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If You Know
Length
inches
inches

feet

yards

miles

Area

sq. inc

sq. feet

sq. yards

sq. miles
acres

Mass (weight)
ounces
pounds

ton

Volume
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
gallons
cubic feet
cubic yards
Temperature
Fahrenheit

Radioactivity

picocuries

ME

Into Metric Units
Multiply By

254
254
0.305
0914
1.609

6.452

2.6
0.405

28.35
0.454
0.907

5

15

30
0.24
0.47
0.95
3.8
0.028
0.765

subtract 32,
ly by
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~ CONVERSION 'HAR
Out of Metric Units
To Get ’ Multiply By
Millimeters 0.039
Centimeters 0.394
Meters 3.281
Meters 1.094
Kilometers 0.621
sq. centimeters €rs 0.155
10.76
1.1
sq. kilometers s 04
Hectares 247
ht)
Grams 0.035
Kilograms 2.205
metric ton 1.102
Milliliters 0.033
Milliliters 2.1
Milliliters 1.057
Liters 0.264
Liters 5 35.315
Liters 5 1.308
Liters
cubic meters
cubic meters
re
Celsius mull  yby
9/5, then add
32
ity
Millibecquerel rel 0.027

viii
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Tuesday  7-12-05

Wednesday 7-13-05

Thursday 7-14-05

M lay  7-18-05

Wednesday 7-20-05

Tt day 7-21-05
1 lay 7-22-05
Monday  7-25-05
Tuesday  7-26-05

Wednesday 7-27-05
Monday  8-8-05

lesday  8-9-05

Wednesday 8-10-05

Thursday 8-11-05

Monday  8-15-05
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Refilled reaction tank and maintained CPS flow to match well water flow,
~6.2 percent CPS concentration. Replaced injection pump and placed
back in service.

Second turbine meter stopped working; observed plating on rotometer
glass surface.

Verified no sludge from bottom of reaction tank to waste box. When
taking bromide sample of extraction well water noticed g nish tint to
water when observed in white 5-gal bucket. Extraction well 199-K-126

- pump flow has been decreasing. System shut down. Chromium sample

from well 199-K-126 is less than detection.
Chromium sample from well 199-K- . at 5 ppb.

Pulled and replaced well 199-K-126 pump. Cleaned and replaced
injection pump. System back up and running in automatic. Chromium
samples from well 199 126 are 9 an 11 ppb.

Removed turbine meters and spooled throu; bec: e ™ four had
stopped working. Verified reaction tank bottom flow still clear with no
sludge.

Secured system at end of day. Chromium sample from well 199-K-126
back to less than detectable.

Secured system at end of day to change out well pump next day.

Swapped extraction well pump. New well pump is 3 hp. Removed pump
suction strainer covered with sludge.

New pump dropped 10 gal/min overnight. Secured system to evaluate
pump replacement. Chromium sample from well 79-K-126 is less than
detectable.

Started system back up.

Extraction flow dropped overnight. Flow drc¢ ed during day; secured at

end of day shift.

Started extraction well pump to take samples at 50-, 100-, and 500-gal
pump to evaluate securing test.
Changed out extraction well pump; pur  :d for 3 hours, then secured.

Lined up to drain reaction tank. Test to be secured.
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3.2.3 Equipmentand! terials

The following is a summary of equipment used during the test.

e Tanker staging area:

Two tankers with a capacity of ~6,000 gal (23,000 L) each of CPS. The tankers were
refilled by the chemical vendor with a third tanker and a tractor. CPS was pumped
from the supply tanker to either of the staged tankers as required.

Valves and hoses with camlock fittings to route the CPS as required.

o Waste staging area:

55-gal waste drums

4-by4-by 8 | :dwaste box forliquid w e (sample water and liquid chemical
waste)

e Reaction tank area (see Figure 3-3):

5,500-gal conical bottom reaction/mixing tank and stand on a 6-in. concrete pad with
a leak containment berm

Electrical air compressor to drive the sludge diaphragm pump

Air-driven diaphragm pump to recirculate the reaction tank liquid and pump sludge
from e tank bottom to a 4- by 4- by 8-ft lined waste box

Valves and hoses with camlock fittings to route the (S as required

Turbine flowmeter (totalized and actual flow) for extraction water

Magnetic flowmeter (totalized and actual flow) for extraction water
arbine flowmeter (totalized and actual flow) for CPS injection

Level transmitter for reaction tank level

Two float switches for reaction tank level trip

Leak detection sensor in berm area
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o Safety shower ler
o Treatability test skid (see Figure 3-5):

— C trol panels: Power distr 1tion, pump adjustable-frequency drive control, and
level indication

— CPS meter pump and control piping
— Injection pump and valving
— Dual bag filter housing and pressure gauges
— Turbine flowmeter for injection flow
- Carbon source metering pump
— Manual throttle valves for the four injection well lines
— 1 Hine flowmeters for the four injection well lines
— Bacl ) manual rotometers for the four injection well lines
— Leak detection sensor inside the skid containment tray
o Carbon source tote
o Extraction we  199-K-126:

— Submerged groundwater pump/motor
— Well level sensor/transmitter

o Injection w s (four):

— Sealed piping to inject the treated water below gro 1dwater level
— Pressure gauge and temperature indication on representative well.

33 SAV INGAN AN/ YSIS

The goals of sampling were to collect enough data at sufficient quality ) evaluate the hydrologic
characteristics of the affected aquifer and assess the efficacy « treating the groundwater and
aquifer with CPS.

The sampling and analysis performed during the course of the treatability test were guided by

DOE/RL-2005-05 and by the sampling and analysis plan in its appendix. Post-treatment
monitoring to evaluate the persistence of aquifer reduction and any deleterious effects that may
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o The system did not operate continuously until the treatment goals were met, partially
because the extraction pump was clogging after only a few days of operation during the
latter part of the test. The system typically was shut down over weekends.

o The bag filters that were placed downstream of the mixing tank (see Figure 3-5) plugged
with precipitate during the initial mixing of the groundwater with CPS. The polyfiber
filter bag hardened when it trapped e sulfur, after which the treated groundwater was
rerouted to bypass the filters. New filter bags were installed and no additional precipitate
v . found in the filter bags until the test shut down and the mixing tank was cleaned.

o The test lasted for 45 days, instead of the anticipated 90 days, because the transmissivity
of the aquifer was greater than that initially assumed.
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Al ENI (A

YDR! \G 1T ST CHARACI A1l VVF ¢ 1 FORT )0 R-4ISRM
FIELD ¢ JEMONSTRAT 1V

NO~ : This aj 2ndix contains Hydrologic Test Characterization Results for the

100-KR-4 ISRM rield Site Demonstration, as published in January 2006. The appendix contains
the document initser  :ty. Beginning with the cover page, pagination for this appendix will
follow e pagination of Hydrologic Test Characterization Results for the 100-KR-4 ISRM Field
Site Demonstration. Normal pagination will resume with the first page of Appendix B.
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conservative tracer eakthrough pattern provides pre-injection information concerning the
effective porosity/storage characteristics over the inter-well region of the test site. Additionally,
the tracer arrival and breakthrough pattern also provides information concerning the longitudinal
dispersivity, which is an important parameter influencing the lateral extent of the treatment zone.
Cutrently, no follow-on, post-injection tracer tests have been conducted that can be used for
assessing any i er-well effective porosity/storage changes within the unconfined aquifer that can
be attributed to the calcium polysulfide treatment.

Specifically, this letter report provides the analysis results of pre- and post-injection slug test
characterizations and their comparison for individual KR-4 test well locations. A preliminary
analysis of a conservative multi-well, forced-gradient, bromide tracer test is alsc rovided using a
homogeneous formation model approach. Additionally, based on ch:  :terization information
provided by the pre- and post-injection slug tests and analysis of the bromi : tracer test, computer
simulations of area within the aquifer “contacted” by the circulated polysulfide reactant solution is
provided. Based on the model predictions of the circulated reactant soluton contact area (i.e.,
areal/vertical extent and concentration level) within the unconfined aquifer, inferences concerning
the spatial distribution of treatment can be developed.

For ease in referencing resi s for the KR-4 field testing characterization program, the following
letter report outline is provided:

Outline

—

. Executive Summary

2. Introducton
2.1  Site Description
22 W  Constructdon

3. Slug Test Discussion
3.1  Over-Damped Test Analysis Methods
3.1.1 Bouwer and Rice Method
3.1.2 Type-Curve Method
3.2  Heterogeneous Formation Analysis
3.3  Test Radius of Inves:” ition

4. Pre-Injecton Test Characterization
41 KR-4 Injection Wells
42 KR-4 Extracdon Well

5. Injection Phase: Bromide Tracer Test and Calcium Polysulfide Injection
51 P Test Bromide Tracer Predictions
5.2 Bromide Tracer Test: Observations/Analysis
5.3  Calcium Pc¢ ‘sulfide Injection Discussion
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R, = effective test radius parameter; as defined by Bouwer and Rice
(1976)

f, = well radius

K = hydraulic conductivity of test interval

L = well-screen length.

Given the multitude of possible combinations of aquifer properties, well casing dimensions, and
test interval  1gths, no universal Cj, value ranges can be provided that desc1 e slug test response
conditions. However, in considering various test site conditions that are encountered at the KR-4
injection well sites (i.e., with a saturated well-screen length, L = 7.2 to 7.9 m, and well casing
radius, r, = 0.051 m), the following gene ~guidelines on KR-4 slug test response prediction are
provided, which are based on test simulations using the computer program presented in Butler et
al. (2003):

Cp, >3 = o dampedres; 1se
Cp 1-3
C, <1

crtically-damp  response

under-damped response

As noted in Spane and Newcomer (2004), over-damped test response generally occurs within test
wells monitoring low to moderately high permeability formations on the Hanford Site (e.g.,
Ringold Formation), and are indicative of test conditions where frictional forces (i.e., resistance of
groundwater flow from the test interval to the well) are predominant over test system inertial
forces. In contrast, tests exhibiting critically-damped o1 1der-damped response behavior are
indicative of test conditions when inertial forces are significant or predominant, respectively. As
will be discussed, s KR-4 test wells exhibited only over-damped slug test responses; both during
pre- and post-injection test characterization. For this reason, e following discussion will only
pertain  over-damped slug tests. As noted previously, a more comprehensive discussion that
includes critically-damped and under-damped test conditions is presented in Spane and Newcomer
(2004).

For over-damped slug tests, two different methods were used for the KR-4 slug-test analysis: the
semiempirical, straight-line analysis method described in Bouwer and Rice (1976) and Bouwer
(1989) and the type-curve-matching method for unconfined aquifers presentec 1 Butder (1997).

3.1 Over-Damped Test  alysis Methods

The ft owing sections provide a brief discussion of analytical methods and considerations for slug
tests exhibiting over-damped responses.

3.1.1 Bouwer and Rice Method

The Bouwer and Rice method is a well-known technique and is widely applied in the analysis of
slug tests. A number of analytical weaknesses, however, limit the successful application of the
Bouwer and Rice method for analyzing slug-test response. These weaknesses constrain its

A-10
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imposed by the well completion).

No complete slug-test response analyses (i.e., using K, values for the inner and outer zones) were
attempted, however, using the finite-thickness, skin solution available within the KGS program (as
shown in Figures 3.2, 3.3, and 3.4). This is due to the non-uniqueness of the analytical solution
(i.e., similar test responses can be derived using different combinations of K, S and skin/inner
zone thickness). For tests exhibiting heterogeneous formation behavior, the inner and outer zone
test responses were analyzed independently using the homogeneous formation analysis approach.
(Note: because of the rapid recovery during the initial test response phase, inner-zone
charactetization was limited to only a few of the tests that had sufficient data for analysis). For the
outer zone test characterization, which is more representative of actual formation/aquifer
conditions, the homogeneous formation analysis procedure outline in Butler (1997) and described
in Spane and Newcomer (2004) was used. This homogeneous formation analysis approach ignores
the early-time test data reflecting the higher permeability inner zone and the outer zone test stress level
(H, ..o is calculated by projecting the observed, outer zone test data back to the time of test
initiation, H,. For analysis of the outer zone response, ar  uiv: | radius, r,, must be used
i1 I d al well us, r, t 1s ana n The r, ed

sy Lo

by using the following relationship presented in Butler (1977):
r, =, (H,/H,)" (3.2)

where, H, is the theoretical stress applied within the well casing, r.. This approach was utilized for
the analysis of extraction well K-126, which has a developed higher permeability inner zone,
extending into the surrounding formation outside the emplaced sandpack.

It should be noted that r, term used in slug test analysis and in Equation 3.1 (for defining slug test
response behavior) refers to the zone where the we water-column level response takes place
during testing. For wells having extremely high permeable annular or sandpack zones surrounding
the well-screen completion, the measured in-well test response actually represents water-level
changes occurring inside the well screen and surrounding sandpack. In these situations, Bouwer
(1989) recommends that the r,, term be replaced in the analysis equations with an effective well
radius, ., which represents the total free-water area, which can be calculated from the total surface
area within the well screen and the effective sandpack area that is reflective of the sandpack
thickness and porosity, n. The effective well radius, r,,, that represents this total free area, can be
calculated with the following equation presented in Bouwer (1989):

[(1-n)r? + nr,7” (3.3)
The calculated r ¢ term shown in Equation 3.3 was utilized for the analysis of all KR-4 injection
well tests. Based on the well dimensions and an assumed porosity, n, of 30 percent, an effective

radius of 0.0757 m is indicated and used in the pre- and post-test analysis.

A more detailed discussion on the use, analysis and interpretation of mult-stress slug test
characterization is also provided in Spane and Newcomer (2004).
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response behavior. As discussed in Section 3.3, the heterogeneous formation test behavior
exhibited is attribu | to the presence of a very high permeability inner zone (negative skin), which
is surrounded by a lower permeability outer zone that is reflective of in-situ aquifer conditions.
This high-permeability inner zone is considered to be an imposed, artificial condition attributed to
either the well completion design (i.e., well screen/sandpack mesh size) at all KR-4 injection well
sites or a combination of well completion design and induced development from extended
pumping at the K-126 extraction well site. Figure 4.1 shows a Bouwer and Rice test plot
comparison of slug test responses for all KR-4 test w . As shown, a “double-slope” pattern is
displayed, which is produced by the presence of a high permeability inner zone condition and
surrounded by a lower permeability outer zone. As indicated, the high permeability inner zone
dissipates a high percentage of the applied stress (i.e., 70 to >90%). The presence of the
heterogeneous formation condition is more clearly exhibited in the diagnostic slug test
dimensionless head and derivative type-curve plot for extraction well K-126, shown in Figure 4.2.
In both Figures, the higher permeability inner . e is represented by a more rapid test recovery in
comparison to the slower, later recovery rate that is reflective of in-situ f¢  ation conditions.

Pertinent test/well site conditions at the time of performing the pre-injection slug test
characterization are listed in Table 4.1. Analysis results based on the type-curve and Bouwer and
Rice methods are summarized in  ible 4.1. Selected analysis figures for each of KR-4 test wells
are presented in Appendix A. As discussed in Section 3, hydraulic;  perty values derived from
type-curve analyses are considered to provide the best estimates of actual formation conditions.

4.1 KR4 Injection Is

Slug test results for all KR-  injection well sites e:  ibit a high-permeability, sandpack (inner) zone
surrounding the well-screen that “absorbs” (i.e., within 3 secs) ~80 to >90% of the imposed slug
stress (Figure 4.1). The established pre-injection response behavior for these wells provides a
reliable baseline for assessing any significant degradation in injection well conditions (i.e., inner
zone) or formation property conditions (i.e., outer zone) in proximity to the wells that may occur
during and following the polysulfide field injection.

Type-curve analysis of the slug injection test results (Outer Zone; Table 4.1), indicate relatively
consistent estimates for aquifer hydraulic conductivity suggesting relatively uniform hydrogeologic
conditions for most injection wells across the inter-well field  t demonstration location (i.e., 6.8
to 8.2 m/day). It should be noted that lower permeability estimate (i.e.,2 m/day) for injection
well 199-K-135 is considered to have a high-lev: of uncertainty, due to the high dissipation of
stress (i.e., >90%) during slug testing. Bouwer and Rice analysis results (Table 4.1) yielded
consistently lower estimates (i.e., ~30% lower) than values obtained utilizing the type-curve
analysis method. As not in Section 3.1, this under-estimate bias has been recognized previously
and is consistent with test comparisons for slug test characterizations conduct  previously on the
Hanford Site (e.g., Spane and Newcomer, 2003).

Because of the rapidity of dissipation of the test response (i.e., < 3 secs), reliable hydraulic
property estimates reflective of this artificial, inner zone/sandpack region are not possible for the
KR4 injection well sites. Greater than values are provided in Table 4.1, however, solely for
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Append C:
Mi Fie gP
Adhering Reactant Solution on Weighted Steel-Tape, trieved from Injection Well
K-

Adhering Reactant Solution on Injection Line Retrieved from a KR4 Injer n Well
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APPENDIX B

ANALYTICAL RESULTS
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APPEM IXC

FLOW DATA FROM TREATABIL] Y TEST
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