, both basic
hydrologic studies. One involves measuring average
velocity for long lengths of streams and dispersion
characteristics by injecting a dye and following it
downstream, seeing how long it takes to move down-
stream and how the dye spreads out as it moves.

Q Are these related to specific streams?

A I am examnining specific streams, 10 or 15
different streams at several different flow conditions,
but the goal is to develop, be able to predict how
these things would behave on the streams we have not

specifically measured to so develop regional relationships.

Tlﬁeo [_ Ur‘t)an
Cert-;-eA S'ho"tlnand Qeoorter

i34 Soutl’\ La Sa”o S‘:mi
CLicago. Hlino's 60603
312 - 782-3332




Graf - cirect 9

Q What other projects?

A The other one I am working on right at the
moment is calibrating rainfall runoff methods for a
large number of gauging stations, something on the
order of 100 or 120, using computer modeling, using
the data that we measure in our stream flow, data on
rainfall runoff as input.

Q Other than the two current projects that you
are working on now, have you worked witﬁ USGS on any
other projects besides the Outboard Marine projects?

A A part of my job is writing proposals, jusf
generating ideas for projects and writing them up.

And I did write up a proposal for a
project to study the erosion at a low level nuclear
waste disposal site at Sheffield. And that has been
funded and will be directed by someone else and I am
consultin} on that.

We consult with other people in the
office on their projects quite freguently.

Q But you have not been directly involved in

any other project?

A I have not been directing another project,
right.
Q Since Outboard Marine. What I am asking is

- TLea L Ur'oan

_ \‘e-t}FfeJ Slﬁo"tlhamJ erortor
124 Scu{l’\ La Sa”e Stmt
Cl\iwgo, “linoi: 60603
312 - 782-3332



ora: - clrecet 10

if you have had any active participation other than

consulting in the office with your co-workers and

other people on any other projects other than the

current ones you are working on and the Outboard

Marine project.

A No long term active participation, no con-
} tinuing active participation.

0 I suppose before we really get into this,
you should tell me what a hydrologist is.

A A hydrologist is someone who studies the

| water, its movement, its behavior.

That is a very general term that en-
compasses a great deal.
Q In the Champaign office, how many hydrologists
are employed?
A 30, an estimate.
Q Do they all work within the Water Resources

Division?

A Yes, we are the Illinois District Office of
| Water Resources Division.

Q What other types of positions are there in
the Water Resources Division?

A Technicians collect most of the basic stream

flow data. They are the ones who are actively involved

l TLea L Urban
]. : Ce—ti{ied S'\or‘.'ﬂau‘ erorﬁer
134 Sout!h l_a Sa”o S'cv-eet
Cl\icogo. I”inoit 60603
312 - 782-3332




Graf - direct 11

in maintaining the gauging stations and then the ad-
ministrative staff. Those are the main categories of
the professional staff, all who would have hydrologist
titles.

Q In the Water Resources Division, there is

an Investigative Section?

A In our office.
Q In your office?
A It is divided into operations and investiga-

tions. Operation Section takes care of maintaining
the data network statewide, data collection network
and any statewide resources projects.

The Investigation Section deals with
specific problem-oriented projects.

Q Since you have been at the USGS, how many
specific problems or projects has the Investigation
Section undertaken?

A This would be a guess., I would say at any
one time we would probably have something on the order

of 10 projects.

Q Going on at one time?

A Going on, yes.

Q Are you in the Investigation Section?
A Yes.
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And Mr. Toler was at the time in November,

January; November, December of '78 and
'79, Chief of that section?

Yes.

Is he still Chief of that section?

No, he is now District Chief,.

Who is now the Chief?

Larry Balding.

When did he become Chief of the Investigation

Last spring, March, I believe.
March of 19802
Yes,

Do you report directly to the Chief of the

Investigation Section?

A
Q
projects?

A

Yes, Investigation Section.

Do technicians who work with you on specific

Sometimes. Most of the technicians report

directly to either the Chief of the Operation Section

or Chief of their office.

Most of the technicians work in our

field office or some district office in DeKalb or/and

they would report to either the Chief of that Subdistrict

Thea L. Urban
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Office or the field office.
There is sometimes a need for them to
work on a project in which case they are assigned by

their supervisor.

Q To work fcr someone in the Investigation
Section?

A Yes,.

Q For example, in the Outboard Marine project,

technicians worked under the supervision of the
Investigations Section?

A That is a little different project in thatA
Al Noehreis Chief of our Subdistrict Office in DeKalb
and he was actually the project chief, so the tech-
nicians worked under his direction.

Q Let us put aside for the moment this spe-
cific project and talk about the general, the usual
customary project that would be undertaken by the
Investigations Section.

I take it that you or somebody in your

section would write a proposal for the project.

A Yes.
Q Then what happens to the proposal?
A I would give it to my supervisor who now

would be Larry Balding and he would review it and decide

Thea L. Urban
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whether it had merit, whether it had any chance of

funding at the

higher levels.

He would then give it to Larry Toler

who is now District Chief and he would make the same

kind of decisions as well as deciding where the best

chance of funding would be.

It would then be given a final writing

.after the office review and submitted to the USGS

through the USGS process.

Q Once

okay to go ahead with it, what happens to the proposal?

A Work

it is funded and you have an office

is begun on it.

Q Someone is appointed to be a supervisor of

the project?

A Yes.

And it certainly doesn't have to be

the person that wrote the proposal.

Q A hydrologist in the Water Resources DiviiLion

is appointed thevproject officer?

A Yes.
Q What

posal after it

does a project officer do with the pro-

is funded?

A That has been funded, you say?
Q Yes.
A The first stage would be planning the project,

T'ﬁeo L U'r'l)an
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making the final, more detailed field plan. Most of
our work is field work, although not all; ordering
the equipment, getting it in position, finalizing the
budget.

Q Arranging for .technicians to work on the

‘project?

A Where they are needed.

Q To éo field work, you would require the
technicians?

A Not necessarily.

Q Who would do sampling if sampling is needed

for the project?

A It depends on the scope of the sampling,
really. In some cases, the hydrologist who was chief
of the project would do a great deal of it, sometimes
a technician would be available to do it.

Q Once the field work was done on the project,
what happens next?

A There is usually a phase of laboratory work

and date of reduction and analysis and writing reports.

Q Who writes the report?
A The project chief.
Q Do interim or summary project reports have

to be submitted to someone in the USGS?

Theo L. Urban

CQ-Q;C;eJ Slﬂcr‘.LonJ Qqaortor

134 Sout-l\ La Sa”o Stv'ee{
Cl\icago, l”inoi: 60603
312 - 782-3332

—



-

A

sra:z - direct

16

It depends on the length of the project and

the needs of the individual project. There is no

general policy.

Q

Is there any estimate you can give me as to

how long a project usually takes or the duration?

A

Usually five years would be about the maximum.

Most projects run two years.

Q

received the information from Mr.

you to write a proposal,

In November and December of 1978 when you

Toler and he asked

you reviewed the parts of

the proposal that had already been writtén?

A

Q

consisted

A

than I have been already.

statement,

Yes.

Could you describe for me what those parts

of, specifically as you can.

I am not sure I can be any more detailed

It was a fairly general

giving location, the goals which we were

to develop on rainfall runoff relationship for the

Ditch and to tie that in with sediment movement in

order to predict how much sediment might move out of

the Ditch

Q

A

in the future,

Anything else you can recall?

No.

Was there any other material or document that

Thea L. Urban
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you reviewed other than the parts that were already

written?
A Not that I remember.
Q Did you know about this proposal or the

draft proposal that was already written by someone
with the USGS?

A What I read was written by someone at the
USGS, yes.

Q Did Mr. Toler maintain a file on this project

that you were aware of?

A I don't know that he did, but I'm sure he did.

It would have been procedure to do so>.

MS. OLIVER: We would like to review Mr., Toler's
file, any preliminary proposals or drafts that were
written.

MR. HYNES: Yes.

BY MS. OLIVER:

Q Were you asked to draft a more detailed pro-
posal?

A More detailed in the sediment aspect of it,
yes.

Q Could you describe for me what specifically

you were asked to draft. What do you mean by the

sediment aspects of it?

Tﬁw L.LJ&mn
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I was asked to define a field program to

specify the kinds of data that were needed and the

kinds of analyses that would be done on those data in

order to come up with an estimate of movement of

sediment in that Ditch.

Q

A

Did you do that?

Yes, 1 did.

Did you submit your proposal to Mr. Toler?
Yes.

What happened with the proposal?

It went throuyh the usual channels and was

approved by USGS.

Q

A

yes.

Q

Do you know when that was?
Not specifically, no.
Approximately?

It would have been the winter of '78, '79,

Would it have been in November or December

of '78 and then January and February of '79, somewhere

in that period?

A

Q

Yes.

Did Mr. Toler or anyone else review your

draft proposal with you and make any recommendations

or provisions?

TLea L Url)an
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A I don't remember specifically; probably. I
discussed the proposal with the specifics of the
field plan with other USGS personnel, specifically

Carl Nordin, who is sediment specialist in the Survey.

Q Mr. Nordin?

A Yes.

Q How do you spell that?

A N-o-r-d-i-n.

Q Is he with USGS?

A Yes.

Q What is his position?

A I assume his title is also hydrologist.
Q Is he also at the Champaign office?

A No, at the Federal Center at Lakewqod,

Colorado.

Q Had you done any project like that prior to
your proposal that you had done?

A My thesis work in graduate school also in-
volved field sampling of sediment and predict;on of
motion.

Q What type of water, body of water, did you
do your thesis on?

A Lake Michigan.

Q Is that thesis printed somewhere?

Thea L. Urban
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A It is in existence in the library at the
University of Illinois where a degree was awarded and
two papers, largely redrawn from that work, were pub-

lished in journals and available in the library.

Q They are listed on your bibliography, I think.
A They are, yes.
Q Once your proposal was approved by the USGS,

what happened to it next?

A We discussed with the US EPA problems con-
cerning the initiation of work on the proposal, problems
like who would actually collect the samples and working
out how the samples would be collected, when we could
begin work.

Q You said your proposal included the design
for field program for the data needed. What type of
data did you feel was needed?

A We needed samples of the bed material of
the Ditch. We needed measurements of the channel
geometry, slope. We needed measured values of sedi-
ment that was carried during the flow event.

Q Did your proposal include how many samples
or how often the sampling should be done?

A I'm sure that it did.

Q What type of analysis did you design to come

Thea L. Urban
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up with your conclusion of

A First, there was
We needed to do grain size
materials and come up with
of bed materials, in terms

and distributions of those

sediment discharge transport?
the laboratory analysis,
distribution of bed size

some general description

of specific grain sizes

grain sizes and the con-

centration, values of concentration for the measured

samples, samples taken during flow events.

Q Am I correct so far that the first aspect

was the data to be accumulated or gathered and the

second aspect was the laboratory analysis of that

data?

A Yes.,

Q Are there any other analyses that were re-

guired in the laboratory other than the grain size of

materials in the bed and the concentration of materials

in the bed:

A No.
Q What was the next part of the proposal?
A I don't remember the original proposal in

great detail, but I believe I suggested that with the

data from the bed material samples, one could get an

additional estimate of the mobility of the bed by

implying some incipient-motion criteria.

Thes L. Urban
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Q What is incipient-motion criteria?
A It is just a laboratory-generated curve that

marks the boundary between motion and no motion for a
given grain size and given flow conditions,

Q Is it a formula that is used once you have
grain size?

A It is a graph. It doesn't, it is too compli-
cated in relation really to put it in an equation, so
it is used in graphical form. It relates to dimen-
sional variables that contain all the physical para-
meters, that contain the movements of the grains and
the points on the graph are determined in the labor-
atory with grains of a given size and flow conditions
carefully controlled.

Q What are the two axes of the graph?

A One is the dimensional number which is called
the Reynolds numbe:r, which is a measure of the £flow,
to describe the flow around the particle, and it is
made up of shear velocity of grain diameter and
kinematic viscosity, contains those parameters which
control the kind of flow around the particle.

It is a measure of turbulence, really.
And the other axis is the other dimensional parameter

called the Shield's parameter, which is really a ratio

Thea L. Urban
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of the shearing forces on the particle to the gravi-
tational forces, the initial forces.

Q This graph is developed from the measurements
of grain size that are taken from the bed?

A It is developed in the laboratory in model
stream channels with beds made up of grains of a
given very uniform size and the flow conditions care-
fully controlled and measured.

You set a flow condition. For example,
you might increase the velocity of the flow until the
grains first begin to move. Youlmeasure the flow
slope at that point and you measure the parameters
out of that point and that would give you the point
of that motion for that given particle.

Q That determination is not based on actual
analyses or the grain samples that you take from the

project you are working on?

A No.

Q That is sort of a theoretical model?

A It is empirical.

Q Empirical?

A Yes.

Q When you were hired by USGS, were you hired

to work on this particular project?

Thea L. Urban
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A No.

Q It was the first project you worked on?
A Yes, it was.

Q Once you do your graph or your graph of

mobility of particles, do you recall what the next
step in the original proposal was?

A The next step would be to try and make cal-
culations of bed material load and how the bed material
that you sample would move under a given flow in a
ditch.

Q How did you propose going about doing thatv
in your original proposal?

A I believe I outlined several levels at
which they ;ould be done. The first level is using
the Shield's criterion to get an initial motion state.

The second level which would be one
which you could do with the next amcunt of data which
would be the channel geometry and the bed material
would be to use any one of several bed material load
equations or systems of equations to estimate bed
material load for that and then the next level would
be if you actually had some measure, sediment samples
measured during the flow, you could apply different

techniques,.
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Did you propose to have measured sediment

flow samples taken?

A

Q

Yes.

Did you make ‘a recommendation as to which of

the three calculations should be used in determining

the sediment transport?

A
used.,

Q

I'm sure that I intended that they all be

Was there any other part of your proposal

that you haven't told us about?

A

Q

Not that 1 remember.

You mentioned earlier that this was your

original proposal. Was that proposal modified or

revised in any way later on?

A

The basic outline of the work, the data re-

quirements and analyses and computations remained the

same throughout. It wasreworded and put int> contract

form,

A

Q

mainly.

Did you do the rewording of the proposal?
No.

Who did that?

I don't know.

After you submitted your original proposal,

did you make any modifications or revisions to it?

Thea L. Urban
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A We reviewed the contract which was in effect
a reworded proposal and didn't make any substantial
changes.
I believe there were a few details of
who would be taking the samples and that sort of thing,.
Q Was your original proposal in substance the

same agreement that was reached with US EPA with the

project?
A Yes, it was.
Q When you wrote your proposal, did you re-

commend the duration of sampling field work?

A I don't remember.

Q Did you recommend the duration of the project
from beginning to final report?

A I don't remember, but I think it was imposed
upon us. |

Q Imposed by the US EPA and the USGS?

A I don't remember. It could have been by
the USGS, and they wanted to end it by the end cf the
fiscal year.

Q You did your thesis work on the transport of
Lake Michigan sediment, is that right?

A Yes.

Q How long did that study take?

Thea L. Urban
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A I did field work on the project for three
years.,
Q Are you familiar with any other projects on

sediment transport of any tributaries other than the

North Ditch tributary waters? .

A Lake Michigan tributaries?
Q Yes.
A No.
Q Are you familiar with any similar projects
in any other waters in the United States? ~
A Well, measuring sediment loads and doing bed

material calculations is something that the Survey
does as a part of its routine work. There has been
in the past less of it done in Illinois than other
States by the USGS,

Q I don't think I exactly understand.

Are or were there other projects involvinc
studies made of sediment transport from other tributaries
in the United States similar to the project undertaken
here?

MR. HYNES: You mean done by USGS or by her or
just in the general body of knowledge?
MS. OLIVER: Yes.

BY THE WITNESS:
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A You mean any river, any sediment study on

any river in the United States?

BY MS. OLIVER:

Q Any river or stream or tributary or whatever?
A A great many, yes.

Q Are you aware of any done by the USGS?

A I couldn't give specific titles, but that

is part of our work, yes. There would be gquite a
number at any time.

Q Would these projects that are done for the
studies of sediment movement in the waters fall in
the general length of time that you mentioned for any
project, for two to five years?

A I would imagine so.

Q What was the duration of this project that
you worked on concerning the North Ditch?

A The field data they collected from the
middle of March until September 30.

Q When was the final report written?

A It was written that fall, beginning in
October and completed in December, and I can't remember
specifically what month it was finally printed.

Q Now we are talking about 1979, is that

correct?

Thea L. Urban
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A Yes.
Q The fiel
middle of March 19

A Yes.

d sampling data was done from the

79 through September 30, 19792

Q The final report was prepared in October of

1979 and completed

A Yes.,

Q Did you
A With my
Q Did you

in December of 1979?

prepare the final report?
co-author, Al Noehre.

reach some conclusions concerning

sedimenrnt transport in the North Ditch?

A We gave

that had moved out of the Ditch during the study period,

total amount and a

deternined flow to

an estimate of the amount of sediment

n amount for each date which we

have been present in the Ditch.

Q So you came up with a conclusion of, first,

the amount of sedi

ment that had been moved from the

North Ditch for the entire period of the study?

A Yes.

Q And also came up with a figure for daily

movement of sediment for any period in which there was

flow in the Ditch?

A Yes.

Q Were there any other conclusions?
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A We presented the opinion that that estimate
was probably low and gave our reasons for that opinion.
Q Do you recall what the total amount of

sediment from the Ditch was during the period?

A I believe it was 5100 pounds.
Q How about the daily flow or movement?
A We gave a daily mean. I'm not sure of that.

I think it was 25 pounds.

Q Your conclusion was that the measured amount

of movement was low, is that correct?

A Yes,.
Q What was that conclusion based on?
A The fact that we did not sample, we were

not able to estimate the flow for about 14 percent
of the period of the study because a stage recorder
failed to operate for that period of time. I believe
it was three separate periods of equipment failure
and because we were only able to make the estimates
for days on which we determined that flow existed and
because the equipment couldn't allow us to estimate
any for those days, we just could do nothing for that
period of time.

(Mr. Schink left the

deposition room.)
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BY THE WITNESS:

A {Continuing.) That was one reason.
BY MR. OLIVER:

Q What was the other?

A Another reason was that all the methods we
used to either calculate or measure the sediment
transport, none of those methods actually measured or
calculated the total flow of sediment.

MS. OLIVER: Could you read that answer?

(Answer read.)

BY MS. OLIVER:
Q Are there any other reasons?

A Those were the primary ones, the ones that

I remember.

Q Are there any secondary reasons that you can
recall?

A No.

Q Were you able to predict what the future flow

from the North Ditch would be?

A The only prediction that we could give about
future conditions were to make an estimate of the move-
ment of sediment at flood peak discharges.

Q And that was not based on any of the measure-

ments that were actually taken?
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A The estimates of flood peak discharges were
based on the drainage area, the percent in filtration
and slope that were actually measured at the site.

And then I used those estimated flood peak discharges
with the sediment transport curve which we developed
on the basis of measured sediment samples and calcu-
lations to make the estimate of the sediment movement
at those discharges.

Q Is there a reason why you could only predict
what the movement of sediment would have been at flood

peak periods?

A Rather than other?
Q Rather than in other periods?
A We could use the relationships we developed

to estimate sediment.in any discharge transport curve
we developed relating discharge to transport. The
problem is having some way of estimating what the
discharge will be in any time in the future.

In order to do that, you have to develop
a water rainfall runoff relationship and use a statis-
tical projection of rainfall into the future and use
your rainfall runoff relationship to get the discharge
at any time in response to a rainfall. We were not

able to come up with a satisfactory rainfall runoff
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relationship that we felt we could reliably base that
prediction on.

Q If I understand this correctly, you did not
feel that you could reliably predict the sediment
movement from the North Ditch in Lake Michigan for
any one period of time?

A Any specific future time, right.

Q But you did estimate the sediment movement

from the North Ditch into Lake Michigan at flood peak

periods?
A Yes, at flood peak discharge,
Q Let us go back a minute here.

The conclusion of the amount of sediment
that had moved from the Ditch from the beginning of
the study to the end of the study was actually measured,
is that right?

A Nc. We didn't actually, to say it had been
measured would mean we had actually been there every
time there was flow and sampled the whole quantity of
sample and I know we did not do that.

Q How did you determine the 5100 pounds figure?

A We measured the sediment moving through the
Ditch during two flow events and at three other times

when there was flow in the Ditch for a total of 20

Thea L. Urban

Ce-tiFieJ SLov-tLand' Qoportcr

134 Soui"\ L_a Sa”o Stw-t
Clﬁiwgo. |”inoic 60603
2 - 782-33352




grart - alrect 34

samples of sediment concentration related to discharge
of water through the Ditch.

We used those samples to develop a
relation, in this case it was just a regression equation

based least squares criterion.

Q So you measured 20 events?

A We measured 20 samples.

Q 20 samples?

A We would call an event, an event would

include a whole, I would say we measured 5 events.

Q 5 events but 20 samples?
A 20 samples.
Q When you say a flow event, is that a rainfall

or a storm?

A When I say flow event, I would mean the
discharge resulting from a rainstorm, but I would be
speaking of water moving through the Ditch rather
than the rain, if I said flow.

Q What are the other three times that there
was flow in the North Ditch? How would you know which
were the three times?

Do you understand my question?

A No.,

Q You said you measured two flow events and

TLea l_ Ur‘)an
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three other times there was flow in the North Ditch.

A Okay. They were times when either Al Noehre
or one of the technicians from the office went to the
Ditch to measure the discharge. They also took samples

of sediment for sediment analysis.

Q Was that during a rainfall?

A No.

Q Would there be flow in the Ditch?

A Yes.

MR. HYNES: I am not sure we are talking about

different events. Those five events that were measured,
was that sediment measurement and not flow measurement?
Are you just talking about the two rainfall events and
three other occurrences, were those five events at
which there were 20 samples that were taken and were
those 20 samples of sediment?

MS. OLIVER: I think so.

THE WITNESS: Yes, there were 20 samples of
sediment. There must be 17 samples that were taken
during the two flow events.

There were readings made of the staff
gage at the site. Three measurements that Al Noehre
or his technicians took were actual discharge measure-~

ments made by the technicians with me and sediment
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samples.
MR. SHAPIRO: Off the record for a minute.
(Discussion off the record.)
MS. OLIVER: Back on the record.
BY MS. OLIVER:

Q What did these 20 samples consist of?

A In each case they were samples taken by the
most commonly used survey method within the USGS for
taking what can be called suspended samples.

You take a bottle on the end of a rope
or stick and lower it through the flow to the bed
until the sample touches the bed and pull it back up.
And you do it at selected points across the stream,

a composite sanmple.

Q During the two rainfall events, 17 of those
types of samples were taken?

A Yes.

Q During the other three sample periods that

sampling was done?

A Yes.

Q Was it just a grab sample, those other three
times?

A The same type of sample.

Q But it was just done once?
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A One sample consists of a number of different
grab samples with a bottle throughout the stream. How
many depends upon the size of the stream, the depth
of the flow and a composite sample which would be one
point on a plot of paper would be made up of perhaps
8 or 10 or 20 bottles of sediment that you put together.

Q Do you know how many were taken each time
that bottle was lowered into the North Ditch?

MR. HYNES: Are you specifically talking about
those three?

MS. OLIVER: For the three, yes.

BY THE WITNESS:

A No, I don't know.
BY MS. OLIVER:

Q How about for the 17 samples that were taken
during the flow events in rainfall?

A Are you saying row how many bottles were put

into the composite sample?

Q Right.
A No, I don't know.
Q Once all these bottles are removed, how are

they developed into a composite sample?
A With the method that Survey uses and was

used in that case, you just put them all together, just
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dump them together into another container.

Q You make one sample?
A And that becomes the sample.
Q Once you did the sampling, how did you deter-

mine from that sampling that the 5100 pounds you con-
cluded had moved from the Ditch?

A I used those 20 samples, did a calculated
regression line.

Q What is a regression line?

A It means you use the least squares techniqgue
and minimize the square of differences at any point .
and predicted line. It is a standard statistical
technique for coming up with a line which is in a

sense an average pounds.

Q What you did is vou averaged the samples?
A No.

Q What did the regressior line do?

A What you have when you have the measured

data is a plot that contains 20 points, each asso-
ciated with a value of discharge and sediment discharge,
stream discharge and sediment discharge, and all the
regression line does is draw a straight line through
those points which are scattered. The points themselves

are scattered around the line and you want some way of
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predicting in a sense the average discharge, the average

value of sediment discharge.

as a value, so
would allow me

up to the line

So in that sense you can think of it
it just gives me a line on a graph that
to take any given discharge value going

and read off the sediment discharge

corresponding to that or use the equation of the line

to do it with a calculator rather than reading it

off the graph.

Q When you say you had discharge measurements,

is that correct?

A Yes.
Q WWhat does that measure?

A The amount of water passing across a section

in a given periocd of time.

Q That measures the amount of water of that

one end of the
Ditch?

A No.

bottle that was lowered intc the North

A discharge measure would give you the

total amount of water passing through a cross section

of a ditch in a given period of time.

Q How were those measurements taken?

A We used a meter, which is a series of vanes

with the flow.

It is a circular plate on a pivot that
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has a lot of little vanes to catch the flow. And the
flow turns it around and as vanes are oriented into a
flow, every time the cup turns around once, it makes
an electrical connection inside the meter and that

electrical current is passed through to some head-

phones and you use a stop watch and time how many
clicks there are in a certain period of time.
That gives you the velocity of the water

at that point.

If you measure the velocity of water at
a great number of points across the stream, you assume
that the velocity that you measured at any point is
the velocity in the small area around that point.
You add up all of those velocity times square and it
gives the discharges, velocity times the square over

which that velocity --

Q That gives you the discharge measurement?
A Yes,
Q You are talking about water discharge?
! A Water discharge.
Q | From that measurement, how do you get to

' sediment discharge or can you get to that measurement,
l

to sediment discharge?

A If you get sediment concentration measurements

| Theo L. Urban
[ Cer‘.if:ieJ SLor:Lond‘ erortor
24 Scut‘\ L_o Sa”. gtmt
CLicago. ”!inoit 60603
312 - 782-3332




i

Grar - airect 41

at that discharge, it is just multiplying the concentra-
tion times the water discharge times the factor that
accounts for the changing units. That would give you
sediment discharge.

Q When you are talking about sediment, are you
talking about the material at the bottom of the North
Ditch or are you talking about any material that might
wash into the North Ditch and flow through?

A The measured samples would not discriminate
between those two. You would be sampling what was
moving. You would be getting sampling of everything‘
that was moving between the surface of the water and
«3 feet from the bed.

Q So your study and your report does not
differentiate between discharge or movement of bed
materials and discharge or movement of materials
upstream or that are washed into the North Ditch and
moving along and are discharged into Lake Michigan?

A The calculations we made by indirect methods
are based on movement, are trying to predict movement
of the bed materials in the Ditch.

The measured samples would not be able
to discriminate.

Q The last step you told us about was the
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regression line and the regression line plots the
discharge measurements and the other axis of that is
the sediment discharge?

A Yes.

Q For the sediment discharge, that was cal-

culated on the basis of what?

A That would have been the measured values.
Q The discharge measurements?
A Would have been the measured values of sedi-

ment concentration and in the case of the three samples

that were taken by Al Noehre and his technicians, it
would have been based on measured discharge values.
In the case of other samples, it would

have been the measured sediment concentration and a
discharge to determine from readings of our staff
gage at the site.

MR. SHAPIRO: Could I have that answer?

| (Answer read.)

BY MS. OLIVER:

Q To measure two flow events, you had a staff
gage mechanism or some type of equipment set up?

A Yes. There were staff gages put in at a
number of locations along the Ditch.

Q Those were used during rainfall events?
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A Yes.

Q For the other three miscellaneous sampling
periods, those were not used?

A They were read as well,

Q Why weren't they used as when you had a
rainfall event?

A Because the purpose of thé visit of Al
Noehre and his technicians to the site was to collect
data that they needed in order to determine the rela-
tionship between the reading on the staff gage and
the discharge going through the Ditch, so they had
to go about it, they had to measure the discharge
and read all the gages in order to tie the two
together.

Q Once you have your regression line, how do
you come up with the 5100 pound figure?

A We determined the days on which there was
flow in the Ditch and discharge for each hour of the
day in which there was flow in the Ditch.

Q How did you do that?

A From the stage record. We had a gage with
a recorder attached to it that gave continuous record
of stage in the Ditch.

Q And stage means level of the Ditch?
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A Level of water in the Ditch, and Al Noehre
from his discharge measurements was able to develop
a relationship between that stage and the amount of

water that was going through the Ditch.

Q How many stage recorders did you have?
A One.
Q One in the Ditch and that would give an

accurate reading of the stage level in the Ditch?

A Yes.

Q Do you recall where that was located in the
Ditch?

A It was located near the mouth, I would think

very near the property line.
Q Were there days when this recorder showed
no flow in the Ditch?

A Oh, vyes.

Q Is there a record kept of how many days there

were no flow?

A Yes, in the sense it would be all the days
that were not listed as days of flow that we pulled
in, except in those in which the record was missing,

Q And the record was missing becauge the
recorder malfunctioned?

A Yes.

Thea L Urban

Cgrt3;~ecz‘ Cleorthond Qe porter

134 Scu‘..Ln La Sa”o Stmi
Cl\}cago, ”!ino;c 60803
312 - 782-3332




LCrar = uirectc 45

Q Was somebody out there from the USGS or the
US EPA to check the equipment, make sure it was
functioning properly?

A I don't believe so.

Q So it could have recorded for a day, not
worked for a day, and then worked again when somebody
showed up and saw it working?

A I can't imnagine a situation in which a
recorder would do that,

Q On the days when nobody was there to check
the recorder, you would not know for sure whether there
was a day with no flow or a day with flow, that just
was not recorded?

A The recorder keeps recording whether there
is flow or not.

Q But it shows no flow?

A It shows the level of water in the Ditch
and the flow has to be, the flow is not necessarily
given directly by the level of water in the Ditch.

Q I take it that the stage recorder‘and the
gages are sensitive instruments?

A Yes,

Q Are they calibrated in some way or reset in

some way?
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A Yes, the levels that the gages read are
usually tied in with some standard Survey level, like
a benchmark, something that relates the elevation at
that point to national geology vertical datum.

Q How was the equipment, the gages and the
recorder in the North Ditch checked for accuracy?

A There are two things in measuring. One is
the levei of water, the stage, and you survey the
gage very carefully when it is installed. If there

is any indication at all that anything is changing,

you resurvey it. In any case, it is very well implanted

in the ground so unless you have some reason to believe
the ground is shifting or an earthquake or somebody

comes, and it would take more than a push to change it.

Q It malfunctioned in this case?

A Yes.

Q I'm sorry, go ahead.

A I don't know exactly what that malfunction

was., It could have been something as simple as a
dead battery. It could have been the tape getting
jammed. It is recorded on a paper tape, just punches
holes at given preset periods of time to indicate the
given stage. It is a mechanical system and there is

always room for some mechanical failure.

Thea L. Urban

Certi{:ied' SLoFtl\anJ ercftﬂ.

134 Soui'\ L_a Sa”c Stmt
Clnicago, I”ir\oif 60005
312 - 782-3332



Q Does someone have the responsibility or did
someone have the responsibiiity of going out to the
site periodically and checking the equipment that was
there to determine whether it was calibrated properly
or it functioned properly?

A It would have been actually Al Noehre's

responsibility.

Q Do you know what he did with respect to that
responsibility?
A In terms of how often he checked the instru-

ment, no, I don't know.
Q In your opinion, should there be a period
when somebody should go out and regularly periodically

observe the instrumentation or check it?

A Yes, there should be and there is.
Q What is the standard period of time?
A fthe standard period for normally our gages

are on the status of six weeks.

Q Every six weeks?
A Checked every six weeks.
Q Is that a standard period for checking a

stage recorder, too?
A That is what I mean.

Q Stage gage and stage recorder are the same
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thing?

A The gage is the thing that actually senses
the water level and the recorder is the thing that
records it, but -- so they are two different things,
but they are used together.

Q How about the other gages that were located
along the North Ditch?

A The other gages were staff gages. That means
they are just a graduated stick, essentially, and they
are placed securely enough so they won't move and tie
it in with the recording gage in terms of level, so-

you know how the levels read at those gages,

Q So the stick is placed into the ground?
A Yes.
Q And determined by the water passing through

it at one point on the stick, it is somehow recorded

on paper?

A No.
Q For that one point?
A No. The recorded stage, it is only the

stage right at the gage that has the recorder attached

to it.
Q What about these other staff gages?
A They are gages that a technician would read
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while at the site.

Q How often were those gages read?

A They were read at each time a discharge
measurement was made, and I believe that was five or
six times.

Q Could you say the émount of sediment that
you found had moved during the period of the project

was accurate to a reasonable degree of geological

certainty?
A Do you want me to put a number on the end?
Q Accuracy, first of all generally.
A For the period of record, it is an estimate,

but it is a reasonably good estimate for the period
of record.

Q Are you satisfied as a hydrologist that the
time that was recorded was adequate to come up with an
estimate of the amount of s«ediment that moved?

MR. HYNES: You mean for the period of time it
was actually measured?

MS. OLIVER: Yes, that is all I am talking about
right now.

THE WITNESS: Could you say that again?

MS. OLIVER: Read the question, please.

(Question read.)
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BY THE WITNESS:

A Yes.
BY MS. OLIVER:

Q When you say the estimate that you came up
with was reasonably accurate, could you put a certain
percentage on that?

A I wouldn't like to.

Q I realize you wouldn't like to, but can you?

Is it 50 percent accurate, would you say?

A I would say better than 50 percent.

Q 60 percent?

MR. HYNES: You are getting into something here --
are you talking about a specific statistical signifi-
cant standard decision or just kind of a ball park
guess?

MS. OLIVER: No, I am asking in her opinion as a
hydrologist whether she could tell me a percentage
that she would attribute to this estimate of the
amount of sediment that moved.

You can answer.
BY THE WITNESS:
A I am just trying to figure out what kind of

error to express it as.,

/
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Q If it would help to just repeat it, I gquess
my question was can you say that your estimate of
sediment moved during the period of time was 50 to
60 percent accurate, somewhere in that range?

A I would rephrase that to say if you mean
that do I think that the amount of sediment we esti-
mated as having moved through the Ditch during the
study period was within, has a greater than 50 percent
chance of having been what actually moved through,
yes, I would say in that range.

Q In order to arrive at the amount of sedimeht
as an estimate, of the amount of sediment that had
actually moved through the Ditch during the study
priod, were there any measurements or any analyses
that were not done that you believe should have been
done or could have been done?

MR. HYNES: Could have been done or wwuld have

been done for what purpose, to improve the accuracy of

MS. OLIVER: To improve the accuracy.
BY THE WITNESS:

A Under the circumstances, no.
BY MS. OLIVER:

Q Under what circumstances?

Thea L. Urban
CertirieJ SLortLa-\J erortor

134 Soutl« La Sa“o Stﬁet
Chicago. ltinois 60603
312 - 782-3332




GLrat - dalirect 52

A If you had someone who could live by the
mouth of the Ditch and never sleep, who was actually
there and able to do a sample every 15 minutes for
the period of our study.

Q Would you have had a more accurate estimate?

A You would have had a more accurate estimate
because you would have measured everything, but in fact
that is not practical in any case to measure everything.

Q So if you had a longer time in which to do
the study, you would have had a higher degree of
accuracy?

A That would not have affected the accuracy
of the study of the estimate we made based on the
method we used.

Q What would have affected it?

A It might have allowed us to develop a rain-
fall runoff relationship and therefore predict what
might move out under future conditions.

Q Do you know whether it is the ordinary
practice or the customary practice in making determina-
tions of the amount of sediment that actually moves
during a study period to make that estimate ﬁased §n
the number of samples that were done in this case?

A Do you mean is it common practice to estimate
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the amount of sediment that moved based on the amount
of samples measured during any study period or on
this number of samples?

Q On this number of samples.

A It is common practice to make an estimate
based on however many samples you happen to have when
that estimate is needed.

Q Isn't there a threshold level of the minimum
number of samples which you as a scientist, hydrologist,

would require before attempting to make anestimate?

A No. 1If you have one sample, it is better
than no samples.

Q Would you feel confident that your estimate
of the movement based on one sample would be reasonably
accurate?

A No.

Q How many samples?

A My estimate of how much moved in that sample
would be reasonable. I would have confidence in
estimating that.

Q To determine how much movement there is during

a study period of six months, how many samples would
you feel in your professional opinion was needed to

make a reasonable accurate prediction?

Thea L Urban

138 Sovth Lo Salle Street
C"\icogo, |”inoi: 60603
312 - 782-3332

Cer‘.i.fieJ S"\oft"anrﬁ‘ Qeoorter —_—




Grar - airrecetc 54

A In sediment work, in anything in which you
take samples, the confidence increases with the number
of samples, but in sediment work, the natural scatter
of the data is very large so that even in many cases
when you have a very large number of samples, the
error measured in terms of that prediction of data
around the line may or may not be significantly re-
duced.

Q So what you are saying is when you are doing
sediment analyses, it is very difficult to come up
with an accurate estimate?

A Yes.

Q And in this case you would attribute the
50 to 60 percent range of accuracy to your measuring
of sediment movement during the period?

A I really don't think it is possible to put
a number on the accuracy of that estimate.

Q Do you think it is somewhere above 50 percent
but you cannot say where?

A Yes.

Q Then the next conclusion you reached was
an estimate of the daily sediment movement out of the
North Ditch, is that right?

A The estimate of total sediment movement was
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based on the daily sediment so that came first.

Q In your opinion is the estimate of the daily
sediment movement from the North Ditch reasonably
accurate?

MR. SHAPIRO: Are you talking about daily sediment
or mean daily sediment?

BY Mé. OLIVER:
Q The figure of 25 pounds as you have given

me as a mean daily sediment, is that correct?

A Yes.
Q That is what I was referring to.
A It is accurate as any of the other estimates.

Mean, of course, means may never get a value of 25,
but --

Q Sure.

Your conclusion is the measured sediment
movement was low. Is that right?

A Yes.

Q Compared to what, compared to future move-
ment or compared to what you could expect? What does
that mean?

A We felt that if somehow you could know what
had actually moved out of the Ditch during that period

of time, it probably would be more than we estimated.
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Q Is there any way you could know what actually
moved out of the Ditch during that period of time?

A No.

Q Would it be just as likely that what had
actually moved out of the Ditch would be less?

A In our opinion, no. It would be more likely
that it would be high.

Q Is that opinion based upon a reasonable
degree of geological certainty?

A Yes.

Q Can you attribute a flow accuracy to that
prediction or that conclusion?

A I feel very sure that our estimate was low.
To try to put a number on an opinion, 80 percent sure
that it is low, 9C percent.

Q When you say your estimate was low, you are
talking about your estimate on the total amount of

sediment that moved?

A Yes,

Q Do you know how low that estimate is or that
was?

A No.

Q You did not make any calculations or do any

work to determine whether 1t was just a little low or
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very low?

A It really is not possible.

Q I think you told me the reasons that you
believe the estimate was low was because the machines
malfunctioned for 14 days. Is that one of the reasons?

A I don't remember that it was exactly 14 days;
for some period of time. I believe the way we expressed
it in the report is that 14 percent of rainfall occurred
on days so that we felt if you were to assume that the
same percentage of flow would have come from the same
percentage of rainfall, then perhaps you were missiﬁg
14 percent of the flow.

Q And the second reason that you based your
opinion that the estimate of sediment movement was
low was because you had not measured or calculated

total flow of sediment?

A Yes.,
Q What is total flow of sediment?
A The total sediment load would be just all

the sediment being carried from a stationary part of
the bed to the surface of the flow. In the sediment
samples measured, load, you can't sample the levels
that are below .3 feet from the bed and the bed so

that they only give you a sample of what is above that
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level of .3 feet from the bed and the surface and the
calculations by indirect methods give movement of bed
material load, that is movement of grains of sizes
that are actually contained in the bed in significant
guantities and they did not include what is sometimes
called the wash load, the very fine fraction which
does not get deposited in significant quantities in
the bed but it is just washed right through from
upstream sources,

The measured sediment samples would
include that because there is no way for the sampler.
to discriminate between those two.

Q So what you are saying is the total sediment
flow would be some portion of particles in the bed
itself that moved through the Ditch which cannot be
measured by your instrumentation?

A The total load would just be everything that

is moving through.

Q And that is not what your instrumentation
measured?
A It is not what the samples measured, no.
Q Did any of the equipment measure that?
A No.
Q That measurement would be required to get
T’-.ea L Url)an
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an accurate number or prediction on the amount of
sediment that actually has flowed through the Ditch?

A Yes, but in fact it is not possible to
measure that.

Q Were there any other facts or reasors on
which your opinion that the estimated amount of sedi-
ment that moved through the Ditch was low?

A Not that I can remember.

Q Other than determining an estimate of the
amount of sediment that moved through the Ditch, the
estimate of the mean daily movement of sediment
through the Ditch and your conclusion that the estimate
was low, did you make any other findings or opinions
as a result of this project?

A No.

Q Is your conclusion that the amount of sedi-
ment that moved through the Ditch was low based on
empirical data?

A In a sense that the equipment problems
contributed to that, that is a feel, the finding
which would be empirical.

The other is just knowledge of what
you are measuring and what you are calculating.

Q When we talk about empirical data or estimates,
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what do you mean by empirical?

A Measuring, essentially.

Q I think you also told us that you made a
prediction of the estimate of the sediment movement
at flood peak discharges.

A Yes.

Q And for that prediction, you prepared a
sediment transport curve?

A Yes, it was the same sediment transport
curve that we developed in order to estimate the daily
loads.

Q Is that prediction that you made a prediction
that you would give with a reasonable degree of geo-
logical certainty?

A I would have less confidence in that pre-
diction than in the estimate of sediment that moved
out of the Ditch because I am using the same transport
curve and there is a certain error involved in applying
that. In addition, I am using the equations that
predict flood peak discharges and there is a certain
error involved in that, so you have more error.

Q So your confidence in that prediction would
be it is less than 50 percent?

MR. HYHWES: Objection, you put the words in her
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mouth. Why don't you ask her what percentage that

would be?
BY MS. OLIVER:

Q Is it less than 50 percent?

A I think there is probably a greater than a

50-50 chance that that amount of sediment would carry

these discharges.

Q Greater than 50-50 chance?

A If you want to think about it in that term.
Q Well, can you tell me?

A Again, it would be less.

Q What would the margin of error be?

A Hmm?

Q Would you tell me what the marging of error

would be for the prediction that you made?
MR. HYNES: I think you are asking her

what percentage and she is traving a very big

again

problem

coming up with a percentage. It is just a guess, just
less confidence than on her other opinions.

MS. OLIVER: All I am asking is if she can't
give it to me, it's fine.

THE WITNESS: No, 1 would not like to put a
number on that.

MS. OLIVER: All right.

Thea L Urban
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BY MS. OLIVER:

Q Have you done any work on this project since

completing the final report?

A No.

Q Do you plan on doing any further calculations

or work on this project?

A No.

Q Other than the final report you drafted a

progress report, is that correct?

A Yes.

Q And you drafted a preliminary report, pre-.

liminary final report?

A There would only be two reports: Progress

report and final report.

Q Progress report and final report?
A Yes.
Q Were you given any field jeports or summary

information during the course of the project?

A I don't know exactly what you mean by that,

but if I am interpreting it correctly, no.

0 What was your involvement during the March

lst to middle of September 30, 1979 work period?

A I visited the site once and took bed material

samples, made a description of the area for my own use,

Theo L. Urban
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Q When was that visit?

A In March., I don't remember the exact date.

Q Did you make notes from that visit?

A Yes, I did.

Q Did you bring those with you?

A No.

Q Do you have those?

A Yes.

MS. OLIVER: I would like to see those notes. Al

MR. HYNES: Visit notes.
BY MS. OLIVER:

Q Pid you make any other notes on this project
during the course of the project and your preparation
of the final report?

A Just the calculations, anything relating to
the calculations themselves.

Q Do you have those calculations alcng with
the notes all in a file for this project that you keep?

A Yes.

MS. OLIVER; I would like those as well.

BY MS. OLIVER:

Q Did you have meetings with anyone from the

US EPA during the course of this study or the prepara-

tion of the final report?

Thea L. Urban
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A After the project actually beginning, you
mean?

Q Or before the project began.

A Al and I met with Ed De Dominico and a
number of other people from the US EPA during the
planning stage once.

Q What was discussed at that meeting?

A Who would take samples, how would they be
taken. We wanted them taken with the Survey methods
so they would all be compatible with the work we
collected,so there was a certain -- we drafted up
instructions and that was on the site. US EPA people
were there as well, and then techniques were demon-
strated.

Q After that initial meeting, what other meet-

ings did you have with US EPA?

A I believe that was all.

Q Who was your project officer, Al --

A Noehre was chief of the project.

Q What is Mr. Noehre's background?

A He is now Chief of our Subdistrict Office

in DeKalb. He is a hydrologist also. Ille has been at
that office for many years directing the basic data

collection network in the northern part of the State.

Theo L. Urban
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Q He was responsible for the actual collection
of the data?

A Yes.

Q Was he responsible for anything else besides
the collection of the data?

A He did the hydrologic analysis involved in

the report as separate from the sediment.

Q Did he do anything else?

A We wrote the report together.

Q He agreed with the conclusions of the report?
A Yes.

Q Did Mr. Nordin -~

MR. SHAPIRO: He is the sediment expert?
THE WITNESS: Yes,

BY MS. OLIVER:

Q Did you meet with Mr. Nordin?

A No, I talked with him on the telephone,

Q How many times did you talk to Mr. Nordin?
A Once or twice.

Q Do you recall whether those conversations

were at the beginning of the project or at the end of
the project?
A The one that I remember specifically while I

was drafting the proposal, we were discussing the field

TLGO l_ U‘r'Lan
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Did he recommend any revisions?

No.

Did you send it to him?

Yes.

As part of --

My supervisor sent it to him.

Do you know if he talked to your supervisor
report?

I am sure he did not.

Do you know why he would send the report?

Because he has a great deal of experience

in sediment work and we wanted an outside opinion,

outside the office opinion.

Q

criticism?

A

Q

A

Q

A

But he did not give you any approval or

He gave approval.

How did he give his approval?
On a note attached to the paper.
What did he say?

He said that he felt it was suitable for

publication at that time we were discussing in what

form it would be, could be published. And he said he

thought it would be suitable for an open file report

which is just a category for reports.

Thea L. Urban
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Q What type of things were in the open file
category?
A Short term studies or preliminary studies,

many times additional work may be published as a water
resources investigation. They are often internal survey
projects that are of primary interest to people workiﬁg

in the Survey on techniques or data reports, that sort

of thing.

MS. OLIVER: Could we take a break for lunch?
, (At 12:15 p.m., a luncheon ~
recess was taken to 1:00 p.m,

this same day.)

TLea L Uv‘xm

Certi.fieJ SLort.l\anJ ercr’tev‘ —_—

134 Soud’\ La Sa”e Stmt
Chicago. |llincic 60603
312 - 782-33372



i~

THE UNITED STATES OF AMERICA,

OUTBOARD MARINE CORPORATION

69

IN THE UNITCD STATES DISTRICT COURT

Plaintiff,

vs.

AND MONSANTO COMPANY,

Defendants.

)
)
)
)
)
)
)
)
)
)

FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION

No. 78 C 1004

February 16, 1981,

1:00 o'clock p.m.

The deposition of JULIA B. GRAF

resumed pursuant to noon recess at 30 North LaSalle

Street,

PRESENT:
MR.
MR.
MS.
MR.
MR.

MR.

Chicago,

JAMES T. HYNES,
GEORGE PHELUS,
ROSEANN OLIVER,
JEFFREY C. FORT,
JAMES H. SCHINK,

ROBERT SHAPIRO.

Illinois 60602,

before Thea L.
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JULTIA B. G RA F,
called as a witness herein, having been previously
duly sworn, was examined and testified further as
follows:
(Graf-OMC Deposition Exhibits
Nos. 1 through 6, inclusive,
were marked for identification,
2/16/81, TLU.)
DIRECT EXAMINATION
BY MS. OLIVER:
Q You mentioned at the beginning of the morﬁing
session when you were first involved in the project,
a partial proposal had been written.
A Yes.
Q Do you know if any work had been done by the
USGS on a project involving the Outboard Marine Cor-

poration other than the writing of a partial proposal?

A I am quite sure there had not been any work.
Q There had been no sampling done?

A No.

Q You also mentioned this morning that the

findings which you made in your final report were in
your opinion at least 50 percent accurate or had a

degree of accuracy of at least 50 percent.
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Could you tell me what factors or
facts you base your opinion on that the findings made
are at least 50 percent accurate?

A The fact that at every stage we sampled what
was possible to sample. Ve had good stage record for
most of the period. I felt I took enough bed material
samples to characterize the Ditch and that they were
properly analyzed; the sources of error were for
periods we could not sample; the fact that the stage
discharge relationship is fairly complicated, one,

and therefore, it could not be, there are limits on

the accuracy with which it could be obtained.

a

Q Are there any limits that are recognized

in your field of study on the accuracy of obtaining

|

‘ estimates of sediment transport?

' MR. HYNES: You mean in terms of percentage?
; MS. OLIVER: Any type of margin of error or
f numerical or quantified limits.

[

! BY THE WITNESS:

‘ A I don't think I can answer that.

BY MS. OLIVER:

Q I guess what I am asking is in the field of

sedimentology, is there a recognized margin of error

for determining sediment transport?
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A It would vary with each individual case.
In the case of making a discharge measurement, the
person who makes a measurement makes notes on the
measurement and makes an estimate as to the error,
whether it is less than 5 percent, less than 1 percent,

less than 10 percent error.

Q Were these made on this project?

A Yes.

Q Who would make those?

A Each person who made the discharge measure-

ment would make this judgment.

Q The field people?

A The field people. In the case of sediment,
it is not really possible at the time of the individual
measurement to make a specific type of quantitative
variable.

In the case of discharge measurements,
individual discharge measurements, usually there is
an error of less than 10 percent, usually 5 percent.
There are very few that the technician would rate as

less than 1 percent.

Q And that is for each discharge measurement?
A Each individual measurement.
Q Are you familiar with any other projects done

Thea L. Urban
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by USGS or anybody other than the USGS which involved
a study of a small tributary such as the North Ditch
for the purpose of determining sediment transport?

A I can't n;me specific projects. I feel
very sure there are some, that is the type of things
that we are going to be trying to do in the other
project that I mentioned that I worked the proposal
for.

It is not a tributary in the sense that
in this case there is no perennial stream on the site,
SO wWe are trying to determine the sediment runoff
from overland flow and intermittent streams. But it
is similar.

Q Did you undertake in this project, did vou
check with the USGS to see if there were any similar
projects?

A In the techniques that were used in the field
plan, there are so many similar projects that you
wouldn't. There are standard techniques that are
used all the time in a lot of very similar projects.

Q But those projects do not involve the same
types of conclusions or predictions that you are asked
to make in this project.

MR. HYNES: Is that a question?

TLea L Url)an
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MS. OLIVER: Yes,
BY THE WITNESS:

A They would entail making the same kinds of
measurements and analyzing the data in a similar way
and making the same kinds of conclusions, yes.

BY MS. OLIVER:

Q So in other projects that you are familiar
with, an estimate of the amount of sediment moving
during the period of time has been done?

A Again, I can't name a specific project in
which that was being done, but that is the kind of
thing we do routinely.

Q How does that come up routinely?

A Part of our job in addition to collecting
and analyzing the stream flow data is in order to form
a data base for predictions is collecting and analyzing
sediment data in any form.

Q Other than collecting and analyzing sediment
data, are you aware of any other projects which make
predictions that sediment data was a high or low
estimate of the actual sediment transport?

A There are certain tributary studies in which
they make an estimate, sediment loads and some state-

ment as to the error and the direction of error which

Thea L. Urban
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'+ would be a standard thing to maké.

Q Are you aware of any projects which make a
prediction based on the analysis and gathering of
sediment data in discharge measurements of the esti-
mated sediment movement a2t flood peak discharges?

A I don't know of any specific.

Q In your experience in the geological field,
is the project that was done in the case of the Out-
board Marine Company, a unique project in terms of
what the USGS was asked to do and the findings and
predictions it was asked to make?

A No.

Q Can you tell me of any specific projects
that were similar?

A Well, we have another project that is cur-
rently being carried out by our DeKalb office to study
the effect of urbanization on transport.

In that project, they have taken an
area of farmland which is going to be turned into
residential housing and they have set up a house
sampling systen designed to measure the measure of
sediment carried to the outlet of the stream by transport
within the stream, by transport off the slopes and

they will continue to make the sampling on that site

Thea L Urban
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and measure the process during the process of urbani-
zation to make a conclusion of how much sediment load
is caused to the process of completion as compared to
the base load of the stream and presumed to predict
what might happen to that sediment load as the property
will become stabilized and so on.

To me, that is a very similar project.

Q Was that project under way at the time this
project was begun?

A I don't remember exactly when that project
started. I was not directly involved with it, but I
think they were begun about the same time.

Q Is that still ongoing?

A That is a five-year project which I believe
is in the third year.

Q Are you aware of any similar type projects
done on a sho:t term basis such as this one?

A This is certainly much shorter than most of
the projects the Survey engages in.

Q You are not aware of any others?

A I cannot think of any specific projects
beyond with this short term.

Q Is the reason it is shorter than most of the

other projects that the USGS engages in because of the
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time limitations placed on your Agency by the US EPA?

A Yes.

Q I would like you to look at what we have
marked as Exhibit No. 1.

Can you identify Exhibit No. 1?

A I have seen it before, certainly. I reviewed
it, made some suggescstions as to changes.

Q It is called Interagency Agreement between
U.S. Geological Survey and the U.S. Environmental
Protection Agency, is that right?

A Yes.

Q This is the contract that was entered into
between the USGS and the US EPA for the project in-
volving Outboard Marine Corporation?

A I don't know that this is the final version
of the contract.

Q Does this vaersion encompass your proposal
that you submitted and was approved?

A Largely, yes.

MS. OLIVER: If there is another draft of this
floating around or signed, final proposal, we would
like to see it.

MR. HYNES: I don't know if there is another one,

but if there is one. You got that from us, is that
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right?

MS. OLIVER: Yes.

MR. HYNES: I assume that is the only one we
have, but I will just double check.
BY MS. OLIVER:

Q Did you prepare the statement in the Purpose
in Paragraph 1?

A No. )

Q You understood the purpose to be as stated
in Paragraph 1?

A Yes.

Q Part of Paragraph 1 states:

"This information would be used in
helping to determine the transport of polychlorinated
biphenyl (PCB) contaminated sediment from the Ditch
to the Lake. This information will be used to support
the Government's position in & lawsuit, filed against
the Outboard Marine Corporation (OMC) in Waukegan,
whose-discharges allegedly caused the contamination
problem."

Was that information you were given by
your superior, Mr. Toler?

A I assune that at some point in the process

he said that to me. At what point I got it from him

Thea L. Urban
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and what point I got it from documents like this that
I was given to read, I cannot say.

Q Paragraph 2 is entitled Scope of Work.

Are the items that appear in Paragraph
2 items that you prepared and were in your proposal?

A It is a combination of things that were in
part of the proposal that I wrote, the part that was
written by someone else and some things that wete
discussed at the meeting we were talking about, field
techniques.

Q The items listed under A, first of all undér
Scope of Work, was what? Can you briefly tell me
what the theoretical stage-discharge and velocity-
discharge relationships are?

A That is the process of rating a stream, de-
termining relationship between water level and the
amount of water that passes through this stream.

Q That was done by measurements or data col-
lection at eight sites along the North Ditch?

A The intention was to be able to rate this
stream along its entire length; that is, to be able
to predict the water level at any point along the
stream.

Q Was that done, in fact?
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A It was done to a lesser degree than we would
have liked to. That was the reason for the staff
gages ail along the length. We didn't need those
specifically to get the stage-discharge relationship
at the recording site. We needed those to develop
that relationship at other points along the gage and
to collect the theoretical calculations.

Q When you say it was done to a lesser extreme
than what you had hoped or what you wanted, to what
degree was it done?

A Al did obtain the stage-discharge relationéhip
there, but I think he would have less confidence in
that discharge-stage relationship than the one developed
at the recording gage.

Q Where did he obtain the one you would think
he would have had less confidence in? Are you talking
about at this gaging station?

A Those would be the points of control. The
problem is, well, the channel varies considerably
along its length, including the culverts and the way
you pass the water through the culverts is different
than the way it passes through an open channel. It
adds an extra complicating factor.

0 I guess what I am asking is one of the
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intentions of the project was to develop theoretical
stage-~discharge and velocity-discharge relationships
at eight sites along the North Ditch.
I am asking if that was done in fact,

A I think there were only five sites that were
finally instrumented. We finally had staff gages.
Why that decision was made, 1 don't know.

Q You would have wanted eight, that was in

your proposal?

A Me in the sense of USGS?

Q Right.

A I personally needed only one.

Q Why would you have eight instead of one?

A One reason to be able to check the theoretical .

water surface profile developed from the step~backwater
analysis that is discussed in the report, the ultimate.

Q The eight sites were initially contemplated
to give you a better idea of what the relationships

were that you wanted to find, is that right?

A Yes.

Q For some reason, the eight sites was changed
to five?

A Yes.

Q And you do not know who made that decision or
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why it was made?

A I'm sure it was Al Noehre who made the de-
cision. I don't know why.

Q You don't know why?

A No. I'm not sure =-- I am fairly sure this
is not the final agreement, but, and I say that because

of Point 5, which I believe we objected to and was

deleted.
Q We will get to Point 5.
A There may be other things later on.
Q Under the intention to develop theoreticai

stage-discharge and velocity-discharge relationships
at eight sites, there are a number of subparagraphs,
and I take it those subparagraphs were specific things
to be done to each degree of the relationship?

A Yes.

Q No. 1 is Installing 4 or 5 Staff Gages at
the 8 Sites.

Do you know if 4 or 5 staff gages were

installed?

A Yes, that is what I was thinking of when I
said I think there were only five. I don't know what
the other three were.

Q There were no staff gages at the other three
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sites?

A I don't know that the other three sites ever
existed. I don't know what they were.

Q Paragraph 2 is the site further downstream
will have stage and rainfall recorders installed by
USGS.

Was that done?
A Yes.
Q Was one stage and rainfall recorder installed

or more than one recorders installed?

A There was one of each installed.
Q It was done at the mouth of the North Ditch?
A Not right at the Lake, but as close to the

mouth as they could come to be sure it wouldn't be
washed away by the waves.

Q No. 3 is to collect data to determine the
mathematical model.

Was No. 3 done?

A No.
Q Do you know why it was not done?
A We felt we didn't collect enough data to
do that.
Q Could you have extended the project to take

additional data or gather additional data to do that?
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A That option never came up from our point of
view, We could have.

Q Could it have been done if you had longer
time to do it?

A And more money.

Q What was the purpose or the significance of
collecting rainfall and runoff data to calibrate a
mathematical model? What would that do?

A If the flow events in a stream, runoff events
are caused most commonly storms, rainfall events, and
you can develop reliable relationship between the two
in terms of intensity and time distribution and relate
the intensity and time distribution of the rainfall
to the rainfall and time density of the results, you
can then use that model to predict what kind of dis-
charge in density and time distribution you would get
in times of future rains.

Q And you did nof make any calculation of what
effect future rainfall would have in the Ditch?

A No, we did not.

Q Paragraph 4 involved obtaining cross section
measurements of all eight sites with the resultant
water surface profiles and then computing velocity-

discharge relationships at each of the eight sites.
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Do you know if that was done?

A We measured cross sectional profiles at more
than eight sites., I think it was 13 sites and water
surface profiles on that data and every time someone
read the staff gages which would have been at least
as often as the discharge measurements were made,
that would have been a water profile to the Ditch,
related to that discharge.

Q Why was that important to do?

A In a short term study like this, those data
would just serve to check the predictions you made on
the basis of theoretical models. In a longer term
study, those measurements would be the relationship
between themselves.

Q You came up with a theoretical model pre-
diction in the studies, is that right?

A Yes.

Q Did the cross section measurements that you
made in fact check that theoretical model?

A The cross section measurements are just a
basis of input for the model. It is the water surface
profile that is the result of them.

Q Did you use the water surface profiles to

correct the mechanical model?

leea L Url:»an

Certl ,[JeJ SL o-fLa nJ ’?epor{or

124 Sowt"\ La So”. Stmt
CLicogo, ‘”'moic 60603
312 - 782-3332




A To adjust it, to calibrate it, in a sense.

Q Are you saying that on a short term study,
it is not possible to obtain enough data to make
accurate predictions based on data itself, but you
use a theoretical model?

A Yes,

Q And you use the data that you are able to
gather in the short time as you state to check to see
if your theoretical model is in the béll park?

A You examine it and you adjust it.

Q Paragraph No. 5 involved placement of marked
poles or poles with washers at the eight sites to
determine degree of sediment deposition or scour.

That was not done, you testified earlier?

A Yes.
Q Why was that not done?
A We felt it would not add anything signifi-

cantly and it would be difficult to do because it
would mean someone would have to visit the site very
frequently.
I believe we felt at that point the
personnel was just not available to do that.
Q What would the marked poles or poles with

washers, what purpose would they serve?
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A In some cases, they can be used to tell how
the sediment is moving within an area.

If you put a pole, just slip a washer
loosely over it, if the flow scours around the pole,
the washer will just slip down. If further flow
develops, the washer will become with sediment around
it, the washer will become covered up. If you have
the original level of the washer very carefully
surveyed and can tell in fact it has been moved down
and covered out, you can tell something by the scour
and fill and how it has been pulled up. And it becomes
a closely spaced network, you know how the scour and
£fill is behaving over the whole stream bed. You can
get a better idea of the bed and how the bed material
is moving.

Q How can you get an idea how the bed material

was moving without the pole and pole washers and --

A We didn't, in that sense.

Q You didn't feel it was necessary to the
project?

A We felt it wasn't possible to do it in the

way that would add substantially to the project.
0 Did you believe that it was an important or

significant step in reaching the conclusions that you
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reached?

A I think the conclusions I reached would not
have been affected.

Q Were there other conclusions you could have
made based on the poles and poles with washers?

MR. HYNES: Objection, could have made?

I object to the form of the question,
but you can answer.
BY THE WITNESS:

A It is possible. ~
BY MS. OLIVER:

Q What types of conclusions would those measure-
ments or that determination help make?

A We could have, if it had given us good data
which we félt it would not, would have been able to
help us to be able to say whether sediment was con-
tinually being eroded from the lower part of the Ditch,
apart from the samples and calculations, and whether
they were made for --

Q Excuse me a minute.

Could you read that back?
(Answer read.)
BY MS. OLIVER:

0 Did you measure in any way how much if any
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sediment was being eroded from the bottom of the Ditch?
A No.
Q Is that a significant factor in determining

the movement of sediment from the Ditch into Lake

Michigan?
A Was what?
Q Was the amount of sediment being eroded in

the bottom of the Ditch a factor to consider in deter-

mining sediment transport from the Ditch?

A Not the amount but where it's coming from.
Q Where what is coming from?

A Sediment.

Q Did you consider where it was coming from?
A No.

Q Do you know who proposed that Paragraph S

be added into the contract?

A We had a meeting with the US EPA at which
we were talking about our field plan and that was one
of the ideas that was brought up and they wrote this
agreement up as a result of our proposal and the
result of that meeting and it was included here.

Q Then you and your supervisor reviewed this
and decided what should stay in and what should not

stay in?
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A Yes.

Q No. 6 states that the USGS shall deploy
equipment and instruments as necessary to accomplish
the above before the first major snow-melt of the
spring.

Was that done?
A Yes, I believe it was. I think we got most

of the snow-melt.

0 Did the snow-melt occur before a rainfall

event? ~r
A I don't remember.
Q The second sentence in Paragraph 6 states

if snow-melt occurs before a major rainfall event,
an attempt shall be made to describe or measure
quantitatively the flow conditions associated with
this melt.

Do you know if this was done?

A I know there was nothing specifically done on
snow-melt runoff as separate from rainfall. That was
the year of the big snow. There was a lot of snow
around. It took a long, long time to get rid of it,
so my memory was there was no one significant snow-melt
event. It took place over a long period of time.

Q Do you recall if the flow conditions were
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measured quantitatively during the snow-melt or was =--~
A The recorder started on whatever date was
in the report, the 13th of March, which certainly
should have gotten most of the snow-melt and the
stage recorder would record the runoff, whether it
was due to rainfall or snow-melt.
Q Based on the fact that there was a lot of
snow that year, dc you know whether the fact of a lot

of snow melting increased the flow in the Ditch?

A Over a normal year?
Q Over a normal year.
A We can't say because we don't know what a

normal year would have been. It certainly would not.

have been a necessary result for the higher than usual

sSnow.

Q Could it result in a higher flow in the
Ditch?

A It could.

Q Did you take that into consideration in

making your conclusions in your report onthe amount
of flow and transport of sediment?

MR. HYNES: You mean in terms of 2, 5, 10, 15,
that peak year?

MS. OLIVER: No, in terms of movement of sediment
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during that period of time and then the conclusion
that it was probably lower.
MR, HYNES: All right.
BY THE WITNESS:
A Yes, we did.
BY MS. OLIVER:
Q How did you do that?
A Just intuitively, just basing judgment as

to what effect it had.

Q Is that in the report somewhere? ~
A No.
Q Is there any way you can explain to us how

you took that into account other than intuitively?

A I cannot. Al Noehre probably could.

Q Out of the six steps that are outlined in
Subparagraph A of Exhibit No. 1, which of those steps
were in your original proposal?

A They are more specific than what was dis-
cussed in the proposal in terms of the number of sites.
I'd say 1, 2, 3, 4 would have been included in the
original proposal. The sixth one is merely, considers
timing which was not specific at the time of writing
of the proposal.

Q Were there any steps in your proposal that
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you felt necessary to be taken that are not listed in
Paragraph A here?

A No.

Q Paragraph B of the Scope of Work states that
USGS shall quantitatively assess the potential for
movement of the PCB-contaminated sediments from the
North Ditch.

Was that part of your initial proposal?

A My proposal concerned movement of sediment.
It didn't --

Q Did not involve the gquantitative assessment
of PCB as sediment?

A Didn't specify PCB-contaminated sediment in
my memory.

Q Did the final agreement between US EPA and
USGS include Part B of the Scope of Work in Exhibit
No. 12

A I'm sure it did. Not necessarily in this
form here.

Q Do you recall what form it did?

A Well, my memory is that we objected to Part
4 under Part B in that we felt that anything having to
do with PCBs themselves was not in the scope of our

expertise. And we stressed the point that we would be
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dealing with just the sediment itself and not with what

was on the sediment in the sense =--

Q Do you know who included Part B into this
draft?

A Who wrote this? No, I don't.

Q You did not do any quantitative analysis or

assessment of the movement of PCB-contaminated sediment
from the North Ditch?

A We did a quantitative assessment for the
potential of movement of sediment from the Ditch. If ~
they are contaminated sediments, it in no way affected
our study,

Q But you did not determine how much of the
sediment was PCB-contaminated or how much of the
sediment that was moving was PCB-contaminated?

A Correct, we did not.

Q There are four subparagraphs under B detail-
ing the steps to be taken to accomplish the quantitative‘
assessment of PCB-contaminated sediment movement from
the North Ditch.

Were any of those four steps undertaken
by USGS?

A No. 1 was. No. 2 was for two rainfall events.

No. 3 was. No. 4 was not.
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Q No. 1 briefly was what?

A That was the gathering of bed material samples,
having them analyzed for grain size and applying the
Shield's criterion that I talked about earlier.

Q Were those the bed samples that you personally

went out and took?

A Yes.

Q How many of those samples did you take?

A ls.

Q Are you talking about 16 composite samples

or 16 samples?

A These were samples of bed material at very
low flow conditions, so actually I walked into the
stream bed and used a grab sampler, just grabbed a
chunk of sediment at 16 locations.

Q Those are the only bed samples that were
taken during the project?

A For our use, yves.

Q What purpose or what significance did the
bed samples have in your study?

A That is a major source of material which is
to be transported and so it serves as anaxis for all
of the indirect calculations and direct methods of

calculating load.
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"0 Because you can't measure, in fact, the

amount of moved sediment that is actually moving.

You take a sample and calculate or analyze the grain

size and specific gravity and then indirectly come up

i with a theoretical model on how much the bed is being
transported?

A At very low or zero low flow, most of the
sediment will just lie still on the bed so it is bed
material. When you get a flow event, a certain amount

of that has been carried up into the flow so that you

will sample with your sampler and you can measure,
Some of it is always carried very close to the bed
and you cannot measure it so the indirect methods
actually are used to calculate both loads, but yes,
it is to get at a layer that is very close to the
bed that you cannot measure.

o} Did you make field notes when you went out
to obtain these bed samples?

A Yes.

0 Are those included in the file that you keep
on this project?

A Yes.

MS. OLIVER: We have asked for the file, Jim,

so we include the field notes.
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MS. HYNES: No. 6.
BY MS. OLIVER:

Q The surface sediment samples that are men-
tioned in Paragraph 1 were taken by field personnel?

A Yes, those are the same, Those are the
ones I took, same ones that we were talking about,

Q Are surface sediment samples the same as
bed samples?

a Bed sediment samples, ves.

Q Paragraph 1 provides that samples shall be
split for analysis by US EPA for total PCB. Do you
know if that was done?

A Yes, it was. I know that they were split.

Q Your split of the sample was used for your
calculation of grain size and specific gravity?

A Yes, it was sent to our Iowa Lab for size

analysis.

Q It was not used for any other purpose?
A Yes, it was not.
Q Paragraph 2 provides that during each of

the three rainfall events to be analyzed, USGS shall
measure water temperature and water depth and shall
collect suspended sediments samples from the downstream

station.
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That was done, we talked about that

earlier today?

A Those are the samples we talked about earlier

today, yes.

Q The 20 samples?

i
A 17, not 20, during the two rainfall events.
Q Paragraph 3 provides for three rainfall

events and only two rainfall events were actually used?

A Yes.
Q Why was that?
A It was just a question of getting the per-

sonnel there to catch the rainfall events. We only
managed to hit on two. A difficulty in sampling
problems, streams like that have a very, very rapid
response to rainfall. If you are not sitting right
at the site, your chances of missing it are very good.

Q Again, if the project had been extended for
a longer period of time, you would have gotten another
rainfall event, perhaps?

A Possibly.

Q Who determined three rainfall events would
be the number to be used?

A I don't remember.

Q In your proposal, did you determine how many
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rainfall events were necessary for this particular
project?

A I don't remember.

Q Do you have an opinion of how many rainfall
events are necessary to determine sediment transport?

A No. I think three wais probably an arbitrary
number picked on the basis of judging how many might
be possible to get in the amount of time.

Q In your opinion were the two rainfall events
that actually occurred adequate for purposes of what
you wanted to accomplish in this study?

A They were not adegquate to develop the rain-
fall and runoff relationship that would have allowed
a prediction of future runoff events.

Q Le£ me ask this:

When you drafted your proposal, did vyou
contemp. ate having adequate rainfall runoff data so
as to be able to predict future sediment transport?

A That was one of the goals of the study, vyes.

Q That was not reachable or attainable because
of the inadequacy of your data?

A Yes,

Q WWere there any other goals or purposes of

the study that you could not acéomplish?

Thea L. Urban

CertiricJ SLor‘.LaﬂJ eror‘wr
134 SautL La Sa”e S‘:Net
~Cl\5cago, “linoif 60603
312 - 782-3332




Graf - direct 100

A No.

Q bid you‘éqbstitute the prediction that you
made for sediment movement at flood peak discharges
for the goal that you weren't able to accomplish
because of the inadequate data?

A That would be a fair statement. We added it
because we felt it was something we could say. I
believe it was not in the original proposal, so we
could say that was a substitute.

Q It was the best vou could do under the cir-
cumstances of the data that you had?

A Yes.

Q Paragraph No. 3 talks about plotting rating
curves for suspended sediment and total sediment
discharge.

Were those curves plotted?

A Yes, they were what are called in the final
report, the sediment transport curve.

Q Paragraph 3 also states that those curves
shall be used to determine sediment discharge expected
at a given water discharge.

Was that able to be done?
A Yes, that was what we did to come up with

the daily sediment loads and the sediment discharge at
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flood peak discharges.

Q In Paragraph No. 4 which provides for an
estimate of the rate of transport of contaminated
sediments into Lake Michigan shall be made by USGS,
that was not done by USGS, is that right?

A That is correct. We only estimated the
rate of transport of sediments into Lake Michigan.

Q You were not concerned with whether they
were contaminated or uncontaminated?

A Correct.

Q During the rainfall events, were records
kept of intensity aand duration of rainfall?

A The rainfall was recorded by the rainfall
gage on the site and records kept, yes.

Q And that record would indicate how long the

rainfall lasted and how much rain fell?

A Yes.

Q Are those records indicated at all in your
report?

A They are given on a figqure in the report,

I believe it is the figqure 2 that shows, that has a
time along the bottom axis and several measured
variables along the other axes, one of which is

rainfall, so it would give daily rainfall.
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Q Paragraph No. 3 of Exhibit No. 1 states
predictions. Are the predictions that are stated in
the manner of operating that which was followed?

A You are talking about the three at the bottom,
we are talking about three up above?

Q No, I am sorry.

A That was the procedure that was generally

followed, yes.

Q Do you know what funds would have been pro-
vided to USGS for this project? ~

A No, I don't remember.

0 On Page 3 of the exhibit, there is a section

called Reports and Paragraph 5, do you see that, the
first sentence which talks about summary reports
including data, observations and interpretation shall
be submitted to the project officer as soon as
possible following the first and second events observed
and before May 15, 1979.
Do you know if the project officer

received summary reports?

A The only reports that are written as a result
of the project were the progress report, which I wrote
which I believe is dated August of '79, but was in fact,

I think, if I am correct in saying this, sent to EPA in
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draft form somewhat ahead of that. The reason for
writing a report at that time was the May deadline.
Q Did the field technicians have observation

reports to fill out?

A You mean did they £fill out reports on measure-
ments?
Q When they went out to the site, did they

have some reported procedure to follow?
A They have standard methods of taking notes
for discharge measurements and recording any other

samples that they take and these would have been sub-

mitted orally.

Q Right,

A Yes.

Q What was your title with respect to this
project?

A The only title associated with a project is

the Chief., All other personnel are just project per-

sonnel.

Al Noehre was the Chief of this project.

I was just one of the project, the other project
personnel, really.
Q Did Mr. Noehre have an input in the proposal

that you drafted and that was finally approved?
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A I assume that it was either he or Larry
Toler who wrote the original proposal and that I was
shown when I arrived at the Survey and who had the
major hand in writing the hydrologic, the proposal.

Q Did you submit your reports on this project
to Mr. Toler?

A In the case of the final report, we wrote
that together so we really wouldn't call that sub-
mitting. It was a joint effort.

Q How about your progress report?

A The progress report, I wrote, and keeping
him aware of what I was doing and certainly having
him review it at each stage.

Q Would it be fair to say that Mr., Toler was
in charge of the field aspect of this project and
you were in charge of the interpretation and conclu-
sions?

A The first part is certainly true. He was
also in charge of and had a major hand in the analysis
of data and the conclusions concerning the hydrologic
aspects of the study, whereas,I had the major hand in
carrying out the work and then forming the conclusions
and sediment aspects.

Q I would like to show you Exhibit No. 2 and
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ask if vou can identify that.

A Yes, I can.
0 What is that?
A This is a progress report that I wrote some-

time in the spring of 19793,

Q What was the purpose of the project report?

MR. HYNES: Progress.
BY MS. OLIVER:

Q Progress, sorry.

A The purpose was to sum up the data and
calculations that we had at that time.

Q Was this written during the course of the
sampling and recording on site?

A If the sampling was still going on as this
was being written, yes.

0 Was this written because of the regquirement
in the summary report?

A Yes.

Q It was not written because you felt you had

enough data to give tentative conclusions in the report?

A It was written because of the requirement,
It also initially fell, the result of the project
naturally fell into two parts: That which we could do

theoretically and that which came under the field
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measurements scheme,

Q What part did that report address itself to?

A A description of bed materials, an estimate
of mobility of the bed materials through the Shield's
criterion; the initial-motion criterion and all the
calculation of bed material load through indirect
methods.

Q When you sajy; the calculation of bed material
load through indirect methods, again, are you talking
about calculations, the theoretical_calculation of

how much bed material would be transported through

the Ditch?

A Yes.

Q So when you talk about sediment load and bed
material load, you are talking about how much it is

moving, being transported?

A Yes.

Q What were your conclusions in this preliminary
draft?

A We presented the results of the calculations

study by the indirect methods, stated that they gave
a wide range for the sediment loads in the Ditch; that
at that time, based only on actual measurements of

sediment load, we really could not say which of these
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beds predicted the conditions in the Ditch, so what we
made are general statements that you could take the
higher one as a maximum end of it and it was a very
high maximum. -

Q Are you saying based on the size of the bed
samples that you took, you made theoretical calcula-
tion of the sediment movement?

A Based on the bed material samples that we
took and on the cross section measurements that we
made and on the slope that was measured.

Q You applied three different theoretical
models to that data?

A Right.

10

Are there more than three theoretical models
that could be applied?

A There are many more than three methods for
attaining sediment loads. Most of them are not
theoretical.

Q Could you use, based on the data that you

had available to you, any other methods that exist?

A Yes.
Q What were those other methods?
A There are several other equations available.

They differ in what data was used to fit the equation
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and whether you consider the shear stress or you

consider mean velocity as the criterion you want to

measure. There is -- I forgot what the question was
already.
Q Well, were any of the other methods that

were available to be used other than the three that
you tried, other than theoretical equations?

A (Nc response.)

MS. OLIVER: Let me try again,

Let me ask it this way:

BY MS. OLIVEIER:

Q How did you determine the three models stated
were the most appropriate to use?

A One of the methods, the one developed by
Einstein is generally considered to be the best well-
founded physically. It is also the most complicated
one,

The reason it is considered the best
well-founded is it is based on a consideration of the
forces on the part of the flows.

Q What about the Graf and Acaroglu?

A The same physical variables are involved in
all of them in that one has just different assumptions.

It was designed to be used in pipe flow as well as open
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channel flow, so it is a more general equation.

The difference between those two and
the Laursen method are that Laursen uses the critical
motion criteria. As part of it, he considers the
Qalue of the shear stress that exists on the bed at
the given flow as compared to the critical motion»
criterion,whereas, both Einstein and Laursen avoid,
Eisntein and Graf avoid the necessity or getting into
defining critical motion.

It was partly for that difference that
I included that one.

Q Is the Graf that prepared this physical
model related to you?

A No.

Q I guess my question was how you limited your
application of the data to these three models rather
than other models.

A I didn't see any reason for doing an infinite
number of calculations. I picked out those three that
in my opinion were most well accepted, covered the
range of approaches available and included values
that we had measurements for.

Q There were other equations that you could

have used but you did not have measurements for those?
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A Yes.

Q And you got from those three theoretical

models a maximum discharge and a minimum discharge?

A Sediment discharge you are referring to now?
Q Yes,
A No. You get only one value related to a

given discharge.

Q You came up with three different values using
the three indirect methods, is that right?

a Right. ~

Q We had better define what you mean by indifect
methods as used in your report.

A Anything that is not measured, a combination
of theoretical and empirical relationships.

Q You wound up with three values for sediment
discharge based on the three methods?

A Right.

Q How did you determine which one of those
three was more accurate than the others?

A We did not.

MR. HYNES: You mean in terms of progress report?

MS. OLIVER: Yes,
BY MS. OLIVER:

Q You did not?
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No.

Did you come up with any judgment as to

which would be more valid?

A

MR.

No.

HYNES: Again, you are talking about just on

the progress report?

MS.

MR.

BY MsS.

Q

OLIVER: Yes,
HYNES: Okay.
OLIVER:

When you completed the progress report, did

you yourself have an opinion of which was the more

valid approach?

A

Q

No.

In your progress report, you talk about the

total sediment load bankfull discharge. What does

bank full discharge mean?

A

That is just the discharge at a stage which

the water level is right at the bank, just before it

begins to flow over into the flood plain.

Q

A

Q

stage?

So that is a very high flow?
Very high flow, vyes.

Did you have recordings for the bankfull

In the period of measurement, we never recorded
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a stage anywhere near that bank flow, no.

0 You came out with a sediment load at
bankfull stage?

A In the progress report, I developed, again,
by theoretical methods, the stage-discharge relation-
ship and this was not in any way related to =-- well,
any flow frequency information that would have
allowed me to predict what actually occurred.

Q What was the purpose of doing that calcula-
tion?

A Because I needed that as a basis for the
sediment calculations. I have to know, I have to
have some flow information in order to get the sedi-
ment discharge.

Q Flow information that you had wasn't adequate
for you to come up with that calculation, the full
data that did not permit you to make a calculation
based on the data, so you made an indirect calculation?

MR. HYNES: I am not sure I understand that
question.

BY MS. OLIVER:
Q Go ahead. Do you understand?
A What I did with my indirect methods in terms

of getting stage-discharge relationship are very much,
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was really the same thing that Al did when talking
about the step-backwater analysis. It is using the
energy equations with the channel configuration, you
essentially, say, give it a stage or a water level.

Q When you give it a water level, you just

think up, you make up a water level to use?

A Yes, make up a water level to use.
Q Then what do you do?
A And you calculate the discharge at that

water level, theoretical equations other than measuring
it.

Out in the field, the stage recorder
will record the stage and the technician goes and
measures that and plots that on a graph.

In this case, I say if the water level
is this, the theoretical relationships give me a
discharge of this and I plot that on my curve.

Q And once you get that discharge, what do

you use that discharge figure for?

A I use that in the sediment equations.
Q So you then determine the flow?
A As the basic flow that is carrying the

sediment.

Q First you are determining theoretically what
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the discharge is and then you are using that theoretical
calculation to make another theoretical calculation of
what the sediment flow or discharge will be?
A Yes,
Q First ycu take the water discharge -- I get
it.
You did that for each of the three

indirect methods?

A Yes, except that the hydraulic calculations
were the same for all three. ~
Q You assumed flow and calculated discharge

and used that discharge to plug into each of the
three equations?

A Sediment, yes.

Q Did you check the result of those calcula-
tions, the theoretical equation result that you came
up with against any data that you-.had?

A At that time there was no data.

Q So at that time you could make no, even a
guess as to which one of those was close to what was
happening in the North Ditch?

A Yes, correct.

0 What was the purpose of making the calculations

and using the equations in the progress report?
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A One was to just give the best estimate we
could at that time as to how mobile the sediments were
and what might be moving out and what conditions.

Q But they were not based on any real data
that you had.

A They were based on channel geometry and bed
material samples.

o] But you could not check the accuracy you
were getting as a result.

A No. The other reason was to present what
we would be collecting in the field data against --

Q Kind of a dry run to find out what the

results would be?

A Chapter 1.

Q Was this progress report submitted to US EPA?
A Yes, it was.

Q Before it was submitted to the U3 EPA, was

it revised by Mr. Noehre?

A It went through the standard internal USGS
review which would be in this case Al and several
other people in our office.

Q Did you get any comments from them on this

progress report?

A It was rewritten as a result of their comments.
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There was no substantial objections to any
material contained. It was merely clarifying the
grammar, correcting the grammar, clarifying the state-
ments,

Q If you would look at Page 11 of your
progress report, the first paragraph called Results,
the third sentence starting with, a water temperature
of 20 degrees centigrade was used for the calcula-
tions.

How was that temperature determined?

A That was just an arbitrary temperature that
was chosen because it was a temperature which many
values, variables that are available, and it is
one of several standard temperatures considering

I didn't have any temperature measurements in the

Ditch.
Q Were they taken in the Ditch?
A I don't know.
Q Wouldn't the temperature in the Ditch affect

the flow, the discharge in the Ditch to some extent?
A It affected sediment movement.
Q Was that provided or considered in your
proposal and the study that was done?

A Not specifically, no.

Theo L. Urban

CartiF}eJ SLo'tLanJ erorhr

134 Scut"' La Sa“o Stmt
CLicogo, Jilineis 60603
312 - 782-3332




Grat - cirrect 117

o Does 20 degrees centigrade increase or
decrease the normal sediment flow in the Ditch?

MR. HYNES: From what, increase or decrease
from what?

MS. OLIVER: From the normal temperature.

BY THE WITNESS:

A The temperature is something that changes
constantly. You would expect it to be cold in the
early spring and in the winter, and then warmer in
the summer. When the temperature is cooler, that
would tend to increase the sediment load.

BY MS. OLIVER:

Q That is what I meant.

The lower temperature increases the
sediment transport?

A Yes, and in the early spring, I would have
expected the temperature of the water to be muqh less
than 20 degrees centigrade. It is knowledge that it
got higher than that in the summer.

Q Sure. So the temperature of any body of
water is a variable for determining the sediment
transport in that body of water?

A By indirect methods, yes.

o) Unless rou are there to check the temperature?
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A Yes.

Q And you don't know if that was done in the

North Ditch?

A I don't know.

Q You also say in that sentence, grain density

was to be taken to be 165 pounds per cubic foot.

Was that by analysis in a laboratory

or was that an assumption that you made?
A That was just another assumption. The

temperature was an assumption but based on the fact

that the dominant mineral that the grains are made of

is quartz and most of the materials that form these
grains have densities which are not really different
from quartz, so that is a commonly made assumption
and one that is usually very close to reliability.

Q Do you know if analytical work was done to
determine whether the density was in fact 165 pounds
per cubic foot?

A It was not done.

Q And you state channel slope was .000399,
How was that calculated?

A That was measured from the survey that was
made at the beginning of the project that provided

the channel configuration and the surveying end of
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the gages. Thef were tied into some absolute eleva-
tion by surveying technigues to see that the level

of each cross section as you move up the stream was
given relative to the same survey point, and you just
get the slope by the difference in elevation.

MS. OLIVER: Off the record.

(Brief recess had.)
BY MS. OLIVER:

Q Let me ask this:

Were any of the factors that you put
into your equations in your progress report based on’
the actual data that vou had obtained, other than
the channel slope?

A The grain size distribution of the bed
material was.used in the calculations. You need a
grain size that represents the bed roughly and that
is based on measured grain size distribution of that

material.

Q That was analyzed by the lab in Iowa?
A From the samples that I took.

Q What else?

A The channel configuration of the cross

section of the channel and the size of the channel.

That was it.
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Your calculations or your use of the equa-

tions in the progress report were based on assump-

tions that sediment is transferred by a steady

uniform flow, 1is that correct?

A

Q

A

Q

Yes.
That is not always the case, I take it?
No. Certainly not in nature.

But your calculations and indirect methods

that you used were based on a steady uniform flow?

A

Q

Yes. o’

And that had no relation to what was actually

going on in the North Ditch?

A

I don't know what you mean by that. You

mean did I check that with the field?

Q

You assumed a steady uniform flow and deter-

mined what that discharge would be?

A
Q
have a
A
Q
ments,

A

Yes.

In reality of the North Ditch, it did not
steady uniform flow?

Probably not.

In fact, that was confirmed by the measure-
isn't that right?

In a sense, most ~- steady means that the

flow doesn't vary with time, and uniform means that

T’nea L UrLan
Corti{‘-iu] S‘ﬂcﬂLanJ erortu —_—

134 Sou‘.’n La Sa“o Stmt
Ckiwgo. “linoic 60603
312 - 782-3332



craf - direct N

the slope€ of the energy grade jine 1is parallel tro the
pottom at all points of the pitch.

It is probably cafe tO say that those
conditions are never reallVy strictly met in an¥
ehannel, put it is the pasis for practically every
equation that describes flow OF sediment transport
pbecauseé there is no way to account. really: for the
yariations jn most cases. so you consider that the
glow 1is in natural channels really usually uniform

or usually it is steady for finite periods of time

Q 1sn't the second yariable in addition to

temperature the fact that the g1ow in the channel
and the gtream OL whatever body of water ijs not steadY
and uniform at any given time 2 yariable that maYy
make determininq the gediment discharge a very diffi-
cult thing to do?

A Yyes .

Q That 1S why Yyou use a theoretical equation:
and that is why -~

A you use a theoretical equation pecause you
want some way of estimating it when you don't have
field data.

Q pesides the floV in & pody of water and the
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temperature, what other variables exist which make
the determination of sediment discharge a complicated
or difficult thinc to do?

A The natural variability in size and density
and shape of a material that is being transported is
one thing. The cohesive forces that exist among

certain mineral compositions and grain sizes =--

Q What does that mean, the composition of
forces?
A There are forces that attract like particles ~

due to unbalanced charges on the surface of the
minerals. They exist on any mineral grain, but
usually for most minerals they are very weak.

As the grains get smaller and smaller,
the surface area increases so the effect of the forces
increases. For a very fine quartz, the attractive
fcrces due to large grains becomes a very significant
chance for transport. They are most significant in
clay minerals, oil or plants just because of the
crystal structure of the mineral itself. They have
larger unbalanced forces and very, very fine, so they
have a much higher surfaée area, so predicting the
movement of cohesive sediment is much harder.

Q Would you classify the sediment to the North
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Ditch as cohesive?

A No. It was in the areas of the bed that
were exposed to a very clean largely quartz sand in
which cohesion would be minimal. 1In the pool areas
that were covered with water, when I took my samples,
the sediment was much finer than some of them, it
might be significant.

Q Were the pool areas areas that were around

the Ditch?

A No, in the Ditch.
Q In the Ditch?
A They are in almost any stream that has a

sand bed. There are areas where the stream bed is
higher and the stream beé is lower. It is a configqu-
ration and is formed by the flow and the areas that
are shallower, there are generally coarser sediment
than the jyools.

Q Did you find the presence of any clay minerals
in the North Ditch?

A We didn't analyze the mineralogy but in
doing grain size analysis in the pools, there was a
significant portion of fine materials and in most
unusual terms, much of that fine sediment is made up

of clay minerals.
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Q And the presence of those pools would indi-

cate to you a stronger cohesive force?

A No.
Q What effect would those pools have?
A As flow passes through the Ditch, the velocity

would decrease in the area of the pools because the
cross sectional areas is increasing and that would
tend to deposit.

Q And reduce the discharge?

A No. The discharge remains constant. What
changes is the velocity. |

Q Doesn't higher velocity have some effect on
the amount of sediment that is being moved through
the Ditch?

A Yes,.

Q And if the velocity is lowered as it moves
through these pools, doesn't that affect the amount

of discharge that is being transported?

A Oh, you are talking about sediment discharge?
Q Sediment discharge.
A It would be locally and temporally decreasing

at any given flow condition.
Q How is that factor considered in reaching

your conclusions as to the amount of sediment that is
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moved out of the Ditch?

A It didn't affect it.
Q Did you consider it?
A We were not considering where the sediment

was being deposited or eroded along its path to the
gage. We were only concerned with what was moving
past the gage, that was actually getting past the gage.
Sediment transport is a statistical phenomenon,
Sediment is being deposited. Whether the velocities
locally are lower and being eroded somewhere else
and the flow may shift, so where it was deposited

at one time, it will be eroded in the next instance,
so it is really not possible to keep track of where
2 given particle is going to be deposited or eroded
in any given time.

Q What effect did the different grain sizes
in the bed system tell you that you have on the
qualifications or equations?

A I made the calculations for each grain size
separately and calculated the sediment load of each
grain size and then added them up to get the total
load. I used the grain sizes that were available in
the bed for the calculation and I used the fraction

of the material in that bed in the calculation.
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I don't know what you mean other than
that. I don't know what you mean by effect did that
have on the calculations.

Q If you would look at Page 15 of your report
in the paragraph right above Conclusions, the second
part of the last sentence.

You state that the total sediment
discharge in the Ditch at bankfull stage most likely
lies within the range between the value calculated
by that method (6.75 pounds per second) and the
value determined by the method of Einstein, (.0301
pounds per second).

How could vou make a determination
that you state in that sentence or how did you make
that determination?

A It was just judgment based on the fact that
these are commonly used methods, that the Einstein
was very low and it just seemed very unlikely to me
based on what I know about sediment transport that
you could get anything lower than that and the other
one was really very high. It is really a judgment,
just a judgment.

Q But as you stated before, I think you had

no real basis for comparing any of these three.
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A Right.

Q Methods to do the ultimate movement in the
North Ditch.

A Right.

Q Did you consider that the actual transport
of sediment in the North Ditch could be as low as
determined by Einstein's method?

A Yes.

Q But acain, you didn't have any basis to

say it was that figure or a little above or a little

below?
A Yes.
Q The last sentence of your Conclusions states:

"All of the methods used predict that
fractions with mean sizes larger than 2.83 millimeters
will not be transported in significant quantities in
the Ditch."

What does that mean?
A It just means that those grains are too big
to be moved in any flows likely to be expected in
any ditch.
Q Grain sizes larger than that point wouldn't
be moved out?

A They would just stay there.
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Was there any determination made to determine

in the North Ditch consisted of

grain sizes larger than 2,83 millimeters?

A

Yes, I believe it is Figure 2 here, Page 4,

that gives the grain size distributions.

the top show

cent of most

Q

5 percent

A

The grain size in millimeters across

that 2.83 would be something like 5 per-

of the bed material.

Is that 5 percent of the area of the bed or

of what?

It would be about 5 percent by weight of

the top few inches of the whole surface.

Q

A

Q

A

Q

you sent your report,

Because only the top few inches are transported?

Yes.

It is 5 percent of the first few inches?

Yes.

I have forgotten if I asked you, but when

or when it was sent to the US EPA,

did you receive any comments from anyone at the US EPA

about it?

A

Q

A

I believe.

I don't remember any.

Who reviewed it at US EPA, do you know?

I don't know,.

We sent it to Ed DeDominico,
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Q Did you have any communications with him
about this report or what you were doing?

A No.

Q During the course of the project, did you
have any communications from US EPA people to do other
things or not do things that you were planning on doing?

A No.

Q Would you look at Exhibit No. 3. Will you

identify that?

A Yes.
Q What is that?
A This is the final report of the project which

gives an estimate of sediment movement in the North

Ditch.

Q That is the report that you and Mr. Noehre
wrote?

A Yes.

Q Did you prepare a draft of this report?

A There were several drafts.

Q Were they circulated within the USGS?

A Yes,

Q Were they circulated within the US EPA?

A I believe that we sent them a draft report

at one stage.
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Q Do you have the drafts that you prepared
of this final report, did you Keep the drafts?

A I don't believe so, other than perhaps the
one that was sent. When I use the term draft, loosely,
it is just everything from writing up notes, pre-
paring the report, actually getting a copy. I guess
there was really only one report, draft report in
the strict sense.

Q Included in this final report is a discussion

of the actual discharge measurements that were made

at the site.

A Yes.

Q Other than the addition of that data in
this final report, is there any additional data in
this report that did not appear in your progress
report?

A There is rainfall data, the stage data that
was collected at the recording gage; the discharge,
this is the water discharge that was determined from
the precipitation at the stage recordings.

Q The daily values of precipitation?

A Yes. That draft has on it the data that I
am talking about right now. That is all the data

that was added.
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Q Let me ask you this:
Other than using the stream discharge
data, did you use any other data in making your

indirect calculations on sediment transport?

A In this report?
Q Yes,
A The calculations I made in here were direct

calculations in that they were based on the measured
values of sediment concentratior and I used those
values with the stream discharge to develop the
sediment transport curve.

Q For your prediction of future transport at
flood peak discharges?

A Yes.

Q You used the indirect method to come up
with the prediction?

A I used the end of the line which was deter-
mined from Laursen's method and was unchecked by
direct measurements, vyes.

0 If we can look for a minute to Figure 7 on

Page 12, that is your sediment transport curve, is

that correct?
A Yes.

Q From that you make your prediction on the
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future sediment discharge at flood peak discharges,

is that right?

A Yes.

0 First of all, why did you use the Laursen
me thod?

A Why did I chcose one out of, from the other

two that I used?

Q Yes.

A Because 1t was closest to the measured values
and the range where they overlapped.

Q Is there a way to quantify how closely thef
were to the actual data that you had, to how close
it was to the actual data you had?

A | I don't think there would be one that would
mean very much.

Q Let us go back for a minute to the previous
figure, Figure 6 on Page 10, which has a regression
line and then three other equations plotted out, is
that right?

A Yes,

Q Is Figure 7 a composite of the regression
line in the Laursen line?

A Yes.

Q Why is that composite used?

Thea L. (Urban

':er',i:;ea' Skcrtkona erortor

i34 gout!'\ La Sa”o Stmt
CLicago, H'ino!: 6C603
312 - 782-3332




Graf - direct 133

A Because we wanted to be able to extend the
letter, the curve to discharges higher than those for
which we had measured values.

Q You wanted to extend the curve to discharges

that were higher than the measured values?

A Yes, that is correct.

Q You assumed there would be higher discharges?

A Yes, higher than water discharges.

Q What were the bases for your assumptions
there?

A The conditions that existed during the period

of the measurement were really fairly low water con-
ditions. There was no flow for a lot of the period.
There were some storm events but we felt, well, the
highest measured discharge was something like 5.3
cubic feet per second. The discharge that was read
for the two years flood recurrence was 15 cubic feet
per second.

We did not calculate an annual flood
peak for recurrence, but higher; you might expect

that once a year you would get over 10 cubic feet per

second.
Q Why would you expect that?
A Well, the flood peak discharges were estimated
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from equations that were developed from a large number,
something over 100 gage stations,and in Northeastern
Illinois, that varied considerably in drainage area,
size and slope and covered the range, all those
variables represented in North Ditch.

So we feel that the predictions of
flood peak discharges, particularly for the two-year
flood recurrence, are as good as you could get for
North Ditch and probably pretty close to reality.

Q Based on what? e

A Based on the data set from which the equations
were presented,.

Q And the data set was what?

A The data set was stream flow data collected
over a great many vears from a large number of sta-
tions within Northeastern Illinois.

Q What you are saying is based on the data
you had collected is why you assumed what you had
found in the North Ditch couldn't be accurate?

A I don't think that is what I said.

Q But you said it wouldn't be realistic or
it would be higher.

A I an saying that because of the natural

variability of the rainfall and runoff from a particular
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set of conditions that we measured were probably on
the low side. I don't think we sampled the annual
flood peak, the statistical one-year recurrence. 1
think it either didn't happen that year or it happened
on the date that the recorder wasn't working.
Q Excuse me.

The time period that you sampled out

there was during the time of the big snow~melt which

could cause a lot of water, I take it?

A Not necessarily.

Q Why not?

A It could not melt very slowly and trickle
out.

Q But it would nebertheless melt and wind up

in North Ditch?
A Or percolate through the ground.
Q And over the summer periods when you would

expect rainfall events, is that right?

A Was that a question?
Q Yes, it was.
A The study was done over a period in which

you would expect nost of the flow to occur, yes,
Q What information do you have that shows that
the flow did not occur, that the average or the expected
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flow in the North Ditch.did not occur?

A

Only that the values that we measured were

so much lower than we predict for a flood of the two-

year recurrence interval.

Q
data base

A

A

Q

this data

A

used.

Q

bodies of

A

Q

And your prediction is based on the other
that you had?

Yes,

What data base is this?

USGS data.

It is for Illinois?

For Northeasternrn Illinois.

How many bodies of water are included in
base?

There were, I believe, 103 gaging stations

Does that indicate there were 103 separate
water?
Yes.

There is one gaging station in each of these

103 bodies of water?

A

Probably. It's possible that some of them

had two if it was a long stream, but basically, most

likely it was 103 different streams.

Q

Did any of these 103 streams flow into Lake

Trea L. Usban
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Michigan?
A I don't know.
Q Do you know what the breakdown of these 103

streams was in terms of size, compared to the North
Ditch?

A They covered a wide range of draining area.
North Ditch would have been at the low end of that
size.,

I don't remember what the cutoff values
of that were, but it would have been in the low end
of the range.

Q Did you look at just the bodies of water
that were comparable to the North Ditch rather than
all 103 bodies of water?

MR. HYNES: Could you repeat that?

(Question read.)
BY THE WITNESS:
A I did not, no.
BY MS. OLIVER:

Q Who did?

A The people that developed those eguations.
I took the equations that were developed by people in

our DeKalb office and published in the Survey Report,

the things that they were trying to model or statistical
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phenomena, so the more equations you have, the better
estimate you are going to get and if you pick out any
one range of variables, there is no reason to believe
that you would come out with a better estimate, really.

Q Wouldn't the only reason you would use the
statistical values that had been developed from this
data base be when you don't have the value available
in the project you are working on?

A Yes,

Q And if you are doing a project and you have
values and you come up with measurements, aren't those
measurements a more accurate measure of what the
situation is from that Ditch than the averages from
the 103 other streams?

A If we had 100 years of data, that would be.

Q Is that the only way you can accurately tell
what the flow in the North Ditch wovld be over a 100-
year period?

A It is the most accurate way.

Q What is the next most accurate way if you
don't have 100 years to sample?

A It is to use a data station that does have
100 years to predict it.

Q Let me ask you this:
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Why did you undertake a project that
was to measure what was in the North Ditch if you
weren't going to use that for determining the
transport rate?

A I did use it for determining the transport
rate. I am just trying to extend the prediction to
conditions that we have not measured,

Q Are you saying that in order to predict
what the transport rate in the North Ditch would be,
you could not rely on the data that you had collected

at the North Ditch?

MR. HYNES: I object to the form of the question.

I think that data base she is talking about just pre-
dicts the peak discharge..

MS. OLIVER: That is the only prediction that
has been made of future transport.

MR. HYNES: I just wanted to clarify you were
talking aboﬁt a peak discharge. |
BY MS., OLIVER:

Q Dc you remember the gquestion?

A No.

MR. HYNES: I'm sorry, could you read it back?

(Question read.)

BY THE WITNESS:
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A Over the range c¢of conditions for which values
were collected, that is certainly the best estimate
and that is what I used to calculate the data flow of
sediment,because on those days the discharge that we
estimated was within the range of the measured values,
but with the flood peak discharges we are extending
the range of the estimate so far beyond any of the
measured values with that, there is no reason to
believe these measured values would be going on with
those conditions any better than the indirect methods.
In fact, there is good reason to believe the indirecf
method might give a better estimate.

BY MS. OLIVER:

Q How can you detérmine which indirect method
to use if the values may have no relation to what you
are in fact predicting?

-\ You use just the logical reasoning that the
one that best reflects what is happening at high flow
conditions should somehow approach the measured values
that conditions, at states where you do have measure-
ments. . That was the only reason for picking the
Laufsen method.

Q And they may not be reliable at all?

A It is an extrapolation, goes beyond anything

Thea | Urban
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that is measured. There are no checks on it.

Q Did you take into consideration in making
the qualifications in your final report the ground
water at the North Ditch, around the North Ditch?

A No.

Q Does ground water affect the flow in the
North Ditch?

A I don't know what effect it has in that
specific location. It is a phenomenon about which
very little is known.

Q Are you saying there is little ground watér
effect to the flow in a body of water or not?

A There 1is liﬁtle known about the effect the
ground water has on the movement of sediment in
streams.

Q So it could be a factor or it could not be
a factor and nobody really knows?

A Yes.

Q On Figure 6, just so I understand, the

regression line that is in that graph is the actual

measuremnent?
A Yes.
Q And you added to this graph the three theo-

retical curves?
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A Yes.

Q The Figure No. 7, the composite sediment
transport curve does not in fact say that this graph
is limited to the flood peak discharge, does it?

A No, because it isn't.

0 This is just an extrapolation of the stream

discharge or sediment transport in the Ditch?

A The upper end of it is an extrapolation.

Q And the bottom portion of it is the actual
measurement?

A Yes,

Q But in fact there is no basis in the data

for the extrapolation on the end?

A Right.

MR. HYNES: What do you mean basis in the data?
Do you mean the upper end, there is no actual measured
data used to get that graph?

MS. OLIVER: There is no data period to get
that which verifies that part of the graph.

MR. HYNES: Is that what you understood?

THE WITNESS: Yes.
BY MS. OLIVER:

Q My understanding of the calculations by the

indirect method was that they were to be used to
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predict the flood peak discharges?
A You are talking now about the indirect method

or sediment calculations?

Q Yes.

A Were used to calculate the flood peak dis-
charges?

Q Yes. \

A Yes, that is in effect what happened.

MS. OLIVER: Let us go off the record.

(Discussion off the record.)
BY MS. OLIVER:

Q Looking at Figure 7 in your final report,
the Composite sediment transport curve that we have
there is a composite of the actual measurements of
sediment, discharge measurements at the North Ditch
and theoretical extrapolation or calculations of
what the sediment discharge would re for certain flood
peak periods, is that right?

A At any discharge higher than that for which
we had measurements, yes.

Q Is the combining of actual and theoretical
data such as you did in Figure 7 something that is

the usual practice in the USGS?

A The use of theoretical relationships to extend

T'hea L Urgan
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the predictions beyond measured values certainly is.
That is what is done every time the USGS does a
statistical analysits of rainfall runoff data.

They use a statistical method to examine,
in effect, theoretical relationships to extend the data.
Q The bottom portion of this curve that is
the portion based on the actual sediment discharges
at the North Ditch is the data from which you made

your findings of the amount of sediment movement
through the Ditch?

A Over the period of the study and the mean
daily sediment movement, -

Q Then the upper portion of this graph is less
reliable in terms of actual occurrences or events in
the Ditch than the lower portion of this graph?

A Yes. . |

Q Then you cannot quantify for me h. w much

less reliable or less confident you are in that upper

portion?
A I couldn't put a number on it, no.
Q Do you know how the data was reviewed to

make sure that it was accurate?
A Well, any of the data that was sent to our

laboratory, which was the grain size data, some of the
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sediment concentration data for concentration and grain
size is checked before it is sent out in that the
qualifications, measurements are all each individually
checked and reviewed.

Any of the discharge measurements have
a standard procedure for being checked before they are
finally submitted as final measurements.

0 What is that standard procedure?

A The measurement takes, you take the measure-
ments on a standard form and it involves taking large
numbers of measurements, velocity and calculating
width, calculating areas so there are a lot of little
decisions, routine, which have to be added up to
check that large measurement.

You have soméone different than the
person making the measurement just go out and do those
calculations all over again to see whether they havc
come up with the same answver.

Q Would Mr. Noehre have been in charge of

making sure that it is done on field data?

A Yes.
Q Do you know if that in fact was done?
A I didn't see the actual checked sheets. It

is standard procedure to check discharge measurements.
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Q If you would look to Page 3 of your final
report, up at the first full paragraph on Page 3, it
reads that:

"Streambed material is composed of
sand with some gravel; organic debris and finer sedi-
ments are found in the pools."

Do you know what organic debris or
sediments in the pools consisted of?

A There are various kinds of degradation
flowing along the Ditch and just from my personal N
examination of it, leaves, grasses, things that were‘
in all sorts of states of degradation had been de-
posited primarily in the pools.

Q You also state in the next section that
because of the large impervious surface area and the
permeability of much of the remaining area, it is
believed that a large proportion of the sediment load
of the stream at Gage 1 is derived from the channel
itself.

Gage 1 is located near the mouth of

the North Ditch, is that right?

A Yes.
Q What impervious surface area are you talking
about?
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A The parking lots, roofs, roads that are
paved, railroad tracks.

Q You would not think there would be runoff,
wash from that area?

A There would certainly be runoff, but the only
sediment that would be carried by runoff would be
carried on by tires or people's feet, certainly would
be a lot less than running off a total sediment
surface.

Q You state it is believed that a large pro-
portion of the sediment load of the stream at Gage 1.
is derived from the channel itself.

Is that your assumption there?

A It was a judgment that both Al and I made
and agreed on together. -

Q When you talk about a large portion of seéi—

ment load, what portion are you talking about?

A 70, 80 percent.
Q How did you determine that number?
A Just my own opinion based on having been

there and looked at the situation, and also measure~
ment of the percent of impervious area.
Q Did Mr. Noehre measure the impervious area?

A Yes, he did.
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Q And he came to the conclusion that it was

about 40 percent impervious?

A Yes.
Q How did he do his measurement?
A From graphs, from his on-site surveillance

and inspection.

Q Did he do « specific measurement or survey
of the impervious surface area?

A I believe e did not actually survey in the
same sense that you survey in the gage, the areas in
percent impervious. I think he used some graphs and
some preliminary to determine the area.

Q Based on the estimate that 80 percent of
the surface area is impervious, how would you wind
up with the estimate that 86 percent of sediment
transported is from the North Ditch itself?

A In addition to the impervious &ea, the
materials that form the area which is not impervious
are sand, they are very permeable, 56 I suspect, my
judgment is that a large portion of flow that falls

on that would actually percolate through the ground

and if it gets to the stream at all, would come as an

interflow through the ground.

Therefore, I would say that most of the
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flow in the basin is probably confined to the channel
itself and that therefore, most of the sediment and
that and the fact there is a retaining wall in one
area and there are grasses that further protect some
of the area, particularly in the upper part of the
Ditch.

'Q On Page 6 of your report, you talk about
the fact that Stage was not a reliable indicator of
flow at Gage 1.

Do you see that reference there?

A Yes. »

Q | How was flow at Gage 1 measured, if not by
the stage recorder?

A There were actual discharge measurements
there at times and the stagé was used to get flow
based on adjustments at the stage to discharge
measurements.,

And looking at the stage record, to
determine when the periods of flow occurred in a
normal stream, you would expect that when the dis-
charge increases, the stage increases, and in North
Ditch what happens with a flow event is that discharge
increases and stage increases until the barrier bar

is breached.
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Then you suddenly, the stage falls very
abruptly because the water can now flow directly into
the Lake at much greater force, so you get an increase
in discharge flow or a decrease in stage, really,
but that happens very abruptly.

Then you get the typical relationship
taking over so the problem with interpreting the
record was to identify the points at which the bar
was breached from the stage record by this rapid fall
.in the stage.

Q You are talking about a sandbar that was
near the mohth of the Ditch and near Lake Michigan,
is that right?

A Yes.

Q And that sandbaf Qould block the flow into
Lake Michigan from the Ditch?

A The surface flow, yes, probably some passing

through the sand.

Q Would it affect the discharge, the sediment
discharge?

A Yes. It would stop it.

Q It would stop it.

So until the flow got to an intensity

or velocity that would break through that sandbar
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barrier, there would be no flow in Lake Michigan or
sediment transport intc Lake Michigan?
A There would be no sediment transport.

There might be some flow through the sand.

Q But it would be reduced?
A Or minor flow over.
Q Did you or the technicians determine how

often during the rainfall events that sandbar would
be eroded if broken through?

A That was determined from a stage record.

Q Was the sandbar at that point nearing the
mouth of the North Ditch a continuous phenomenon or
permanent phenomenon?

A It is an intermittent phenomenon. It depends
on the conditions in the Lake as well as those in the
Ditch.

Q Do you know how often technicians found
the sand barrier was present?

A It is probably fairly safe to assume that
it was present on all of the days other than those
that were listed as periods of flow in the table.

Q There is a record that shows how many periods
of flow that sand barrier was eroded or broken?

A It was breached on all the days in which we

Thea . Urben

Cav'ti.rieJ Skor{La na erortn-

124 South LLa Salle Street
CL?cago. Hlinois 60603
312 - 782-3332




Graf - direct 152

assumed there to have been flow that were then used to
characterize sediment loads. We made that judgment
on the basis of stage record by rapid sudden decrease
in stage during the period of rainfall.

Q Do you know how many days those were over

the 8-month periodc?

A What page are you referring to?
Q Page 14.
A 39 days and then there is the 14 percent of

rainfall that occurred on days for which no stage
record was present, so we can't -- that is 39 days
out of a little bit less than the total period of

the record.

Q The total period of record?

A Something like sii months.

Q 6 times 30 might be about 180 days?

A Al-out.

Q Are you saying that every time it rained,

the sand barrier eroded or broke, was broken through?
A No. There were periods of rainfall when
this rapid drop in stage was not found.
Q During those periods of rainfall there would
not be a sediment transport intc Lake Michigan?

A Nothing significant.
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Q Do you know what days those were or how
many days would that have been, the rest of the days?

A No. That would certainly have been,
probably a large number of days in which there was:
no rainfall. You would have to look at the rainfall
data on Figure 5.

Q Did you take into consideration , the sand-
bar effect in making determination, an estimate of

the daily sediment load?

A You mean in getting the mean daily?
Q Getting the mean daily.
A We just averaged that out of the total number

of days in the study period so that if you considered
the mean daily discharge for days on which there was
flow, it would be higher. i believe that's what I
did.
Yes, that is what I did so that is mean
daily for all the days in the study period.
Q So that would take into account the days

that there was no flow into Lake Michigan and no

rainfall?
A Yes.
(o] How about in calculating an estimate of the

amount of sedimert moved in the study period?
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A That was based on periods of flow.

Q That was based on daily periods of flow or
your daily mean?

A No, not the daily mean, no. What I did to
come up with that figure was we had hourly discharges
for every day in which there was flow, which is those
days that are listed that are in the table. I took
that sediment reting curve based on the measured
values and for each of the hourly discharges, cal-
culated how much sediment would move at that discharge
which existed for the whole hour. 1 added up the
values for the whole 24 hours in that day and those
are the values given in the first column showing load
in pounds for that day.

I added up ail the values in that
column to get the total that was moved during the
study period.

Q You assumed the discharge or the flow con-

tinued at the same rate for the entire hour period?

A Yes.

Q Is that a reasonable assumption to make?

A Yes.

Q Is that in fact what happens?

A It is very close to what happens because for
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most of the hours, it was fairly low and it was fairly
constant over much of the day.

buring storm periods, the storm periods

happened so fast that
Q During the heavy rainfall period, the amount

of rain that falls is not usually constant for an hour,

is it?
A Certainly not.
Q So you are figuring out the sediment load in

pounds over the study period based on an assumption
that the amount of flow will be uniform for the hour;
each hour there is a discharge?

A Yes.

Q When there is a heavier rain or a heavy
rainfall that is in fact noé the case, is it?

A It is really not a bad estimate in the
sense you are just averaging over an hour and if you
can picture the discharge in a storm, it would start
at some low value and cgo very gquickly, peak, and
then drop off and what vou are doing is just taking
an average,

So by averaging over an hour, at the
end of that hour, you will be higher at the beginning,

lower at the end, and you are taking an average of
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what is in the middle, so you are coming up with some-
thing that is not too unrealistic.

Q So your sediment load over the study period
is based on what you would assume the average would
be over that hour period?

A Yes.,

o] Are the dates that are listed on Table No. 2
on Page 14 the only dates on which there was flow
recorded over the six-month period?

A They are the only dates on which we could

be sure there was flow.

Q In which flow was recorded on your instru-
ments?
A Because the flow is not recorded on the

instrument., It is only the ;tage that is recorded in
the instrument, but the stage is a reflection of the
flow. We have to make the judgment that the bar is
breached and in order to do that, we have to have a
dropping stage that was sharp enough and significant
enough to be sure that the bar had been breached,

that that was in fact an indication of breaching of
the bar, so in addition to the lost stage record,
there were other periods in which we just could not be

sure, so we did not include those. And that is, we
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have mentioned that somewhere in there.
On Page 7, the very top of the page,
it states that discharge could not be computed for

25 other periods because discharge measurements were

not available to define the changing control conditions.

Q What does that mean?

A That means we couldn't tell if it was flow
or not. And because we didn't have a stage-discharge
relationship definition for the stream based on
measured discharge values, we used the few measured
discharge values that we had to rate the stream for
the period of time around the time of that discharge
measurement and felt we couldn't extrapolate it too
far.

MS. OLIVER: Would you'read that back?

THE WITNESS: Maybe I could rephrase it,.

MS. OLIVER: Let her read it back and then mayte
I1'11 have another gquestion.

(Question read.)
BY MS., OLIVER:

Q What do you mean you rated the stream? What
does that mean?

A Rating means developing a stage-discharge

relationship.
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goals in the study, to develop one, but in fact that
rating curve changed so often during the study, that
relationship changed so often during the study and
we were not able to obtain one that applied for the
whole period of the study. It applied only to a
period of the study close to the time of each in-
dividual discharge measurement.

The next time somebody went to make a
discharge measurement, it would have resulted in a
different stage-discharge relationship, so it would
apply only to the stage record at that time.

Q What significance does that have, if any, to
you? What does that mean, that every time you went to
measure there was a different relationship?

A It meant that you ;ould not take the stage
record developed and measured in March and use a
discharge measurement made in August to get the dis-
charge. What you really needed was the discharge
measurement made closer to the time of the stage record
that you are trying to interpret.

Q Is that why the field people had to go out
and make additional measurements?

A Yes.

Q And not rely on the stage recorder?
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They had to go out and make discharge

measurements because no matter what the conditions

are,

the stage recorder only gives you stage. It

does not give vou the discharge and ultimately, how-

ever you do it, you have to get the discharge for

measured values,

on

BY

we

BY

Q

A

Q

A

Q

But the stage should somehow be related --
Yes.

-~ to the discharge?

Yes.

And in this case it was not?

MR. HYNES: In the 25 that were not reported

Table 2 or whatever it is?

MS. OLIVER: Yes.

THE WITNESS:

A

Right. They were just periods when we fel

were unable to say what was going on.

MS.

Q

OLIVER:

So in addition to the 39 that appears on

Table 2, there were 25 other periods that you could

not define, and then in addition to those periods,

there were other periods of missing stage records

because of malfunction of equipment,

A

Yes.

Tl-\ea l_ U vhan
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Q Do you know how many periods were missed
because of that malfunction?

A That would be indicated on the first
figure 3 by the dotted line. It shows a period in
the beginning of April that looks, a few days, there
is a period of overlapping May and June, a period
that includes most of the end of July and a shorter
period in August.

Q But you don't know how many measuring
periods those actually included?

A No, I cannot.

Q If you look at Page 11 on the report, the
first paragraph there talks about your regression
eguation.

Would you exﬁlain to me how you reached
the limits of 13 cubic feet per second and 40 cubic
feet per second that you discuss in your paragraph?

A The 40 was just picked because that is the
100-year flood and there was no use considering any-
thing higher than that. That is sufficient in itself,
such an extrapolation.

The 13 came about, that is the point
of intersection of the two surveys.

Q The Laursen theoretical and the regression
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real data one?

A Yes. That is already extending the measured
curve beyond measured values,

Q So the 13 cubic feet per second is more
than higher, the higher value than it had actually
measured?

A Yes, so that is carrying the curve calculated
on the measured values beyond the range of the measure-
ments and at the point of intersection, taking the
Laursen, the justification for takin§ the higher one
there rather than just continuing the measured iine
out is that the measured sediment samples do not
include the sediment carried below a level .3 feeg
from the bottom in the bed and at high flow, at low
flows, that amount of sedimént is less significanf
than it is at high flow.

What is going to be carried between a
level .3 feet from the bed and the bed is going to be
the larger size particles that are just being rolled,
bounced along the streambed with the flow and can't
actually pick up and carry into the center of the
flow.

That is nét measured, that is not in-

cluded in the samples that are based on measured samples.
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Q I guess my question is why do you conclude
at the end of that paragraph that if discharge is
between 13 cubic feet and 40 cubic feet, the largest
equation probably gives a better estimate for the
amount of sediment transport than the regression line?

A We know that the amount of sediment actually
carried in the flow is going to be more than given by
the regression line because the regression line is
based on samples which do not include part of the
load. Ve have not sampled the whole load, so we know
that the total amount of the sediment carried is going
tc be more than that.

We know from experience with other
streams that the amount of sediment being carried
in that bed layer, in that iayer with the sediment
samples does not sample, will increase as the flow
increases.

That is basically the justification for
taking the Laursen estimate there.

(Brief recess had.)

BY MS. OLIVER:

Q The Laursen equation doesn't consider the
total sediment load, does it?

A It does not consider the total load, but it
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does consider that 1o0ad carried near the ped. What it
does not consider is transport of silt and clay-sized

material.

Q put the Acaroglu method does?
A Yes. which would be sampled.
Q Going pack to somethingd that came up earlier:

wasn't your testimony that the reason you used the
Laursen equation to tack onto the regression l1ine was
pbecauseé it was closest to the actual data that was

measured out of the tnree€ theoretical models that you

considered?
A Yes.
Q But there is no way of knowingd whether that

in fact it is closer OrT has any significance to the
actual transport of sediment from the North pitch?

A Except judgment. |

Q pu- what factors are there that jead Yyou to
conclude that the ginstein curve OTF l1ine would not be
the appropriate one?

A 1t predicts that there would be 1o movement
of gediment over 2 whole range of flow that in fact
we did measure movement. We measured movement of the

grain sizes that it predicted. There would be 1o

movement, so we have field measurements that are in
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direct conflict with what it predicts.

Q Do you have field measurements that conflict

with the Laursen calculations?

A We have, if you extend a Laursen prediction

down "to the range of measured values,

lower sediment lcads.

it would express

Q Predict lower than what you actually --

A Than what we actually measured which is

reasonable, beczuse the measured values are not

measuring, they are including the transport of fine

sediment which the Laursen does not predict and those

low flows from the transport in the bed layer, I

wouldn't go so far as to say it would not be signi-

ficant, but it would be a minor portion of the flow.

Q How about the third model you considered?

Would the actual data that you got contradict with

that model or those calculations?

7.\ The measured values were much, much less

than that model predicted would move over that and

because I think the movement in the bed layer, I

think the movement in the bed layer would not be

enough to account for that difference, that is again

just a judgment.

Q In the summary conclusion section of your
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report, the first sentence of the last page, you state
that the stream discharge added loads estimated from
the measured data are considered to be low.

Low as compared to what, as to what you
would expect?

A As to what actually happened.

Q You do not have any knowledge of what
actually happened?

MR. HYHES: Objection. That has been asked and
answered. She is talking abou+ those 25 days that
were not measured or thev had stage measurements.

MS. OLIVER: That is not what Ectually happened
though. 1If this is her opinion, that they were low --

MR. HYNES: Why don't you phrase the question
because I think you tacked oa a phrase at the end of
this. Maybe I misinterpreted what you said.

BY MS. OLIVER:

Q Your statement here that sediment loads
estimated from measured sediment data are considered
to be low, is that the opinion you talked about earlier
when you said you would expect more sediment transport
than you were actually able to measure?

A If you are talking about the statement I

made about the 5.3 CFS maximum discharge being the
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low end of the scale, no, that is not what I am talk-

ing about.

MR. HYNES: The first sentence in that paragraph.

MS. OLIVER: Yes,

BY THE WITNESS:

A What I am talking about there is I am using

the 5100 pounds.
BY MS. OLIVER:

0 That is what I am asking,

A That estimate of 5100 pounds is for sediment

transported through the Ditch during that

period.

It

was actually, probably less than that that went through

the mouth of the stream during that perio

Q That is based on what you would
based on your data base froﬁ other places
on the fact that you missed some sampling
this project?

A It is based on the fact that we

days during the project, and the fact that measured

sediment data do not include the bed laye

always know there is some fraction of flow, whether
it is significant or not, that we are not sampling.
Q Didn't you also take into account the data

base that we said you got from the 103 other streams
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or bodies of water?

A No.
Q Not for this?
A Not for this. The estimates in Table 2

were based entirely on data that there was water in
the Ditch. The only time that data base was used was
coming up with the equation, coming up to estimate
the flood peak discharges.
MS. OLIVER: I don't have anything else right
now. ~
MR. SHAPIRG: Could we take a couple of minuteé?
(Brief recess had.)
CRGSS EXAMINATION
BY MR. SHAPIRO:
Q Miss Graf, could ygu fill in for me some-
thing from your resume I did not understand.
Can you tell me what you were Jloing
between 1975, when you received your Ph.D,, and 1977,
when you became Assistant Professor in the Department
of Geology at the University of Illinois?
A I was sitting at the University with no job,
no title, preparing my thesis for publication, writing
project proposals, trying to find a job.

Q Were these project proposals for the USGS?
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A No, just my own, trying to decide if I had
all the money I could want and all the equipment I
could want, what is it I would like to work on, and
how would I go about working on it.

Q But you did continue working in the field
through that period?

A Yes.

(Graf-Monsanto Deposition

Exhibits Nos. 7 and 8 marked

for identification, 2/16/81, TLU.)

BY MR. SHAPIRO:

Q I would like to show you what has been
marked as Graf Exhibit 7.

Would you read that, please.
Have you seen this before?

A I believe this is a proposal that I was
given when I first arrived at the Survey as what had
already been worked up on the project.

Q .But you did not review this before you came
for your deposition today?

A No.

0 Is this the complete proposal that you saw,
that you were presented with at the time that you were

asked to prepare a proposal on the North Ditch?
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A I believe so, but it is guite a long time.

Q This is the proposal from which you prepared
your vroposal, your subsequent proposal for the studies
of the North Ditch that was ultimately sent to US EPA?

A Yes, it is the one to which I added sediment
work.

Q Was everything that was proposed in this
proposal included in your propcsal, as well?

A I would say yes on the basis of the guick
reading I just gave it.

Q Loéking at the cover letter, you did not
participate in the meeting of September 27, 1978

that is referred to in the first paragraph?

A No.
Q Did that occur before you were employed at
UsGs? ,
A Yes, it did.
Q Turning to the first page of the proposal ~

under Objective, it states that the objective of the
proposal is to establish for North Ditch a discharge
and velocity frequency relationship to provide informa-
tion for assessing the potential for sediment transport.
Doe: that statement accurately refléct

the objective of the study as undertaken by you?

Tkea L UrLan

[_ - C.v‘tQ;;ed' Slho'iLaNJ erortw e

134 Scu{L\ La Sa”o Sh‘.t
‘nicag:., l”inei: 60603
3i2 - 782-3332




Graf - cross (Shapiro) 171

A That wculd be half of it,.
Q What would be the other half?
A The other half would be actually assessing

the potential for sediment transport.

Q In the next paragraph under Approach, it
describes the development, says that a theoretical
stage-discharge relationship will be developed.

Was that theoretical stage-discharge
ever developed?

A Yes, that was the relationship that was
discussed in the final report as having been deter-
mined by step-backwater techniques.

Q It was developed for each of the eight sites

or five sites as they ultimately became?

A Yes, it was.

Q It was?

A It is actually one =-- well, yes, it was,
Q It is actually one relationship for the

entire Ditch?

A I believe it is. Step-backwater would give
a water level at any point along the Ditch upstream
from the starting point related to a discharge at the
downstream point, so yes, it would be.

Q Would that method allow it to be plotted as
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a single line on a graph or not?

A Yes.

Q Using the information, the theoretical rela-
tionship for all eight sites, you would still come out
with one single line on a graph that would represent
the theoretical stage-discharge relationship for the
stream?

A No, you would in that way apparently come
up with a different line for each stage station.

0 Turning to the draft report which has been
referred to as a draft report, progress report,
Exhibit 2, Page 6 of that report, Figure 4, is that
the theoretical discharge-stage relationship that
was called for in the project proposal?

A That is a stage, 5 theoretical stage-discharge
relationship developed for the lower reach of the
channel, so it is not for all eight sites or however

many sites, really only one site,

Q For Gage 1?
A Gage 1.
Q Was this stage-discharge relationship that

is in Figure 4 developed by the step-backwater method?
A No, it was developed by the same equations

that the step-backwater method uses, but the step-
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backwater method does more than this in that it uses

a condition at one cross section which is what this

is, to get the conditions at the cross section upstreanm.
Q So the theoretical stage-discharge relation-

ship mentioned in the project proposal is not this

particular stage-discharge relationship but that the

two are developed from the same formula, ultimately?

A Actually the .project proposal doesn't

specify a method for coming up with stage-discharge

relationship, so in the sense, because it is a theo-
retical stage-discharge relationship, it is the same
one.

Q And the theoretical stage-discharge relation-
ship in Figure 4, did you use in drafting that any

actual stage and discharge measurements down in the

Ditch?
A No.
Q So that you used assumed values for develop-

ing this relationship?

A I used assumed values of stage and calculated

a discharge relating to that stage.

Q Using the other measurements that you had

for channel morphology?

A Using channel morphology and bed material
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to give a roughness value.

0 In the second paragraph under Approach in
this project proposal, the proposal says in the
second sentence:

"Discharge measurementswill be made at
the reéording site to establish a stage-discharge
relation and verify or adjust the theoretical rating."

The stage-discharge relation developed
from the discharge measurements, would that be the
stage-discharge relations referred to in the Final
Report that is based on actual measurements in the

North Ditch?

A Yes.

Q Was the comparison ever made or the verifi-
cation or adjustment of the'theoretical stage-discharge
relationship>found in the progress report, was it ever
made with the actual stage-discharge relationship
developed in the final report?

A No. The theoretical rating that Al developed
was checked and adjusted by comparison with the dis-
charge measurements and it was found to vary with
time. The measurement that I made has no time, was a
general discharge relationship developed to apply,

really, to an average section of the lower reach of
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with the model to start with?

A There wasn't enough data to come up with a
reliable model. Ycu can take any one runoff and
rainfall runoff event and plug those values into the
computer and come up with parameters that you would
need to reproduce those runoffs given in that input
rainfall, but one event just isn't sufficient. You
might be able to reproduce that one event, but what
good would that do?

Q Please describe to me what a rainfall runoff
model is.

A Yes., It is a comparison. You input values
of discharge over runoff., You input values of rainfall
that produce that runocff. You use some method of
reconstructing to the hydroéraph from the rainfall
and adjust that reconstruction hydrograph until it
matches the cumputed one and you get out of that
analysis values of a number of parameters which you
can then put back into the model with the rainfall to
compute a hydrograph, probably makes no sense.

Q Let me ask =--

A When you go from rainfall runoff, not all of
the rain that falls on a basin runs off and is found

at the gage. There is a certain loss of rain and what
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runs off is considered the excess rainfall.

So when you talk about rain, the first
thing you have to do is ficure out how much of it
will run off and vou just measure the runoff, that
measure of runocff which is what we do with a gage
and assume that everything that was not picked up at
the gage was lost.

Q But would a rainfall runoff model be an
alternative way of determining discharge for a stream
for any pa:ticular period, alternative to a stage-
discharge relationship?

A Yes., It is a way of predicting flood
hydrographs, with some flood discharges in response to
a rain.

Q Flood because there are periods of precipi-

tation which would increase the discharge of the Ditch?

A Of rain, yes.

Q Floods and rain?

A Yes.

Q What data were you looking at in order to

make your rainfall runoff model reliable?
A Just enough runoff events. The two that we
had for which we had sediment samples had all of the

data necessary. Each of them that had rainfall and
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discharge data, we felt the two in themselves were not
enough to form a calibrated rainfall runoff model.

Q Did you take any steps at the beginning of
the proposal to ensure that you would be able to
develop a rainfall runoff model during the course of
the hydrologic phase of the testing?

A We made sure that the instrumentation and
the samples that we took, measurements of channel
~geometry and roughness were what we needed as input
to install the runoff model. What we couldn't recall
was how many events there had been and whether we |
could be there to sample them, so there was no way
that we could really ensure that we could get the
data.

Q If you had been s&ccessful in developing a
rainfall runoff model, would you be able to predict
from that model the discharge for each of the two

and five and ten-year flood intervals? I am referring

to the --
A Yes, I think I know what you mean.
Q For the record, I am referring to the figures

in the first two columns of Table 1 of Page 11l of the
final report.

A Determining the statistics of flood frequency
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is really a separate kind of analysis. What the rain-
fall runoff model would have allowed us directly to do
i§ to give a known rainfall amount and time distribu-
tion, say we had hourly values of rainfall for a
48-hour period over which there was a storm. We

could take those data with the calibrated rainfall
runoff model and compute the discharge hydrograph.

We could compute the discharge at any time in response
to the rainfall,

Now, as long as you have the rainfall
data, you can use those rain data to predict what thé
runoff response would be, so if you can use it as it
says in this proposal, as long term rainfall data
from the U.S. Weather Service to predict what future
rain distribution would be, fhen you could predict
what the runoff distribution would be.

Q Just to repeat, it would be nother way of
establishing what discharge was over an extended
period for the North Ditch?

A Yes.

Q And it would allow you to extrapolate beyond
to the period of the actual measurement and sediment
discharge for the North Ditch?

A Yes.
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Q Would it be a more accurate way of predicting
discharge than the indirect methods, the other indirect
methods that were used?

A Yes, I think so.

Q How many rainfall events would ycu need in
order to make the model reliable?

A I would say if you had three to five years

of data, you might be able to get a fairly good model.

Q When you say three to five years of.data,
do you mean every rainfall event for three to five ~
yvyears?

A I mean sampling all the rainfail and runoff

for three to five years in hopes that you would get
every year, three or four models that you might be
able to use.

When I said earlier that one of my
projects is calibrating rainfall runoff models or a
large number of gaging stations in the state, we don't
look at a station unless it has 10 years of record
because we don't believe it will give us enough floods
of significance that are good for modeling, that are
reasonable models to be worth the effort of looking at
them.

Q You testified earlier that many of the projects
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or most of the projects that USGS runs extend from
two to five years. Is one of the reasons for that
that it permits the USGS to develop a rainfall runoff
model for the particular project?

A We do a lot of things which don't involve
rainfall runoff modeling, but because most of our work
does involve field work which involves sampling events
which are rare and equipment that fails and personnel
that come and go, you need several years in order to
get a good sampling of whatever it is you are trying
to measure.

It takes actually much of the first year
often to get the plan, order the equipment, get it put
in and *takes most of the last year to write the report.

Q But would it be fair to say that in this
case, you lack the more reliable method of rainfall
runoff model because of the shortness-or the brevity
of the study period?

A Yes.

Q In the last paragraph on Page 2, there is
reference to a velocity-discharge relationship that
is to be computed which I believe is also mentioned in
Exhibit No. 1.

Was that velocity-discharge relationship

ever developed? Tree L. Urban
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A No.

Q Can you tell me what a velocity-discharge
relationship is?

A It would be a plot or an equation relating to
mean velocity at a given cross section with a dis-
charge at that cross section. When you make a dis-
charge measurement, you are actually measuring the
real velocity and you are computing the discharge by
multiplying the times of square times the flow.

Q So if you had a velocity-discharge relation-
ship, you could determine from the velocity what the

discharge of the stream was?

A You could, but you would never get discharge
that way.

Q Why not?

A It is easier to get it from a stage-discharge

relationship and a stage is much easier to measure
than either of those other things.

Q Would it be an alternative way of determining
discharge if the stage-discharge relationship were not
reliable?

MR. HYNES: Were not reliable in terms of what?
Inherently unreliable or because of malfunctions in

equipment or something like that?
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BY MR, SHAPIRO:

Q If you could not develop a reliable stage-
discharge relationship because of physical conditions
in the stream.

A No, because the velocity and discharge, you
would have to measure one or the other and the whole
point of having a stage recorder and getting stage-
discharge relationship is so that there will be some-
thing there recording the values when you are not
there. So that vou wouldn't have to just have somebody
there continuously measuring the discharge.

0 And that could not be done for velocity?

A Velocity isn't rmeasured by guantity. You are
actually measuring velocity at many points in the
stream in order to get the discharge. There is no
way you can measure the mean velocity at a cross
section with something that could sit there and do it
while you were not there.

There are ways you could measure the
point velocity, but I don't know of anybody that does
that.

Q In other words, it would not be useful to
know, in other words, if you had measurement of velocity

at, say, Gage 1 in the North Ditch, it would not be
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possible to predict from that on the basis of velocity-

discharge relationship the discharge that is occurring

through Gage 1, at Gage 17

A It wouid be, but I don't see any reason to
do that.
0 Can you tell me why the proposal called for

the development of a velocity-discharge relationship?

A No.

Q It would serve no purpose?

A None that I know of.

Q Would you look at what has been marked as

Graf Exhibit No. 8.

A Yes.

Q Before I ask you some questions about it,
I have a couple more questiohs about Graf Exhibit 7,
the proposal.

That velocity-discharge relationship
that is mentioned in Exhibit 7 is also called for in
Graf Exhibit 1 in Paragraph 2(a).

A Yes.
Q Do you know who requested that the velocity-
discharge relationship be included as part of this

agreement?

A I don't know. I would guess that it came from
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a proposal included in Exhibit 7, which was apparently
written by Larry Martens.

Q Do you know if this velocity-discharge
relationship was also called for in the final agree-
ment between the USGS and.the US EPA?

A I don't know, but I suspect it was.

Q Do you recall in reviewing this agreement
whether you ever questioned the reasons for proposing

that a velocity-discharge relationship be developed?

A I don't remember questioning it.

Q Do you recall anybody gquestioning it?

A No.

Q Also in Graf Exhibit 7 in the first paragraph

under the Approach, the first page of the project pro-
posal, there is a reference‘to a statement that total
organic carbon will be determined for the sediment
samples.
Can you tell me whether that determina-
tion was made?
A It was not.
Q It was not.
Was it included in the final agreement
between the USGS and the US EPA?

A I don't believe so,
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Q So that that determination was not made by
anyone?

A Was not made hy the USGS,

Q Do you know whether it was made by anyone
else?

A I have never heard anyone mention it.

Q Could you tell me whyv you would want to know

the total organic carbon?

A No.

Q Graf Cxhibit Wo. 8, have you ever seen this
before?

A I believe this is at least a draft of the

proposal that I wrote up.

Q Do you know whether this is the final pro-
posal that you wrote up?

A I think so.

Q If there we.e another draft or a final edition
of this one, it would be in the folder that you have

kept on this particular project?

A It isn't in anything that I have.
Q Would it be anyplace else in the USGS?
A If there were another draft, it would be on

file in our office someplace.

Q Mr. Noehre's file?

T.Leo L Ur'oan
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A Probably in the District Office files, Larry
Toler.

Q So Mr. Toler would have a file that would
contain this?

A Yes.

Q Is that file an OMC file or just a general
file of proposals?

A I don't know how he organizes the file.

MR. SHAPIRO: I think we would like to take a
look -~
MR. HYNES: It has already been asked for here,

No. 3, Toler proposal file.
BY MR. SHAPIRO:

0 This is the proposal that you recall drafting
as a supnlement to the proposal that is marked as
Graf Exhibit 7?

A Yes.

0 It adds to the origiral proposal, a proposal
for actual sampling at the site?

A Yes,

o) As well as the means of developing a theoretical
prediction of sediment discharge for the North Ditch?

A Yes.

Q On Page 2 of this proposal, the last sentence,
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you say bed material size distributions, channel cross-
section profiles and water surface slope measured during
flow events can be used in the Einstein bed~load function
(Einstein, 1950) to estimate the sediment discharge for
a given water discharge.
Did you select the Einstein bed-load

function as the means to estimate sediment discharge?

MR. HYNES: You mean in the final or in this

draft proposal?

BY MR. SHAPIRO: ~
Q In the draft.
A Yes.
0 Was the reason that you chose the Einstein

bed-load function that it was the best well-founded
bed-load function availableé

A It is the one with which I was most familiar.
It is the one tha: attempts to consicer the physical
processes that are occurring.

Q One of the reasons it is the best well-founded
bed-load functions is that it considers the inter-

relationship of various grain sizes?

A Yes.
Q Can you describe what you mean by that?
A Most bed-load functions are designed to show,
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calculated separately for grain sizes considering that
each size range acted independently.

His function does ﬁhat but in addition,
it uses, incorporates a factor for roughness of the
bed. which is taken from the actual grain size distri-
bution and then it considers the hiding of smaller
grains by shielding smaller grains by larger grains,
by using a laboratory-determined hiding factor,
shielding factor.

Q So that in other words, some of the smaller
grains would not bLe taken up into the discharge be-
cause they are protected by the larger grains in the
streambed?

A Yes.

Q And the other indirect methodsof calculating
sediment discharge do not take that into consideration?

A They assume that each size has egua. prob-
ability of meeting the flow.

Q And the Einstein function is actually closer
to the actual dynamic of what happens in the streambed?

A We don't know. |

0 Is it true that large grains in the sediment

bed do protect small grains?

A In some cases, they do. There is really very

Theo L. Urbon
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little known about the transport of grain size mixtures.
If you get a grain which is just enough bigger that

the flow did move it, the flow could make it roll
across the bed and it wouldn't be hiding. And in

fact, it might cauise more erosions by disturbing little
particles underneath it. But if you get a grain that
is big enough that the flow cannot move it, it might
protect the grains underneath, but it might cause
little eddies around it that might erode, It‘might
protect a certain arount, but it would also increase
erosions at certain points.

The individual phenomena are identified
mostly by flume work, laboratory work, but how they
interact and how those interactions depend on the
flow state is very poorly uﬁderstood. This was at a
time which is quite a while ago, at a time very
innovative because he attempted to consider some of
these phenomena.

Q So you are saying not to the phenomena
doesn't occur but that the precise relationship, the
precise characteristics of the phenomena are not known?

A Yes.

Q Sc what Einstein attempts to do is factor in

those phenomena Ly choosing some values to reflect that

Theo L (Urban
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phenomena?
A Yes.
Q And none of the other functions do that?
A Yes. And he may in fact, by factoring them

in, have overcorrected.

Q At the time you drafted this proposal, you
édid not state that it was necessary to consider any
other bed-load function, did you?

A I didn't state that I would use any others.

Q Then vou were content to stay with the
Einstein bed-locad function?

A Yes,

Q On the n=2xt page, starting at the bottom of
this page but going over to the next page, it states:

"If sufficieﬂt material is collected
at a given discharge, the grain-size distribution of
suspended sediment will be determined. That size
distribution can be used with bed material size distri-
bution, water tenperature, water velocity, and depth
to calculate sediment discharge using the Modified
Einstein Procedure." There is a citation.

Further, it states:

"T?he Modified Einstein Procedure provides

a more reliable estimate of sediment discharge than does

Theo [ Urban
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the Einstein bed-load function, and so would yield a
more reliable sediment rating curve for the total
sediment discharge.”

Was the Modified Einstein Procedure

used?
A iio. Ve never collected enough data to use it.
0 What data were you lacking?
A We had some suspended samples for which we

determined grain csize distribution, but not enough to

provide a basis for those calculations.
Q Is there anything else that you were lacking?
A No. NAll the others could be routinely cal-
culated.
) So the only data that you were lacking were

the grain size distribution.for the bed, enough samples
of grain size to --

A Not of *he bed, of the material that was
being carried.

Q Of the material that was being carried.

Your data for the material that was
being carried were the sediment samples that were taken
on the two storrn events and the three miscellaneous
samples during the course of the six-month period?

A Yes.

Trea L Urban
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How many more samples would vou have needed

in order to have encugh data to use the Modified

Einstein Procedure?

It wasn't that those numbers of samples were
It was the sample collected at each time
icient.

You had to use the samples, the bottle

sampler more times for each sediment sample?

It is also that the flow at those times was

low enough that the amount of sediment being carried

tream was at the low end of any of these

procedures, really.

Even during the storm events?
Yes,
How did you know that?

By looking at the samples and seeing what

! the concentrations were and what the mean velocities

measured with.

Let me ask vou this:
Would you conclude that on the basis of
s that you took that the Modified Einstein

simply could not be used for a ditch of

In the flow ranges that were present during
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the period of record, I would say that was true. It
is not recommended for use at mean velocities less
than a given value which was much higher than those
that we measurecd at the time of the sampling, Partly
the reason for that is the velocities are just, well,
too low to put enough sediment to give a reasonable
sediment samﬁle.

Q Would you have any reason when you drafted
the proposal that you would be able to get flows
i high enough to use the Modified Einstein Procedure?

A I hoped that we would get flows high enough
to use it, yes.
| MR. HYNES: Off the record.
i (Mr., dynes conferred with the
i ' witness and Mr. Phelus.)

(Brief recess had.)
MR. SHAPIRO: Would you read the last gquestion
i and answver,
(Record read.)

BY MR. SHAPIRO:

Q But you never did get sediment samples that

A Right.

i

I

i were sufficient to use the Modified Einstein Procedure?
|

‘ 0 This proposal anticipates that it might be
]

f

!
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true that you would not be able to come up with suffi-
cient material to use the Modified Einstein Procedure,
isn't that right?

A Yes.

Q In the absenc2 of such data, the proposal
calls for the development of use of the Einstein
bed-load function estimated discharge and then the
taking of actual sedimernt samples measured during
certain runoff events, those two steps.

MR. HYNES: \’at are you reading, Rob?

MR. SHAPIRO: I am referring to the Einstein
bed-load function a2s discussed in the first paragraph
on Page 2 and then the actual sampling is referred to
in the second paragraph on Page 2.

THE WITNESS: Yes.

BY MR. SHAPIRO:

Q And those were the sole steps called for by
this proposal?

A The first step was to just estimate, in the
first paragraph, estimate the stability of bottom

sediments using the Shield's curve. That was done,

and then using bed material size distribution in channel

cross section, then have water surface slope with the

bed-load function and measured samples.
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Q Now, as part of the measured step, it says,
and I am reading in the micdle of the second paragraph
on Page 2:

"At the time of sampling, depth at the
sampling point, water ternerature and water discharge
will also be measured."

lere those three variables measured?

a In the case of the three samples that were
taken by US EPA people, the water discharge was also
measured, as Qell as sediment samples taken.,

In the case of those that were taken ﬁy
EPA reople during flow events, they did not actually
measure the water discharge. They read the gage to
get the staqge.

The depth at fhe sampling point is measured
as a consequence of taking the sediment samples, that
is what you get when you take the samples,

Q But none of the samples was measured for
water temperature?

A They mav have been. I don't use it,

Q So you have never seen any of the data, any
data that might have been collected on water temperature?

A It might have been on some of the data sheets

that I was given, but I didn't see it to remember it.

Theo L Urban
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You said earlier that as the water temperature

the sediment concentration would increase,

is that correct?

A

Q
increase,

A

Q

A

Q

Yes.

The sediment carried by the stream would
total sediment carried by the stream?
Yes,

Colder water carried more sediment?

Yes,

But you never used any variation in water

temperature in various functions that you used or

developed?

A

Q

A

Q

No.

You just assumed the 20 degree centigrade?
Yes.

What is that, 68 degrees Fahrenheit?
Somzthing close to that, vyes.

That is a fairly warm temperature for a stream

of that sort, isn't it?

A

It certainly would be warmer than I would

expect the water to be in the spring when the biggest

runoff occurs.

Q

Would it reach that temperature through sig-

nificant portions of the summer?
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A I would giess that it would exceed that

temperature at low flow in the summertime.

Q So at high flow you would get a drop in
temperature?

A In the summer that would not be unusual.

) So that at high flow the sediment concentra-

tion might increase for two different reasons, both

the velocity of the stream and the increase in

temperature?
A Yes,
0 Does any of the theoretical calculations

take that into account?

A No. You would have to just make the calcu-
lation separat=z2ly and for different temperatures.

Q In your observation of the North Ditch, was
there anything that would cause the stream to have a
higher temperature then streams that you encounter
normally?

A Hothing that I could tell in my brief visit
there, no.

0 You are aware of the sewer outfall from the
North Shore Sanitary District that is at the end of
the stream?

A Yes.
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Q Is the discharge through an outfall warmer

than it would ordinarily be, warmer than the water in

the Ditch?

A I don't know.

Q There was also an outfall from the OMC
facility, 1s that correct?

A Yes.

¢ Do you know whether the discharge from that

6utfall was of warm water or cool water?

A No.

Q So no measurements were taken of water
temperature from those outfalls?

A Not that I have seen.

Q In the 20 degree centigrade figure, that
was a figure that you said was normal to use in
egquations of this sort?

A It is one of several standard temperatures
for which we made calculations of a lot of things,

Q Standard because it reflects the average
temperature for streams of this sort?

A No. It is standard in a broader sense of
the standard chemical temperature. It is standard in
the sense that it is a temperature at which many

chemical variables are measured.,
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Q So that it bears no relationship to the
actual temperature in the North Ditch?

A Correct.

v

0 If the temperature in the North Ditch were
considerably higher than you would expect normal for
a stream of that sort, would ybu expect the theoretical
relationship to overestimate the amount of sediment
transported by this stream?

A If the temperature were significantly higher
than 20 degrees C.?

Then it would cause all of those lineé
to be too high.

Q Substantially overestimating the amount of
sediment discharge by the stream?

MR. HYNES: Objection'to substantially.

You can answer,
BY THE VITNESS:

Q The amount of the effect would depend on the
temperature difference. The effect of temperature,
even though it is significant, would certainly be a
lot smaller in effect than any change in discharge.

BY MR. SHAPIRO:
Q And stream discharge?

A Yes.
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Q Do you know whether the water in the North

Ditch ever feezes?

A No, I don't know.

Q Is it possible that it does?

A Yes. o

Q Would you expect that it would?

A Yes.

Q During the period when the water in the

Ditch freezes, there would be no sediment discharge,
is that right?

A There could be if all the water in the Ditéh
was frozen, certainly there would be no sediment dis-
charge.

Q And if, say, the surface or a certain distance
from the surface was frozen,.it would lower the level
of sediment discharge for the stream as a whole?

A There could in that case still be sorne flow
underneath the ice that would carry sediment, and
because the water is colder for the same discharge,
it might carry more sediment. But usually under those
conditions, the flow is very low and sediment discharge
is very low.

Q In other words, it is theoretically possible

that the temperature and the decrease in temperature
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allowing, were there to be greater sediment load, might
compensate for the decrease in amount of flow but that
that is unlikely to occur?

A Yes.

Q Was the North Ditch frozen at any time during
the sampling period?

A No.

Q You would expect it to be frozen, I would
assume, during the winter months that were not covered
by the sampling period?

A If it froze, it would be during those montﬁs.
It is possible there was some shore ice about, at the
beginning of the sampling period, but there was not
any when I was tlhere in March, so I suspect it was
not.

Q But you said that you would expect the Ditch
to freeze at some time?

A Yes.

Q And during that period of time when the
Ditch were likely to freeze, the mean daily sediment
discharge could be much lower than it would be over
the éourse of time when there was no freezing?

A Certainly.

Q Wouldn't it then be true that the mean daily
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discharge predicted by the sampling period that you
used would overstate the mean daily discharge for the
Year as a whole?

A Yes, it nmight.

Q And if it were a cold winter, perhaps by
guite alot?

A Yes.

Q You mentioned, I believe, in reference to,
or we discussed in reference to your Exhibit No. 1
a request to deplcy equipment and instruments as
necessary to acconplish the above for the first major
snow-melt of spring, the above being the taking of
data for the three rainfall runoff events or in
anticipation of three rainfall runoff events.

You said, 1 bélieve, that you thought
that the instruments were in place before that first
major snow-melt, is that right?

A That's what I said, yes, but I really cannot
remember very much about how the data in place went
in that, in that snow-melt.

Q Do you recall when the instruments were first
put in place on the OMC property?

A They were, when I began recording{ I believe

it was the 13th of March, the 13th of March,.
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Q And between the 13th of March and 30th of
March, do you recall there was a significant snow-
melt, a major snow-melt in the area?

A I don't recall,

Q Do you recall whether there was a major
rainfall event between the 13th and the rainfall event
that occurred on the 30th?

A I would have to look at the rainfall data.

Figure 3 on Page 5 of the final report
shows that the rain at *he end of the month was the
highest that we recorded for that month, but that
there was some rainfall.

Q During a rainfall event, when there is still
a considerable amount of snow on the ground, would
the discharge for the stream be unusually high for

the stream as a whole during the year?

A Yes.
Q Because of the melting snow?
A Because of the melting snow, because it

would reduce infiltration and, therefore, increase
the runoff to the stream.

Q By infiltration, you mean rain soaking into
the ground?

A Yes.
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Q So that if there were a substantial amount
of snow on the ground at the time of the March 30th
rainfall event, that the measurements for that rain-
fall event might in fact be unusually high for a
particular rainfall event?

A Could be.

Q Does melting snow ordinarily carry an unusual
amount of sediment?

A Do you mean does it cause a higher Sediment
discharge within the stream or does it carry an unusual
amount of sediment from the basin to the stream?

Q The latter.

a I don't have any experience of my own that
discusses that specific thing. Because of the temperature
effect, the water/snow meltoff would be colder, I would
expect it could carry more sediment than runoff with
warmer water. But I don't know. You see, counter-
acting that would be quite a bit of the basin would be
covered by the snow and the ground would be frozen, so
how those would interact, I wouldn't want to guess.

Q Is it likely that snow in the area around
the North Ditch would be likely to contain a lot of
sediment, dirt and other material picked up while

sitting on the ground?

~ Theo L. Urban
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MR. HYNES: You say a lot, a lot in comparison to
what?

BY MR, SHAPIRO:

Q More than jus* sinple rainfall would contain
so that the runcff into the stream could contain more
sediment than simple rainfall would contain.

A No. In an urban area, it looks a lot
sootier. Whether it is that or it is just a fine
layer of soot that would not he considered sediment,
or whether that is grain that you could actually measure
sediment, I don't know.

Q Is there any reason that you can give to
determine what the relationship is between the sediment
that is running off into the Ditch and the sediment
that is car;ied vy the Ditch into its own discharge?

A There is no good way of doing that. That
is one of the really difficult problems of erosion.

Q Looking at the progress report which is
marked as Exhibit No. 2, do you see in the upper right-

hand where it says draft copy subject to revision?

A Yes.
Q Is this in fact merely a draft copy?
A I think this is in fact a draft copy, but

so close to the final as to be almost indistinguishable.
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Q What would the differences be?
A We made some modifications to Figure 1. We
added, that is the progress report, 1 am sorry.

MR. HYNES: if I might, Rob:

' If you know, did your office, do you
Know who put that stamp, draft copy, on there?

THE VIITNESS: I think our office did. And I
cannot remember whether that was because it was a

progress report and the revision would be the final

report, or I suspect that we sent it to EPA before it

had undergone our final approval in Reston. I think

that was what was done. 1 think that was in fact

the final copy of it.

BY MR. SHAPIRO:

Q Were there no revfsions made?
A Ne.
' Q Referring to Ficure 6 on Page 14 of the

| progress report, is the broken line on that graph, the
triangular dots which is referred to as the Einstein

curve, the same Einstein function that was called for

in the proposal that you drafted?
A Yes.

Q And you said that the Einstein curve was the

best well-founded bed-load function?

TL‘C':J L U r‘aor.
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A I said that it was the one which attempted
to most closely model the physical processes that were
going on.

I would not say it was the most, best
well-founded because that would be saying it compared
best with measured values and that would not be true.

Q That was the only function called for by

your proposal, that is specifically mentioned by your

proposal?
A Yes,
0 Referring to the Einstein curve and at the

same time to the final report, Page 11 in Table 1,
which is saediment discharges at Gage 1 for flood peak
stream discharges, can you tell me what the Einstein
curve would predict in the way of sediment discharge
for the two-year flood recurrence interval?

A It is off the scale of the graph, but it

would be very, very low.

0 For the five-yvear flood recurrence interval?
A Again, off the scale.
0 Wlould the same be true for the 10 and 25-year

floor recurrence interval?
A Yes.

Q So the Einstein curve, which was called for
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in your proposal, resulted in sediment discharges at
Gage 1 of very, very, verv low levels for flood
recurrence intervals up to the 25~-year flood recur-

rence interval?

A Lower than the estimate made here, certainly.
p) Low enough to not even register on the graph?
A Well, the graph scales just depend on how

I did. Yes, vou will notice that the scale in this
sediment discharge is pounds per second rather than

pocunds per hour, so there is a factor of 60 given in

that scale and the other scales which is one ccmplicating

factor.
Q You are referring to?
A It is nct -- ves, it is easier to read on

Figure 6 in the firal reporf because those are the
same scale, at least, so if you look up the 40 cubic
feet per second as a one-year flood and it comes out
to being a few pounds per hour as opposed to 1600.

Q So that for the estimated peak discharge,
that occurrence once every 100 vears, that would be a

few pounds per hour carried by the Ditch?

A Cstimated by that method.
9) Estimated by that method.
A Yes.
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and less of the estimated
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And for a flood recurrence interval 25 years

210

peak discharge, that flood

recurrence interval of 20 years or less, that method

would predict also only a few pounds

A

Q

A

Q

called for,

proposal that you Jdrafted would result in a prediction

Yes.

Is that correct?

Yes.

per hour?

So that, again, the proposal specifically

of only, well, less than a pound per

than a pound per hour for any flood recurrence interval

25 years or less?

Q

That is what that equation

Turning to the graph in Acaroglu function --

the method specifically called for in the

hour, much less

would predict.

MR. HYNES: That is also in Figure 67?

MR. SHAPIRO: In Figure 6.

BY MR.

Q

SHAPIRO:

(Continuing.) Can you tell me what the

predicted sediment discharge is in pounds per hour

for the estimated peak discharge for the two~-year

floor recurrence interval?

i\

Q

Something over 10,000,

10,000 pounds per hour?
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A Yes.

Q You said that the Einstein curve would for
the two-year, the estimated peak discharge for the
two-year flood recurrence interval predict less
than a pound per houx?

A (Nodding.)

¥S. OLIVER: Excuse me. What is your answer?
BY THE WITNESS:

A Yes, yes.

BY MR. SHAPIRO:
Q In other words, the graph in Acaroglu curve.

would predict sediment discharge 10,000 times as

great?
A Yes.
Q Is it possible to.tell from this figure what

the predicted sediment discharge would be on the graph
in the Acaroglu method for the 20-year flood recur-
rence interval, the estimated peak discharge of that?
MS. OLIVER: Which?
IMR. SHAPIRO: The 25-year.
BY THE WITNESS:
A It would be possibly -- it is off the graph,
so I would have to get out my calculator and use the

calculator to calculate that.
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BY MR. SHAPIRO:

Q It would be substantially more than 10,000?
A More than that.
Q You said that for that 25-year flood recur-

rence interval, the estimated peak discharge at that
time under the Einstein curve would also be less
than a pound per hour?
A Yes.
Q Again, the graph in Acaroglu curve would
predict discharges of more than 10,000 times as great?
A Yes,

Q Under the Laursen curve for the estimated

A

peak discharge of the 25-vear flood recurrence interval,

can you tell me what the predicted sediment discharge

would be in pounds per hour?

A For the 25=-year?

Q Yes.

A That is in what, is that in Table 1 ~--
1100.

Q So that the Laursen curve would predict

sediment discharge in pounds per hour of more than
1100 times what the Einstein curve would predict?

A Yes.

Q And you said, I think, that all these curves
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would overstate the amount of sediment carried by the
Ditch if the temperature in the Ditch regularly ex-
ceeded the 20 degrees centigrade figqure used in the
calculation?

MR. HYNES: Objection, that is a mischaracteri-
zation.

You may answer.
BY MR. SHAPIRO:

Q You may answer.

A All these calculations if made for a higher
temperature would yield lower sediment discharges.

Q So that even the Einstein curve might over-
state the sediment load or the sediment discharge of
the Ditch?

A In my opinion, the'Einstein curve very
significantly underestimates the sediment load in the
Ditch. There is no way you could make it overstate
the sediment load in the Ditch, in my opinion.

Q But if the temperature value that was used
there substantially understates the temperature in the
North Ditch, even in the Einstein curve, it would
overstate or could?

A If you made a calculation at the higher

temperature, it would yield a prediction of even lower
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sediment discharge, even farther from what happens in
the Ditch, in my opinion.

Q Referring to Page 1l of the progress report,
you discussed earlier with Ms,., Oliver the channel
slope value of ,000399 that was chosen.

Can you tell me what channel slope is?

A It is just the difference in elevation

between two points,

0 Elevation of the surface of the water?
A Elevation of the channel bed.
Q Of the channel bed,.

I am almost finished.

Turning to the final report, you stated
that the first step in this report was to develop a
stage-discharge relationshiﬁ, is that right, or rela-
tion, referring to Pages 3 through 7 of the report?

A The stage-discharge relationship was the
basis of sediment estimates in the sense it was the
first step.

Q It was the first step because you needed it
to go on and make the next calculation?

A Yes.

Q And that stage-discharge relationship was

developed on the basis of measurements that were made
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in the North Ditch over the sampling period, is that

right?
A Yes,
Q Earlier we talked about in the progress

report, Figure 4, which 2l1so plots the stage-discharge

relationship.
A Yes,

Q You said that the stage-discharge relation-

ship that was developed on the basis of actual measure-~

ments was never compared with calculated stage-discharge
relationship,is that right? |

A That is right.

Q And the stage-discharge relationship in
Figure 4 and the calculations are used in the equations

or the functions that Einstein, Laursen, Graf and

.Acaroglu used?

A Yes.
Q Can you tell me how it is used?
A It is probably -- I am trying to think of

something simple.
Q Let me ask you this:
Is it the shear velocity that is used

in those equations drawn from this relationship?

A No.
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used actual stayge-discharge measurements rather than

the purely theoretical one that is shown in Fiqure 4?

A Yes,.

Q But that was never done in this case?

A No.

Q Turning once again to the final report,

Figure 5, that figure plots the actual 20 samples that
were taken in the two storm events and the three mis-

cellaneous periods, is that right?

A Yes.

Q And a regression line is developed from thése
points?

A Yes.

Q Does the regression line place the same

value on each one of those individual points?

A Yes.

Q So that each contributes equally to the final
development of the regression line?

A Yes.

Q Turning back to Page 7 under sediment con-
centration measurements, the second paragraph, it says:

"The variation of sediment concentration

and stream discharge with time for March 30 (fig. 4)

is typical of the responses of small streams with low
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base flows to a high intensity rainfall. The data for
April 11-12 (fig. 4) show a situvation which may be
more typical for this Ditch. During that period,
streamflow at Gage 1 was affected by strong onshore
(upstream) winds which created waves and at times
caused backwater conditions in the Ditch."

By that description, are you referring
to the problem you described earlier with the sand-
bar building up in front of the Ditch causing the water
to backup until it breaks through the sandbar?

A Ho, this was a little different situation in
that there was no flow through the bar into the Lake,
but the winds and waves created, did create a counter
to that flow in the upstream section and this was
only an intermittent phenoménon.

Q So that the water would break up at one
point and then flow, would break up a little and flow?

A | It wouldn't actually break up in the sense
that you would get reverse flow.

Q Water would never flow from Lake Michigan
into the Ditch?

A It certainly would at times, but whether it
did on that occasion or not, that is not specifically

what we meant by that. Backwater doesn't necessarily
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. It just means you get some

causing the stage to rise. VYou

situation and still have flow going in

a downstream direction.

Q

But you said the wav in which the stage-

discharge relationship was developed for Gage 1 was to

take the stage measurements for those times for which

you had actual discharges and compare them in those

periocds?
A

Q

-~

Yes. -

And would those periods include periods in

which there were backwater conditions in the Ditch?

A

Q

It could.

But would those be reflected in the stage-~

discharge relationship that‘you then developed?

A

They would be reflected in the stage because

it would be a rising stage, so yes, they would.

Q

In a case in which there is some backwater,

what would happen to the sadiment in the water while

there is some backwater?

A

That would depend on what happened to the

discharge. If

the

backwater, you could still get an

increase in flow in a time when there was backwater,

backwater condition, in which case if the flow was
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still get increasing sediment

backwater actually obstructed

velocity-discharge what was

discharged, velocity would be decreased so you would

get some sediment deposited.

Q So sediment,
out of the flow?

A Yes.

some of the sediment would drop

0 And that would decrease the amount of sediment

discharge into the Lake?

A Yes.

0 So that the

results that you obtained for

April 11 and 12 show in Figure 4 a generally lower

sediment discharqge than for March 30 when there were

no backwater conditions?

A Yes, they do show that. You can see that

the scale of discharges is different even for the two

graphs.

Q But even taking that into consideration, the
sediment discharge is lower for the April 1l and 12
event?

A Yes, it is. Discharge is lower, yes.

0 And you say in the paragraph I read on Page 7
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that that is a situation which may be more typical for
this Ditch, isn't that right?

A Yes.

Q Because backwater conditions occur with some
regularity?

A Yes.

Q Was any attempt made in the development of
the regression line in Figure 5 to account for the
more typical character of the April 11 and 12 samples?

A No. What can I say? It was accounted for
in the sense that the backwater conditions in addition
to producing a lower sediment discharge, also produced
a lower stream discharge and therefore the whole plot
plotted lower on the graph. Therefore, the whole
point, in other words, it daesn't matter whether the
backwater conditions exist or not. The water discharge
is lower. The sediment discharge is lower.

1f water discharge is higher, the
sediment discharge will be high,

Q If the regression line were developed solely
from the April 11 and April 12 samples, would it look
the same as it does here?

A No. It would have a greater sloping and so

at higher discharges it would predict a higher sediment
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discharge.

0 And vou said a few moments ago that water
sometimes runs from Lake Michigan into the Ditch, is
that right?

A I said I think that there was movement of
water that countered the movement of water from the
Ditch into the Lake. I don't believe I said there was
moving water, moving from the Lake into the Ditch,
because I have no way of knowing that.

e Would you expect that in some instances,

Lake Michigan water would actuallyvy flow into the Ditch

rather than the other way around?

A It might be that there could be circumstances
in which the Lake level would rise to a point where it
was higher than the Ditch level and the bar still in
place and water would percolate through the bar into
the Ditch because of the difference in levels.

There might be a case in which the waves
would be so high they would splash over the bar, but,
and water get into the Ditch in that way, but I would
expect that that would very quickly erode the bar and
the water would rush out.

Q Would the water that rushes over the sandbar

carry with it some of the sediment from the bar?
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MR. HIIYNES: You mean the Lake Michigan water
flowing into the Ditch?

MR. SHAPIRO: Yes.

BY THE WITNESS:

A I wouldn't consider that a significant source
of sediment. I would imagine if it did, it would stay
right there in the stream side of the bar.

The bar, the whole purpose of it is a
constructional feature built by the waves and long
shore currents of the Lake. Therefore, it is made up
of sediment moving in that direction.

BY MR. SHAPIRO:

Q But if there were some kind of sustained

pressure on the bar in the other direction, it could

in fact wash some of that bar into the Ditch?

A I suppose it could.

Q That would be during a heavy storm period in
the Lake?

A By storm, you mean the event that produced

high waves? It could.

Q Can you tell me how high you think the waves
might have to be in order to do that?

A No, I couldn't tell you that.

Q Would a two-foot wave, do you think =--
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MR. HYNLS: Objection. She just said she could

not do 1it.
BY THE WITNESS:

A I have no idea.
BY MR.,SHAPIRO:

Q Turning to Table 2, the values that appear
in the third full column under mean daily discharge
are the values that are developed on the basis of
stage-dischargye relation, is that correct?

A Yes, I think that -~ in fact, I know what ~
Al did to come up with those figures was to take his
hourly discharge estimates for the 24 hours for days
in which there was flow and add them up and divide by
24.

0 When you say days in which there was flow,
are those the days that are represented by values
that appear in the fourth column or peri:ds when there
was flow, periods when there were values in the fourth
column?

A Those are the days which are listed in the
first colunmn.

Q 1 see.

But the values that appear in the fourth

column, are they actual discharge measurements?
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A No. Those are values determined from the
stage-discharge relationship. Those are days which in
addition to being flow, there was something that could
be considered runocff events in that there was a rise
in discharge and a fall in discharge and was able to
pick out a peak. Ones for which there is no value
given would be days in which the flow was rather
steady all day and there was no significant peak.

Q In Column 3, you said that these figures

were the hourly discharge figures for the 24-hour day,

each hour discharging figure added up and then divided
by 24. The values here are then taken and put into
the equations that appear on the composite sediment
curve to give you the sediment loads in Column 2?

A No. What I did td get the sediment load
was to take the hourly values and compute the sediment
load for an hour,Afor that hour, and then add those
for the 24 hours.

Q I think that will explain my question.

Does that explain why it is that for
several different points one mean daily discharge,
there are a variety of different sediment loads that
are predicted?

A Yes, exactly.
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Q Going back for a moment to Figure 4, the
lower of the two gfaphs there for April 11 and 12,
that graph contains measurements of discharge, a
sediment discharge?

A Concentration.

Q Concentration.

So from the concentration and the st%eam

discharge, you could develop the sediment discharge
for those?

A Yes. el

Q That would be the actual sediment dischargé
for that period?

A Yes,.

o) Can you tell me why in Table 2 there is no
sediment discharge listed f&r April 11, which is one
of the days in which you had actual figures for
sediment discharge?

A Well, part of that is included under April
12,

Q So that the figures for April 12 are actual

figures or estimated figures?

A They are estimated figures.
0 That could come from the regression line?
A Yes,
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Q Rather than the actual samples?

A Yes, and I believe, I am trying to remember
talking about this point, I am trying to remember what
the problem there was, and I believe it was just one
of timing that looking at the stage record we could
not definitively pinpoint the breaching of the bar
until what actually became the 12th and yet from the
field measurements, we know in fact it was breached
before that time.

And since all of the other estimates
of load on this were estimates from the stage record
and the regression line, we felt it was inconsistent
to just stick in a couple of measured valdes. It
wouldn't have made much difference in the whole, just
certainly less than 66 pounds which since that is what
was called for in the pounds when you made that part
of that peak, 66 pounds --

Q But the 66 pounds is a calculated load rather

than a measured load?

A Yes.
Q Is the same thing true for the March 30
figure?
A Yes,
Q So that you did not use any actual measurements
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or no actual samples appearing in this column of the

table?
A Right.
Q Turning to Page 3 of the final report, the

first full paragraph, you discussed earlier, it says
that, "Organic debris and finer sediments are found
in the pools."”
What are the pools that are referred

to there?

A That is any of the lower areas of the stream,
both which are indicated as pools on Figure 1.

Q Fiqure 2,

A I'm sorry, Figure 2, and areas in the stream
between Gages 1 and 2 that are deeper than other areas.

Q The deeper area, would there be more organic

material? ’
A There isn't necessarily a 1 to 1 relationship. ~

The gage is merely where the grasses happened to be
growing and where they die. My memory is when I was
there most of the organic material was in the two
deeper pools between Gages 2 and 3 and 3 and 4. That
is because that is where most of the vegetation hap-
pened to be growing at that time. I imagine it would

be something that would depend on what time of year
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the bed looks like when the bed was low and was very
low when I made my inspection. The flow was not strong
enough when I made it at that time to carry very much
sediment. The other is what happens when there is
significant flow in the Ditch. When the flow is de-
creasing,as it decreases it would tend to deposit
materials first in the low areas or pools because the
velocity is less there. That material would stay at
very low flow and be visible in concentrations like
those when I made my inspection in the Ditch.

Then as the flow increased again, that
material would be picked up rather quickly again because
it is finer, in spite of decreased velocity that there
is likely to be around the pools. The velocity would
be lower in the pools than in the riffles, but in a
storm now it would be high enough to pick that material
up.

Q So it would be high enough to pick it up but
it would at least initially be less likely to pick up
the material that was in the pools?

A I think the difference in flow state between
the range in flows that you are talking about is too
small to have that effect shown. Those pools are not

that deep. They are not that different from the rest
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of the channel.

9] But it is true that a large proportion of
the material that is carried as sediment load is sand
énd inorganic material?

A The part that we measured was because we
sifted out the organic material.

Q So you do not know what proportion the
organic material would ordinarily constitute?

A That is right.

Q Did anyone keep a record of how much organic
material was taken out or sifted out of the samples?v

A When I say it was taken out, I mean when we
did the particle size analysis, you can't do thct
with sticks and leaves and things. You pick them
out, really, rather than siff them out, and do the
particle size analysis on what remains, what are the
ineral grains left or if there happens to be shells
or something like that, you include those in the
particle size because they would act as a particle
that was moving along.

In the concentration samples, you get
a weight per volume of water and in that case, anything
that did not volatilize would be included in that.

Q In that calculation?
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A In that measurement.

Q But you would not have any way of determining
from that measurement what the actual character of the
material was that was being transported?

A Richt.

Q So from the actual sediment records of the
sediment samples which are taken, there was no way to
tell what percentage of organic and inorganic material
was 1in the sediment flow, sediment discharge?

A I believe that is true.

Q So that if you had a material that had an
affinity for organic rather than inorganic material,
there would be no way of telling from those samples
whether the sediment that was carried was likely to
have that material attached to it or what the likeli-

hood was that it would be attached to it?

A Yes.
Q And your answver is you could not do that?
A There would be no way from our measurements

to know what was attached to the sediment.

Q Do you know whether anyone else ever analyzed
those samples for organic and inorganic proportions?

A I don't know. I know that EPA took, I

believe, CLPA took samples for their own use at the time

TLeo l_ Url:an
Ce':f;eJ gl\or‘.LanJ erc"{er

|z gg.tk La Salie Stnet
CLQcho, I”Mcif éObOZ’)
312 - 782-333?




Grat - cross (Shapiro) 233
- recdirect

we took samples for our use.

Q Do you know what was done with those samples?
A No.
Q You have never seen any records or results

of thosesamples?
Av No.
MR. SHAPIRO: I have no further guestions.

REDIRECT EXAMINATION
BY MS. OLIVER:

Q I will try to make this very quick.

If you look at Figure No. 1l in your
final report, do you know what the area upstream of
Gage No. 5 was? Do you know what type of area that
was?

A No, I don't know.. I only saw the Ditch from
Pershing Road downstream.

Q When ycu went to the Ditch, when you say at
Pershing Road dovnstream, were you at one or more of

the gages that are reflected on Figure 1?

A I walked all the way from Gage 1 up to
Gage 5.
Q Can you tell me what in your opinion caused

the discrevancy between actual measurements that you

made on discharge from the Ditch and the three theoretical
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models that you thought you could use?

A What is happening physically that makes one
give values closer to what we measure than others, I
can't explain. The range in those calculations and
the fact that one fit and the other didn't is not
unusual compared to sediment calculations from other
streams.

0 Is it usual to have the discrepancy that
you had in this case?

MR, HYNES: You mean the range discrepancy
between the three methods?

1ifS. OLIVER: Yes.

BY THE WITNESS:

A The methods would give values that were closer

to each other at higher flon. Most of them were
developed to bhe used on larger streams at higher flows.
BY MS. OLIVER:

Q We haQe been talking about the North Ditch
as a stream or tributary.

A Yes.

Q Is that an accurate description asAyou use
that word or those words in your profession?

A Yes.

Q Is it typical of streams and tributaries that
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you sample in your work?

A It is not typical of the ones that I per-
sonally sample.

Q What makes it not typical.

A It is a verv urbanized area. It has a
drainage area that is very much modified by man. 1In
that respect it is like many other streams in the
Chicago area or in our urbanized areas.

When I say it is not typical to the
ones I measure, 1t is because I am measuring for
different things. I anm trying to avoid urban areas..
It is certainly smnall in terms of drainage areas, it
is on the small end of the streams that we would
measure for our normal stream gaging stations, although
we certainlyv have measured gquite a few for specific pro-
jects that are on that order, size.

Q Based on your measuremets, it is on the
low side as far as flow is concerned?

A Yes.

Q I do not want to belabor this point, but is
there anything about the North Ditch, the dynamics of
it, anything about it which would cause the problems
you encouptered in coming up with a prediction of what

sediment transport would be in the future?
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A It is a more difficult problem to deal with
because of the interaction of the stream with the
Lake. The problems that we had coming up with values
were more due to the fact that we just did not have
enough time to sample.

Q Do you know what use vour findings or your
conclusions would be put to by the US EPA?

A I know from talking with Jim and George in
the last few days that it was used as a basis for
calculating the amount of PCBs that were getting into
the Lake.

I have never seen those calculations.

Q That was part of the original scope of your
work, at least as indicated in Exhibit No. 1?

A vlas =--

Q with your Agency, wasn't it, to come up with

calculations for the movement of PCBs int> the Lake?

A Which part?
Q Part B, Exhibit No, 1, Part 2(b).
A You are talking about (b) for now? I see

what you nean.
Q The heading , B .
A Yes. We considered our scope to be merely

estimating the potential for movement of sediments.
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We never felt we were concerned with the PCBs at all.
0 Did you feel that you could accurately
develop conclusions or predictions based on the scope

of your work on the project that you undertook and
the determination of the project for the conclusions
on the movement of PCBs into the Lake?

A I am not -- is your question did USGS feel
they were capable of making the calculations or the
estimate of PCBs movements or are you asking can
someone else make that?

Q No. I am asking whether based on what your
project involved and the length of time you had to do
it, whether the USGS felt that it could assess quanti-
tatively the potential for movement of PCB-contaminated
sediments into Lake Michigaﬂ?

A We felt that subject to restrictions stated
in the report itself, we could estimate the potential
for movenent. We could estimate how much sediment had
moved out of the Ditch during the study period.

Q Would that have further complicated your
study, to have determined PCB-contaminated sediments
that moved into the Lake?

A We would have no way of knowing which ones

were contaminated and which ones were not.

Theo I Urban
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Q If that information was given to you, for
example, Paragraph 4 of Part B, could you have accurately
detérmined or made an estimate of the rate of transport
of contaminated sedimerts into Lake Michigan?

A 1 am not sure what particular PCB data
means, but if we had values of PCB, I don't even know
how you talk about it, concentration for the samples
that we measured, we could have come up with a curve
just using the sediment one or related to the sediment
one for transport of PCBs into the Lake and come up
with a calculation like that.

I don't know enough about how PCB is,
what is attached, the variables to know how accurately
that estimate would be.

Ve felt that was not within our afea
of expertise and we did not want to do it.

o) But that determination of PCB transport
would be based upon your transport curve or at least

related to the sediment transport curve that you

developed?
A Yes.
Q So the information in your final report was

developed and calculated by Mr. Noehre?

A Yes.
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Q He did all the stream discharge calculations?
A Yes.
Q In determining the sediment discharge, you

relied to some extent on his calculations for stream
discharge, is that correct?

A' Yes.

Q Are the total sediment discharge figures
that you estimated in your final report and mean daily
sediment figures that you estimated in your final
report low as compared with other streams or tributaries
that you investigated?

A Were investigating? I have never made these
sort of calculations on a stream of this size before
so I have nothing to cocmpare it against. It is
certainly lowver than rost of the values we get for
Illinoisstreams‘because it is very much smaller and
the flows are very low.

Q One final question I think on the report
just so I make sure I understand at least part of this.

On Page 3 at the bottom, you talk about

regression analyses of regional data from gaged sites
in Northern Illinois. Are these gage sites the 103
other places that you talked about earlier?

A Yes,
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Q Do you have a list of all of that data that
you looked at, is that listed in one place?
A It is in the publication that is referred to,

Allen and Bejcek, 1979, which was a USGS publicatioen.

0 You mentioned earlier that about 40 percent

of the surface area was impervious,

A Yes.

Q Does that area contribute suspended solids

to storm water runoff?

A It certainly could.

o) Did you measure at any point whether suspended

solids were entering the Ditch?

A No, we only measured those passing by at
Gage 1.
Q I would like you to look at three exhibits

we had marked and I did not ask you about previously.

Exhibit No. 4 1is called a Protocol

for obtaining rainfall event water samples. Do you

know if that is the protocol that was used for obtaining

the samples on the project at the North Ditch?

A This is the protocol that I saw at one point

at the beginning of the study. That should have been

followed.

Q You did not have any contact with anyone at
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Outboard Marine, did you?

A No.

0 Exhibit No. 5 and Exhibit No. 6 appear to
be sample sheets. Could you identify those?

A I couldn't tell without comparing them
exactly, what ones I have, but they look like the ones
that were sent to me that contain the suspended con-
centrations that I used for the two events.

Q Do you know if this is a USGS form that is
used?

A This was sent to us by the EPA., It doesn'f
look like, it is not a standard form that we use for
any specific thing. It is similar to many Government
forms, but I cannot tell if it is a USGS form.

Q Do you recall when you received those forms
whether all the information in the columns was
completed at the time?

For example, one of the columns, Column
8 says Aroclor 1248 and gives some numerical values
underneath it,

A I think they are as they were sent to me.

Q Wwhat did you use from these charts in making
your calculations ané reaching your conclusions in

your final report?
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A I used the date and the time. Al Noehre
used the gage height to get a discharge and suspended
solids.

Q lave you maintained all the data sheets that

were sent to you?

A Yes,

Q They were in your file?

A Yes.

Q You do not know from just looking at these

whether that is a complete set or covers the period
of --

A I would assume it is because it seems to be
about the right number of sheets and if anything, is
more than I have.

Q Some of these, the'third page on Exhibit No.
5 refers to dates in November of 1979. Do you know

if that was after your project ended?

A Yes,

Q Do you know what these refer to?

A No.

0 Mr. NMoehre would know, I take it?

A I don't think he would. Those were taken by

the CLPA. Our active interest in the project ended

September 30. I don't believe we did any more work
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there except to take out the instruments.
Q In October and November of 1979, the figures
given here for gage height and suspended solids were

not used by you in computing or making your calcula-

tions?
A No.
Q The samples that were taken at the Ditch

were sent to the Iowa USGS Laboratory for analysis?
A The bed naterials, samples that I tbok.
That was sent to the lIowa Laboratory. 1In addition,
some of the suspended samples were sent to the Iowa
Lab.
Q What was done with the suspended solids?
A They were analyzed for concentration and

in some cases, for size distribution.

Q For the same tvpes of things your bed samples

we+re analyzed for?

A Well, the concentrations were used to come
up with sediment discharge and the size was done, we
don't really use those data. We could have used, had
we been able to use the Modified Einstein. In fact,
there it was so little sample they weren't able to
break it down and find size fractions that they could

use.
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- recross (Shapiro)

Who is the person in charge of analyzing the

samples at the Iowa Laboratory?

A

Q

Those samples were analyzed by the EPA,.

The bed samples and suspended solids that

were sent to lowa,

A
offhand.
MS.

ralating

I don't remember the name of the person

OLIVER: Jim, if they have any materials

to the work done on this project, we want to

see those, too.

MR,
THE
the data
be in my
MS.
MR.
MS.

MR.

HYNES: The Iowa Lab's?
WITNESS: They would have, I'm sure, only

sheets that were sent back to me. They would

file.
OLIVER: We asked for Mr. Noehre's file, too.
IIYNES: If Mr. Noehre has one.

OLIVER: Thank you.

SHAPIRO: I have just a couple of clarification

gquestions.

RECROSS EXAMINATION

BY MR. SHAPIRO:

Q
you said

N

These sample sheets that were sent to you,
they were sent by the EPA?

Yes.
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Q That is because the EPA was in charge of
taking the various measurements at the Ditch?
IMR. HYNES: In charge is a poor choice of words.
IR, SHAPIRO: Let me withdraw that,
BY MR. SHAPIRO:
) Was the EPA responsible for analyzing the
sediment sanmples that were taken at the Ditch?
A That were taken by them, yes.
Q Taken by them at the Ditch.
Did those include the March 30 and
April 11 and 12 storm periods and the three miscel-
laneous periods?
A They include the March 30 and April 11 and
April 12 periods, but not the three miscellaneous.
Q Not the three miscéllaneous.
So you received those a period of time

after those eventc took place?

A Yes,

Q From the EPA?

A Yes.

0 And did you make use of the water temperature

calculations on the samples?

A No, I did not, but I am sure it was on there

when I got these, so I would have seen them, and
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contrary to my previous meﬁory, I'm sure I saw them.

0 From the figures that appear on the sample
sheets, you could have calculated mean temperature
for the Ditch?

A I could have, but I don't think it would
have meant very much in terms of sediment transport.

Q Let me ask it this way:

Could you have calculated the three
theoretical methods using the various temperature
values that appear in these sheets?

A Sure.

Q And could you have then developed a composite
curve for each of the three models that would reflect
the sediment discharge for the range of temperatures
in the Ditch?

A You could. You would have an awful lot of
curves by then.

Q But you didn't do that?

A No, I didn't.

What micht have been more meaningful

would have been to, say, average the temperature for

March.
Q For each month?
A For June and something like that. It turns
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out that the one for March would have been close, pretty
close to 20 degrees, in fact the average temperature

looks as though it was pretty close to 20 degrees.

The difference between 19 and 20, 23 and 20, 17 and

20, wouldn't make a significant difference in sediment
transport.
When you get down to the ones that are

6, that or zero, that might begin to make a difference.

MR. SHAPIRO: I have no further guestions.

MS. OLIVER: I have none,

MR, HYWNES: Fine.

(Witness excused.)

FURTHER DEPONENT SAYETH NOT. . .
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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS
EASTERN DIVISION :

THE UNITED STATES OF AMERICA,
Plaintiff,
vs.

No. 78 C 1004

OUTBOCARD MARINE CORPORATION
AND MONSANTO COHPANY,

Defendants.

I hereby certify that I have read the
foregoing transcript of my deposition given at the
time and place aforesaid, consisting of Pages 1 to
247, inclusive, and I do again subscribe and make
oath that the same is a true, correct and complete
transcript of my deposition ;ogiven as aforesaid,

as it now appears.

Julia B. Graf

Subscribed and sworn to
before me this day
of , A.D. 1981,

Notary Public.

Theo L. Urbon
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UNITED STATES OF AMERICA )
NORTHERN DISTRICT OF ILLINOIS )
EASTERN DIVISION ) Ss:
STATE OF ILLINOIS )
COUNTY OF COOK )

I, Thea L. Urban, a notary public in
and for the County of Cook and State of Illinois, do
hereby.certify that JULIA B. GRAF was by me first
cduly sworn to testify the whole truth and that the
above deposition was recorded stenographically by me
and was reduced to typewriting under my personal
direction, and that the said deposition constitutes
a true record of the testimony given by said witnessf

I further certify that the reading
and signing of said deposition was not waived by
the witness and her counsel.

I further certify that I am not a
relative or employee or attofney or counsel of any
of the parties, or a relative or employee of such
attorney or counsel, or financially interested
directly or indirectly in this action.

IN WITHNESS WHEREOF, I have hereunto

set my hand and affixed my seal of office at Chicago,

Illinois, this day of , A.D., 1981,

Notary Public, Cook County, Illinois,
My commission expires December 15, 1983.
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