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EXECUTIVE SUMMARY

This report describes a pilot study conducted at the Naval District Washington, Indian Head (NDW, IH) in
Indian Head, Maryland by Tetra Tech NUS, Inc. (TtNUS) in response to Contract Task Order (CTO) 0805,
under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract, Contract Number
N62467-94-D-0888. The study was conducted on Site 57, Former Drum Loading Area, to examine the
viability of utilizing enhanced anaerobic bioremediation as a technology for reducing chlorinated volatile

organic compound concentrations (especially trichloroethene [TCE]) in Site 57 groundwater.

During the pilot study, a hydrogen release compound (HRC®) manufactured by Regenesis was injected
into the subsurface to establish anaerobic conditions suitable for reducing groundwater volatile organic

compound (VOC) concentrations through reductive dechlorination.

The study commenced in May 2003 with the installation of two new groundwater monitoring wells. Prior
to HRC® injection, groundwater samples were collected from the two new monitoring wells and three
existing monitoring wells to establish the baseline conditions against which subsequent samples would be
evaluated. (Two monitoring wells were upgradient of the HRC® array, and three were downgradient.)
HRC® was then injected into the subsurface via 12 injection points occupying an area measuring

approximately 30 feet by 10 feet.

The injection points were installed with approximately five feet between each of three rows, and
approximately 8 feet between the injection points within each row. The HRC® was injected at a rate of
approximately 0.6 gallons (6.6 pounds) per vertical foot, starting at a depth of 20 ft below the ground
surface (bgs) and continuing upward to 6 feet bgs. The study required approximately 1,110 pounds of
HRC®. The HRC® material was heated to approximately 100°F to 120°F prior to injection. After HRC®
injection, all holes were abandoned by backfilling each hole from the top of the HRC® to the ground
surface with granular bentonite and hydrating it with potable water. Following the HRC® injection,
groundwater samples were collected from the five study area monitoring wells on June 20", July 30",
September 25", and November 20" of 2003.

The groundwater samples were analyzed for TCE, the primary contaminant, and its daughter products
dichloroethene (DCE), vinyl chloride, ethene, and ethane, in addition to 26 other parameters indicative of

reductive dechlorination or the conditions necessary to maintain the process.

Over the six-month study duration, TCE concentrations in the most contaminated downgradient well
decreased by 98%, from 9,100 ug/l to 110 pg/l, the lowest TCE concentration achieved. The fact that
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reductive dechlorination was ongoing was also supported by the data for the TCE daughter products, and

the other indicator analytes.

The pilot study has demonstrated that introducing HRC® into the Site 57 groundwater can significantly
reduce high TCE concentrations. To evaluate if reductive dechlorination will proceed to completion and
how low the TCE concentrations will go, it is recommended that additional samples be collected from the
pilot study wells. That effort can be incorporated into other Site 57 groundwater investigations to control
costs, and the resulting data is likely to allow the Site 57 feasibility study to incorporate a more precise

evaluation of the HRC® technology for potential application at Site 57.
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1.0 INTRODUCTION

1.1 PURPOSE

The pilot study described in this report was conducted at the Naval District Washington, Indian Head
(NDW, IH) in Indian Head, Maryland by Tetra Tech NUS, Inc. (TtNUS) in response to Contract Task
Order (CTO) 0805 under the Comprehensive Long-Term Environmental Action Navy (CLEAN) contract,
Contract Number N62467-94-D-0888. The purpose of this report is to describe and present the results of
the pilot study activities undertaken at Site 57, Building 292 TCE Contamination Area, to examine the
viability of enhanced anaerobic bioremediation as a technology for treating chlorinated volatile organic

(VOCs) compounds [especially trichloroethene (TCE)] in Site 57 groundwater.

1.2 SCOPE AND OBJECTIVE

During the pilot study, a hydrogen release compound (HRC®) was injected and evaluated for its effect on
groundwater bioremediation of chlorinated VOCs. A previously prepared Remedial Investigation (RI)
Report (TtNUS, 2000) determined the need for remedial activities at the site. In the draft Feasibility Study
(FS) Report (TtNUS, 2002), in situ bioremediation was determined to be a potentially effective
groundwater alternative. The overall objective of the pilot study was to provide site-specific information
for a more detailed evaluation. In particular, the objective of the pilot study was to determine if the

application of HRC® at Site 57 would result in reduced concentrations of TCE in groundwater.

1.3 NDW, IH LOCATION

The NDW, IH is located in northwestern Charles County, Maryland. As shown on Figure 1-1, the NDW,
IH is approximately 25 miles southwest of Washington, D. C. The NDW, IH is a military facility consisting
of the Main Area on the Cornwallis Neck Peninsula and the Annex on Stump Neck, which is located
across Mattawoman Creek. The Stump Neck Annex is not contiguous with the Main Area and is
operated by a tenant. As shown on Figure 1-2, the main area is bounded by the Potomac River to the
northwest, west, and south, Mattawoman Creek to the south and east, and the Town of Indian Head to

the northeast. The location of the Site 57 is shown on Figure 1-2.

1.4 SITE BACKGROUND

Site 57, Former Drum Loading Area, encompasses the area located south of Building 292 at the Main
Area of the IHDIV-NSWC (Figure 1-3). Previous operations from the mid-1960s until 1989 involved the
use of TCE for vapor degreasing and general cleaning. During the 1970s and 1980s, spent TCE was

transferred from a tank inside Building 292 into drums via a pipe that passed through the wall near the
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southern corner of the building. The drums were reportedly stored on a grass-covered area near the
southern corner of the building. It is believed that these operations have resulted in the TCE
contamination detected in soil and groundwater at Site 57. The use of TCE at Building 292 stopped in
1989. Site 57 also includes Buildings 165 and 496, located approximately 150 feet southwest of Building
292, which were used to store ethyl ether. The conditions existing at Site 57 prior to the pilot study are

described in more detail in Section 4.

1.5 DOCUMENT ORGANIZATION

Section 1.0 is the introduction to this report and describes the purpose of the document, outlines the
scope and objectives of the work, briefly describes the facility’s location and mission, and summarizes the
background of Site 57. Section 2.0 discusses the field activities performed during the pilot study at Site
57. Section 3.0 provides a description of enhanced bioremediation in the context of this pilot study and
explains the significance of the parameters monitored during the study. Section 4.0 describes the
baseline conditions existing in the pilot study area at the commencement of the pilot study, Section 5
discusses the data collected during the pilot study, and Section 6 offers conclusions and

recommendations based on the results of the pilot study.
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2.0 FIELD ACTIVITIES

This section describes the specific field activities conducted during the pilot study to obtain data for
evaluating the viability of enhanced anaerobic bioremediation as a technology for removing chlorinated
VOCs from contaminated groundwater at Site 57. In summary, two new monitoring wells were installed,
and surface and subsurface soil samples were collected from the well borings. Groundwater from both
new and existing wells was then sampled to provide a baseline for parameter concentrations prior to
HRC® injection. HRC® was then injected using direct push technology (DPT) equipment at 12 injection
points. Injection points and new wells were surveyed, and water-level measurements were taken at both
new and previously existing wells. In addition, aquifer tests were conducted at the two new and three
existing wells. In general, the field activities were carried out in accordance with procedures provided in
the Work Plan (TtNUS, 2003).

The locations of the monitoring wells, soil borings, and HRC® injection points at the Site 57 pilot study

area are shown on Figure 2-1. A summary of samples and analyses is provided on Table 2-1.

21 SUBSURFACE SOIL INVESTIGATION

The subsurface soil samples were collected prior to HRC® injection. Subsurface soil sampling consisted
of collecting soil from four depths at each of two soil boring locations downgradient of the HRC® injection
area (SB027 and SB028). Geoprobe direct push methods utilizing 4-foot macro-core sampling tools were
used to collect the subsurface soil samples from the soil boring locations. Soil samples collected for
volatile organics analysis were collected from the macro-core using Encore samplers. However, the third
sample collected from SB028, sample ID S57SB0280304, was collected and submitted to the laboratory
in a glass jar. Because abundant gravels were encountered at the sampling depth for that sample, the
Encore sampler could not be used. A total of eight soil samples and one duplicate were collected from
two soil borings. Soil sample log sheets, chain of custody forms, and soil boring log sheets were
generated by TtNUS personnel during the soil sampling and boring installation and are provided in

Appendix A.

The subsurface soil samples were subjected to analyses for chlorinated VOCs plus ethyl ether and

arsenic (see Table 2-1).
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2.2 MONITORING WELL INSTALLATION AND BASELINE GROUNDWATER SAMPLING

The groundwater investigation consisted of installing two new monitoring wells downgradient of the HRC®
injection points, measuring water levels, and collecting groundwater samples from these new wells and

from three existing monitoring wells.

Hollow stem auger drilling techniques were used to install the new wells. The wells were developed by
vigorous surging and pumping to remove all fine material from around the well screen. Well construction

sheets and development records for the new wells are provided in Appendix A.

The new monitoring wells were constructed of Schedule 40, flush-jointed, 2-inch inside diameter (ID)
National Sanitation Foundation (NSF) polyvinyl chloride (PVC) well screen and PVC riser pipe. The well
screens are 10 feet long with a slot size of 0.01 inch. After the screen and the riser pipe were in place,
the annulus of the boring was backfilled with clean silica sand (Nos. 10/20 United States Standard Sieve
size) filter pack from the bottom of the boring to 2 feet above the top of the well screen. A bentonite pellet
seal, 1-foot thick, was installed above the filter pack and hydrated. The depths of the backfill materials
were constantly measured during the monitoring well installation with a weighted stainless steel or plastic
tape. The wells were completed with flush-mounted-type well protection consisting of concrete pad and a

bolt-down well cover.

The initial round of groundwater sampling was completed on May 15, 2003, prior to the HRC® injection, to
provide a baseline for comparison with future data. Both field and laboratory analyses were performed.
All the collected groundwater samples were analyzed for chlorinated VOCs plus ethyl ether, field
parameters, biological activity indicators, HRC®-based electron donors, and end-product dissolved gases.
A complete set of analytical results is included in Appendix B. The groundwater sample log sheets, low

flow purge data sheets, chain of custody forms, and the field analytical forms are provided in Appendix A.

23 HRC® INJECTION

The pilot-scale biotreatability test was conducted just south of monitoring well MWO004 (see Figure 2-1).
The HRC® injections were accomplished using nominal 1-inch ID DPT rods. A positive displacement
pump was used to provide the required injection pressures. The injection points were installed with
approximately 5 feet between each of three rows with approximately 8 feet between the points within
each row. The HRC® was injected at a rate of approximately 0.6 gallon (6.6 pounds) per vertical foot,
starting at a depth of 20 feet below ground surface (bgs) and continuing upward to 6 feet bgs [equivalent
to 8.4 gallons (92.4 pounds) per location]. As a result, approximately 1,109 pounds of HRC® were
injected into the ground. For the pilot study, the treatment area was approximately 30 feet by 10 feet and

consisted of 12 HRC® DPT injection points. The HRC® material was heated to approximately
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100degrees Fahrenheit (°F) to 120°F prior to injecting into the ground, and because Site 57 is located
within a restricted area of the Facility, the heating process took place (outside of the restricted area)
approximately 1 mile from Site 57. The heating process took approximately 2 to 3 hours to complete.
The HRC® dose per injection point was determined by the vendor prior to the field work based on the
estimated aquifer characteristics, contaminant loading, and competing electron acceptors. The actual
dose per foot was based on the depth to water encountered during well installation drilling as part of the
pilot study. After HRC® injection, all holes were abandoned by backfilling from the top of the HRC® to the
ground surface with granular bentonite and hydrating it with potable water.

24 GROUNDWATER SAMPLING - SUBSEQUENT ROUNDS

Four rounds of groundwater sampling were performed after the HRC® injection to collect the data needed
for evaluating the effectiveness of the HRC®. The initial (baseline) sampling round took place in May,
2003; this was done prior to the HRC® installation. Subsequent groundwater sampling rounds were
completed 1, 2, 4, and 6 months after injection on the dates of June 20, July 30, September 25, and
November 20, 2003, respectively.

2.5 SYNOPTIC GROUNDWATER-LEVEL MEASUREMENTS

One complete round of water-level measurements was collected from the 16 existing and two newly
installed monitoring wells at Site 57 and three wells located at Site 41 (adjacent to Site 57) on May 16, 2003.
The synoptic groundwater-level measurements were performed to determine the groundwater flow pattern
at the site. Measurements were taken with an electronic water-level indicator using the top of the well riser
pipe as the reference point for determining depths to water. Groundwater-level measurements were
recorded on a groundwater-level measurement form to the nearest 0.01 foot. The resulting groundwater-
level data was used to generate the potentiometric contours discussed in Sections 4.0. The groundwater-
level data are provided in Appendix A.

2.6 AQUIFER TESTS

Slug tests were completed at five monitoring wells to better estimate the horizontal hydraulic conductivity
(kn) of the aquifer within the pilot study area. A rising head slug test was performed at each well. The
change in water level at each well was induced by withdrawing two bailers (each having a volume of
1 liter) simultaneously. The bailers were cleaned and a new piece of bailer rope was attached prior to
each test. Before a slug test was initiated, the static water level in the monitoring well was measured
using an electronic water-level indicator. Water levels were recorded with a pressure transducer at
logarithmic intervals of time via a programmed electronic data logger as the head returned to the original

static water level. The time and the rate of change required for the water level to return to the original
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static level are functions of the hydraulic conductivity of the aquifer. The slug tests results were evaluated
using the Hvorslev method (Hvorslev, 1951). Hydraulic conductivity data estimated from aquifer tests
completed during the pilot study, along with hydraulic conductivity data from the RI (TtNUS, 2000) and FS
(TtNUS, 2002), are provided in Table 2-2. The raw data for the tests conducted during the pilot study are
provided in Appendix A.

2.7 SURVEYING

TtNUS personnel surveyed monitoring wells and HRC® injection locations. Planimetric features and
topography were previously surveyed during the Site 57 Rl (TtNUS, 2000). Existing Site 57 wells were
utilized as reference points. The reference points were previously surveyed to Maryland State Plane
coordinates [North American Datum (NAD) 1983], and vertical elevations were referenced to 1929
National Geodetic Vertical Datum (NGVD). Each HRC® injection location was determined by measuring
the distance between it and the three reference points, SB006, MW003, and MWO011. The vertical
elevations were determined using an auto level and a stadia rod with two existing monitoring wells,

MWO003 and MWO011 as reference points. Survey data are provided in Appendix A.
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SUMMARY OF SAMPLES AND ANALYTES
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 — BUILDING 292 TCE CONTAMINATION AREA

TABLE 2-1

NDW, IH, INDIAN HEAD, MARYLAND

LABORATORY ANALYSES FIELD TESTS
w > = f s K] =3 )
82 S| 8 lxo2_ |E5] 8 2 2~-5 & |g|8
Sample |28 | ¢ | § & 58|88 |8 8 2 L3258 & 3|3
; I 3|5 | S| Q252|522 S|l | |52 © £
Location Sample Designation Depth % < 2 > T |l Ego|lwo| & o g s |8 35 5¢c 3 K S
(feetbgs) | £ | & | E 2 |ca|85lea| 3| |¢8 aBg2| =2 = -
s 3 S| 2 28|27 |38 & 2 Slos| 8 |8|%
£ 35 = 0 = < © S E = 14
o < o g = & a I
SUBSURFACE SOIL
S57SB027 S57SB0270104 4-5 - .
/MWO024
S57SB027 S57SB0270204 9-10 .
/MWO024
S57SB027 S57SB0270304 13-14 .
/MWO024
S57SB027 S57SB0270404 15-16 .
/MWO024
S57SB028 S57SB0280104 4-5 .
/MWO025
S57SB028 S575B0280204 9-10 .
/MWO025
S57SB028 S57SB0280304 14-15 .
/MWO025
S57SB028 S57SB0280404 15-16 .
/MWO025
GROUNDWATER
Baseline Samples
S57MWO003 S57MW0030104 NA . . . . . . . . . . . . . .
S57MW004 S57MW0040104 NA . . . . . . . . . . o o . .
S57MWO011 S57MW0110104 NA . . . . . . . . . . . . . .
S57MW024 S57MW0240104 NA . . . . . . . . . . o o . .
S57MW025 S57MW0250104 NA . . . . . . . . . . . . . .
Month 1 Samples
S57MWO003 S57MW0030105 NA . . . . . . . . . . . . . .
S57MW004 S57MW0040105 NA . . . . . . . . . . . o o .
S57MWO011 S57MW0110105 NA . . . . . . . . . . . . . .
S57MW024 S57MW0240105 NA . . . . . . . . . . . o o .
S57MW025 S57MW0250105 NA . . . . . . . . . . . . . .
Month 2 Samples
S57MWO003 S57MW0030106 NA . . . . . . . . . . . . . .
S57MW004 S57MW0040106 NA . . . . . . . . . . . o o .
S57MWO011 S57MW0110106 NA . . . . . . . . . . . . . .
S57MW024 S57MW0240106 NA . . . . . . . . . . . o o .
S57MW025 S57MW0250106 NA . . . . . . . . . . . . . .
Month 4 Samples
S57MWO003 S57MW0030107 NA . . . . . . . . . . . . . .
S57MW004 S57MW0040107 NA . . . . . . . . . . . o o .
S57MWO011 S57MW0110107 NA . . . . . . . . . . . . . .
S57MW024 S57MW0240107 NA . . . . . . . . . . . o o .
S57MW025 S57MW0250107 NA . . . . . . . . . . . . .
Month 6 Samples
S57MWO003 S57MW0030108 NA . . . . . . . . . . . . . .
S57MW004 S57MW0040108 NA . . . . . . . . . . . o o .
S57MWO011 S57MW0110108 NA . . . . . . . . . . . . . .
S57MW024 S57MW0240108 NA . . . . . . . . . . . o o .
S57MW025 S57MW0250108 NA . . . . . . . . . . . . . .

1 Dissolved gases include carbon dioxide, ethane, ethene, and methane.
2 Miscellaneous anions include sulfate, sulfide, nitrate, nitrite, chloride, and phosphate.
3

Metabolic acids include lactic, pyruvic, acetic, propionic, and butyric.

bgs = Below grou

VOC = Volatile organic compounds.

nd surface.

TOC = Total organic carbon.
NA = Not applicable.




TABLE 2-2

HYDRAULIC CONDUCTIVITY RESULTS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND

Remt_adlal F_eaS|b|I|ty _Stuc.ly Pilot Study
Investigaton Field Investigation
Well Slug Test Data Well Average
Identificati Slug Test Data Slug Test Data (2003)
entification (1999) (2001)

(feet/day) | (cm/sec) | (feet/day) | (cm/sec) | (feet/day) | (cmisec) | (feet/day) | (cm/sec)
S57MW003 (D) ND ND 3.18 1.1E-03 2.64 9.3E-04 2.91 1.0E-03
S57MW004 5.2 1.8E-03 15.20 5.4E-03 11.00 3.9E-03 10.47 3.7E-03
S57MW011 0.64 2.3E-04 0.50 1.7E-04 0.42 1.5E-04 0.52 1.8E-04
S57MW024 ND ND ND ND 12.80 4.5E-03 12.80 4.5E-03
S57MW025 ND ND ND ND 12.60 4 4E-03 12.60 4 4E-03
Geometric Mean=| 480 | 1.7E-03

D - Deep well

ND - Not determined
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3.0 ANAEROBIC REDUCTIVE DECHLORINATION

This section provides a brief summary of the anerobic reductive dechlorination process for chlorinated
VOCs. It also describes how the introduction of additional electron donor material can stimulate or

accelerate the reductive dechlorination process.

3.1 BIODEGRADATION OF CHLORINATED VOCs

Reductive dechlorination is one of several biological degradation processes by which chlorinated VOCs
are transformed to environmentally innocuous compounds such as carbon dioxide, ethene, ethane, and
chloride. In the presence of a suitable electron donor (e.g., hydrogen) and favorable geochemical
conditions, a hydrogen atom can replace a chlorine atom on a chlorinated ethene molecule. This
rigorously studied microbial process occurs under anaerobic (oxygen-deficient) conditions. Hydrogen is
typically generated when organic carbon ferments. This organic supply can come from natural organic

carbon or anthropogenic carbon sources such as hydrocarbon contaminants (e.g., benzene, toluene).

It is widely recognized that, in the presence of hydrogen, TCE (C,HCI;), can be reduced to dichloroethene
(DCE or C,H,Cl;). While various DCE isomers (e.g., 1,1-DCE, cis-1,2-DCE, and trans-1,2-DCE) can be
produced, it is well documented that cis-1,2-DCE is the most common degradation product of TCE. DCE
can then be reduced to vinyl chloride (VC or C,H;CI), which, in turn, can be reduced to ethene (C,H,) and
potentially ethane (C,Hg), or via mineralization, to carbon dioxide (CO,), water (H,O), and chloride ions
(crn).

Although degradation of DCE and vinyl chloride can occur via anaerobic reductive dechlorination, this
process is generally slow and can be limited by a number of factors. In fact, at many sites, DCE and vinyl

chloride levels have been shown to persist where reductive dechlorination is inefficient or ineffective.

3.2 ENHANCED BIOREMEDIATION

As stated earlier, one of the requirements for reductive dechlorination is having a sufficient supply of
electron donor. Enhanced bioremediation is a technology that enhances the natural biodegradation of
contaminants by supplying a carbon substrate to the subsurface. This carbon substrate is broken down
and therefore supplies hydrogen to the subsurface. One of the many carbon substrates that have been
demonstrated to foster the reductive dechlorination process is HRC®. HRC® is a proprietary polylactate
ester marketed by Regenesis of San Clemente, California. A food-grade product, HRC® is composed of
tripolylactate and glycerol. HRC® is a viscous “honey-like” liquid that is applied to in situ contaminated

groundwater using direct injection techniques. Once in contact with water, HRC® becomes hydrated and
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lactic acid is released. Indigenous microorganisms, primarily bacteria, then metabolize the lactic acid and
produce hydrogen. Because the higher concentration of hydrogen allows the natural dechlorination
processes to occur at a faster rate, HRC® serves to enhance the rate of the transformation that would
otherwise occur under natural conditions (e.g., natural attenuation). Note that the same biodegradation
process occurs in the presence of HRC® as it does under natural attenuation. Regenesis’ product is
classified as a “slow-release” electron donor, meaning the lactic acid ferments in a slow process. Thus, a
continuous, long-term supply of electron donor is available for microbial activity. Based upon numerous
studies, it has been shown that HRC® can supply electron donor material for approximately 9 to up to

18 months.

3.3 BIOREMEDIATION INDICATORS

There are several lines of evidence by which the biodegradation processes can be measured. Because
the biodegradation processes in natural attenuation are the same as in enhanced bioremediation, similar
measures of performance can be used to demonstrate whether enhanced bioremediation is effectively
reducing contamination. The first line of evidence is to demonstrate a trend of decreasing contaminant
mass and/or concentration. More specifically, demonstrating a decrease of the parent compounds [e.g.,
tetrachloroethene (PCE), TCE, etc.] coupled with the generation or increase of daughter or breakdown
products (cis-1,2-DCE, VC, ethene, etc.) is useful. It is important to note that because dechlorination
occurs sequentially, dechlorination of TCE may result in a temporary increase, then decrease, of the

various daughter products.

A secondary line of evidence includes the use of geochemistry data to indirectly illustrate that
biodegradation is occurring. Natural attenuation (i.e., geochemical) parameters are generally used to
evaluate the suitability of geochemical conditions for biodegradation and to determine if bioremediation is
occurring. The complex relationship among many of these parameters is described in the following

sections.

3.31 Natural Attenuation Parameters

Dissolved Oxygen: Dissolved oxygen (DO) acts as a primary substrate or co-substrate during the initial
stages of metabolism. For chlorinated hydrocarbon degradation, anaerobic pathways are more efficient.
If dissolved oxygen concentrations are greater than 0.5 to 1.0 mg/L, anaerobic bacteria cannot exist and

reductive dechlorination will not occur.
Nitrate/Nitrite: After dissolved oxygen has been depleted through aerobic respiration, anaerobes will

utilize nitrate (NO3") as an electron acceptor to anaerobically degrade hydrocarbons (denitrification). This

process reduces nitrate to nitrite (NO,) and generates carbon dioxide.
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Dissolved Manganese: After dissolved oxygen and nitrate have been depleted, anaerobic microbes will
utilize manganese (Mn“‘) as an electron acceptor to anaerobically degrade hydrocarbons, generating

manganese (Mn*?) and carbon dioxide.

Ferric Iron/Ferrous Iron: After dissolved oxygen, nitrate, and manganese reduction, anaerobic microbes
will utilize ferric iron (Fe*®) as an electron acceptor (iron reduction), generating ferrous iron (Fe*?) and
carbon dioxide. Ferric iron is not typically analyzed, thus, the presence or increase in concentration of

ferrous iron (Fe+2) and carbon dioxide are indicators of iron reduction.

Sulfate/Sulfide: After dissolved oxygen, nitrate, manganese, and ferric iron have been utilized, anaerobic
microbes will utilize sulfate (SO4) as an electron acceptor, resulting in sulfide and carbon dioxide
increases. Sulfate reduction, along with methanogenesis, is one of the most important reduction
pathways responsible for biodegradation of chlorinated hydrocarbons. Sulfide can be present in many
forms, the three primary forms being the sulfide ion (S) or dissolved hydrogen sulfide as either H,S or
HS'.

Phosphate: Similar in mechanism to sulfate reduction (but to a lesser degree), phosphate (POy)
reduction is an anaerobic biodegradation process whereby bacteria can use phosphate as an electron

acceptor. Phosphate along with nitrogen are also regarded as nutrients for biodegradation.

Dissolved Carbon Dioxide: Methanogenesis occurs after oxygen, nitrate, manganese, ferric iron, and
sulfate have been utilized. It is one of the most important reduction pathways responsible for chlorinated
VOC degradation. During methanogenesis, bacteria utilize carbon dioxide as an electron acceptor,
generating methane as a byproduct. Carbon dioxide is produced by every terminal electron acceptor

process.

Dissolved Methane: Because methane is not a chemical component of solvents, its presence at
concentrations greater than background provides strong evidence of methanogenic fermentation (and
carbon dioxide utilization). Background concentrations of methane are important because some natural

sources of methane exist.

Dissolved Hydrogen: Hydrogen is produced as a result of fermentation of organic carbon. Hydrogen is
then utilized by respiratory microbes such as nitrate reducers, iron reducers, sulfate reducers, and
methane producers. Each microbe utilizes hydrogen more or less efficiently, leading to either a buildup or
a decrease of hydrogen concentration. The hydrogen concentration, therefore, can provide an indication

of the reduction process that is most prevalent in the subsurface at any one location.
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Dissolved Ethene/Ethane: As discussed earlier ethene and possibly ethane signify the final degradation
step of chlorinated ethenes. Concentrations of ethene (greater than 0.01 mg/L) and ethane (greater than

0.1 mg/L) provide strong evidence of such degradation.

Total Alkalinity: Groundwater pH decreases as a result of both aerobic and anerobic biodegradation. As
carbon dioxide is produced by microbial activity, dissolution of rock minerals occur, which increases the
alkalinity, expressed as calcium carbonate (CaCQ3). As a result, there is a positive correlation between

microbial metabolism and alkalinity.

Chloride: Chloride concentrations are used to evaluate biodegradation because chloride is released into
groundwater during dechlorination of chlorinated VOCs. Therefore, an increase in chloride concentration

in the downgradient direction is direct evidence of dechlorination.

Oxidation/Reduction Potential: The oxidation/reduction potential (ORP) of groundwater (Eh) is a
measure of the relative tendency of the groundwater solution to accept or donate electrons and the
amount of energy released during electron transfer. The Eh (in millivolts; mV) can provide evidence of
the type of biodegradation processes that are active in a particular plume or area within a plume. Eh
should be used only as a qualitative indicator of the overall oxidation/reduction state. Figure 3-1 provides

a summary of Eh measurements and the respective terminal electron acceptor processes.

3.3.2 Breakdown Products of HRC®

Total organic carbon (TOC) and other metabolic acids (e.g., volatile fatty acids) would be expected to
increase following the breakdown of HRC® (e.g., lactic acid) in the subsurface. The generation of these
acids is favorable as it represents essentially hydrogen storage molecules, and their accumulation

indicates that there is significant hydrogen in the system for dechlorination (Regenesis, 2003).
HRC® [e.g., lactic acid (C3HgO3)] can be oxidized to pyruvic acid (CsH403) and hydrogen is released.

Pyruvic acid may then convert to acetic acid (C,H,0.) followed by the generation of butyric acid (C4HgO,)
and propionic acid (C3HgO5).
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FIGURE 3-1

OXYDATION/REDUCTION POTENTIAL
(Eh° in millivolts @ pH = 7 and T=25°C)

IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND
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4.0 PILOT STUDY AREA BASELINE CONDITIONS

The pilot study area is shown on Figures 2-1 and 4-1. With the exception of MW024, MWO025, and the
HRC injection points, the general physical site features shown on the figures existed prior to commencing
the pilot study. The initial pilot study activities included installing MW024 and MWO025, sampling those
monitoring wells in addition to MW003, MWO004, and MWO011, and then performing slug tests in the same
wells, followed by an initial round of groundwater samples. For the purposes of this pilot study, “baseline
conditions” includes consideration of MW003, MW004, MWO011, MW024, and MWO025, along with the

results from the initial (i.e., baseline) round of groundwater samples.

41 MONITORING WELLS

Monitoring wells MWO003, MW004, and MWO011 were installed at Site 57 during the 1999 RI (TtNUS,
2000). MW024 and MW025 were installed during the initial pilot study activities in May 2003. Table 4-1
lists the physical information for the pilot study area monitoring wells. Table 4-2 displays the baseline

analytical information for the study area monitoring wells.

411 Existing Monitoring Wells

Monitoring wells MW003, MWO004, and MWO011 were installed and sampled in January 1999 during the
Site 57 RI (TtNUS, 2000). Wells MWO003 and MWO0O04 are adjacent to each other, 15 to 20 feet south of
Building 292, as shown on Figure 4-1. MWO0O3 is the deeper well, screened at 17 to 22 feet below ground
surface (bgs), while MWO004 is screened from 6 feet to 16 feet bgs. Well MWO011 is located approximately
85 feet south of Building 292 and is screened from 9 to 19 feet bgs. More complete information regarding
these wells (i.e., boring logs, well installation diagrams, etc.) is included in the Site 57 RI Report (TtNUS,
2000).

41.2 New Monitoring Wells

In May 2003, just prior to HRC® injection, two additional wells were installed. MW024 and MW025 were
installed 5 feet and 25 feet respectively downgradient from the proposed HRC injection area (see Figure
4-1). The screened intervals for both MW024 and MWO025 extend from 4 to 14 feet bgs (see Figure 4-2).

More complete information regarding these wells is included in Appendix A.
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4.2 GROUNDWATER CONTAMINATION

4.21 Historical Groundwater Contaminant Concentrations

An RI conducted in 1999 (TtNUS, 2000) and a subsequent investigation conducted in 2001 (TtNUS,
2002) determined that the highest concentrations of TCE contamination in Site 57 groundwater occurred
near the southern corner of Building 292. Table 4-2 presents the analytical results from these
investigations for TCE and its daughter products for the then existing wells which are included in this pilot
study (MWO003, MWO004, and MWO011). The well locations are shown on Figure 1-3 and Figure 4-1.

From Table 4-2, it can be seen that for the two sampling dates preceding the pilot study (January 1999
and August 2001), MWO0O04 had consistently higher concentrations of TCE and its daughter products than
MWO003 (the deeper of the two wells). MWO011 (the most downgradient well) had lower TCE
concentrations than either MW003 or MW004. The TCE daughter product concentrations in MWO011
were consistently less than in MW004. They were sometimes greater, sometimes less than those in
MWO003.

4.2.2 Baseline Groundwater Contaminant Concentrations

All of the monitoring wells involved in the pilot study were subjected to a single round of groundwater
sampling immediately prior to HRC® injection in May 2003. The analyses for those baseline samples are
shown on Table 2-1. For TCE and its daughter products, the analytical results for the baseline samples
are shown on Table 4-2. More complete analytical results are included in Appendix B.

For the three sampling dates ending with May 2003, MWO004 had concentrations of TCE and its daughter
products that were consistently higher than those in MWO0O03 (the deeper of the two wells). Scanning the
Table 4-2 May 2003 analytical results in the downgradient direction (i.e., from MWO003/MW004 to MW024
to MWO025 to MWO011), contaminant concentrations appear to peak in MWO025, the second most
downgradient of the three wells downgradient from the HRC® array. The concentrations of TCE and its
daughter products are higher in MWO025 than they are in MWO024, and they are higher in both MW024 and
MWO025 than in MW003, MW004, or MWO011.

4.3 SOIL CONTAMINATION

Although not strictly viewed as an element of the groundwater bioremediation pilot study, soil samples
were collected during the installation of MW024 and MWO025 because it was an opportune time to
improve the current understanding of the extent of soil contamination in the pilot study area and to add
data to the Site 57 analytical database. Soil samples were taken at 4 to 5 feet bgs, 9 to 10 feet bgs, 14 to
15 feet bgs, and 17 to 18 feet bgs from borings SB027/MW024 and SB028/MWO025. The soil data will be
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primarily of importance during completion of the Site 57 FS. The analytical results from the soil samples

are included in Appendix B.

4.4 TOPOGRAPHY

Site 57 is located in the southeastern section of the main facility (see Figure 1-2), south of Building 292
(see Figure 1-3 and Figure 4-1). The pilot study area consists of relatively flat ground that slopes
generally toward the south. As can be seen on Figure 1-3, Building 292 is located in a valley
approximately 1,300 feet north of Mattawoman Creek at an elevation of approximately 35 feet above
mean sea level (msl). The valley trends approximately southeast toward Mattawoman Creek to
approximately O feet above msl. The valley slopes are much steeper east, north, and west of the site. A
storm drain from Building 292 approximately follows the valley and discharges to Mattawoman Creek. An
intermittent stream also flows through the valley (southwest of Hershey Road) before discharging to

Mattawoman Creek. Portions of an abandoned railroad track are located in the valley.

4.5 HYDROGEOLOGY

The surficial aquifer in the pilot study area consists primarily of sand and gravel that has the
characteristics of an unconfined system. The depths to the static water levels in the pilot study area wells

ranged from 5.3 to 6.4 feet bgs. Figure 4-2 illustrates the subsurface materials in the pilot study area.

The aquitard beneath the surficial aquifer hinders the downward movement of groundwater from the
surficial aquifer to deeper aquifers. However, where the fine sand, silt, and clay aquitard becomes

sandier or thinner, it would be less restrictive to downward groundwater flow.

One complete round of water-level measurements was collected from the 18 Site 57 monitoring wells on
May 16, 2003. The synoptic groundwater-level measurements were performed to verify the groundwater
flow pattern at the site. Measurements were taken with an electronic water-level indicator (M-scope) using
the top of the well riser pipe as the reference point for determining depths to water. Groundwater-level
measurements were recorded on a groundwater-level measurement form to the nearest 0.01 foot. The
potentiometric surface in the pilot study area is shown on Figure 4-1. Groundwater elevations for the same

wells are shown in the cross section on Figure 4-2. All groundwater elevations are included in Appendix A.

Based on the potentiometric surface map, the groundwater in the surficial aquifer beneath the pilot study
area is flowing toward the south. Based on the previous Rl and FS field investigations in 1999 and 2001,
the surficial groundwater flow from the pilot study area generally follows the Site 57 valley for

approximately 1,300 feet and may discharge to the Mattawoman Creek.
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Data from previous investigations supporting the Site 57 RI indicated a slight downward flow component
in the northern end of Site 57 at well cluster MW012/013 (See Figure 1-3). The same data set indicated a
very slight upward flow component in the southern portion of the Site 57 RI area at MW005/006 (see
Figure 1-3). In the pilot study area, which is positioned generally between those two locations, the May
2003 data from well cluster MWO003/004 indicate a slight upward flow component. The upper surficial
groundwater may be discharging to Mattawoman Creek. The lower groundwater in the surficial aquifer is
most likely discharging to Mattawoman Creek. The surficial aquifer is recharged by infiltration of
precipitation through the vadose zone and by groundwater flowing from the adjacent upland areas located

to the north, east, and west.

As discussed in Section 2.6, the pilot study field work included performing slug tests in the five pilot study
area monitoring wells. As shown on Figure 4-2, the well screens for MW004, MW024, MWO025, and
MWO011 were installed at similar depths. Calculations from the pilot study slug test data show a
reasonably consistent 11 to 12 feet per day hydraulic conductivity in wells MW004, MW024, and MW025.
The hydraulic conductivity for MWO011, the most downgradient of the pilot study monitoring wells, is
somewhat lower at 0.42 feet per day. The deep well, MW003 had consistent hydraulic conductivity
results of 2 to 3 feet per day. Including previously collected slug test data, the pilot study area average
hydraulic conductivity was 4.8 feet per day (see Table 2-2). Table 2-2 provides a summary of the slug

test results.

The hydraulic gradient in the pilot study area was estimated to be 0.0455 foot per foot based on graphic
interpretation of the most recent potentiometric groundwater contour map (Figure 4-1). The effective
porosity is estimated to be 25 percent for sand (Fetter, 1988), based upon the types of subsurface

material present at the site.

The seepage velocity for sand (Vs) is calculated using the following equation:

Vs=Kxi(1/n)
Where:
Vs = estimated groundwater seepage velocity (feet/day)
K = horizontal hydraulic conductivity (feet/day)
[ = hydraulic gradient (feet/feet)
n = effective porosity
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For Site 57, the values used to calculate groundwater velocity were as follows:

K = 4.8 feet/day
n = 0.25 (effective porosity for sand)
[ = 0.0455

The resulting Vs is 0.87 feet per day
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TABLE 4-1

MONITORING WELL PHYSICAL DATA SUMMARY
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA

NDW, IH, INDIAN HEAD, MARYLAND

Monitoring Ground Top of Screen Screen Depth to Ground- Northing Easting Average
Wells Elevation'” Riser Depth Elevation'” Ground- water Coordinate ® | Coordinate Hydraulic
(feet above Elevation” | (feet bgs) (feet above | water (feet | Elevation"® Conductivity
msl) (feet above msl) bfor)(z) (feet above (feet per day)
msl) msl)
MWO003 33.83 35.82 Top: 17 Top: 16.83 7.33 28.49 335285.641 1263748.262 2.91
Bottom: 22 | Bottom: 11.83
MWO004 33.91 35.72 Top: 6 Top: 27.91 7.83 27.89 335289.358 1263746.882 10.47
Bottom: 16 | Bottom: 17.91
MWO024 32.86 32.50 Top: 4 Top: 28.86 5.50 27.00 335262.441 1263748.028 12.80
Bottom: 14 | Bottom: 18.86
MWO025 32.60 3243 Top: 4 Top: 28.60 6.04 26.39 335244.821 1263758.446 12.60
Bottom: 14 | Bottom: 18.60
MWO011 31.61 33.49 Top: 9 Top: 22.61 8.30 25.19 335222.164 1263751.168 0.52
Bottom: 19 | Bottom: 12.61

1 Elevation Datum = National Geodetic Vertical Datum (NGVD) 1929.
2 Measurement taken 5/16/03.

3 Coordinate Datum = North American Datum (NAD) 1983.

msl| = Mean sea level.

bgs = Below ground surface.

btor = Below top of riser.




TABLE 4-2

BASELINE ANALYTICAL DATA FROM PILOT STUDY AREA WELLSE
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Monitoring Wells - Groundwater Data (pg/L)
Sampling Date] MWO003 [ Mwoo4 [ Mwo24 [ Mwo25 [  Mwo11
Trichloroethene (TCE)
January-99 247 J 612 J -—- 51
August-01 450 12,000 --- 94
May-03 570 2,900 8,600 9,100 310
1,1-Dichloroethene (1,1-DCE)
January-99 3 10 - --- 1
August-01 3 J 6 - -
May-03 25 U 100 U 500 U 500 U 50
cis-1,2-Dichloroethene (cis-1,2-DCE)
January-99 54 J 528 J --—- 5
August-01 47 620 -—- - 30
May-03 9 J 1,150 3,900 12,000 14
Vinyl Chloride
January-99 3 48 J - --- 1
August-01 5 U 26 -—- - 5
May-03 10 U 70 U 410 2,300 20

J = Indicates that the chemical was detected. However, the associated numerical result is not a
precise representation of the amount that is actually present in the sample. The laboratory
reported concentration is considered to be an estimated value.

U = Indicates that the chemical was not detected at the numerical detection limit (sample-specific
quantitation limit) noted. Nondetected results from the laboratory are reported in this manner.

--- = Not sampled.
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5.0 DATA EVALUATION

This section discusses the implications of the data collected during the 6-month pilot study. Because the
changes in the concentrations of TCE and its daughter products over time are the primary indicators that
reductive dechlorination is or is not occurring, this section will initially focus on TCE and its daughter
products. The discussion will then move to the supporting data, applying a weight-of-evidence approach
to the data from the other monitored parameters to evaluate whether they support observations that
reductive dechlorination is or is not occurring. Table 5-1 shows the analytical data for TCE and its
daughter products. Table 5-2 shows the data for secondary indicators, and Table 5-3 shows other
indicators of bioremediation. Appendix B contains a complete set of the analytical data from the samples

collected during the pilot study.

5.1 PRIMARY INDICATORS

Figure 5-1 shows the concentrations of TCE detected in samples collected from each of the five
monitoring wells prior to HRC® injection. [It should be noted that, as shown on Figure 4-2, MW003 and
MWO004 are essentially co-located as a well cluster but are screened at different depths (17 to 22 feet bgs
for MWO0O03 and 6 to 16 feet bgs for MW004).] Figure 5-1 illustrates that prior to the commencement of
the pilot study, the TCE concentrations in the wells just downgradient of the HRC® array (MWO024 at
8,600 pg/L and MWO025 at 9,100 pg/L) were higher than the concentrations upgradient of the array
(MWO0O03 at 570 pg/L and MW004 at 2,900 ug/L). The TCE concentration in the most downgradient well
(MWO011 at 310 pg/L) was low compared to MW004, MW024, and MW025.

Figure 5-2 illustrates a dramatic reduction in TCE concentrations in MW024 and MWO025 within 2 months
of the HRC® installation. By November, TCE concentrations had decreased by approximately 97 percent
in MW024 (8,600 pg/L to 280 ug/L) and 98 percent in MWO025 (9,100 pg/L to 110 pg/L). Although the
TCE concentration in the upgradient well, MW004, decreased by approximately 59 percent (2,900 ug/L to
1,200 pg/L) during the same period, MWO004 continued to have TCE concentrations four to ten times
greater than MW024 and MW025. TCE concentrations in MW011 were relatively low (310 ug/L) at the
commencement of the pilot study and remained so (210 pg/L) through November.

Figure 5-3 shows the concentrations of TCE and its daughter products in the upgradient well, MWO004,
over the duration of the pilot study. During the study, TCE concentrations generally decreased, and
cis-1,2-DCE concentrations remained fairly stable. Vinyl chloride concentrations have not increased in
MWO004 as of the November samples. The reduction in TCE concentrations alone might be viewed as
evidence of degradation; however, the relatively small change in cis-1,2-DCE concentrations and the

absence of increases in vinyl chloride concentrations indicate limited evidence of degradation.
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Figures 5-4, 5-5, and 5-6 show the concentrations of TCE and its daughter products in MW024, MW025,
and MWO11 respectively, all of which are downgradient of the HRC® array. It should be noted that the
scales of the Y-axes vary considerably among the three figures, so care is required when using these
figures to compare concentrations among the three wells.

In MW024 (Figure 5-4), TCE concentrations decreased significantly (by 86 percent) during the first month,
while cis-1,2-DCE increased (by 92 percent) over the same period, followed by lower cis-1,2-DCE
concentrations over the remaining study duration. TCE remained low (decreased by 97 percent) through
November, and vinyl chloride increased nominally over the study duration. The data from MW024

illustrate the classic indications that reductive dechlorination is occurring in this well.

In MWO025 (Figure 5-5), the baseline concentration of cis-1,2-DCE exceeded the TCE baseline
concentration; however, over the duration of the study, TCE decreases were followed by lagging
increasing, then decreasing, cis-1,2-DCE concentrations. (Although Table 5-1 shows the June and July
TCE concentrations as non-detected values, the data indicate that the TCE concentrations in those
samples were at least as low as the 1,000 ug/L and 250 pg/L detection limits shown.) As in MW024, the
vinyl chloride concentrations in MWO025 increased nominally during the study. The data for MW025

support the conclusion that reductive dechlorination is occurring in MW025.

The data from MWO011 also exhibit evidence of ongoing reductive dechlorination. As with the other two
downgradient wells, this well shows a rapid decrease (45 percent in the first month; 32 percent over the
study duration) in TCE concentrations accompanied by an increase then a decrease in cis-1,2-DCE
concentrations. (The July cis-1,2-DCE concentration plotted on Figure 5-6 appears on Table 5-1 as an
elevated detection limit and may be higher than the actual concentration in the groundwater.) The
1,1-DCE concentrations shown on Figure 5-6 also exhibit concentration changes that roughly parallel the
changes in cis-1,2-DCE concentrations. (As for cis-1,2-DCE, high detection limits as shown on Table 5-1
and plotted on Figure 5-6 for the May, June, and July samples may be higher concentrations than actually
present in the groundwater.) Although exaggerated by the vertical scale in the figure, TCE shows a sharp
increase in September. Verifying the analytical data validation records as well as checking the field log
book and sample collection logs for unusual conditions revealed no circumstances that might have

resulted in the apparent spike in TCE concentration.

Table 5-1 data indicate the presence of ethene and ethane in wells MW024 and MW025. Their presence
is indicative of the reduction of vinyl chloride and a completion of the dechlorination process.
Concentrations of ethene and ethane were detected in the baseline samples prior to HRC® injection

indicating that natural attenuation process was occurring prior to the treatability study. With the exception
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of an increase in ethane concentrations in MWO024, these concentrations have remained stable during

post-injection sampling indicating that reductive dechlorination continues to be effective.

5.2 SECONDARY INDICATORS

Parameters other than VOCs can be monitored to evaluate the suitability of conditions for biodegradation
and to determine if bioremediation is occurring. Section 3.0 offers a description of the parameters

monitored during this pilot study and the role each plays in connection with reductive dechlorination.

5.2.1 Dissolved Oxygen

For anaerobic dechlorination to operate effectively, the anaerobic bacteria require DO concentrations of
approximately 0.5 mg/L or less. Table 5-2 displays two sets of DO data, one determined using a field
direct reading meter and the second determined using a Chemetrics field test kit. Both indicate distinctly
lower concentrations in wells downgradient from the HRC® array (MW024, MW025, and MWO011) prior to
the HRC® injection (i.e., before May 2003). Following the injection, all of the DO concentrations for
MWO024 and MWO025 are consistently less than 0.5 mg/L, and with a single exception, the data for MWO011

are all less than 0.5 mg/L indicating favorable conditions for reductive dechlorination.

5.2.2 Oxidation/Reduction Potential (ORP)

As noted in Section 3 and Figure 3-1, the reduction of chlorinated VOCs is favored when the ORP is less
than 50 mV and is likely when the ORP is less than -100mV. The ORP was very favorable in MW024 (at
-126.5 mV) in November. In MWO025, the levels were favorable (at -52.1 and -55 mV) in June and July
but may be on the rise if November's 123.4 mV reading is the beginning of a trend. In MW011, ORP
appears to be increasing with the September and November readings of 71.9 mV and 97.3 mV,

respectively.

5.2.3 Nitrate/Nitrite

As oxygen is depleted, nitrate (NO'3) becomes increasingly important as an electron acceptor. Nitrate
reduces to nitrite. Table 5-2 shows that nitrate was detected in the upgradient monitoring wells (MWO003
and MWO004) and in the May baseline samples from the downgradient wells (MW024, MW025, and
MWO011). Following the HRC® injection, nitrate was not detected in MWO024 and was detected at
decreased concentrations in MW025, indicating that nitrate reduction apparently occurred in the vicinity of
these wells. With the exception of the September sample, the nitrate reduction was also apparent in
MWO011. Nitrite was detected in downgradient wells beginning in September and November indicating the

possible reduction of nitrate to nitrite.
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5.24 Manganese

Manganese |V is among the most common naturally occurring electron acceptors in groundwater. It
becomes a more important electron acceptor as nitrate is depleted. Under anaerobic conditions,
manganese |V is reduced to manganese Il, which is much more soluble; thus, an increase in manganese
Il in the groundwater indicates that reducing conditions exist. Table 5-2 displays manganese data from
samples analyzed for both total and dissolved manganese. Generally, the two data sets correspond
closely. Following HRC® injection in May, the manganese concentrations in MW024 and MWO025

increased significantly, indicating that reducing conditions existed in those wells.

5.2.5 Iron

Iron becomes an increasingly important electron acceptor as manganese is depleted. Similar to
manganese, iron |l minerals are reduced to soluble iron Il under reducing conditions. Therefore,
increasing iron Il (ferrous iron) concentrations would be expected under reducing conditions. Several of
the total and dissolved iron analytical results shown on Table 5-2 are qualified with a “B” due to laboratory
blank contamination; however, the concentrations shown in the table were actually detected in the
samples. Because some portion of the detected concentrations may be due to the blank contamination, it
can be said that the actual concentrations in the samples are no greater than the values in the table, and
they may be lower. With respect to the total and dissolved iron concentrations detected in the samples
from MWO024 and MWO025, the concentrations are much higher in the November samples than in the May
baseline samples. The ferrous iron shows a distinct pattern of increased concentrations throughout the
pilot study (with the exception of the November result in MW025). These results indicate that favorable

reducing conditions existed in these wells.

5.2.6 Sulfate/Sulfide

The importance of sulfate (SO4'2) as an electron acceptor increases as oxygen, nitrate, manganese, and
iron are depleted. Sulfate reduces to sulfide. Table 5-2 shows sulfate, sulfide, and hydrogen sulfide
concentrations. As the table indicates, the May baseline sulfate concentrations decreased by November.
Although the sulfide analytical results are “masked” by analytical detection limits for several analyses, the
hydrogen sulfide data shows increased concentrations in the later samples collected from the
downgradient wells, especially MW024 and MWO025, indicating that reducing conditions exist in those

monitoring wells.

5.2.7 Phosphate

Because phosphate is a potential substrate and/or nutrient for biological degradation of organic

contamination, changes in its concentration may indicate that microbial degradation is ongoing. The
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phosphate data in Table 5-2 indicate only two detections each for MW024 and MW025. The data are not
sufficiently conclusive to identify a trend.

5.2.8 Methane

Methanogenesis, the production of methane by single-celled microorganisms called methanogens, occurs
when acetate is converted into carbon dioxide and methane. Methane can also be produced when
carbon dioxide, hydrogen, and electrons combine to form methane and water. Typically, methanogenesis
occurs after oxygen, nitrate, and sulfate are depleted. Because methane is a competing electron
acceptor, an increase in methane concentrations indicates methanogenesis, but does not necessarily
indicate dechlorination. Methane concentrations increased in MW024 and remained elevated in MWO025
(from baseline conditions) over the duration of the study. These concentrations verify the occurrence of

methanogenesis in the vicinity of those wells.

5.3 OTHER INDICATORS OF BIOREMEDIATION

During the pilot study, data were collected for several additional parameters that are capable of indicating
whether conditions are favorable to reductive dechlorination. Data for these parameters are presented in
Table 5-3.

5.3.1 Carbon Dioxide

Carbon dioxide is produced by many microbial metabolism processes including every terminal electron
acceptor process (nitrate, manganese, iron, and sulfate reduction, as well as methanogenesis). The
carbon dioxide concentrations in the upgradient wells MW003 and MW004 were relatively constant during
the study. The data for the downgradient wells, MW024, MW025, and MWO011, show some increase
between May and November, with the largest increase occurring in MW024. These values indicate that
microbial metabolism is occurring in the subsurface. However, the increases are not sufficiently large to

suggest, by themselves, that complete dechlorination has occurred.

5.3.2 Alkalinity

An increase in alkalinity may be due to the dissolution of aquifer minerals by carbon dioxide, which is in
turn due to microbial activity. The alkalinity increased significantly in MWO024 and slightly in MW025
between May and November. These data indicate increased microbial activity in MW024, but is less
certain regarding MW025.
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5.3.3 Chloride

Although in theory an increase in chloride concentrations is direct evidence in reductive dechlorination, in
practice, this parameter is not always a reliable indicator. In this case, the chloride concentrations

remained relatively stable from the baseline sampling event and throughout the pilot study.

5.3.4 Breakdown Products of HRC®

Lactic acid, pyruvic acid, acetic acid, propionic acid, and butyric acid (i.e., volatile fatty acids) result from
the breakdown of HRC® in groundwater and would be expected to be present during the pilot study.
Table 5-3 data show that, with the exception of the September data, neither lactic nor pyruvic acids were
detected in the groundwater. However, other indicators verify that they were, in fact, present. Under
conditions of low hydrogen, lactic acid oxidizes to pyruvic acid with subsequent conversions from pyruvic
acid to acetic acid. The presence of butyric and propionic acids are an indication that the subsurface
system has an abundance of hydrogen available for dechlorination. The data in Table 5-3 indicate the

presence of both propionic acid and butyric acid in downgradient wells MW024 and MW025.

Increasing concentrations of total organic carbon (TOC) are another indication that there is sufficient
organic carbon in the system to ferment to hydrogen. Table 5-3 data indicate increased TOC
concentrations in MW024 and MW025 following the May HRC® injection. Although the data indicate
decreasing concentrations of volatile fatty acids and TOC as the pilot study progresses, a sufficient

supply of carbon remains to continue to stimulate the reductive dechlorination process.

5.3.5 Other Field Parameters

Specific conductivity is a measure of the groundwater’s ability to conduct electricity and is directly related
to the concentration of ions in solution. Conductivity would tend to increase as the ion concentration
increases. The Table 5-3 data show generally increasing specific conductivity in the downgradient wells
from May through September. The decreasing specific conductivity values in November may indicate that

the peak occurred with the September data.

The pH and temperature of the groundwater samples were within the desired ranges for reductive

dechlorination.

5.4 ETHYL ETHER

Ethyl ether degrades aerobically; therefore HRC® would not be expected to enhance the degradation of
ethyl ether. Ethyl ether is not a chlorinated VOC but an unrelated compound historically found at high

levels at Site 57. Analyses for ethyl ether were included with the pilot study samples primarily for the
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purpose of evaluating if the HRC® had any effect on ethyl ether concentrations. Although there were
some fluctuations in ethyl ether concentrations over the 6 months of the study, a comparison of the May
baseline data and the final November data indicate essentially no change in ethyl ether concentrations
(see Tale 5-4).

5.5 SUMMARY

Primary indicators described in Section 5.1 show definite evidence of reductive dechlorination, especially
in the downgradient monitoring wells MW024 and MW025. Over the 6-month pilot study duration, TCE
concentrations decreased by as much as 98 percent (MW024), cis-1,2-DCE concentrations exhibited

expected increases, then decreases, and vinyl chloride concentrations increased.

The secondary indicators described in Section 5.2 generally support the conclusion that reductive
dechlorination was ongoing during the pilot study. Particularly in MW024 and MWO025, oxygen was
depleted, ferrous iron was generated, sulfate was reduced while sulfides were generated, and methane
was generated. All of these are indicators of moderately to strongly reducing conditions favorable for

reductive dechlorination.

As a group, the secondary indicators discussed in Section 5.3 were not as conclusive. While carbon
dioxide concentrations increased, alkalinity and chloride concentrations showed little change. The
presence of volatile fatty acids and TOC indicate that conditions continue to be suitable for reductive
dechlorination. It is expected that carbon present in the aquifer will continue to ferment to hydrogen,
furthering the biodegradation of the remaining TCE, DCE, and vinyl chloride at the site.
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TABLE 5-1

PRIMARY INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Monitoring Wells - Groundwater Data (ug/L)
Sampling Date] MW003 | MW004 | MWwW024 [ MWO025 [ MWO11
Trichloroethene (TCE)
January-99( 247 J 612 J - --- 51 J
August-01 450 12,000 --- --- 94
May-03| 570 2,900 8,600 9,100 310
June-03] 490 2,700 1,200 1,000 U 170 J
July-03| 380 1,300 60 J 250 U 54 J
September-03 170 1,600 250 130 600
November-03[ 240 1,200 280 110 210
1,1-Dichloroethene (1,1 DCE)
January-99 3 10 -—- -—- 1 U
August-01 3 J 6 - - 5 U
May-03 25 U 100 U 500 U 500 U 50 U
June-03 2 J 250 U 500 U 1,000 U 250 U
July-03 3 J 100 U 500 U 250 U 250 U
September-03 5 U 3 J 2 J 70 5 U
November-03 5 U 2 J 2 J 18 J 25 U
cis-1,2-Dichloroethene (cis-1,2-DCE)
January-99 54 J 528 J - - 5
August-01 47 620 - - 30
May-03 9 J 1,150 3,900 12,000 14 J
June-03 8 J 980 7,500 6,550 J 30 J
July-03 9 J 760 7,300 6,600 250 U
September-03 1.5 J 920 600 49,000 81
November-03 4 J 1,000 1,300 J | 10,000 30
Vinyl Chloride
January-99 3 48 J 1 U
August-01 5 U 26 - - 5 U
May-03 10 U 70 U 410 2,300 20 U
June-03 10 U 100 U 470 950 100 U
July-03 10 U 56 150 J 2,000 100 U
September-03 2 U 7 390 2,800 2 J
November-03 2 U 29 710 2,600 10 U
Ethene (pg/L)
January-99 --- --- --- --- ---
August-01 --- --- --- --- ---
May-03 10 U 10 U 50 430 10 U
June-03 10 U 10 U 20 325 10 U
July-03 10 U 10 U 37 270 10 U
September-03 10 U 10 U 350 340 10 U
November-03 10 U 10 U 250 330 10 U
Ethane (pg/L)
January-99 --- --- --- --- ---
August-01 --- --- --- --- ---
May-03 10 U 10 U 19 380 10 U
June-03 10 U 10 U 10 U 180 10 U
July-03 10 U 10 U 12 130 10 U
September-03 10 U 10 U 10 U 110 10 U
November-03 10 U 10 U 18 150 10 U

U = Indicates that the chemical was not detected at the numerical deteciton limit
(sample-specific quantitation limit) noted. Nondetected results from the laboratory are
reported in this manner.

J = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered to be an estimated value.

--- = Not sampled.




TABLE 5-2

SECONDARY INDICATORS
IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 1 OF 3
Monitoring Wells - Groundwater Data
Sampling Date MWO003 | MWO004 | MWwWo024 | MWO025 | MWO11
Dissolved Oxygen (mg/L) (YSI Meter or Horiba Meter)
January-99 9.46 11.17 -- -- 8.53
August-01 3.43 3.26 -- -- 3.3
May-03 5.6 0.87 1.27 1 0.33
June-03| 0.15 0.45 0.15 0.19 0.15
July-03] 0.18 0.48 0.2 0.31 0.32
Sep-03] 0.22 0.8 0.15 0.15 0.17
Nov-03| 0.23 0.27 0.23 0.17 0.29
Dissolved Oxygen (mg/L) (Field Test Kit)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 2 0.6 0.8 1 0.5
June-03 0.2 0.6 0 0 0.4
July-03 0.4 0.6 0 0 0.4
Sep-03 0.3 0.9 0 0 0.6
November-03 0.3 0.25 0 0 0.4
Oxidation/Reduction Potential (mV)
January-99 -- -- -- -- --
August-01 258 168 -- -- 135
May-03 -4.8 -50.1 -24.1 24.7 39.6
June-03| 191.8 171.2 39.9 18.3 139.5
July-03] 38.3 10.7 -82.8 -52.1 -12.8
Sep-03 257 173 -114.7 -55 71.9
November-03 120 92.8 -126.5 123.9 97.3
Nitrate (NO;) (mg/L)
January-99
August-01
May-03 1.4 0.41 0.82 0.07 0.66
June-03 1.6 0.25 0.05 Ul 0.026 J 0.1
July-03 1.4 0.6 0.10 ) 0.1 U 0.17
September-03 1.6 0.45 0.1 U| 0.0168 J 0.81
November-03 1.6 L 0.59 L 0.05 UR|] 0.05 J 0.37 L
Nitrite (NO,) (mg/L)
January-99
August-01
May-03[ 0.05 U 0.05 ) 0.05 U 0.05 ) 0.05 U
June-03| 0.05 ) 0.05 ) 0.05 U 0.05 ) 0.05 )
July-03] 0.05 U 0.05 U| 0.089 J 0.1 ) 0.05 U
September-03|  0.05 U 0.05 ) 0.1 U| 0.091 J 0.05 )
November-03f 0.05 UL| 0.05 0.02 J 0.02 J 0.04 J
Total Manganese (ug/L)
Jan-99 257 J 256 J
August-01
May-03 121 83.3 164 596 151
June-03 108 68.0 7,220 785 353
July-03 101 110 13,600 864 308
September-03| 96.4 47.3 8,070 1,610 382
November-03[ 97.2 741 5,280 1,020 271




TABLE 5-2

SECONDARY INDICATORS

IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND
PAGE 2 OF 3

Monitoring Wells - Groundwater Data

Sampling Date MW003 | MWO004 MW024 | mMwo25 | Mwo11
Dissolved Manganese (ug/L)
Jan-99 250 244
August-01
May-03 123 67.5 173 557 158
June-03 102 41.0 7,110 767 395
July-03] 97.2 109 13,700 840 351
September-03| 91.2 52.3 8,180 1,630 372
November-03[ 93.2 75.6 5,220 1,040 276
Total Iron (ug/L)
Jan-99 174 215 J
August-01
May-03[ 33.8 B 95.8 B| 2,420 29,900 15.2 B
June-03| 23.7 B| 109.0 B]| 38,800 63,350 482
July-03 4.8 B 34.6 B| 185,000 76,500 639
September-03 10.0 B 8.4 B| 152,000 159,000 16 B
November-03 10.9 B 33.2 B| 139,000 74,000 107 B
Dissolved Iron (ug/L)
Jan-99 454 J 154
August-01
May-03[ 6.06 U 6.06 Ul 2,340 31,100 220
June-03| 6.06 U 20.7 B| 38,200 62,400 346
July-03 4.8 U 36.0 B| 180,000 74,500 468
September-03 5.35 6.3 B| 153,000 160,000 63.9 B
November-03 8 B 22 B| 136,000 75,400 84.6 B
Ferrous Iron (mg/L)
Jan-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03[ <0.1 <0.1 2 3 <0.1
June-03 <0.1 <0.1 2 4 1
July-03] <0.1 <0.1 6 6 0
September-03 <0.1 <0.1 5 >10 <0.1
November-03 <0.1 <0.1 6 6 <0.1
Sulfate (SO,4) (mg/L)
January-99
August-01
May-03 2 13 6.5 4.3 8.3
June-03 1 B 17 1 B 3.4 4.9
July-03 1 8.9 1 ) 1.0 3
September-03 1 9.4 2 11
November-03 1.5 8.9 1.7 2.1 5.6
Sulfide (mg/L)
January-99
August-01
May-03 1 ) 0.95 J 1 ) 0.15 1 U
June-03 1 B 0.65 B 1 U 1.1 3
July-03] 0.65 B 1 U 1 ) 1 1 B
September-03 1.0 ) 3 0.95 J 1.0 1.0 U
November-03f 0.925 J 0.7 J 0.25 J 0.25 0.85 J




TABLE 5-2

SECONDARY INDICATORS
IN SITU ANAEROBIC BIOLOGICAL PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 3 OF 3
Monitoring Wells - Groundwater Data
Sampling Date MWO003 | MWO004 | MWO024 | MWO025 | MWO11
Hydrogen Sulfide (H,S) (mg/L)
January-99 -- -- -- -- --
August-01 - - - - -
May-03[ <0.1 <0.1 <0.1 <0.1 <0.1
June-03 <0.1 <0.1 <0.1 1 <0.1
July-03|  <0.1 <0.1 1 1 <0.1
September-03 <0.1 <0.1 0.60 0.7 0.1
November-03 <0.1 <0.1 1.50 1.00 <0.1
Phosphate (PO,) (mg/L)
January-99
August-01
May-03[ 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
June-03| 0.05 U 0.05 U 0.07 0.05 U 0.05 U
July-03]  0.05 U 0.05 U 0.05 U 0.05 U 0.05 U
September-03|  0.05 U 0.05 U 0.1 0.26 0.05 U
November-03| 0.050 U 0.1 U 0.50 U 0.02 J 0.05 U
Methane (CH,) (ug/L)
January-99 -- -- -- -- --
August-01 - - - - -
May-03 10 U 10 U 230 6,100 16
June-03 10 U 10 U 36 2,900 86
July-03 10 U 12 210 2,100 10 U
September-03 10 U 10 U| 2,200 2,100 100
November-03 10 U 14 3,500 2,300 24

B = This qualifier is addded to a positive result (reported by the laboratory) if the detected
concentration is determined to be attributable to contamination introduced during
field sampling or laboratory analysis.

J = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered to be an estimated value.

L = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered biased low.

U = Indicates that the chemical was not detected at the numerical detection limit
(sample-specific quantitation limit) noted. Nondetected results from the laboratory
are reported in this manner.

UR = Indicates that the chemical may or may not be present. The nondetected
analytical result reported by the laboratory is considered to be unreliable and
unusable. This qualifier is applied in cases of gross technical deficiencies
(i.e., holding times missed by a factor of two times the specified time limit,
severe calibration noncompliances, and extremely low quality control recoveries).

--- = Not sampled.




TABLE 5-3

MISCELLANEOUS INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND
PAGE 1 OF 3

Monitoring Wells - Groundwater Data

Sampling Date [ MW003 | MW004 | MwWo024 | Mwo025 | MWO011
Carbon Dioxide (CO,) (ug/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03| 95,000 105,000 98,000 150,000 91,000
June-03[ 98,000 110,000 210,000 175,000 120,000
July-03| 95,000 98,000 180,000 160,000 125,000
September-03{ 94,000 120,000 190,000 240,000 110,000
November-03| 96,000 100,000 160,000 160,000 100,000
Chloride (CI') (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 16 K 9.7 K 16 K 32 K 19 K
June-03 17 8 15 38 22
July-03 16 13 16 26 28
September-03 17 11 27 140 10
November-03| 17.5 14 21 44 21
Alkalinity (CaCO;) (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 6.7 J 66 108 J 63 80
June-03 6.5 J 100 110 94 40
July-03 6.2 J 30 240 110 30
September-03 4.6 B 67 130 L 100 L 190
November-03 5.4 L 34 L 160 L 90 L 56 L
Lactic Acid (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 25 U 25 U 25 U 25 U 25 U
June-03 25 U 25 U 33 25 U 25 U
July-03 25 U 25 U 25 U 25 U 25 U
September-03 46 43 57 41 59
November-03 25 U 25 U 25 U 25 U 25 U
Pyruvic Acid (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 10 U 10 U 10 U 10 U 10 U
June-03 10 U 10 U 10 U 10 U 1 U
July-03 10 U 10 U 10 U 10 U 10 U
September-03 5.9 10 U 4.4 J 1.2 J 1.9 J
November-03 10 U 10 U 10 U 10 U 10 U




TABLE 5-3

MISCELLANEOUS INDICATORS

IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY

SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 2 OF 3

Monitoring Wells - Groundwater Data

Sampling Date [ MW003 | MW004 | MwWo024 | Mwo025 | MWO011
Acetic Acid (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 1 U 1 U 1 U 1 1 U
June-03 1 U 1 U 100 38 1 U
July-03 1 U 1 U 160 65 1 U
September-03 8.6 J 4.3 86 110 1 )
November-03 1 U 1 U 71 48 1 U
Propionic Acid (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 1 U 1 U 1 U 1 1 U
June-03 1 U 1 U 150 79 1 U
July-03 1 U 1 Ul 420 120 1 U
September-03 4.7 J 2.6 160 42 0.3 J
November-03 1 U 1 U 120 18 1 U
Butyric Acid (mg/L)
January-99 -- -- -- -- --
August-01 -- -- -- -- --
May-03 1 U 1 U 1 U 1 1 U
June-03 1 U 1 U 58 48 1 U
July-03 1 U 1 U 24 68 1 U
September-03 2.3 1.1 4.7 27 0.5 J
November-03 1 U 1 U 7 8 1 U
Total Organic Carbon (mg/L)
January-99 1 U 1 U -- -- --
August-01 -- -- -- -- --
May-03] 054 B 1 B 1 B 3.7 1.0 B
June-03[ 048 B 2 B[ 410 85 0.67 B
July-03] 047 B|] 069 B 220 100 4.4
September-03f 040 B|] 094 B 130 110 2 B
November-03| 040 J| 072 J 130 53 0.7 J
Specific Conductivity (mS/cm)
January-99( 0.10 0.10 -- -- 0.19
August-01 0.06 0.14 -- -- 0.10
May-03| 0.10 0.21 0.11 0.27 0.24
June-03| 0.09 0.24 0.38 0.33 0.15
July-03]  0.10 0.15 0.66 0.37 0.14
September-03f 0.10 0.23 0.67 0.98 0.48
November-03| 0.10 0.14 0.50 0.37 0.18




TABLE 5-3

MISCELLANEOUS INDICATORS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

PAGE 3 OF 3
Monitoring Wells - Groundwater Data
Sampling Date [ MW003 | MW004 | MwWo024 | Mwo025 | MWO011
pH
January-99 5.3 5.5 -- -- 5.9
August-01 5.3 6.5 -- -- 5.8
May-03 4.9 6.0 5.2 5.6 5.6
June-03 4.5 5.9 5.0 5.3 5.4
July-03 4.0 5.1 5.9 5.1 4.4
September-03 4.7 5.9 6.2 5.6 6.4
November-03 4.9 5.6 6.2 5.8 5.9
Temperature (degrees centigrade)
January-99 15.3 15.1 -- -- 11.2
August-01 20.7 22.5 -- -- 21.3
May-03| 15.9 16.5 15.5 15.8 16.2
June-03[ 194 17.7 17.8 18.2 17.2
July-03]  21.3 22.0 20.7 20.1 19.7
September-03|  19.7 22.2 21.2 21.1 21.7
November-03|  19.1 19.7 18.0 18.0 16.9

B = This qualifier is addded to a positive result (reported by the laboratory) if the detected
concentration is determined to be attributable to contamination introduced during
field sampling or laboratory analysis.

J = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered to be an estimated value.

K = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered biased high.

L = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered biased low.

U = Indicates that the chemical was not detected at the numberial detection limit
(sample-specific quantitation limit) noted. Nondetected results from the laboratory
are reported in this manner.

--- = Not sampled.



TABLE 5-4

ETHYL ETHER
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - FORMER DRUM LOADING AREA
NDW, IH, INDIAN HEAD, MARYLAND

Monitoring Wells - Groundwater Data

Sampling Date] MW003 | MW004 | MW024 | MW025 | MWO11
Ethyl Ether (Diethyl Ether) (ug/L)

January-99[ 293  J| 297 J 3,950 L
August-01] 440 320 1,700
May-03] 180 150 270  J 93 J| 1,800
June-03] 200 91 J| 240 J| 1,000 U[ 3,200
July-03| 600 360 560 250 5,650

September-03 75 93 220 100 890

November-03] 160 120 180 120 2,000

J = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered to be an estimated value.

L = Indicates that the chemical was detected. However, the associated numerical result
is not a precise representation of the amount that is actually present in the sample.
The laboratory reported concentration is considered biased low.

U = Indicates that the chemical was not detected at the numberial detection limit
(sample-specific quantitation limit) noted. Nondetected results from the laboratory
are reported in this manner.

--- = Not sampled.




FIGURE 5-1

TCE AND DAUGHTER PRODUCTS - MAY 2003 BASELINE CONDITIONS
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-2

TCE IN ALL WELLS

IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-3

TCE AND DAUGHTER PRODUCTS - MW004
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-4

TCE AND DAUGHTER PRODUCTS - MW024
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-5

TCE AND DAUGHTER PRODUCTS - MW025
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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FIGURE 5-6

TCE AND DAUGHTER PRODUCTS - MW011
IN SITU ANAEROBIC BIOREMEDIATION PILOT STUDY
SITE 57 - BUILDING 292 TCE CONTAMINATION AREA
NDW, IH, INDIAN HEAD, MARYLAND
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6.0 RECOMMENDATIONS

The pilot study has demonstrated that HRC® is capable of fostering the conditions necessary to establish
reductive dechlorination in Site 57 groundwater, and that the process will significantly reduce high TCE
concentrations. Two outstanding questions remain. One is, “Will reductive dechlorination progress to the
complete dechlorination of vinyl chloride?” The second is, “How low can the TCE concentrations be

expected to go?”

Regenesis, the HRC® manufacturer, maintains that, under favorable conditions, the slow release of lactic
acid can support microbial activity and hydrogen release for up to 18 months. That is, reductive
dechlorination could continue for several months beyond the end of the pilot study, and if that is the case,

the groundwater TCE concentrations may continue to decrease.

The degree to which complete reductive dechlorination can be achieved and the degree to which TCE
concentrations can be reduced will be important issues as the final Site 57 FS evaluates HRC® as a

potential technology for remediating TCE contamination in Site 57 groundwater.

It is recommended that one or two additional sampling rounds for the pilot study monitoring wells be
considered. Planned future investigations at Site 57 will include groundwater sampling, and the cost
connected with additional pilot study well sampling can be minimized if that effort is incorporated into
future groundwater sampling planned for Site 57. Further, the need for each additional sampling of pilot

study wells can be evaluated based on the analytical results from the previous set of analytical data.

030406/P 6-1 CTO 0805
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FIELD DATA



APPENDIX A.1

Soil Sample Log Sheets



Tetra Tech NUS, Ine.

SOIL & SEDIMENT SAMPLE LOG SHEET

[ QA Sample Type:

. (=
Page 1 of _/_
Project Site Name: Indian Head Site 57 Sample ID No.RS 758027010y
Project No.: 4020 Sample Location: S575327
Sampled By: FCw
[ Surface Soail C.0.C. No.: kK-coz2

E/Subsurface Soil

[ Sediment Type-of Sample:

[] Other: ﬂZc?w Concentration

[1 High Concentration

Monitor Reading (ppm):

Date: . S=—[-03 Depth Color Description (Sand, Silt, Clay, Moisture, etc.)
L, 1335 N SAVD, SILT G RUEL
Method:  DPT 45 '

COMPOSITE SAMPLE D

Color Description (Sand, Siit, Clay, Moisture, etc.)

S —

—-‘\"""-\__

Method:

Monitor Readings

(Range in ppm):

Analysus Container Requirements Collectedh
TCL VOCS 4 X 5 g ENCORE [
'2 0z Jar [

Arsenic/Total solids

OBSERVATIONS /NOTES: .

[Circie i Applicable:
MSMSD Dupiicate ID No.:
el SS7330vpPo 1 o4




Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET
Page SXof i_

Project Site Name: Indian Head Site 57 Sample ID No.: S5 7500270204
Project No.: 4020 Sample Location: S5750327
Sampled By: FCea

{1 Surface Soil C.0.C. No.: K~-Co 2

# Subsurface Soil

[1 Sediment Type-of Sample:

[l Other: ow Concentration

1 QA Sample Type: [I High Concentration

Description (Sand, Silt, Clay, Moisture, etc.)

Methot: _ DPT B—E, | Geey SALD

Monitor Reading (ppm):
Date: Time Depth Color Description (Sand, Siit, Clay, Moisture, etc.)

[ —
FMEthod: *\-.. [———
-"“‘-—._\ 4
IMonitor Readings \
(Range in ppm): : \\

Container Requirements Collected Other
TCL VOCS 4 X5 g ENCORE e
Arsenic/Total solids 2 Oz Jar v

JOBSERVATIONS /NOTES jaar;

SEE SET755027010Y

Signature{s):

MS/MSD Duplicate 1D No.: . él_/
‘_‘——-—-\ e Cp———— /——




Tetra Tech NUS, Inc.

SOIL & SEDIMENT SAMPLE LOG SHEET

Page _1 of i

Project No.:

0

rface Soil

1 Sediment
[1 Other:
I QA Sample Type:

Project Site Name:

Indian Head

Site 57

4020

Subsurface Soll

Sample ID No.: S8 78502 7030</
Sample Location: 557 § Do 7

Sampled By: Fcaw
C.0.C. No.: K-oc2_
Type of Samp]e:

[0 Low Concentration

[] High Concentration

Color

Depth Description (Sand, Silt, Clay, Moisture, etc.)
IMethod:  OPT /_?..ﬂ?[ GEEY AMOTTILE D SA D
[Monitor Reading (ppm): v/ Sier

JCOMPOSITE SAMPLE DA

e e e e e )

Datte——o_ 1 Time Depth Color Description (Sand, Silt, Clay, Moisture, etc.)
—
\\__
IMethod: e
IMonitor Readings \
(Range in ppm):
SAL CTION INFORMATION:
Analysis Container Requirements Collectad Other
TCL VOCS 4 X 5 g ENCORE O
Arsenic/Total solids 2 Oz Jar ==
OBSERVATIONS /NOTES: = IMAP
s & SS575BoswwioYy
Circle'if Appllcabié R “-{ Signature(s):
MS/MSD Duplicate ID No.: A—/
L - : —




Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET

Pagej of _‘:_L__
Project Site Name: Indian Head Site 57 Sample ID No.: SS 7858 927040y
Project No.: 4020 Sample Location: S3 75027
Sampled By: FC«
H Suftace Soil C.O.C. No.: Koo
ubsurface Soil

1 Sediment TW Sample:

[l Other: ow Concentration

[ QA Sample Type: [I High Concentration

Date: S—[“91-03 Depth Color Description (Sand, Silt, Clay, Moisture, etc.)

Time: (395 MOTT,
L&D
Method: DIt 15-16 G-ReY <
JMonitor Reading (ppm):  — Avo &/ SeeJ
J|COMPOSITE SAMPLE DATA:
R
Date: —Time—}—___ Depth Color Description (Sand, Silt, Clay, Moisture, etc.)
; "
[Method: e

IMonitor Readings \
(Range in ppm): \

Container Requirements - Collected
TCL VOCS 4 X 5 g ENCORE |
Arsenic/Total solids  * 2 Oz Jar —
AOBSERVATIONS INOTES: -~ L jmap;

Sc e SE75030270109

] Signature(s):




Tetra Tech NUS, Inc. SOIL & SEDIMENT SAMPLE LOG SHEET

Page v ofi

Project Site Name: Indian Head Site 57 Sample ID No.: £57 3583 RO
Project No.: 4020 : Sample Location: _ S 7S8R §
, Sampled By: . Fouw,
[ Surface Soil C.0.C. No.: K-0C0O2_
ubsurface Soil
[0 Sediment Type6f Sample:
[] Other: ow Concentration
[1 QA Sample Type: [l High Concentration
GRAB SAMPLE DAT/ J il 1
Date: Dt 053 Depth Color Description (Sand, Silt, Clay, Maisture, etc.)
Time: lets ous
Method: DPT Y 7@'3 o SILT + CLa~/
|Monitor Reading (ppm): & Fg. SAwvop RAMP

Description (Sand, Silt, Clay, Moisture, etc.)

IMethod: \AE

PMonitor Readings

(Range in ppm): \

Analysis Container Requirements Collected ~ Other
TCL VOCS 4 X 5 g ENCORE v '
Arsenic/Total solids 2 0z Jar —

JOBSERVATIONS / NOTES:

Circle it Applicable: | | Signature(s): ;

mg—\ Duplicate ID No.: — w Ll—//—




Tetra Tech NUS, Inc.

SOIL & SEDIMENT SAMPLE I.OG SHEET

Page =2 of H._

Project Site Name:

Indian Head Site 57

Project No.:

4020

[ Surtace Sail
lj/ézgsurface Soil
[] Sediment

[] Other:

[ QA Sample Type:

Sample ID No.: SE7s Folpol20 ¢

Sample Location: S &75528
Sampled By: Few
C.0.C. No.: K-co2
Type ef Sample:

ow Concentration
[l High Concentration

Date: \5;;"{— o3 Depth Colar Description (Sand, Siit, Clay, Moisture, etc.)
e (0K
Method: DPT ?—-{0 Yectow SILT, $4w0, t

CRAVEL tET

e

Description (Sand, Silt, Clay, Moisture, etc.)

Monitor Readings

{Range in ppm):

Analysis Container Requirements Collected™ Other
TCL VOCS 4 X 5 g ENCORE v
Arsenic/Total solids 2 Oz Jar [
OBSERVATIONS 7 NOTES? :
S575502810Y

Circle if Applicable:

111} Signature(s):

MS/MSD

Duplicate 1D No.:

—

JE—

G be—



Tetra Tech NUS, Inc.

SOIL & SEDIMENT SAMPLE LOG SHEET

Pagi_gofi

Project Site Name:

Indian Head Site 57

Sample ID No.: 3575 GoRpo3ey

4020

Sample Location: S575 G R 8

Project No.:
rface Soil

1]

Subsurface Soil
] Sediment
[] Other:

Sampled By: =
C.0.C. No.: r-OO0t—
Type of Sample:

ow Concentration

{1 QA Sample Type:

[l High Concentration

GRAS SAMPLE DATA: R
Date: S| “{— 03 Depth Color Description (Sand, Silt, Clay, Moisture, etc.)
Time: 1030 Yettow GPAVEL +SAwD
JMethod: DT BRows’
Monitor Reading (ppm): — 14915 weTr
COMPOSITE SAMPLE DATA

__Time Depth Color Description (Sand, Silt, Clay, Moisture, etc.)

_'-‘--.-\\

|Method:

fMonitor Readings

(Range in ppm):

Container Requirements

TCL VOCS

4X54g

ENCORE

Arsenic/Total solids

2 Oz Jar

|OBSERVATIONS / NOTES

Reruestep ™RT ThE LG Run Tew vods
O SAMPLE Frrom 2o TAR, LMGE CraveL
COTENT PREVEAT Us PO CO CLECTING
ENCOE Spavpre s AT THUS [MTEAVAL,

SEE S35 758028c010Y9

[Circle  Applicable:.

MS/MSD Duplicate ID No.:

v

e




Tetra Tech NUS, Inc.

SOIL & SEDIMENT SAMPLE LOG SHEET

Page ¢ of

Project Site Name:

Indian Head Site 57

Project No.:

4020

[1 Surface Soil
ﬁubsurface Sail
[l Sediment

[] Other:

[ QA Sample Type:

Sample ID No.:S3 75G0 28 0oy
Sample Location: $&575372§8

Sampled By: Cu
C.0.C. No.: K-Bo2
Type of Sample:

Low Concentration

[1 High Concentration

|Date: .55 Depth Color Description (Sand, Silt, Clay, Moisture, etc.)
Time: s

Time Depth Color Description (Sand, Silt, Clay, Moisture, etc.)

—

Method: \

Monitor Readings

(Range in ppm):

|SAMPLE COLLECTION INFORMA

Analysis Container Requirements Collecied Other
TCL VOCS 4 X 5 g ENCORE v
Arsenic/Total solids 2 Oz Jar (>

SEE §57530250109

Circle'if Applicable:!"

MS/MSD
———

Duplicate ID No.:

Signature(s):




APPENDIX A.2

“Soil Boring Logs



i

EITetra Tech NUS, Inc. BOHING LOG Page _ of

PROJECT NAME:  IHDIV, Site 57 BORING No.: S57 S0
PROJECT NUMBER: 4020 DATE: S-[4-03
DRILLING COMPANY: VIRONEX GEOLOGIST:
DRILLING RIG: GEOPRYSE GO0 DRILLER: PAVE QOILEY
MATERIAL DESCRIPTION PIDVFID Reading (ppm)|
Sample| Depth | Blows/ | Sample | Lithology G : u :
{No.and] (FL) |6 or ROD} Recovery| Change s
T o [T ] P e : RHAE
No. : Length | Screensd o Color Material Classification s Remarks E‘ -.g .E '-:
Interval Rock 1 : - @a|E|S T
Hardaess - | alo a.
i520] | - ;-;';‘-;_' GRBUG L SURFACR
- el {EL oy Sero |3 mors ©
] . "PS‘LT'LG‘Z&VEL. C-JE—TQ"T" Ay o
b 2t e
-1 | / e LOLLCECTRO SPL,
{324 / Cepq TRORAVE- [BCG o+ )
\ $57560170101

/ :
////Sof-’r CLb L RavEL  Joc 1 |e

’/
|~
<
|V
3 /22 lerES shin wi— BP
S7 v a%
1322 T o :
/ -

o q-10’
_ \ S5TS6027020%  3ad (2o
12 ML __|GRaveL 4 ShOD v
St e MED Lt
[ 339 PESE ICRBIMOTILED Sa v O FM 15314
’ Fae o L""/"m‘;u_."" S57560270 304 lt;g‘ w e |
o | e 3 V2 a7t 0
e ™0
e
69

IDSTALL. ELL
ScREsy Y- 1Y
S0 2Z-(45
Peoroun: 1-2'

|

* When rock coring, enter rock brokeness.

** Include monitor reading in & foot intervals @ b?tihole. Increase r?ading frequency if elevated reponse read. Drilling Area
- : .3

Remarks: GECPROMBE  ¢eod | Z RoDS Mie R0 Cail L Background (ppm):
Y Vo HOMTOD GSEQ T (05 . LWE(C

Converted to Well: Yes v No Well I.D. #: ~S57TmMwWo LY




@ Tetra Tech NUS, Inc. BORING LOG ' ——

PROJECT NAME: IHDIV, Site 57 . BORING No: S57spo23
PROJECT NUMBER: 4020 - DATE: S5-14-0>
DRILLING COMPANY: VIRONEX GEOLOGIST: ERED (w RanmsER
DRILLING RIG: (é[— CPRUDE  GLOO DRILLER: DAVE WILEY
MATERIAL DESCRIPTION PID/AID Reading (ppm
Sample| Depth | Blows/ [ Sample | Lithology 4 u '
No.and (FL) |6*or ROD| Recovery| Change ! S
Typeor or (%) ! ({Depth/Ft.) | Soil Densityf : Blt i
RQD | Run Sample or Consistency c Remarks -g_ - -3 o
No. . Length | Screened or Color Material Classification 3 El3]| = 5
Interval Rock - P ? g —
Hardness a|l@o|o
lso-lé L'F‘:f‘a AtHaeT SURFAcE
' g .e
P SAD+OL HA ;
= i i %! WD = & A1) Qlolols
// t (45 | LT CosTadT Nniolojo
4 [P (e v osmre ololofo
v 0
Bt / Ya" SILTSAL o+ St C«-,-—E';Er'ﬂo e
| o< g srn $575602.80(04
e ! wiET AT C'
B8 y/ \
ke 2 EC |50 1 + S0, M o ez olike|o
3 j ot - |
prdE Lo B¢ ravE qﬁzl?mggozo“{
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Remarks: GEo €ROGE [ 1!y 0ps W/ 4 ceo  Background (ppm):[© g |
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APPENDIX A.3

Groundwater Sample Log Sheets



E Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[] Other Well Type:

Page_l of 3
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample IDNo.: S5 TMwoo30104
Project No.: 4020 Sample Location:§ 57241 x 02
Sampied By: FCus
[l Domestic Well Data C.0.C. No.: K~po | [m-00(
[X] Monitoring Well Data Type of Sample: oo

[X] Low Concentration

[] QA Sample Type:

[] High Concentration

SAMPLING DA

Color

Visual

[pate: 3-13-03
Time: loso

pH

Standard

S.C.
mS/cm

Turbidity
NTU

ORP

[Method: Lo FLoco CLEAE

.85 B0

3.

|PURGE DAT.

APk, —43

'Dale: B-13-03

Volume

pH

S.C.

Turbidity ORP

IMethod: Lo Flot.

T~

IMonitur Reading (ppm):

Well Casing Diameter & Material

Type: 2" /pPVC

Total Well Depth (TD): =< 7.3

Static Water Level (WL}:Q. 3f

|One Casing Volume( ):2,6

Start Purge (hrs): 94/

lend Purge (hrs): /O3S O

Total Purge Time (min): a

Total Vol. Purged (GAL): 2

|SAMPLE COLLECTION INFORMATION

Analysis Preservative T Container Requirements Collected
TCL VOCs HCL 4C 3 X 40 ML VIAL l/’/
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL V',
Anions/ Alkalinity 4C 500 ML poly [
Total Iron and Manganese HNO3 4C S500 856 ML poly “
Dissolved Iron and Manganese | HNO3 4C SO0 850 ML poly (./;
Metabolic Acids 4¢ X 4O M Lpely VIAL v
TOC H2S04 4C 2 X 40 ML VIAL [
Carbon Dioxide 4C 2 X 40 ML VIAL ‘-//
Sulfide ZnAc/NaOh 500 ML poly o
|OBSERVATIONS / NOTES

[Circie if Applicable:.

§ignature(s}:

MS/MSD | Duplicate ID No.:

——

_____________._.-—'—'—__'_—"-—-—,

P b —r

TBD: To Be Determined




Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page__l_ of i

0 QASs

Project Site Name:
Project No.:

INDAIN HEAD SITE 57 HRC PILOT STUDY

Sample ID No.:S5 71w/ 9090 104

4020

Sample Location: SS 7MoY

[1 Domestic Well Data

[X] Monitoring Well Data
[1 Other Well Type:

Sampled By:

C.0.C. No.:

Type of Sample:

ample Type:

[ High Concentration

Fow
K-00( [m-0o;

[X] Low Concentration

Time:

Standard

Turbidity

ORP

myv

Date:

Temp. (C)

Turbidity

ORP

Method: L-OW/ Feguw

Monitor Reading (ppm):

—

Type:

Well Casing Diameter & Material

2°/PVC

Total Well Depth (TD): /&, .

Static Water L

evel {WL}Q 37

One Casing Voluma(éh}: L6
Start Purge (hrs): 325

End Purge (hrs):

14/0

Total Purge Ti

Total Vol. Purg

me {min): 6:5

e

Collecteg”

Duplicate 10 No. fEE

S

SS7GWwDupo Lo
SIS0

Preservative Container Requirements
TCL VOCs HCL 4C 3 X 40 ML VIAL v
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL v
Anions/ Alkalinity 4C 500 ML poly v
" Total lron and Manganese HNO3  4C SO0 256ML poly v
- Dissolved Iron and Manganese | HNO3 4C S00 260 ML poly &/
Metabolic Acids 4c A X HOMLpsky 17 IAL =
TOC H2S04 4C 2 X 40 ML VIAL v
Carbon Dioxide 4C 2 X 40 ML VIAL o
Sulfide ZnAc/NaOh 500 ML poly s
|OBSERVATIGNS / NOTES
"'} Signature(s):

Gk lyr"

TBL: ToBe D

letermined



Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Project Site Name:

INDAIN HEAD SITE 57 HRC PILOT STUDY

Project No.:

4020

[ Domestic Well Data
[X] Monitoring Well Data
[l Other Well Type:

Page_ lof 2—
Sample IDNo.: SS5TMwowor04
Sample Location: )
Sampled By: w/ S
C.0.C. No.: k-oot -00
Type of Sample:

[X] Low Concentration

[l QA Sample Type:

00 High Concentration

SAMPLING DATA:

Date:_ 51 >0%
Time: [/ 13D

Method: LD/ FLOW/
PURGE DATA: =

pate: 5 -1% -0 3

Method: LOW [FLOW

Monitor Reading (ppm): —

‘Well Casing Diameter & Material

Type: 2*/PVC

Total Well Depth (TD): A(), 10}

Static Water Level (WL): 8.2

One Casing Volume@}: gL (Z‘Lﬂ)

Start Purge (hrs): { 315

End Purge (hrs): [¢f 30

Total Purge Time (min): 7] 3

Total Vol. Purged (g 2,52

\JOCA

———

Analysis Preservative Container Requirements Collected
TCL VOCs HCL  4C 3 X 40 ML VIAL ColLEctig M5 [msp
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL 1.,/
Anions/ Alkalinity 4C 500 ML poly il
" Total Iron and Manganese HNO3 4C SO0 #58ML poly (il
Dissolved lron and Manganese | HNO3 4C SO0 286 ML poly [
Metabolic Acids 4c A XHOM Lpol [/ AL el
TOC H2504 4C 2 X 40 ML VIAL el
Carbon Dioxide 4C 2 X 40 ML VIAL o
Sulfide ZnAc/NaOh 500 ML poly v/
!
JOBSERVATIONS / NOTES::
Circle if Applicable:::’ o | Signature(s):
MS/MSD Duplicate ID No.:

U: To Be Determined




=y

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Project Site Name:

INDAIN HEAD SITE 57 HRC PILOT STUDY

Project No.:

4020

{1 Domestic Well Data
[X] Monitoring Well Data
[1 Other Well Type:

Pagi _{_ of &
Sample ID No.:SE7Muo24010
Sample Location: s&iAw2Y
Sampled By: Fco
C.0.C. No.: -00 ek
Type of Sample:

[X] Low Concentration

[I QA Sample Type:

[ High Concentration

Standard

mv

&
)=

—15-03 L\Ioluma pH $.C. | Temp.(C) | Turbidity Do ’_Sal ORP
lMethod: Low FLOW \_‘
IMonitor Reading (ppm): — \....__
Well Casing Diameter & Material \\x
Type: 2'/PVC e
Total Well Depth (TD): / 7. 4 ~1
Istatic Water Level (WL):&, §7 \
One Casing Volm‘ne(g&L}: lo
Start Purge (hrs): @ 7 isl P~
End Purge (hrs): 08;‘5
Total Purge Time (min): 3:9' ™~
N
Preservative Container Requirements
HCL 4C 3 X 40 ML VIAL
Dissolved methane, ethane, ethene HCL _ 4C 2 X 40 ML VIAL ‘téj-m SIM50
Anions/ Alkalinity 4C 500 ML poly v
Total Iron and Manganese HNO3  4C | SO O T50ML poly i 7 MslAsL
Dissolved fron and Manganese | HNO3  4C | 5O () 250ML poly A
Metabolic Acids 4c | RQyH0 Mipely VIAL v
TOC H2S04 4C 2 X 40 ML VIAL P
Carbon Dioxide 4C 2 X 40 ML VIAL v/
Sulfide ZnAc/NaOh 500 ML poly [

Wkt 0T Corl PLeTED

Sb@wﬁ‘ 4/——//_\




n Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[1 Other Well Type:

Page_ lof _2'
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57W™Wo250104
Project No.: 4020 Sample Location: w25
Sampled By: FBR R
[] Domestic Well Data C.0.C. No.: K-003 [im-o0c¢
(X] Monitoring Well Data Type of Sample:

[X] Low Concentration

I QA Sample Type:

0 High Concentration

Date: J—— 15:0?
Time: OB58

Standard

pH s.C.

mS/cra

Turbidity DO

NTU

Method: L (., FLC

5.64

PURGE DAT/

pate: 5- |5 'O‘?)

Volume

S.C.

Turbidity DO

Method: LOwW Frowo

Monitor Reading (ppm): =

T~

Well Casing Diameter & Material

Type: 2°/PVC

Total Well Depth (TD):(5.00 ¥

Static Water Level (WL): 7 G

One Casing Volume(ga{fl) g5

Start Purge (hws): 073 5

End Purge (hrs): 0&5 o

Total Purge Time (min): 7S

Total Vol. Purged (gal@ 1,5’9_,
OLLE

Anaiysls

Preservative

Container Requirements

Conec:eq:_
TCL VOCs HCL 4C 3 X 40 ML VIAL v©
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL v’ _
Anions/ Alkalinity 4C 500 ML poly W
" Total iron and Manganese HNO3  4C S00 266ML poly v
Dissolved Iron and Manganese | HNO3 4C So0U 2580 ML poly _l‘/-
Metabolic Acids 4c 1lpetlr 2w {0l v
TOC H2S04 4C 2 X 40 ML VIAL v
Carbon Dioxide 4C 2 X 40 ML VIAL .
Sulfide ZnAc/NaOh 500 ML poly o

OBSERVATIONS 7 NOTES:

5o
Ll
133/

Ciasiug VoL =

T’i Flow TOP OF PVC ST uP = ' / “‘((TBref SN UP wate BE (T TOCRADE

Signature(s):

[Circle if Applicabie:
MS/MSD Duplicate ID No.:
e —— —_-.-_-__.-—-—_

b ——""_

1BD: To Be Determined



AR GROUNDWATER SAMPLE LOG SHEET

Page__of ___
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: SHTMWO030 164
Project No.: 4020 Sample Location: _ 3¢ 7 nwgo
Sampled By: T2

[I Domestic Well Data C.0.C. No.: Hea00Y

[X] Monitoring Well Data Type of Sample: K-GO m-1

[1 Other Well Type: [X] Low Concentration 2

[ QA Sample Type: ) - [1 High Concentration

{Monitor Reading (ppm): —
Well Casing Diameter & Material —
|Type: 2*/ PVC A
Total Well Depth (TD): 2. Y. 9 il :
Static Water Level (WL): B4
One Casing Valuma(_gal.a cfa‘ /
Start Purge (hrs): | 4 \ 77 1
End Purge (hrs): [ G 4G P

Total Purge Time (min): /

Total Vol. Purged (galiL):

Analysis Preservative Container Requirements Collected

TCL VOCs HCL 4C 3X40MLVIALES? WNS/pnsSD g
Dissolved methane, ethane, ethene HCL 4C 2X40MLVIALE By hS [wsp v
Anions/ Alkalinity 4C 500 ML poly o
__Total Iron and Manganese HNO3 4C 250 ML poly ¥, 2 s (im0 g
Dissolved Iron and Manganese | WM&  4C 250 MLpoly ¥ 2. s, a0 [

Metabolic Acids 4c Ae=pely 2 ¥ YO0 L VAL [

TOC H2S04 4C 2X40MLVIALE & 5 finan) ./

Carbon Dioxide 4C 2X40MLVIAL % 2_ W [wesD v

Sulfide ZnAc/NaOh 500 MLpoly ¥ 2 W2/ p o

Signature{ls}:

Msfy, D.l.lplicc.;te 1D No | %‘l

TBD: 10 Be Determined




Totra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET

Page __of ___
Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57MWOMOL05
Project No.: 4020 Sample Location: 5 wWao
Sampled By: %
(] Domestic Well Data C.0.C. No.: ' K-005/m-2.
[X] Monitoring Well Data Type of Sample: L4
[1 Other Well Type: [X] Low Concentration
[1 QA Sample Type: : : [l High Concentration
Date: £ -20-03 Color pH S.C. Temp. Turbidity DO Sal ORP
Time: OYBLS Visual |Standard| mS/em | *C NTU _mgh % rav

athot LOW Peot> | CLEar|5-97 10,237

pate: >-20-073 Volume pH S.C. | Temp.(C) | Turbidity DO Sal ORP ~
Mathod:L_0 L Fcow —
{Monitor Reading (ppm): —— e i
Well Casing Diameter & Material /
=
Type: 2°/PVC g ]

Total Well Depth (TD): { 8.2
Static Water Level {W’L):Q.g“l' 7|
One Casing Volume(gallL): (b, 24 A
Start Purge (hrs): O7 20 = L

{End Purge (hrs): OB2S //
Total Purge Time (min): (o T ,/
Total Vol. Purged (gailL): &.5

co
‘Analysis Preservative Container Requirements Collected
TCL VOCs HCL  4C 3 X 40 ML VIAL v
Dissolved methane, ethane, ethene HCL  4C 2 X 40 ML VIAL o7
Anions/ Alkalinity 4C 500 ML poly v
~_Total Iron and Manganese HNO3 4C 250 ML poly [
Dissolved lron and Manganese | We@®  4C 250 ML poly v
Metabolic Acids 4c +poiy- ¥ $0ad uini —
TOC ' H2SO4 4G 2 X 40 ML VIAL —
Carbon Dioxide 4C 2 X 40 ML VIAL v
Sulfide ZnAc/NaOh 500 ML poly s
[oBsERVATIO

plicab

Al Signature(s):
Duplicate 1D No.:

TBD: 10 Be Detenmined



Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page_  of __

Project Site Name:

INDAIN HEAD SITE 57 HRC PILOT STUDY

Sample ID No.: S5 TMWOWO105

Project No.:

4020

“Sample Location: _SG7 WOt}

[ Domestic Well Data

[X] Monitoring Well Data
(1 Other Well Type:

Sampled By: 7.
&5k [ -2,

C.0.C. No.:
[X] Low Concentration

[1 QA Sample Type:

Type of Sample:
[l High Concentration

Turbidity DO Sal

AL =g
8

Turbidity

{Monitor Reading (ppm): <~

Well Casing Diameter & Material

Type: 2"/ PVC

Total Well Depth (TD): RO 70

Static Water Level (WL):53, (4o

One Casing Volume(galfl): 7, 34,

NS
y

Start Purge (hrs):(0 71 O ]

End Purge (hrs): (D 8 30 //

Total Purge Time (min): & O = Sl

@ad: .04 —

Analysis Preservative Container Requirements Collected
TCL VOCs HCL  4C 3 X 40 ML VIAL v’

Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL v
Anions/ Alkalinity 4C 500 ML poly v
Total Iron and Manganese HNO3 4C 250 ML poly -~
Dissolved lron and Manganese | Ha@8 4C 250 ML poly Prescaveg B LD —
Metabolic Acids 4c wepoiy— 2«40« viae | L~
TOC H2504 4C 2 X 40 ML VIAL L~
Carbon Dioxide 4C 2 X 40 ML VIAL o
Sulfide ZnAc/NaOh 500 ML poly [l

OBSERVATIONS / NOTES

JCircle if Applicable: '

Signature(s):

MS/MSD | Duplicate ID No.:

P

180 To Be Datermined



Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

(] Other Well Type:

Page__ of
Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: §57WWOI¥0\065
Project No.: 4020 Sample Location: ST 7v o2y
Sampled By: —Z_
[I Domestic Well Data C.0.C. No.: K-005 [ m =2
[X] Monitoring Well Data Type of Sample: d

[X] Low Concentration

[ QA Sample Type:

[1 High Concentration

Visual

s.C.
mS/cm

Turbidity
NTU

oae: G20-0

Volume

S.C.

Temp. (C) | Turbidity

[Metnod: LOw (zou)

IMonitor Reading (ppm): =

Well Casing Diameter & Material

Type: 2"/ PVG

Total Well Depth (TD): \ )59

Static Water Level (WL): G| 7

[One Casing Volume(ga@: 3.4

Start Purge (hrs): O AN\ i

End Purge (hrs): | 0 5%

Total Purge Time (min): | 3

Total Vol. Purged (g

7.8

Analysis

Container Requirements

Collegted
TCL VOCs HCL 4C 3 X 40 ML VIAL i
Dissolved methane, ethane, ethene HGCL 4C 2 X 40 ML VIAL =
Anions/ Alkalinity 4C 500 ML poly [
" Total fron and Manganese HNO3  4C 250 ML poly v
Dissolved Iron and Manganese | HNO3  4C 250 ML poly [
Metabolic Acids dc poty 2 KOu v
TOC H2SO4 4C 2 X 40 ML VIAL [
Carbon Dioxide 4C 2 X 40 ML VIAL P
Sulfide ZnAc/NaOh 500 ML poly —

MS/MSD

Duplicate 1D No.:

——

Signature(s):

Sl

1BL: To Be Determined



“: Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page___ _of __

Project Site Name:
Project No.:

[ Domestic Well Data

{1 Other Well Type:
[1 QA Sample Type:

INDAIN HEAD SITE 57 HRC PILOT STUDY

Sample ID No.:

4020

[X] Monitoring Well Data

S E? MWORSD 105
Sample Location: TMwols

Sampled By:

PR

C.0.C. No.:

K*—OD‘-tflm-L

Type of Sample:

[X] Low Concentration
[ High Concentration

pH SC. | Temp. | Turbidity 0o Sal ORP
Standard| mS/cm ‘c NTU _ mg/l % mv
.29 {0330 3.0 ;
pH S.C.
lMeﬂ'lod: Low Prow
IMonitor Reading (ppm): —
Well Casing Diameter & Material
Type: 2*/PVC
Total Well Depth (TD):] 3.9 0
Static Water Level WL): 5T 7
fone Casing Volume(ga(L) 3 | 3 4
Start Purge (hrs): OA45 el
End Purge (hrs): | 050 S
Total Purge Time (min): (&S~ —
Total Vol. Purged (gayL) 9. '

Analysis Preservative Container Requirements Collected
TCL VOCs HCL 4C 3 X 40 ML VIAL v
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL v
Anions/ Alkalinity 4C 500 ML poly [
Total Iron and Manganese HNO3  4C 250 ML poly i
Dissolved Iron and Manganese | iGg¥W—-4C 250 ML poly v
Metabolic Acids 4c wtpoy- D ¥ 0L Ve
TOC HeSO4 4C 2 X 40 ML VIAL [
Carbon Dioxide 4C 2 X 40 ML VIAL S
Sulfide ZnAc/NaOh 500 ML poly w7

"Du.[.)licate 1D No.:
— | SS16Wwou.PoLOS
TBD: To Be Determined

| Signature(s):




T | et rect s, e GROUNDWATER SAMPLE LOG SHEET

Page___of ___
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57hw0030/06
Project No.: 4020 Sample Location: SS7Tmuccd
' : Sampled By: £

[l Domestic Well Data C.0.C. No.: _K-606 wm-3

[X] Monitoring Well Data Type of Sample:

{1 Other Well Type: [X] Low Concentration

[l QA Sample Type: : [l High Concentration
Date: 7-29-O3 Color ORP
Time: |§ |5 Visual ' . mgfl % mv
Method: Lay FLou) CLR 13.9 °l 1,30 (.O = 32
pate: 7-29-03 Volume | pH S.C. | Temp.(C) | Turbidity Do Sal ORP
Method:{_a_u FLow /
Monitor Reading (ppm): — 1
Well Casing Diameter & Material -
Type: 2"/ PVC . _—
Total Well Depth (TD): 24.3 : o,
Static Water Level (WL): 378 Jo\Vv
One Casing Volume(gatL): 1.3 t Y {/W(
Start Purge (hus): | 4 ©O ] ;

|End Puge hrs): |5 | S T
Total Purge Time (minj: Z_S_ 7 i
Pu :

PR e TR iR

Preservative

Container Requirements Col

TCL VOCs HCL 4C 2, 3X40ML VIAL v
Dissolved methane, ethane, ethene HCL 4C 2 ¥ 2X40MLVIAL o
Anions/ Alkalinity 4C _ 500 ML poly [
*_Total Iron and Manganese HNO3  4C 2_¥ 250 ML poly —
Dissolved Iron and Manganese | HNO3  4C 2 ¥ 250 ML poly =
Metabolic Acids 4dc DX Hper 240w —
TOC H2S04 4C 2% 2X40 MLVIAL e
Carbon Dioxide 4C 2 X 2X40ML VIAL el
Sulfide ZnAc/NaOh 2> 500 ML poly e

|OBSER

_HY 1554 e ’S OQ:O

Signature(s):

st Y.

TBD: To Be Determined




Tetra Tech NUS, inc. GROUNDWATER SAMPLE LOG SHEET

Page__ of ___
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: 5% 7MWOHODI06
Project No.: 4020 Sample Location: SG7mw o0Y4
' ; Sampled By: Fwe

[I Domestic Well Data C.0.C. No:: k-0 m™m-3

[X] Monitoring Well Data Type of Sample:

[1 Other Well Type: [X] Low Concentration

[I QA Sample Type: - [ High Concentration

Dale: ‘7 - _°( 0‘5 Turbidity Sal

Time: |H|S Visual _|Standard| mSfem | ‘C NIU _mg/l %

Mothod: L0 _wr daeR 5.4 [D, 22041 0. 41 |O. =t L)

Date: 7~ ;L‘t -0 3 Volume | pH | s.C. | Temp.(C) | Turbidity Do Sal ORP

Method: LOws FLOW o

|Moritor Reading (ppm): —— A

Well Casing Diameter & Material =

Type: 2'/PVC /

Total Well Depth gID!:{&,.Z ' '

Static Water Level (WL): 8, 18 s TQ

One Casing Volume : o =l

Start Purge (hrs):| 20O =

End Purge (hrs): | 3 '_;- 7 i

Total Purge Time {n'u'n}:7g | il

Total Vol. Purged (gaff): 8.25 |-
Analysis Preservative Container Requirements Collected
TCL VOCs HOL  4C 3 X 40 ML VIAL v

Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL v
Anions/ Alkalinity . 4C 500 ML poly i

__Total Iron and Manganese HNO3 4C 250 ML poly Ve

Dissolved Iron and Manganese | HNO3  4C 250 ML poly v
Metabolic Acids 4c debpoly A XSO L v
TOC H2SO04 4C 2 X 40 ML VIAL v
Carbon Dioxide 4C 2 X 40 ML VIAL P
Sulfide ZnAc/NaOh 500 ML poly v

1B To Be Determined



@ AT s A GROUNDWATER SAMPLE LOG SHEET

\ Page_ of __
Project Site Name: INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: ST7MWO| 10406
Project No.: 4020 Sample Location: _S57Mwot1|
Sampled By: s (8
[] Domestic Well Data C.0.C. No.: KO0 M-
[X} Monitoring Well Data ’ Type of Sample: '
{1 Other Well Type: [X] Low Concentration
[I QA Sample Type: g : ; [l High Concentration
Time: OY5 O Visual _|Standard| mS/em | *C NTU _mgN % v
YKL Lour ety LR [4¢o o438 [\1.7 7 __lo>r | — |-|t-8
T 29 —03 Volume | pH | s.c. | Temp.(c) | Turbidity | bpo Sal ORP
Method: LOW FLow e
Monitor Reading (ppm): | = il
Well Casing Diameter & Material i
Type: 2" /PVC ;
Total Well Depth (TD): A0 .70 : j
Static Water Level (WL): 816 s 16) ~
One Casing Volumepg@: Z"l’ ____..a\) & '
Start Purge (hrs): og30 /
End Purge (trs): OFF O : ] i
_ [Total Purge Time (min): _QO 1 i
Total Vol. Purged (gallL): 8.,
Analysis Preservative Container Requirements Collected
TCL VOCs HCL 4C 3 X 40 ML VIAL [
Dissolved methane, ethane, ethene HCL  4C 2 X 40 ML VIAL v
Anions/ Alkalinity 4C 500 ML poly [
" Total Iron and Manganese HNO3  4C 250 ML poly e
Dissolved fron and Manganese | HNO3 4C 250 ML poly (Y
Metabolic Acids 4c Hepoly A LS4OW L v
TOC H2S04 4C 2 X 40 ML VIAL v
Carbon Dioxide 4C 2 X 40 ML VIAL v
Sulfide ZnAc/NaOh 500 ML poly e
OBSERVATIONSVNOTES: =2 el e ; i
1‘)5'1 556 \M(’ 5 5,(, 013’08“[1 ku
\
i} Signature(s):

MS/MSD | Duplicate ID No.:

S TGWOUPON O G Soal ..t




Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[ Other Well Type:

[l QA Sample Type:

[X] Low Concentration
[1 High Concentration

Page_ of
Project Site Name:  INDAIN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: §$57MWO246106
Project No.: 4020 Sample Location: S5 7had O
Sampled By: (2
(I Domestic Well Data C.0.C. No.: K07, m=3
[X] Monitoring Well Data Type of Sample: i

SAMPUNG DAl

Date: 7-30 -0 Color pH Turbidity Do Sal ORP

Time: 95O Visual | Standard NTU mg/l % my

Method:{ Ot FlLOLI 5

Date: 7 - 30 -03% Volume pH S.C. | Temp.(C) | Turbidity DO Sal ORP

Method: Loy Frow ' ) /
{Monitor Reading (ppm): — /V

Well Casing Diameter & Material

Type: 2"/PVC

Total Well Depth (TD): {2.5°5

Static Water Level (WL)-4.29

One Casing Volume(ga@ 3

Start Purge (s): 089 9

End Purge (hrs). O950

Total Purge Time (min): 59~

Total Vol. Purged (galfl)) 5,75

Preservative Container Requirements Collected

TCL VOCs HCL 4C 3 X 40 ML VIAL L

Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL o
Anions/ Alkalinity 4C 500 ML poly -

__Total Iron and Manganese HNO3 4C 250 ML poly W

Dissolved Iron and Manganese | HNO3  4C 250 ML poly [

Metabolic Acids 4c 2% 70X A poly e

TOC H2S04  4C 2 X 40 ML VIAL il

Carbon Dioxide 4C 2 X 40 ML VIAL il
Sulfide ZnAc/NaOh 500 ML poly [

m
[OBSERVATIONS /NOTES

Signature(s):

Duplicate ID No.:

WM»«\M

etermined



Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page__ of

[1 Other Well Type:

Project Site Name:  INDAIN HEAD SITE 67 HRC PILOT STUDY Sample ID No.: S5 TMWoz25010¢
Project No.: 4020 Sample Location: S57Tmwozs
Sampled By: 2
[] Domestic Well Data C.0.C. No.: K-007 wWm-3
[X] Monitoring Well Data Type of Sample:

[ QA Sample Type:

[X] Low Concentration
[ High Concentration

.C. DO Sai
Time: Visual _|Standard| mS/em | ‘'C NTU _mgh % _mv
Method: LOw Frow CLR 06 |0.365]20, (0 Lo (0.3 — =52.\
Date: 7-30-0% Volume pH S.C. | Temp.(C) | Turbidity DO Sal ORP
IMelmd:Low Feow _—
IMonitor Reading (ppm): — /
Well Casing Diameter & Material /
Type: 2'/PVC ; Ny
Total Well Depth (TD):|3-90 e
Static Water Level (WL): A4 ~\ ¢
One Casing Volume(gairL):%.3 B LS
Start Purge (hrs): Q_‘fO‘:T __,./ -
End Purge (hrs): OBOD P
Total Purge Time (min): &5 _
Total Vol. Purged (gallL): 5.75-
Analysis Preservative Container Requirements Collected
TCL VOCs HCL 4C 3 X 40 ML VIAL L
Dissolved methane, ethane, ethene HCL 4C 2 X 40 ML VIAL (e
Anions/ Alkalinity 4C 500 ML poly | o
" Total lron and Manganese HNO3 4C 250 ML poly e
Dissolved lron and Manganese | HNO3  4C 250 ML poly =2l
Metabolic Acids 4c ol D L4DW L s
TOC H2SO4 4C 2 X 40 ML VIAL <
Carbon Dioxide 4C 2 X 40 ML VIAL —
Suifide ZnAc/NaOh 500 ML poly (=

Signature(s): :

TBD: To Be Determined



Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[] Other Well Type:

[X] Low Concentration

[I QA Sample Type:

[0 High Concentration

Page_ of
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0030107
Project No.; 4020-0507 Sample Location: S57MW003
Sampled By: Fred W. Ramser
[0 Domestic Well Data C.0.C. No.: m-4% K-Oo)
[X] Monitoring Well Data Type of Sample: i

SAMPLING DAT,
Ipate: R-24-033 Color pH s.C. Temp. Turbidity Do ORP Other
Time: (G OO Visual _|Standard| mS/em | 'C NTU mg/l my NA

; Peristaltic pump ‘t73 001 114 SQq ; 0.22 | 257 =

Volume pH S.C. Temp. (C)

Turbidity ORP

Other

Peristaltic pump

Monitor Reading (ppm): ™

Well Casing Diameter & Material

Type: 2"/ PVC

Total Well Depth (TD): 24.3'

Static Water Level (WL): 8 Yol

(SEE LOW FLOW

PURGE DATA SHEET)

|one Sordeas Volume(gapTy: = 734

ISla:t Purge (hrs): & 840

End Purge (hrs): VOO O

Total Purge Time (min): {00

Total Vol. Purged (galL): il_{
m
T

[SANPLE Ci

Analysie

Preservative

Container Requirements

; Collected
TCL VOC 4°C & HOL 3 X 40-ml vial g
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial [
Anions/Alkalinity 4°c 500-ml HDPE plastic container v
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container il
Dissolved Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container el
Metabolic Acids 4°C 2 X 40-ml vial v
TOC 4°C & H,S0, 2 X 40-ml vial o
Carbon Dioxide 4°c 2 X 40-ml vial e
Sulfide 4°C & ZnAc/NaOH]| 500-ml HOPE plastic container [
OBSEF!'JA‘FIGNSIHOT ES:

QST METEL O?_AOZE’; ~NO

] signature(s):

Duplicate ID No.:

SSlaw

PLEOI 077

S




Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[} Other Well Type:

Page__ of __
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0040107
Project No.: 4020-0507 Sample Location: S57MW004
Sampled By: Fred W, Ramser
[ Domestic Well Data C.0.C. No.: Mm-Y K-o08
[X] Monitoring Well Data Type of Sample:

[X] Low Concentration

[1 QA Sample Type:

[1 High Concentration

PURGE DATA:

-smmueemm:

9-24-0> Color pH S.C. | Temp. | Turbidity DO ORP ‘Other
'I'ame: (246 Visual | Standard| mS/em °C NTU mg/l my_ NA
Method: Peristaltic pump i

Date: -2 ,03

Turbidity

Method: Peristaltic pump

——

Monitor Reading (ppm):

Well Casing Diameter & Material

Type: 2°/PVC

Total Well Depth (TD): 18.2'

Static Water Level (WL): 2

(SEE LOW FLOW

PURGE DATA SHEET)

One mvmums@: .2

start Purge (hrs): \\ 35

End Purge (hrs): [ 2 745

Total Purge Time (min): 7 O

Total Vol. Purgecl (gailL): 7 .Qf

hnalysis Preservative Container Requirements Collected

TCL VOC 4°C & HCL 3 X 40-mi vial * 3 s
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-m vial 3 -
Anions/Alkalinity 4°c 500-mi HDPE plastic container ¥ % e
Total Iron and Manganese 4°C & HNO, 250-mi HDPE plastic container D s
Dissolved Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container x 3 e
Metabolic Acids 4°c 2 X 40-ml vial =% L
TOC 4°C & H,80, 2 X 40-ml vial w > Pt
Carbon Dioxide 4°c 2 X 40-ml vial D e
Sulfide 4°C & ZnAc/NaOH 500-ml| HDPE plastic container Y sl

s §ignalure{s):

Duphcate ID No.:

_

=3




Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[ Other Well Type:

[X] Low Concentration

[ QA Sample Type:

[l High Concentration

Page__ of —
Project Site Name: iNDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0110107
Project No.: 4020-0507 Sample Location:; S57MWO011
Sampled By: Fred W. Ramser
[l Domestic Well Data C.0.C. No.: m-4 , K-008
[X] Monitoring Well Data Type of Sample: N

SAMPLING DATA:

[Date: -2 - 0%, Color pH S.C. | Temp. | Turbidity ORP “Other
Time: |525 Visual |Standard| mS/em °’c NTU mv NA
Peristaltic pump CLE £.37 0.:-“3 2.0

Volume

pH

Temp. (C)

Turbidity

ORP

QOther

IMe:hod: Peristaltic pump

IMonitor Reading (ppm):

Well Casing Diameter & Material

Type: 2" /PVC

Total Well Depth (TD): 20.70"

Static Water Level WL):53. 20

(SEE LOW FLOW PURGE DATA SHEET)

[One d‘é’%& Valume(gaUL}:—’_ Y4

ISlan Purge (hrs):L Y ,Z,O

|End Purge (hrs): |5 XS

Total Purge Time (min): G5

Preservative Container Requirements Collected
TCL VOC 4°C & HCL 3 X 40-ml vial v
|Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial o
Anions/Alkalinity 4°C 500-ml HDPE plastic container —
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container a
|Dissolved Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container v
IMetabolic Acids 4°c 2 X 40-ml vial —
TOC 4°C & H,S0, 2 X 40-ml vial .~/
Carbon Dioxide 4°c 2 X 40-ml vial s
Sulfide 4°C & ZnAc/NaOH 500-ml HDPE plastic container —
_|oBSERVATIO IOTES:

ST METRL  O2AG2ZS BAD

| Signature(s):

|Circle if Applicable:.
MS/MSD Duplicate ID No.:
—

Sned s,




E Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[] Other Well Type:

[l QA Sample Type:

[X] Low Concentration
[l High Concentration

P_age__ of
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0240107
Project No.: 4020-0507 Sample Location: S57MW024
Sampled By: Fred W. Ramser
[ Domestic Well Data C.0.C. No.: Mm%  K-ooq
[X] Monitoring Well Data Type of Sample:

Date q-29 [e ) Color pH Turbidity Do ORP Other
Time: O 855 NTU my NA
Peristaltic pump
Date: A-=25-03 Volume pH s.C. | Temp.(C) | Turbidity DO ORP Other
Method: Peristaltic pump
IMonitor Reading (ppm): —
Well Casing Diameter & Material
Type: 2"/PVC
Total Well Depth (TD): 12.55'
Static Water Level (WL):&,| Z_. (SEE LOW FLOW PURGE DATA SHEET)
IOne S‘éﬁ”%ﬂ‘VOlum&(galfL):B.']L
IStart Purge (hrs): 05’ OO0
End Purge (hrs): O 8 5%
Total Purge Time (min): § [
Total Vol. Purged (gallL): A
: ECTION INFORMATIO!
Analysis Preservative Container Requirements Collected
TCL VOC 4°C & HCL 3 X 40-ml vial v
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-mil vial [
Anions/Alkalinity 4°c 500-ml HDPE plastic container o
Total Iron and Manganese 4°C & HNO, 250-ml HDPE piastic container v
Dissolved Iron and Manganese 4°C & HNO, 250-ml| HDPE piastic container [
Metabolic Acids 4°c 2 X 40-ml vial L
TOC 4°C & H,S0, 2 X 40-ml vial &
Carbon Dioxide 4°Cc 2 X 40-mi vial o
Sulfide 4°C & ZnAc/NaOH 500-ml HDPE plastic container cd
|OBSERVATIONS/ NOTES:

YSL METER

O2A025 A0

ICirgle if Applicable: -

ﬁSignature{s):

MS/MSD Dupllcale 1D No.:

p—

/|




Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Pa&__ of

Project Site Name:

INDIAN HEAD SITE 57 HRC PILOT STUDY

Project No.:

4020-0507

[ Domestic Well Data
[X] Monitoring Well Data
[1 Other Well Type:

Sample ID No.:  S57MW0250107
Sample Location: S57MW025
Sampled By: Fred W, Ramser
C.0.C. No.: m-%, KK-009
Type of Sample: ' )

[X] Low Concentration

[I QA Sample Type:

[1 High Concentration

[SAMPLING DATA: |
Date:.  9G-2S -O 3 Color pH | S.C. | Temp. | Turbidity | DO ORP Other
Time: (LOO Visual | Standard| mS/em °’C NTU mg/l my NA

Volume

pH

Turbidity

IMemod: Peristaltic pump

IManito; Reading (ppm): —

Well Casing Diameter & Material

Type: 2" /PVC

Total Well Depth (TD): 13.90"

Static Water Level WL): 6.9

(SEE LOW FLOW

PURGE DATA SHEET)

One ﬂ&n“"\loiume{gal@: 4.34

Start Purge (hrs): 0959

End Purge (hrs): | | QO

Total Purge Time (min): &5~

Total Vol. Purged (gallL): Co.5_ 0

SAMPLE COLLECTION INFORMATION:

Analysis Preservative Container Requirements Collected
TCL VOC 4°C & HCL 3 X 40-ml vial e
Dissolved methans, ethane, ethene. 4°C & HCL 2 X 40-ml vial [
Anions/Alkalinity 4°C 500-ml HDPE plastic container [
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container —
IDissolved Iron and Manganese 4°c & HNO, 250-ml HDPE plastic container [
Metabolic Acids 4°c 2 X 40-mi vial o
TOC 4°C & H,S0, 2 X 40-ml vial el
Carbon Dioxide 4°C 2 X 40-mi vial /
Sulfide 4°C & ZnAc/NaOH|  500-m! HDPE plastic container T
JOBSERVATIONS / NOTES.

YSL ™METRER

O2L AOLSS AD

JEil‘éléﬁ:mcabl_gLé

Signature(s):

MS/MSD

Duplicate ID No.:

REW1 SN




E Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page_

Project Site Name:
Project No.:

[] Domestic Well Data
[X] Monitoring Well Data
] Other Well Type:

INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0030108

4020-0507

Sample Location: S57MW003

Sampled By: Fred W. Ramser
C.0.C. No.: K-9
Type of Sample:

[X] Low Concentration

0 QA Sample Type:

1 High Concentration

Date: 'u 0%

Time: 50

Turbidity
’c NTU mv

NA

Method: Peristaltic pump

4825 |0.095

1907 |2 1023 |120

PURGE

Date: Il H 03

. Volume

pH S.C.

Temp. (C) | Turbidity DO ORP

Other

Method: Peristaltic pump

Monitor Reading (ppm):

Well Casing Diameter & Material

Type: 2" /PVC

Total Well Depth (TD): 24.3"

Static Water Level (WL): 3 56

(SEE LOW FLOW PURGE DATA SHEET)

One Well Volume(gai(} e £

3.8 L

Start Purge (hrs): @7 35

End Purge (hrs): O 8 50

Total Purge Time (min): 75

Total Vol. Purged (galll): 7, 5 £

OLLECTION INFORMATION

500-ml HDPE plastic container

: Analysis Preservative Container Requirements Collected
TCL VOC 4°C & HCL 3 X 40-ml vial e
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial v
Anions/Alkalinity 4°c 500-m| HDPE plastic container T
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container el
Dissolved Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container —
Metabolic Acids 4°C 2 X 40-ml vial e
TOC 4°C & H,S0, 2 X 40-ml vial et
Carbon Dioxide 4°c 2 X 40-ml vial —
Sulfide 4°C & ZnAc/NaOH —

OBSERVATIONS / NOTES:

DV PLirchiE COLCECTED

Signature(s):

MSMSD Dupllcate ID No.:

— 5576w DuPO 108

e (Y ran

of -




TE

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[X] Monitoring Well Data
[] Other Well Type:

Page__ _of _
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0040108
Project No.: 40200507 Sample Location: S57MW004
Sampled By: Fred W. Ramser
[| Domestic Well Data C.0.C. No.: K -9

Type of Sample:

[X] Low Concentration

[ QA Sample Type:

[ High Concentration

PURGE

Color pH | SC. | Temp. | Turbidity Do ORP Other
Time: [15C Visual _|Standard| mS/em | °C NTU mv | NA
Method: Peristaitic pump | e «AC 5.63 [0.144 [ q42. 8

Date: {{-/¥-O3

Volume

pH S.C. Temp. (C)

Turbidity DO ORP Other

IMethod: Peristaltic pump

Monitor Reading (ppm):

Well Casing Diameter & Material

Type: 2" /|PVC

Total Well Depth (TD): 18.2'

Static Water Level (WL): (5

(SEE LOW FLOW

PURGE DATA SHEET)

One Well Volume(galf(}) 5.84]

Start Purge (ws): {© | O

End Purge (hrs): [ / w

Total Purge Time (min): {OD

Total Vol. Purged (gallL): /4.0 4]

SAMPLE COLLECTION INFORMATION.

: Analysis Preservative Container Requirements Collected
TCL VOC 4°C & HCL 3 X 40-ml vial v
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial [
Anions/Alkalinity 4°C 500-ml HDPE plastic container [
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container L
Dissolved Iron and Manganese 4°C & HNO, 250-m! HDPE plastic container =
Metabolic Acids 4°c 2 X 40-mi vial e
TOC 4°C & H,50, 2 X 40-ml vial —
Carbon Dioxide 4°C 2 X 40-ml vial [
Sulfide 4°C & ZnAc/NaOH 500-mi HDPE plastic container e
OBSERVATIONS / NOTES:

7 e g
18,20 (_u,(,,,@ = Jwo vot-j
g.¢5
9 5

Signature(s):

Sl o




Li-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[l Other Well Type:
[0 QA Sample Type:

[X] Low Concentration

[l High Concentration

Page  of ___
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MWO0110108
Project No.: 4020-0507 Sample Location: S57MWO011
Sampled By: Fred W. Ramser
[] Domestic Well Data C.0.C. No.: i£-9
[X] Monitoring Well Data Type of Sample:

[pate: {{-1Q-O>

Time: (5|5

Color S.C.

mS/cm

Visual

Turbidity
NTU

ORP
mv

Other
NA

Peristaltic pump

Llo

S.C.

Volume

Temp. (C)

Turbidity ORP

Other

Method: Peristaltic pump

IMonitor Reading (ppm):

Woell Casing Diameter & Material

Type: 2"/ PVC

Total Welt Depth (TD): 20.70'

Static Water Level (WL): i - l8

(SEE LOW FLOW

PURGE DATA SHEET)

One Well Volume(gal/L): G,

Start Purge (hrs): { 3 '2. 5-

End Purge (hrs): | 51 5

Total Purge Time (min): | | DAV

Total Vol. Purged (gallL): | 2.4
[SAMPLE COLLECTION INFORMATIO
Analysis Preservative Container Requirements Collected

TCL VOC 4°C & HCL 3 X 40-ml vial ("
{Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-mi vial e
Anions/Alkalinity 4°C 500-mi HDPE plastic container (Ve
Total Iron and Manganese 4°C & HNO, 250-ml HDPE plastic container Ll
fDissolved Iron and Manganese 4°C & HNO4 250-ml HDPE plastic container -
IMetabolic Acids 4°%c 2 X 40-ml vial P
TOC 4°C & H,S0; 2 X 40-ml vial o’
JCarbon Dioxide 4°%c 2 X 40-mi vial [
Sulfide 4°C & ZnAc/NaOH| 500-ml HDPE plastic container Come
OBSERVATIONS I NOTES:

Duplicate ID No.:

Signature(s):

" Sna il




T reva recnnos. e GROUNDWATER SAMPLE LOG SHEET

Ege_ of
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.: S57MW0240108
Project No.: 4020-0507 Sample Location: S57MW024
' o Sampled By: Fred W. Ramser

[} Domestic Well Data C.0.C. No.: K-l0

[X] Monitoring Well Data Type of Sample:

[] Other Well Type: [X] Low Concentration

0 QA Sample Type: : [1 High Concentration

[SAMPLING DATA: |
[oate: [{-20-0O pH
Time: @855 Visual | Standard
fMethod: Peristaltic pump
|PURGE DATA: ik
Date: |[-20-O% Volume pH S.C. | Temp. (C) | Turbidity DO ORP Other
Method: Peristaltic pump
[Monitor Reading (ppm):

Well Casing Diameter & Material
Type: 2" /PVC

Total Well Depth (TD): 12.55'
Static Water Level (WL): .16 (SEE LOW FLOW PURGE DATA SHEET)
One Well Volume(gallL): Y4
Start Purge (hrs): @ 725
End Purge (hrs): O BSS
Total Purge Time (min): 8@
Total Vol. Purged (gailL): & 4

ORP ~ Other
NA

Analysis Preservative Container Requirements Collected
TCL VOC 4°C & HOL 3 X 40-ml vial X 3 i
Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial ¥ 3 -
Anions/Alkalinity 4°c 500-ml HDPE plastic container ¥ 3 o
Total Iron and Manganese 4°ce HNO, 250-m| HDPE plastic container x 3 r
Dissolved lron and Manganese 4°C & HNO, 250-ml HDPE plastic container x 3 =
Metabolic Acids 4°c 2 X 40-ml vial Call
TOC 4°C & H,50, 2 X 40-ml vial % 3 -
Carbon Dioxide 4°C 2 X 40-ml vial % P
Sulfide 4°C & ZnAc/NaOH|  500-ml HDPE plastic container % 3 “

|[OBSERVATIONS / NOTES
12.55
.34

[Circle if Applicable : | Signature(s):

MLS"}D' Duplicate ID No.:
s e




Lj-

Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

[l Other Well Type:
[ QA Sample Type:

[X] Low Concentration
[l High Concentration

Page_  of
Project Site Name: INDIAN HEAD SITE 57 HRC PILOT STUDY Sample ID No.:  S57MW0250108
Project No.: 4020-0507 Sample Location: S57MW025
. Sampled By: . Fred W. Ramser
[l Domestic Well Data C.0.C. No.: K-10
[X] Monitoring Well Data Type of Sample:

Time: (1 30 Visual _|Standard| mS/em | °C NTU mg/l my NA
Peristaltic pump | CL R 581 0,365 l& o\ 2.2 o7 —2},"1‘ —

Volume

pH

S.C.

Temp. (C)

Turbidity

ORP

Other

Method: Peristaltic pump

Monitor Reading (ppm):

Well Casing Diameter & Material

Type: 2" I PVC

Total Well Depth (TD}): 13.90

Static Water Level wL:7.00

(SEE LOW FLOW

PURGE DATA SHEET)

{One Well Volume(gal/L): ~ ‘f’,ﬂ

|Start Purge (hrs): (ol D__
End Purge (hrs): /1 20

Total Purge Time (min): 80

Total Vol. Purged (gal/L): 8L

Preservative

Container Requirements

Collected

Analysis
TCL VOC 4°C & HCL 3 X 40-ml vial [
|Dissolved methane, ethane, ethene. 4°C & HCL 2 X 40-ml vial (=
Anions/Alkalinity 4°c 500-ml HDPE plastic container v
Total iron and Manganese 4°C & HNO, 250-ml HDPE plastic container e
IDissolved Iron and Manganese 4°C & HNO, 250-mi HDPE plastic container “
Metabolic Acids 4°c 2 X 40-ml vial (7
TOC 4°C & H,S0, 2 X 40-ml vial l/'
Carbon Dioxide 4°c 2 X 40-mi vial —
Sulfide 4°C & ZnAc/NaOH 500-mi HDPE plastic container “

Duplicate ID No.:




APPENDIX A4

Purge Data Sheets



11_-,|Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 WELL ID.: SS7Mu/0?
PROJECT NUMBER: ~ 4020 DATE: 5- /3 07
Time Water Level Flow pH Cond. Turb. DO Temp. Sal.
e - " S - N b . e - S BT -_-:-TF il ap o et b o # 14 e et B cOmments
SHE) ] | 5(sU HNTO)E | gy A Celsisl | S MRS | e
TART
B9 By.o0 16,1
29 17,61 15,9
1Y /D8] (5. 8
88 1o | IS K
.4 179 118}
o0 174 | 159
P & 5 6. é { \_51 7
27 162 169
ko | S.6 5.9 - SANPLE

EAD

“siGNaTURE®S): _ (Pl e e— _ PAGE R0E 2



@ Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 WELL ID.: 557 Mwood
PROJECT NUMBER: 4020 DATE: S5—13-03
ﬁ
Tomp. OR? Comments
START
f%‘? ~37 “
15 16.4 - Y17 =
- ?0 ¥ _161 7__ ""“'{6_1' 7 =
/ W03 ; =214 (L8 410 ] 16,3 -HZ7.2| -
| (343 g.09 5,93 As20% =5 o.? 16,5 1-4917 —
1350 | 9. (R Z. 97 (205 Lt o85S i6,6 |[~SL7] =
1356 | 4,15 .99 AR0Y | L6 loBR| b6 | —S[2] -
Ho? | 945 5.7 4207 | L4 10.80 | (6,5 |-519 [~
4o AT N/ 2.97 207 [t lo. g7l 65 |1 -sor | - ISAAPLE
(500 : <A/D

- siGNATURE(S): (AL Lo —

PAGE 2 OF_%




@ Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 WELL ID.: SS5Twwoln
PROJECT NUMBER: 4020 DATE: 5-1%-03

Time Water Level Flow pH .Cond. Turb. DO Temp. ORP Sal. c

; - ; P | ! J omments

L K .?ﬁ L, . .rfi--. I o W r i | / l Ae¥ .I'u-' SHY A . [+] i 4 ". 8 IZ.- .- ol 3 T .:. Vel ¥ eisit - {W% {" ) .
1320 9.6y [25%7,1487 0285 | @5 [0.591/5-9¢ | 8.1 ~ _|G:5000l/0pm,y |
1330 | 4,70 wo " 523 [p2ce |50  o. [S-6 | 51.0 = K — 1548 .
1510 | .66 L 0O 9.4 10,29 [ 32 Dé"?" 1ie> O | — | —owmfo Qo - (coF
[ 550 1. [ | 545 [O.2496 | X7 ©.79 ik, &6, 0 — i
1400 | d.00 woull, | 5449 10,255 [ 17 O.5¢ 24 | G5.¢ -
(410 4.6 5.57 [0.2%8 |10 1040 116.26 | 417 =
(420 Al 5.1 |0.147 | 39 059 1% 40,4 e
420 9.70 5.2 0240 ».7 lp3> [16.(9 | 3. ~ |COMPLETREQ PURLE
smnmunasx&:ﬁ@% PAGE_2Z0OF 2




'@mro’ Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: [PV HEAD SITE 57 | WELLID. SG 7ML R 9

PROJECT NUMBER: ‘ Ho2 DATE: S-15-03
Time Water Level Flpw | pH Cond. Turb. DO Temp. | Salinity ORP Comments
Gilssfsintetes: LBy [ {npihhaipe NTUDSIEOGZ IDRICEOISIUS) ; Cumulative Vol. & Color

0735 8.67 — ART

074 | 7.03 200  |5.49 Kl 24 .28 [15.8 - 56.2

0750 Al L |5 27 loeg Il (3715 71 = 322l

gyv YANS ABo  |3.24 1o | 725 | 139 1156 — /4.6

O 503 ~ |6 ] SR7 0109 &6 LR /5 6 - |-1L5

0% |5 Zel7 | S22 lotio 1641 1425 1iméb ~ |u3¢

o0Ras 1719 VG 29104l | 65 | 27 L1565 | — |24/ |SAnAE

000 EA0

SIGNATURE(S): (_;3 W —

PA(:‘,’E_OBOF_'2



@Tefro Tech NUS, Inc. LOW FLOW PURGE DATA SHEET |

PROJECT SITE NAME: SLTE 57 Pitor SUD ¥ _ WELLID.: _S5& 7w 025 OtoH
PROJECT NUMBER: : 0PN D) DATE: & -/15-0>

me ater Level | Igw | pH Cond. Turb. DO Temp. | -Salinity ORP Comments

‘ SRR F— o B EETEI ImvaRl(Cumulative Vol. & Color

5 . .. . — ‘e

. 0o/ | 5.67 |0.280| .9 [[.20 Y528 | — 19.8 Ml

. twvgfw 5 69 o280 4 A (114 /583 - 20.4_| srorean Pupp wt BoF |
0815 7 a8 8.6 [0.279] 4.8 \ l2e |f5.82 24.0 | o wmefr praceees

: " 8|15 — TURNED
o230 | 7,499 5.6 10278 149.1 Lo 7 5.8 2%. G | Py Bief OV
0840 T 5 67 |21 | A8 [ (02 |/5.84 2406 |9\ Shbwr~
lcgs50| 8 01 564 10270124 OO | (579 24.7 | DRICLERS AR
. o 257
(O PLETED

PURGE D OPSO

SIGNATURE(S): Ql&&/_%dmg&\ | PAGEL OF -



T | retra ech nUs, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WeLLD.: 5O 7™MWO0D
PROJECT NUMBER: 4020 " DATE:  _L-19-03

Time Water Level Flow ~ pH Cond. Turb DO Temp. | ORP

Comments

\42S NP Lt .G 9 20,24 1224.77 Svimnvy ~BSs
43 : ~\O 457 [0.09% [ §,) 0.25 [194.5% 1888 S9/et.7 45"
$4S .64 ~(0 et (OO0 [« 1014 ]19,22 |183.6 = O8N [
\4S5S %&‘(q ~ 106 450 |0.o0a( | 4.2 0. 16[1a.1y [194.0

\S05 ~\6% | & 952 jo.0v0 ]| 3.0 O e [{LS . \21i92.)

\S 5 R e ~106 | 46t (0o 2.2 oy |(ast ({828

C29 8. A ~\05 | .54 |O0W ]| 3.0 |o.le 19,53 |(]d%.2

53% 2 4 105 | 4.54 o] 3.0 [Ofk 1A [1423

\e1ks 8 64 i (05 4.5 |OO%0 [ 3.0 1015 [ 14,35 | {\A.B| cowmfinrmo PURGE

SIGNATURE(S): ;Dm/ ff/g@ﬂgq_ PAGE__ OF __




EI Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELLID.: _ S57™MWwOaH
PROJECT NUMBER: 4020 DATE: G.~-20- 0>
Time - Water Level Flow pH Cond. ORP Coﬁments
sy L Beiow T 06) | mMin | (S.U) | (mSlem) | (mv)©
0125 B.A% ~12 c.8\ (03215 | | - . 2089
0135 | 8.7 ~ 100 g.43 (0.2 | Lt 058 [tT.ee |1T766
0745 R A7 nlOO 5.87 (©.250 1.2 [0Aa1 [\7.67 HAL.L
07%5' 29 100 [ 5.8 10.245 | (.\ 0.5\ |\7.063% [12453
C8 98 6o | 5.86 43 0.25 [0 %6 [17.63 [178.5
o8Is 2.8 lco 5,87 | 0.241] 0.3° [O.46 |}7.65 [175. K
oB1y | D98 (OO 5.%5 |01 | 0.%0 045 [17.65 171.2 Coupe 7zl
’ o PURCE@®OCDZS

SIGNATURE(S) a2l f ot ase

PAGE___OF_




TE|revatecnnus, . LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELLID.: 957Mwid i\
PROJECT NUMBER: 4020 DATE: 4-194-03

Time Water Level Flow pH Cond. Turb. DO Temp. ORP Comments
Ti(Hrs) | (Bt Below:TOC) | (mL/Min. U)o iTU) | (mgl isius V)

‘LO > 563 [OA78 [4 2 .03 [1735 1402 C H 08,66
130 O 15..0 10473 | 58 [0.28 [17.50 113.6]| Flouw @ 1358720
140 100 5.55 [l | 28 [6.33 ]12.45 Y%} | LOWRREPTD L8O
150 ico  [S5.55 [o.159 | .14 0.5 | 17.39 JiqL.2

o0 (6o 16.46 [0-155% q,6 10.20 | 17,33 (1462
8Lo Loo 5 45 |o.v1 | 8.1 [0.24 [17.32 145,

820 \OO 537 [O.\148 go oS 117, 32, (145
B3O {00 |5.40 [0.482 2 045 [17. 2% 1139, C B PL ATRD

PURCE(D o83

suGNATURE(S):g&MM;_‘ | PAGE__OF__




@Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET
WELLID.: S5 TMw 24

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study |
PROJECT NUMBER: 4020 DATE: G-20-03
Time Water Level Flow Temp Comments
“(Hrsi) (thelowTOC) (muMiny L) | msiem) | Celsius
OAS [ LOo - X
0935 6. %52 foo
0945 G. _’>3 too
A5G G .35 (oo
i oog G . 3 LOO
101 G .>4 loo
1029 | [ 100
10> | G2 ) Co vy UL
'. @ 1039

T~ " .
snemrunasyéa&%w% PAGE__OF___




11;|Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET
WELLID: D9 1YW O 5

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study
PROJECT NUMBER: 4020 DATE: G-\4-05
Time | Watgr Level Flo.wb A pH | Qond. t DO : T?Tp. \‘ ORP Comments

~ {00 AL o497 (2.2 [0.63 |18, 6o ] Swi=6.11
~ (00 5.0 10490 |2.0 |06 | (8.2 | 264 [(looour)
~\6c | 526 |OM57 3.0 [0.20 1800 |22.2 i
oo | 528 oA [ 2.8 [JO00R [17.7% 120.3
(OO 5. 29 (0386 | 2.© 1014 11798 .120.3
~ eo 1550 (0354 | 2.4 [0.18 [{AOTNI3.8 [¥5ud éemu g »uk
~los 15.24 0590 | 3.0 (0.1 [18.17 [13.23 ] cowmecerrp PURLE |

g aT o7 RS

sneNATURE(S):M% . ' PAGE__ OF___



|T|; Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Teown Hemp WELLID.:. S5 7WwWoo3
PROJECTNUMBER: _{0O2b | DATE:  _7-2%-03
Time Water Level Flgw pH Cond. Turb. DO Temp. | Salinity | ORP Comments

(Cumulative Vol. & Color)

b AL AL

1905 3 10O 65 0.0 .9 0.42 1213 | — 65.6

115 oo 438 (0035 | /.52  |0.29 |2\5( | — ho .2

(425 -9¢ Tk 2 4% |00 |1, |0.25 |215| | — 88,7

435 8 a7 ) 42y 1006371 1.5 [0.17 |21.0¢] — 9.3

lt4s . a6 1o 1= |o0q6 | 1.3 0.29 [21.50 | — 51.T

{455 8. 496 1o 401 .01 {0 |o.20 21 40| — 47.1

[505 8. e o 340 10.017 O [0z0 2132 — 49.¢ '

{515 8. no 349 [0o0'7 1o [0o.18 [2130 ] ~— 38.3 | CO1PLEMRO URLE

OFC I TD F(LL,
CoMTEn MRS

SIGNATURE(S):%&&.— - PAGE__OF___



Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: I«_fpbmheerois@ZHK@mr&m*f WELLID.: _S57MuJ0010106
PROJECT NUMBER: $2O DATE: 7-29-03
Time Water Level | Flpw pH Cond. Turb. DO Temp. ] Salinity ORP Comments
hRDOIO! : 14 e NI R RRo/D B ESISIus) {s (Cumulative Vol. & Color)
{205 .1\ (25 HT DGT 2,05 0.5 12 [22.17 - 572.0
(215 | 487 lo B.22_0.(70 |c.55 084 2.3 — 48 2
(225 | 1.19 LOD .90 10471 |0.6 _10.59 12322 | — 38.7
12 3? A .22 IS 15.3% 10163 ]0.7 (0.8 [2\237] ~ 28]
2% 94.25 o0 5.27 {67 1 O.7 TO.7¢ L85 — 24.S
255 | 4.2% 100 5.24 |0.160 10,59 0.55 1alL70]| — \q.5
%05 | 4,29 Loo S8 ok 10.5 Toso 220 — 6. | oontntm i
(315 (1042432 |[(00 5.14 10.149 [ O .4\ | 048 | 22.0M4 - [10.7

F\ .
SIGNATURE(S): 20 2N e a o i

PAGE__OF___



@Tefrd Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Tyvoncleso SmrS7HRCPiwst Stuoy | WELLID.: S57MWO (\0 [0k

PROJECT NUMBER: 4020 DATE: T -29-03% ‘
Time Water Level Fl'ow | pH Cond. Turb. DO Temp. | Salinity | ORP Comments
ERBelowsl O ITMInDILS(STUDERIENS7EI)L BN LR/ I(EDIST el MVl (Cumulative Vol. & Colon
40 | 4.8 120 4.7¢ 10.124 . G o7 12017 — .0

0850 | 4.9 foo 4.494% [0.\20 |47 [0.37 (1996 - 55.9

0900 [te.0% 100 437 Jod2 [4.2 [0.22 [1a3% ] ~ 3%

o440 [{0.10 lo 9% |02 |Y¥.7 [©C.2( [19.67 ] = 22.0|

_?%%% lo .20 [oo 43¢ |0.130 [ 1,5 |02 |20.0t% — (2.6 |7 BEomieoL sumt

l0.23 | 1o 443 o34 | #4-7__[0.33_[1Q.779 _ — 0.3 [KSHoEn Jeorrp
o940 11Q.32 boo | 438 1036 | 4.7 |633 ]19.13 | — -u,é
0950 [(v.35 jos 4490 [O. 138 | %7 o3z Nq.7% —12. C OV PeETED

PURLE OFCip) |
T2 1 Lt Commeg.

— ' ) :
SIGNATURE(S): éM@zﬂQ PAGE__OF_

-



|E Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

Troww SHES7 PieT Stuok

PROJECT SITE NAME: WELLID.: S57MwozZK0106
PROJECT NUMBER: 4020 DATE: 2-30-03
Time Water Level Flow pH Cond. Turb. DO Temp. { Salinity ORP Comments
L MInD IS (SUDEERtmd eI (NI (oISIUS Y E e [y El(Cumulative Vol. & Color)
0400 &6.56 125 5.90 |0.538 . O 0. 36 |21.03 — ~67-3
o410 &.70 = 5.38 10.543 | 2.~ |O.30 [2068 | —  |-%4.8
ol1zo | .10 100 5.87 losy1 | 2.0 [p.29 2074 — 1-589
o930 | (.70 oo [5.8R oL | 1.8 |O.22 2075 | — |-77.7
042 | (.70 LOo 5.88 lo.655 | 1L 7 O.2\ 2065 | — ~30.RQ
o950 | G. 70 LOS 589 |©0.660] (.S |0.20]2065] — .8 covpLKTEp

PURLE CorT iy

0 [l (dA,

- — .
SIGNATURE(S): ,

PAGE__OF___




|1'-'[; TetraTecnNUs, I, LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: CHDW SITE 57 HAC PlsT S WELLID.: SSTMwaITON0L
PROJECT NUMBER: : Lo2o - DATE: 7-30-03
Time Water Level Flgw | pH Cond. Turb. DO Temp. | ‘Salinity | ORP Comments
. . Rl {relbidyll A5l (rissa (i gisitis] ; (Cumulative Vol. & Color)
0110 T1.15 1125 9.08 [o.460 .9 ]0.34 2002 -— -9.4
0720 | 217 (oo 513 lo»s | (.5 10,37 |20\ | — BY
073 | 7. (9 Lo 07 10319 | 1.3 10.35 A = =38,
0740 | 7 20 = 07 (0373 | 1O _10.35 bo. (4| —  [-345
Q150 .20 0o 507 (6366 ]| [l.0 0.3\ j20\0) — =44, 2
logoo | 1.2\ oo 5.0 035 Lo 1031 12010} — =52.1| Cow P RIFD

a2 (e Conir, |

=N
SIGNATURE(S)M M PAGE___OF __



@Tetra'Tech NUS, Iﬁc.

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: S57MW003

PROJECT NUMBER: 4020 0507 DATE: q-24-03
Time Water Level Flow pH Cond. DO Temp. ORP c '

A{Hrs POCTE| {mUUMing | SHSU) S AmsS/emy, M Susy

085¢C 11O 492  [0.\09 3 LT JIRCR 205

0a0d (lo  1449( i©.lo6 | % Q.70 | 14.99 | 21>

o910 Lo 479 |09 | 9 0.%6 | 19.60 [237
20 Lo .79 10.099 C3 | \94.57 1247

950 t{o 13 10098 3 0.27 |119.68 | 25¢

[ok & 1% [Lo 473 10,098 K4 6.24 |19.68 | XSS

0955 Wo  [42\ |o.01d % 023 119.69 | 2597

[D91000 \LO 1473 10099 ] C.22 46N | 257 | Coun PLETED PURCE |

YR
o~
smnmunasyéﬂg%@__

i .\.‘g

PAGE__ OF ___



l1=|; Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: S57MW004
PROJECT NUMBER: 4020 0507 _DATE: q-24 -2
'fime Water Lew_al Flow pH Cond. Turb. DO Temp. ORP Comments
e ) Pl EF i beiow TO B (mUMin S | dmSTemy N U ] (el (CBISusY | E V)
145 2.9 {eYe) . 0217 | % Q52 122.22 |74
\55 5.99 Y .0y 10.479 [.40 1725\ 169
209 19,01 - liwo 1ot 10270 X 27(22.19 (169
\2A\S | 4,00 \eO_ 1548 [0.256 [ L\3 |22 (170
AdS | 1.02, lo o 5.94 10 234 \ 0,95 |2 \T 17 0O
235 | «.03 Toxe) 5. 99 10,230 | 0.83% 1221\ 1171
1245 | 4.03 | L6o 58 |0 22% \  {O0.%O 2.7 173 [Cowpregrp Puglh

@ vrts

smenasmeM PAGE__ OF___




T | votia Tech nUS, nc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: ~ S57MWO011
PROJECT NUMBER: 4020 0507 DATE: F-24-02

~ Time Water Level Flow pH Cond Turb. DO Temp. ORP Comments
Gl R el e BRIy B N tmg/ DY Celsidsy | BV

(3 | g.32 (OO 38 10.52¢ 4.5 .52 |22.8¢ L8O

(3 9179 | {2s) %.'-1'1 l0.53¢ 12,5 lo.42[22.57 (4.7

(445 90 (oo 45 055 | 30 627 12257 (8L

L4 55 q.92, oo |c.4 .51 | 2.5 1049 12183 17s. T

s05 (0.0 Lo g.‘-t L 10488 | 2.0 10.\T [21.85 [70.1

[S\S 509 leo A7 0.8 2.0 10.(3 12172 1704

525 0 .\D oo 16737 0479 ] 2.© 10.07 121,70 [7LY |cowpPrirro Purss |

—
SIGNATURE(S):é/‘JmLAA PAGE. OF___




L

PROJECT SITE NAME:

Tetra Tech NUS, inc.

LOW FLOW PURGE DATA SHEET

Indian Head Site 57 HRC Pilot Study

WELL ID.: ____S57TMW024
PROJECT NUMBER: 4020 0507 - DATE: q-25-03%

Time Water Level Flow pH Cond. DO Temp. ORP Comments
IS G re ok O LBl PSR L B i (e v s e
080 %%8 Lo £.20 |.MC o444 2149 [-(18.5

. loo &.lB 10,4717 | 2 S18 120.247 [-u1g

D825 %,_QO 100 .19 0,58 2 O, \8 |21 7 ]-l22y

35 60 100 | .23 [0.638 2 o.\S [21.\9  [-R0¢
0845 &.00 100 | @.24 |0.665 | 3 0.\ [2t.\T |-ll6.4
o855 G. GO (0o €.24 10661 2 0.5 210 [-1'4.7] CowmpPLATRED
v ' PURGLE

SIGNATURES): R T D o metci_

B N

PAGE___OF___




|T|; Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: S57MW025

PROJECT NUMBER: 4020 0507 , DATE: T O-2.6-03

Time Water Level Flow pH Cond. Turb. DO ORP Comments

sy Elibelow TOCYE | (miTMindi| E (8105 2l imSicmy | N B | itmg/ Ll Ceisiae  aimye

{v]e]®)] ({+]=) 5.%0 |1.48 €49 27 1208 |O.0

(010 oo §.33 |(,395 | & 0.2\ 120,96 |-19.3

{030 Leo S.4% [1417 | 3 0.3 (21,09 [-31.9

to«0 oo s.st [l.O\e | 2 ONl 121.0% =42

L% o L6 .95 0986 [ O.5 | 24L\0 [-%50.¢ |

= LOO 5955 o714 { O (5] 2L\ |-560 | CovPLETED

vecr

SIGNATURE(S):-_&E@%&L

.PAGE__OF___



|11_-, Tetra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELLID.: _S59TMwOOD
PROJECT NUMBER: 4020 DATE: [1-194-03%
‘Time Water Level Flow - pH Cond. Turb. DO Temp. ORP

. 5 . Prom— s T . . < ocomoson T — - N - " . - sy v comments
EHOreY e et heIsWITOC) | (mMInY VRS U i) (mSlcm) L INTU) AL (maiD)e| (CEiSiusT i d(mV) 4

145 1 [002/ | 52\ [0.103 | 25.4 [0.55° (8.6 .

155 .80 (' | 5.0L |0.100 | 1£.0 [0.65 [[8.aL [1241.0

B 09 8.80 X 4.9 [oMA7 Z.5 1046 | 14,0t [\26.0

BlS B8\ L 4,40 |0.027 | &.= [0.25 | 19.00 [125.2

825 8.8l ‘e “¢4.87 |o.ode | 5.0 [0.33 \4.0V |123.7

@35 | 8.91 te 4.87 0035 | 48 [0.23 [ 19.03 1233

845 | 2-81 “ 485 |0.095 | 4.8 [0.24|17.0¢ [\107

850 | 3.91 “ 485 [c.oy5 | 4.6 [0.231\4.07 [1®0.0

SIGNATURE(S): MM | PAGE__OF__




Li-

Tetra Tech NUS, Inc.

LOW FLOW PURGE DATA SHEET

WELLID.. 2% 7MW OO0 4008 .

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study
PROJECT NUMBER: 4020 DATE: L{-19-03%

Time Water Level Flow pH Turb. - Temp. ORP c

— I ——— N , . | . omments
S(HPSY | (FtIbBIow: TOC) e | (miMin: L H{Si0h em) L (NTUT | Mg/ (CelSiasy | B{mV]

L1020 .10 U0 %] 5.68 2.0 10741 196/ |(035

(030 | 8 K7, (fo 19.70 2.9 0% ]| (.89 |10y

1040 | 8,494 Lio .70 2.5 [0.33 LLa! g9

1050 g.a4 \\O 5.70 2.2 | 0.35 | 202 98 6 Fsoma sun watma
Yoo | & 94 Wwo 5.¢7 2:0 10.26| 20.2 ] 98 ¢4

(lyo | ®.9% Lo | 5.67 2.0 |0.26 | 20 (67 97.6 [Becompuwr, Cowpy
W20 | 8.45 WO 5.6 .8 [O2%] 200\ [ 95,1 |
1120 B.4a5 1o 566 LY [0.29] \q,78 [ 9%.4

\\4 O 8 .47 W =) SeS L 2 (06,28 (.75 193.8

1\50° B-99 1o 8.63 L [6.27] 1214 [ 122 | Covtrrmrrn PURLE

@ (150

SIGNATURE(S): W

PAGE__OF__



T | retra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study weLLip.: _SS7™Mwoty
PROJECT NUMBER: 4020 DATE: H-\%1-03
Time Water Level Flow pH Cond. Turb. DO Temp. ORP Comments
Si(Hrs)). C)ELmuMIng (S IUN | (mSTer (Mg V)
1335 4o 15.97 10214 | 13 0.80 . 106
12 ¢4 LLD g .94 0.204 (1 ©.27 | L3. 106.0
nss LLo 5.90  [0.201 7.+ |p.% | 1R.6J [102.8
/405 Lo 5%3 ol\81 1 &5 o33 | 1860 |]02.C
1414 Lo 5.8 [0 \8( | o 0.0 | (8.57 |100.7
<25 Lo 6.80 10,175 5 0.20 [ 17.95 198. L
1\ 135 |Lo 6.79 o477 | 4.7 o] | 1716 987
%S (o 165.19 10,169 A 007 117.38 1911
(455 ) bie oL | 4 Q.24 (68X |18
[£0S [LO E_-gafg 0178 1 35 1o0te|16.79 [92.C
|5 15 o) .85 |p.(71 A 024 1/6.85 191.3 | ComprpTrO QyRLULED

IS5

SIGNATURE(S): = z%«‘-’ L _ PAGE__ OF_




Li-

Tetra Tech NUS, Inc.

Indian Head Site 57 HRC Pilot Study

LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: WELLID.. SS5Tmwon2Yy
PROJECT NUMBER: 4020 DATE: [[=R0-0O3
Time Water Level Flow pH Cond. Turb. DO Temp. ORP Comments
LatErs gl (ke below LOG) :5" ix {S:U) | (mSlcm) W)} (ma/L) fiCelsits) Ji (mV):
0145 . (oo [6.10 0.3l |14.9 [0,8BL [1T40 [-709
07159 (6.O (6o G.\> [0.%5 ||U. |0.40 17.67 =947
OBO5| G e (oo [G.(7 [037)V | 7.8 .52 _gr%cr -90.2
O8I | .12 o0 G\ 10.390 5.4 105311 7.84[-108.6
0815 ¢, .72 0O L (5 0408 .0 1019 |V\1.T7 |-{l0.4
0835 (,15 oY) G.\ 0.8 | 4.1 lo.z0 [11.9% |-l21q
0815 | ¢ .13 loo G.l14 10.443 4.0 |0,2( [18.00 [-123.4
o855 | L. .14 loo .17 0498 | 5.8 [0.23 |8 O |-1205] PULGE Combarte &08SS

SIGNATURE(S): W%uw\

PAGE__ OF___




T | etra Tech NUS, Inc. LOW FLOW PURGE DATA SHEET

PROJECT SITE NAME: Indian Head Site 57 HRC Pilot Study WELL ID.: S57Mw 025
PROJECT NUMBER: 4020 . DATE: Nn-20-03

Time Water Level Flow pH Cond. Turb. DO Temp. ORP c

) s ‘ , Comments

HMS.@«:, Below:FOC) L tml/Mih gf U i (mSlem)ils (INTU) ] mait)c (Celsiusy i tmy).
020 | 71.33 oo 5.85 10, (2.5 1309 | [69) |-78.9
(p30 | 7.9% (OO 0.85 |o.240 | 4£.&}0.23 | |\7.25 |-l12.H
(040 | 7.3F 00 585 1026\ | 4  10.29 | 11-5% |-121.9
[0S0 | 7.2 LCO L85 10,249 | .2 |0 A\NT ] [72.70 [-72¢9
{100 .%}) o) 5.8 (0.239 ]| 4.0 |0.23]| {7.87]-1253
{110 1.+ Loo 5.89 0,35 | A.8 O3] t7.9\ [~\24.4
(120 q.%0 100 589 [0\ | A5 o\l 1785 [-121.2]
{130 1,40 100 58 0.%51 2.2 [C72]\1801 1239 coOmPLETED PLRLE at |

WBOHR s

SIGNATURE(S): Ocuwé/{é%amm\ :

PAGE__ OF___
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APPENDIX A5

Field Analytical Forms



T

Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Page Lof [
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No:S & 7MUWJDOG30I0Y.
Project No.: o2 Sample Location: SS 7w o T
Sampled By: . wud KwYcH Duplicate: [
Field Analyst: |- -L UD KL YO Blank: &

Field Form Checked as per QA/QC Checklist (initials):

YST 556 MmPS

pate: S— /3-072 Color pH F..s;.c. Temp. Turbidity Do Salinity ORP
Time: 1050 visua) | sU) | msem) | €O (NTU) (mg/l) (%) (+/-mv)
Mothod: LOW Filow |CLEARK.BS |JoF 1159 | 3.1 |5. 6 - -4. 8
Eaipment Used: o.10> La MOTT TURBIOLTY M ETRAE,

Concentration: :\) - O ppm

Aqnge Used: ,R{ge Method {Concentration ppm '
— ~ 0to 1 ppm K-7510 Analysis Time: / l l5
52/ 1t0 12 ppm K-7512
. I Kavse /~12
Equipment: HACH Digital Titrator OX-DT Analysis Tiqe:
Range Used: Range ISampIe Vol. |Cartridge J Muiltiplier Titration Count I Multiplier | Concentration
D 1-5 mg/L 200 ml 0.200 N 0.01 x 0.01 = mg/L
2-10 mg/lL 100ml  0.200N  0.02 x002 = mglL
Notes:
Ferrous Iron (Fe**):
Equiprhent: .DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: <O' 2 ppm
Program/Module:  500nm 33
Analysis Time: / / l 6
Equipment: . Range: 0 - 10 mg/L '
INotes: . Fiitered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L '
JEquipment: Other: " Concentration: O « CD ppm-
BxcEeded 5.0 my/L range on color chart: D Analysis Time: _ 4 § 2 O
INotés: ’

QA/QC Checklist:

All data fields have been completed as necessary:
Correct measurement units are cited in the SAMPLING DATA block:
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet:
Mulitplication is correct for each Multiplier table: A/ A
Final calulated concentration is within the appropriate Range Used block:
Title block on each page of form is initialized by person who performed this QA/QC Checklist:

g

vl

KV

v




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T+ FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. ' Page _{ of _{
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: 55 7HM WPOH00Y
Project No.: 4 02 % Sample Location: <& 7/1(yo00Y
SampledBy: ¥ .0 DKw yets ' Duplicate: [*]
Field Analyst: . Wy pkwyeld Blank: IS}/

Field Form Checked as per QA/QC Checklist (initials):

;ate: G-13-07 Color pH sc. | Temp. Turbidity Do Salinity ORP .
Time: ! 4o visua) | su) | @msem |, @O (NTU) (mg/) %) (+/-mv)
Metos O/ FLow | C4eaR 15,97 16,5 | 1./ 087 | —  [-o@.d
IEqunpment Used: YST 55, mesS 0.207 LA MoTT TURGARITY METRAL

Dissolved O H
Equipmept? Chemetrics Test Kit Concentration: Ot 6 ppm
Ra% Range— | Method |Concentration ppm '
Oto 1 ppm K-7510 Analysis Time: l < 40
I:I 1to 12 ppm K-7512
CAVCE
{equipment: HACH Digital Titrator OX-DT AraieisFime: O—/
Range Used: Range ISampIe Vol. ICartridge I Multiplier Titration Count I Multiplier I Concentration
] 1-5 mglL 200m  0200N 001 | - x001 = mglL
D 2-10 mg/L 100 mi 0.200 N 0.02 x002 = mg/L
Notes:

Ferrous lron (Fe?*):

Equipment: DR-850 DR-8 _ _ Range: 0- 3.00 mg/L Concentration: <0' Q ppm
Program/Module:  500nm 33
Analysis Time: I ‘t\b":z
Equipment: IR-18C Color Whee! Range: 0 - 10 mg/L
Notes: Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mglL
Equipment: v Other: Concentration: O. O ppm
ceeded 5.0 mg/L range on color chart: D Analysis Time: / ‘15 O
INotes: '

QA/QC Checklist: E/
All data fields have been completed as necessary:

Correct measurement units are cited in the SAMPLING DATA block: E/

Values cited in the SAMPLING DATA block are consistent wittt the Groundwater Sample Log Sheet: III/
Mulitplication is correct for each Muitiplier table: E/m _

Final calulated concentration is within the appropriate Range Used block: [\_.1__/
Title block on each page of form is initialized by person who performed this QA/QC Checklist:




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T+ FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page __l og
Project Site Name: [HDIV Site 57 HRC Pilot Study Sample IDNo: 55 7MtJ)o040 10 4
Project No.: 2 EY Sample Location: 55 7Awoc Y
Sampled By: FuwuKuCcH Duplicate:
Field Analyst I (. U DKt yCH Blank: ]

Field Form Checked as per QA/QC Checklist (initi

Batez D5 (3-03 Color pH | sc Turbidity Do ORP
Time: / "lf‘ 0 visua) | sy | @sem), ], €O (NTU) (we/l) %) (+- mav)
Memod: £ 0o, Lol VELEAR (5,97 l6s | 1,/ o.57 — 5o/
.|Equ1pment Used: \\) Sl S 5-6 mPS O.?_O7 LA MoTT %R&Ol T\’ NE/TE{L

Dissolv ygerr:
Equipmefit: Chemetrics Test Kit Concentration: 0& ‘é ppm

RangeM___/Hﬂ Method _ |Concentration ppm
v 0to 1 ppm K-7510 Analysis Time: 1 92
L__] 1to 12 ppm K-7512
ANGE
JEquipment: HACH Digital Titrator OX-DT &W@-ﬁme: oO-1
Range Used: Range ISampIe Vol. lCartridge I Multiplier Titration Count J Muitiplier I Concentration
] 1-5 mg/L 200 mi 0.200-N 0.01 . x0.01 = mg/L
Df 2-10 mg/L 100 ml 0.200 N 0.02 x 0.02 = mg/L
Notes:

Ferrous Iron (Fe*'):

thuipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: S O, 2 ppm
Program/Module:  500nm 33
Analysis Time: { " Lt i
Equipment: IR-18C Color Wheel Range: 0 - 10 mg/L
INotes: "_) . ) Filtered: I:]
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L
{Equipment: @ Other: ! Concentration: o, 0 ppm
Exceeded 5.0 mg/L range on color chart: I:I Analysis Time: 144 H7

{Notes:

QA/QC Checklist:
All data fields have been completed as necessary: IQ/

Correct measurement units are cited in the SAMPLING DATA block:

Values cited in the SAMPLING DATA block are con.fgtydm the Groundwater Sample Log Sheet: IE/
Mulitplication is correct for each Multiplier table: , [E/
Final calulated concentration is within the appropriate Range Used block: i

Title block on each page of form is initialized by person who performed this QA/QC Checklist:




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

™ FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page L of _L ‘

Project Site Name: IHDIV Site 57 HRC Pilot Study Sample IDNo.: S5 7Mwollotost

Project No.: (D2 .O Sample Location: S5 TMWO| \

Sampled By: =2V (4 Duplicate: [ ]

Field Analyst:  [>— 4/ Blank: vz
{ Field Form Checked as per QA/QC Checklist (initials): I
|sAmPLING DATA:
IDate: S-0> Color pH s.C. Temp. Turbidity DO Salinity ORP
Time: {4 2O (Visual) (S.U) | (mSicm) ‘o) (NTU) (mg/) (%) (+/- mv)
Ihnithw: (Ou/ FLow)  JolEAR |54 [0240]](. 11 3.7 0.3% — 7.
Equipment Used:

YSI 55C mPS LA MOoTT TURBLD WY METER_

JSAMPLE COLLECTION/ANALYSIS INEORMATION:

Dissolved Oxygen: '
JEquipment: Chemetrics Test Kit Concentration: 0. g ppm

Range Used: Range Method  jConcentration ppm
Oto 1 ppm K-7510 O. 5 Analysis Time: ‘ 6— L( O
D 1to 12 ppm K-7512 -
iEquipment: HACH Digital Titrator OX-DT : Analysis Time:
Range Used: Range ISampIe Vol. |Cartridge | Multiplier Titration Count I Multiplier I Concentration
D 1-5 mg/L 200 mi 0.200 N 0.01 x 0.01 = mg/L
D 2-10 mg/L 100 ml 0.200 N 0.02 x 0.02 = mg/L
[Notes: ’
Ferrous Iron (Fe**): . '
|Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration:@:—&pm ( o -2
Program/Module:  500nm 33 l 5—— ‘1 6
Analysis Time: _
Equipment: Range: 0 - 10 mg/L.
INotes: . Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mgi.
Equipment: @ Other: Concentration: O . O ppm
ceeded 5.0 mg/L range on color chart: ) D Analysis Time: \ ; 7“'
Notes: ' ' .
QA/QC Checklist:
All data fields have been completed as necessary: B/
Correct measurement units are cited in the SAMPLING DATA block: E/ )
Values cited in the SAMPLING DATA black are consistent with the Groundwater Sample Log Sheet: B/
Mulitplication is correct for each Multiplier table: [ AA/A
Final calulated concentration is within the appropriate Range Used block: E_/‘ _ _
Title block on each page of form is initialized by person who performed this QA/QC Checklist: |]/




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

E FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page_[_of__/_
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: 557/1W0240( 04
Project No.: “/0RO Sample Location: S557/Mw/ 24
Sampled By: £ Wwud YurvcH Duplicate: [] '
Field Analyst: FWuokwyed Blank:

F

ield Form Checked as per QA/QC Checklist (initials):

Color pH
Time: oE2s isual) | sU) | msem) | €O

Turbidity DO ORP

(mg/1) (%) (+/- mv)

(NTU)
Method: LO(U F‘-o‘v a&A-K 5.2‘/ o. 1 /5-5 6\5— /-97 -~ "29/

{Equipment Used:

Dissolv Xygen: -

Equiprpént: Chemetrics Test Kit Concentration: O' 8 ppm
Ran% Used: /ﬁge Method  |Concentration ppm
0to 1 ppm K-7510 Analysis Time: O 8 (7/0
D 110 12 ppm K-7512
Equipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range ISample Vol. ICamidge I Multiplier Titration Count I Multiplier I Concentration
] 1-5 mgit 200 mi 0.200 N 001 x0.01 = mg/L
(] 2-10 mglL 100m  0200N-  0.02 X002 = mg/L
Notes:

Ferrous iron (Fe*): )
Equipment: " DR-850 " DRB__ Range: 0 - 3.00 mg/lL Concentration: ¢ O ppm

Program/Module:  500nm a3
Analysis Time: 0 8 L/ L/

Equipment: {R-18C Color Wheel Range: 0- 10 mg/L
Notes: Filtered: D
Hydrogen Sulfide st): Range: 0 - 5 mg/iL
Equipment: Other: Concentration: - 0. O ppm
Eeoded 5.0 mg/L range on color chart: [:l Analysis Time: O 85 O

LNotes:

QA/QC Checklist: B/
All data fields have been completed as necessary:

Correct measurement units are cited in the SAMPLING DATA biock: [

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: &
Mulitplication is correct for each Muttiplier table: MA l3/
Final calulated concentration is within the appropriate Range Used block:

Title block on each page of form is initialized by person who performed this QA/QC Checklist: 'E/




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T+ FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

'.Tetra Tech NUS, Inc. PaJ_gg _\o _(
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: SS7mwWOLS O 0O
ProjectNo.: 4 02 O Sample Location: 357w OS5
Sampled By:  [Fual Duplicate: []

Field Analyst: (AR Blank: >

Field Form Checked as

r QA/QC Checklist (initials):

Date: 5 -9 ’CS} Color pH Turbidity DO Salinity ORP
tme: OB5 O isah) | 0y | semy | €0) ®TU) (mgh) %) (- mv)
Methot: LOW PO ClEpe |5.04 10.270(19,79 1 2.9 l.op — 1217
Equipment Used: P —

e Y51 556 mf> LAMOTT TURBIP(TY MEMER

=

Dissolved Oxygen:
Equipment: Chemetrics Test Kit

Concentration: l, O ppm

Range Used: Range Method  |Concentration ppm
[ ] 0to 1 ppm K-7510 [. O Analysis Time: (O [ [
Y 110 12 ppm K-7512
Equipment: HACH Digital Titrator OX-Df Analysis Time:
Range Used: Range ISampIe Vol. lCartn'dge I Multiplier Titration Count I Muitiplier I Concentration
] 1-5 mg/L 200ml  0200N  0.01 x001 = mglL
I:I 2-10 mg/L 100 ml 0.200 N 0.02 x 0.02 = mg/L
Notes:
Ferrous Iron (Fe**): _
‘ Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: 3- L( ppm
Program/Module:  500nm 33
v Analysis Time: m
Notes: B - Fiftered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L
Equipment: HS-C ~ Other: _Concentration: 0‘- O ppm
7 Exceeded 5.0 mg/L range on color chart: ] Analysis Time: _(D {15~
Notes: :
QA/QC Checklist:
All data fields have been completed as necessary: B/ J
Correct measurement units are cited in the SAMPLING DATA block: IB/
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet:
hMulitplication is correct for each Multiplier table: ?/ [/ h‘ I{
Final calulated concentration is within the appropriate Range Used block: 1 . _
Title block on each page of form is initialized by person who performed this QA/QC Checklist: B/




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page____ of
Project Site Name: {HDIV Site 57 HRC Pilot Study Sample ID No.: S&7mM W OBOLOS
Project No.: 40O O Sample Location: SG 7R a3 OO
Sampled By: &L ' Dupiicate: [ '
Field Analyst: S/ Blank: O

Field Form Checked as per QA/QC Checklist (initials

;ate: G-(-0D Color pH s.C. Temp. Turbidity [ﬁoo Salinity oRP
Time: |GY visua) | su) | msemy | O (NTU) mg/l) @ | ¢tmy
Method: LOLL FLOWO CLR 4.5 [oorolia. s 3.0 [O(5 — 1{9/-8

Equipment Used: LAMOTTE o
S5¢  Olo OLFOG 73 AR ke |

S
Dissolved Oxygen: puP

Equipment: Concentration: (e l |l (O, 2

Range Used: Range Method  |Concentration ppm ' .
0to 1 ppm K-7510 6:.2’ Analysis Time: / é 02/ ‘ [P O 7
D 1to 12 ppm K-7512
Equipment: HACH Digital Titrator OX-DT . Analysis Time:
Range Used: Range ISampIe Vol. ICartridge I Muttiplier Titration Count I Multiplier Concentration
D 1-5 mg/L 200 ml 0.200 N 0.01 : x 0.01 = mg/L
D 2-10 mg/L 100 mi 0.200 N 0.02 x 0.02 = mg/L
Notes:
Ferrous lron (Fe**): pue
Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: < 0 . 2’ ppm < O\ Z
Program/Module:  500nm 33
Analysis Time: ‘ Q l ! l Q 20
Equipment: IR-18C Color Wheel Range: 0 - 10 mgi. :
Notes: ~ Filtered: D
Hydrogen Suifide (H,S): Range: 0 - 5 mg/L O(/ P
Equipment: HS-C Other: . Concentration: f 2o O ppm | . o 0
- - ¢ L
Exceeded 5.0 mg/l. range on color chart: D Analysis Time: l !:2 (:! 6

fNotes: . ! [ G ; O

QA/QC Checklist: ' ,

All data fields have been completed as necessary: -

Correct measurement units are cited in the SAMPLING DATA block: ZT

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: ‘E/
Mulitplication is correct for each Multiplier table: D U }-)»

Final calulated concentration is within the appropriate Range Used block: D_ f\/ /-)- _ S
Title block on each page of form is initialized by person who performed this QA/QC Checklist: ID/




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

% FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Page __of __
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: S5 7ywua OO 05~
Project No.: ¥O@2 © - Sample Location: Q573 O34

Sampled By:  =UAL . Duplicate: [ ]
Field Analyst: r“UIL Blank: O

Field Form Checked as per QA/QC Checklist (initials):
hoate: G-LO-0O K3 1 Color pH Temp. Turbidity Do Salinity ORP
Time: 08 25 (Visual) (S.U) | (mSicm) ‘o NTUO A () (%) (+-mv)
Metod: L O) Prowd  [cieam |5 -850 29]i7.05 <D0 oM5 | — (7.2
Equipment Used: LAMOTTE MO0 2020

R3T 55¢ MPs 34, OF0e23 AE TURBIOT~METRAL

SA
Dissolved Oxygen:
Equipment: Chemetrics Test Kit Concentration: o, é ppm
Range Used: Range Method {Concentration ppm '
ﬁ 0to 1 ppm k7510 | O. o Analysis Time: (D00
D 1to 12 ppm K-7512
IEquipment: HACH Digital Titrator OX-DT ) Analysis Time:
Range Used: Range |Sample Vol. ICaruidge l Multiplier Titration Count I Multiplier Concentration
D 1-5 mg/L 200 mi 0.200 N 0.01 x 0.01 = mg/L
D 2-10mgt. . 100 mi 0.200 N 0.02 x 0.02 = mg/L
jNotes: )

Ferrous Iron (Fe?*):
Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: < 0.2. ppm

Analysis Time: @99;

Equipment: IR-18C Color Wheel Range: 0- 10 mg/L
== Filtered: D

Program/Module:  500nm 33

Notes:
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L E
Equipment: HS-C Other: Concentration: @ ¢ C) ppm
Exceeded 6.0 mg/L range on color chart: D Analysis Time: ¢ ':285&
LNotes:
QA/QC Checklist:
All data fields have been completed as necessary: Z/

Correct measurement units are cited in the SAMPLING DATA block: (&

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: E/
Mulitplication is correct for each Multiplier table:  [] A/ A—

Final calulated concentration is within the appropriate Range Used block: D_NP-— _ _
Title block on each page of form is initialized by person who performed this QA/QC Checklist: m/



Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Pige _of __
Project Site Name: ___IHDIV Site 57 HRC Pilot Study Sample ID No.: 95 /WG 01 OF
Project No.: 40 20O . Sample Location: S5 Irav(1)
Sampled By: el . Duplicate: []

Field Analyst: T/ Blank: [}

Field Form Checked as

Date: G ~-{L-0 } Cbior pH S.C. Temp.

Time: B3 O visua) | sy | msemy ] CO)

Turbidity

Do Salinity.
(mg/) (%) (+-mv)

(NTU) -
Method: B0 FLOW CLR [5«4010.152]|17.22] 3.8 . 15 — 3.5
YWoI MoOPEC $5G  Shy OFO(23 AE

Equipment Used:

S
Dissolved Oxygen:
Equipment: Chemetrics Test Kit Concentration: O' I ppm
Range Used: Range Method  |Concentration ppm ' :
0to 1 ppm K-7510 OH  Anaiysis Time: O ‘l’—
D 11012 ppm K-7512 —
LEquipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range lSamp&e Vol. |Cann'dge l Mutltiplier Titration Count I Multiplier I Concentration
L] 1-5 mg/L 200m 0.200N  0.01 . x001 = mg/L
D 2-10 mg/L 100 ml 0.200 N 0.02 . x 0.02 = mg/L
Notes:
Ferrous Iron (Fe?*):
Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: O; C)‘ ' ppm
Program/Module:  500nm 33
anatysis Time: OBIO
Equipment: 1R-18C Color Wheel Range: 0- 10 mgt.
JNotes: . . Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L
WEquipment: HS-C Other: Concentration: O. 0 ppm
Exceeded 5.0 mg/L range on color chart: D Analysis Time: OS 33
{Notes:
QA/QC Checklist:

All data fields have been completed as necessary: B/
Correct measurement units are cited in the SAMPLING DATA block: [E/

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: E/
[Mulitplication is correct for each Multiplier table: D MH- )
Final calulated concentration is within the appropriate Range Used block: D__M#'

Title block on each page of form is initialized by person who performed this QA/QC Checklist: EH/




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

Tt | FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Egi __of __
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: S5 7MwWO24 0105
Project No.: L2 O Sample Location: D5 7024
Sampled By: P-uuf Duplicate: [}
Field Analyst: [FUANC , Blank: (|
Fi
Color pH S.C. Temp. Turbidity DO Salinity ORP
(Visual) SU) | mSkem) | (O (NTU) (me/l) (%) (#-m)
Method: LOLS [FL o) | CLFAR 15,00 (03791 7.7 | &.4 OS5 — 299
Equipment Used: LAvmo TTL MOOEA. 29020
6L 559G ™MPS S/L 072 E0GLS AL TURBIOVTY METER
Dissolved Ox :
Equipme@mﬁfsn@ Concentration: O O ppm
Range Used: Range Method [Concentration ppm
E 0 to 1 ppm K-7510 Analysis Time: \ Q 5 Z
. D 1to 12 ppm K-7512
Equipment: HACH Digital Titrator OX-DT : Analysis Time:
Range Used: Range ISampIe Vol. ICamidge l Muttiplier Titration Count I Multiplier I Concentration
] 1-5 mglL 200 mi 0.200 N 0.01 : x0.01 = mg/L
L] 2-10 mglL 100 mi 0.200 N 0.02 x002 = mg/l.
WNotes: :
Ferrous lron (Fe**): . ’
Equipment: DR-850 DR-8 _ Range: 0 - 3.00 mg/L Concentration: l - 6 ppm
ProgramModule:  500nm 33
,,,,, - Analysis Time: / l { O
Equipment: @ nge: 0 -IOE
Notes: T— . Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/iL
ﬂEquipment: HS-C Other: Concentration: O— 3 ppm
Exceeded 5.0 mg/. range on color chart: _ D Analysis Time: ] [ O O
INotes: ' '
QA/QC Checklist: ,
All data fields have been cbmpleted as necessary: m/
Correct measurement units are cited in the SAMPLING DATA block: E/ )
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: o
Mulitpfication is correct for each Muitiplier table: D
Final calulated concentration is within the appropriate Range Used block: D___ _ _
Title block on each page of form is initialized by person who performed this QA/QC Checklist: L1




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

TE

Tetra Tech NUS, inc. Page __of __
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No..  S5ETMWOSO| 09
ProjectNo.: H0O 20 Sample Location: ~ SS7wuoOLS
Sampled By: ke Duplicate: ] : '

Field Analyst: Jeeql Blank: d

Field Form Checked as per QA/QC Checklist (initials):

SAMPLING DATA:
pate: G- (9 (0% Color pH S.C. Temp. Turbidity Do Salinity ORP
Time: | 099 (Visual) S.U) | (mSfem) ¢o) (NTU) (mg/) (%) (+/- mv)
Method: LOW FLOW Cléae 15.2910330[1817 | 3.0 [D.19 — \3.3
Equipment Used: — LAMOTTE MODREL 2020
g O 2 ;
QST ™moore 556 fno ©XFOCTLS AL TWRE DI T METER
Equipment: Chemetrics Test Kit Concentration: O\ O ppm
Range Usefl: Range thod ncentration ppm

N 0to 1 ppm K-7510 ‘} M. O Analysis Time: l l P l7

[] 1to12ppm K751 |
Equipment: HACH Digital Titrator OX-DT Analysis Time:

Range Used: Range lSample Vol. ICartridge l Muttiplier Titration Count Multiplier I Concentration

D 1-5 mgit 200 ml 0.200 N 0.01 x 0.01 = mg/L

] 2-10 mg/L. 100 mi 0.200N _ 0.02 x0.02 = mg/L
Notes:
Ferrous Iron (Fe*"):
Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: 3° (Q ppm

Program/Module:  500nm 33
) Analysis Time: ( \ O Z

Equipment:_ @ Range: 0 - 10 mg/L
Notes: Filtered: D

Hydrogen Sulfide (H,S): Range: 0- 5 mg/L
Equipment: @ ) Other:

Exceeded 5.0 mg/L range on color chart:

Concentration: \ . O ppm

Analysis Time: l “ﬁ

J
INotes:

QA/QC Checklist:

All data fields have been completed as necessary: EE/
Correct measurement units are cited in the SAMPLING DATA block: IE/

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet:
Mulitplication is correct for each Muitiplier table: D NF

Final calulated concentration is within the appropriate Range Used block: D l\n“
Title block on each page of form is initiaiized by person who performed this QA/QCEhecklist:

ud

icd




TE

Tetra Tech NUS, Inc. .

Note: Analyte, method, and/or equipment may be deleted from form i not being performed.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Page _of___

Project Site Name:

IHDIV Site 57 HRC Pilot Study Sample ID No.: S5 7MW 0030106

Project No.:

toz0 Sample Location: S5 7Mu003

Sampled By: {Zuql

O .

Duplicate:

Field Analyst: (A&

a

Blank:

E

Field Form Checked

ba:e: 7-29 -& Temp. Turbidity Salinity _
Time: | 5(5 visual) | sU) | msemy | o) (NTU) (mg/l) (%) (+- mv)
Method: FLow CLR _[3qalpovw7i20.201 L.O 648 —_ 383

Equipmen:Used:,“)SJ: 556 mpPS 340 OITDS ‘?7A—U

Dissolved Oxygen:
Equipment: Chemetrics Test Kit Concentration: O. l ppm
Range Used: Range Method |Concentration ppm
0to 1 ppm K-7510 Analysis Time: I (00 Z
I:l 1to 12 ppm K-7512
Equipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range lSampIe Vol. ICartn'dge I Muttiplier Titration Count l Multiplier - I Concentration
: D 1-5 mg/L 200 mi 0.200 N 0.01 x 0.01 = mg/L
D 2-10 mg/L 100 mi 0.200 N 0.02 - x 0,02 = mg/L
WNotes:
Ferrous Iron (Fe?"):
Equipment: DR-850 DR-8 __ _ Range: 0 - 3.00 mg/L Concentration: <o T ppm
Program/Module:  500nm 33
Analysis Time: / é ( 7
Equipment 1R-18C Color Wheel Range: 0 - 10 mg/L : .
JNotes: Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L
" JEquipment: HS-C Other: Concentration: O- o . ppm
Exceeded 5.0 mg/ range on color chart: D " Analysis Time: l G/ i
Notes: :
QA/QC Checklist:

All data fields have been completed as necessary:
Correct measurement units are cited in the SAMPLING DATA block: B/

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet:
Mulitplication is correct for each Multiplier tabie:
Final calulated concentration is within the appropriate Range Used bilock: J
Title block on each page of form is initialized by person who performed this QA/QC Checklist:

g

IE/
L]

d

Ll




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Pag_e__ of
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: S5 7MW OO0 06
Project No.: 4-02.0 Sample Location: S5 7Mwooy
Sampled By: [PUL ' Duplicate: [ 1
Field Analystt EWC Blank: '

Field Foorm Checked as per Q
LDate: D-24-03 Color pH s.C. Temp. Turbidity Do
Time: (305 1 visua) | sU) | @Stem) | CO) (NTU) (mg/l) (%) (+- mv)
Method: LOLY FLOW) |CLR |5 (4]0 (43122.04 0. 4 |0. 48 — {01

Equipment Used:

YST 55¢ mPS 5/, O Jo874U
iissolved Oxygen:

A/QC Checklist (initials):

Equipment: Chemetrics Test Kit Concentration: O - G ppm
Range Used: Range v Method {Concentration ppm
0 to 1 ppm K-7510 . : Analysis Time: L '«SIT 0
lj 1to 12 ppm K-7512
|Equipment: HACH Digital Titrator OX-DT » Analysis Time:
Range Used: Range lSample Vol. lCartndgeJ Multiplier Titration Count I Multipﬁer—l Concentration
D 1-5 mg/iL 200 ml 0.200 N 0.01 - x 0.01 = mg/L
D 2-10 mgiL 100 ml 0.200 N 0.02 - x0.02 = mg/L
TNotes: :
Ferrous Iron (Fe?*):
Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: <O ¢ 2' ppm
Program/Module:  500nm 33
Analysis Time: I 3 ! 1
Equipment: { IR-18C Color Wheél ) Range: 0 - 10 mg/L :
letes: ‘ Filtered: D
Hydrogen Sulfide (H,S): Range: 0- 5 mg/L '
JEquipment: Hs-C Other: . Concentration: O O ppm
Exceeded 5.0 mg/L range on color chart: D Analysis Time: l 2 ft 5—
{Notes:
QA/QC Checklist:

All data fields have been completed as necessary: B/
Correct measurement units are cited in the SAMPLING DATA block:

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: [E/
Mulitplication is correct for each Muitiplier table: D
Final calulated concentration is within the appropriate Range Used block: |

Title block on each page of form is initialized by person who performed this QA/QC Checklist: 3




Note: Analyte method and/or equipment may be deleted from form if not bemg performed.

T+ FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. : Page __of __
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample IDNo.: S 5 TMWO LA IO 6
ProjectNo.: 4020 Sample Location: S§7nw ol \
Sampled By: (22—  Duplicate: []
Field Analyst: Y2U/Z— Blank: (|

F eld Fonn Checked as per QA/QC Checkllst initials):

Dat;7-z°( 03
Time: Q950 visah) | Uy | @sem) |~ €O QNTU) (/i) *) (H-mv)
[Method: (OLU Frowd CLR {440 10.138|1974 | 4.7 0.32. — =128

lEqulpment Used:

UST 556 MRS S/ 01 TORS

Dissolved Oxygen:

Equipment: Chemetrics Test Kit Concentration: O¢ .1 ppm
R Used: Range Method  ]Concentration ppm ’
—
% 0to1ppm- K-7510 Analysis Time: L% S
L__l 1to 12 ppm K-7512
JEquipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range ISampIe Vol. 1Canridge I Multiplier Titration Count I Muttiplier l Concentration
D 1-5 mgiL 200 ml 0.200N 0.01 x 0.01 = mg/L
D 2-10 mg/L 100 mi 0.200 N 0.02 : - x0.02 = mg/L
INotes:

Ferrous lron (Fe**):

Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: O. 'Z ppm

Program/Module:  500nm 33
Analysis Time: / 05 8
Equipment: IR-18C Color Wheet Range: 0- 10 mg/L .
Notes: Filtered: D
Hydrogen Sulffide (HZS) Range: 0 - 5 mg/L
WEquxpment: HS-C Other: ' Concentration: Oc Q 2 ppm
Exceeded 5.0 mg/L range on color chart (| Analysis Time: [(D G5
INotes: :
QA/QC Checklist:
All data fields have been completed as necessary: El/
Correct measurement units are cited in the SAMPLING DATA block: E‘/
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: E/

Mulitplication is correct for each Muttiplier table: [
Final calulated concentration is within the appropriate Range Used block: D . _
Title block on each page of form is initialized by person who performed this QA/QC Checklist: [Z/ '




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Pagf__fof _
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: $57Mwol40L006
Project No.: 4020 , Sample Location: 59 7rmewo2. 4
Sampled By: T2 Duplicate: [] . :
Field Analyst: (A2 Blank: O

Field Form Checked as per QA/QC Checklist (initials):

3

LDate:?’Bo' 03 Color pH SC. | . Temp. Turbidity Do Salinity oRp
Time: O Y50 isua) | su) | msemy | GO (NTU) (mg/) @® | -mv
[Methos: LOww Frow Cl. |5-29|0.6OJ120.65 | 1.5 0,20 — -82-8
IEguipment Used:

YST 556 MPSSE, OLTOZLT AL

Dissolved Oxygen:

JEquipment: Chemetrics Test Kit Concentration: _ ( 2. O ppm
Range Used: Range Method | Concentration ppm
[% 01to 1 ppm K-7510 Analysis Time: / 0‘%
D 1to 12 ppm K-7512
Equipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range jSample Vol. ICamidge | Muitiplier Titration Count I Multiplier I Concentration
I:.' 1-5 mg/lL 200 mi 0.200 N 0.01 x 0.01 = mg/L
D 2-10 mg/t 100 m! 0.200 N 0.02 - x0.02 = mg/L
Notes:

Ferrous Iron (Fe*'):

iEquipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration: é. O ppm
ProgramvModute:  500nm 33 .
Analysis Time: z ( 2{ O
Equipment: IR-18C Color Wheel ’ Range: 0 - 10 mg/L
Notes: Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L '
Equipment: HS-C Other: Concentration: Ol g/ ppm
Exceeded 5.0 mg/L fange on color chart: D Analysis Time: i ‘z 2 ZE 7
Notes:
QA/QC Checklist:
All data fields have been completed as necessary: B/

Correct measurement units are cited in the SAMPLING DATA block:

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: [:I
Mulitplication is correct for each Multiplier table: D
Final calulated concentration is within the appropriate Range Used block: D _

Title block on each page of form is initialized by person who performed this QA/QC Checklist: D




Note: Analyte, method, and/or equipment may be deleted from form if not bein;;erfonned.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

TE

Tetra Tech NUS, Inc. Page __of __

Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: 597%02&)[ 06
Project No.: 40 2.0 Sample Location: S& 7WuOZS
Sampled By: P Duplicate: []

Field Analyst: {Zuy/L Blank: [

Fleld Form Checked as per QA/QC Checkllst |nmals

Date: O7 ?)O O 3 pH sC. | Temp. Turbidity ORP
Time: (D 800 visua) | Uy | @semy | o) (NTU) (mgfl) %) (+4-mv)
Method: {_O W FLO W CLR 5.0 |0.365]20.10] |.o 0.5l — —52. |\
Equipment Used:

N5T 556 mpPS S/u ON’08°(7 AU

Dlssolved Oxygen:
Equipment: Chemetrics Test Kit Concentration: O - O ppm
Range Used: Range Method  JConcentration ppm
0to 1 ppm- K-7510 Analysis Time: O 8 2.{

D 1to 12 ppm K-7512

Equipment: HACH Digital Titrator OX-DT Analysis Time:
Range Used: Range ISample Vol. ]Cartridge I Muittiplier Titration Count I Muitiplier ] Concentration

D 1-5 mg/L. 200 ml 0.200 N 0.01 x 0.01 = mg/L

D 2-10 mglL 100 ml 0.200 N 0.02 - x0.02 = mg/L
INotes: :
Ferrous lron (Fe?*): _ . —_
Equipment: DR-850 DR-8 _ _ Range: 0- 3.00 mg/iL Concentration: -b . 8 ppm

Program/Module:  500nm 33
Analysis Time: 08 ‘f 0
Equipment: Range: 0- 10 mg/L
INotes: — Filtered: D
Hydrogen Sulfide (H,S): Range: 0- 5 mg/L Oe7 .
Equipment: HS-C Other: Concentration: & ppm
Exceeded 5.0 mg/L range on color chart: D " Analysis Time: FZ_

Notes: : ' 08 35_
QA/QC Checklist:

All data fields have been completed as necessary: Ol

JCorrect measurement units are cited in the SAMPLING DATA block: |

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet:
l

Final calulated concentration is within the appropriate Range Used block: D

Title block on each page of form is initialized by person who performed this QA/QCEhecklist:

Mulitplication is correct for each Multiplier table:

O




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

T FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Page __of
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample ID No.: S57MW0030107
Project No.: 4020-0507 Sample Location: ' S57MW003
Sampled By: Fred W. Ramser Duplicate: . []’ '

Field Analyst: Fred W. Ramser , Blank: O
Field Form Checked as per QA/QC Checklist (initials): }} A
SAMPLING DAT:
Date: q "2'1 - 03 Color pH S.C. Temp. © Turbidity DO Salinity ORP

Time: | OO visua) | SU) | @msrem) | 0 NTU) (mg/1) (%) (+/- mv)
Jwetnos: Lovy Clow  JCLR %33 [0.094]19.69 3 021 — 257

Equipment Used:

5L MeTEQ OXAOLSH AD

Dissolved Oxygen:

Equipment: Chemetrics Test Kit Concentration: O- 5 ppm
Range Used: Range ,//Method Concentration ppm
oto1ppm (| k7s10. Analysis Time: | O 26
1to 12 ppm ~R-7512

Equipment: HACH Digital Titrator OX-DT . Analysis Time:
Range Used: Range lSamp]e Vol. |Cartridge I Multiplier Titration Count Multiplier Concentration
D 1-5 mg/t 200 mi 0.200 N 0.01 x 0.01 = mg/L
] 2-10 mglL 100ml 0.200N - 0.02 . x002 = mg/L
Notes:

Ferrous Iron (Fe?*):
ppm

Analysis Time: ‘O 3 8 ’

0.0

Equipment: DR-850 DR-8 _ _ Range: 0 - 3.00 mg/L Concentration:
[ Program/Module:  500nm 33

Equipment: IR-18C Color Whee! Range: 0 - 10 mg/L
Notes: = Filtered: D
Hydrogen Sulfide (H,S): Range: 0 - 5 mg/L '
Equipment: HS-C . Other: Concentration: O’ o ppm
Exceeded 5.0 mg/L range on color chart: D Analysis Time: s 0 ‘1 L
Notes:
QA/QC Checklist:
All data fields have been completed as necessary: Q/

Correct measurement units are cited in the SAMPLING DATA biock: IE/
Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: []/
Mulitplication is correct for each Multiplier table: D '

Final calulated concentration is within the appropriate Range Used block: D__ .
Title block on each page of form is initialized by person who performed this QA/QC Checklist: D




Note: Analyte, method, and/or equipment may be deleted from form if not being performed.

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

T

Tetra Tech NUS, Inc. Page __ of __
Project Site Name: IHDIV Site 57 HRC Pilot Study Sample iD No.: S57MW0040107
Project No.: 4020-0507 Sample Location: S57TMW004
Sampled By: Fred W. Ramser Duplicate: [

Field Analyst: Fred W. Ramser Blank: O

Field Form Checked as per QA/QC Checklist (initials)

[Tl

SAMPLING DATA:

Date: O[ “2"" 03 Color pH S.C. Temp. Turbidity - DO Salinity ORP
Time: | A4S (Visual) (8.U) | (mSicm) fo (NTU) (mg/) %) (+/- mvy)
IMethod: Loowus FLOW CLR [5-86 0228 22,17 [ 0.80 -— (73

Equipment Used: \‘['&1 Mﬁm_ ol.Aong) A D

SAMPLE COLLECTION/ANALYSIS INFORMATIO

Dissolved Oxygen:

Equipment: Chemetrics Test Kit Concentration: O ° q ppm

Range Used: Range ,/M;taod \Eoncentration ppm
0to 1 ppm \\ K-75;0/l Analysis Time: ’ 3 ‘Z‘O
I:I 1to 12 ppm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>