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Telex 846-343 July 31, 1986
83C2236-8

E.l. duPont de Nemours & Co., Inc. &
Buffalo Avenue and 26th Street

Niagara Falls, New York 14302

Attention: Mr. Richard Gentilucci
Operations Manager
Environmental Officers

Re: Permeability Testing of Rochester
Shale-Lockport Dolomite via J-Zone
Monitoring Wells

Dear Mr. Gentilucci:

Pursuant to our letter dated June 25, 1986, Woodward-Clyde Consultants
(WCC) has prepared the attached scope of work for eonducting the permeability testing of
the Rochester Shale and Lockport Dolomite by the J-zone monitoring wells at the Niagara
Plant. The scope of work includes evaluating the hydrostatic head in the J-zone and
conducting permeability tests in three stages in each J-zone well. The location of the
four (1,4,8, and 15) J-zone wells is highlighted on Figure 1, and a monitoring well report
and boring logs have been included for each J-zone well in the attachment to this scope of
work.

The permeability testing will be conducted in a similar fashion to the way
the monitoring wells at Necco Park are being evaluated, to determine if the zones are
water bearing or not. The permeability will be evaluated by a single packer coupled to a
pressurized water delivery system for high permeability zones and with a constant head
system test for low permeability zones.

In accordance with Section 5.2.5, Permeability Testing of J-zone Well
(WCC - Draft Report, Remedial Action Program Niagara Plant, Niagara Falls, New York;
June 23, 1986), WCC is proposing the following program to evaluate the permeability of
the Rochester Shale-Lockport Formation contact which is defined as the J-zone. The
proposed program would include evaluating the static water level in at least one of the J-
zone wells by means of a pneumatic piezometer installed below a pneumatic packer
placed near the contact between the Lockport Formation and the Rochester Shale. The
packer would be inflated and the pore water pressure monitored on at least a daily basis
until the pressure is stabilized. This is expected to take less than 5 days.

This data is required because we don't have a static water level for the J-
zone. Review of the J-zone monitoring wells indicates that they do not recover
completely between sampling. Previous data collected at the site on the J-zone wells
indicated recovery rates for these wells ranging from 0.4 to 2.0 feet/day with comparable
permeabilities of 1 x 10~7 to 10~9 em/sec and a permeability of 1 x 1074 em/sec based
upon slug test data. Based on these recovery rates and permeabilities, it is expected that
the permeability of various sections in the J-zone wells will be sufficiently low that it will
be necessary to run the permeability tests using a constant head test method with small
volumes of water manually added.

Consuilting Engineers, Geologists
and Environmental Scientists ﬂ

Offices in Other Principal Cities
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Following the evaluation of the static pressure in the J-zone, the
pneumatic packer would be installed to seal off portions of the monitoring wells that are
cored into the bedrock. The sequence of testing will be as follows:

o} The packer will be located 5 feet from the bottom of the core hole so that
the permeability of the Rochester Shale can be determined.

o The packer will then be placed at an elevation 5 feet above the suspected
J-zone fracture (or the contact between the Lockport Formation and the
Rochester Shale).

o The packer will then be raised to just below the top of the monitoring
zone (approximately 3 feet below the bottom of the casing in the J-zone
monitoring wells). The packer will be located below the bottom of the
casing to evaluate the permeability of the rock and not the integrity of
the grout seal.

The coefficient of permeability will be estimated for each of the above
intervals and an overall permeability for the entire open interval of the J-zone wells. The
permeability for each of the intervals will be included by means of a constant head
permeability test by the attached procedures. The limiting factor for the constant head
test using a Constant Pressure System is the sensitivity of the flowmeter in the system.
The sensitivity of the flow meter is about 0.1 gallons, such that flows less than 0.1 gallons
may not be detected. With this lower limit of sensitivity of 0.1 gallons, it would then be
necessary to use an alternate permeability procedure using a constant head that is
manually restored at a rate slower than would be detected by the flowmeter.

Based upon our experience in the Niagara Falls area, a permeability of
greater than 1076 cm/sec can be evaluated using the Constant Pressure System and a
permeability of less than 10~6 em/sec can be evaluated using a constant head test. WCC
is experienced at conducting both of these tests, as required.

With authorization to provide this service, WCC should be able to collect
the data and present the results by the end of October 1986. If you have any questions, do
not hesitate to contact us.

Very truly yours,
WOODWARD-CLYDE CONSULTANTS

Richard M, Coad, P.E.
Senior Project Engineer

Frank. S, W‘M”/Km

Frank S. Waller, P.E.
Principal

RMC/ten/5B

ce: Mark N. Gallagher
David W. Buzzell

Attachment
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PROPOSED IN SITU PERMEABILITY TEST
ROCHESTER SHALE-LOCKPORT DOLOMITE
DUPONT NIAGARA PLANT
NIAGARA FALLS, NEW YORK

1.0 SCOPE

The following general procedures will be used to conduct the in situ
permeability testing in the Lockport Formation/Rochester Shale. The in situ permeability
test will be performed using a single packer system coupled to a pressurized water
delivery system. The purpose of this program will be to test the permeability of the
Lockport Formation and Rochester Shale in the four J-zone monitoring wells at the site
(19, 4J, 8J, and 15J), see Figure A-l. The test will be performed in the cored section of
the Lockport Formation and Rochester Shale section of the J-zone monitoring wells.
Water-bearing zones will be confirmed by a test permeability of greater than 1 x 1074
cm/sec. The Inspecting Engineer/Geologist shall have overall responsibility in the field
for the in situ permeability testing.

In 1983 Woodward-Clyde Consultants conducted rising head permeability
tests at the Niagara Plant on the uncased section of monitoring wells 4J, 8J, and 15J and
calculated permeabilities of 1 x 1077 to 1 x 1079 em/sec. A slug test was performed on
monitoring well 1J and a permeability of 1 x 10~4 cm/sec ‘was calculated. Based upon
these data, a constant head test would be more appropriate for the proposed scope of
work. In addition, for permeability tests that have results less than 1 x 106 e¢m/sec, WCC
believes that a manually filled constant head test is most appropriate.

The static water level is important information in the analysis of the
permeability test data. A review of the water level data for the J-zone wells indicate
that the wells do not completely recover between sampling events. Due to the slow
recovery rate of the J-zone wells, WCC is proposing to ﬁse a pneumatic piezometer
installed below an inflated pneumatie packer to evaluate the static water level in one of
the J-zone wells. Following the installation of the pneumatic packer and piezometer, the
piezometer would be monitored on at least a daily basis until the pressure is stabilized.
This is expected to occur in less than 5 days.
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2.0 STATIC WATER LEVELS

The static water level in one of the J-zone monitoring wells would be
measured by means of a pneumatic piezometer installed below a pneumatic packer. The
piezometer would be located close to the Rochester Shale-Lockport Formation contact.
The pneumatic piezometer has a low volume displacement diaphragm that balances the
hydrostatic and pneumatic forces that allows the conversion of the hydrostatic pressure to
a pneumatie pressure. Due to the low volume displacement of the piezometer, the time
needed to respond to the static water level should be quite small in comparison to the
filling of the borehole.

2.1 INSTALLATION AND DATA COLLECTION

The pneumatic piezometer will be installed in one of the four J-zone
monitoring wells below a singlé pneumatic packer to a known depth. The pneumatic
packer will be inflated with sufficient pressure to hold the packer in place. A schematic
representation of the system is shown on Figure A-2.

The pneumatic piezometer will be monitored using a pneumatie indicator,
which balances the pneumatic pressure with the hydrostatic pressure. Successive readings
on at least a daily basis will be taken until the pressure stabilizes. This stabilized
pressure represents the hydrostatic pressure exerted on the bottom of the piezometer.
This pressure will be converted to feet of water above the piezometer tip by multiplying
by 2.31. The 2.31 factor converts pressure in psi to equivalent head measured in feet of
water, 0 2

3.0 IN SITU PERMEABILITY TESTING AND DOCUMENTATION

The following testing and documenting procedures will be followed while
performing the in situ permeability tests. It is extremely important that all data be
properly recorded. No change in the test procedures are permitted without authorization
of the Project Manager.
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3.1 IN SITU PERMEABILITY TEST PROCEDURES
Testing shall be in accordance with the following:

Step a. Perform a pretest of the equipment and determine that
required hoses, pipes, pressure gauges, flowmeter and valves
are organized properly and in good working condition. All
gauges and flowmeters are to be calibrated prior to the
permeability testing. Copies of calibration records will be
maintained in the project files. The principal components of
the Constant Pressure System are shown on Figure A-3. The
single packer system is shown on Figure A-4.

Stepb. Measure and record the depth to water and bottom of corehole
from the top of casing. Confirm the inside diameter of the
corehole from the drilling logs. The packer is designed for
optimum performance in an NX corehole (OD = 3 inches), but
should perform satisfactorily in an over-reamed corehole (OD =
3-7/8 inches).

Step e.  Position the packer in the borehole at the test depth. For the
first test, place the packer at a distance of 5 feet from the
bottom of the corehole.

Step d. Inflate packer to a pressure greater than the maximum total
pressure to be used in the test (generally 20 to 30 psi greater
than maximum pressure for test). If packer starts to move,
increase the pressure until packer stops moving. If packer
continues to move, reposition, and repressurize.



Step e.

Step f.
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Close flow control throttle valve, pressurize system, and check
for leaks. Allow system to stabilize. Measure and record the
vertical distance from static water level to the top of casing.
This water level measurement will be compared with the water
level measured during the test.

Perform test by slowly opening flow control throttle valve and
constant pressure reducing valve until 1/4 of the maximum test
pressure (Pm) is reached. Where Pm at the packer is not to
exceed 0.9 D psi, when D is the depth to the bottom of the
packer and the existing pressure at the bottom of the packer is
Pys = 0.433 x head of water above the packer, and Pjp, is the
pressure loss due to friction in the testing apparatus (see Step
h). Thus, the maximum test pressure is Pm = (0.9 D - Pgg) +
P1. Record flow rate for 5-minute periods, raising gauge
pressure in 1/4-Pm increments so that each section is tested at
1/4 Pm, 1/2 Pm, 3/4 Pm, and Pm gauge pressure for a minimum
of 5 minutes., Lower pressure to 3/4 Pm, 1/2 Pm, and 1/4 Pm
gauge pressure, again using 5-minute periods to record flow
rate,

WARNING: DO NOT APPLY MORE THAN 0.9 PSI PRESSURE
PER FOOT DEPTH (e.g., if test depth is 40 feet, maximum test
pressure is not to exceed 36 psi) or hydrofracturing may occur.

Carefully observe flow rates; if flow rates increase
dramatically between the 1/4 Pm increments in pressure, then
hydrofracturing may have occurred. An example data plot from
an in situ permeability test which may represent hydro-
fracturing is shown on Figure A-5.

The test durations and the pressure increments may be varied
at the discretion of the Inspecting Engineer/Geologist.



Step g.

Step h.
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While conducting Step f above, record flowmeter and pressure
gauge readings (including fluctuations) at 0.1 gpm increments.
Make sure sufficient water is available at supply source to
finish test at anticipated flow rates. Measure water level
above packer during test. If the water level increases, leakage
may be occurring around packers. If leakage around packer
occurs, repeat Step d. Record the time at which leakage was
noted.

If flow for the test is not being recorded on the flowmeter, the
test shall be stopped. Water shall be added to the riser pipe by
means of a measuring device that can account for smaller
quantities and the test conducted as a constant head test. In
this situation, permeability will be calculated as in Step j.

To calculate the corrected head in feet:

(1) Convert gauge reading (Pp) in psig to head (Hp) in feet
Hp = Pp X 2.31

The 2.31 factor converts pressure in psi to equivalent head

measured in feet of water.

(2) Measure the vertical distances from the static water level
to the top of the casing (Hw) and from the top of the well
casing to pressure gauge (Hg), prior to placing the packer in the
borehole.

(3) Determine the head loss (Hy, = 2.31x Pj) in the piping
system from the Hp, vs Q graph developed during the calibration
of equipment. Low flows (less than 6 gpm) will result in
negligible head loss, (assumed to be zero).



Step i.

Step j.
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(4) Calculate the corrected head (He) by:
Hc=Hp"'HL+Hw+Hg

Plot the recorded flow rate (Q in gallons per minute) and
corrected head (Hp = feet) on the data sheet (Figure A-6) during
the progress of Step f above.

Compute the maximum and minimum permeability based on the
test results, where:

_ 0.0108(Q)F)
K = mﬁ—— and

K = permeability (em/sec)

Q = flow rate (gal/min)

F=InL/r

L = test length of open core hole (See Figure A-4) (ft)

Hc = corrected head (ft)

r = radius of core hole (ft)

0.0108 = unit conversion from gal/min (ft)2 to em/sec divided by
2.

3.2 TESTING DOCUMENTATION

The test shall be documented on a form, an example of which is shown as

Figure A-6. The information to be recorded includes the following:

Date

Boring, Fracture Interval obtained from the boring log
Type of Test (Single or Double Packer)

Time: Start, Finish

Ground Surface Elevation (if available)

Depth to Upper Packer
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A-7
g. Depth to Groundwater (before test, and 24 hours after test)
h. Test Length of open core hole (L)
i. Height of Pressure Gauge above well casing (Hg)
iR Length and Diameter of Riser Stem for Packers.

3.3 EQUIPMENT CALIBRATION

Pressure gauges and the flowmeter shall be checked to determine that
they are functioning properly prior to, during, and after completion of the testing
program. Pressure meters and flowmeters shall be calibrated prior to use. All gauges and
flowmeters will be calibrated prior to use at the site.

The testing apparatus shall be field-calibrated under the direction of the
Engineer/Geologist for pressure losses at various flow rates and pipe lengths prior to
commencement of the testing prégram.



L-v 34NOI4

§-9€223€8 .qor

0og ] VWY
—l.-ll-ll‘
98/62/L g

AQ pOXOBYD
BHNIIWOS 91 g umoig
SISUNFIOS TYININNCRIANT ANV SISISOT103D SUIINIONT ONUINSNCD

SLNVLINSNOD IAATI-AUYMAOOM

‘00 ® SHNOW3N 30 INOdNA 'I'3
LNVYId YHYDVIN

$773M ONIHOLINOW 3INOZ-I

~ M NIAY _JQISHIAY

/ —_

713M ONIHOLINOW 3INOZ-I \ /\
S

TI3M NOILONGOHd NITO

®

(HILL3T) IdAL 1AM

CON) H3EWNN Y31SNTI 113IM é

‘GN3O3T

ey

‘09 WNANNYOBY YD
T avod B zlJ 2
@ o z
© N
>
=
3ANIAY SWYOY /4‘ £09/9G
wmw 2g'y
A ! 1)
Q
S) g
a b
: ﬁ\vx )
g .
P A dH¥00 N0 4502 NITO
37
W\ (o'g'y
Y\ g
m g'v




Woodward-Clyde Consultants

AIR LINE

/PNEUMATIC INDICATOR

READOUT

10" BOREHOLE —

OVERBURDEN

8-5/8" TEMPORARY
CASING REMOVED —

ENTE = M=TT=EN ==

LOCKPORT
FORMATION

ROCHESTER
SHALE

4-1/2" O.D. STEEL CASING

GROUT

6-5/8" Q.D. STEEL CASING

| —— 5-5/8" BOREHOLE

GROUT

PIPE (RISER STEM)

b~~~ MINOR FRACTURES

FORMATION CONTACT

————— PACKER PNEUMATIC
PIEZOMETER ASSEMBLY

, f———Nx core

=

PIEZOMETER - PACKER ASSEMBLY
IN-SITU PERMEABILITY TEST
NIAGARA PLANT
NIAGARA FALLS, NEW YORK

FIGURE A-2
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FIGURE A-4
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BEDROCK PERMEABILITY TEST: PACKER METHOD
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FIGURE A-6
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