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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
)

OUTBOARD MARINE CORPORATION
AND MONSANTO COMPANY, )

)
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 the attached correction sheets, and I 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.

/Julia B. Graf

Subscribed and sworn to
before me this /</ day
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Interagency Agrec.Tcnt

Bctv/ccn
U. S. Geological Survey

and the
U. S. Environmental Protection Agency

I. Purpose

The-U. S. Environmental Protection Agency (U.S. EPA), loca'ted at 220 South
Dearborn Street, Chicago, Illinois 60604, needs assistance from the U.S.
3eologic£l Survey (U.S.G.S.), at Champaign, Illinois 61820, in developing
lydrologic and transport information for the North Ditch, a small tributary
;o Lake Michigan located in V.'aukegan, Illinois. This information would
je used in helping to determine the transport of polychlorinated biphenyl
(PCS) contaminated sediment from the Ditch to the Lake. This information
•/ill be used to support the Government's position in a lawsuit, f i led against
:he Outboard Marine Corporation (OKC) in 1,'aukegan, whose discharges allegedly
:?"sed the contamination problem. *

"*. jcope of V.'ork . . •- • ' ' . • ' . . / " ; • • • . ; - . - ' '

A. The U.S.G.S. shall -develop theoretical stage-discharge and velocity- '.
.discharge relationships at eight sites along the North Ditch curing • • ';.
three rainfall/runoff events, involving at least the following: * . . ..• .-'."'
:. 1) four (or f ive) of the eight sites will have staff gauges " • ' ' ' .• '•• '; ' '

installed by U.S.G.S. • . \ • • • ' ' • • '.', ' " ""'>:',"••';'v

2)"the site furthest- downstream will have stage and rainfall ' /•• . ..."
recorders installed by U.S.G.S.-to obtain continuous stage • . ' '."'.
hydrographs and rainfall data. . - • '

3; U.S.G.S. shall ose rainfall and runo'.'f data collected by them
... ; frcm the downstream site to calibrate a mathematical model - : •-, :

v which should yield long term, annual-peak discharges and a .-. ; ."; ;-
' magnit-jde-frequency relationship. . . '•'-.-:•'': -.'?":•:- .'•„•. •'

. " * • " • . " " * . ' . '

~^ ft] M.S.G.S. shell obtain cross section measurements of all eight • ' • . . . ,
•sites with the resultant water surface profiles and shall compute
velocity-discharge relationships at each of the eight sites. • • • • •

5) U.S.G.S. shall place marked poles or poles with washers at'the eight
s i t es to determine degree of sediment deposition or scour. . . •

6) U.S.G.S. shall deploy equipment and instruments as necessary to accomplish
thrv above* before the first major snow-melt of the spring. If snow-melt
ccci/rs before a major rainfall event, an attempt shall be made to describe
or measure quantitatively the flow conditions associated with this melt.

2 DEPOSITION
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B. The U.S.G.S. shall quantitatively assess the potential for
of the PCB-contaminated sedin.ents from the- .North Ditch, involving the
foTlowint,':

«• .

1) an initial estin:atc of bottom stability shall be provided by
U.S.G.S. by obtaining mean or redian grain size end specific
gravity of bed material at no-flov/ conditions and applying
appropriate mathematical models. Surface sediment samples
will be collected by U.S.G.S. 'using hand samplers. Samples
shall be split for analysis by U.S. EPA for total PCB.

2) during each of the three rainfall events to be analyzed, U.S.G.S.
shall n.easure water temperature and v/atcr depth and shall collect
suspended sediments sables from the downstream station (with assistance
fron U.S. EPA) frequently during each event for determination by
U.S.G.S. cf particle size distribution if sample size is sufficient.
U.S. EPA v/ill determine suspended sediment concentrations on duplicate
sanples collected from each vertical.

3) U.S.G.S. shall then plot rating curves for suspended sedirr.ert and
total sediiivent discharge which shall then be used to determine sediment
discharge expected at a tjiven water discharge (using information
gathered in above). . -

4) Usir^g sedi-er.t total PCB data, suspended sediment data, and total and '
partic'jlazs PC3 data, an estii^te of the rate of transport of contamin-
ated sediments into Lake Michigan shall be made by U.S.G.S.'

UJS. £?A personnel shall .collect water san.-ples at three of the sites
for er-alysis by U.S. EPA for total PCC, aqueous PCB,. and total suspended
solids. 5-j2cSt!T£^£Ht and sample collection frequencies for A and B above
shall. i>e b^sed jDjrthe intensity and duration of each cf the three events
to be observed, end shall be frequent enough to accomplish the yoals set
oat siovs. '

s'tc jcon 55 possible when en event 'is to occur,The U-S.S.S. shall fce co
and ic r£s?rr:5-]t»3s fcr ccrrrfin^tinc vritlj U.5, EPA f ie ld personnel when an
ov-::± is to i>s obssry.ed. U,S,w«§» |;cr5onne1 slu.11 ocquoint U.S. EPA personnel
bsfcre tf:s fact wiili Sî cific t.^?.«iUc of wii.H tliry n.uct do for U.S.G.S. in the

s.rrivn 5t tl;£? UUtli f i rst and muit bc;jin work in'.niediately.

A. U.S. C?A
fcr.d erciHy2.8iwT.l-cr 5.«:i;?5js.

pquipiucnt necessary to accomplish

/»nft Pijiiipnicnt necessary to collect
<»f Mi't-1 eight D i tch s i tes for total PCB,
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B. U.S. EPA will provide personnel to assist in the collection of the surface
sediment samples referred to above and will provide sampling devices and
containers for the splitting of those samples for analysis for total PCB by
U.S. EPA. . J . • . :-

. -* • * .

C. U.S. EPA v/ill provide personnel necessary to assist in collection
of the suspended sediment "samples referred to abov.e.

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. personnel shall acquaint U.S. EPA personnel with procedures and
use of equipment on those items above for which EPA-'assistance will
be provided, and shall -specify sampling frequencies and locations and
all other required information needed to accomplish these tasks at the
site. Access to the O'-'C plant site shall be arranged only through the
U.S. EPA unless otherv/ise instructed by U.S. EPA. The U.S.G.S. shall follow
EPA-approved chain of custody procedures when handl.ing all samples.

4. Durst ion of Agreement . • •

This Agreement will begin on the date of execution "or on March 1, 1579,
'whichever occurs first, end will continue through September 30, 1979. This
Agreement may be terminated by either party with a 30-day advance written
'notice. If the Agreement is terminated, the U.S. EPA will provide only
those funds necessary to cover actual expenses incurred prior to tenr.ination.

5. Reports. ' '• : • - ' • " • . ••"." ;- . : ' • ' • • . .• /• ' •-'.; <•

Summary reports including data, observations, and interpretation shall -be
submitted to the Project Officer as soon a? possible following the first
and second events observed, and before May 15, 1979. Availability for
testimony as to procedures" ar.d i.ny results obtained may be necussary by
U.S.G.S. personnel beginning Kay 15, 1979, and availability for witness
preparation and depositions may be needed prior- to that date if data from
an event have been collected by then. . . . . ' . ' . '• •

"A final report shall be submitted as soon as possible after the third event
is observed. It is important that as much of the study results as possible
be prepared and submitted by May 15, 1979. Due to the litigation, it is
Mandatory that all infcreation gathered in this study be kept strictly con-
fidential and discussed only among those directly involved in the work.
In no-event may the results of the PCB levels be discussed v.-ith or divulged
to anyone other than a U.S. employee directly involved in this study.
Information is releasable only through the case attorney, Kaye Jacobs, at
(312) 353-2091. - . ' :
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6. Project Officers

For U.S.G.S., Al Noehre, DeKalb District ' ' . • . :
815-753-'1162

.*

For U.S. EPA, Edward DiDomem'co, Enforcercent Division
FTS-353-2110

7. Funds -

The total cost of the work to be performed is estimated not to exceed $40,000.
-Payment to U.S.G.S. will be en a quarterly basis on Form 1081 (6 copies)
-to U.S. EPA, Region V, Financial Management Division, 230 South Dearborn
- Street, Chicago, Illinois 60-304. Billings will itemize all costs incurred
- during the billing period and cite the nurr.ber of this agreement together
-' with Appropriation No. 68901C5, Account No. 968105NOOO, Object Class No. 2570,
_ and Document Control No. N10172.

• - • -

8. A'-'thority

The basic authority for Interacency Agreen.-ents is the Economy Act of 1932.

"-Environmental Protection Agency U.S. Geological Survey

John KcGuire
Regional Administrator
Region V

Thomas J. Buchanan
Assistant Chief Hydrologist for Operations
Reston, Virginia

Date Date
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'Supporting Information - EPA Order 1C10-A

This Interagency Agreement bctv/een U.S. Environmental Protection Agency
(U.S. EPA) and the U.S. Geological Survey (U.S.G.S.) provides that the
U.S.G.S. develop, with U.-S. EPA participation, a hydrologic profile of
the North Ditch in Waukcgan, Illinois beginning on the dace of execution
of this Agreement or on March 1, 1979, ivhichever occurs first. The.
effort should be completed by September 30, 1979.

The U.S.G.S. has done extensive hydrologic work recently on small tribu-
taries in Northern Illinois under the 203 planning program, and has the
specific expertise and resources, including speciali2ed sampling and analysis
equipment and .instruments, necessary to accomplish these complex tasks.
Their vast experience and predictive skills in the area of rainfall event
analysis would tend to reduce the number of needless and expensive "dry
runs" associated with this kind of effort. Therefore, the work cannot be
done more efficiently and economically by another source. Considering the
above factors, it is in the best interest of the Government to enter into
this Agreement.
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kilogram (kg).
grams per cubic centimeter (gm/cms ).
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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, Illinois,
have been determined from measured cross sections of the channel and groin-sue distribution of
bed material samples, for o water temperature of 20 C. Avenge bed material has a mean grain size
of 0.156 mm and contains grains in sise fractions from 0.0014 mm to 11.2 mm* Minimum dis-
charge required to move this bed material was estimated with an initial-motion criterion applied
independently to each sise fraction of the bed material. According to that estimate, grains in the
0.708 mm fraction and finer are mobile at low discharges in the ditch, those in the 5.66 mm
fraction and coarser are stable for discharge* at bankfuD stages, and intermediate site fractions tcifl
be set in motion as discliarge increases from 0.4 /<*/* to that at bankfuU stage. Sediment loads of

f each sise fraction were calculated for discharges ranging up to the bankfuU stage discharge of
58.5 /1s/*, by three different methods. Total sediment load at bankfuU discharge calculated by the
three methods ranged from 0.036 Ibis to 6.75 Ibis. In the absence of any measured sediment loads,

, 6.75 Ibis can be taken 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, Illinois (figure 1). North Ditch is a small tributary (drainage area
about 0.11 mia ) to Lake Michigan which drains property belonging to the Outboard
Marine Corporation and the North Shore Sanitary District. The project, directed by
Alien W. Noehre, 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 sediment load-discharge relationships for both measured and
unmeasured sediment discharges. Initial results of the project presented here give a
preliminary estimate of the hydraulic properties and sediment discharge characteris-
tics of the ditch based upon measured channel cross sections and grain-size 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 ecdimcnt is transported by steady, uniform flow. The reach used

for the calculations should be as straight and as uniform in slope and cross section
as possible. Field 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 weD sorted, gravelly cand (fig. 2). Ripples, an indication of bed-
load transport, were visible in the thalwcg. 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-
stream 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 geometric standard deviation of 2.25 mm.
Other characteristics besides nonuniformity in channel shape and sediments were
found that could affect the transport of sediment. CattaOs and refuse (cans, bricks,
grease clumps) were present on the bed, and a steel retaining wall forms the north
bank along most of the dowiistream section. Cobble gravel was found at the culvert
outlet but did not form a significant portion of the channel area.

t

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) because
measurements of hydraulic variables were not available. Cross-sectional area, A, and
M-etted perimeter, P, were measured graphically from five measured channel cross-
sections for a range of water depths, and hydraulic radius, R, was determined for en
average section from the relationship R = A/P (fig. 3). Mean velocity was calculated
using the above values in the logarithmic velocity equation:

ft) •~ = 5.75 log

where u is mean velocity, u, shear velocity or ̂ SgR', S channel slops, 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
determined from measured cross sections to be 0.000399, omitting the section at
gage 1 because backwater conditions that exist much of the time probably influence
channel slope at that section. A stage-discharge rclationsliip was calculated for the
average section from the area-stage plot and the mean velocity (Q = Au) (fig. 4).
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STABILITY OF THE 1JED MATERIAL

An estimate of the mobility of the bed material was made by applying en
initial-motion criterion to each size fraction of the bed material. This criterion,
which gives the flow conditions at which particles of a given size and density first
begin to move, is based on measurements made under cteady, 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 nl., 1977, p. 511,
513) for quartz-density grains at 20°C. The shear velocities were converted to
hydraulic radius using the relationship u, = •*/ 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
(mm)

11.2

5.66

2.83

1.41

0.708

0.354

0.177

0.089

0.032

(ft/0

0.285

0.190

0.131

0.0886

0.0623

0.0492

0.0426

0.0328

0.0259

R

6.30

2.80

1.33

0.609

0.301

0.188

0.141

0.0834

0.0520

0
(ft'/s)

above
bankfull

stage

27.2

2.6

0.4

below
low flow
condition
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SEDIMENT LOAD CALCULATIONS

Methods

Sediment load calculations estimate the transport capacity of the stream, i.e^
the maximum amount of sediment 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 sediment 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
(1968) and Laursen (1958) have been used to arrive at a preliminary estimate of
sediment discharge for an assumed water temperature of 20*C.

Einstein's bedload function estimates the capacity for transport of bedload and
suspended load for a 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 load equation and assumptions
which permit a link between the two. The equations have an analytical basis, but
require the use of a number of empirical 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 d«$ (grain size at which
65 percent 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 sediment
mixtures. Also, transport capacity is calculated separately for each size fraction of
the Led 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 shielding of smaller grains by larger ones and by the
laminar sublayer. '

The basic bedload equation expresses an equilibrium between the rate of ero-
sion of particles from the bed and the rate of deposition. The probability of erosion
of a particle is assumed to depend upon the hydrodynamic lift on that particle and
its weight. The equation reduces to a relationship between two 'dimensionlcss
parameters,

8
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and

where p. is the density of Eediracnt grains, P the density of fluid, d the grain size
for which load is being calculated, S the slope of the bed, g the gravitational con-
stant, gjj the bcdload transport rate, and R' the hydraulic radius with respect to the
grains. Einstein called the first parameter flow intensity and the second intensity of
bedload transport. To find the bedload for a size fraction, *P is calculated from
measured van atlas, <1> is found from an empirical relation between 4* and <&, and
several correction factors are applied to <3> to given the bedload rate.

The basis of the suspended load calculation 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, Ca, at a
reference level a:

ca

where D is the total depth of flow, z = VB/*CU«, vg is particle settling velocity, K is the
Karman constant (approximately 0.4), and ur is shear velocity. The transport rate
of suspended sediment is given by:

f= J Cudy,

where u is mean flow velocity.

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

— = 5.75 log )
where x is a correction factor and kg is bed roughness, to determine the suspended
sediment load. To obtain a reference concentration, Einstein assumes that the
suspended load is derived from a bed layer, defined as a zone 2 grain diameters
thick, in which bedload transport takes place. The known concentration Ca is taken
to be the average concentration in the bed layer as determined from the bcdload
calculation, and the reference level a is taken to be 2d.
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A unique feature of Einstein's method ifi the division of the total hydraulic
radius into two parts, that -with respect to the grcins, R', and that \vilh respect to
larger-scale bed irregularities, R". The second is assumed lo represent that part of
the flow which IB ineffective in sediment transport because of separation of flow
from the bed caused by bcdforms (ripples and dunes). Craf and Acaroglu (1968)
have devised a total load function which depends on an empirical relation between
two dimensJonless parameters which are very similar to those of Einstein (1950):

* SR

where C 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 (Jy = 10.39 9. ~2'" - In order to make
their relationship applicable to both open channel and closed-conduit 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 instead
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 effectiveness of the
mixing action of the turbulence. A measure of the effective tractive force on a parti-
cle is given by T0'/TC , where 7^' is the shear stress exerted by the flow on a particle,
and TC is the shear stress necessary to initiate motion of that particle. The ratio of
particle size to total flow depth, d/yo, was also found to be useful in the relation-
ship. The factors are related by:

where c" is the mean concentration of sediment, in weight percent. To find c, TQ ia
evaluated according to

li1 A "»u_dm_

° 30 y0

where Am is the mean sire of the total bed material sample and u is the mean veloc-
ity. The critical shear stress, Vc , and settling velocity, vfl, are found from empirical
curves for each size fraction, and f(u^/vfi) from nn empirical relation developed by
Laursen. The volume rate of transport, qg, in ft3 /a, is found from the discharge, Q,
and c,

10
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Sediment load, Gfi, in the lb/F is then fround from qg by the relation GB = 165 o^.

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 sura 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 characteris-
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 effect that those differences have on the
beginning of motion is not well understood. Though the relatively weak cohesive
forces that exist among very fine quartz grains are reflected in the initial-motion
criterion, no attempt is made to consider the stronger cohesive forces that clay
minerals may develop. 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 effect 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 wliich become trapped between larger grains,
and may be decreased 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 each method
makes use of different empirically determined relationships among derived parame-
ters. The result* of the Einstein (1950) and Graf and Acaroglu (1968) methods
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 sediment dJscharges

Grain Size
(mm)

0.089

0.177

0.353

0.708

1.41

2.83

Total load

Discharge
(ftVs)

6.16
26.5
34.8
45.6
58,5

6.16
26.5
34.8
45.6
58.5

6.16
26.5
34.8
45.6
58.5

6.16
26.5
34.8
45.6
58.5

6.16
26.5
34.8
45.6
58.5

6.16
26.5
34.8
45.6
58.5

6.16
26.5
34.8.
45.6
58.5

Sediment Discharge (lb/6)
Graf and Acaroglu

0.274
1.51
1.98
2.66
3.47

0.136
0.744
0.977
1.32
1.72

0.0680
0.371
0.488
0.652
0.853

0.0335
0.182
0.238
0.319
0.418

0.0165
0.0896
0.118
0.153
0.260

0.00812
0.0442
0.0586
0.0776
0.102

0.536
2.94
3.86
5.10
6.75

Einstein

_
_
—
_
—

— _
—
_
—
—

_ —
_
—
—

0.00417

^ ̂
_
_

0.00340
0.0259

*«.

—
_
__
—

_
^

_

j-__

—

__
_

0.00417
0.0301

Laursen

,_,,_

0.170
0.290
0.452
0.724

^^

0.0155
0.0380
0.0866
0.155

w

.

0.00815
0.0232
0.0477

_
__
_
_

0.00667
_
_
'_
..
—

^_

t -__

— ̂

—

0.186
0.336
0.562
0.934
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Figure 5.—Sediment discharge through an average cross section as
calculated by the method of Graf anil Acaroglu (1968).
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Although all three methods can be used for channels with beds having a raia-
ture of grain sizes, only Einstein (1950) explicitly considers the interaction of the
different 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 increases as the grain size decreases.
Einstein (1950) reasoned that on a bed composed of grains with a range of sires, the
probability of erosion of the finer fractions would be decreased because of sliielding
by larger grains and the laminar sublayer. Because Einstein includes a factor to
account for this effect, his method predicts that the largest loads •hill 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 determined
only by comparison of calculated sediment discharge with sediment discharge
measured 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 lb/e)
and the value determined by the method of Einstein (1950) (0.0301 Ib/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 hydraulic or sediment discharge measurements, 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 sediment
discharge of 6.75 lb/6 is predicted 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 mecn 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 larger than 2.83 mm will not be transported in significant
quantities in the ditch.

15
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AN ESTIMATE OF SEDIMENT M O V E M E N T IN NORTH DITCH,
WAUKEGAN, ILLINOIS

By

Alien W. Nochrc and Jul ia B. Graf

ABSTRACT

Stage-discharge and sediment-discharge to stream-discharge relations have been developed for North Ditch,
Waukegan, ]IL, a tmall 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 cun-a for discharge of
both measured sediment and bed material were developed from measured sediment concentrations and by calculation
from three indirect methods. The stream- and sediment-discharge relations were used u-ith 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 450 Ib. Mean daily sediment
load for the 202-day period was 25 Ib; the sediment load for the study period was 5,100 Ib. Peal; stream discharges
estimated by empirical equations for floods of 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals were used with
a bed material transport curve to estimate sediment discharge for these floods. Total bed material discharge for the
same floods is estimated to be 220 Ib/h for the 2-year flood peak and 1,600 Ib/h 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 because of a need for the determination of the rale of
movement of streambed materials into Lake Michigan. North Ditch drains properly belonging to the
Outboard Marine Corporation and the North Shore Sanitary District at Waukegnn, HI. (fig. 1). Data
collection necessary for the study included bed-material samples, channel geometry and slope data,
continuous precipitation and stage measurements, discharge measurements, and sediment-concentra-
tion information. These data were collected from March 13 llirough September 30, 1979.

Channel characteristics, stage record, and stream-discharge measurements were used to develop
a stage-discharge relation for the ditch and to estimate hourly and mean daily discharges for periods
of flow. Corresponding daily loads of sediment were estimated using a transport curve computed
from measured sediment concentrations. Flood-peak stream and bed-material discharges were also
estimated.

The 0.11 mi1 drainage area includes plant buildings, parking lots, roads, railroads, and an
expressway, for a total of about 40 percent impervious surface. The area between gages 4 and 5
(fig. 1) is wooded and grassy and it serves as a disposal site for urban debris. Downstream, cattails





and other vcgclation grow along the ditch. The di lch drains an area of bud fill which i? cornpo.-rd
of sandy material (Willnun, 1971). The ditch iltclf is sin;ill, 3 to 5 feel deep and 20 to 40 fret wide
across the top and is unlincd except for a steel retaining wall which makes up much of the north
bank between gages 1 and 2. A channel profile (fig. 2) shows that the steeper upper reach, between
gages 4 and 5, is separated from the lower reach by three culverts and two pools.

Strcambcd material is composed of sand with some gravel; organic debris and finer sediments
are found in the pools. 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.

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

SURFACE WATER RUNOFF

Field Data Collected

A streajn-stage recorder gage (No. 1), four staff gages (Nos. 2-5), and a precipitation recorder
were installed along a 3,329-foot reach of North Ditch from gage 1 to Pcrshing 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 measured at gage 1 during several storm and low flow periods. Maxi-
mum discharge measured during the study at gage 1 was 5.3 ftj/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, indirect methods were used to develop
the stage-discharge relation (rating curve). Field data were used to verify the computed relation in
the range of the discharge measurements. Water-surface elevations (stage) were computed by the
step-backwater computer program (Shearman, 1976) which is based on Chow's step method (1964).
That method uses the encrg)' equation with Manning's formula to estimate energy 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
Alien and Bcjcck (1979) from multiple regression analyses of regional data from gaged sites in
northern Illinois:
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Figure 3.—Daily values of precipitalion, mean stage, and mean discharge
for the study period at gage 1.
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Q, = 14.7 A0'*98 S0-341 If0 '3 1 3

Qs = 23.8 A0'685 S0-284 If°-25S

Q10 = 29.0 A0'675 S0-305 If0 '528

Q:$ = 37.2 A0-668 S°-32S If0'102 " Si
Q50 = 42.7A0-<64S°-338If0-186 !

Q,oo = 48.0 A0"640 S0-34' If0'112

• |

where Q is stream discharge and the numbered subscript denotes the flood recurrence interval, A is j
drainage area, S is main channel slope, and If is percent impcrviousness. The North Ditch drainage j:
area, slope, and percent imperviousness were 0.11 mi2 , 6.29 ft/mi, and 40 percent, respectively. {

Starting water-surface elevations at gage 1 were developed by the slope-conveyance method ;;

jDalrymple and lienson, 1967) which makes use of Manning's equation. The energy slope used in j
Manning's equation was assumed to be equal to the general slope of the ditch. [

\
Cross-section geometry and Manning's /», additional input values, were determined from field j

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

A culvert rating computer program based 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 geometry, roadway elevation, and roughness coefficients. The culvert rating program ! j
calculates discharge from the continuity and energy equations. Discharge measurements 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. J

Stage was not a reliable indicator of flow at gage 1. A barrier 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 downstream 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 eroded 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 measurement and the highest and lowest recorded elevation before and after the breach-
ing of the barrier bar. Flow into Lake Michigan was observed on days during rapid drops in recorded
stage at gage 1.



Hourly discharges were computed using the recorded stage with the rating curve. The hourly
difchargcs were then averaged to determine mean daily discharges (fig. 3). Discharge could not he
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 percent 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 relations presented in
the progress report were calculated using indirect methods with measured bed slope, grain-size
distribution of bed material, and an assumed water temperature. In this report, data from sediment
concentration samples collected between March 13 and September 30, 1979, are presented, and a
'«. .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 each of three miscellaneous
periods of flow. The samples were collected using the equal width increment (EWI) method (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
at the time of sediment sampling for the three miscellaneous samples.

The variation of sediment 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
period, strcamflow at gage 1 was affected by strong onshore (upstream) winds which created waves
and at times caused backwater conditions in the ditch.

Sediment Discharge Relations

Measured sediment discharge at gage 1 was computed for each sediment concentration sam-
pie and plotted against its corresponding stream discharge (fig. 5). A straight line fitted to the data
using the least squares technique for regression of logarithms of the data is also shown. For compari-
son, the bed material transport relations calculated in the progress report have been replottcd on
figure 6 with the regression line.

Comparison of sediment discharges estimated from each of the four transport curves (fig. G)
reveals that the method of Graf and Acaroglu (I960) significantly overestimates sediment discharge
through the ditch. The difference between the measured sediment discharge data and the estimates



IT
HI

ec
LU
Q.
to

5
2

zuuo

§
txi

to
Q
LU
O
Z
LU
Q.to
to

200

160

120

80

March 30
3 0

2.0

1.0

14 16 IB 20 22 24 02

TIME. IN HOURS

• Concentration

O Discharge

100

80

60

40

20

0

April! 1-12

backwater
conditions

I I I I

1.0

o.e

06

0.4

0.2

20 22 24 02 04 06

TIME, IN HOURS

08

Figure 4.—Sediment concentration and stream discharge
at gage 1 during two runoff periods.

8 '

O
O
LUto
rrin
Q.

LU
LU

CO

O

LU
O
CC<
o

': .

- y
.>v

lJ



10.000 1 I I 1 I I I I I

1000

cc
oa:
c
at
Q.
CO
O

LU
O
CC
<

Ov>
o
r-

U.I

Q
Ul

100 r-

EXPLANATION

Q Event — March 30

Q Event-April 11-12

^ Miscellaneous measurement

Q Stream discharge

Q) Measured sediment discharge

1.0 10

STREAM DISCHARGE. IN CUBIC FEET PER SECOND
»

Figure 5.—Measured scdjmcnt discharge data and calculated
line for North Ditch.

i i i t i i i 11
100

regression



300

Bed material discharge

Measured sediment discharge

1.0 10

DISCHARGE. »N CUBIC FEET PER SECOND

Fijjurc 6.—PrcdJcitivc equations and transport curves for
sediment discharge in North Ditch.

10



of bed material ili>cl»;ir"c bv the Graf and Acaro"hi method is a-?umcd loo Inr^o to he caused onlv
™ * v " «

b\ the unmeasured-sediment discharge, which i? that portion carried between the bed surface and
the lower limit of the suspended-sediment samples — 0.3 ft abo\c the bed. Einstein's (1950) indirect
method estimates bed material discharge orders of magnitude lower than any of tbc measured-
sediment data over the entire discharge range.

The regression equation calculated for the measured-sediment data compares most closely
with estimates made by Laursen's (1950) method. At low stream discharges, measured-sediment
discharges arc higher than those estimated with the Laurscn method. The difference may be caused
by the inclusion of silt and clay sized sediment in sediment samples. That very fine fraction is not
accounted for in bed material transport calculations. At discharges higher than about 13 ft3/s the
Laurscn method estimates greater sediment discharge than does the regression line. The difference
between the two estimates (15 percent at a discharge of 15 flj/s and 66 percent at a discharge of
40 ft3/s) is of the order of magnitude that can be expected for the difference between bed material
c1' *harge and measured-sediment discharge. Therefore, at discharges between 13 and 40 ft3/s, the
L-—rscn equation probably gives better 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
docs not include the unmeasured-sediment discharge, and the upper docs not include the silt and
clay sized sediment that is considered not to be bed material. Because the highest discharge measured
during the study period was about 5 fts/s, no verification of the upper portion of the transport
curve was possible.

Flood peak discharges for six recurrence intervals, estimated from equations by Alien and
Bejcek (1979), were used to estimate sediment discharge at gage 1 (table 1). Because all of the
"Mlmaled discharges are above 13 ft1 /s, the transport curve obtained by Laursen's method was used

- estimate sediment discharge.

TaLlc 1.—Sediment discharges at gage 1 for flood peak stream discharges

Flood Estimated Sediment
e.CU,rrcn" ,PC,ak dischargeinterval difcnarce /iu;i\

(year) (ft'/s) <lb/h>

2 16 250

5 23 520

10 27 710
25 33 1,100

50 36 1,300

100 40 1,600

11
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Sediment Load Estimates

The regression line calculated from the measured iuJimcnl dibchargc was used to estimate
•dimcnt load for each day for which hourly stream discharge values were determined (table 2).

SUMMARY AND CONCLUSlOiNS

Stage-discharge and sediment-discharge to stream-discharge relations were developed by
ulircct methods and direct measurements and used to estimate daily sediment loads in North
Htch for the period March 13 to September 30, 1979. A barrier sand bar at the mouth of the ditch
ffecled the stage-discharge relation. The maximum measured discharge and the mean daily discharge
/ere 5.3 and 1.8 ft3/s, respectively. The transport curve derived from measured sediment concen-
rations, used with hourly discharge values for days of known flow, gives an estimate of 5,100 Ib for
cdiment transported through the ditch during the study period. Of that total, almost one-third was
ransportcd in the month of March. The maximum daily load was about 450 Ib and the average
a oad for the study period was about 25 Ib. Sediment discharges corresponding to flood peak
tream discharges were estimated using a bed matcrialtransport curve developed by indirect methods.
>ed material discharge is estimated to be 250 IL/h at the peak discharge of the 2-ycar flood and
,600 Ib/h at the peak discharge of the 100-year 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 unmeasured sediment discharge is probably insignificant and the measured-sediment
ransport curve (the regression line) probably approximates total sediment discharge. During higher
low periods, the difference between estimates made from the measured-sediment data and the total
euiment discharge will be greater because unmeasured discharge will be significant. At discharges
jgher than about 13 ft3/s, the bed material transport curve calculated by Laurscn's indirect method
ran be used to obtain estimates of sediment 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
jscnarge.

vr
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Talilo 2 . - I>ai ly M-dimcnt |n.iil. nu-ai. < 1 a i l > i l i -
study j . i-riwl, and hour ly

i l a \ s durin- llir
discharge

Date

Mar. 25
Mar. 26
Mar. 27
Mar. 28
Mar. 29
Mar. 30
Mar. 31
Apr. 12
Apr. 13
May 11
June 6
June 7
June 8
June 14
June 15
June 29
June 30
July 4
July 12
July 13
Aug. 3
Aug. 4
Aug. 5
Aug. 6
Aug. 7
Aug. 11
Aug. 23
Aug. 24
Aug. 25
Aug. 29
Aug. 30
Sept. 1
Sept. 4
Sept. 5
Sept. 13
Sept. 14
Sept. 15
Sept. 16
Sept. 17

Total

Sediment
load
(Ib)

56
370
220
260
360
340
12
66
27
230
13
42
21
22
84
450
290
99
51
140
72
170
250
97
96
140
280
30
15
210
24
71
180
130
28
100
45
20

__34_
5,100

Discharge (ft j/s)
Mean daily Peak

0.3
1.5
0.9
1.0
1.4
1.4
0.1
0.3
0.1
1.0
0.1
0.2
0.1
0.1
0.4
1.8
1.2
0.4
0.2
0.6
0.3
0.7
1.0
0.4
0.4
0.6
1.1
0.2
0.1
0.9
0.1
0.3
0.7
0.5
0.1
0.4
0.2
0.1
0.2

4.0-

4.1
4.3

1.1

2.3

1.1

1.6
3.7

2.1

2.1

4.5

1.9
5.2

3.4

4.7

5.3

L

t
:'; 1
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Protocol fcr Obtaining Rainfall Event Water Samples
from

North Ditch at OMC Waukegan, Illinois

Upon notification that a rainfall is imminent in Kaukegan, the ERA team
leader who is on duty (call) will alert the following:

a. The OMC contact (see attached Record of Corr.munication dated 3/7/79).

b. The USGS contacts -

Al Noehre
through FTS operator at 353-4401
815/753-1162 (work)
815/758-5054 (hwie.)

or

TomFisk
through FTS operator at 353-4401
815/753-1162 (work) =
815/758-3304 (hone) f

c. Other member(s) of the EPA team. |
r

The team will proceed to Waukegan and OttC and begin sanpling from the catwalk \
at the U.S. Geological Survey (USGS) flow gaging station on North Ditch. Sampling I
will be performed ct a second sampling station just east of Pershing Road =
on Worth Ditch. If possible, samples will be obtained from a third sampling §
point located on North Ditch as it crosses the beach toward Lake Michigan. 1

Samples obtained at the catwalk sampling point will be t.aken, using ?n ISCO 1
automatic sampler. The intake of the sampler will consist of a stainless =
steel strainer connected to teflon tubing leading to the intake of the pump |

i the sampler. The stainless steel intake should be suspended at midstream
and mid-depth, on the upstream side of the catwalk, in such a way that it
ioes not contact the bottom of the stream. The discharge of the sampler pump,

'ronsisUng of teflon tubing, will be used to fill three 1 liter glass bottles
in rapid succession every half hour. The half hour sampling frequency may
vary dr^c-ndirg on the anticipated rainfall event duration. Ten samples per
station spaced over the whole rainfall event is the goal.

To ensure the integrity cf the samples taken by the ISCO sampler method,
the sampler should be run for at least one minute discharging to the down-
stream side of the catwalk, prior to fi l l ing the bottles each time. Secondly,
a duplicate 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, followed 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 all three stations during any one event.
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Samples collected from North Ditch at the point nearest Pershing Road and
at the beach location should be dipped v/ith a s ta in less steel container of
such a s ize and in such a way that bottom sedir.ents are not resuspended in
the sample. The sampling container should be agitated thoroughly and constantly
as the sanple is poured immediately into three 1 liter bottles. This sampling
should be repeated every half hour. The sampling frequency may vary with the
anticipated duration of the rainfall event, as mentioned above. Again, a
duplicate set of samples should be taken during the fifth sampling of each
event.

Sampling should continue until after the rainfall has ceased and until pre-
raiT stream stage is reached. Temperature and time should be recorded on the
f ield sheets at each 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 annoted to show that one general chemistry sample (white
abel/01 preservative code) and tv/o PCB samples (pink label/03 preservative

code) were collected. One of the two PCB samples should have the word "Sediment'
added to the label under "PCB's" in the middle of the right side of the label.
Additional field sheets can be added as necessary and alf pertinent descriptive
information should be completed on eech sheet. The last sheet for the sampling
station at the U.S.G.S. flow gaging stat ion should include the description of
an empty bottle blank for each event.

Chain of custody sheets should be initiated at the same time that the first
field sheets are prepared. All sample bottles, whether filled or empty, should
be stored in a locked vehicle until they are delivered to the CRL. As bottles
are filled, they should be recapped and a piece of custody tape placed over
the cap-bottle connection such that the cap cannot be removed from the bottle
without brtaking the seel. As usual, all field activities will be performed ac-
cording to strict custody procedures. Any unusual circumstances or changes in
routine procedures shcu'id oe noted in detail on the field sheets or on attach-
ments to the field sheets. y

It may also be necessary to take suspended sediment samples from the catwalk
at. the USGS gaging station for analysis by the USGS. These samples should be
taken using the suspended sediment sampler provided by the USGS. The first
set of samples should be taken 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 staff gage. The relat ive turbidity of the stream water should be ob-
serVed and noted en the field sheet. The greater the turbidity the more
necessary it is to begin sampling.

When sampling is to start, the resusppnded sampler should be taken to the '
deepest, fastest roving point on the ditch cross-section. The sampler should
be lowered 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 sar.pler. The sampler should be lowered and raised at the same
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rate at each of the 3, 4, 5 or 6 vert ical locations marked on the catwalk,
wherever there is enough 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 pushed or angled. As the sample bottles are removed from
the sampler, they should be capped and the appropriate information should be
recorded on the cap. At a minimum, the following should be recorded: date,
tine, staff gage level, temperature, depth on the sampler staff, sampling site
number from the catwalk and type of sample TSS (total suspended solids) or SIZE.
The SIZE sanples shouM be taken only every other time that the TSS samples are
taken. Then, a custody seal should be placed, across the top of the cap and
secured to the bottle.

The sampling should be repated at 6 inch intervals (staff gage readings) as
the stream rises to peak f 1 &v and then falls again to the pre-sampling level.
Also, each time samples are taken at the catwalk, a staff gage reading should
be taken at the downstream end of the culvert which passes under the parking
"•ot access road (the first staff gage upstream of the catwalk).

If problems or questions arise regarding any of the activities listed above,
the team leader should ir,;7>ediately call:

Mr. Roscoe Libby at 312/353-9772 (FTS) - work
or 312/323-3615 (Com) - here

or

Mr. John Kelvig at 612/725-3272 (FTS) - work
or 612/786-3516 (Con) - home
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United States Department of the Interior
X-.IOAI. sruvr.v

P.O. Box 1026
Diampaign, 1L 61820
November 21, 1978

FoffOFFlC-Al USE 0\lV *-
'""———•*"' i-

Mr. Howard Zar"
U.S. Environmental Protection Agency '
Great Lakes National Program Office
230 S. Dearborn Street
Chicago, IL 60604

Dear Howard:

Attached is a supplement to our proposal of October 24, 1978,
concerning transport of sediment in North Ditch, Kaukegan.
I have discussed this with Ed DiDomenico and he is expecting
it.

Also enclosed is a manual on laboratory analysis of sediment.
Ed has indicated your .labors* ory is receptive to doing the
analyses. We will be pleased to work with you on proper
sampling equipment and procedures.

We will be pleased to discuss this with. Ed when he has
reviewed it.

Sincerely yours,

1. G. Tolcr
Acting District Chief

LT:mg

6 c.
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* • • • c M.Y
POTENTIAL FOR MOVEMENT 0!' BOTTOM SmiMliNTS IN Till- NORTH
DITCH, KAUKLGAN, ILLINOIS - SCDIMIJNT SAMPLING PROGRAM

APPROACH: •* . m

An initial estimate of the stability of bottom*scdimcnts of Korth Ditch
• * • • . *
can be made using a Shield's type curve (Miller, et al, 1977) giving flow

conditions at the initial-motion condition for beds of cohcsionlcss grains

of uniform size. In order to use such a relationship, mean or median grain
. *

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

taken at no-flow conditions, and a suitable value for water viscosity at the

time of transport must be chosen. Application of this type of relationship

will yield the lowest flow conditions at which transport of cohesionless

• grains can be expected and will make possible a prediction as to whether of

not transport could take place at flows expected to occur in the Ditch.

Additional measurements of channel characteristics and sediment d'i'scharge

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

determination of the amount of sediment transport expected for a given runoff.

event. Measurements 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 water temperature data to

plot rating curves for suspended sediment discharge and total sediment dis-

charge. These curves can then be used to determine sediment discharge

expected at a given water discharge. Used in conjunction with the discharge

and velocity frequency relationship established for the Ditch from the hydro-

logic phase of the planned program, the rating curves will make possible the

assessment of the potential for transport of contaminated sediments into

Lake Michigan.



'' Bed material can be sampled under no-flow conditions with hand-operated

samplers, and the sampling progr.Tn will include 1) measurement of channel

/ longitudinal profijc by "sounding along the'thalwcg, 2) measurement of cross-

section profiles at each of the eight sections where staff gages arc planned,

3) determination of the areas of the bed, if any, composed of non-crodible

material (hard clay, gravel, etc.) or stabilizing material (aquatic plants,

etc.), and 4) collection of bed material samples of the credible parts of

the bed. The nunber of bed material samples needed depends on the variabil-

ity, of the bed both areally and \fith depth, and the sampling density 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

"the Einstein bed-load function .(Einstein* 1950) to estimate the sediment

discharge for a given water discharge. ' ̂ '• $ £;..-_^ !• '̂ •-:-̂ ^i"'-l£a Cfv1-'/

Depth-integrated ETR suspended sediment samples will be taken at the

downstream station at which water discharge is to be measured during runoff

events. When possible, samples for determination of suspended sediment con-

centration will be taken at a 1 to 3 foot spacing across the channel and at

- frequent intervals during the rising and falling stages. At the time of

_sampling, depth at the sampling point, water temperature, and water discharge

. will also be measured. Suspended sediment concentrations and water discharge

-taken at a number of times during each runoff event for several events will

.-provide the data needed to construct a sediment rating curve for the suspended

-•sediment discharge of North Ditch. If sufficient material is collected at a

; given discharge, the grain-size distribution of suspended sediment will be

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

(UUUG5GG



distribution, water tcmpcralurc, water velocity, and depth to calculate

ecdi'ncnt discharge using the Modified Linstein^Procedure (Colby and JJcr-ibrcc,
* • ' •

JD55). The Modified Einstein Procedure provides a more reliable estimate of
*

sediment discharge than docs the Einstein bed load function, 'and so would

yield a more reliable sediment rating curve for.the total sediment discharge.

References: . .
' • "

Colby, B. R., and Hcmbree, C. H., 1955, Computations of total sediment*

discharge, Niobrara River near Cody, Nebraska: U.S. Geological

Survey, Water-Supply Paper 1357, 187 p.

Einstein, H. A., 1950, The bed-load function for sediment transportation

in open channel flows: U.'S. Department of Agriculture, Technical

Bulletin 1026, 70 p.

Miller, M. C., McCavc, I-. N., and Komar, P. D., 1977, Threshold of

sediment motion under unidirectional currents: Sedinentology 24,

p. 507-528. ' . ' .
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United States Department of the interior
* >.

GEOLOGICAL SURVEY

P.O. Box 1026
'Champaign, JL 61820
October 24, 197S

DEPOSITION
EXHIBIT

""* f~"~~"~-' ' * rlr>'-*/^i»iiv/u U, iviw.. ... ULl:C».L.Y

Mr. Howard Zar .
U.S. Environmental Protection Agency
Great Lakes National Program Office
230 S. Dearborn Street
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 with
luck, we should get the data we need in a reasonable time.

h'e have not been specific about the collection of bottom samples
for size and total carbon analyses and did not include funding
specifically for this. I E.TI not sure if your requirement for
chain of custody of samples applies or if our routine procedures
arc adequate. Ke would be pleased to assist your samplers, if
necessary, ajid perhaps could suggest an analyst.

Jf this meets 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 Chief

LTrr.iv
Enclosure

P,

• J*
o - 1
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PROJECT PROPOSAL . • "%J. „
• • • • • t

POTENTIAL- POR MOVEMENT OF BOTTOM SEDIMENTS IN NORTH DITCH
«•

KAUKECAN, ILLINOIS * . • .

PROBLEM: Polychlorinatcd Biphcnols (PCB's) fron industrial sources have'
• •

accumulated in the bottom sediments pf North Ditch, a small (D.A. = about; '
0.01 ni2) tributary to Lake Michigan in Waukegan, Illinois. PCB's have a

low solubility in water but are kno-.ni to adhere to organics, clays and • T-._-. *•
• Isand, in that order of preference. Resuspension of the bottom sediments. V • '

and downstream movement are a potential threat to the waters of Lake ' j :
• ' •'

Michigan. The U.S.'Environmental Protection Agency has asked for assistance!. '• , vj
* * - * *y*"" \
in providing the hydrologic information necessary to assess the potential- •*•

for rcsuspension and movement of the bottom materials.

OBJECTIVE: To establish for North Ditch a discharge 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 theoretical stage - discharge relation-

ship will be developed, samples of bottom materials will be collected for sire

analyses, and total organic carbon will be determined for the sediment samples.

At four of the eight sites staff gages will be installed and samples will be

collected by USEPA for water quality determinations.

At the downstream site, stage and rainfall recorders will be installed

to obtain continuous stage hydrographs and rainfall. Discharge measurements

will be made at the recording site to establish a stage-discharge relation

and verify or ndjust the theoretical rating.



re1.?.:.•-~'

. . . . 2 -
.

Stream channel cross-sections obtained at all eight sites will be
• . • • . . »

' used to compute water surface-profiles by step-backwater or other indirect
«• .

method. These profiles will be used to develop the theoretical stagc-

dischargc relationship at each site. The stage-discharge relationships

at all eight sights will be adjusted to the.downstream site using measured

discharges at the downstream site. ' .

• Rainfall and runoff data at downstream site will be used to calibrate
•

a USGS rainfall-runoff model. The calibrated model, along with long-terra

rainfall data from the U.S. Weather Service, will be used to synthesize long-

,. term annual-peak discharges. A magnitude-frequency relationship will be

flevelopcd for. the site using the synthesized discharges and the latest U.S.

Water Resources Council Techniques. Discharges for the various frequencies
<

"will be co:rpared to results obtained by regional estimating equations (Curtis,
i

1977, Alien, In review) for consistency of results.

Cross section properties obtained to determine water surface profiles

vill be used to compute velocity-discharge relationships at each of the

eight sites.

• ' |! ' •• <!V|j



/;
Project Duration: Project would be completed during 197p-"fiscal year.

Reports: Open file release of about 30 pages'of data/and interpretation
*• — — -—•—~~—

would be requested. ' * . • .

Personnel: Al Nochre (GS-13) would be project chief. Field personnel

arc available for assistance in the De Kalb Subdistrict. James Culbcrtson

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

consultant on potential transport of bed material. /..itA:&*>&*,

COSTS:

Equipment - Purchase and install $5,000

k- Operation, maintenance an3 surveying
cross sections • 6,000

Analytical including conputer time and
report writing - 9,000

Subtotal 20,000

WOTSC 4,800

District
Costs 10,500

TOTAL $35,400

REFERENCES:

Alien, Howard E. , Jr., and Bcjcek, Richard M. (In review) Effects of
urbanization on the magnitude and frequency of floods in north-
eastern Illinois

. Curtis, G.W., (1977) Technique for estimating magnitude and frequency
of floods in Illinois, U.S. Gcol. Survey Water-Resources Inv. 77-117,
70p.
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IN THL UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION

THE UNITED STATES OF AMERICA,

Plaintiff,

vs

OUTBOARD MARINE CORPORATION
AKD MONSANTO COMPANY,

Defendants

No. 78 C 1004

The deposition of JULIA B. GRAF,

called by Outboard Marine Corporation for examination,

pursuant to agreement and pursuant to the Rules of

Civil Procedure for the United States District

Courts pertaining 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
2iy South Dearborn Street
Chicago, Illinois 60604),

and
I neo 1_ Urban

e'-t'';eJ Shorthand Report

134 SoutL \_a Qoll, S^«t

Qic^go. Illinoit 60603

312 - 787-3332



3-11-81

KAYE,

ORIGINALS TO BE SENT TO GRAF AND BRYSON FOR SIGNATURE,

LINDA

P.S. -WE DID NOT MAKE COPIES OF THESE DEPOSITIONS FOR YOU.
P*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 Enforcement Division
U.S. Environmental Protection Agency
230 South Dearborn Street
Chicago, Illinois 60604),

appeared on behalf of the United
States of America;

MS. ROSEANU OLIVER,
(Phelan, Pope & John, Ltd.
30 North LaCalle Street
Chicago, Illinois 60603),

and

MR. JEFFREY C. FORT,
(Martin, Craig, Chester & Sonnenschein
115 South LaSalle Street
Chicago, Illinois 60603),

appeared on behalf of Outboard
Marine Corporation;

MR. JAMES H. SCII INK,
MR. ROBERT SHAPIRO,
(Kirkland & Ellis
200 East Randolph Drive
Chicago, Illinois 60601),

appeared on behalf of Monsanto Company

\ r\
-ar.J R eporter

j l l ino ic 60601

31? - 782-3332



Graf - d i rec t

(Wi tness sworn . )

J U L I A B . G R A F ,

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-1-o,

Illinois.

Q What is your present occupation?

A Hydrologist with the U.S. Geological Survey.

Q Hov; 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
I nee? |_. Urban

C r i ^^i i i nt-it'iea ohortKond |<eporter

Q.\c.aao. I H i n o i t 60603

312 - 7S2-3332



Graf - direct

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.

Q 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.

Q Who brought the subject up to you?

A My supervisor, Larry Toler.

Q What did you and Mr. Toler discuss doing in

1978?

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 lawsuit 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

I nee? [_. l_Jroan
__________ __________________________________ ———————————— Ge-ti^'ed S^OTt!-ord Reporter

Chicago, Illinois 60603

312 - 787-333?



G r ^ f - d i r e c t 6

of a proposal wr i t t en that described the area and the

problem and what he needed in addit ion to that was a

more detailed plan for f ie ld work and laboratory

j work speci f ica l ly relating to the sediment.
I
I
' So I read the materials that had been

; collected to write that first part of the proposal.
I

: Q Do you know who wrote the parts that were

I already written?

j A No.
i •
! 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?
i
i A That there was need to know the rate of move-
i

ment of sediment in and out of the mouth of the Ditch
i

I and the total amount in a given time and to predict
ti
! future movement.

Q Do you know if the portion which had been

i written before you became involved in the project was
i
j
: done pursuant to the US EPA request for support in

j this lav/suit?
i

A Yes, I'n sure that it was.

~[\-.eo L \Jr\3an

,34 So"'.L \-o S^H. ^
icoo°. I l l i n o i s 60603

31? - 787-333?



Graf - direct

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

Decemoer of 1970 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.

Whether it was December, January, November

of 1978, I don't remember. '78 was mentioned after

the time and then November, December, January. I

don't remember.

Q How is the UGGS 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.
I
j Q What does the Water Resources Division do,

what does that division do?

A We do all things relating to water resources.
J^ L Url»n

________________ ____________ Certified S^or--on^ Reporter

I l l inois 60603

31? - 787-333?



Q We study stream flow. One of the main areas

j of our concern is maintaining a nationwide system of

] stream flow gauging system to collect basic stream

j flow data and analyze it to do statistical work on it
i

to make predictions.

: We do some work with ground water, some

! more in some States than other States, ground water
t

: movement, composition, resources.

Q Since joining the USGS in 1978, 1977?
I

A ' 78.

: Q In '78, what projects have you worked oni
| other than this project?

| A I have two current projects, both basic
i
1 hydrologic studies. One involves measuring average

j velocity for long lengths of streams and dispersion

i characteristics by injecting a dye and following it
!
: downstream, seeing how long it takes to move down-

i stream and how the dye spreads out as it moves.

i Q Are these related to specific streams?iii
j A I am examining specific streams, 10 or 15

j different streams at several different flow conditions,
i
i but the goal is to develop, be able to predict how
I

these things would behave on the streams we have not

specifically measured to so develop regional relationships

TU L I
'10~"^<ana |<eoort«r

\_a SJIe St~«i

o. I l l l n o ' t 60603

312 - 767-3332



Graf - direct

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 with USGS on any

other projects besides the Outboard Marine projects?

A A part of my job is writing proposals, just

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

consultinj on that.

We consult with other people in the

office on their projects quite frequently.

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

I r>eo (_.
>no-t*«jnd Reporter

L" S" He Strwt

. I l l i n o i s 60603

31? - 782-333?



ora l - d i r e c t 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 tern active participation, no con-

tinuing active participation.

Q 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

I hea |_. Urban
n3ia |<eport«T

134 S=>«^ [_a So He Street
Qiicogo. I l l m o i t 60603

317 - 782-333?



G r a f - d i rec t 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 .

I neo |_. tjrocm

l l h n o . t 6C603

312 - 787-3332



Graf - direct 12

Q And Mr. Toler was at the time in November,

December, January; November, December of '78 and

January of '79, Chief of that section?

A Yes.

Q Is he still Chief of that section?

A No, he is now District Chief.

Q Who is now the Chief?

A Larry Balding.

Q When did he become Chief of the Investigation

Division?

A Last spring, March, I believe.

Q March of 1980?

A Yes.

Q Do you report directly to the Chief of the

Investigation Section?

A Yes, Investigation Section.

Q Do technicians who work with you on specific

projects?

A 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
| neo [_. [Jrban

______________________________________________________ Q^ertifiea ^^ortnond |<eport«r ———

154 S»^ L* Soil* St^wt
O'"<3°. IHinoif 60603

312 - 762-3332



Graf - direct 13

Off ice or the f ield o f f i ce .
I

' There is sometimes a need for them to

j work on a project in which case they are assigned by

I
their supervisor.

: Q To work for someone in the Investigation

I Section?

| A Yes.

j Q For example, in the Outboard Marine project,
I
! technicians worked under the supervision of the
i
I
j Investigations Section?
i
j A That is a little different project in that

j Al Noehreis Chief of our Subdistrict Office in DeKalb
ii
I and he was actually the project chief, so the tech-

! nicians worked under his direction.
i
I Q Let us put aside for the moment this spe-
i

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 v;ould give it to my supervisor who now

would be Larry Balding and he would review it and decide
I ne<7 (_. l^JrDcin

__________——————————————————————————————————————— (^.eritr'ea O^o^^onei |T-eporter —

iM Soutk [_a So lie Street

Chicago. |ll.'noir60603

31? - 7S2-J332



Graf - direct 14

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 it is funded and you have an office

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

A Work 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 Division

is appointed the project officer?

A Yes.

Q What does a project officer do with the pro-

posal after it is funded?

A That has been funded, you say?

Q Yes.

A The first stage would be planning the project,

\r\ee [_ (Jrben
C r i c^i i i r™je~t'7'*d ^)- ortr.tfnd |«Ccport*r —

I'linoi'r 60603

312 - 782-333?



G r a f - d i r ec t 15

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 do 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 V7ho writes the report?

A The project chief.

Q Do interim or summary project reports have

to be submitted to someone in the USGS?

| r.eo 1_. LJrtwn
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A 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 In November and December of 1978 when you

received the information from Mr. Toler and he asked

you to write a proposal, you reviewed the parts of

the proposal that had already been written?

A Yes.

Q Could you describe for me what those parts

consisted of, specifically as you can.

A I am not sure I can be any more detailed

than I have been already. It was a fairly general

statement, 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 in the future.

Q Anything else you can recall?

A No.

Q Was there any other material or document that

I "eo [_• Urea"
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you reviewed other than the parts that were already

j written?
i

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. IIYNES: Yes.

BY MS. OLIVER:

Q Were you asked to draft a more detailed pro-

posal?

A

yes.

Q Could you describe for me what specifically

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

sediment aspects of it?

\hec [_. (jrban
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A 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 Did you do that?

A Yes, I did.

Q Did you submit your proposal to Mr. Toler?

A Yes.

Q What happened with the proposal?

A It went through the usual channels and was

approved by USGS.

Q Do you know when that was?

A Not specifically, no.

Q Approximately?

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

yes.

Q Would it have been in November or December

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

in that period?

A Yes.

Q Did Mr. Toler or anyone else review your

draft proposal with you and make any recommendations

or provisions?
I r>eo
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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 wi th 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 prediction 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?

\kea |_. (J^wan
_________ ___________________________________________ C_«T"t|t''*<:' Jhoftnj"ei [<epOTt»r

IM S°"tk L° Soil.

C^nicogo. I Ilinoit 60603

312 - 782-333?



r

A It is in existence in the library at the
I
| University of Illinois where a degree was awarded and
i
i two papers, largely redrawn from that work, were pub-
i
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,
/ i

{ what happened to it next?

] A We discussed with the US EPA problems con-
i
I cerning the initiation of work on the proposal, problems

^-^ t
' like who would actually collect the samples and working
i
j out how the samples would be collected, when we could

V j 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.

0 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

, riea (_. Urbdn
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up with your conclusion of sediment discharge transport?

A First, there was the laboratory analysis.

We needed to do grain size distribution of bed size

materials and cone up with some general description

of bed materials, in terms of specific grain sizes

and distributions of those 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-

quired 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.
\r\ee [_.
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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-
i
j sional variables that contain all the physical para-

•—• i
! meters, that contain the movements of the grains and
i
i the points on the graph are determined in the labor-

_ i

^ i atory with grains of a given size and flow conditions
i
I carefully controlled.

i Q What are the two axes of the graph?
: A One is the dimensional number which is calledi
j the Reynolds number, which is a measure of the flow,

£" ! to describe the flow around the particle, and it is
'C t

\
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

I neci I_. 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. You measure 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?

I nea |_. Urban
^,tri(^ita ^nortf-ona |r-eporte

154 Soutk \_a Sol'* Str»«t

(^.rticoao, IMinoic 60603

31? - 767-3332



G r a f - d i r ec t 24

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 \\?ould move under a given flow in a

ditch.

Q How did you propose going about doing that

in your original proposal?

A I believe I outlined several levels at

which they could 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 amount 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 .
T **e0 ]_. (jrtxtn
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i
Q Did you propose to have measured sediment

j flow samples taken?

I A Yes.

i Q Did you make a recommendation as to which of
|
' the three calculations should be used in determining

the sediment transport?
t

A I'm sure that I intended that they all be
( !

I used.
i
j Q Was there any other part of your proposal
i

; that you haven't told us about?

, A Not that I remember.

' Q You mentioned earlier that this was your
/ " i
V | original proposal. Was that proposal modified or

i
i revised in any way later on?i
i
t A The basic outline of the work, the data re-iii
! quirements and analyses and computations remained the

same throughout. It was reworded and put into contract

i form, mainly.
i
! Q Did you do the rewording of the proposal?

1 A Ho.iii
j Q Who did that?

i A I don't know.
Ii

Q After you submitted your original proposal,

did you make any modifications or revisions to it?
I ^eo [_. 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 of 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?

I ne<? [_. LJrOC"n
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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? s

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 involvinr

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:

I neo |_.
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; A You mean any r iver , any sediment study on
i
j 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 quite 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?
I reo |_ I^Jrban
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A Yes.

Q The field sampling data was done from the

middle of March 1979 through September 30, 1979?

A Yes .

Q The final report was prepared in October of

1979 and completed in December of 1979?

A Yes .

Q Did you prepare the final report?

A With my co-author, Al Noehre.

Q Did you reach some conclusions concerning

sediment transport in the North Ditch?

A We gave an estimate of the amount of sediment

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

total amount and an amount for each date which we

determined flow to have been present in the Ditch.

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

the amount of sediment 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.I
I
i Q What was that conclusion based on?

I A The fact that we did not sample, we were
|

J 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

j for days on which we determined that flow existed and

i 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

I
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?
Tnec? I I Jrban
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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
i; what the movement of sediment would have been at floodii
i peak periods?

j A Rather than other?
i
1 Q Rather than in other periods?
i
j 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

[ ne0 [_• LJ^cxan
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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

I riea [_. Urban
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i

j samples of sediment concentration related to discharge

| of water through the Ditch.
i
'• We used those samples to develop a
i
i relation, in this case it was just a regression equation

! based least squares criterion.

'. Q So you measured 20 events?
I

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

TU* L UT-U
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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
I heo [_. (Jrbcin
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samples.

MR. SHAPIRO:

MS. OLIVER:

BY MS. OLIVER:

Off the record for a minute.

(Discussion off the record.)

Back on the record.

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 sample.

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

Q

The same type of sample.

But it was just done once?

Reporter
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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. IIYNES: 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

I ™° !_• LJrbsin
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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 technique

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 you averaged the samples?

A No.

Q What did the regression 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
I ne<7
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predicting in a sense the average discharge, the average

value of sediment discharge.

So in that sense you can think of it

as a value, so it just gives me a line on a graph that

would allow me to take any given discharge value going

up to the line 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 What does that measure?

A The amount of water passing across a section

in a given period of time.

Q That measures the amount of water of that

one end of the bottle that was lowered int< the North

Ditch?

A No. 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,

to sediment discharge?

A If you get sediment concentration measurements

I nee |_. Ljr°a"
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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
| fieo |_.
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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?

1 neo [_. LJ7*"3"1
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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 the 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?
I neo [_.
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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

Ditch?

Do you recall where that was located in the

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, yes.

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 because the

recorder malfunctioned?

Yes.
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t
i

! Q Was somebody out there from the USGS or thei
; 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
tii
i worked for a day, and then v/orked again when somebody
i
i showed up and saw it working?

A I can't imagine a situation in which a

recorder would do that.i
i 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?
I nea 1_. (^/rban
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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 level 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.
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Q Does someone have the responsibility or did

someone have the responsibility 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 v;hat 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 The 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 nean.

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 V7hat about these other staff gages?

A They are gages that a technician would read

o. i l l incic 60603
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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 amount 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 t-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

MS. OLIVER:

Could you say that again?

Read the question, please.

(Question read.)
TV, !_ !
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I
! BY THE WITNESS:
I
i A Yes.
I

j BY MS. OLIVER:

i Q When you say the estimate that you came up
i
: with was reasonably accurate, could you put a certain

' percentage on that?

; A I wouldn't like to.
i

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
j

: that she would attribute to this estimate of thei
i
i amount of sediment that moved.
i
I You can answer.
II

BY THE WITNESS:

A I am just trying to figure out what kind of

error to express it as.

BY MS. OLIVER:
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Q If it would help to just repeat it, I guess

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 sediment

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 w-juld have

been done for v/hat purpose, to improve the accuracy of

it?

MS. OLIVER: To improve the accuracy.

BY THE WITNESS:

A Under the circumstances, no.

BY MS. OLIVER:

Q Under what circumstances?
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C

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 v/ould 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 based on

the number of samples that were done in this case?

A Do you mean is it common practice to estimate
| neci |_. Urban
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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 an estimate?

A No. If 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?

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?
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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
i
j of the data is very large so that even in many cases

', when you have a very large number of samples, the

j error measured in terms of that prediction of data

| around the line may or may not be significantly re-ii
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 MS. 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 —

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, 90 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 it 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 tine. 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 missing

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

quantities 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
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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 reasons 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,
I nea |_. LJrocin
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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. HYUES : 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 again

what percentage and she is having a very big 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.
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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 j eports 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.

Q What was your involvement during the March

1st 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.
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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.

MR. HYNES: Visit notes.

BY MS. OLIVER:

Q Did 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?
f ne<3 |_. 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 fron 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. Noehre1 s background?

A He is now Chief of our Subdistrict Office

in DeKalb. He is a hydrologist also. He has been at

that office for many years directing the basic data

collection network in the northern part of the State.
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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
I r\eo \ _ . Urban
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Q Did he recommend any revisions?

A No.

Q Did you send it to him?

A Yes.

Q As part of --

A My supervisor sent it to him.

Q Do you know if he talked to your supervisor

about the report?

A I am sure he did not.

Q Do you know why he would send the report?

A Because he has a great deal of experience

in sediment work and we wanted an outside opinion,

I outside the office opinion.
I
j Q But he did not give you any approval or

criticism?
i

A He gave approval.

Q How did he give his approval?

A On a note attached to the paper.

Q What did he say?

A 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.
I r\ea (_. Uroon
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Q What type of things were in the open file

category?

A Short terra 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 working

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.)

'' •«<>
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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

OUTBOARD MARINE CORPORATION
AND MONSANTO COMPANY,

Defendants

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, Chicago, Illinois 60602, before Thea L. Urban,

PRESENT:

MR. JAMES T. HYNES,

MR. GEORGE PHELUS,

MS. ROSEANH OLIVER,

MR. JEFFREY C. FORT,

MR. JAMES H. SCHINK,

MR. ROBERT SHAPIRO.
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J U L I A B . G R A F ,

called as a witness herein, having been previously

duly sworn, was examined and testified further as

f ollov/s :

(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 morning

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.
I r\eo [_.
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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. V«e 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.

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

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

sedimer,tology, is there a recognized margin of error

for determining sediment transport?
I nea [_. LJfCX>n
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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
I ne0 [_.
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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 name 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 we 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 you

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?
I neo I_. Urban
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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
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would be a standard thing to make.

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 at 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 system 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
| nea (_. 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 suggestions 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 version 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
I neo (_. Urban
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C

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 (PCD) contaminated sediment from the Ditch

to the Lake. This information will be used to support

the Government's position in e. 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 assume that at some point in the process

he said that to me. At what point I got it from him
I reo ]_. t_Jrocin

, I Ilinoit 60603

312 - 787-3332



Grat - direct 79

and what point I got it from documents like this that

1 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 were

discussed at the meeting we were talking about, field

techniques.

Q The items listed under A, first of all under

Scope of V7ork, 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.

Was that done, in fact?

I neo [_. LJrt»n
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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 all 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 relationship

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.

Q 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
T L I I I I| nC<? L_- k̂ 'T'DC'n
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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 theoretical

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 not 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.

j Q Did the cross section measurements that you
I
| made in fact check that theoretical model?
!
I A The cross section measurements are just a
i

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?

Reporter
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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 ball 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?
L Url»n
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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.

Q Did you believe that it was an important or

significant step in reaching the conclusions that you

L LM™
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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?
i

j MR. HYNES: Objection, could have made?

I I object to the form of the question,

I 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 felt 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:

Q Did you measure in any way how much if any

I nea l_. Urban
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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.

j Q Do you know who proposed that Paragraph 5
i
i 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?
L L̂ w"!
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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.

Q Did the snow-melt occur before a rainfall

event?

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
I nea |_. LJrcxan
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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, do you know whether the fact of a lot

j 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

I normal year would have been. It certainly would not

have been a necessary result for the higher than usual

snow.

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
I riea [_. t_Jrt«m
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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 It 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
| kco 1_. LJrban
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you fel t 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 quantitative 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. 1?

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
| "«" !_• LJT-ban
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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
i
I 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.
I kea !_•
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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 16.

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, yes.

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 an axis for all

of the indirect calculations and direct methods of

calculating load.
I reo l_
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Q 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

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.

Q Did you make field notes when you went out

to obtain these bed samples?

A Yes.

Q 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.

! nes [_.
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MS. HYHES:

BY MS. OLIVER:

No. 6 .

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, yes.

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

analys is.

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.
i ^e«i |_. Urban
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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

\r\e0 [_. Urban
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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 wns probably an arbitrary

number picked on the basis of judging how many nvight

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 adequate to develop the rain-

fall and runoff relationship that would have allowed

a prediction of future runoff events.

Q Let me ask this:

When you drafted your proposal, did you

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, yes.

Q That was not reachable or attainable because

of the inadequacy of your data?

A Yes.

Q Were there any other goals or purposes of

the study that you could not accomplish?

I Ke0 [_. LJ^cxan
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A No.

Q Did you 'substitute 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 you could do under the cir-

cumstances of the data that you had?

A Yes.

Q Paragraph No. 3 talks about plotting ratingi
j 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
I ne0 [_. l_Jroon
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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 and 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 figure in the report.

I believe it is the figure 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.

ertiped ^jno^t'and |<eporter
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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.

Q 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

I neo |_. Urban
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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 Hoehre 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?
I neo [_.
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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

I hea \_. Urban
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ask if you can identify that.

A Yes , I can.

Q What is that?

A This is a progress report that I wrote some-

time in the spring of 1979.

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.

Q Was this written because of the requirement

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 sa> 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.

Q Are there more than three theoretical models

that could be applied?

A There are many more than three methods for

i 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
| neai |_. I^Jrtxsn
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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 (No response.)

MS. OLIVER: Let me try again.

Let me ask it this way:

BY MS. OLIVER:

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

value 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?

| k
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A Yes .

Q And you got frora 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 indirect

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:

BY MS. OLIVER:

Yes.

You did not?
I nea> [_. Urban
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A NO.

Q Did you come up with any judgment as to

which would be more valid?

A No.

MR. HYNES: Again, you are talking about just on

the progress report?

MS. OLIVER: Yes.

MR. HYNES: Okay.

BY MS. OLIVER:

Q When you completed the progress report, did

you yourself have an opinion of which was the more

valid approach?

A No.

Q In your progress report, you talk about the

total sediment load bankfull discharge. What does

bankfull 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?

A

So that is a very high flow?

Very high flow, yes.

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.

Q 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.

I 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
I neo |_. Urtwn
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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 you 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

I 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.

Q What was the purpose of making the calculations

and using the equations in the progress report?

I rea \_. Urbcm
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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.

Q 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 US 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.
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Q 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 much 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.

Q Unless you are there to check the temperature?

134
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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.

0 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

|nea L- LJ1''*™
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the gages. They were tied into some absolute eleva-

tion by surveying techniques 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 you 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.

I r*eo \_. LJrbon
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Q 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, is that correct?

A Yes.

Q That is not always the case, I take it?

A No. Certainly not in nature.

Q But your calculations and indirect methods

that you used were based on a steady uniform flow?

A Yes.

Q 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 Yes.

Q In reality of the North Ditch, it did not

have a steady uniform flow?

A Probably not.

Q In fact, that was confirmed by the measure-

ments, isn't that right?

A In a sense, most — steady means that the

flow doesn't vary with time, and uniform means that
[ neo L. Urban
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temperature, what other variables exist which make

| the determination of sediment discharge a complicated
!

or difficult thing 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 surface area, so predicting the

movement of cohesive sediment is much harder.

Q Would you classify the sediment to the North
I ne0 [_. LJ7'̂''!
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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. In 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 bed is lower. It is a configu-

ration and is formed by the flow and the areas that

are shallower, there are generally coarser sediment

than the pools.

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.

I nea |_. LJ^oon
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Q And the presence of those pools would indi-

cate to you a stronger cohesive force?

A Ho.

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
f ne0 |_. Urban
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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

a 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.

1 ned [_. l^Jrb<?n
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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 you 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.

| nea |_. Urban
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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 again, 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?

They would just stay there.

I hefl [_. LJr«?n
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Q Was there any determination made to determine

how much of the bed 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 grain size in millimeters across

the top show that 2.83 would be something like 5 per-

cent of most of the bed material.

Q Is that 5 percent of the area of the bed or

5 percent of what? N-

A It would be about 5 percent by weight of

the top few inches of the whole surface.

Q Because only the top few inches are transported?

A Yes.

I Q It is 5 percent of the first few inches?
i
! A Yes.

I Q I have forgotten if I asked you, but when
j ~
i you sent your report, or when it was sent to the US EPA,

did you receive any comments from anyone at the US EPA

about it?

A I don't remember any.

Q Who reviewed it at US EPA, do you know?

A I don't know. We sent it to Ed DeDominico,

I believe.

I neo [_. Urban
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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
i
! have any communications from US EPA people to do other
i
i things or not do things that you were planning on doing?
i
| 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
I
i gives an estimate of sediment movement in the North
t
I

I Ditch.
j
I

; 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.
I r,,ea
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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 terra 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,

i this is the water discharge that was determined from
ii

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.
I ne0 !_•

124 S
I l l i n o i t 60603

312 - 782-333?



G r a l - ±-J l

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 concentration 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, yes.

Q 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

7 L- Ur^n
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future sediment discharge at flood peak discharges,

is that right?

A Yes.

Q

method?

First of all, why did you use the Laursen

A Why did I choose one out of, f rom the other

two that I used?

Q Yes.

A Because it was closest to the measured values

and the range where they overlapped.

Q Is there a way to quantify how closely they

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?
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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

I r,,ea
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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.

j Q Based on what?
I
I A Based on the data set from which the equations

I were presented.

! Q And the data set was what?
I

| A The data set was stream flow data collected
I
i over a great many years from a large number of sta-
i
| 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 am saying that because of the natural

variability of the rainfall and runoff from a particular

Tba L. U7*^"
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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. I

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 nevertheless 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
I neo |_. UrocJn
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A Only that the values that we measured were

so much lower than we predict for a flood of the two-

year recurrence interval.

I Q And your prediction is based on the other

! data base that you had?
i
i A Yes.
i

Q What data base is this?

A USGS data.

Q It is for Illinois?

A For Northeastern Illinois.

Q How many bodies of water are included in

this data base?

A There were, I believe, 103 gaging stations

used.

Q Does that indicate there were 103 separate

bodies of water?

A Yes.

Q 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
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Michigan?

A I don ' t knov/.

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 equations.

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
I (-ea |_. Ur«'n
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j

I phenomena,so the more equations you have, the better

! estimate you are going to get and if you pick out any
i
1 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
i
i values and you come up with measurements, aren't those

| measurements a more accurate measure of what the
f ~ \
*• I situation is from that Ditch than the averages from

, the 103 other streams?

; A If we had 100 years of data, that would be.
Ii
; Q Is that the only way you can accurately tell

! what the flow in the North Ditch would be over a 100-

/ j year period?
* i

j A It is the most accurate way.

j 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:
I "etf [_. l_Jrbcm
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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 about a peak discharge.

BY MS. OLIVER:

Q Do you remember the question?

A No.

MR. HYNES: I'm sorry, could you read it back?

(Question read.)

BY THE WITNESS:

I red [_.
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A Over the range 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 indirect

method might give a better estimate.

BY MS. OLIVER:

Q How can you determine which indirect method

to use if the values may have no relation to what you

are in fact predicting?

A 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

Laursen method.

Q And they may not be reliable at all?

A It is an extrapolation, goes beyond anything

Certified O"ortnond Reporter
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j 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
i
{ water at the North Ditch, around the North Ditch?

I A NO.

i
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 water

effect to the flow in a body of water or not?

A There is little 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

measurement?

A Yes.

Q And you added to this graph the three theo-

retical curves?

I r\\ea
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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.

Q 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 : V.'hat 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
\riea [_. LJrtwn
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predict the flood peak discharges?

A You are talking now about the indirect method

or sediment calculations?

Q Yes.

i A Were used to calculate the flood peak dis-
!
i 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 r»e 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

I r>ea |_. Uroem
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the predictions beyond measured values certainly is.

That is what is done every tine the USGS does a

statistical analysis 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.

Q 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 someone different than the

person making the measurement just go out and do those

calculations all over again to see whether they have

come up with the same answer.

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:

"Streanbed 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

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?
\r\ea [_ (J^0
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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 sedi-

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 a specific measurement or survey

of the impervious surface area?

A I believe he 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 80 percent of sediment

transported is from the North Ditch itself?

A In addition to the impervious area, the

materials that form the area which is not impervious

are sand, they are very permeable, so 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 stage 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 mouth of the Ditch and near Lake Michigan,

is that right?

Q

Yes.

And that sandbar would 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

(_,eT"tifie3 OhoT"^on<> Reporter
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barrier, there would be no flow in Lake Michigan or

sediment transport into 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
[ nea | _ . (Jroori
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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 period?

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 six months.

Q 6 times 30 might be about 180 days?

A About.

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 into Lake Michigan?

A Nothing significant.
I neo l_. l_Jrocm
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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.

Q How about in calculating an estimate of the

amount of sediment moved in the study period?

^trtipea ;2r'O"tn<jnd

134 Soutk La Sail. St^t

O>'co$o. I l l i n o i s 60603
312 - 782-333?



Graf - direct 154

C

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 flowr which is those

days that are listed that are in the table. I took

that sediment rating 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. I 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 all 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.

During 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 not 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 go very quickly, peak, and

then drop off and what you 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
I nea [_. Urban
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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 v/ould assume the average would

be over that hour period?

A Yes.

Q 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
i
i be sure there was flow.
|
I Q In which flow was recorded on your instru-

ments?

Because the flow is not recorded on the

instrument. It is only the stage 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 vou read that back?

THE WITNESS: Maybe I could rephrase it.

MS. OLIVER: Let her read it back and then maybe

I'll have another question.

(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

i 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 could 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?
I rtea |_. l^/rban
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A 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 you the discharge and ultimately, how-

ever you do it, you have to get the discharge for

measured values.

Q But the stage should somehow be related --

A Yes.

Q -- to the discharge?

A Yes.

Q And in this case it was not?

MR. HYNES: In the 25 that were not reported

on Table 2 or whatever it is?

MS. OLIVER: Yes.

BY THE WITNESS:

A Right. They were just periods when we felt

we were unable to say what was going on.

BY MS. OLIVER:

Q 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, is that correct?

A Yes .
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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

equation.

Would you explain 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 taking the higher one

there rather than just continuing the measured line

out is that the measured sediment samples do not

include the sediment carried below a level .3 feet

from the bottom in the bed and at high flow, at low

flows, that amount of sediment is less significant

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 not measured, that is not in-

cluded in the samples that are based on measured samples
I ne<a I _ . (^Jroan
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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. Vie have not sampled the whole load, so we know

that the total amount of the sediment carried is going

to be more than that.

We know from experience with other

streams that the amount of sediment being carried

in that bed layer, in that layer 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
I nea |_. l_JrDe>n
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does consider that load carried near the bed. What it

does not consider is transport of silt and clay-sized

material.
Q But the Acaroglu method does?

A Yes, which would be sampled.

Q Going back to something that came up earlier,

', wasn't your testimony that the reason you used the

I Laursen equation to tack onto the regression line was

I because it was closest to the actual data that was

i measured out of the three theoretical models that you

I considered?

\ A Yes.
Q But there is no way of knowing whether that

1| in fact it is closer or has any significance to the

ii actual transport of sediment from the North Ditch?

i
i A Except judgment.

i
; Q Bu^ what factors are there that lead you to

I1 conclude that the Einstein curve or line would not be

i
'( the appropriate one?
\ A It predicts that there would be no movement

I of sediment over a whole range of flow that in fact

I we did measure movement. We measured movement of the

grain sizes that it predicted. There would be no

movement, so we have field measurements that are inTV.eo L 1>U
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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, it would express

lower sediment loads.

Q Predict lower than what you actually --

A Than what we actually measured which is

reasonable, because 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?

A 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 about those 25 days that

were not measured or they had stage measurements.

MS. OLIVER: That is not what actually happened

though. If this is her opinion, that they were low —

MR. HYNES: Why don't you phrase the question

because I think you tacked on 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
I ne<a |_- Urc«"

_____________________________________________.____________ \_ei"iib«d ^nortnsna |<eport«T

!34 Soutk \_a Sail. 9*»«t

C^cago. Illinois 60603

312 - 787-333?



Grai - direct 167

; low end of the scale, no, that is not what I am talk-
i

ing about.
t

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:

Q 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 period.

Q That is based on what you would expect,

based on your data base from other places and based

on the fact that you missed some sampling days in

this project? ' •

A It is based on the fact that we missed some

days during the project, and the fact that measured

sediment data do not include the bed layer, so we

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.

0 Not for this?

A Mot 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. SHAPIRO: Could we take a couple of minutes?

(Brief recess had.)

CROSS EXAMINATION

BY MR. SHAPIRO:

Q Miss Graf, could you fill in for me some-

thing from your resume I did not understand.

Can you tell me what you were Joing

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?
T^ L Ui-Ui
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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.

Q 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?

I neo 1_. Urban
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A I believe so, but it is quite a long time.

Q This is the proposal from which you prepared

your proposal, 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 proposal, as well?

A I would say yes on the basis of the quick

reading I just gave it.

Q Looking at the cover letter, you did not

participate in the meeting of September 27, 1978

j that is referred to in the first paragraph?

'. A No .i

1 Q Did that occur before you were employed at
!
i 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 reflect

the objective of the study as undertaken by you?

I neo L_. vjrtxarv
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A That would 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

\nea [_. (_Jrban
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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.

Q 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, a 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-

I nea | _ . t_Jrb0n
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backwater method does nore 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 upstream,

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 s tagci-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

I net? |_. l_Jrb<an
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to give a roughness value.

Q In the second paragraph under Approach in

this project proposal, the proposal says in the

second sentence:

"Discharge measurements will be made at

the recording 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

I ^ed [_. Urban
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with the model to start with?

A There wasn't enough data to come up with a

reliable model. You can take any one runoff and

rainfall runoff event and plug those values into the

computer and coine 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 conparison. You input values

of discharge over runoff. You input values of rainfall

that produce that runoff. You use some method of

reconstructing to the hydrograph from the rainfall

and adjust that reconstruction hydrograph until it

matches the computed 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

! ne.i (_. l^jrban
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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 figure out how much of it

will run off and you just measure the runoff, that

measure of runoff 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 particular 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

|<eoorttT
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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 successful 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 11 of the

final report.

A Determining the statistics of flood frequency

I neo [_. Urban
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is really a separate kind of analysis. What the rain-

fall runoff model would have allowed us directly to do

is 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 the

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, then you could predict

what the runoff distribution would be.

Q Just to repeat, it would be inother 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 you 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

years?

A I mean sampling all the rainfall 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.

You testified earlier that many of the projects

I ree< [_. (_Jrbem
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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? ~[[.eo |_ (Jrbr,
ieJ S^tlianel Reporte
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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. 1IYNES: 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 you wouldn't have to just have somebody

there continuously measuring the discharge.

Q And that could not be done for velocity?

A Velocity isn't measured by quantity. 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

I red [_. Urban
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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 1?

A It would be/ but I don't see any reason to

do that.

Q Can you tell me why the proposal .called for

the development of a velocity-discharge relationship?

A No.

Q It would serve no purpose?

7* 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 questions 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

| n
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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 questioning 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 fi,nal 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 by 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 why you would want to know

the total organic carbon?

A No.

Q Graf Exhibit No. 0, 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?

I r\ee |_. t
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A Probably in the District Office files, Larry

Toler .

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:

Q This is the proposal that you recall drafting

as a supplement to the proposal that is narked as

Graf Exhibit 7?

A Yes.

Q It adds to the original proposal, a proposal

for actual sampling at the site?

A Yes.

Q 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/

i<eportor— r,ifi j C;L 4^OI
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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: x-

Q In the draft.

A Yes .

Q Was the reason that you chose the Einstein

bed-load function that it was the best well-founded

bed-load function available?

A It is the one with which I was most familiar.

It is the one thac attempts to consider 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 that 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 be taken up into the discharge be-

cause they are protected by the larger grains in the

streambed?

A Yes.

Q And the other indirect methods of calculating

sediment discharge do not take that into consideration?

A They assume that each size has equa . 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.

Q Is it true that large grains in the sediment

bed do protect small grains?

A In some cases, they do. There is really very

S <•'•••
.c*?0. I ! l : n 0 : « 6C605
31? - 787-333?



Graf - cross (Shapiro) 190

c

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 cause 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 amount, 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 understood. 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 So what Einstein attempts to do is factor in

those phenomena by choosing some values to reflect that

:.J?°. H'^ci, 6C503
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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 then

in, have overcorrected.

Q At the time you drafted this proposal, you

did 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 you were content to stay with the

Einstein bed-load function?

A Yes .

Q On the next page, starting at the bottom of

this page but going over to the next page, it states:

"If sufficient 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, v/ater tenperature, water velocity, and depth

to calculate sediment discharge using the Modified

Einstein Procedure." There is a citation.

Further, it states:

"The Modified Einstein Procedure provides

a more reliable estimate of sediment discharge than does

I \~eo |_. LJrtxin
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the Einstein bed-load function, and so would yield a

more reliable sediment rating curve for the total

sediment discharqe."

Was the Modified Einstein Procedure

used?

A Uo. v;e never collected enough data to use it,

Q What data were you lacking?

A We had sorte suspended samples for which we

determined grain size distribution, but not enough to

provide a basis for those calculations.

Q Is there anything else that you were lacking?

A No. All the others could be routinely cal-

culated .

Q 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 storrr. events and the three miscellaneous

samples during the course of the six-month period?

A Yes.

31? - 78?-333?



Q How many more samples would you have needed

in order to have enough data to use the Modified

Einstein Procedure?

A It wasn't that those numbers of samples were

too few. It was the sample collected at each time

was insufficient.

Q You had to use the samples, the bottle

sampler more times for each sediment sample?

A It is also that the flow at those times was

low enough that the amount of sediment being carried

into the stream was at the low end of any of these

procedures, really.

Q Even during the storm events?

A Yes .

Q How did you know that?

A By looking at the samples and seeing what

the concentrations were and what the mean velocities

measured with.

Q Let me ask you this:

Would you conclude that on the basis of

the samples that you took that the Modified Einstein

Procedure simply could not be used for a ditch of

this sort?

A In the flow ranges that were present during

I rec? [_. Urton
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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 qiven value which was much higher than those

that we measured 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 sample.

Q Would you have any reason when you drafted

the proposal that you would be able to get flows

high enough to use the Modified Einstein Procedure?

7\ I hoped that we would get flows high enough

to use it, yes.

MR. HYNES: Off the record.

(Mr. llynes conferred with the

witness and Mr. Phelus.)

(Brief recess had.)

MR. SHAPIRO: Would you read the last question

and answer.

(Record read.)

BY MR. SHAPIRO:

Q But you never did get sediment samples that

were sufficient to use the Modified Einstein Procedure?

A Right.

Q This proposal anticipates that it might be

e-' r -;-J 3>* c-i-a-'rt l^.
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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 absence 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 sediment samples measured during

certain runoff events, those two steps.

MR. HYNES: That are you reading, Rob?

MR. SHAPIRO: I am referring to the Einstein

bed-load function as 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:

0 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.

I neo |_. LJrDc<n
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0 Now, as part of the measured step, it says,

and I am reading in the middle of the second paragraph

on Page 2:
I

j "At the time of sampling, depth at the

. sampling point, water terperature and water discharge

I will also be measured."

Were 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 well as sediment samples taken.

In the case of those that were taken by

EPA people during flow events, they did not actually

measure the water discharge. They read the gage to

get the stage.

The depth at the sampling point is measured

as a consequence of taking the sediment samples, that

is what you qet when you take the samples. \_

Q But none of the samples was measured for

water temperature?

A They may 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.

O'-vo. P'.nr^ 6C<iC3
31? - 7&1-551?



G r a f - c r o s s ( S h a p i r o ) 197

Q You said earlier that as the water temperature

decreased, the sediment concentration would increase,

is that correct?

A Yes.

Q The sediment carried by the stream would

increase, total sediment carried by the stream?

A Yes.

Q Colder water carried more sediment?

A Yes .

Q But you never used any variation in water

temperature in various functions that you used or

developed?

A No .

Q You just assumed the 20 degree centigrade?

A Yes.

Q What is that, 68 degrees Fahrenheit?

A Somathing close to that, yes.

Q 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?

\._ e'V'oJ •̂'•crtnond
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A I would guess that it would exceed that

temperature at low flov; in the summertime.

Q So at high flow you would get a drop in

temperature?

A In the summer that would not be unusual.

Q 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 .

Q Does any of the theoretical calculations

take that into account?

A No. You would have to just make the calcu-

lation separately 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 thi-n streams that you encounter

normally?

A Nothing that I could tell in my brief visit

there, no.

Q You are aware of the sewer outfall from the

North Shore Sanitary District that is at the end of

the stream?

A Yes.

'«d ot-t-.-J-i epor
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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, is that correct?

A Yes .

Q Do you know whether the discharge from that

outfall was of warn 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

equations 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 Ho. 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.

I ne<5> 1 _ . IJrban
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Q So that it bears no relationship to the

actual temperature in the North Ditch?

A Correct.
V

Q If the temperature in the North Ditch were

considerably higher than you would expect normal for

a stream of that sort, would you 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 lines

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 UITNESS:

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 .

I he<? [_. LJfbori
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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.

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 Ditch

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 sor.;e 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

.*': '-•' ij ^icr'.-a-J Reoorter
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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 months.

It is possible there was some shore ice about, at the

beginning of the sampling period, but there was not

any when I was there 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 v/ere likely to freeze, the mean daily sediment

discharge could be much lower than it would be over

the course of time when there was no freezing?

A Certainly.

Q Wouldn't it then be true that the mean daily

|<eportere-'.ified ;;-.crt
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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 night.

Q And if it were a cold winter, perhaps by

! quite a lot?
I
I A Yes.
I

Q You mentioned, I believe, in reference to,

or we discussed in reference to your Exhibit No. 1

a request to deploy equipment and instruments as

necessary to accomplish 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, I believe, 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.
l_ . l_J rlxj n
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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 don1 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 the end of the month was the

highest that we recorded for that month, but that

there was some rainfall.

Q Durinq 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.

neo \. \
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Q So that if there v;ere 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 night 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 v/ould be likely to contain a lot of

sediment, dirt and other material picked up while

sitting on the ground?

| ncj [_. LJfoem
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MR. I I Y N E S : You say a lot, a lot in comparison to

what?

BY MR. SHAPIRO:

Q More than just sir.iple rainfall would contain

so that the runoff 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 be 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 carried by 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.

S'o-'-k L" Soile St^et
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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, I am sorry.iI
I MR. HYNES: If I might, Rob:

If you know, did your office, do you
i

know who put that stamp, draft copy, on there?

j THE V7ITNESS: I think our office did. And I
I

I cannot remember whether that was because it was a

i progress report and the revision would be the final

j report, or I suspect that we sent it to EPA before it
i
' had undergone our final approval in Reston. I think
j

that was what was done. 1 think that was in fact
i
i the final copy of it.
i
! BY MR. S I I A P I R O :
i
' Q Were there no revisions made?

A No.

• Q Referring to Figure 6 on Page 14 of the

| progress report, is the broken line on that graph, the
I

. triangular dots which is referred to as the Einstein
i
| curve, the same Einstein function that was called for
I

i in the proposal that you drafted?

j A Yes.
i
j Q And you said that the Einstein curve was the

best well-founded bed-load function?

I '"'C'-1 [_• LJro0r.
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A I said that it was the one which attempted

to most closely model the physical processes that were

j going on.
\

j I would not say it was the most, best
l

I well-founded because that would be saying it compared

; best with measured values and that would not be true.
I
: Q That was the only function called for by

j your proposal, that is specifically mentioned by your
i
i proposal?

j A Yes.

' Q Referring to the Einstein curve and at the
i
i same tine to the final report, Page 11 in Table 1,

which is sedinent 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.

Q For the five-year flood recurrence interval?

A Again, off the scale.

Q VJould the same be true for the 10 and 25-year

floor recurrence interval?

A

Q

Yes.

So the Einstein curve, which was called for

T1 I I J La
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in your proposal, resulted in sediment discharges at

Gage 1 of very, very, very low levels for flood

recurrence intervals up to the 25-year flood recur-

rence interval?

A Lower than the estimate made here, certainly.

Q Low enough to not even register on the graph?

A Well, the graph scales just depend on how

I did. Yes, you will notice that the scale in this

sediment discharge is pounds per second rather than

pounds per hour, so there is a factor of 60 given in

that scale and the other scales which ic one complicating

factor.

Q You are referring to?

A It is net -- yes, it is easier to read on

Figure 6 in the final report 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 n few pounds per hour as opposed to 1600.

Q So that for the estimated peak discharge,

that occurrence once every 100 years, that would be a

few pounds per hour carried by the Ditch?

A Estimated by that method.

Q Estimated by that method.

A Yes.

I "6^ L LJrbfn
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Q And for a flood recurrence interval 25 years

and less of the estimated peak discharge, that flood

recurrence interval of 20 years or less, that method

would predict also only a few pounds per hour?

A Yes .

Q Is that correct?

A Yes.

Q So that, again, the proposal specifically

called for, the nethod specifically called for in the

proposal that you drafted would result in a prediction

of only, well, less than a pound per hour, much less

than a pound per hour for any flood recurrence interval

25 years or less?

A That is what that equation would predict.

Q Turning to the graph in Acaroglu function —

MR. HYNES: That is also in Figure 6?

MR. SHAPIRO: In Figure 6.

BY MR. SHAPIRO:

Q (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?

A Something over 10,000.

Q 10,000 pounds per hour?

I hey |_.
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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 hour?

A (Nodding.)

MS. 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?

MR. 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.

| r>e«? \_. IJrban
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BY MR. SHAPIRQ:

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

peak discharge of the 25-year 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 —

So that the Laursen curve would predict

1100.

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

312 - 7S7-333?
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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 figure 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

"Re. L UrU
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sediment discharge, even farther from what happens in

the Ditch, in ny opinion.

Q Referring to Page 11 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,

Q 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 relationship, 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

T^, L l>l»n
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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 also 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.

L Urban
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used actual stage-discharge neasurenents rather than

the pure ly theoret ical one that is shown in Figure 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 those

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 strean discharge with time for March 30 (fig. 4)

is typical of the responses of small streams with low

I r\ea [_. l̂ '-rbtfn

. _______________ Ol'f:'J Sl-crl^pJ Rcrc-te, -

.cj?c I ' l m c l f 6C6C3
312 - 787-333?



218

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 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 phenomenon.

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

I keo I_ L^rtx?n
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mean a reverse flow. It just means you get some

obstruction of flov; causing the stage to rise. You

j could get that situation and still have flow going in
i
j a downstream direction.

Q But you said the way 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

periods?

A Yes.

Q And would those periods include periods in

which there were backwater conditions in the Ditch?

A It could.

Q 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 sediment 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 flov/ in a time when there was backwater,

backwater condition, in which case if the flow was

( e - t i ' i e ^ ~>nc r i ^ .mj j •• bre-ter
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increasing, you would still get increasing sediment

transport.

If the backwater actually obstructed

to the point from the velocity-discharge what was

discharged, velocity would be decreased so you would

get some sediment deposited.

Q So sediment, some of the sediment would drop

out of the flow?

Q

Yes .

And that would decrease the amount of sediment

discharge into the Lake?

A Yes.

Q So that the results that you obtained for

April 11 and 12 show in Figure 4 a generally lower

sediment discharge 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 11 and 12

event?

A Yes, it is. Discharge is lower, yes.

Q And you say in the paragraph I read on Page 7

I ^e^ L_ L
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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 backv/ater condit ions occur with some

regular i ty?

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. V7hat 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 doesn't matter whether the

backwater conditions exist or not. The water discharge

is lower. The sediment discharge is lower.

If 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.

Q And you 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.

Q Would you expect that in some instances,

Lake Michigan water would actually 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 tht- 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?

| bo? 1_ l^rbon
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MR. IIY13ES : 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 hov? 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 --

TU, L 1>U
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MR. HYNES : Objection. She just said she could

not do it.

BY THE WITNESS:

A I have no idea.

BY MR.SHAPIRO:

Q Turning to Table 1, the values that appear

in the third full column under mean daily discharge

are the values that are developed on the basis of

stage-discharge relation, is that correct?

A Yes. I think that — in fact/ I know what

Al did to cone 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.

Q 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 periods when there

was flow, periods when there were values in the fourth

column?

A Those are the days which are listed in the

first column.

Q I see .

But the values that appear in the fourth

column, are they actual discharge measurements?

»-;.-. <vi *— .^cr'.-.j" j |-Cepo-ter
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A Ho. 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 runoff 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 to get the sediment load

was to take the hourly values and compute the sediment

load for an hour, for 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 monent to Figure 4, the

lower of the tv/o graphs 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 stream

discharge, you could develop the sediment discharge

for those?

A Yes.

Q That would be the actual sediment discharge

for that period?

A Yes.

Q Can you tell me why in Table 2 there is no

sediment discharge listed for April 11, which is one

of the days in v?hich 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.

Q That could come from the regression line?

Yes.
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Q Rather than the actual samples?

A Yes, and I believe, I an trying to remember

talking about this point, I am trying to remember what

the problem there v;as, 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 values. 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

Q

figure?

A

Q

Yes.

Is the same thing true for the March 30

Yes.

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 Figure 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

i be something that would depend on what time of year
Tk, L U4*,n
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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

j is likely to be around the pools. The velocity would
i
i be lower in the pools than in the riffles, but in a

storm now it would be high enough to pick that material

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

I r>e<3 {_.
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*•

of the channel.

Q But it is true that a large proportion of

the material that is carried as sediment load is sand

and 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?

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 sift them out, and do the

particle size analysis on what remains, what are the

r-.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 v/ater and in that case, anything

that did not volatilize would be included in that.

Q In that calculation?

r i (~-i ,i
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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 Right.

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 in 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 answer 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 knox*. I know that EPA took, I

believe, EPA took samples for their own use at the time

e-;<: efl TjnortHana [<ep
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C

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 those samples?

A No.

MR. SHAPIRO: I have no further questions.

REDIRECT EXAMINATION

BY MS. OLIVER:

Q I will try to make this very quick.

If you look at Figure No. 1 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 yc-u went to the Ditch, when you say at

Pershing Road downstream, 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 discrepancy between actual measurements that you

made on discharge from the Ditch and the three theoretical

I bca L_. LJrbcm
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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
i
I streams .
Ii
j Q Is it usual to have the discrepancy that
ii
! you had in this case?
!i
i MR. HYNES : You mean the range discrepancy
ii
i between the three methods?Ii
| MS. OLIVER: Yes.

! BY THE WITNESS:

! A The methods would give values that were closer

to each other at higher flows. Most of them were

developed to be used on larger streams at higher flows.

BY MS. OLIVER:

Q We have been talking about the North Ditch

as a stream or tributary.

A Yes.

Q Is that an accurate description as you use

that word or those words in your profession?

A Yes.

Q Is it typical of streams and tributaries that

I ^ec 1_ IJrbon
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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 very urbanized area. It has a

drainage area that is very much modified by man. In

that respect it is like nany other streams in the

Chicago area or in our urbanized areas.

When I say it is not typical to the

ones I measure, it is because I am measuring for

different things. I an trying to avoid urban areas.

It is certainly snail 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 certainly have measured quite a few for specific pro-

jects that are on that order, size.

Q Based on your measurements , 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 encountered in coming up with a prediction of what

sediment transport would be in the future?

I £̂-(i [_. l_JTwn
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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 your 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 Was --

Q With your Agency, wasn't it, to come up with

calculations for the movement of PCBs into 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.

I ^e^ L_ UrfcxJn
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C

We never felt we were concerned with the PCBs at all.

Q Did you feel that you could accurately

i 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 an 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
i

j someone else make that?
i
j 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 Michigan?

A We felt that subject to restrictions stated

in the report itself, we could estimate the potential

for movement. 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.
I res \_ turban
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Q If that information was given to you, for

example, Paragraph 4 of Part B, could you have accurately

determined or made an estimate of the rate of transport

of contaminated sediments into Lake Michigan?

A I 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 s

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.

We felt that "was not within our area

of expertise and we did not want to do it.

Q 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 compare it against. It is

certainly lower than rost of the values we get for

Illinois streams 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,

Alien and Bejcek, 1979, which was a USGS publication.

Q 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.

0 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 is 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

| r.r.ec
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Outboard Marine, did you?

A No.

Q 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't

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 What did you use from these charts in making

your calculations and reaching your conclusions in

your final report?

I (-Ci-> [_. LJi-D^n
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I A I used the date and the time. Al Noehre

used the gage height to get a discharge and suspended

solids.

Q Have 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.

Q Mr. Noehre would know, I take it?

A I don't think he would. Those were taken by

the EPA. Our active interest in the project ended

September 30. I don't believe we did any more work
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I
• 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?
I

A No.

j Q The samples that were taken at the Ditch
i

were sent to the Iowa USGS Laboratory for analysis?

A The bed materials, samples that I took.

That was sent to the Iowa Laboratory. In 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 types of things your bed samples

w^-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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Q Who is the person in charge of analyzing the

samples at the Iowa Laboratory?

A Those samples were analyzed by the EPA.

Q The bed samples and suspended solids that

were sent to Iowa.

I don't remember the name of the person

offhand,

MS. OLIVER: Jim, if they have any materials

relating to the work done on this project, we want to

see those, too. s

MR. HYHES: The Iowa Lab's?

THE WITNESS: They would have, I'm sure, only

the data sheets that were sent back to me. They would

be in my file.

MS. OLIVER: We asked "for Mr. Noehre's file, too.

MR. IIYNES: If Mr. Noehre has one.

MS. OLIVER: Thank you.

MR. SHAPIRO: I have just a couple of clarification

questions.

RECROSS EXAMINATION

BY MR. SHAPIRO:

Q These sample sheets that were sent to you,

you said they were sent by the EPA?

A Yes.

-c«.o. H'inc,,- 50603
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Q That is because the EPA was in charge of

taking the various measurements at the Ditch?

MR. HYNES: In charge is a poor choice of words.

MR. SHAPIRO: Let me withdraw that.

BY MR. SKAPIRO:

Q Was the EPA responsible for analyzing the

sediment samples 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 miscellaneous.

So you received those a period of time

after those eventc took place?

A Yes.

Q From the EPA?

A Yes.

Q 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

I rer |_ (_Jrboin
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contrary to ny previous memory, I'm sure I saw them.

Q 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 might have been more meaningful

would have been to, say, average the temperature for

March.

Q

A

For each month?

For June and something like that. It turns

I ne<? I_ Urban
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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 night begin to make a difference.

MR. SHAPIRO: I have no further questions.

MS. OLIVER: I have none.

MR. HYNES: Fine.

(Witness excused.)

FURTHER DEPONENT SAYETH NOT. . .

Reporter
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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 .

OUTBOARD MARINE CORPORATION
AND MONSANTO COMPANY,

Defendants.

) 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 I do again subscribe and make

oath that the same is a true, correct and complete

transcript of my deposition sogiven as aforesaid,

as it now appears.

Subscribed and sworn to
before me this ___ day
of , A.D. 1981

Julia B. Graf

Notary Public.
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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

duly 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 witness.

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 attorney 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 WITNESS 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

Reporte
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