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ENYIRONMENTAL ENGINEERS, SCIENTISTS & PLANNERS

November 14, 1991

Mr. Mark Gregor

Department of Environmental Services
City Hall

30 Church Street

Rochester, New York 14614

Re:  Rochester Fire Training Academy Site
Treatability Testing -

Dear Mark;

This letter is prepared to document the recent changes we've discussed in the scope of work
as outlined in the Supplemental Remedial Investigation Wark Plan prepared for the
Rochester Fire Academy site, As you know, the changes in approach to pump testing have
been necessitated by field conditions, as outlined in our letter of November 6, 1991. Due
to the substantially reduced yield projected from this revised pump test approach it will no
longer e necessary to pretreat the pump test water via air stripping prior to discharge of
the pump test water to the sewer. Additionally, the difficulties associated with trying to
reconfigure the air stripper testing for the reduced flow rate necessitated abandoning the
side-by-side treatability testing of two different air stripping technologies, We feel that
reasonable information on air stripping technology can be obtained from the literature, and
do not feel that the lack of treatability testing will impair the analysis of treatment
technologies in the Feasibility Study.

We anticipate proceeding with the laboratory bench-scale testing of metals removal as well
as the Advanced Oxidation Process through Peroxidation Systems, Inc. as outlined in the
work plan, However, the extremely low concentrations of PCBs in the groundwater as
evidenced during the RI make GAC mini-column testing or bench.scale "shake tests" for
PCB removal impractical. Therefore, we are proposing the following approach to sample
collection and analysis,

In order to.ghtain a "composite sample” of the ground water, pump tests on each of the
four-inch willliiiist installed will be performed concurrently. The ground water generated
from the pilifly.testing of these two wells will be collected in a 200-gallon polypropylene
container _-'"‘”5 with a floating cover. At the conclusion of the pump test, an aliquot of
the composite sample will be shipped to the laboratory for rush analysis (48-hour verbal
results) of its constituents, Collection of samples for laboratory bench-scale testing will also
be performed at this time, If, based on the rush analytical results, PCBs are not present, or
are at similar concentrations to those detected during the RI, bench-scale testing for PCB
cemoval will be abandoned. The lack of bench-scale testing resulis should not appreciably
impact the accuracy of estimates of full-scale GAC requirements which may be performed

during the Feasibility Study.
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Mr, Mark Gregor - November 14, 1991
Department of Environmental Services Page 2

We are anticipating performing the concurrent pump tests on Tuesday, November 19, 1951
and the remaining independent pump test on MW7S sometime during that week. If you
have any questions or comments on this proposed approach, do not hesitate to contact me,

Very truly yours,

Anne Marie @, MéManus, P.E.
Sr. Project En

c: G. Burke, NYSDEC
File: C-1
0965-07-1
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4 b City of Rochester
w

™

Department of Office of the Commissioner

November 6 , 1991 Environmental Services City Hall
30 Church Streat
Rochester, New York 14614

Gerard Burke

Bureau of Central Remedial Action

New York State Department of Environmental Conservation

50 Wolf Road

Albkany, New York 12233-7010

RE: Supplemental RT scope of work change
Rochester Fire Academy Site (828015}

Dear Mr. Burke:

The Remedial Investigation identified the presence of sand and
gravel directly overlying bedrock in the vicinity of well clusters
MW-9 and MW-7 adjacent to the South Disposal Area. Results of the
slug test performed in PZ-9 (screened in the sand and gravel
materiall identified 1 relatively high transmissive zone within the
lower overburden brown sand and gravel directly above bedrock. As
part of Supplemental RI field activities, a 72 hour constant rate
pump test was to be conducted to evaluate the hydraulic
characteristics of the overburden water-bearing zone down gradient
of the South Disposal Area.

Initial Suoplemental RI field information collected prior to
installation of the proposed pumping well indicated that the vield
from the lower overburden was substantially lower than that
oredicted from previous RI activities. Therefore it does not appear
that the planned 72-hour constant rate pump test will be feasible.
This letter summarizes the initial field information collected and
outlines a revised approach to collection of the hydroageologic data
necessary to evaluate alternative means of groundwater collection
and treatment (e.q., groundwater .collection trenches).

g

Prior to the:installation of a pumping well located down gradient of
the South Dﬁﬁposal Area, a small diameter pilot hole was drilled and
continuously split-spoon sampled to the top to the bedrock in order
to obtain geologic information to proverly design the well screen
and sand pack. Sampling identified poorly sorted gray silty sand
and gravel. At a depth of approximately 22 feet below grade, the
poorly sorted sediment became more dense and exhibited a till-like

composition. Based upon the moisture content and the fine grained
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Gérard Burke
November 6, 1991
Page two

nature of the sediment, it appeared that if a fullv penetrating well
was installed at that location, it would not produce an adequate
vield to conduct a 72 hour pump test. A 2-inch diameter PVC well
(LO-1) equipped with a 10-foot long screen was installed in the
lower overburden directly above bedrock to serve as a piezometer and
provide hydraulic information from this zone. A second pilot hole
was drilled approximately 80-feet south of the initial pilot hole.
Similar geologic conditions were encountered, and the second
borehole was subsequently grouted to ground surface.

A third borehole was completed within the South Disposal Area
located at the approximate mid-point between well cluster MW-9 and
MW-7 to locate the relatively high transmissive material screened by
PZ-9. The test boring identified minor interfingering between the
transmissive brown sand and gravel and the denser gray sand and
gravel: but generally, similar geologic conditions were observed as
in the first two test borings. As with the first down gradient test
boring, a 2-inch diameter PVC well equipped with a 10-foot screen
was installed above the top of bedrock (L0O-2) to serve as a
piezometer and observation well.

Following the installation of the lower overburden wells, ‘
approximately 1 to 2 well volumes were removed and the well yields
were monitored. The inflow rate to each well was measured at less

than 0.5 gpm.
PROPOSAL:

Initially slug tests will be performed in each of the lower
overburden wells in accordance with the RI Workplan to estimate the
hydraulic conductivity of the dense sediment in the lower
overburden. 1In order to obtain the hydrogeologic data necessary to
design and evaluate the feasibility of a groundwater collection
system located in the upper overburden, we propose to install two
(2) 4-inch diameter PVC wells equipped with continuous slot VEE
wire-wrap screens to the top of the denser material (20 to 22-feet
below qrade) adjacent to the existing lower overburden wells (LO-1
and LO-2) ang perform "mini-rate pump tests. Mini-rate pump test
proceduressare described in the attached paper presented by
Strausberé%,1982) In addition, a mini-rate pump test will be
performed on monitoring well MW-7S to verify slug test results and
prOV1de greater information on the shallow overburden. Well

locations are shown in Figure 1.

Prior to mini-rate pump testing, PW-1, PW-2 and MW-7S, as well as
the lower overburden wells will be developed. A step test will be
conducted in each 4" diameter well (PW-1 and PW-2) and MW-7S to
determine the maximum vield of each well. A centrifugal pump
powered by an electric generator will bhe used to withdraw water
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during testing. Water levels will be recorded in eczch pumping well,
the lower overburden wells (at 4" diameter pumping w211 locations)
and a well point to be installed approximately 10 fe:t from each
pumping well. Water levels will be recorded at the rate schedule
specified in Section 2.4 of the Supplemental RI Work Plan until a
response is observed in the well point or for a pericd of six (§)
hours, which ever is greater. Recovery water level dita will be
recorded upon termination of pumping.

All non-sample discharge water produced during developnent and
testing will be containerized in a 1,000 gal holding t. nk. Water
samples required for treatability testing will be pumped f£rom the
well directly to suitable clean containers for transpot: to the
testing laboratories. A composite sample of the water irom PW-1 and
PW~2 will be analyzed for halogenated and aromatic volatile organic
compounds (Methods 8010 and 8020).

Analysis of the mini rate pump testing data will involve plotting of
drawdown, corrected drawdown and residual drawdown (recotery) data
on a semi-logarithmic graph and the determination of trarsmissivity
and hydraulic conductivity. The results will be used in zonjunction
with slug test data as input to the numerical model for t e
evaluation of remedial alternatives involving groundwater
collection, containment or diversion,

Revised budget information will be prepared and submitted or your
review once costs details are worked out. TIf you have any ruestions
or concerns, don't hesitate to contact me or Ann Marie McM us at
Malcolm Pirnie, Inc.

Sincerely,

Ha

Mark Gregolr
Project Manager
City of Rochester

att,

cc Ann Marie McManus, MPI
Richard Frappa, MPI .~
Paul Werthman, MPI
Bob Cozzy, NYS-DEC
Dave Napier, NYS-DOH
Rick Elliot, MC-DOH
Todd Caffoe, NYS-DEC, AvoOn
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| IRNIE MALCOLM PIRNIE, INC,

ENVIRONMENTAL ENGINEERS, SCIENTISTS & PLANNERS

January 29, 1992

Mr. Mark Gregor

Department of Environmental Services
City Hall

30 Church Street

Rochester, New York 14614

Re:  Rochester Fire Academy Site - Supplemental RI Ground Water Modeling
Dear Mr. Gregor:

The objectives of the Supplemental Remedial Investigation for the Fire Academy Site were
to better define the extent of soil contamination across the site and to define the hydraulic
characteristics of the overburden water-bearing zone in the vicinity of the South Disposal
Area. The October 1991 Work Plan specified the use of a three-dimensional numerical
ground water flow model (viz. MODFLOW) to evaluate selected remedial alternatives for
this area.

The 3D-MODFLOW ground water model was selected since aquifer testing at monitoring
well cluster MW-9 identified during the RI similar hydraulic characteristics for the lower
overburden and bedrock water-bearing zone, thereby implying active hydraulic communica-
tion between these two zones. To simulate these conditions using a ground water flow
model, would require the use of a model that could account for simultaneous flow in the
overburden and bedrock water-bearing zones. However, field activities performed during
the Supplemental RI identified different site conditions within and down-gradient of the
South Disposal Area relative to the upgradient area. These different site conditions
prompted significant changes to the proposed field activities which are documented in your
November 6, 1991 letter to the NYSDEC (see attached). The resulting hydraulic data
compiled from the Supplemental RI field activities show that riaterial of relatively low
permeability is present above the bedrock in the South Disposal Area and that active
hydraulic communication between the lower overburden and bedrock water-bearing zones
is not present within and down-gradient of the South Disposal Area. Based upon these
results, a ground water flow model simulating simultaneous flow in the overburden and
bedrock water-bearing zones is not required. This more recent hydrogeologic information
indicates that the use of a two-dimensional flow model would be more appropriate for
simulation of the hydrogeologic characteristics of the overburden material in the South
Disposal Area. Two-dimensional models are aiso capable of simulating selected remedial
alternatives during the Feasibility Study, such as extraction wells, trenches and barriers.

The Prickett-Lonquist Aquifer Simulation Model (PLASM) ground water flow model is a

widely recognized two-dimensional flow model capable of simulating the hydraulic conditions
present at the site and may be used to simulate selected remedial ground water controls.

5. 3515 ABBOTT RD. P.O. BOX 1938 BUFFALO. NY 14219-0138 716-828-1300 FAX 716-828-0431
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Mr. Mark Gregor January 29, 1992
Dept. Environmental Svcs. Page 2

This model will be used in lieu of the previously identified 3D-MODFLOW model. The
PLASM model input parameters and model operation are similar to the three-dimensional
MODFLOW model, Therefore, the amount of time previously estimated for the three-
dimensional model to simulate existing conditions and ground water controls should be
adequate for the application of the two-dimensional model.

If you have any questions regarding the selection of the PLASM ground water flow model
or specific details concerning the model, please contact myself or Rick Frappa at (716) 828-
1300. N

Very truly yours,

MA M PIRNIE, INC.

widlfpr LL-QW
Anne Marie McManus, P.E.
Sr. Project Engineer

c. G. Burke (NYSDECQC)
P. Werthman (MPI)
R. Frappa (MPI)
File: 0965-07-1; C-1

ACMO1292.L
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B.1
B2
B3
B4
B.S
B.6
B.7

APPENDIX B

HYDROGEOLOGIC FIELD ACTIVITIES

Borehole Logs

Grain Size Analytical Results for PW-1
Well Construction Details

Well Development Logs

"Mini-Rate" Pump Test Calculations
Slug Test Analysis

Flow Model Input Parameters
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B.1  Borehole Logs
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B.2  Grain Size Analytical Results for PW-1
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PERMEABILITY FROM
“MINI'RA
PUMPING TESTS

A greater awareness of ground-wofér pollution problems has made reliable permeability
determinations critical, This article looks at the use of mini-rate pumping tests to derive this information.

by Sanford |, Strausberg

Reliable permeability determina-
tions have increased in importance
In’the past few years. The need for
accurate estimates of quantity and
veloeity of ground-water flow in fine-
grained, unconsolidated materials
and tightly fractured rock units has
led to widespread usage of in situ
“mint-rate” pumping tests, often run
at less than 0.06 L/s (1 gpm).

Permeability is a property of the
porous medium independent of the
fluid. The relationship of permeabil-
ity to hydraulic conductivity is
defined by Freeze and Cherry (1979)
and Johnson (1981), who state that
hydraulic conductivity is synony-
mous with “coefficient of field per-
meability.” The latter is used in
calculations because of widespread
usages In older texts (Ferris and
others, 1962; Walton .1970), as well
as inferences in newer publications
prepared for practical field person-
nel (Bureau of Reclamation 1977

Powers 1981).

Unconflned conditions and low
permeabilities of soil or rock mate-
rials generally preclude utilization
of all but the well from which water
is withdrawn or injected. However,
observation wells have been succes-
fully used in some cases, Where per-
meabilities are very low, in situ aqui-
fer tests. including slug tests. cannot
be performed. Laboratory tests must
then be utilized (Olson and Daniel
1981; Cedergren 1967).

Bail or injection slug tests (Hendry
1982: Prudic 1982), are often the
only types of in situ aquifer tests
possible in small-diameter shallow
monitoring wells or open boreholes.

However, where conditlons are favor-
able, short constant- or declining-
rate pumping tests have yielded
drawdown and/or recovery data that
provide the basis for the most reli-
able trarismissivity estimates for
materials in the immediate vicinities
of screened or open areas of installa-
tions. Toderive permeabilities, thick-
nesses of tested zones have been esti-
mated from:

* Geologic and/or geophysical

logs:

* Drilling indications:

® Changes in drawdown and/or
recovery patterns:

® The saturated screen or open-
holelengths. Packers have been used
in sections of open heles for deter-
mining permeabilities of distinct
zones.

Where pumping water levels have
been deeper than about 7-1/2m (25
ft.), discharges have been aug-
mented by various deep pumping
means including rhythmic balling
or pumping with submersible, tur-
bine or air-lift pumps. At shallower
depths, these same methods have
been used in addition to pumping
by suction. Small gasoline-driven
suction pumps with rubber hose
attachments and small gate valves
for discharge control have commonly
been used to run many inexpensive
constant-rate pumping tests.

Pumping and measuring options

- vary with well or hole diameters and

water-level depths, but pumping
tests have been successfully run in
wells with casing diameters smaller
than 3.2cm {1-1/4 in.). However,

- because most monitoring wells have

casing and screen diameters rang-
Ing from 5 to 15¢m {2 to 6 In.), there
is generally ample room for dis-
charge hose or pipe and measuring
probe or tape, Tape measurements
made by the author inside a 1.3cm
(1/2 in.) air pipe have given good
recovery data following air-lift pump-
ing from 61m (200 ft.) deep, 3.2cm
(1-1/4 in.) wells screened In frac-
tured coal or silty sand horizons in
the Powder River Basin, Wyoming.

Water levels in the pumping well
are generally measured to at least
the nearest 0.03m (0.1 ft.} by electric
tape or transducers. Chalked steel
tapes and automatic water-level
recorders can be used for measure-
ments to the nearest 0.003m (0.01
ft.} in observation wells.

Low pumping rates usually neces-
sitate volumetric measurements,
commonly with 3.8 to 18L (one to
five gal) containers and watches
equipped with a second hand. Pump-
ing rates can be kept surprisingly
constant with proper planning,
design and surveillance. Even at
very low rates. variations can be
kept to within 10 percent of the
desired flow with the right instru-
mentation. For example, the auther
recently directed a 24-hour pumping
test in Virginia, at 0.008L/s {0.125
gpm or one pint per minute) whena
0.95L (one quart) bottle was used
for low measurements. Preliminary
testing had shown that the maxi-
mum inflow rate was 0.0095 to
0.0126L/s (0.15 to 0.20 gpm) when
the well was nearly dewatered shortly
after pumping commenced. Pump-
ing was accomplished with a genera-
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Figure 1. Monitoring well setting ond pumping test data.

tor-driven submersible pump set at.

the bottom of the 3m (10 ft} long
screen In a 5m {16-1/2 ft.) deep.
hydraulically efficlent monitoring
well. PVC screen and casing were
15.2¢m {6 in.) in diameter. The col-
umn of water in the well stood 3m
(10 ft.) above the well bottom prior
to pumping. Discharge was closely
regulated to within 10 percent of
the desired pumping rate with a
valve assembly on 2cm {3/4 in.} tub-
ing. Drawdown and recovery data
from electric tape measurements
were excellent. The specific capacity
was 0.02L/s per m of drawdown (0.1

gpm per ft. of drawdown) at the end

of the one-day pumping period.
Transmissivity of the 3m (10 ft.)
thick, unconfined, silty alluvial hori-
zon tested was calculated from semi-
logarithmic plots of drawdown and
recovery measurements, at 0.62m?%/
day (50 gpd/ft.). Permeabllity was
calculated at 2.4 x 10"%cm/sec (5 gpd/
ft.2). These values were similar to
those obtained from recovery mea-
surements made following instan-
taneous removal of measured slugs
of water from the same well and
other nearby wells screened in the
same horizon. However, slug tests
were not deemed as reliable as
pumping tests primarily because
the radius of influence from rela-
tively long-term pumping is far
greater than that from a slug.

Maximum Inflow Rate and
Recovery Data

Running a constant-rate pump-
ingtestinawellor borehole open to
materials of low permeability
requires that the discharge rate be
less than the maximum inflow rate.
Consequently. considerable prelimi-
nary step-testing and recovery mea-
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surements must first be done.

The maximum inflow rate is mea-
sured when the potentiometriclevel
at the face of the drill hole or screen
of the installation is considerably
higher than the pumping waterlevel
after the installation has nearly been
dewatered by overpumping. After
the range of specific capacity and
the magnitude of transmissivity
have been estimated from prelimi-
nary step-testing. the maximum
inflow rate may be calculated by
suddenly Increasing the discharge
rate after a protracted period of
pumping at alow rate. The pumping
is then terminated and the pump is
removed. Knowing the casing diame-
ter (L.D.) gives the volume per linear
unit and taking timed water-level
readings in the first few minutes
after pumping ceases gives the maxi-
mum inflow rate. In many c¢ases,
cascading requires that water levels
be measured through a measuring
pipe.

If drawdown readings cannot be
obtained or utilized, recovery data
may be effectively used for transmis-
sivity estimates. Recovery data are
often superior to drawdown data
because the former are less affected
by well losses. flow line distortions
and inevitable variations in dis-
charge rate during the pumping
period. Additionally. in unconfined
situations, later recovery measure-
ments represent thicker sections of
the tested material than later draw-
down readings due to “aquifer”
dewatering during pumping. How-
ever. delay of water-level recovery
caused by air or other gas entrain-
ment in the dewatered or depressur-
ized sections of tested materials may
lead to unrealistic transmissivity
determinations. Therefore, wherever
possible, it is preferable to obtain

both drawdown and recovery data
for comparisons.

Casing storage. as well as other
factors such as partial penetration,
boundaries and delayed gravity
drainage must always be considered
in analysis of test data (Kruseman
and DeRidder 1970).

Maximum inflow rates have also
been determined from sumps used
for dewatering in quarries. Because
of the large diameter of a typical
sump, the inflow rate measured
immediately after cessation of pump-
ing isanalogous to the constant dis-
charge from the aquifer (Q).

Field Example

An estimate of the magnitude of
ground-water flow from an indus-
trial plant site in western New York
was made by the author in the
winter of 1978-79. Results of one of
the tests performed are présented
here.

The tested material is fill. consist-
ing of loose, silty medium sand.
Pumping was accomplished witha
small suction (ditch) pump and dis-
charge was measured with a 3.8L
{one gal.) bucket. Permeability esti-
mates derived from the drawdown
and recovery data were comparable
to those derived from two single-bail
slug tests performed in a nearby 5cm
(2 in.) well screened in the same type
of fill material as that open to the
10em (4 in.) pump-tested well.

Figure 1 shows casing and screen
settings of the pump-tested well.
The borehole was drilled to an 8-
inch diameter and the annulus
between the screen and casing
assembly was filled with medium
sand to within 2 feet of ground level.
Also shown in Figure 1 are nonpump-
ing saturated thickness of fill (soil)
and pumping test data. Although



Q5

»
T

(il
in
T

fXe) o

DRAWDOWN IN FEET
n
[=]
'

L | ' | [
sl

NN

T.2824, ii‘c?—oﬂ- 218 gpa/

P--,Tn—--g-lg—-ss gpd/n2

me=Nonpumping fhickness of saturated soil (3.3 11.)
S sActual meosured drowdown (ft.)
s--Druwdown correcied for dewalering of saturated soilln f1,

{sex3-32/2m) »
Ase =Changs In corrected drawdown during one log cycls {0.641L)
Q= Pumping rote (0.53 gpm.) (]
T=Coeflicien! of Tronsmissivily {gpd /11 ' .,
PeCaelficlent of Field Parmuobility {gpd/f12)
e .
<= ° .
L ]

| vl ! (S N I B N

10 100
TIME IN MINUTES SINCE START OF PUMPING

Figure 2. Determination of permeability rom semi-logarithmic graph of drawdown during pumping phasae.

o)

05

[ied — =
[«] tn [=]

RESIDUAL DRAWDOWN IN FEET {s«')
~
e

1 ' T T'TT7T1 i ] L L L LR L

264 0 264{0.53) 3
A’ Q.81

= 173 gpd/ft SR

Ts=

p=-ﬁT-— ‘73 {152 gpd/f 2 £
ms Nonpumping thickness of saturcted soil (3.3 f1)
s’ = Actugl measured residual drawdown {f1.)

soe=Rasidual drowdown coruclud Ior dawutarlng of
soturated soil in fl.{s.'" ¢'-3'2/ 2m)

Asd'sChonge In corrected residual drawdown during
ons log cycle, {0.Bl f1.)
ta Time sinces pumping sarted.
t'= Time sinee pump turned off,
Q= Pumping rate (0.53 ¢pm }
T= Costficient of Transmissivity (gpd/ 11}
Pz Coetficlent of Field Permeability {gpd/{12)

1 1 | S N 1 ! | DU T I |

i1 1 1 1 11

100

4%

1000

Figure 3. Determination of permeability from semi-logarithmic graph of residual drawdown during recovery phase.

GWMR/Summer 1982

25



1

B B

e |

part of the screen Is set in rock
(constisting of fractured, but
unweathered dolomite). data from
several nearby wells open exclusively
to the rock indicated that the perme-
abilityof the [ractured rock isone to
two orders of magnitude lower than
that of the soil at the sites of testing.
Consequently, the rock was assumed
to be impermeable for the evaluation
of test results shown In Figures 2
and 3. Nearby weils could not be
used as observaticn wells because of
the combination of unconfined con-
ditions, low transmissivity, short
duration of pumping and very low
pumping rate. No hydrologic bounda-
ries were expected or observed, and
various data showed that the well
was hydraulically efficient when
0.03L/s {1/2 gpm) was pumped.

Figure 1 shows that actual draw-
down was about 85 percent of the
original saturated thickness of the
soll after three hours of pumping.
Consequently, the actual draw-
downs, shown as circles in Figure 2,
had to be corrected for aquifer
dewatering before an estimate for
transmissivity of the nonpumping
saturated aquifer zone could be
made. The triangles in Figure 2 are
corrected drawdowns in accordance
with the correction formula indi-
cated. Similarly, recoveries shown
in Figure 3 were also corrected for
the dewatering because more than
10 percent of the aquifer was still
dewatered during the period of
recovery measurements.

Transmissivity and permeability
calculations are also shown in Fig-
ures 2 and 3. Averaging permeabil-
ity values from the drawdown and
recovery portions of the constant-
rate pumnping test gave 2.8 x 10-%cm/
sec (59 gpd/ft.2) compared to 2.4 x
103cm/sec (51 gpd/ft.?) from the
two single-ball slug tests run in the
nearby 5¢m {2 in.) monitoring well.
Consequently, the permeability of
the fill in the vicinity of the two wells
was estimated at 2.6 x 10%cm/sec
(55 gpd/ft.2).

Using the hydraulic gradient deter-
mined from the shallow potentio-
metric map of the plant site and the
estimated cross sectional area of
flow (based on visual. geologic. hydro-
logic and plant structural data). the
norrnal ground-water discharge was
then estimated at about 0.013L/s
(0.2 gpm). This quantitative estimate
compared very well with a qualitative
observation of about 0.015L/s {1/4
gpm} made prior te bailing and
pumping test operations. The quali-
tative observation consisted of “eye-
balling” the amount of discharge at
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observed seeps along the lace of the
line of natural discharge which was
abank Intersecting the saturated fill.

summary

Where conditions permit, con-
stant-rate pumping tests run in
properly designed, located. con-
structed and developed wells, give
the most reliabie permeability
results from drawdown and recovery
measurements made in pumping
and/or observation wells.

Use should be made of different
means to evaluate permeability of
distinct hydrogeologic horizons for
ground-water flow rate and velocity
estimates. If the different methods
give comparable "baillpark” num-
bers. then weighted average values
can be used with some degree of
confidence.
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PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
0 0.1 0 0.26
4 1.16 1 3.14
5 1.28 2 3.55
6 1.39 3 3.72
7 1.48 4 3.7
8 1.54 5 3.58
9 1.62 6 3.77

10 1.67 7 3.59
11 1,66 8 3.75
12 1.82 9 4,08
13 1.48 10 4.35
14 1.59 11 4.54
15 1.81 12 4,7
16 1.91 13 4.84
. 17 1,99 14 4,95
18 2.07 15 5.03
19 2.16 16 4,97
20 2.23 17 4,92
21 2.3 18 4,87
22 2,35 19 4.86
23 2.45 20 4.84
24 2,46 21 4.83
25 2.5 22 4,81
26 2.5 23. 4,79
27 2.52 24 4,78
28 2.54 25 4,76
29 2.54 26 4,75
30 2.57 27 4.73
31 2.57 28 4.72
32 2.59 29 4.72
33 2.61 30 4.7
34 2.68 31 4.7
35 2,77 32 4.7
36 2.87 33 4.7
37 2.96 34 4.7
38 3.02 35 4.7
39 3.09 36 4,72
40 3.11 37 472
M 3.18 38 4.73
42 3.15 39 4.73
43 '3.18 40 4,73
44 3.18 41 4.75
45 3.23 42 4,75
48 3.36 43 4,76
47 3.46 44 4,78
48 3.53 45 4.79
49 3.62 46 4.81
50 3.69 47 4.83
51 3.76 48 4,84
52 3.83 49 4.86
53 3.9 50 4.87
54 3.96 51 4.89

4.85

[4)]
[ ]

55 4



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
56 4.06 53 5.31
57 4,18 54 5.6
58 4.28 55 5.84
59 4.36 56 6.03
60 4.47 57 6.2
61 4.53 58 6.36
62 4.59 59 6.48
63 4.58 60 8.58
64 4.58 61 6.67
65 4.57 62 6.75
66 4.58 63 6.81
67 4.57 64 6.86
68 4.58 65 6.86
689  4.58 66 6.88
70 4.61 67 6.88
71 4.65 68 6.88
72 4.63 69 6.89
73 4,66 70 6.89
74 4.66 71 6.89
75 4.42 72 6.88
76 4.22 73 6.88
77 4.02 74 6.89
78 3.86 75 - 6.88
79 3.82 76 6.89
a0 4.09 77 6.89
81 4.25 78 6.93
82 4,42 79 6.93
83 4,58 80 6.94
84 - 4,69 81 6.94
85 4.8 82 6.96
86 4.87 83 6.96
87 4.84 84 6.97
88 4.83 85 6.97
89 4.82 86 7.04
90 4.83 g7 7.1
91 4.84 88 7.19
92 4,85 89 7.29
93 4.85 90 7.37
94 4,85 91 7.43
95 4.85 92 7.51
96 4.85 93 7.65
97 4.85 94 7.75
98 4,86 ' 95 7.82
99 4.85 96 7.9

100 4,86 97 7.97
101 4.86 ' g8 8.01
102 4.86 89 8.06
103 4.88 100 8.11
104 4.88 101 B.14
105 4.92 102 8.17
106 4.99 103 8.2
107 5.04 104 8.22

108 5.1 105 8.2



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
109 5.16 106 8.2
110 5.22 107 8.2
111 5.27 108 8.17
112 5.32 109 8.16
113 5.37 110 8.14
114 5.42 111 8.11
115 5.47 112 8.09
116 5.52 113 8.09
117 5.57 114 8.08
118 5.62 115 8.06

119 5.67 116 8.06
120 5.72 117 8.05
121 5.76 118 8
122 - 58 119 7.95
123 5.84 120 7.9
124 5.89 121 7.86
125 5.93 122 7.9
126 5.96 123 7.95
127 6.01 124 7.95
128 6.05 125 7.95
129 611 126 7.94
130 6.15 127 7.94
131 6.19 128 7.92
132 6.24 129 7.92
133 6.28 130 7.92
134 6.32 131 7.92
135 6.36 132 7.94
136 6.4 133 7.94
137 6.43 134 7.92
138 8.47 135  7.94
139 6.51 136 7.92
140 6.54 187 7.92
141 6.58 138 7.92
142 6.61 139 7.92
143 6.65 140 7.9
144 6.68 141 7.87
145 B.71 142 7.95
146 6.74 143 7.92
147 6.77 144 7.9
148 6.81 145 7.89
149 6.84 146 7.89
150 6.87 147 7.86
151 6.89 148 7.84
152 6.92 149 7.82
163 6.96 150 7.84
154 6.99 151 7.82
158 7.02 152 7.82
156 6.94 153 7.82
157 7.18 154 7.82
158 7.14 155 7.81
159 7.15 156 7.81
160 7.16 157 7.84

161 7.17 158 7.86



PW-1

ELAPSED TIME DRAWDOWRN

PW-2

ELAPSED TIME DRAWDOWN

321
322
323
324
325
326
327
328
329
330
KK
332
333

334

335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
35¢
360
361
362
363
364
365
366
367
368
369
370
371
372
373

8.97
9.99
10
10.01
10.02
10.04
10.04
10.05
10.06
10.07
10.08
10.09
10.11
10.12
10.13
10.14
10.16
1017
1017
10.19
10.2
10.22
10.23
10.25
10.26
10.28
10.29
10.3
10.31
10.32
10.33
10.35
10.36
10.37
10.38
10.39
10.4
10.42
10.43
10.38
10.22
10.11
9.98
9.86
9.73
9.58
8.41
9.22
9.02
8.92
8.82
8.72
8.6

318
319
320
321
322
323
324
325
326
327
328
328
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370

8.41
8.41
8.41
8.41
8.42
8.42
8.42
8.42
8.42
8.41
8.41
8.42
8.42
8.42
8.42
8.41
8.41
8.41
8.41
8.39
8.41
8.42
8.46
8.48
8.46
8.49
8.49
8.49
8.47

8.5

8.5

8.5
8.49
8.49
8.47
8.46
8.44
B.47
8.61
8.22
7.82
7.41
6.91
6.55
6.06
5.65
5.25

4.9
4,59
4.29
4.04
3.78
3.58



PW=-1 PW-2

ELAPSED TIME DRAWDQOWN ELAPSED TIME DRAWDOWN
374 8.5 371 3.37
375 8.41 372 3.18
376 8.32 373 3.03
377 8.22 374 2.87
378 8.13 375 2.73
379 8.04 376 2.6
380 7.986 377 2.49
381 7.86 378 2.38
382 7.76 379 2.27
383 7.67 380 2,17
384 7.59 381 2.09
385 7.5 382 2.02
386 7.39 383 1.94
387 7.26 384 1.87
388 7.16 385 1.81
389 7.06 386 1.75
390 6.98 387 1.67
391 8.9 388 1.62
392 6.83 389 1.57
393 6.75 390 1.51
394 6.68 391 1.48
395 6.62 392 1.43
396 6.55 393 1.4
397 6.47 394 1.35
398 6.4 395 1.32
399 6.33 396 1.26
400 6.26 397 1.24
401 6.19 398 1.19
402 6.12 399 1.16
403 6.05 400 1.13
404 5.97 401 1.12
405 5.91 402 1.08
406 5.84 403 1.05
407 5,79 404 1.04
408 5.73 405 1.01
409 567 406 0.99
410 5.58 407 0.97
411 5.51 408 0.94
412 5.41 409 0.93
413 5.33 410 0.91
414 5.28 411 0.89
415 5.23 412 0.88
416 5.17 413 0.86
417 5.13 414 0.85
418 5.08 415 0.83
419 5.02 416 0.83
420 4.97 417 0.82
421 4.92 418 0.8
422 4.86 419 0.78
423 4.82 420 0.78
424 4.77 421 0.77
425 4,72 422 0.77

426 4.85 423 0.76



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
427 4,55 424 0.75
428 4,46 425 0.74
429 4.38 426 0.72
430 4,35 427 0.72
431 4.27 428 0.72
432 4.19 429 0.71
433 4.1 430 0.71
434 4.03 431 0.69
435 3.96 432 0.69
436 3.89 433 0.69
437 3.81 434 0.67
438 3.74 438 0.67
439 3.68 436 0.66
440 ' 3.62 437 0.66
441 3.55 438 0.66
442 3.49 439 0.64
443 3.44 440 0.64
444 3.38 441 0.64
445 3.32 442 0.64
446 3.28 443 0.63
447 3.22 444 0.63
448 3.17 445 0.61
449 3.12 446 0.63
450 3.07 447 0.61
451 3.02 448 0.61
452 2,98 449 0.61
453 2.94 450 0.59
454 2,89 451 0.59
455 2.85 452 0.58
456 2.81 453 0.59
457 2.77 454 0.59
458 2.74 455 '0.58
459 2.7 456 0.58
460 2.66 457 0.58
461 2.64 458 0.58
462 2.59 459 0.56
463 2.56 460 0.56
464 2,53 461 0.56
465 2.5 462 0.56
466 2.47 463 0.56
467 2.45 464 0.56
468 2.41 465 0.55
469 2,38 466 0.55
470 2.35 467 0.55
471 2.33 468 0.55
472 2.3 489 0.53
473 2.27 470 0.55
474 2.25 471 0.53
475 2.22 472 0.53
476 2.2 473 0.53
477 2.17 474 0.53
478 2.15 475 0.52

479 2.14 476 0.52



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
480 2.1 477 0.52
481 2.09 478 0.52
482 2.06 479 0.52
483 2.0 480 0.52
484 2.03 481 0.5
485 2.01 482 0.5
486 1.98 483 0.5
487 1.96 484 0.5
488 1.94 485 0.5
489 1.93 486 0.5
490 1.9 487 0.5
491 1.89 488 0.5
492 1.87 489 0.5
493 ' 1.85 490 0.5

L 494 1.83 491 0.48
495 1.82 492 0.48
496 1.8 493 0.48
497 1.78 494 0.48
498 1.76 495 0.48
499 1.75 496 0.48
500 1.74 497 0.48
501 1.72 498 0.48
502 1.7 499 0.48
503 1.69 500 0.48
504 1.68 501 0.48
505 1.66 502 0.48
506 1.64 503 0.47
507 1.63 504 0.47
508 1.62 505 0.47
509 1.6 506 0.47
510 1.59 507 0.47
511 1.58 508 0.47
512 1.56 509 0.47
513 1.56 510 0.47
514 1.54 511 0.47
515 1.53 512 0.47
516 1.52 513 0.47
517 1.51 514 -~ 0.47
518 1.5 515 0.47
519 1.49 516 0.45
520 1.48 517 0.45
521 1.47 518 0.45
522 1.45 519 0.45
523 1.44 520 0.45
524 1.44 521 0.45
525 1.43 522 0.45
526 1.41 . © 523 0.45
527 1.41 524 0.45
528 1.4 525 0.45
529 1.39 526 0.45
530 1.38 527 0.44
531 1.37 528 0.44

532 1.36 529 0.44



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
533 1.35 530 0.44
534 1.34 531 0.44
535 1.33 532 0.44
536 1.32 533 0.44
537 1.31 534 0.42
538 1.3 535 0.42
539 1.3 536 0.42
540 1.29 537 0.41
541 1.27 538 0.41
542 1.27 539 0.39
543 1.26 540 0.39
544 1.26 541 0.39
545 1.24 542 0.37
546 - ° 1,23 : 543 0.37
547 1.23 544 0.37
548 1.22 545 0.37
549 1.22 546 0.36
550 i.21 547 0.36
551 1.2 548 0.36
552 1.19 549 0.36
553 1.18 550 0.26
554 1.17 551 0.36
555 1.17 562 0.36
556 1.16 563 0.36
587 1.16 554 0.34
558 1.15 555 0.34
559 1.14 556 0.34
560 1.14 587 0.34
561 1.13 558 0.34
562 1.12 559 0.34
563 1.12 580 0.34
564 112 561 0.34
565 1.1 562 0.33
566 1.1 563 0.33
567 1.09 564 0.34
568 1.09 565 0.33
569 1.08 566 0.33
570 1.07 567 0.33
571 1.07 568 0.33
572 1.06 569 0.33
573 1.08 570 0.33
574 1.05 571 0.33
575 1.04 572 0.33
576 1.05 573 0.33
577 1.03 574 0.33
578 1.02 575 0.33
579 1.02 576 0.33
580 1.02 577 0.33
581 1.02 578 0.31
582 1.01 579 0.33
583 1 580 0.31
584 1 581 0.31

585 0.99 582 0.31



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
586 0.98 583 0.31
587 0.98 584 0.31
588 0.97 585 0.31
589 0.97 586 0.31
590 0.97 587 0.31
591 0.95 588 0.31
592 095 589 0.31
593 0.94 590 0.31
594 0.94 591 0.31
595 0.94 592 0.31
596 0.93 593 0.31
597 0.93 594 0.31
598 0.92 595 0.31
509 0.92 596 0.31
600 0.92 597 0.31
601 0.91 598 0.29
602 0.91 599 0.29
603 0.9 600 0.29
604 0.89 601 0.29
605 0.89 602 0.29
606 0.89 603 0.29
607 0.88 604 0.29
608 0.88 605 0.29
609 0.87 606 0.29
610 0.88 607 0.29
611 0.87 608 0.29
612 087 609 0.29
613 0.86 610 0.29
614 0.85 611 0.29
615 0.85 612 0.29
616 0.85 613 0.29
617 0.84 614 0.29
618  0.84 615 0.28
619 0.84 616 0.28
620 0.82 617 0.28
621 0.83 618 0.28
622 0.82 619 0.28
623 0.82 620 0.28
624 0.82 621 0.28
625 0.8 622 0.28
626 0.8 623 0.28
627 0.79 624 0.28
628 0.77 ' 625 0.28
629 0.75 626 0.28
630 0.74 627 0.28
631 0.73 628 0.28
632 0.71 629 0.26
633 0.71 630 0.28
634 0.7 631 0.26
635 0.68 632 0.26
636 0.67 633 0.26
637 0.66 634 0.26

638 0.65 635 0.26



PW-1 PW-2

ELAPSED TIME DRAWDOWN ELAPSED TIME DRAWDOWN
639 0.64 636 0.26
640 0.63 637 0.26
641 0.61 638 0.26
642 0.61 639 0.26
643 0.6 640 0.26
B44 0.6 641 0.26
645 0.58 642 0.26
646 0.58 643 0.26
647 0.57 644 0.26

645 0.26
846 0.26
647 0.26
648 0.26
649 0.26
850 0.26
651 0.26
652 0.26
653 0.26
654 0.26
655 0.26
656 0.26
657 0.26
658 0.25
659 0.25
660 0.25
661 0.25
662 0.25
663 0.25
664 0.25
665  0.25
666 0.25
667 0.25
668 0.25
669 0.25
670 0.25
671 0.25
672 0.25

673 0.25



LO-~1

ELAPSED TIME DRAWDOWN

0
0.06
0.08

0.1
0.11
0.13
0.14
0.16
0.18
0.19

0.2

0.2
0.21
0.22
0.23
0.24
0.25
0.26
0.28
0.29

0.3
0.31
0.32
0.33
0.34
0.35

0.35

0.36
0.36
0.37
0.37
0.38

0.39.

0.38

0.4
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.47
0.48
0.49

0.5
0.51
0.52
0.52
0.53

LO-2
ELAPSED TIME DRAWDOWN
0 0.01
1 0.06
2 0.15
3 0.25
4 0.33
5 0.4
6 0.47
7 0.53
8 0.59
9 0.67
10 0.73
1 0.78
12 0.88
13 0.94
14 1.02
15 1.08
16 1.11
17 1.19
18 1.25
19 1.3
20 1.35
21 1.4
22 1.46
23 1.51
24 1.54
25 1.57
26 1.62
27 1.62
28 1.66
29 1.69
30 1.73
31 1.73
32 1.77
33 1.79
34 1.8
35 1.84
36 1.84
37 1.87
38 1.9
39 1.91
40 1.93
41 1.95
42 1.93
43 1.96
44 1.98
48 1.98
46 1.99
47 2.01
48 2.02
49 2.04



LO-1

ELAPSED TIME DRAWDOWN

53
54
55
56
57
58
59
60

61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
é1
82
83
g4
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

0.54
0.55
0.56
0.56
0.58
0.58
0.58
0.59

0.6
0.61
0.82
0.63
0.63
0.64
0.64
0.64
0.65
0.65
0.85
0.66
0.66
0.66
0.67
0.66
0.68
0.65
0.65
0.64
0.64
0.64
0.64
0.65
0.66
0.66
0.67
0.67
0.68
0.68
0.68
0.69
0.69
0.69

0.7

6.7

0.7

0.7

0.7
0.71
0.71
0.71

50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
Q0
91

92
93
94
95
96
97
98
99

LO-2

ELAPSEDTIME DRAWDOWN

2.06
2.07
2.09
2.1
212
2.15
217
2.2
2,23
2.26
2.29
2.34
2.37
2.4
2.43
2.46
2.5
2.53
2.56
2.59
2.61
2.64
2.67
2.69
2.72
2.73
2.75
2.76
2.8
2.81
2.83
2.84
2.86
2.86
2.89
2.91
2.91
2.95
2.97
2.98
3
3.02
3.03
3.06
3.05
3.08
3.09
3.18
3.14
3.16



LO-1
ELAPSED TIME DRAWDOWN
103 0.7
104 0.71
105 0.71
106 0.71
107 0.7
108 0.71
109 0.72
110 0.72
111 0.72
112 0.73
“113 0.73
114 0.74
115 0.74
116 0.75
17 0.75
118 0.75
119 0.76
120 0.78
121 0.76
122 0.786
123 0.77
124 0.78
125 0.77
126 0.78
127 0.78
128 0.78
129 0.79
130 0.8
131 0.8
132 0.8
133 0.8
134 0.8
135 0.8
1386 0.81
137 0.81
138 0.81
139 0.81
140 0.82
141 0.82
142 0.82
143 0.83
144 0.83
145 0.83
146 0.84
147 0.85
148 0.85
149 0.86
150 0.86
151 0.86
152 0.86

LO-2

ELAPSED TIME DRAWDOWN

100
101
102
103
104
108
106
107
108
109
110
111
112
113
114
115

116 -

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

3.19
3.19

3.2
3.22
3.24
3.26
3.27
3.28
3.31
3.3
3.33
3.35
3.36
3.36
3.38
3.41
3.41
3.42
3.42
3.42
3.44
3.44
3.44
3.44
3.44
3.46
3.46
3.46
3.46
3.47
3.47
3.47
3.47
3.47
3.47
3.47
3.49
3.49
3.49
3.49
3.49
3.49
3.49
3.49
3.49
3.47
3.47
3.48
3.49
3.49



LO-1

ELAPSED TIME  DRAWDOWN

153
154
165
156
187
158
159
160
161
162
- 163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
20
202

0.86
0.87
0.87
0.87
0.88
0.88
0.88
0.88
0.89
0.89
0.89
0.89
0.89
0.89
0.89

0.9

0.9

0.9

0.9

0.9
0.91
0.91
0.91
0.91
0.92
0.92
0.92
0.92
0.92
0.92
0.93
0.93
0.93
0.93
0.93
0.83
0.93
0.94
0.94

0.94-

0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94

LO-2

ELAPSED TIME DRAWDOWN

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
189

3.49
3.48
3.49
3.49
3.49
3.49
3.47
3.47
3.49
3.47
3.49
3.48
3.49
3.48
3.49

3.5

3.5

3.5

3.5
3.52
3.52
3.52
3.63

3.53

3.53
3.57
3.57
3.57
3.57
3.57
3.57
3.57
3.57
3.57
3.57
3.57
3.58
3.58
3.58
3.58
3.58

3.6

3.6

3.6

3.6

3.6
3.61
3.61
3.61
3.61



LO-1
ELAPSED TIME DRAWDOWN

203 0.95
204 0.95
205 0.95
206 0.95
207 0.95
208 0.95
209 0.85
210 0.95
211 0.96
212 0.96
. 218 0.96
214 0.96
215 0.96
216 0.97
217 0.97
218 0.97
219 0.97
220 0.97
221 0.97
202 0.97
223 0.97
224 0.98
225 0.88
226 0.98
227 0.98
228 0.98
229 0.99
230 0.99
231 0.99
232 0.99
233 0.99
234 0.99
235 1
236 1
237 1
238 1
239 1
240 1
241 1
242 1.01
243 1.01
244 1.01
245 1.01
246 1.01
247 1.01
248 1.01
24% 1.01
250 1.01
251 1.01
252 1.02

LO-2

ELAPSED TIME DRAWDOWN

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

3.61
3.61
3.63
3.63
3.63
3.63

3.6
3.63
3.63
3.63
3.84
3.63
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.64
3.66
3.64
3.64

3.66 -

3.66
3.66

- 3.66

3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.66
3.64
3.64
3.66
3.66
3.66
3.66
3.68

- 3.68

3.68
3.68
3.69
3.69
3.69
3.69
3.69



LO-1

ELAPSED TIME DRAWDOWN

253
254
255
256
257
258
259
260
261
262
. 283
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
296
296
297
298
299
300
301
302

1.02
1.02
1.02
1.02
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.03
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.05
1.06
1.05
1.05
1.05
1.05
1.05
1.05
1.05
1.06
1.08
1.06
1.06
1.06
1.06
1,05
1.05
1.05
1.05
1.05
1.05
1.05
1.05

LO-2

ELAPSED TIME DRAWDOWN

250
251
252
263
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299

3.69
3.69
3.69
3.89
3.69
3.69
3.7
3.69
3.69
N
3.7
3.71
T
3.7
3.71
3.71
3.7
3.68
3.69
3.72
3.72
3.72
3.72

3.72 -

3.72
3.72
3.72
3.74
3.72
3.74
3.74
3.74
3.74
3.74
3.74
3.74
3.74
3.74
3.74
3.74
3.76
3.76
3.76
3.76
3.76
3.76
3.74
3.74
3.76
3.76



LO-1

ELAPSED TIME DRAWDOWN

303
304
305
306
307
308
309
310

311

312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

1.08
1.05
1.08
1.05
1.06
.06
.06
.06
.06
.06
.06
.06
.08
.06
.06
07
.07
.07
.07
.07
.08
.08
.08
.08
.08
.08
.08
.08
.09
.09
.09
.09

ek ek ek b ek mdh ok ok ek b ek el ek ek kb adk ek ek ek omh b ek ek e b b ek ok ek ek ek
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1.1
1.1

LO-2
ELAPSED TIME DRAWDOWN

300 3.76
301 3.76
302 3.76
303 3.76
304 3.76
305 3.76
306 3.77
307 3.76
308 3.76
309 3,77
310 3.77
311 3.77
312 3.77
313 3.77
314 3.77
315 3.77
316 3.77
317 3.77
318 3.77
319 3.77
320 3.77
321 3.77
322 3.77
323 3.77
324 3.79
325 3.77
326 3.77
327 3.77
328 3.77
329 3.77
330 3.77
331 3,77
332 3.77
333 3.77
334 3.77
335 3.77
336 3.77
337 3.77
338 3.77
339 3.77
340 3.77
341 3.77
342 3.77
343 3.77
344 3.79
345 3.79
346 3.79
347 3.79
348 3.79
349 3.79



LO-1

ELAPSED TIME DRAWDOWN

353
354
355
356
357
368
359
360
361
362
- 363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
s
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402

1.1
1.11
1.1
1.11
1.11
1.11
1.11

1.1

1.1
1.11
1.11
1.11
1.11
1.1

1.1

1.1
1.09
1.09
1.08
1.08
1.07
1.07
1.07
1.06
1.05
1.04
1.04
1.03

1.01

0.99
0.99
c.88
0.97
0.96
0.96
0.95
0.94
0.94
0.93
0.93
0.92
0.92

0.9

0.9

0.9
0.89
0.89

LO-2
ELAPSEDTIME DRAWDOWN
350 3.79
351 3.79
352 3.79
353 3.8
354 3.8
355 3.79
356 3.82
357 3.8
358 3.79
359 3.79
360 3.76
361 3.72
362 3.69
363 3.66
- 364 3.63
365 3.57
366 3.52
367 3.46
368 3.39
369 3.33
370 3.25
371 3.19
372 3.13
373 3.05
374 2,97
375 2.89
376 2.84
377 2.76
378 2,73
379 2.64
380 2.56
381 2.51
382 2.45
383 2.39
384 2.32
385 2,26
386 2.21
387 2.15
388 2.12
389 2.06
390 2.0
3 1.96
392 1.91
303 1.87
394 1.82
395 1.77
396 1.73
397 1.68
398 1.63
399 1.6



403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452

LO-1

ELAPSED TIME  DRAWDOWN

0.88
0.88
0.87
0.87
0.86
0.85
0.85
0.84
0.83
0.83
0.82
0.82
0.81
0.81

0.8
0.79
0.79

0.8
0.78
0.78
0.77
0.76
0.76
0.75
0.76
0.74
0.74
0.73
0.72
0.72
0.71

0.7

0.7
0.69
0.68
0.68
0.67
0.67
0.66

0.65-

0.65
0.64
0.64
0.83
0.62
0.61
0.61

0.6
0.59
0.59

LO-2

ELAPSED TIME DQRAWDOWN

400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449

1.55
1.62
1.49
1.44
1.41
1.38
1.35
1.32
1.3
1.27
1.24
1.21
1.19
1.16
1.13
1.1
1.06
1.08
1.05
1.03
1.02
1
0.99
0.95
0.94
0.92
0.91
0.89
0.89
0.88
0.86
0.84
0.83
0.81
0.81
0.8
0.78
0.77
0.77
0.75
0.75
0.73
0.72
0.72
0.72
0.7
0.7
0.69
0.69
0.67



U

LO-1

ELAPSED TIME DRAWDOWN

453
454
455
456

457 .

458
459
460
461
462

- 463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502

0.58
0.58
0.57
0.57
0.56
0.56
0.85
0.56
0.54
0.54
0.53
0.53
0.52
0.52
0.51
0.51

0.5

- 0.5

0.5
0.49
0.49
0.49
0.48
0.48
0.47
0.47

- 0.47

0.46
0.46
0.46
0.46
0.45
0.45
0.45
0.44
0.44
0.44
0.44
0.43
0.43
0.43
0.42

-0.42

0.42
0.42
0.41
.41
0.41
0.41
0.41

450
451
452
453
454
458
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
480
491
492
493
494
495
496
497
498
499

LO-2

ELAPSED TIME DRAWDOWN

0.67
0.68
0.66
0.66
0.64
0.64
0.62
0.62
0.61
0.61
0.61
0.61
0.59
0.59
0.59
0.58
0.58
0.58
0.56
0.56
0.56
0.56
0.56
0.55
0.55
0.55
0.55
0.53
0.53
0.53
0.53
0.51
0.51
0.51
0.51
0.51
0.51

0.5

0.5

0.5

0.5

0.5

0.5
0.48
0.48
0.48
0.48
0.48
0.48
0.48



LO-1

ELAPSED TIME DRAWDOWN

503
504
- 606
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
5286
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552

0.4
0.4
0.4

0.39

0.39

0.39

0.38

0.38

0.38

0.38

0.38

0.37

0.37

0.37

0.37

0.36

0.36

0.36

0.36

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.35

0.34

0.34

0.34

0.34

0.34

0.34

0.34

0.33

0.33

0.33

0.33

0.33

0.33

0.33

0.32

0.32

0.32

0.32

0.32

0.32

LO-2

ELAPSEDTIME DRAWDOWN

500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

0.47
0.47
0.47
0.47
0.47
0.47
0.47
0.48
0.47
0.47
0.47
0.47
0.47
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.44
0.45
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.44
0.42
0.42
0.42
0.42
0.42
0.42
0.42

0.4

0.4

0.4

0.4

0.4

0.4

0.4

0.4



LO-1

ELAPSEDTIME DRAWDOWN

603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
g22
623
624
625
626
827
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647

0.25
0.25
0.28
0.25
0.256
0.25
0.25
0.25
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.21
0.21
0.19
0.21

LO-2

ELAPSEDTIME DRAWDOWN

600
601
602
603
604
605
606
607
608
609
810
611
612
613
614
815
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.3t
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29



LO-1

ELAPSEDTIME ~ DRAWDOWN

LO-2

ELAPSED TIME DRAWDOWRN

650
651
652
653
654
655
656
857
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673

0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.28
0.29
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.29

0.28



MW-78

ELAPSED TIME DRAWDOWN

0 0.02
1 1.08
2 0.96
3 0.97
4 1.01
5 1.19
6 1.65
7 2.57
8 3.74
8 4.63
10 5.52
1" 5.62
12 5.36
13 5.23
14 5.34
15 5.41
16 53
17 5.28
18 5.27
19 5.32
20 5.48
21 5.59
22 5.7
23 5.8
24 5.86
25 5.87
26 5.9
27 5.92
28 5.94
29 5.97
30 5.99
31 6
32 6.03
33 6.06
34 6.08
35 6.1
36 6.13
37 6.15
38 6.22
39 6.2
40 6.22
41 6.11
42 6.02
43 5.95
44 5.89
45 5.83
46 577
47 5.7

577

I
0



MW-75

49 5.71
50 5.66
51 5.62
52 5.56
53 5.51
54 5.58
55 5.59
56 6.1
57 6.21
58 6.15
59 6.14
60 6.16
61 .18
62 . 6.16
63 6.16
64 6.16
65 6.16
66 6.17
67 6.18
68 6.18
89 6.18
70 6.17
71 6.19
72 6.2
73 6.2
74 6.21
75 6.21
76 6.21
77 6.22
78 6.22
79 6.22
80 6.23
81 6.23
82 6.23
83 6.22
84 6.19
85 6.13
86 6.06
87 6.01
88 " 5,98
89 5.95
90 5.89
91 5.89
92 6.08
93 6.23
94 6.15
95 6.22
96 6.25
97 6.26
98 6.28
99 6.29

100 6.32

101 8.33



102
103
104
105
106
107
108
109
110
111
112
13
114

118

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
138
140
141
142
143
144
145
146
147
148
149
150
151
162
163
154

MW-735

6.35
6.36
6.41
6.49
6.61
6.64
6.65
6.65
6.63
6.58
6.53

8.5
6.48
6.45
6.69
6.56
6.51
6.57
6.49
6.43
6.37
6.33
6.29
6.25
6.32
6.41
6.33
6.28
6.23
6.18
6.12
6.07
6.02
5.97
5.92
5.88
5.83
5,82
6.57
6.51
6.45

6.4
6.35

6.3
6.24
6.19
6.14

6.1
6.05
6.01
5.97
5.93
5.89



MW-78

155 5.85
156 5.84
157 6.06
158 6.36
159 6.32
160 6.22
161 6.16
182 6.11
163 6.05
164 5.99
165 5.94
166 6.11
167 6.22
168 © ~ 6.29
169 6.36
170 6.4
171 6.45
172 6.42
173 6.39
174 6.37
175 6.4
176 6.41
177 6.41
178 6.4
178 6.41
180 6.44
181 6.38
182 6.3
183 8.23
184 6.16
185 6.1
186 6.03
187 5.96
188 5.9
189 5.83
190 5.78
191 5.72
192 5.67
193 5.63
194 5.57
195 5.52
196 5.47
197 5.29
198 5.23
199 5.19
200 5.15
201 511
202 5.07
203 5.01
204 4.96
205 4.92
206 4.88

207 4.84



208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
248
247
248
249
250
2561
252
253
254
255
256
257
258
258
260

MW-78

4.79
4.75

4.7
4.66
4.63

4.6
4.56
4.53
4.49
4.45
4.42
4.39
4.35
4.32
4.28
4.24
4.21
417
413

4.1
4.06
4.03
3.99
3.96
3.92
3.88
3.85
3.81
3.78
3.74

3.7
3.67
3.63

3.6
3.57
3.54
3.51
3.47
3.45
3.41
3.38
3.35
3.32
3.28
3.26
3.23

3.2
3.17
3.14
3.11
3.09
3.06
3.04



MW-78

261 3.01
262 2.99
263 2.96
264 2.93
265 2.91
266 2.88
267 2.86
268 2.84
269 2.81
270 2.79
271 2.76
272 2.74
273 2.72
274 2.7
275 2.67
276 2.65
277 2.62
278 2.6
279 2.59
280 2.56
281 2.54
282 2.52
283 2.49
284 2.47
285 2.44
286 2.42
287 2.4
288 2.37
289 2.35
290 2.33
291 2.31
292 2.29
293 2.26
294 2.24
295 2.22
296 2.2
297 2.18
298 2.15
299 2.13
300 2.11
301 2.08
302 2.06
303 2.04
304 2.02
305 2
306 1.98
307 1.96
308 1.95
309 1.93
310 1.91
311 1.89
312 1.88

313 1.86



314
315
316
317
318
319
320
321
322
323
324
325
326

327"

328
329
330
331
332
333
334
335
3386
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
385
356
357
358
358
360
361
362
363

MW-7S

1.84
1.83
1.81
1.79
1.78
1.76
1.74
1.72
1.71
1.69
1.67
1.66
1.64
1.63
1.61

1.6
1.58
1.57
1.55
1.54
1.52
1.51
1.49
1.48
1.47
1.45
1.44
1.43
1.42

1.4
1.39
1.38
1.37
1.35
1.34
1.33
1.32
1.31

1.3
1.29
1.27
1.26
1.25
1.24
1.23
1.22
1.21

1.2
1.19
1.18
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Slug Test Analysis



i

AQTESOLYV RESULTS

Version 1.10

12/17/91
11:09:50
TEST DESCRIPTION
Data set........... lo-1sTug.in
Data set title..... LO-1 Slug Test
Company.....oovuuns Malcolm Pirnie, Inc.
Project............ 0965-07-1
Client.......... ... City of Rochester
Location........... Rochester Fire Academy
Test date.......... 11/21/91
Knowns and Constants:
No. of data points.................. 17
Radius of well casing............... 0.083
Radius of well.....oivnininninnnnn, 0.416
Aquifer saturated thickness......... 24
Well screen length.................. 10
Static height of water in well...... 24
Log(Re/RW)...covvvevivniiiiininnnnnn 2.895
- T et 0.000, 0.000, 1.784

ANALYTICAL METHOD

Bouwer and Rice (unconfined aquifer slug test)

RESULTS FROM STATISTICAL CURVE MATCHING

STATISTICAL MATCH PARAMETER ESTIMATES

Estimate Std. Error
8.8481E-004 +/- 7.4567E-005
1.5135E+000 +/- 6.2140E-002
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AQTESOLYV RESULTS

Version 1.10

12/19/91
09:47:10
TEST DESCRIPTION
Data set........... 10-2sTug.in
Data set title..... L0-2. STug Test
Company....coevuenns Malcolm Pirnie, Inc.
Project........:... 0965-07-1
Client.......covvss City of Rochester
Location....:...... Rochester Fire Academy
Test date.......... 11/21/91
Knowns and Constants:
No. of data points.................. 11
Radius of well casing............... 0.089
Radius of well. ... . iviinennnannn 0.416
Agquifer saturated thickness......... 23.5
Well screen Tength.................. 5
Static height of water in well...... 23.5
Log(Re/Rw) . ...oovviiiiiiinieiiennnns 2.58
A, B, Covirnniii i iiinanaraanns 0.000, 0.000, 1.382

ANALYTICAL METHOD

Bouwer and Rice (uncoenfined aquifer slug test)

RESULTS FROM STATISTICAL CURVE MATCHING

STATISTICAL MATCH PARAMETER ESTIMATES

Estimate Std. Error
1.7855E-004 +/- 3.7476E-005
9,4708E-001 +/-  3.4513E-002
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uwon



ANALYSIS Of MODEL RESIDUALS

residual = calculated - observed
weighted residual = residual * weight

Weighted Residual Statistics:

Number of residuals............... 11

Number of estimated parameters.... 2

Degrees of freedom................ g
Residual mean.........oovvvnnnnn. 0.0004393
Residual standard deviation....... 0.07802
Residual variance.........c.vvveun 0.006087

Time Observed Calculated Residual

0.0166 1.15 0.94571 0.20429
0.05 0.94 0.94295 -0.0029522
0.2 0.88 0.93067 -0.0508673
0.45 0.85 (0.91056 -0.060563
0.7 0.84 $.89089 -0.050887
1.2 0.83 0.8528 -0.022802
1.45 0.8 0.83437 -0.034374
1.95 0.78 0.7987 -0.018705
2.95 0.72 0.73188 -0.011875
3.95 0.68 0.67064 0.0093622
6.95 0.56 0.51599 0.044011

RESULTS FROM VISUAL CURVE MATCHING

VISUAL MATCH PARAMETER ESTIMATES

Estimate
K = 1,7855E-004
y0 = 9.4708E-001

— et e e e e e et
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Flow Mode! Input Parameters
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APPENDIX C
TREATABILITY TESTING
Air Guide 1 Analysis

Packed Tower Stack Height Analysis
Peroxidation Systems Report
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Packed Tower Stack Height Analysis



ESIGN FOR : Malcolm Pirnie, Inc.
- Thomas Forbes

OWER DESIGN :

Air Flow Rate -> 320 CFM
ater Flow Rate -> 40.00 gpm
Mir:Water -> 60.00 (CFM/CFM)
Tower Diameter -> 2.0 ft
iquid Loading -> 12.74 gpm/ft~2
%ressure Drop Across Packed Bed -> .36 in W.C
acking 3.5 LANPAC
Packing Volume -> 78.6 cu ft
Eemova] Efficiency -> 99.000 %
acking Height -> 25.0 ft.
Water And Air Temperature 50.00, 70.00 of

l TOWER ANALYSIS

Component NTU HTU H (atm) Ve (gm/cc)

l 1,1-Dichloroethane 4.87  3.38  326.00 240.00
1,2-Dichloroethylene 4.83 3.33 373.00 230.00
Chloroform 5.14 3.37 170.00 239.00
1,2-Dichloroethane 6.95 3.28 54.30 220.00

Vinyl Chloride 4.61 3.02  kdkdekdk 169,00

' Methylene Chloride 5.30 3.15 136.00 193.00
1,1,1-Trichloroethane 4.80 3.64 444 .00 304.00

l Bromodichloromethane 5.77 3.46 89.00 259.00

= Trichloroethylene 4.76 3.44 550.00 256.00

g Benzene , 4.97 2.42 240.00 259.00

l Tetrachloroethylene 4.68  3.58 1100.00 290.00
Toluene 4.87 2.58 330.00 316.00
Chlorobenzene 5.07 2.56 192.00 308.00
Ethylbenzene 4.79 2.72  469.00 374.00

I Total Xylene 4.82 2.72 389.00 375.00

l WATER AND AIR ANALYSIS FOR THE TOWER :
Component C1 water C2 water C AIR

l PPB PPB #/day
1,1-Dichloroethane .10E+04 .10E+02 .48E+00
1,2-Dichloroethylene - .30E+05 .30E+03 .14E+02

I Chloroform .80E+01 .80E-01 .38E-02?
1,2-Dichloroethane L 46E+02 .46E+00 22E-01
Vinyl Chloride L22E+03 .22E+01 .10E+00

I Methylene Chloride .58E+03  .58E+01  .28E+00

: 1,1,1-Trichloroethane .79E+04 .79E+02 .38E+01
Bromodichloromethane .90E+01 .90E-01 .43E-02

l Trichloroethylene .94E+03 .94E+01 .45E+00

‘ Benzene .90E+01 .90E-01 .43E-02
Tetrachloroethylene .88E+02 .88E+00 .42E-01



Toluene

Chlorobenzene
Ethylbenzene
Total Xylene

.B9E+03
.80E+01
.17E+03
.86E+03

: inffluent concentration in water
: effluent concentration in water

: effluent concentration in air

.89E+01
.80E-01
.17E+01
.86E+01

42E400
.38E-02
.81E-01
41E+00
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Peroxidation Systems Report
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IN GROUNDWATER

prepared for

Malcolm Pirnie, Inc.
Buffalo, New York
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EXECUTIVE SUMMARY

Peroxidation Systems Inc. (PSI) has performed a laboratory investigation to evaluate the
effectiveness of the perox-pure™ Process for Malcolm Pimie, Inc. (Malcolm Pirnie) on
treatment of contaminated groundwater from the Rochester site.

The perox-pure™ system provides effective treatment of the contaminated groundwater at the
Rochester site. The unique difference between the perox-pure™ organic destruction process
and other systems is its ability to actually destroy organics to non-detectable levels. It does this
by combining the effects of ultraviolet light (UV) and hydrogen peroxide (H,0,) in a closed
reactor. The UV light cleaves the H,0, forming powerful hydroxyl radicals -- which in turn
oxicéize the organics to carbon dioxide and water. Any halogens present are converted to
halides.

The treatment of the groundwater, as defined by Malcolm Pimnie, included the destruction of
chloroform, methylene chloride (MeCL), acetone, 1,1,1-trichloroethane (1,1,1-TCA), 1,2-
dichloroethane (1,2-DCA), and 1, 1-dichloroethane (1,1-DCA) to the limits specified for three
(3) different cases, summarized in Table 4, Section 3.1.1. Ata 20 gpm flow raté, the treatment
levels specified for Cases I and II can be achieved with the chemical oxidation process using
a perox-pure™ Model LEBX-270. The capital cost for this system is $315,000. Including
electricity, hydrogen peroxide, labor and maintenance, the estimated monthly treatment cost is
$12,820. The treatment levels specified for Case III can be achieved using a perox-pure™
Model LSB-60. The capital cost of this unit is $96,850. Including electricity, hydrogen
peroxide, labor and maintenance, the estimated monthly treatment cost is $3,590.

As an alternative, PSI can offer the perox-pure™ Process on a Full Service Agreement with
no capital investment or for purchase with a separate service agreement available, The Full
Service Agreement includes all~maintenance, parts and labor, emergency service, and regular
site visits. Further, PSI guarantees that the system will meet the agreed upon specification as
determined by these tests, A Full Service Agreement for this groundwater is available for
$21,900/month for the LEBX-270 (Cases I and II), and $7,310/month for the LSB-60 (Case
III).

The perox-pure™ Process offers the advantages of a proven, cost-effective treatment system
that creates no_ air emissions, or generation of secondary waste products. The equipment
typically is available within 12 weeks of order.
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1.0 INTRODUCTION

The perox-pure™ Process destroys dissolved organic contaminants in water by means of
chemical oxidation. Ultraviolet (UV) light catalyzes the chemical oxidation of organic
contaminants in water by its combined effect upon the organic contaminants and its reaction
with hydrogen peroxide (H,0,). Many organic contaminants absorb UV light and may undergo
a change in their chemical structure or may become more reactive with chemical oxidants.
More importantly, UV light at less than 400 nm wavelength reacts with H,0, molecules to form
hydroxyl radicals. These powerful chemical oxidants then react with the organic contaminants
in the water. If carried to completion the reaction products of hydrocarbon oxidation with the
perox-pure’™ Process are carbon dioxide and water.

Peroxidation Systems, Inc. (PSI) was contracted by Malcolm Pirnie, Inc, (Malcolm Pirnie) to
perform a treatability study on contaminated groundwater using the perox-pure™ Process.
The groundwater reportedly contained 8 ug/l of chloroform, 580 ugfl of methylene chloride
(MeCly), 1600 pg/l of acetone, 7,900 ug/! of 1,1, 1-trichloroethane (1,1,1-TCA), 21 pg/t of 1,2-
dichloroethane (1,2-DCA), and 690 pg/l of 1,1-dichloroethane (1,1-DCA). Malcolm Pimie
specified three (3) treatment cases as described in Table 4, Section 3.1.1.

A bench-scale perox-pure™ treatability Study was performed on the groundwater during
December of 1991 at the PSI Testing Laboratory in Tucson, Arizona. These tests wera
designed to provide a range of data from which full-scale treatment criteria and costs would be
projected.



2.0 BENCH-SCALE LABORATORY TESTING

2.1 Testing Procedures
2.1.1 Description of Groundwater

On November 20, 1991, 13-gallons of groundwater were received from Malcolm Pirnie at the
ESI Laboratory in Tucson, Arizona. The water was contained in 4-liter bottles with minimal
eadspace,

Characterization of the water sample was performed by PSI to determine parameters of
importance for perox-pure™ treatment, The raw water required filtration prior to testing. The
characterization results are shown in Table 1.

Table 1

' Sample Characterization Results
for the Malcolm Pirnie Groundwater

Filtered Raw
Color: Clear Turbid
Visual Appearance: Colorless Pale Yellow
pH: 7.2 7.2
Iron (mg/l): 0.8 1.2
Chloride (mg/l): —ane 87
Chemical Oxygen Demand (mg/l): ———- 30
Total Organic Carbon (mg/l): ---- 12
Total Dissolved Solids (mg/l): - <5
Total Suspended Solids (mg/l): <5 340 -
Alkalinity (mg/l): _ - 386
Turbidity (FTU): <5 21

2.1.2 Testing Protocol
2.1.2.1 perox-pure™

The bench-scale perox-pure™ test unit was charged by filtering an aliquot of the water into a
recycle reservoir. A pump was started which circulated the solution through the reactor and
back into the reservoir providing continual mixing in the closed system. At this time, pH
adjustment and/or chemical spiking (i.e. 1,1,1-TCA, acetone, and methylene chloride) were
performed as required. The UV lamp was illuminated to start a test, and H,0, was added as
required to maintain a constant concentration in solution. All materials in contact with the
solution were glass, quartz, stainless steel, viton or teflon.

After the appropriate retention times, samples of the treated water were collected in 40 ml
septum vials. An untreated sample was also collected in the same way. These samples were
analyzed for volatile contaminants using EPA Methods 601/602.

2.1.2.2 Filtration

Filtration of the raw groundwater was performed by pumping the water through a 3 micron
filter cartridge.



2.2 Testing Results

Five (5) perox-pure™ treatment tests were performed by PSI on the Malcolm Pirnie
groundwater, These tests were designed to determine the effects of pH, and H,0, dosage on
the rate of contaminant destruction. The H,0, dosage was varied between 25 and 100 mg/l.
In Tests 4 and 5, the initial pH was adjusted to 5. The as-received groundwater contained
lower than expected concentrations of the contaminants, 1,1,1-TCA, acetone, and methylene

chloride. Therefore, the water was spiked with these compounds to the levels reported by
Malcolm Pimie prior to performing Test . :

Table 2

Bench-Scale perox-pure™ Treatment Conditions
for the Malcolm Pirnie Groundwater

H,0, in Solution Initial
Test ) (mg/1) pH Spiking
1 25 7.0 ———-
2 50 7.0 ———-
3 100 7.0 ———-
4 50 5.0 ----
5 100 5.0 Acetone, TCA, MeCl,

The test results are shown in Table 3.

~ Table 3

Bench-Scale perox-pure™ Treatment Results

for the Malcolm Pirnie Groundwater

Contaminant Full-Scale Oxidation Times (min.)
Concentration (ug/1) 0 0.7 1.4 2.8 . 4.2
TEST 1 v
1,1-DCA 793 86 10 <2 <2
1,1,1-TCA 274 90 38 - 10 <2
1,2-DCA 55 <2 <2 <2 <2
Acetone 371 - 202 55 16 <5
Chloroform <20 <2 <2 <2 <2
MeCl, <20 <2 <2 <2 <2
T -
1,1-DCA 777 116 14 <2 <2
1,1,1-TCA 264 95 47 12 <2
1,2-DCA 55 5 <2 <2 <2
Acetone 551 290 66 <11 <5
Chloroform <20 - <2 <2 o <2 <2
MeCl, <20 <2 <2 <2 <2
3



Table 3 (cont’d)

Bench-Scale perox-pure™ Treatment Results
for the Malcolm Pirnie Groundwater

Contaminant Full-Scale Oxidation Times ( min,)
Concentration (ug/l 0 0.7 1.4 2.8 4.2
TEST 3

1,1-DCA 809 153 27 <2 <2
1,1,I-TCA 273 103 42 7 <2
1,2-DCA 50 6 <2 <2 <2
Acetone 339 276 <5 <5 <5
Chloroform <20 <2 <2 <2 <2
MeCl, <20 <2 <2 <2 <2
TEST 4

1,1-DCA 575 62 <2 <2 <2
1,1,1-TCA 184 72 25 5 <2
1,2-DCA 4] 3 <2 <2 <2
Acetone 233 123 <5 <5 <5
Chloroform <20 <2 <2 <2 <2
MeCl, ' <20 <2 <2 <2 <2
[EST 5

1,I-DCA 649 50 <2 <2 <2
1,1,1-TCA 4,800 1,504 507 102 15
1,2-DCA 168 36 7 <2 <2
Acetone 3,133 345 4 <5 <5
Chloroform <20 <2 <2 <2 <2
MeCl, 497 103 6 <2 . <2

Analytical test results for Tests 1 through 5 are shown in Table 3. Analyses for the
contaminants shown were performed by PSL. In all tests, 1,1-DCA, 1,2-DCA and methylene
chloride were destroyed to below the analytical detection limit of 2 ug/l in under 2.8 minutes
of oxidation time. The initial chloroform and methylene chloride concentrations were below
the analytical detection limit in each of the tests performed. 1,1,1-TCA was determined to be
the rate limiting compound in Tests 1 through 5.

As shown in Figure 1, increasing the H,0, dosage from 25 mg/1 (Test 1) to 100 mg/1 (Test 3)
generated an approximate 2 fold increase in the acetone destruction rate. In Test 3 acetone was
destroyed to less than 5 pg/l in under 1.4 minutes of oxidation time. Similar improvements in
the destruction rates for other contaminants were not observed by increasing the H,0, dosage.



The acetone destruction results from Tests 2 and 4, performed using a H,0, dosage of 50 mg/1,
are depicted graphically in Figure 2. Adjusting the pH to 5 in Test 4 produced an approximate

1.5 times increase in the acetone destruction rate as compared to Test 2. The destruction rates
of the other contaminants increased somewhat (Figure 3).

Test 5, each of the contaminants was destroyed to below detection limits in under 2.8 minutes
of oxidation time, except for 1,1,1-TCA which was destroyed to 15 pg/l in 4.2 minutes.
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FIGURE 3

MALCOLM PIRNIE GROUNDWATER
1,1-DCA & 1,1,1-TCA DESTRUCTION AND pH
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2.3 Discussion

The objective of the treatability study discussed herein was to determine the treatment conditions
necessary to treat the groundwater to the required effluent criteria,

In Test 4, the pH was lowered to determine the effects of alkalinity on contaminant destruction

rates. Qverall destruction rates for the target compounds increased significantly by lowering
the pH to about 5.

Based on treatment results for both the as received and spiked groundwater concentrations, the
best overall contaminant destruction rates were achieved using a H,0, dosage of 100 mg/l and
an initial pH of 5. Under these conditions, oxidation rates were determined for each of the
contaminants.  The rate limiting contaminant was 1,1,1-TCA with a rate constant of 1.37

m@n':. The destruction rate constant for the total organic component was determined to be 2.16
min~, .



2.4 Laboratory Testing Summary

This bench-scalq testing program has demonstrated that the perox-pure™ Process is an effective
method of treating the contaminated groundwater to meet the required treatment objectives.
Specific test results and treatment conditions are as follows:

1) The as-received groundwater contained approximately 790 ug/t of 1,1-DCA, 260 ugll
of 1,1,1-TCA, 55 ug/l of 1,2-DCA, and 400 ugf/l of acetone. No chloroform or
methylene chloride was detected. Because the 1,1,1-TCA, acetone and methylene
chloride were below the expected concentrations, one test (Test 5) was performed using

groundwater spiked with TCA, acetone, and methylene chloride to the levels reported
by Malcolm Pimie,

2) In each of the Tests 1 through 5, the raw water was filtered prior to performing bench-
scale testing. -

3) Five (5) bench-scale perox-pure™ tests were performed on the groundwater evaluating
the effects of varying H,0, dosage and pH.

4) For both the as-received and spiked groundwaters, the best destruction rates were
achieved using a H,0, dosage of 100 mg/l at a pH of 5.0. The rate limiting compound
was determined to be 1,1,1-TCA with a rate constant of 1,37 min', Overall, the

destruction rate for the total organic component of the groundwater was determined to
be 2.16 min™.

10 -



3.0 PROCESS ASSESSMENT

3.1 Full-Scale Treatment Conditions

3.1.1 Treatment Criteria

The criteria used to project full-scale treatment conditions for the perox-pure™ Process are

summarized in Table 4. These criteria were specified by Malcolm Pimnie.

Table 4

Criteria for Full-Scale Treatment
of the Contaminated Groundwater

Flow rate (gpm) 20

Influent Contaminants (ug/l)
Chloroform 8
Methylene Chloride 580
Acetone 1,600
1,1,1-TCA _ 7,900
1,2-DCA 21
I,I‘DCA o, 690 Mevioe £ ¢ .o . h
Effluent Contaminants (ug/l) Case I ase 1Y Case IiI
Chloroform 100 5 .
Methylene Chloride 3 5 :
Acetone --e- 50 <1,800®
1,1,1-TCA 5 5
1,2-DCA 5 5
1,1-DCA 5 5

“Detection limits for contaminants using EPA Method 624 obtained from Golden

State Analytical Laboratories (Van Nuys, California)

®The sum of all volatile organic compounds based on an assumption by Malcolm
Pirnie that semi-volatile organic compounds will contribute approximately 0.2 ppm to

the ultimate criteria of 2.0 ppm total organics.

11



3.1.2 Recommended Process Conditions

Full-scale perox-pure™ Process conditions are projected in Table 5 for the three (3) cases
specified by Malcolm Pirnie. Treatment criteria from Table 4 was used along with the rate
constant for 1,1,1-TCA determined from Test 5 to calculate the oxidation times for Cases I and
II. The same treatment criteria was also used along with the destruction rate determined for
the total organic component of the groundwater (Test 5) to calculate the oxidation time for Case

III in Table 5. These oxidation times were then used with the specified flow rate to determine
required power demands.

The H,0, listed in Table 5 was calculated from the H,0, concentration used in Test 3.

Table 5

Full-Scale perox-pure™ Process Conditions
for Treatment of the Contaminated Groundwater

se I Case II Case IIT

Oxidation Time (min.) 5.4 5.4 ~0.83

Power Demand (kW) 216 216 33

50% H,0, Dosage (Ibs/1000 gal) 0.8 0.8 0.8
12
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3.2 Equipment Selection

The bench-scale testing indicates that the target contaminants in the groundwater are oxidized
to below the Case I and II effluent levels specified by Malcolm Pirnie within 5.4 minutes in an
EX reactor using 216 kW of power to the UV lamp. Because the UV light source requires 30
kW per lamp, the power usage would be 240 kW when operating. At a maximum flow rate
of 20 gpm, the perox-pure™ unit which can best accommodate the Case I and IT treatment
requirements is an LEBX-270. For the Case III treatment requirements, only 0.83 minutes of
oxidation time is required to oxidize the contaminants of concern. The perox-pure™ unit
which can best accommodate the Case III treatment objectives is a Model LSB-60.

A hydrogen peroxide dosage of 0.8 1b/1000 gallons was used in the Test 5 bench-scale test.
This results in a peroxide usage of 70 gal/month for all three cases. PSI therefore recommends
that a 500 ga.llon hydrogen peroxide storage tank and dosing module be used to support the
perox-pure ™ unit, Assuming continuous operation, this would result in delivery of hydrogen
peroxide to the site approximately every 7 months.

The utilities required include potable water for the safety shower and equipment cleaning, and

300 amps of 3 phase, 60 cycle, 480 volt electrical power for the LEBX-270 unit. The LSB-
60 unit would require 80 amps.

PSI's perox-pure™ system is a complete skid mounted system with all required controls
enclosed. Only a minimal foundation with containment dike, and electrical and plumbing
connections are necessary. The equipment can operate with infrequent attention from the

operator. It does require occasional servicing which PSI can provide under several service
agreement options.

13



3.3 Discussion of Investment Options

PSI offers the perox-pure™ system under either a Full Service Agreement with no capital cost
or through direct purchase.

Option I - Full Service Agreement

PSI will provide the perox-pure™ system under its Full Service Agreement program, which
includes the perox-pure™ unit and hydrogen peroxide feed module, maintenance, replacement
parts, emergency service, and regular service/maintenance visits. PSI guarantees that the
performance of the system will meet the agreed upon effluent specifications.

Our qualified technical personnel will visit the site on a regular basis to monitor the operation,
perform necessary maintenance and provide a monthly report on the system. Other operator
attention is not normally required. '

All of these services are included in one monthly service fee. In addition, if the process
conditions change, such as either an increasing or decreasing flow, or organic contaminant
level, the customer can request equipment replacement. In this way, the facility is always
provided with an optimum size unit, providing minimum operating costs for current site
conditions.

Option II - Equipment Purchase

Alternatively, we can supply the perox-pure™ treatment system through equipment purchase
with a separate Maintenance Technical Services Agreement, The Services Agreement provides
a program which includes hydrogen peroxide storage and feed module, maintenance,
replacement parts, emergency service and regular maintenance visits.

Our qualified technical personnel will visit the site on a regular basis to monitor the operation,
perform necessary maintenance, and provide a monthly report on the system, Other operator
attention is not normally necessary.

14
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3.4 Investment - Cases I and IT

3.4.1 Capital Investment - perox-pure™

The budgetary capital investment for both a customer own
with a PSI Full Service Agreement are shown below. Th
20 gpm flow rate. The customer is responsible for freight costs,

ed system and a PSI owned system
e capital investment is based on the

site preparation and

foundation, power to the battery limit, influent/effluent pipes, pretreatment or post-treatment

equipment, taxes, special permits, pumps and tanks.

PSI Owned
System with
Full Service

_ Contract
Capital Investment (LEBX~270? Included
H,0, Storage and Feed System Included
Start-up & Training §  7.500
TOTALS $ 7,500

'No capital investment when H,0, is purchased from PSI.

3.4.2 Treatment Cost - perox-pure™

Customer Owned
System

$ 315,000
Included
10,000

$ 325,000

The projected costs for perox-pure™ treatment of the groundwater are shown below. The
energy cost assumed is $0.06/kWh, The maintenance fee represents costs for repair/
replacement parts and labor, and is estimated to be 8% of the capital cost per year. Acid costs

for pH adjustment are considered negligible.

Hydrogen Peroxide (700 1b @ $0.50/1b)
Electrical (240 kW @ $0.06/kWh)
Maintenance

TOTAL

15

perox-pure™

Operating Costs
(3/Month)

$ 350
10,370
2,100

$ 12,820/Mo.




3.4.3 Full Service Agreement - perox-pure™

Alternatively, PSI will provide the perox-pure™ system under its Full Service Agreement
program, which - includes the perox-pure™ unit and hydrogen peroxide feed module,
maintenance, replacement parts, emergency service, and regular service/maintenance visits. PSI
guarantees that the performance of the system will meet the agreed upon effluent specifications.

The Full Service Agreement offers guaranteed performance at a guaranteed monthly cost.

PSI Owned
System ($/Month)
Full Service Agreement Fee $ 11,180
Hydrogen Peroxide (700 1b @ $0.50/1b) 350
Electrical (240 kW @ $0.06/kWh) 10,370
TOTAL $ 21,900/Mo.
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3.5 Investment - Case III
3.5.1 ital Investment -

The budgetary capital investment for both a customer owned system and a PSI owned system
with a PSI Full Service Agreement are shown below. The capital investment is based on the
20 gpm flow rate. The customer is responsible for freight costs, site preparation and
foundation, power to the battery limit, influent/effluent pipes, pretreatment or post-treatment
equipment, taxes, special permits, pumps and tanks.

PSI Owned

System with

Full Service Customer Owned

- Contract System

Capital Investment (LSB-60) Included $ 96,850.
H,0, Storage and Feed System' Included Included
Start-up & Training 3 _5.000 7,500
TOTALS $ 5,000 $ 104,350

'No capital investment when H,0, is purchased from PSI.

3.5.2 Treatment Cost - perox-pure™

The projected costs for perox-pure™ treatment of the groundwater are shown below. The
energy cost assumed is $0.06/kWh. The maintenance fee represents costs for repair/
replacement parts and labor, and is estimated to be 8% of the capital cost per year. Acid costs

for pH adjustment are considered negligible. ‘

perox-pure™

Operating Costs
($/Month)
Hydrogen Peroxide (700 Ib @ $0.50/1b) $§ 350
Electrical (60 kW @ $0.06/kWh) 2,590
Maintenance , 650

TOTAL $ 3,590/Mo.
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3.5.3 Full Service Agreement - perox-pure™

PSI will provide the perox-pure™ system under its Full Service Agreement program, which
includes the perox-pure™ unit and hydrogen peroxide feed module, maintenance, replacement
parts, emergency service, and regular service/maintenance visits. PSI guarantees that the
performance of the system will meet the agreed upon effluent specifications.

The Full Service Agreement offers guaranteed performance at a guaranteed monthly cost.

PSI Owned
System ($/Month)
Full Service Agreeament Fee $ 4,370
Hydrogen Peroxide (700 Ib @ $0.50/1Ib) 350 -
Electrical (60 kW @ $0.06/kWh) 2,590 .
TOTAL $ 7,310 /Mo.

3.6 Conclusion

The perox-pure™ Process can provide effective treatment of the contaminated groundwater to
the limits specified by Malcolm Pirnie as determined in the treatability study and process
assessment presented above. The perox-pure™ Process offers the advantages of a proven, cost-
effective treatment system that: creates no air emissions, or generation of secondary waste
products and is available for reasonable costs under purchase or lease arrangements. |

18
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Due to their large volume, the Laboratory Data Reports and
Documentation Packages for the Supplemental RI and DEC
Confirmation Sampling were previously submitted to the
NYSDEC under separate cover.

The sampling and Analytical Report for DOH soil samples
collected in the Police Firing Range/Obstacle Course Area is
enclosed herein.
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4 b | City of Rochester
w

™

Department of Office of the Commissioner
Environmental Services .
City Hall

30 Church Street
Rochester, New York 14614

October 16, 1991

Mr. Dave Napier, ‘Regional Toxics Coordinator
New York State Department of Health -
42 South Washington Street _ -

Rochester, New York 14608

Re: SWAT Team Obstacle Course - Composite Soil Sample Results

Dear Dave: -

Enclosed are the soil sample results and the sampling report for the
area of the Rochester Police Department's planned obstacle course
for the SWAT team.  As we discussed on the telephone yesterday, no
PCB's were detected and the level of metals are within the common
range of concentrations found in natural soils. Although lead and
cadmium are somewhat elevated above the site background, you
indicated that the results satisfy your concerns regarding the
potential for exposure to PCB's or high levels of metals.

Thank you for your assistance.

Sincerely,
MG:dm Mark Greor
Atts. ' Environmental Specialist

(0496M)

Xc: Mike Burkow, Police Dept.
Greg Johnson, Municipal Facilities
Gerard Burke, NYS-DEC
Joe Albert, MC-DOY
Ann Marie McManus, MPI
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ROCHESTER. NEW YORK 14609
716-854-8350

City of Rochester
A0 Churoh Strest

Fochester, MNew York 14414

Fe @ Fire/Folice Acadsemy: Soil

Dear Mr. Gregor

composite of two spil sanples

City of Rochesster personnel, and submittad to Lozioe

Laboratories, Inc. on October
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NEW YORK STATE
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ENVIRONMENTAL LABCRAT
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FCR analyvses. All analyses were performed by EFA aspproved

methodologles,

It haz been a pleasurs to perf
the City of Rochester.

orn environmental analvsis fo

Flease fael free to contact the laboratory if vy have any
guasstions orf require additional irnformation. -

Sinmceraly,

Dennris M. Ciehomsbki
Laboratory Caordinator
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LOZIER LABORATORIES, INC. NEW YORK STATE

APPROVED

309 CULVER ROAD ENVIRONMENTAL LABORATORY
ROCHESTER. NEW YORK 14809

718-854-8350

CITY OF ROCHESITER / AR # 210104788

FacE 2 GF 2

LARBORATORY REFORT

FaRAMETER S0 -~ 0 COUREBE LIMITE MIEETHO
MUMEBE

TOTHL METELS 3
EHD bbb mg /g TOBG/TAZO 10708
CADMIUM 0. &7 ng 7 kg IOGO/TIZO 10708
COFFER 17.%2 ing /g TOSOATRELD 1008
BILVER L 0.6 mg/ kg OBOLTTED 1008
ZINE 5. 38 mg/ kg IOFO/TFEO 10709
MERCLIRY 0,03 mg/ g A0E0TATL 10711

ARBEMNIC S. 44 mg/ ko ZOGO/S 7060 1asra

¥ Method referance @ EFA Sk 844, "Test Methodes for Evaluating Solid
Waste", Jrd [Edition.

(-

MYSDOH LAR ID #& 10390
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I lRNl ! MALCOLM PIRNIE, INC.

a1 ocr -8 ﬂHb‘m\{leENTAL ENGINEERS, SCIENTISTS & PLANNERS

October 7, 1991

Mr. Mark Gregor

City of Rochester

Department of Environmental Services
City Hall

30 Church Street

Rochester, New York 14614

Re:  Fire Academy Soil éémpling
City of Rochester

Dear Mark:

On Friday morning, October 4, 1991, Malcolm Pirnie personnel accompanied you and Mr.
Dave Napier of the New York State Department of Health to the City of Rochester Fire
Training Academy on Scottsville Road. The purpose of the visit was to extract four 4
surface soil samples from the proposed obstacle course construction area. Four (4) grab
samples were taken from 2"-4" at the locations indicated on the attached figure and blended
into one composite sample.

The soil sample was then hand delivered to Lozier Laboratories for the following analysis:

. PCB (Method SW846-8080)
. Metals, Total:

- Lead

- Cadmium

- Mercury

- Silver

- Arsenic

- Zinc

Turnaround time from the laboratory is expected to be no longer than seven (7) calendar
days, or by Friday, October 11. Should you have any questions regarding this submission
please contact me. Thank you.

Very truly yours,
MALCQEM PIRNIE, INC.
/

as J. Harding
Project Engineer

Attachment
096505-1-143

1000 PITTSFCRD - VICTOR RD. PITTSFORD, NY 14534-3822 716-248-5161 FAX: 716-248-2332
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1.0 INTRODUCTION

The following discussion details Malcolm Pirnie’s analytical data assessment and
validation of results reported by Energy and Environmental Engineering (E3I) for soil
samples collected at the Rochester Fire Academy Site. Each sample was analyzed for
polychlorinated biphenyls (PCBs) and the inorganic elements: arsenic, cadmium, lead,
mercury, silver and zinc. The assessment of analytical data included a review of data
consistency and data completeness; adherence to accuracy and precision criteria; and review
of anomalously high and low parameter values,

The validation is based on laboratory compliance with Method 8080 (for PCBs) and
the 200-CLP series methods (for inorganics) as contained in the 1989 NYSDEC Analytical
Services Protocol (ASP). In addition, federal guidelines (the guidelines for evaluating
organic and inorganic analytical data), were consulted. Data were evaluated as indicated

in the following table:

Data Type Criteria

All Data holding times,
calibrations,
blanks,

matrix spike/matrix spike duplicate
(MS/MSD) recoveries,

field duplicate precision, and

data completeness.

Organic (PCB) Data surrogate recoveries,

chromatography resolution,

retention time windows/retention time shift,
evaluation standard mixes, and

matrix spike blank (MSB) recoveries.

Inorganic Data -contract required detection limit (CRDL)
standards for ICP and AA,

laboratory control sample (LCS),

ICP interference check sample (ICS),
ICP serial dilution analysis, and

furnace AA QC analysis,

0965-07-1 -1-
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2.0 ORGANIC (PCBs) ANALYSES

The following sections detail the evaluation of analytical results for all samples

analyzed for PCBs with respect to Method 8080 as contained in the 1980 NYSDEC ASP.

2.1 Sample Holding Time

According to the ASP the following maximum holding times for soil samples are
recommended for PCBs: extract within five days of the verified time of sample receipt
(VTSR), and analyze within 40 days of VTSR.

Comparison of the dates of sample receipt (from the laboratory chain-of-custody
forms) to the dates of sample extraction/analysis (from the laboratory preparation records
and Form Ds) indicated that all samples were extracted and analyzed prior to expiration of

the recommended holding time. Therefore, no qualification of the data due to holding time

exceedance is necessary.

22 PCB Instrument (GC) Performance and Calibration

22,1 Retention Time Criteria ,

Prior to sample analysis, retention time windows must be established for each PCB
to be analyzed. The retention time windows are used to make tentative identification of the
PCBs during sample analysis; since PCBs are "multi-response" compounds, pattern
recognition is also relied upon for identification of the particular PCBs. In addition, the
instrument (GC) operating conditions (packed columns) must be adjusted such that the
retention time shift for dibutylchlorendate (DBC) between initial and subsequent standards
is less than 2.0% (1.5% for wide bore capillary columns).

Review of the PCB data indicated that most PCBs identified and quantitated on the
3% OV-1 packed column were within established retention time windows. However, some
PCBs were slightly outside of established windows and pattern recognition by the analyst was
relied upon for identification. In addition, some PCBs were quantitated using the
confirmatory column (SP2250/2401) due to co-elution of peaks. This method of identifica-

tion and quantification has no impact on the analytical results reported for PCBs.

0965-07-1 -2-
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Review of the retention time shift criteria for DBC indicated that criteria were met
for all samples with the exception of the following samples contained in SDG1B06:
1A06DL, 1A612DL, 1B612DL, 1C06DL, 1D06DL, 1DE612, 1DE1218, 1DE1824DL, and
LE06DL.

The laboratory reported that phthalate ester contamination "masked" the elution of
DBC, thereby causing exceedance of the retention time shift criteria. However, the reported

results for PCBs are not impacted by this exceedance.

222  Evaluation Standard Mixture

Evaluation standards are analyzed to determine the percent breakdown of DDT and
Endrin which may occur over time due to active sites in the injection port of the instrument.
The evaluation standards are also used to assess the linearity of the instrument calibration.

According to the ASP, the percent breakdown of endrin and/or DDT must not
exceed 20% during a quantitation run and the percent relative standard deviation (% RSD)
between evaluation mixtures must not exceed 10%. A review of the standards data indicates _
that the criteria were met,

An additional check on the linearity of the instrument calibration includes the
analysis of standards at various intervals (specified in the ASP) throughout a 72-hour time
period. The calibration factor for each standard is calculated and must not exceed 15%
difference during a quantitation run or 20% during a confirmatory run. Review of the
calibration data indicated that criteria were met with the exception of the Aroclor 1254
standard (#2) analyzed on 11/28/91. The % difference was calculated as 15.1%. However,

the analytical results are not impacted by this minor exceedance,

23 Blank Analyses

Laboratory method blanks were analyzed with each batch of samples analyz-
ed/extracted to determine the existence and/or extent of contamination which may have
potentially been introduced during preparation of sample containers, sample collection,
sample storage and/or sample analysis. It was noted that no contaminants were detected

in any of the blanks submitted for PCBs analyses.

0965-07-1 3
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24 Surrogate Spike Recovery

To evaluate laboratory performance in terms of accuracy, all samples submitted for
PCBs analyses, as well as all blanks, standards and matrix spikes, were spiked with the
surrogate compound, dibutyichlorendate (DBC), prior to sample preparation. All surrogate
recoveries were within advisory limits (20-150%) with the exception of the following:
1A06DL, 1E06DL, 1A612DL, 3B06DL, 1BC612DL, SDSDL, 1C06DL, SD6DL, 1D06DL,
SDB21824.

The laboratory reported 0% recovery for DBC in the samples listed above due to
necessary dilutions and/or co-elution problems. No qualification to the PCB results in these

samples is necessary as the recovery limits listed above are for advisory purposes only.

25 Matrix Spike/Matrix Spike Duplicate (MS/MSD) and Matrix Spike Blank
(MSB) Analyses

MS/MSD data are generated to determine the effect of the sample matrix on
precision and accuracy of the analytical method. In addition, a matrix spike blank (MSB) |
is analyzed to substantiate that any deviations in spike recovery are due to matrix effects
and not improper spiking solutions. In general, the MS/MSD data alone cannot be used
to evaluate the precision and accuracy of individual samples. In addition, the EPA and
NYSDEC have not established recovery limits for PCBs. Review of all MS/MSD/MSB data

indicated the following recoveries:

0965-07-1 -4
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Sample Analyte % REC % RPD
2AB1824 MS aroclor 1254 131

2AB1824 MSD aroclor 1254 160 19.8
MSB aroclor 1254 105

GP1 MS aroclor 1254 133

GP1 MSD aroclor 1254 118 . 8.1
MSB aroclor 1254 124

SDB206 MS aroclor 1254 136

SDB206 MSD aroclor 1254 161 13.3
MSB ~aroclor 1254 91

SDB106 MS aroclor 1254 191

SDB106 MSD aroclor 1254 191 0
MSB aroclor 1254 97

SD1 MS aroclor 1254 91

SD1 MSD aroclor 1254 103 93
MSB aroclor 1254 - 109

The recoveries listed above indicate a potential high bias in the reported results for -

Aroclor 1254 in samples 2AB1824 SDB206 and SDB106.

2.6

Field Duplicate Samples

Field duplicate analysis is an indicator of the precision of sample collection and a

measure of laboratory performance.

submitted "blind" to the laboratory:

Sample ID

2A06
SD5
SDB206
GP2

Duplicate Sample ID

BLINDD
BLDUP
DUP1121
BLDUP

Field duplicates of the following samples were

In general, the duplicate results exhibited good reproducibility indicating satisfactory

sampling and analytical precision.

0965-07-1
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3.0 INORGANIC ANALYSES

The following sections detail the evaluation results for soil samples analyzed for

inorganic elements (200-CLP series methodology, as contained in the 1989 NYS DEC ASP).

3.1 Sample Holding Time
According to the ASP, CLP Methodology, the following maximum holding times for

soil samples are recommended for the specified analyses:

Analytes Recommended Holding Time
Mercury Prepare and analyze within 26 days of VTSR.
Metals Prepare and analyze within 180 days of VTSR.

Comparison of the dates of sample receipt (from the laboratory chain-of-custody
forms) to the dates of sample preparation and analysis (from the laboratory preparation logs .
and Form XIVs) indicated that all samples were prepared/analyzed prior to expiration of
the recommended holding time. Therefore, no qualification of the data due to holding time

exceedance is necessary.

32 Instrument Calibration

Initial calibrations of the atomic absorption (AA), inductively coupled plasma (ICP),
and mercury cold vapor (CV) systems are accomplished via the analysis of standards at
concentrations which define the working range of the particular instrument. To verify the
accuracy of the initial calibration for each analyte, an EPA initial calibration verification
(ICV) solution must be analyzed at each wavelength that is used for sample analyses.
Recoveries of each analyte contained in the ICV solution should be within the control limits
established by the EPA. In addition, the correlation coefficient for the initial calibration
curve must be >0.995 for AA analyses. To ensure calibration accuracy during each
analytical run, a continuing calibration verification (CCV) solution must be analyzed at each
wavelength that is used for-sample analyses. The CCV solution must be analyzed at a
frequency of 10% or every two (2) hours (whichever is more frequent) during an analytical

run. The CCV solution must also be analyzed at the beginning of the analytical run and

0965-07-1 %
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after the last analytical sample. In addition, recoveries of each analyte in the CCV solution
should be within the control limits established by the EPA.

As assessment of the calibration data for all inorganic analyses indicated that the
proper number of calibration standards were analyzed at the beginning of each analytical
run and at the appropriate frequency throughout the analytical run. In addition, the
recoveries of each analyte contained in the ICV and CCV solutions were within criteria, and

the correlation coefficients for AA data were greater than 0.995.

33 Contract Required Detection Limit (CRDL) Standards for ICP and AA

To verify the linearity near the CRDL for ICP analysis, an ICP standard must be
analyzed at a concentration of two (2) times the CRDL [or at the CRDL for AA], or
two (2) times the instrument detection limit (IDL), whichever is greater. The standard must
be analyzed at the beginning and end of each sample analysis run, or a minimum of twice
per eight (8) hour shift, whichever is more frequent (but not before the ICV). To verify
linearity near the CRDL for AA analysis, an AA standard must be analyzed at the CRDL
or the IDL, whichever is greater. The standard must be analyzed at the beginning of each
sample analysis run, but not before the ICV. A review of the analysis run logs (Form XIVs)
and the raw data indicated that the CRDL standards for both ICP and AA met these

criteria.

34 Blank Analyses

As previously stated, the results of blank analyses are used to determine the
existence and magnitude of contamination which can be introduced during preparation of
sample containers, sample collection, sample storage, and/or sample analysis. For inorganic
analyses, initial calibration blanks, (ICBs), continuing calibration blanks (CCBs), and
preparation blanks (PBs), are analyzed to make this determination. Ideaily, no contami-
nants should be detected in any of the blanks and no contaminants should be detected in
the preparation blanks or ICBs at concentrations greater than the CRDL. In addition, when
more than one blank is associated with a given sample, qualification is based on a
comparison with the associated blank having the highest concentration of a contaminant,
An assessment of all blank ‘z\inalytical data indicated that no contaminants were detected at

concentrations greater than the CRDL.
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35 ICP Interference Check Sample (ICS)

To verify inter-element and background correction factors, an ICS is analyzed at the
beginning and end of each analytical run (or a minimum of twice per eight-hour work shift).
The ICS consists of two solutions, A and AB. Solution A contains the interferents and
solution AB contains the analytes mixed with the interferents. The solutions are analyzed
consecutively. A review of the ICS analyses results indicated that no substantial effect on
the ICP analyses from interferents was exhibited. In addition, the ICS solutions were

analyzed at the proper frequency.

3.6  Matrix Spike (MS) Analysis

The analysis of an inorganic matrix spike sample provides the data user with
information regarding sample matrix effects on the digestion procedure and analytical
methodology. Matrix spike recoveries for inorganic elements must be within the 75% to
125% recovery "window" unless the sample concentration exceeds the spike concentration
by a factor of four (4) or more. If the recovery of an analyte does not fall within this
"window", a post-digestion spike must be analyzed for each element (except silver) which did
not meet criteria.

The MS data for analytes outside of criteria are summarized in the following table:

Sample Analyte % Recovery
SDB106S Copper 74.9
Lead (ICP) 72.0
GP1S Lead (AA) 203.1
Mercury 132.9
SD1S Lead (AA) 188
2AB1824S Lead (AA) 171.7
Mercury 164.9
SDB206S Cadmium 65.8

It was noted that post-digestion spikes were analyzed for those analytes which did
not meet matrix spike recovery criteria. According to the guidelines, positive results for the
analytes listed above should be estimated and qualified with a "J* as a high or low bias may

have been imparted on the analyses. The metals data have been qualified accordingly.
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3.7 Duplicate Analyses

Laboratory duplicate analysis is an indicator of the precision of sample results and
a measure of laboratory performance. A control limit of 20% RPD is used for soil sample
results which are greater than five (5) times the CRDL, and a control limit of +/- the
CRDL is used for soil sample results which are less than five (5) times the CRDL.

A review of the laboratory duplicate results indicated the following analytes outside
of criteria:

Sample Analyte Criteria
SDB106D Cadmium 29.9% RPD
Copper 35.5% RPD
Lead (ICP) 75.0% RFPD
SDID Lead (ICP) 46.3% RPD
2AB1824D Lead (ICP) 24.6% RPD
SDB206D Copper 37.4%
Lead (AA) 324%

According to the gﬁidelines, positive results for these analytes are estimated and

qualified with a "J". The metals data have been qualified accordingly.

38 Laboratory Control Sample (LCS) Analysis

As an additional measure of accuracy, the ASP requires that a soil LCS be prepared
and analyzed for every group of soil samples in a sample deﬁvery group (SDG), or for each
batch of samples digested, whichever is more frequent. The percent recovery for analytes
contained in the LCS must fall within the control limits established by the EPA. Review of
the LCS data indicated that all criteria were met.

3.9 Furnace Atomic Absorption (AA) QC Analyses

All furnace AA analyses require duplicate injections. For concentrations greater
than the CRDL, the duplicate injection results must agree within 20% RSD. If the results
do not agree to within 20% RSD, the sample must be rerun. In addition, analysis of a post-
digestion spike is required for each sample. The recovery of the analyte in each post-
digestion spike must be within the control limit, (ie., 85-115%). If the recovery of the

analyte is outside of this criteria, the analyte may be quantitated using the Method of
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Standard Addition (MSA), depending on sample absorbance. A review of the raw furnace
atomic absorption data indicated that no samples required MSA for quantitation, and the

above-stated criteria were met.
4.0 INDUCTIVELY COUPLED PLASMA (ICP) SERIAL DILUTION ANALYSIS

If the concentration of an analyte in a sample is sufficiently high (a minimum of 50
times the IDL), a five-fold dilution of the sample is analyzed to determine whether
significant physical or chemical interferences exist. The results of the dilution must agree
to within 10% difference (%D) of the original results.

A review of the ICP serial dilution results indicated that zinc did not meet this

criteria in the following samples:

Sample % Difference
SDB106L 294
GPIL 12.6
SDI1L 18.2
2AB1824L 224
SDB206L 1.7

Aocording to the guidelines, positive results for zinc are therefore estimated and

“qualified with a "I", The zinc data has been qualified accordingly.

5.0 CONCLUSION

Laboratory compliance with specific analytical methodology, reporting and
deliverable requirements stipulated in the 1989 NYSDEC ASP, was carefully scrutinized.
All procedures were conducted in accordance with the specific methodology. In addition,
appropriate corrective actions were taken when necessary.

Based on this evaluation, the analytical data generated for soil samples collected
during the Supplemental Remedial Investigation are considered to be valid and useful for
the purpose of completing the investigation. It is recommended that the analytical data be

accepted with the specific qualifications noted herein.

0965-07-1 -10-



TABLE la
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI
TRAINING GROUNDS AREA
PESTICIDES/PCBs (ug/kg)

Sample # Aroclor-1248 Aroclor-1254 Aroclor-1260
1A06 16000 J 9400 J
1A1218 150 390 1707
1A1824 260 120 ]
1A612 7500 J 6700 J
1B06 260 1 370
1BC1218 65 ] 100 J
1BC1824 150 537
1BC612 26,000 59.000
1C06 25,000 J 20,000 J
1D06 7300 J
1DE1218 3307 2700
1DE1824 9300
1DE612 1400 2400
1E06 4800 J 4400 J
2A06 507 1707 73]
Blind D 917 190 J 120 J
2AB612 527
2AB1218 797J
2AB1824 150
2B06 42 ] 160 J
2C06 543 210 170 J
2C1218 727
2C1824 74 ] 337
20612 63 J 1507 560
3A06 74 ] 587
3A1218 56 J
3A1824 150
3A612 82 J

0965-07-1101/RFARIA2 T1a




TABLE 1a

CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

TRAINING GROUNDS AREA

PESTICIDES/PCBs (ug/kg)

Sample # Aroclor~1248 Aroclor-1254 Aroclor-1260
3B06 42,000
3B1218 : 887
3B1824
iB612 ) 580
0965-07-1101/RFARIA2.Tla -2-




TABLE 1b

CITY OF ROCHESTER

ROCHESTER FIRE ACADEMY

SUPPLEMENTAL RI
GENESEE PARK AREA

PESTICIDES/PCBs (ug/kg)

Sample # Aroclor-1254 | Aroclor-12690
GP1 200

GP2 140 J

Bldup 250

GP3 140 J

GP4

GP5 54017 350
GP6 1407 220
GP7

GP8 190 )

GP9 12007 7407

0965-07-1101/RFARIA2.T1b




TABLE l¢
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

NORTH DISPOSAL AREA

PESTICIDES/PCBs (ug/kg)
Sample # Aroclor-1248 Aroclor-1254 Aroclor-1260
ND1 270
ND2 1900
ND3 1200
ND4 260
ND5 166 J
ND6 160 J
NDB106
NDB11218
NDB11824
NDB1612
NDB206 100 J
NDB21218 107
NDB21824 46 J
NDB2612
NDB306 331

0965-07-1101/RFARIAZ. T1c




TABLE 14
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI
SOUTH DISPOSAL AREA
PESTICIDES/PCBs (ug/kg)
Sample # Aroclor-1254 Aroclor-1260
SD1 110J
SD2 | 310
SD3 317
SD4 811J
SD35 83,000
BLDDUP 87,000
SD6 17,000 J 8800 J
SD7 1307
SD8 1717
SD9 317 707
Sb10 387
SDB106 5707 380 )
SDB11218 717
SDB11824 ] 5517 9217
SDB1612 120J 837J
SDB206 1107
DUPI121 1107
SDB21218 321]
SDB21824
SDB2612 6817
| —— —

0965-07-1101/RFARIA2.T1d



TABLE le

CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

POLICE FIRING RANGE AREA

PESTICIDES/PCBs (ug/kg)

Sample # Aroclor-1254 Aroclor-1260
PF1 581

PF2 250 ] 4201
PE3

PF4

0965-07-1101 /RFARIA2.T1e



0965-07-1101/RFARIA2.T2a

- TABLE 2a
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI
TRAINING GROUNDS AREA
INORGANIC ELEMENTS (mg/kg)
Sample # Arsenic | Cadmium Copper Lead Mercury Silver Zinc
1A06 5.50 3.90 87.7 1210) 0.177J 0.89 B 196 1
1A1218 5.10 10.0 1327 497 -
1A1824 420 11.9 657 61.41]
1A612 5.70 9.10 38.3 20517 0117 126 J
1B06 4.80 18.0 64.2 ) 32817
1BC1218 6.20 12.5 19.6 J 48917
1BC1824 6.70 13.6 1427 5337
1BC612 3.60 3.20 30.8 4380 ) 7477
1C06 3.50 2.80 215 154 ] 0177 7027
1D06 5.20 4.00 65.5 558171 0.197 1117
1DE1218 4,90 25.8 18317 910 F
1DE1824 8.30 274 154 7 73.17
1DE612 4.10 1.90 41.4 7781 0507 7507
1EQ06 6.20 4.60 297 3907 0.597 0.86 B 3681
2A06 2.70 9.20 327 38.117
Blind D 2.80 1.40 9.30 374 36.71J
2AB612 5.20 7.80 28.5 30317
2AB1218 5.00 9.00 13917 3351J
2AB1824 5.10 11.2 13317 42917
2B06 3.60 1.80 21.1 524 74217
2C06 3.60 1.60 71.1 1787 718171
2C1218 4,60 12.2 7.87 50.17
2C1824 12617 49.77
2C612 7.90 13.2 15317 42917
5.40 17.5
3A06 2.00 0.95 340 B 15.1 1097
JA1218 4.90 10.0 15.9 44.17
3A1824 5.80 113 19.6 50.17J
3A612 4.70 550 26.7 8.507
(continued)



TABLE 2a

CITY OF ROCHESTER

ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

TRAINING GROUNDS AREA

INORGANIC ELEMENTS (mg/kg)

Sample # Arsenic | Cadmium Copper Lead Mercury Silver Zinc
3B06 2.50 1.50 8.40 349 2327
3B1218 5.60 0.75B 9.90 13.7 3097
3B1824 4.10 121 13.3 5043
3B612 3.70 48.6 29.0 45571
BS1 5.20 14.2 9.00 120 B 579

BS2 4.90 7.40 23.7 474

DB11218 2.80 14617 5.30 30917
DB11824 3.70 13.07 6.30 343
DB21218 5.30 16917 74017 43.4]
DB21824 5.10 16.07J 7907 433]

0965-07-1101/RFARIA2.T2a




TABLE 2b

CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

GENESEE PARK AREA

INORGANIC ELEMENTS (mg/kg)

0965-07-1101/RFARIA2.T2b

124]

Sample # Arsenic | Cadmium Copper Lead Mercury Silver Zinc
GP1 7.50 25.9 511 0.67B 75417
GP2 7.50 174 399 7077
Bidup 7.90 17.2 326 70217
GP3 3.50 11.8 19.3 39917
GP4 5.90 15317 325 50.67
GP5 143 1747 37317 83.5 84217
GP6 15.0 5407 18.117 327 59.0F
GP7 6.3 1097 - 19.0 45517
GP8 6.80 1237 30.5 0.66 B 54717
GP9 6.20 35.71 472 73817




0965-07-1101/RFARIA2. T2c

TABLE 2¢
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI
NORTH DISPOSAL AREA
INORGANIC ELEMENTS (mg/kg)
Sample # Arsenic Cadmium Copper Lgad Mercury Silver Zinc
ND1 9.00 224 60.1 97.2]
ND?2 14.4 24.0 55.1 1.10B 1407
ND3 16.9 1.10 B 314 102 0257 1.70 B 198 J
ND4 11.1 325 59.6 1.50 B 143 ]
ND35 9.40 18.3 48.3 093 B 88.27J
ND6 6.40 36.7 599 120F
NDB106 10.5 11.5 17.3 120B 94.0 ]
NDB11218 10.8 - 19.1 15.6 120 B 86.81J
NDB11824 6.60 9.30 10.7 084 B 63317
NDB1612 153 9.80 18.4 130 B 9,107
NDB206 8.70 214 154 J , 1487
NDB21218 7.20 1.00 B 14.4 13.0 0.92 B 67717
NDB21824 6.90 172 11.1 0.82 B 59517
NDB2612 8.90 15.1 38.0 130 B 2167
NDB306 5.60 14.2 8.60 4977
e =
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TABLE 2d
CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI
SOUTH DISPOSAL AREA
INORGANIC ELEMENTS (mg/kg)
Sample # Arsenic | Cadmium Copper Lead Mercury Silver Zinc
SD1 4.80 18.1 - 38.7 0.76 B 69517
SD2 5.10 15.7 45.7 64317
SD3 432 16.9 154 J 0.68 B 54.7)
SD4 4.00 7.70 38.2 082 B 517173
SD5 21.7 3141 2731 2260 ] 0.11B 25217
BLDDUP 40.4 33817 400 J 19201 0.11B 075 B 450 ]
SD6 5.40 204 ] 140 J 394) 0.15 0.80 B 498 J
SD7 520 36217 73817 73.71)
SD8 6.90 14.7J 140 ] 0.15 64.6 J
SD9 6.00 17317 47.6 0.12 070 B 96.0J
SD10 6.00 29617 5107 62917
SDB106 2.90 49017 290171 12.6 3691
SDB1612 4.10 25917 6.10 29917
SDB206 6.20 3007 11.917 071 B 64.2J
DUP1121 5.40 2721 10.4 64.57
SDB2612 5.90 21217 1127 52717

0965-07-1101/RFARIA2.T2d
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TABLE 2e

CITY OF ROCHESTER
ROCHESTER FIRE ACADEMY SUPPLEMENTAL RI

POLICE FIRING RANGE AREA

INORGANIC ELEMENTS (mg/kg)

0965-07-1101/RFARIAZ T2e

Sample # Arsenic | Cadmium Copper Lead Mercury Silver Zinc
PF1 2.40 : 8.50 322 254171
PF2 5.60 6.20 23.6 72.8 0.62 B 58517
PF3 430 0.77B 12.8 389 4387
PF4 3.80 18.0 27.9 49.6 J
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1990 RI SOIL SAMPLING RESULTS



CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF NORTH DISPOSAL AREA

SAMPLE NUMBER

SS-1 | §8-2 | 65-3 | §5-4 | TP-1 [ TP-2 | TP-3 [TP-3A | TP-4 | TP-5 | 8.1
SAMPLEDEPTH (1) | 0-5 | 0-3 | 0-4' | 0-3 | 15 | 258 | 2 2 |1 [ 2 0-4'
PARAMETER (2) (3} (4)
Volatiles (mg/kg)
Methylene Chloride /008 026.8 | 0,006 B3
Acetone 0.01280.013B8]0.013B{0.0128 [0.018 B{0.020 B [0.030 8|0.011 B|0.0508 |0.014 B| 0.017B
1,1-Dichloroethane oot | A

1,2-Dichlorosthene (total}
Chloroform
1,2-Dichloroethane
1,1,1-Trichloroethane
Trichloroethene

8enzene
Tetrachioroethene
1,1,2,2-Tetrachloroethane
Toluene

Chiorobenzene

Semi-Volatiles (mg/kg)

bis(2-chloroisopropyl}ether |

Isophorone

Benzoic Acid
Naphthalene
2-Methylnaphthalene
Dimethyiphthalate
4-Nitrophenol
Diethylphthalate
Phenanthrene
Anthracene
Di-n-butylphthalate
Flugranthene

Pyrene
Butylbenzylphthalate
Benzo{a)anthracene
Chrysene
Bis(2-ethylhexyl)phthalate
Di-n-octyiphthalate
Benzo(b){luoranthena
Benzo(k)fluoranthens
Benzo{a)pyrene

0.17J

o007

0.006 J

0.16

| 0.204

0.002J

0.18J4 | 0.30J [0.035J

0414

| o005y

0.004J




CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF NORTH DISPOSAL AREA

SAMPLE NUMBER | SS-1 | §S8-2 | 85-3 | 8%-4 | TP-1 | TP-2 | TP-3 | TP-3A | TP-4 | TP-5 | B-1
SAMPLEDEPTH (1) | 0-5' | 0-3 | 0-4 | 0-3 | 15 2.5 2 2 1.4' 2 0-4'
PARAMETER (2) (3) (4 ’
Pesticide/PCBs (ma/ka)
Aroclor-1254 5 . 1 : S
Aroclor-1260 0.162 ' 74 | 4.1 9.7 0.49

Inorganic Etements (mglkqg)

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
lron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

19.7J

3.6J

3.8J

3.24

15.1

105

42.2

41.4

12.7

29.8

830

167

4310

110

3160




CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF TRAINING GROUNDS

SAMPLENUMBER | $5-5 | 556 | 55-7 | S5-8 | 55-10 | §8-11 | §8-12 | TP-8 | TP-8 B-2 B-4 [MW-135"] MW-145*
SAMPLE DEPTH (1) | 0-3" | 0-3" | 0-3 | 0-3 | ¢-1 0-1' 0-1' 0-2' 0-3' 0-2' 0-2' 0-2' 0-4'
PARAMETER (2)(3) (4)
Volatiles (mg/kq} _ _
Methylene Chioride -0:008-8° ;68" |
Acetone 0.031B | 0.098B | 0.012B | 0.055B 14.0 B 0.0298

1,1-Dichlorosthane
1,2-Dichloroethene {totai)
Chloroform
2-Butanone
Trichloroethene
Benzene
Tetrachloroethene
Toluene
Chlorobenzene
Ethylbenzene

Total Xylenes

Semi-Volatiles (mg/kg)
4-Methyiphenol

Isophorone
2-Nitrophenol
Benzoic Acid
Naphthalene
2-Methylnaphthaiene
Dimethylphthalate
Acenapthylene
Acenaphthene
Dibenzofuran
Diethylphthaiate
Fluorene

-1 4-Nitroaniline

| N-nitrosodiphenylamine
Pentachlarophenol
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate

- 3,3'-Dichlorobenzidine
Banzo{ayanthracene
Chrysene
Bis{2-elhylhexyl)phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo{a)pyrens
Indenc{1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo{g,h.i)perylene

4-.6-Dinitro-2-Methylphenol |

0.0138

0.086 J

0048 3"

038
077

'0.58
0.62
0.43B
0.63
0.54

. 0.63
0.47
0174

0.58

leTeu]

19

kSR

9.44

110




I CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF TRAINING GROUNDS

' SAMPLE NUMBER | ss-5 | 556 | SS-7 | S5-8 | §S-10 | 8S-11 | $8-12 | TP-6 | TP-8 B-2 B-4 [MW-138" {MW-145"
SAMPLE DEPTH (1) | o-3' 0-3 | 0-3 0-.3' 0-1 o-1 0-1' 0-2' 0-3’ 0-2' 0-2' 0-2 0-4'

PARAMETER (2)(3) (4)
Pesticide/PCBs {ma/kg)
Aroclor-1254
Aroclor-1260

inorganic Elements (ma/kq)
Aluminum 9
Antimony 1254 12.84J R 12.3J
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
lron

Lead
Magnesium
Manganesse
Mercury
Nickel
Potassium 1290 £
Selenium - 0.47 0784
Silver ' :
Sedium
Thallium
Vanadium
Zinc

NOTES:
{1} Depth below ground surface
(2) Only thosa analytas lound above analytical detection limits at 2 minimum of one location are presented.
l (3) Laboratory Qualifers: B - Estimated datection limit due to blank contamination,
J - Estimated value due te limitations identitied during the quality control review.
! (4) All results based on mg/kg dry weight of soil-
l * Soil samples collected before monitoring well installation.



CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS

SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS

OF POLICE OBSTACLE COURSE AND FIRING RANGE AREA AND OFFSITE LOCATION*

SAMPLE NUMBER

SS5-16

8§58--18

58-13

BKGD

SAMPLE DEPTH (1)

0-1'

o-1’

0-1'

0-1.2

PARAMETER (2) (3) (4)
Volatiles (ma/kq)
Methylene Chloride
Acetone

2-Butanone
Tetrachloroethene
Toluene

Semi-Volatiles (ma/kq)

Naphthalene
2-Methylnaphthalene
Dibenzofuran
Phenanthrene
Anthracene
Di-n-butyiphthalate
Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Bis(2-ethylhexyl)phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene

0.29J

3.44

* 58-13 collected in Genesee Valiey Canal Area and BKGD sample collected off-site

near entrance gate to Training Grounds (see Figure 7-1).




CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SCILS
OF POLICE OBSTACLE COURSE AND FIRING RANGE AREA AND OFFSITE LOCATION

SAMPLE NUMBER SS-16 ss-18 | s5-13 BKGD
SAMPLE DEPTH (1) 01" 07 01" 0-1.2

PARAMETER (2) (3) {4)
Pesticide/PCBs (ma/kg)
Aroclor-1254
Aroclor-1260

Inorganic Elements (ma/ka)

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobait I
Copper 6.9 10.9 66 13.1

' Iron e
Lead 17.1 72.4

Magnesium 26100
Manganese 222 530J 344 J 451 J
Marcury ' LR
Nickel
Potassium
Selenium
Silver
Sedium
Thallium
Vanadium
Zing

NOTES:
(1) Depth below ground surface
(2) Only those analytes found above analytical detection limits at a minimum of one location are presented.
(3) Laborartory Qualiters: B- Estimated detection limit due to blank contamination,
J- Estmated value due to limitions identitied during the quality control review.
(4) All results based on mg/kg dry weight of soil



CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RIFS

SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS

OF SOUTH DISPOSAL AREA

SAMPLE NUMBER | SS-19 TP-10A TP-10 TP-11A TP-11 B-6 B-7

SAMPLE DEPTH (1) 0-1 0-6 0-2' 0-2' o-1 0-1" 0-2' 0-2'
PARAMETER (2) (3) (4)
Voiatiles (mg/kq)
Vinyl Chiloride 0.061 0:23J 0.27
Chloroethane on
Methylene Chiloride 7 00248 |. 0:006:B 1.4.B: 0.76 B | 0:009B
Acetone '

1,1-Dichloroethene
1,1-Dichloroethane
1,2-Dichloroethene (total)
Chloroform
1,2-Dichlorethane
2-Butanone
1,1,1-Trichlorosthane
Trichloroethene
1,1,2-Trichloroethane
Benzene
4-Methyl-2-pentancne
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluene

Ethylbenzene

Total Xyienes

Semi-Volatiles (mg/kg)
Phenol

4-Methylphenol
Isophorone
2-Nitrophenal

Benzoic Acid
Naphthalene
2-Methylnaphthalene
Dimethylphthalate
Acenapthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fluorene

4-Nitroaniline

4~ 6-Dinitro-2-Methylphenaol.-
N-nitrosodiphenylamine
Pentachlorophenol
Phenranthrene
Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene
Butyibenzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Chrysene
Bis(2-ethylhexyl)phthalate
di-n-octyphthalate
Benzo{b)fluoranthene
Benzo(k}luoranthene
Benzo(a)pyrene
indeno{1,2,3-cd)pyrene
Cibenz{a,h)anthracene
Benzo(g,h.iiperylene

0.014B

0.43

022y |

0548

3.3

oy

53

104

498

a7 |

. . 23 wlp s

osrd .

PRI
0.28J

2.18

4.9

~0.56

0.9¢8B

. 0.154

00138

0.42

0.428B




CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY, RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SQILS
OF SOUTH DISPOSAL AREA

SAMPLE NUMBER 88-19 TP-9 TP-10A TP-10 TP-11A TP-11 B-6 8-7
SAMPLE DEPTH (1) 0-1' 0-6' 0-2' 0-2' 0-1" o-1' 0-2 0-2'
PARAMETER (2) (3) (4)
Pesticide/PCBs {(mg/kg)
Aroclor-1254 33 DS R
Arocior-1260 330 29
Inorganic Eiements (ma/kg)
Aluminum 6710 11900
Antimony
Arsenic 16.3 4.4
Barium 52.5 77.2
Beryllium “0.264 | 0839 f
Cadmium 1.3 | o
Calcium 424007 [ 68500: )
Chromium 10.7 17.2 _
Cobalt 7204 0 |
Copper 263 | 13
Iron 15400 |.20200: |-
Lead 721 J
Magnesium 10800 15100 |-
Manganese 393 561J
Mercury ' N
Nickel 15.7 16.3
Potassium 10807 - |- 2970+ f -5 . i
Selenium
Silver
Sodium 156 J 2374
Thallium 0.53J
Vanadium 19.7 29.9
Zing 62.8.J 3954
NOTES:

(1) Depth below ground surface
{2) Only those analytes tound above analyticat detection limits at a minimum of one tocation are presented.
{3) Laboratory Qualifers: B - Estimated detection limit due to biank contamination,
J - Estimated value due to limitations identified during the quality control review.
(4) All results based on ma/kg dry weight of soil




CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF
THE GENESEE VALLEY PARK AREA

SAMPLE NUMBER

$5-9

55-14

5815

§5-17

$8-20

TH-7

B-3

B-5

B-8

SAMPLE DEPTH (1)

Q-4

0-1'

0-1"

0-1

0-.3'

0-1.5"

0-2.3"

0-4'

PARAMETER (2) (3) (4)
Volatiles (mg/kg)
Methylene Chloride
Acetone
1,1-Dichioroethene
1,1-Dichloroethane
1,2-Dichloroethene (lotal)
Chioroform
2-Butanone
1.1,1-Trichloroethane
Trichloroethene
Benzene
4-Mathyl-2-pentanone
Tetrachloroethene
Toluens

Semi-Volatiies (mg/kq)
4-Methylphenol

Isophorone
2-Nitrophenol
Benzoic Acid
Naphthalene
2-Methylnaphthalens
Dimethylphthalate
Acenapthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fluorene
4-Nitroaniling
4-.6-Dinitro-2-Methylphenol
N-nitrosodiphenylamine
Pentachlorophanol
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine
Benzo{a)anthracena
Chryseng
Bis(2-ethylhexyl)phthalate
Benzo{b)lluoranthene
Benzo(k)fluoranthaene
Benzo{a)pyrane
Indeno{1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo{g,h.i)perylene

1,4 Dichlorobenzene
3-Nitroaniiine
4-Chlorophenyl-phenylether

Di-n-Octyl phthalate

0.016 8

04
00028

0.027 J

0.038J




THE GENESEE VALLEY PARK AREA

CITY OF ROCHESTER, ROCHESTER FIRE ACADEMY RI/FS
SUMMARY OF ANALYTES DETECTED IN SURFICAL AND SUBSURFACE SOILS OF

| SAMPLE NUMBER | ss-» | ss-14

8515

SS-17

$5-20 TP-7

B-3

B-5

8-8

MW-158"

SAMPLE DEPTH (1) | 0-.4 0-1'

o-1'

o=-1

0-3 §'

0-1.5°

0-2.3

0-4'

04’

PARAMETER (2} (3) (4)
Pesticide/PCBs (ma/kag)

Aroclor-1254

Ingrganic Elements (mg/kq)
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobait
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc

Aroclor-1260 25 | 0.329 |

e

0.74

et s

e

yﬁx}
The L b
45552

355081

0.059

0.52

NOTES:
(1) Depth below ground surface

(2) Only those analytes found above analytical detection limits at a minimum of one location are presented.
(3) Laboratory Qualifers: B - Estimated dectection limit dus to blank contamination,
J - Estimated value due to limitations identitied during the quality control raview.

(4) All resuits based on mg/kg dry waight of soit
* Scil sample collected belore monitoring well installation.
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GENESEE RIVER VIR OUVERZURDGA
REVISED 41393

SLTE 'S m_umen IWNTO. 3 . AREAS . G ROUND WATER LoABANG (S
CRICALATED . SEPRRATELY FOR EACH ARIE A

ASSUMPTIONS |
). PRWMARY CONTRIBMTION OF CONTAMINAANTS TO rRiver
(s THROKGH TWE QVERBURDEN W ATER BPARIAG gomé‘.

2. MAY 1990 WATER L(EUELS REPRESEANT AN AVERRGE ofe
STEADY STATE COANDITIOAN

3. USE GROUNG WATER DISCHRARES (A CUBIC FT/BAY
AVERRGED AAMMUALLY AS PRESENTER /A SECTIon (0], 2
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H, USE CONTRAMINANT CONCRNTRATIONS mennepo FROM
QUERBURDEA, wiBtls ALONG THFE RINER IN EACH AREA.

4&15‘%%#’ CONCENIRATIONS . -
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PARAMETER AMD, OF ANRLYSES AVERRGE (mg.-, /L)

TotRL VOCs 7 0. 026G
TOtAL SEMI-VOCs | / , O.005
ToTRAL PCBs _ e 0

ToTAL e and Mw ¢ . oy
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ot Tenes 01162, 0.36
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l: o

B iFML___bS A
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: f, I
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L. Day 43 e ye -g?
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SUBJECT QJW“-"!ALD“}E'LWJU“&\ Via Wopee
Bedrock. To Genesee Riwer

Bebrock __AngwEsr !

G ROUND WATER DISCHARLE

“@= kLA
IK = Mean h'q clra.u.l\c. Cona{ual-iw'l'g 03— Balr“g wQ_HA in ‘t'Ln.
Area - Srom Tuble B0
L o= \-\ cquu.\\c, Gvac\\er\-\' S}mM T“\\\Q S-\0
A = Qa*\'wm\'ec\ T\r\\c\agss X UU\A,‘\)P\ ot Area
hse 10 Sert as the tThickness of the Pnon‘\"“rec{
m‘rerua\o Contaminant conaankd\om are ¢ j:m \al
. [owee 'n the 10-20 & to
?avamp;\-er NORSW DISPOSAL TRAINING G ROUNDS - SOUWTR DiSPaSAL
ARER ARER ARBA
K ©m/sec 7.9 x1077 /.9 x 1072 2.8 xI0™R
L $t/Se. O, 00H" 0.006 ©.003%
A i3 2000 . 2400 (2000
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oy...RRO. . paTe . R:12:4!  SHEETNO.. .. OF... B0
CHKD. 8Y DATE JOBNO. .2 - 0M t
SUBJECT oo

—p——

fevisel G/s)2

LOAI_):_NéE CALQQLQZNONS ¢ REDROCK. AGUITER A HF

PARQMETE; COMC&A}TR X DISCHRARGE x  COMVERSION = LDADING

| ma, xS % L x Kgxdayw |¥e o
T L day B me  ye gr
MQ&I& DIS POS AL A EEA -

TVOCs 608 . x  H3l x 283 x 1D x 3657 ©.\Q
SeeNOCs | 0 -;30 | % ( Hus?2 ) =] O.00Y4
TotaL ©CBe o =i o
TDTF\L FQ_ Mh Ll!? = Q- l"
TOTAL TRecS 014 =|.0.6a

METRALS
TRAI UNDS ARER “

Tuocs 025 x  A392 x 283 x 1D v 35S w76
Serm VOCs L_ 0.004 x ( 24,708 ) 3 010
T PR | o 3 BN
Total FeMn | 3.4 =| oY
TehaL Tt et o, (4 5135
SOUTH DISEN. AR <

TVOGs . By 20 & 476  x 283 x 10 x 36S =i 34
SerieVocs 0.0 x (A7, ) =] 0.06

. U . .

ToTAL PCRs | .00! =l 0,005
TaTAL Fe M 0.35S 51,72
TTALTRRCE | O =l 0

METALS
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TOXICITY PROFILES FOR
CHEMICALS OF POTENTIAL CONCERN

ECOLOGICAL RISK ASSESSMENT

ALUMINUM

Aluminum is often taken up and concentrated in root tissue. According to the Draft
Toxicological Profile for Aluminum (ATSDR, 1991), it is unclear to what extent aluminum
is taken up into root food crops and leafy vegetables, however, it is not bioconcentrat_ed in
plants. In addition, aluminum is not expected to biomagnify in terrestrial food chains.

The potential for accumulation of aluminum has been studied in several aquatic
species. Bioconcentration of aluminum in fish is a function of the water quality. Brook
trout have been shown to accumulate slightly more aluminum as pH levels increase. In
smallmouth bass, aluminum accumulation was higher in gill tissues than other tissues.
Aluminum concentrations were also highest in the gill tissues and lowest in the muscles of.
rainbow trout. No information was found on the biomagnification of aluminum in aquatic |
food chains.

Most studies of the health effects of aluminum to animals involved oral and
inhalation exposure. Few studies are available regarding respiratory effects in animals. Two
studies that involved exposure of rats, guinea pigs and hamsters to aluminum chlorohydrate,
reported reactions similar to that of dust exposure, sometimes accompanied by pneumonia.

According to the Draft Toxicological Profile for Aluminum (ATSDR, 1991), the
effects of aluminum on the development of laboratory animals are controversial. Some
studies show decreases in pup growth and neurological development, while others do not.
In mice, aluminum chloride has not been shown to produce adverse effects in pups, when
administered during gestation. However, aluminum lactate in food during gestation
produced weight decreases and lowered birth weights in pups, but it was difficult to
determine whether these effects were permanent. Studies on pups that were exposed to
aluminum after they were born also have mixed results. Aluminum is fatal to laboratory

animals (rats, mice) only at very high doses.

0965-07-1 A-2



BIS (2-ETHYLHEXYL) PHTHALATE

Bis (2-ethythexyl) phthalate is readily adsorbed onto particulates, but it tends to be
lipophilic, so bioaccumulation is considered an important fate process for this compound.
Accumulation has been shown to occur at a rate of 350 to 3900 times the concentration in
wﬁter after seven days (USEPA, 1979). Aquatic organisms are more apt to concentrate
phthalates than warm blooded animals since cold blooded animals metabolize phthalates
more slowly than warm blooded ones. It is biodegraded under most conditions, and can be
metabolized by multicellular organisrhs. However, bis (2-ethylhexyl) phthalate is considered
to be one of the least biodegradable phthalate esters (Mathur 1974, cited in Versar, Inc.,
1979). |

Acute median effect values range from 1,000 to 11,100 ug/L for the freshwater
cladoceran Daphnia magna. The LCS50 values for the midge, scud, and bluegill all exceeded
the highest concentrations tested, which were 18,000, 32,000 and 770,000 ug/L, respectively.
As these values are greater than the water solubility of the chemical, it is unlikely that bis
(2-ethylhexyl) phthalate will be acutely toxic to organisms in natural waters. In a chronic.
toxicity test with Daphnia magna, significant reproductive impairment was found at the
lowest concentration tested, 3 1g/L. A chronic toxicity value of 8.4 pg/L was reported for
the rainbow trout. Reported bioconcentration factors in fish and invertebrates range from
14 to 2,680 (Clement Associates, 1985).

CADMIUM

Cadmium is strongly accumulated by all organisms, both through food and water.

Cadmium accumulates in fresh water and marine organisms at concentrations hundreds to

thousands of times higher than it does in the water itself. Bioconcentration of cadmium by

aquatic organisms is a well-known phenomenon. Bioconcentration factors are about 1,000
for fresh water and marine plants and about 3,000 for fresh water and marine fish. The
cadmium content of fish in general ranges from 1 to 50 ug/g and that of shellfish (e.g,
mussels, scallops, and oysters) typically is between 100 to 1,000 ug/g.

Fresh water acute values for cadmium are available for species in 44 genera and
range from 1.0 ug/L for rainbow trout to 28,000 ug/L for a mayfly. The antagonistic effect
of hardness on acute toxicity has been demonstrated with five aquatic species. Chronic tests

have been conducted on cadmium with 12 freshwater fish species and 4 invertebrate species
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with chronic values ranging from 0.15 ug/L for Daphnia magna to 156 ug/L for the Atlantic
salmon (USEPA, 1986).

Freshwater aquatic plants are affected by cadmium at concentrations ranging from
2 to 7,400 ug/L. These values are in the same range as the acute toxicity values for fish and
invertebrate species, and are considerably above the chronic values. Bioconcentration
factors (BCFs) for cadmium in fresh water range from 164 to 4,190 for invertebrates and
from 3 to 2,213 for fishes (USEPA, 1986).

In mammals, cadmium is toxic to all tissues. Symptoms of chronic cadmium toxicity
include growth retardation, impaired Kidney function, poor reproductive capacity,
hypertension, tumor formation, hepatic dysfunction, poor lactation, and lowered hematocrit
levels. Teratogenic effects are noticed in offspring when pregnant animals are exposed to
chronic toxic doses of cadmium. Carcinogenicity of cadmium in animals has been well
established by parenteral administration, although cadmium is not carcinogenic by the oral
route (Luckey et al., 1977).

COBALT

Cobalt is an essential element and can be accumulated by plants and animals, though
generally not to excessive concentrations. This compound has been found to be essential
for both blue-green algae and microorganisms in nitrogen fixation. It is not clear, however,
whether cobalt is essential for higher plants, although there has been some evidence of a
favorabie effect on plant growth. It has also been recognized as a component of a precursor
of vitamin B,, for ruminant animals (Kabata-Pendias, 1984),

Little information regarding toxic effects of exposure to cobalt or cobalt compounds
is available. Acute cobalt toxicity is seen in chickens at 50 ppm in the diet (approximately
3 mg/kg of body weight) per day and in sheep at 6 mg/kg of body weight per day. In sheep,
daily doses of 3 mg/kg of body weight, which is about 1,000 times the normal daily. intake
of cobalt, do not produce harmful effects, even after several weeks. The oral LD50 value
for cobalt is 1,500 mg/kg in the rat. The oral LDS0 values for a variety of inorganic cobalt
compounds range from about 150 mg/kg for cobalt fluoride to 503 mg/kg for cobalt acetate
(Clement Associates, 1985).
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COPPER

The bioconcentration factor (BCF) of copper in fish obtained in field studies is 10-
100 indicating a low potential for bioconcentration. The BCF is higher in molluscs, like
oysters, where it may reach 30,000. However, abundant evidence has shown that there is
ﬁo biomagnification in the food chain. Studies have been performed on bottom-feeding fish
such as suckers and bullheads, as well as on herbivorous, omnivorous and carnivorous
animals.

- Health effects in animals from long-term exposure (greater than two weeks) to
copper in food include liver and kidney damage in rats, liver damage in pigs, and increased
blood pressure in rats. In water, long-term exposure has caused liver damage in rats and
decreased survival in mice. '

Although information concerning the environmental fate of copper in water and soil

is available, the fate of copper is highly site-specific and species-specific.

IRON _ .

Iron is an essential element required by both plants and animals. The ferrous, or
bivalent (Fe**), and the ferric, or trivalent (Fe***) irons are the primary forms of concern
in the aquatic environment, although other forms may be in organic and inorganic
wastewater streams. Prime pollution sources are industrial wastes, mine drainage waters,
and iron-bearing groundwaters. In the presence of dissolved oxygen, iron in water is
precipitated as a hydroxide, Fe(OH), or occasionally as ferric oxide (Fe,0O,). Both of these
precipitates form as gels or flocs that may be detrimental, when suspendéd in water, to
fishes and other aquatic life. They can settle to form flocculent materials that cover stream
bottoms thereby destroying bottom-dwelling invertebrates, plants or incubating fish eggs.

A 96-hour LC,, value of 0.32 mg/L (320 ug/L) was obtained for mayflies, stoneflies,
and caddisf&'es (USEPA, 1976). Iron was found to be toxic to carp at concentrations of 0.9
mg/L (900 ug/L) when the pH of the water was 5.5, and both pike and trout died at iron
concentrations of 1 to 2 mg/L (1,000 to 2,000 ng/L) (USEPA, 1976). The USEPA (1986)
has established a criterion of 1,000 ug/L for fresh water, based upon laboratory tests. Data
obtained under laboratory conditions suggest a greater toxicity for iron than that obtained

in natural ecosystems, due to variations in alkalinity, pH, hardness, temperature and the
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preSence of ligands which change the valence state and solubility, and therefore the toxicity

of the metal.

LEAD

Lead does not seem to be biomagnified in food chains, yet it may accumulate in
plants, such as fungi, earthworms, millipedes, terrestrial birds and mammals, freshwater
invertebrates and fish. In aquatic environments, lead concentrations are usually highest in
benthic organisms and algae, and lowest in upper-trophic-level predators like carnivorous
fish. High BCF’s were determined in studies using oysters, freshwater algae and marine
algae.

Acute (less than two weeks) effects of lead from significant oral exposure are
developmental in the mouse and rat, and lethal in the dog and guinea pig. Intermediate
effects (two weeks - 1 year) are developmental in the mouse and rat, blood pressure and
neuro-behavior effects in the rat, and reproduction effects in the rat. Chronic (year +)
exposure to lead in rats causes cancer. : .-

The acute and chronic toxicity of lead to several species of freshwater animals has |
been shown to decrease as the hardness of water increases. Freshwater algae are affected

by concentrations of lead above 500 ug/L.

PCBs

Measurements of acute toxicity of PCBs to freshwater organisms have resulted in
acute LC50s (lethal concentrations to 50 percent mortality of test organisms) ranging from
10 to 400 ug/L (parts per billion) for three invertebrate species and from 2 to 7.7 ug/L for
four fish species (USEPA, 1980). Fish fry were more sensitive than adults.

Exposure to Aroclor 1242 at 30 ug/L resulted in no significant effects to the
amphipod Hyalela azteca, whereas exposures to 100 ug/L resulted in complete mortality
(Borgmann et al, 1990, cited in TAMS et al, 1991). Daphnia magna, a common aquatic
organism used in establishing toxicity benchmarks, is very sensitive to PCB exposure. Lethal
exposures for this species range from 1.2 ug/L for Aroclor 1248 to 2.5 ug/L for Aroclor
1254 (Eisler, 1986, cited in TAMS et al,, 1991). Eisler (1986) also reports that chironomids

(midges) are sensitive to Aroclor 1254 at concentrations of 0.5 to 1.2 ug/L.
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Six chronic tests with three species of freshwater invertebrates gave effective
concentration to 50 percent (ECS0) values of 0.8 to 4.9 ug/L.. Chronic tests with freshwater
fish gave ECS0 values of 0.2 to 9.0 ug/L for fathead minnows and 1.0 ug/L for brook trout.
Little data exists on aquatic plants, but effects on certain species of phytoplankton have been
reported at con&entrations as low as 0.1 ug/L (USEPA, 1980).

Because of their low water solubility and tendency to accumulate in fatty tissue
(lipophilicity), PCBs have a strong tendency to bioaccumulate in aquatic organisms.
Reported bioconcentration factors range from 2,700 to 108,000 for freshwater invertebrates
(ie., the PCB levels are from 2,700 to 108,000 times higher in the invertebrates than in the
river water) and from 3000 to 274,000 for freshwater fish. Eisler (1986, cited in TAMS et
al., 1991) reports a BCF value of 47,000 for Daphnia magna. Recent studies by Jones et al.
(1989 cited in TAMS et al, 1991) indicated that caged fathead minnows studied in the
Upper Hudson River selectively accumulated tetra- and penta-chlorinated biphenyls,
suggesting a congener-specific bioaccumulation preference.

The EPA Ambient Water Quality Criteria for PCBs for the protection of aquatic life .
are 0.014 pg/1,, as a 24-hour average, for freshwater organisms. Available data suggest that--
acute toxicity would occur only at concentrations above 2 ug/L for freshwater organisms. |

Although very few studies address the issues of PCB toxicity associated with tissue
residues, a PCB concentration of 0.4 mg/kg (ppm) in whole-body fish tissues has been
observed to cause reproductive impairment in rainbow trout (Eisler, 1986 cited in TAMS
et al, 1991). Trout are particularly sensitive to PCBs and other species may be more
tolerant to PCB exposures (TAMS et al,, 1991).

In a study conducted by the U.S. Army Corps of Engineers (1988), adult fathead
minnows (Pimephales promelas) were exposed to sediments containing 0.82, 14.0 and 27.0
#g/g (ppm) (low, medium and high, respectively) dry weight PCB (expressed as Aroclor
1254 equivalents). This study concluded that PCB-contaminated sediments had a significant
deleterious effect of the species’ fecundity and frequency of reproduction. Reproduction
was significantly impaired in fish exposed to the medium and high PCB-contaminated
sediment treatments compared to fish in the controls and low PCB-contaminated sediment.
Mean PCB tissue concentrations in the fish ranged from 13.7 to 47.2 ug/g (ppm) wet weight,
expressed as Aroclor 1254 equivalents (USACOE, 1988).
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TOLUENE

No information was found indicating that toluene would bioaccumulate. Moreover,
Metcalf and Sanborn (1975, cited in Versar, Inc., 1979) maintain that, in general, compounds
with solubilities of 50 mg/L or more have little potential for aquatic bioaccumulation. Some
species of soil bacteria have been demonstrated to be capable of using toluene as a sole
carbon source (Versar, Inc,, 1979). In mammals, toluene is detoxified by oxidation to
benzoic acid, which then reacts with glycine to form hippuric acid which is rapidly excreted
in the urine. |

The available data for toluene indicate that acute toxicity to freshwater aquatic life
occurs at concentrations as low as 17,500 pg/L and would occur at lower concentrations
among species that are more sensitive than those tested. No data are available concerning

the chronic toxicity of toluene to sensitive freshwater aquatic life (USEPA, 1986).

ZINC

-

Microcosm studies-generally indicate that zinc is not biomagnified. Although biota
seem to be a minor sink compared to sediments, this compound is actively bicaccumulated
in aquatic systems. Zinc has been found to accumulate in freshwater animal tissues from
51 to 1,130 times the concentration present in the water. A 1981 study reported zinc BCF
values of 1000 for both aquatic plants and fish. Steady-state bioconcentration factors for
twelve saltwater species range from 3.692 to 23,820. _

Acute toxicity values are available for 43 species of freshwater animals and data for
eight species indicate that acute toxicity decreases as hardness increases. Additional data
indicate that toxicity increases as temperature increases. Chronic values for two
invertebrates ranges from 46.73 ug/L for Daphnia magna to >5,243 pug/L for the caddisfly,
Clistoronia magnificia. Chronic values for seven fish species ranged from 36.41 ug/L, for
the flagfish, Jordapella floridae, to 854.7 ug/L for the brook trout, Salvelinus fontinalis
(USEPA, 1986).

The sensitivity range of freshwater plants to zinc is greater than that for animals.
Growth of the alga, Selenastrum capricornutum, was inhibited by 30 ug/L. On the other
hand, with several other species of green algae, 4-day EC50s exceeded 200,000 pg/L. Zinc
was found to bioaccumulate in freshwater animal tissues from 51 to 1,130 times the

concentration present in the water (USEPA, 1986).
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