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applicable requirements in chs. NR 700 to 726, Wis. Adm. Code.”

Signature and title . Date
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2.0  EXECUTIVE SUMMARY

The Badeer Army Ammunition Plant (- vy aisi s ) located 1nsouth-central Wisconsin
within Sumpter and Merrimac Townships in Sauk County. was constructed in 1942 1o produce
smokeless eunpowder and solid rocket propellant as munitions components for World War 11,
The installation is located on the Sauk Prairie. between the Baraboo Range and the Wisconsin
River. As a result of production and waste disposal practices that were common a2t the time. soil
and groundwater at the BAAAP were impacted.

Numerous site investigations and remedial actions have been conducted at the BAAAY.
Groundwater investigation activities at BAAAP began in 1980 and continue ioday. Site-wide
groundwater-related assessment activities inciude the following monitoring well installation:
waler level measurements: pump testing: monitoring well and residential drinking water well
sampling: und groundwater modeling. Groundwater impact source-related investieations and
remedial actions have been conducted for the three source arcas: Propellant Burning Ground
(PBCH. Central Plume arca. and Deterrent Burning Ground (DBG). Groundwater in the PBG
and DBG areas are impacted by dinitrotoluene (DNT) and chlorinated solvents. Groundwater in
the Central Plume arca is impucted by DNT.

An In-Field Conditions Reporr (1FCR)L issued by the Wisconsin Department of Natural
Resources (WDNR) i 1987, required groundwater monitoring, reporting, and performance-
bused responses at the BAAAP. The current site-wide groundwater monitoring program follows
the IFCR dated August 15,2005, The interim eroundwater remedial action at the PBG began in
1990 and continues today. Groundwater monitoring with the current remedies in place could
continue indefinitely (30 vears or more).

Groundwater modeling of the PBG contaminant plume is inctuded as part of this Alternative
Feasibility Study (AI'S) to better understand faic and transport mechanisms and aniicipate plume
dynamues mto the future. Model simulations were not prepared {or the DBG and Central plumes.
The Tow model assumes that the groundwater 1 the PBG plume moves approximately one foot
per day. The model predicts that it would take approximately 30 years for groundwater o Tow
from the PBG source arca to the Wisconsin River. This estimate does not include the
complicated mnteractions with contaminants present in the groundwater. which typically result in
the contamimant plume moving slower.

The eroundwater model predicts that by 2040 the carbon tetrachlonde (CTET) in the PBG plume
will be sienificantly reduced in size and contaminant level. The concentrations of CTET in the
PBG are expected to continue to decrease after 2040 unul they are no longer detectable. These
predictions assume that the extraction wells will not be pumping.

A Conceptual Site Model (CSM s provided in this AEFS 1o explain the relationship of
contaminant sources. environmental media. exposure pathways. and potential human and
ceological receptors. All applicable and appropriate regulatory requirements are presented and
discussed as they relate to the remediation of the groundwater plumes at BAAAP. These
reeulations help frame the remedial objective. which is to protect humian health by preventng

SpecProsInecand BISCTLC Page 2 ol 54
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exposure of contaminated groundwater from BAAAP. (o restore groundwater to the extent
practicable. and nanimize the impact of the contaminant plumes on the envivonment.

The purpose of this AFS s 1o determine the most appropriate and cost-citective final remedy for
the groundwater plumes at BAAAP. A discussion of the three source arcas of groundwater
impact 1s mcluded i this AFS and three alternatives are evaluated 1o address the residual
eroundwater impacts. Remedial action alternatives were assembled and sereened resuliing in
three alternatives. Fach alternative is capable of accomplishing the remedial objective. The final
three remedial alternatives evaluated include:

Alternative 1o Interim Remedial Meusures/Moditied Interim Remedial Mceasures (IRM/MIRM)
Treatment and Monitored Natural Aitenuation
This alternative continues IRM/MIRM reatment of the PBG Plume. continued eroundwater
monitoring. and natural attenvation of the DBG and Central Plumes.

Alternative 20 In-Sitw Brochemical Treatment and Monitored Nawral Attenuation
This alternative would use in-stiw groundwater treatment, a modified groundwater
monitoring program. und natural attenuation of the PBG. DBG. and Central Plumes.

Alternatve 30 Public Water System and Monitored Natural Attenuation
This alternative involves the mstallation of a public water system. a phased shutdown of the
IRM and MIRM systems. a moditicd groundwater monitoring program. and natural
attenuation of the PBGL DBGL and Central Plumes.

Lach alternative is evaluated using the following niae eriteriar overall protection of human health
and the environment: compliance with applicable regulations: tong-term effectiveness and
permanence: reduction of toxicity. mobility. and volume through treatment: short-term
clfectivenesst implementability: cost: state aceeptance: and community acceptance. Based on a
thorough cvaluation. Alternative 3. Public Water System and Monitored Natural Attenuation. is
proposed as the final groundwater remedy for the groundwater contununant plumes at BAAAP.

3.0 INTRODUCTION

This ALS report was prepared to serve as a principal source for decision-making relating to
remediation of eroundwater impacts (rom the BAAAP. The ALS provides a summary ot historic
and current groundwalter investigation and remediation eftorts by the Department of the Army
(Army) and deseribes the development and re-evaduation of” eroundwalter remedia! action
alternatives for the BAAAP.

The ITHFCRLssued by the WDNR 1 1987, and subsequent amendments, calls for groundwater
monitoring. reporting. and performance-based responses at the BAAAP. The current site-wide
eroundwater monitoring program follows the IFCR dated August 15,2003, On November 23,
2009, addinonal chunges to the northeast arca (including the DBG)Y groundwater monitoring
requirements were approved by the WDHNRL Invesugatiion of groundwater has been oneoing at
the BAAAP from 1980 to the present. The mtermm groundwater remedial action began in 1990

Speclros Inecand BIS.LTC Page 3ol 34
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and continues today. Groundwater monitoring with the current remedies in place would continue
indelnitely (30 vears or more) until the WDNR approved case closure.

The initial site-wide remedial investigation (R and feasibility study (1°5) was completed in
1993 and 1994 (ABB-ES. 1993 and 1994). Soil and groundwater remedial alternatives were
analyzed. selected. and approved by the Army and state and federal regulators for the PBG and
DBG arcas. and their assoctated groundwater contaminant plumes.  In additon to the PBG and
DBG arcas and their assoctated plumes. the Rocket Paste Area/Central Plumie has since been
identified through further groundwater investigations,

A re-evatuation of the current groundvater remediation alternative at the BAAAP was warranted
because: Dy the current remedial alternative in place is an interim action, which addresses only
the PBG Plume. 2) the tmetrame required for the IRM/MIRM to meet cleanup standards is
indefinite. and 3) recent changes in state groundwater standards make meeting those cleanup
standards even more difficult. The revised alternatives were developed and evaluated o achieve
the remedial objective. The objective of the groundwater remedial action is to protect human
health by preventng exposure of contaminated groundwater from BAAADP. to restore
groundwater to the extent practicable, and minimize the impact of the contaminani plumes on the
cnvironment.

4.0 SITE BACKGROUND
4.1 Site Description

The BAAAP. Tocated 1 south-central Wisconsin within Sumpter and Merrimac Townships in
Sauk County. was constructed in 1942 to produce smokeless sunpowder and solid rocket
propellant as munitions components for World War 1. The installation is located on the Sauk
Pruirie. between the Baraboo Range and the Wisconsin River. The impoundment of the
Wisconsin River forms Eake Wisconsin, which borders the southeast side of the BAAAP.

Production of nitric acid. sulturic acid. oleum also known as fuming suiluric acid).
nitrocellulose (NCy.and nitroglyeerin (NG occurred in support ol munitions components
production. Production periods were as follows: World War 1T (1942 1o 1945), Korean War
(1951 10 1938) and Viemam Contlict (1966 10 19751, Disposal ol excess hazardous substances
oceurred at primarily two locations on-site: the PBG and the DBG. As a result of production
and waste disposal practices that were common at the tme. seil and groundwater at the BAAAP
were impacted with several contamiants of concern «COCs).

The primary Tund uses m the immediate vicimty ol the BAAAP are agricultural. recreational. and
residential. The agricultural use of the BAAAP 1 raising crops and cattle grazing. which
continues to be the primary use of lands within und adjacent o the installavon. The United
States Department of Agriculture (USDA) has used the land i and around the southern portion
ol the mstallation for grazing and crop development research for many years. The Dairy Forage
Rescarch Center Farm was constructed i the 19805 on land transterred from the Army o the
USDA.

SpecPros Inecand BIS TLC Page 4 ol 54
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The primary land use to the north of the installation is Tor recreation at Devil's Lake State Park.
managed by the WDNRL This arca is notimpacted by past activities at BAAAP as itis located
hydrologically upgradient. Lake Wisconsin und the Wisconsin River. to the south and southeast
ol the BAAAP. ure hydraualically connected to the installation. Take Wisconsin was formed in
1914 by the Wisconsin Power and Light (WP&L) duam on the Wisconsin River. near Prairic du
Sac.

The 2010 United States Census estimated the Tewnship of Sumpter population at 1,191 residents

and the Township of Merrimae at 942 residents. Since 1980, 256 private residential wells to the

south. cast. and west of the mstallation have been sampled as part of the groundwater monitoring

program at BAAAP. Five residential drinking water wells. downgradient of the installation.

have been replaced by the Army duc (o groundwater impacts. * Comment [IT2]: in my opinion, this needs to be

a separate section with significantly more detail

5 - . about weil location, construction, new construction
4'~ Slte HlS(Or) details, etc. More on this later.

Production and Standby Periods

During World War H BAAAP emploved approximately 7.500 workers aind produced
approximately 271 million pounds of single- and double-base propellant. Oleum and smokeless
powder production began in 1943, Rocket paste powder production beean in 1945, The
solventless extrusion smokeless propeltant process was installed in 1944 and 1945, Trom 1945
to 1931 the mstadlation was in standby status.

BAAAP was reactivated for the Korean War in 1951, Reactivation activities were completed by
1954, Lacilities for the manulacture of Ball Powder propetiznt were constructed during 1954
and 1935 A fucility o reeyele old cannon powder as i source of NC for the new propellant wis
also constructed i 1954 and 1955, BAAAP remained in production until the Korcan War ended
und the propellant magazines were full (1958). During the Korean War, approxiimately 286
milhon pounds of single- and double-base propellant were manutactured with a peak production
cmplovment ol 5.022 employees. The installation was in standby status again from 1938 1o
1966.

BAAAP was reactivated 10 1966 for the Victnam Confhict. The installation manufuactured Ball
Powder propellant. rocket propellant. and smokeless propellant from 1966 1o 1975, In 1972,
construction included new sewage treatment systems, new acid production. and new NG
production facilities. During the Viemam Contlict approximately 487 million pounds ol single-
and double-base propellant were manufactured with a peak production employment ol 5.400
emplovees. The installation was placed i standby status 1o 1975 and was declared excess
199¥. which began the dismantling process.

Waste Disposal Practices
The PBGL DBGL and Rocket Paste Area have been identitied as the source arcas ol proundwalter

contanunaton. The PBG Plume source arca mcludes and (il #1, PBG Waste Pits, 1949 Pig and
the Racetrack Arca. The DBG Plume source arca includes Fand il #3. Landtih #5. and the DBG

SpecPros Inecand BIS.TLC Page S of 54
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Waste Pite The Central Plume source area 1s near the NG oand Rocket Paste arcas. The locations
ol these arcas are depicted in Figure |

During production periods. the PBG and DBG were used as disposal arcas For waste and excess
production chemicals, primarily solvents, plasticizers. and explosives, Excess chemicals and
munitions components were placed i open pits and burned (¢ dispose of ihem,

Process wastewater from the Rocket Paste Area und the Nitroglveerin Area was conveyed in
open ditches trom the north-central to the south side of the stallation where it subscquently
flowed to the Settling Ponds and Spotls Disposal Arcas. and eventually te the Wisconsin River.

Demolition and Restoration

Environmental investigation and restoration activities began at the BAAAP in 1977
Ciroundwater monitoring and characterization setivities began in 1980, with groundwaier
treatment hegimning in 1990, These activities are sull in progress today.

Ongoing demolinon activities include the following: removal of all process chemicals.
cquipment. piping. process and storage tanks. munitions and expiosisves of concern (MEC) that
may reasonably be expected 1o cause an environmental or satety hazard. and the majority of the
structures on the installation. Many of the conerete siabs that lay underncath these structures
huve been removed or are planned tor removal and recyeling. Current environmental restoration
activities include the following: soil investigation and remediation: groundwates monitoring and
remediation: impacted process and sunitary sewer removal: frisble ashestos removal: and MEC
screening. clearance. and certilication.

4.3 Environmental Setting
Topography

The land surface at the mstatlation is the result of elaciaton. The nstallation is located on the
southern edge of the Baraboo Range. also commonly referred o as the Baraboo Hills. The
terminal morame, deposited by the leading edge of the last glucter as it moved from cast 1o west,
extends from north to south across the central portion of the instailation. The topography in the
castern iwo-thirds of the mstallation consists of gendy rolling hills with numerous depressions.,
The western third of the installation is an outwash plain that is nearly level to gently sloping
towards the southwest,

Climate

The chmate of the mstallavon arca 1s typically continental with some influence from the Great

Lakes system. Average annual temperatures i the region vary from 39 degrees Fahrenheit (°F)
1o 3071 The freeze-free season is typically 80O 10 186 days. From 1971 o 2000, the Southwest
Wisconsin Divisional Climate Summary included the following averages: Winter: 19.7°1% 3,44
inches of precipitation (ppU: Spring: 45.8 1. 9.24 ppt: Swnmer: 69,271 13,14 ppi: Pall: 48071
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810 ppteWisconsin State Chmatology Office Website. 2010, Precipitation for the area
averages approximately 30 inches annually. Typically, 70% of this rainfall occurs during the
erowing scason: April through September. The one year and ten year predicted maxinmum 24-
hour rainfall totals for Sauk County are 2.3 and 4.1 inches. respectively.

Surface Water Hydrology

Surfuce drainage consists of overland ow 1o the west south. and cast. Much of the run-oft
collects misolated depressions on-site and intiltrates or evaporates. The ditches in the northwest
portion of the installation drain toward the Balistics Pond and subsequently to Otter Creek (o the
west ol the installation. The surface water from the NG. Rocket Paste. und Magazine Arcas,
located in the central and southeast areas of the installation. discharges to the Setling Ponds and
Spoils Disposal Arcas in the south-central portion of BAAAP. The Settling Ponds are manmade
arcas that received wastewater from production, but are aow almost entirely dry except in severe
rain events. The Setiling Pond Area drains to the south and east at Gruber's Grove Bay. on Lake
Wisconsin. Ponds that contain water throughout most of the year include the Ballistics Pond.
Oleum Pond. Wood Duck Pond. Rocket Paste Pond. and NG/Over Flow Ponds.

Geology

A thick sequence ol unconsolidated sediments was deposited during multiple glactation events.,
A elactal terminal moraine transects the installation from north 16 south, ws shown in Fieure 2.
Fieure 218 a map depieting the geological features at the surfuce. This map was adapted from
the Geology of Sauk County by Attig and Clayton. 1990, Bisecting BAAAP from north (o south
is the terminad moraine shown in dark green (gj) and classified as thick Gl of the Johustown
Moraine. Thinner glacial ull. shown in light green (ed). is found cast of the terminal moraine.
On the far castern side of BAAAP s a unit classified as a collapsed mehtwater-stream sediment
(s¢). Westof the terminal moraine is stream sedinient (sj) of the Johnstown Moraine, shown in
pink. There is ulso a unit of stream sediment (ss) shown cutting through the terminal moraine in
the southern portion of BAAAP. This stream sediment unit is younger than the Johnstown
sediment. contains ice rafted boulders, and was deposited by tloodwater during the drainage of
elactal Fake Wisconsin during the deron Phase of elaciation.

Based on the borings advanced at BAAADP. the elacial all varies in thickness from 10 o 90 feel.
Outwash sund and gravel or fluvial deposits (stream sediment) lie beneath the dll. The water
table does not iterseet the tll bencath BAAAP. only the outwash is in contact with the
croundwater. West of the terminal moraine. a thick sequence of elacial outwash sand and gravel
was deposited (). Glactal olls to the cast are primarily silty sands with cobbles and boulders.
Several feet of clay and silt (loessy overlie the glacial sediments.

Figures 3 and 4 ure generalized geologic cross sections that show thickness of the unconsolidated
sediment (sand and gravel)y overlying bedrock. These two cross sections were adapted from
figures m Hydrogeology and Simudation of Grouadwater Flow in Sauk Couniy, Wisconsin
tGotkowitz et al, 2005). The unconsohdated sediment and bedrock unit thicknesses were
derived by reviewing boring fogs from wells at and near BAAAP. Bedrock ecology at BAAAP
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is dominated by the Fau Claire Formaton (Cambrian age) bencath most of BAAAY, with some
Precambrian metumorphosed quartzite. granie. and rhyolite. The Fau Claire Formation consists
ol sandstone/shate/stlistone/dolomite. The Baraboo Range o the north ol the instailation
contains Precambrian conglomerate and quartzite. which are part of the Baraboo Syncline. rising
approximately SO0 feet above the installution. The bedrock surface dips steeply toward the
south, where sotl deposits quickly thicken to a maximum ot approximately 250 feet. Along the
northern installation boundary. soil deposits are thin or absent and bedrock outcrops are
common. Freare S tHustrates the bedrock surface beneath and surrounding BAAAP. This
bedrock surface isopach map was based on available monitoring well. production well, and
private well construction logs. The bedrock surface drops 200 feet in the northern third off
BAAAP and fTattens out in the southern two-thirds of BAAAP,

Freure 3 shows the BAAAP Well #1 on the far left penetrating the entire Fau Claire Formation
and entering the Baraboo quartzite. A luver of shale is shown to underlay the western hall of
BAAAP. The shale layer acts as an aquitard which retards eroundwater in the sand and gravel
aquifer und the upper sandstone aquifer from movine downward into the lower sandstone
aquifer. The Fau Clare Formation is shown to thin out o the east and acts as both an aquitard
and an aquiter based on the thickness of the sandstone. The BAAAP Well #1 draws its water
from the Fau Claire Formation,

Frgure 4 1s across section that runs from the Baraboo Range south o the Village of Prairic du
Sac. This section also shows the BAAAP Well #1 on the far left and the Prairie du Sac (PDS)
Well #3 on the Tar right. The PDS Well #3 penetraies through the Bau Claire Formaton and a
layer of shule before entering the M Simon Formation (sandstone). The shale layer is shown 1o
be present from just north of the BAAAP Well #1 down to PDS. This shale Tayer acts as an
aquitard which restricts groundwater from migrating deeper into the M Simon Formation.
Basced on the well Tog. the PDS Well #3 has a water depth at the ground surlace. whereas the
local water table is located 45 feet below ground. This implies that the PDS Well #3 is a tlowing
or artesian well. The thick sequence of the Eau Claire Formation and the shale layer protect the
PDS Well #3 from contaminants on the surlace and in the sand and gravel aquiler.

Gieologie cross sections depicting stratieraphic velationships between the various soil units.,
bedrock units. and water table are orientated in Fgure 6. Frgures 7,809, and 10 are geologic
cross seetions that are orientated through the PBG area. Freures 11 and 12 are geologic cross
seetions that are orrentated through the DBG arca. Frgure 13 1s @ geologic cross section
orientated through the Central Plume area. The terminal moraine is shown i many scctions.
represented as elactal tll (SP-SM or SM-SP). and consists mostly of varying eram sizes of sand
with fines and some gravel/cobbles/boulders. Bused on the cross seetions., the elacial tll is not
present beneath the water table. Beneath the elactal ull ties sand of varying grain sizes that was
depostted by elacial fTuvial processes (glacial outwash). The sand outwash contains many
pockets of gravel with some being localized and others interconnecting. The gravel layers have
been encountered up to 40 feet thick. A uniform layer of gravel exists near the bedrock surface.
south of the PBG. A layer of clay and silt (C1-ML). up o 20 feet thick. is present in the DBG
arca. As shown in Iigure T the fine grained layer appears to pinch out approximately 1.300
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feet cast of the DBGL Both Feare 11 and 12 show the ime gramed unit located bencath the
water tiable. The bedrock shown in cach cross section consists ol the au Claire Formation.

Hydrogeology

Two major aquiters and one minor aqueler are present beneath the installation: the surficial sand
and gravel aquifer. the Lau Claire Formation, and the deeper Mt Simon Formation (sandstone
aquiter). respectively. The sand and gravel aguifer and the Fau Claire are un-conlined to semi-
confined and possibly hydraulically connected. The fau Claire Formation varies between 80 1o
230 feetbelow ground surface (besy. The M Simon Formation is located upproximately 400
feet bes and is mostly present o the cast and south o BAAAP. The gencral direction of
sroundwater flow 1y south to southeast. Steep eradients exist ajorg the northern bouadary ol the
installutton. The gradient flattens substantially in the central and southern portions of the
installation. Recharge to the sand and gravel aquiler is limited by infiliration through a fine-
erained Toess umit (silt/clay) in some areas.

As previously mentioned. Figures 3 and 4 show that the Fau Claire Formation contains at feast
one uniform shale layer that acts as an aquitard. which retards groundwater in the sand and
eravel aquifer from moving downwird into the lower sandstone aquifer (Mt. Simon Formation).
The Eau Claire Formation also contains many thinner lavers of shale and thick seouences of
dolomite that act as an aquitard.

The regional groundwater flow direcuon in the BAAAP arca 1s south-southeast towards the
Wisconsin River as depicted in Warer-Table Elevation Map of Sauk Counry, Wisconsin
(Gotkowitz and Zetler, 2003y and Hvdrogeology and Sinuidlation of Groundwater Flow in Sauk
Counry. Wisconsin (Gotkowttz et al. 2005y, This direction of low corretates well with the
groundwater contours generated by collecting water levels in the BAAAP monitoring wells.
Figure 14 depicts the groundwater contours at BAAAD during September 2010,

The Wisconsin River acts as a discharge point for groundwater cast and south of BAAAP. As
depicted in Warer Resources of Wisconsin Lower Wisconsin River Basin (Hindall and Borman,

| 1974) eroundwater on both the west and cast sides ol the Wisconsin River dhscivr- oot os
into the Wisconsin River. The Lake Wisconsin Reservoir, caused by the hydroelectric dam on
the Wisconsin River, influences groundwater low across the installation. The Reservoir is north
ol the dam where there is an approximate 40-foot surtace water drop. The water level in the
Reservorr s elevated above the water table for much of the southeastern portion of the
installation. Anyvwhere the Reservorr elevation 1s higher than the water table. the water i the
Reservorr will discharge o the groundwater. Subsequentiy. the Reservoir discharees o the
eroundwater in the Gruber's Grove Bay arca and continues to discharge to the groundwater unul
1t reaches the WP&L dam. The net results groundwater flow paralle] to the Reservorr with
discharee to the Wisconsin River south of the dam. Groundwater in the northeast portion of the
mstallation s higher i clevaton than the Reservorr: therefore, the groundwater discharges to the
Reservorr in this arca.
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5.0 SOURCE INVESTIGATIONS AND REMEDIAL MEASURES

Numerous site investigations and remedial actions have been conducted at the BAAAD.
Groundwater investigation activities at BAAAP began in 1980 and continuce today. Site-wide
groundwater related assessment activities. agreed upon by the Army and WDNR. include the
lollowing: monitoring well installation: water Ievel measurements: pump testing: monitoring
well und residential drinking water well sampling: and eroundwater modeling. Groundwater
impact source-related investigations and remedial uctions, (or the PBG. Central Plume Arcz, and
DBG are discussed below. Figure 15 shows the locations of the monitoring wells and Figure 16

shows the locations ol the private wells. Comment [JT12]: As yet, | haven't read
anything about SpecPro obtaining and reviewing

- . . consiruction details for the private wells. Has that
5.1 Pl‘O[)E"HI‘ll Burnmg Ground been done by the WDNR? Just generally knowing

what unit(s) those welis are screened in (or open

. L . . . N L. . . to), approximate age, etc., helps put the rest of this
The PBG s located in the southwestern portion of the BAAAP. The PBG is comprised of the section in context - ie., what is the threat to

following arcas: Waste Pits. 1949 Pit Racetrack/Hazardous Waste Thermal Treatment Unit downgracient water supplies, which private wells
(HWTTU) arca. and Fandtill #1. The Tocaton and layout of the PBG is shown m Figure 17, 2?2;:22::3;?:‘?‘Zdb::é,(f::rgﬁ,::;?&
) should be referenced.

DNT and organic solvent-contaming materiuls are known to have been disposed of at the PBG

through open burning and burial during production periods. Subscquently. localized impacts 1o

sotl consisted of 2.4-dinitrotoluene (2.4-DNT). 2.6-dinitrotoluene (2.6-DNT). poiyeyelic

aromatic hydrocarbons (PAHs). benzene. trichloroethylene (TCL, arsenic. chromium, lead.

selentum, and zine above soil cleanup remedial action objectives.

The PBG Waste Pits consisted of three waste pits and an open burning arca. A soil vapor
extraction (SV1E) system operated at the Waste Pits from 1997 10 1999, Approximately 1.600
pounds of solvent-related Volatile Organic Compounds (VOCs) were successtully removed Trom
within the vadose zone. Approximately 2.280 cubic vards of soil were removed from the PBG
Waste Pits. from ground surface to approximately 23 feet bes 1 1999, The soil was transported
off-ate and meinerated by a licensed hazardous waste contractor. The Waste Pits were filled
with clean gravel o grade.

A pilot biotreatment system was installed at Waste Pit in 1999, A Pilot-Scale Treatability
Study (PSTSY was conducted in 2000 1o evaluate the effectiveness of bacterial degradation of
DNT by naturally occurring bacteria in the soil (in-situ). The PSTS extracted groundwater
beneath Waste Pic I treated the water with phosphate. and reinjected it into the seil column
above the waste pit. Oxyeen was added to the vadose zone by injecting air through the former
SVI svatem wells: which now served as air sparge wells. Carbohydrate (ethanol) injection wells
for the control of nitrate byproduct were installed downgradient. but never used. Monitoring
results dicated the mdigenous bacterta were acrobically biodegrading DNT in the soil column
successtully: theretore, the Army decided 1o go full-scale with the biotreatment system.

The Biologically Enhanced Subsurtiace Treatment (BEST) svstem was installed in 2000 and
operated from 2001 o 2005, From 2001 through 2003, additional air sparge wells were stalled
to wid bactertal degradation of DNT in the groundwater. The air sparge wells were in operation

SpecProclne and BISCLTC Page 10 of 54
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until 2006, Evalugtion of the BEST system indicated effective DNT reduction in groundwater
occurred during the operation of the svsten.

A geocomposite cap was mstalled at thie 1949 Pitin 1995 (o inhibit the movement of
contaminants in the soil. The 1949 Pir Phase One Cap, Final Construction Report (Olin
Corporation. 1999) was submitted and approved by the WDNR in 1999,

The Racetrack/HWTTU arca consisted of an oval gravel road. three refuse pits. and burning
plates. as well as the HWTTUL In 1993, three-Tourths of the Racetrack/HWTTU arca was closed
with a soil cover to prevent contact with Tead residual in the soil. The Final Documentation
Report For Soil Cover Construction Raceirack And Thermial Treatment Unit Closure (Olin
Corporation. 1996) was approved by the WDNR. The remaining portion ol the Racetrack arcu
had impacted soil removed 1997 with no cover required.

Fandfill #1 contained structural timbers. asphait shingices. cardbourd, and other oftice refuse.
Land(ill #1 was covered with a WDNR-upproved geocomposite cap in 1997,

In 2005, Shaw Lnvironmental. Ine. (Shaw) conducted an investigation in the PBG area 1o

evaluale the existing soil conditions beneath the PBG waste pits. This investigation included

drilling borings through cach of the waste pits and collecting soil samples for laboratory analysis.

No additional sotl sampling hus been conducted since 2005, This investigation determined that

carbon tetrachloride and other VOCs were no loniger present in the soil beneath the PBG Waste

Pits. A summary of the VOC soil sample results are provided in Tabie 1. SpecPro. Inc.

(SpeePro) caleulated that the amount of remaining DNT-impacted soil is approximately 25.058

pounds. This caleulation does not represent pounds of DNT remaining in the soil. input Comment [JT13]: Why pounds of soil instead of
parameters are provided in Table 2. _ pounds of contaminant?

In 2000, a draft AFS was completed to re-evaluate the interim remedial actions for =oils at the
PBG and deternune the final remedy. The selected remedy incloded the previous remedial
actions: soil vapor extraction. partial soil excavation and incineration. and full-scale
bioremediation. The final remedy chosen included removal of the bioremediation systen.
mstallation of an impermeable cap and cover. and continued groundwater menitoring and
remediation. On March 17, 2008, the WDNR approved of the tinal remedy for the PBG
subsurfiace soil,

Removal of the BEST system was completed in 2008, The Waste Pits were then capped with a
geosynthetic barrier and compacted clay . according to regulatory requirements. The arca was
then covered with topsotl, graded. and seeded. The Construction Documentation Report. PBG
Phase 2. Cap and Construction (SpecPro. Ine.. 2009) report was submitted to the WDNR und
approved in 2009,

The Waste Pits. 1949 Pt Racetrack/HWTT UL and Landfill #1 areas are reeularly inspected.
Signage and fencing are inspected and maintained. Cover arcas are inspected annually for
crosion. settlement. undesirable vegetation, and other deficiencies. Required repair work o

SpecProcIneand BISUOLLC Page 11 of 34
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maintun proper erade and drainage is completed. Annzal Cap and Cover Reports are submitted
to the WDNR,

Interim Remedial Measures/Modified Interim Remedial Measures

Groundwater contamination in monitoring wells at the PBG was first detected in 1982 (Tsai.
19881, Although an exhaustive investigation of groundwater contamination was not completed
at the ime. proposed interim remedial measures were evaluated in 1989, The goals of the carly
groundwater remedial action were te: 1) curb the advancemient ol the plume. 2) reduce
contaminants within the plume. and 3) be compliant with local, state, and Tederal reeulations.
Options considered included: total plume capture, boundary control extraction, source control
extraction. and a combination of boundary and source control extraction. Components of the
remedy that were evaluated included: arr sripping. activated carbon adsorption, and combined
air stripping and carbon adsorption.

The IRM groundwater pump and treat system began operations during June 1990, At that time.
the extent of groundwater contumination was believed to be within the installation boundary.
The IRM eroundwater treatment system originaily consisted of one source control well and three
boundary control wells. The groundwater was treated with an air stripping tower and liquid
phase granular activated carbon (GAC) treatment. In 1996, the IRM pumping system was
modified to include two source control wells and discontinued the use of the three PBG area
boundary control wells within the PBG arca. Tabeled BOW-1. 20 and 3. Since November 2008,
the two source control wells (SCW-1 and SCW-2R) have extracted groundwater from the PBG
source area at i combined rate of approximately 350 eallons per minute (gpmi). Figure 17 shows
the locations of the existing IRM extraction wells.

bxtracted groundwater is pumped through a GAC system that removes VOCs and DNT [rom the
water by adsorption. The GAC system consists ol two units that cach contains 20.000 pounds of
carbon. The treated water then lows through a 30-inch high-density polyethylene (HDPE)
pipeline and discharges into the Lake Wisconsin Reservoir near Gruber's Grove Bay. regulated
under a Wisconsin Pollutant Discharge Elimination System (WPES) permut. A 19-inch
pipeline o the Lake Wisconsin Reservorr was the ortginal discharge line, and was used until the
30-inch Iine was constructed i 1995, The ozone treatment and multi-media filter were removed
from the system during BEST System removal in Jésis 20,

An evaluation of the IRM was conducted in 1993 (o address new regulatory requirements. This
evaluation concluded that the PBG Plume was not being entireiy captured by the IRM system.
In particular. the plume was extending beneath and cast of the three original boundary control
wells. A groundwater model was used to evaluate alternative 2roundwater extraction and
treatment options. A eroundwater treatment system was desiened o augment the existing IRM
system.

This augmented groundwater treatment system called the MIRM svstem was installed in 1993
and 1996 and began operations on June 200 1996, The MIRM eroundwater treatment system
ortginally consisted of six boundury extracton wells (EW-161 EW-162, EW-163, EW-164,

SpecPros Ineand BISCLLC Page 12 of 54
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EW-T63 and EW-166). automatic self-cleaning stramers, air strippers. vapor phase GAC
treatment. and liquid phase GAC treatment. Four additional extraction wells (EW-167. EW-108.
EW-T69. and EW-170) were installed along the axis of the plume in 2003, The pumping of
these extraction wells was refined over the years o optimize removal of groundwater
contaminants. The currently operating five MIRM extraction wells (EW-163R. EW-167. IW-
168, EW-169. and EW-170R) extract groundwater trom the PBG Plume at a combined rate ol
approximately 2400 gpm. MIRM extraction well EW-164 s currently on standby and not
pumping. Figure 17 shows the locations ol the existing MIRM extraction wells.

Asulfuric yerd tank and pumps are used for descaling the system periodicaliy, A phosphate-
buscd sequesterig agent is added o avord carbonate scaling and fouling oi the systen.

The water from the MIRM extraction wells tlows through three individual air strippers for
treatment of VOCs. Each air stripping tower is 27 feet high, cight fect in diameter. and
constructed ol fiberglass reinforeed plastic. A 15.5-foot neoprence packing bed of 3.5-inch media
is contained within cach tower. which is designed o handle a normal flow ol 1.000 epm and a
maximum How ol 1.300 gpm. Each air stripper contains a centrifugal blower capable of
supplying 4.600 standard cubic feet per minute of air. The VOCs are thus transterred from water
Lo alr.

The air then fTows through three GAC vapor phase units. o remove the VOCs through carbon
adsorption before being released to the atmosphere. Lach GAC unit contains 5.000 pounds of
carbon. The MIRM air emisstons have been monitored and found to be well below any
applicable regulatory limits. The GAC treatment of the air emissions has been discontinued
recently following WDNR approval in 2014

The water then collects in the air stripper basin after the vapor phase units have removed
approximately 98% ol the VOCs. The water then flows from the air stripper basin into the liquid
phase GAC units. The liquid phase GAC treatment system as originally designed consists ol Tive
GAC units arranged i paraliel. Each unit has a sclf-cleaning strainer and two separate beds of
GAC adsorbers. The ten hquid phase adsorbers contain 20.000 pounds of carbon cach which
captures the remaining VOCs and DNTs. The treated water is collected in the treated eftluent
storage basin, Approximately 00 gpm of treated water is used Tor the BAAAP fire suppression
water supply system. The remaining treated water is discharged under o moditied WPDES
pernut to the Lake Wisconsin Reservorr through the 30-inch HDPL pipeline.

In 2002, extraction well EW-163 was replaced with EW-103R due 1o equipment getting stuck in
the borchole during maintenancee operations. Additional moditications were made to the system
in 2004 and 2005 by placing more extraction wells within the body of the plume. This allowed
the system o treat water with the highest level of contanminants. MIRM well re-alignment
activities in 2006 included the istallation of four high-capacity wells, pumps. piping. and
control systems. In 2008, one of the original source control wells (SCW-2) was abandoned and
replaced with SCW-2R 1o allow the construction of the PBG cap. The MIRM system was
moditicd m 2008 o mclude two more GAC units to increase the total capacity of the

SpecPros nccand BIS LLC Page 13 ol 54
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IRM/MIRM system o 4.500 gpm. In 2010, extraction well EW-170 was replaced with 1EW-
1 70R due to well bio-fouling and poor well performance.

Bio-fouling 1s caused by ron-oxidizing bacteria. commonly referred o as “iron bacteria™. The
primary form ol iron bacteria present at the IRM/MIRM is Gallionella sp.. Iron bacteria are
eenerally acrobic and oxidize iron and manganese o a lesser extent. Dissolved ferrous iron (1
is oxidized to ternie ron (HD or ferrie oxide. The resultis a mucilaginous slime that contains
precipitated ferric oxide. The shime and ferric oxide protect the bacteria, but cause clogeing of
well sereens, pipes. and pumps. Repeated well rehabilitation has been conducted consisting of
the tollowing: pre-rehabilitation video logging. wire brushing, bailing debris, adding
hydrochloric uetd. adding dispersant polymer. surging. acid removal and neutralization. and well
sterilizaton with sodium hypochlorite. The iron bacteria are most hikely from an indigenous
SOUTCL.

Total suspended solids cause clogging ol the liguid phase GAC units, which subsequently

require frequent backwashing. Backwashing currently oceurs five to 10 times per month,

Backwashing and clogging reduces the treatment capacity at the MIRM,

Currently. the IRM/MIRM and the wistewater treatment plant ¢WWTP) have a combined * Comment [IT16]: On site or municipal? If on
\\:I’l)l‘{.\ipcrmil. Bluffview Sunixurg District (BSD iy scheduled 1o tuke over ownership of the ;I';2‘1:;?2:23’1‘{‘;:‘&;;;"’ reference another
WWTP 1 2011, It is unticipated this changeover i the WWTP ownership along with the ' ‘ :

renewil of the WPDES permit by December 2011 will result in the submitial of sepurate permits

by the Army for the IRM/MIRM and the BSD for the WWTP.

SpecPro caleulated the annual total mass of DNT and VOCs removed by the IRM and MIRM

systems over the past four years. The monthly influent concentrations of total DNT. 1.1.1- )

Trichlorocthune (1.1.1-TCA). CTET. chloroform. and TCE were multiplicd by the estimated Comment [JT17]: If these are the primary VOCs
volume of groundwater treated cach month. The total estimated mass of DNT remioved in 2007, of concern for the PEG, it should be noted here
2008, 2009, and 2010 was less than 4434652, 12,02, and 14,40 pounds. respectively. The total

estimated mass of VOCs removed in 2007, 2008, 2009, and 2010 was less than 33.00. 78.52.

8193 und 63.62 pounds. respectively. Input parameters are provided in Tuble 3. Considering

an average mass ol 19.47 pounds of DNT removed per year and an annual IRM/MIRM operation

and maintenance cost of S1.7 million. the cost to remove one pound of DNT is S87.314. Comment [IT18]: Seems more appropriate to
cite this calculation in Section 9 rather than here,

i 3 . . . when comparing Alternative 1 to Alternative 3
Tuble 4 summarizes the analyucal results for the IRM/MIRM svstem from samples collected in : :

December 2010, The table provides total DNT. LUL-TCAL CTET. chlorotorm. and TCE

concentrations for cach MIRM extraction welll IRM influent. MIRM influent. and the combined

IRM/MIRM cffluent. Two concentration over ume graphs for the MIRM intluent are presented

in Appendix Ao The first graph displays the MIRM influent concentrations for VGCs (CTET. o S
chloroform. and TCE) 1 relation to the MIRM pumping rate for the tme period from 2001 o " Comment [JT19]: Why is TCA now excluded
2011, 1tappears that regardless of the flow rate. the VOC conteminant concentrations in the from the analysis?

MIRM influent have been decreasing since 2005, Sinee June 2009, concenirations for all three

VOUC's huve been below their respective groundwater IS, The second graph displays the MIRM

intluent concentrations for 2.3-DNTO 2 4-DNT. 2.5-DNT. 2.6-DNT. 3.4-DNT. and 2.5-DNT in

relation to the MIRM pumping rate tor the time period itom 2001 10 2011, Since the {lTow rate

SpecProc Inecand BISULTC Page 14 of 34
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was increased m January 2008, the 2.3-DNT and 3.4-DNT concentrations increased for two
years. Sinee February 2010, the 2.3-DNT and 3.4-DNT concentrations have been decreasing,
Total DNT concentrations in the MIRM itluent are consisiently above the groundwaier ES
((LOS we/t).

5.2 Deterrent Burning Ground

The DBG arca consists of seven acres and s located in the noriheastern portion of BAAAP. The
DBG arca was used as a sand borrow pit from the 1940s untl the carly 1960s., and a waste
disposal site from the 1940s o the 19705, The DBG consisted ol three burn arcas within a man-
made depression. approximately three acres in size and 20 feet deep.

Coal ash from the power plant. construction rubble. trash. and bumed garbage were deposited
mside the DBG sand borrow pit. The remaining portion of the DBG was used for open burning
ol deterrent, o liquid organic extract from surplus propellant. composed mostly of DNT and di-n-
butyvl phthalate. as well as minor amounts of diphenylamine. benzene. and NC. Structural
timbers, asphalt shingles. cardboard. paper. and office waste were also burned in the pits.
Subsurface sotls at the DBG were found to be impacted with DNT. n-nitrosodiphenylumine.
arsenic. and chromum. The majonty of the impacts were found in the shallowest portion ol the
pit. with arsenic and chromium i limited arcas ol the site. Investigations aiso showed DNT
spread laterally i the subsurface soils and reached groundwater.

Land{ill #5318 Tocated 1o the northeast of the DBG. During eperations. the land{ill reportedly
received solid waste. mcluding office waste. demolition debris. laboratory waste. and coal ash
from the power plant. No hazardous materials were reported 1o have been disposed in Land!ill
#3. The landfill was opened in the carly 1940s when operations began and was closed in 1989
with a clay cap.

An interim corrective action consisting of the removal and off-site incineration ol DBG waste pit
sotl occurred 1n 1999 und 2000, Impacted soil from the three pits was excavated o a depth of
approatmately 135 feet. The total volume of the excavated and incinerated soil was
approximutely 4.260 cubic vards. Lach pit was backfilled with clean till to pre-excavation
erades. This removed the surface soil contaminated with the highest DNT levels and mictals.

In 2001, the backtilled arca was temporarily capped and addinonal soil and groundwater studies
were started o better understand the groundwater flow in the area. On May 6, 2002, following
submittal of the Dratt Alternative Feasibility Study - Deterrent Burning Ground Waste Pits
Subsurtace Soil (Stone & Webster. Inc.. 20025, the Army requested a permit modiiicaion 1o
perform the remedial action (RA) including partial excavaton and incineration (completed in
20000, resource conservation and recovery act (RCRA) cap/cover. institutional controls. and
groundwater monitoring. The final remedy. approved by the WDNRL was installed in 2003,

SpecPro caleulated that the amount of remaining DNT-impacted soil is approximately 40.200
pounds. This calculation does not represent pounds of DNT remaining in the soil. Input
parameters are provided i Table 20 This caleulation was based on investigation data presented
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n the Alrernative Feasibiliny Study (Stone & Webster, Tie.. April 24, 2002). Concentrations and
volume data were used to derive @ mass volume in pounds. It should be noted that the data used
in the caleulation was collected from 1991 10 1998, No additional soil sampling has been
conducted since 1998,

5.3  Central Plume Area

Bused on the knowledge of groundwater ow and monitoring results, the detection of DNT in
eroundwater at the Water's Edge Subdivision. south of the central portion of the mstaliation near
Gruber’s Grove Bay. indicated another source of DNT in groundwater besides the PBG or DBG
waus likely. In 2004, DNT was {irst detected within private wells located in the subdivision near
Lake Wisconsin. The 2.6-DNT concentration i two private wells excecded the Chapter NR
140, Wisconsin Administrative Code (Wis, Adm. Code). Enforcement Standard (108). In 2003,
the Army replaced these two private wells.

In 2006. the USDA installed a well tUSDA 6) in the southeast portion of BAAAY 1o water cattle.
The USDA 6 well is located approximately 4.300 feet north of the Water's Edge Subdivision.
Sampling results indicated 2.6-DNT exceeded the Chapter NR 140, Wis, Adm. Code. BS. Based
on the eroundwater fQow direction and the groundwater contuminant detections. the source of
DNT contaminated groundwater is believed to be from the north-central portion ol BAAAP
where rocket paste and rocket propellant were produced. However, several investigations o date
have not determined a specitic source of DNT contamiination. it is befieved that the broad
production arca may have caused the groundwater impacts. The following is a summary ol the
DNT source investigations that were conducted in the Central Plume arca.

DNT Source Investigation

In 2006, monitoring well sample results north and south of the USDA 6 well indicated the source
of the Central Plume eroundwater contamination was most likely located north of the Rocket
Production Arca. A DNT sources investigation followed.

Groundwater data and historical standard operating procedures were reviewed. Based on these
reviews, the mvestigaton of the source of DNT contamination focused on the Pre-Mix Houses.
located near the Rocket Paste area. The Pre-Mix Houses supported the production of rocket
puste. Barrels of production chemicals. which contained DNT. were transported by rail to cach
Pre-Mix House from the Bag Foading House. NC and NG were added to the chemical mixture
in cach Pre-Mix House. The resulung slurry was then pumped to the Final Mix Houses.

In 2007, soil borings to a depth of 20 feet bes were completed and continuously sampled at
locations where releases of DNT may have occurred. Sotl samples were analyzed for DNT. base
neutral actds (BNAs). and total Tead. DNT was not detected m soil samples collected adjacent o
the Pre-Mix Houses. In 2008, soil sampies were collected o a depth of nine Teet bes i ditches
and potential dramage pathways leading from the Rocket Paste and NG Production arcas. Only
very Jow concentrations of DNT were detected moseveral sotl samples. In 2010, soil samples
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© Comiment [JT22]: In my opinion, it’s significant

that the Central Plume source area was not
identified or investigated until a (routine?) private
well sampling event showed a DNT detection that
could not have come trom the PBG or DBG source
areas. Given the long history of investigation and

' source characterization at the BAAP, the fairly

recent discovery of a third source area seems to be
in conflict with later portions of this document that
portray a clear boundary for private wells that might
be affected {and should therefore be replaced with
municipal water), without a solid hydrogeologic
premise for (a) plume stability or (b) groundwater
contamination limited to the unconsolidated
rnaterials. In other words, is there any reasonable
scenario under which private wells outside the
proposed remedy area in Figure 39 might be
impacted in the future? This becomes more difficult
to answer if you're not confident that all significant
source areas have been investigated and that the
private well supplies beyond the boundary of Figure
39 are hydraulically separated from the outwash
and/or bedrock units with contamination. These
data may exist, but 'm not convinced from what’s in

this AFS.

' Comment [IT23]: Reference Figure 16B?
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were collected o a depth of cight feet bes near over 20 production buildings located in the NG
Production arca. Only very Tow concentrations of DNT were detected in several soil samples.
Seven groundwater monitoring wells were installed in 2007, Three of the wells were constructed
so thut the sereen intersected the water table, The four remaining monitoring wells were
constructed so that the sereen was submerged below the water table (approximately two-thirds
the depth of the sand and gravel aquiter). The wells ranged in depth from 115 10 207 feet bes.
Groundwater samples from cach well were analyzed for VOCs, DNT. and BNAs, 2.4-DNT was
detected 1 several monitoring wells and also the laboratory method blanks. The laboratory
cquipment may have contaminated the well samples, rendering these results invalid. Subsequent
eroundwater sampling conducted during June 2008 contirmed that 2.4-DNT and 2.6-DNT were
present in one of the deeper wells (RIN-0702C) and 2.6-DNT was present in another deeper well
(RIN-0703C). These detections of DNT confirmed that the source of DNT contamination was
located northwest of the USDA 6 well.

6.0 GROUNDWATER CHARACTERIZATION

Monitoring well locations are shown on Fleure 15, Since 1979, the Army has instalied over 400
monitoring wells at BAAAP. Groundwater quality data is collected from monitoring wells (o
assess contaminant concentrations. The groundwater results ere reported 1o the WHNR.

Between April and July of 2010, the Army instailed 40 monitoring wells inside and outside
BAAAP 1o supplement the existing groundwater monitoring network. Fleven ol those
monitoring wells were installed downgeradient from the DBG. The installution and sampling off
those cleven wells were documented in the Northeast Boundary Monitoring Well Installation
Reporr (SpecPro. Ine.. 20100, The other 29 monitoring wells were installed within the DBG.
PBG.and Central Plumes. Appendix B contains documentation ol the instaliation of these 29
monitoring wells and @ well location map.

6.1  Groundwater Properties

Water Level Elevations and Flow Direction

Water Tevel data collected from monitoring wells across BAAAP mdicate groundwater depths
ranging from 40 to 130 feet bes or 765 (o 855 feet above mean sea level tMSL). Teure 14 s a
representation of the groundwater elevation surtace i September 2010, The groundwater How

- . _ Feos L st coTher o 12 > orone aler .
direction 1s generally to the south-southeast. In the southeast corner of BAAAP. eroundwatcer Comment [IT24]: suggest labeling this feature

fTow 1s deflected shehtly to the south. presumably duc o inituences from the Lake Wisconsin on Figure 14
Reservorr. In the southwest corner of BAAAP. groundwater ow is influcnced by the " Comment [IT25]: Consider elaborating -
IRM/MIRM extraction wells. Due to the large number of monitoring weils, the clevation “Therefore, variations in the water table elevations

during the 30-day measurement period (e.g.,
responses to large rainfall events) may be over- or
under-represented in the data, but are still

measurenents for a sampling round are taken within a 30-day period.

The eencral groundwater ow direction at the installation is from north o south. but is locally appropriate for larger-scale contour maps such as
Lo T N .. . . . . e - Figure 14.” If precip and snowmelt do not affect
mflucnced by the Luke Wisconsin Reservoir and the IRM/MIRM pumping wells, The Take water levels much, then the point may be moot.
W Isconsin RQU vorr. focated to the vitst anq mulhgsl ol Ii/\_A/\‘l L 1s formed by the WP&ILL dam.  Comment [IT26]: Suggest labeling this feature
which results ina constant luke elevaton of approximately 774 teet MSTL Below the dam. the on Figure 14
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water elevation drops abruptly 1o 736 feet MSL as the lake reverts w the Towing Wisconsin
River. The rapid change in water elevations at the dam results in a dramatic hydraualic drop in
groundwalter clevations around the dam. The pumping of the IRM/MIRM extraction wells
located on the western halt of the BAAAP southern boundary results in an abrupt clongated
groundwater depression zone. Groundwater captured by the depression zone flows toward the

IRM/MIRM extraction wells where it is eventually pumped from the sand and gravel aquifer. Comment [JT27]: Suggest adding a smaller-
scale figure for the PBG extraction well area that

. . . . . . . R . : shows this localized drawdown effect more clearly.
Comparison of groundwater and Reservorr level elevations idicates water from the Reservoir Fig 14 i ale to really see it.

recharges groundwater or, depending on relation to the WP&LL dam. groundwater discharges to
the Wisconsin River. Groundwater discharges o the Reservoir when adjacent eroundwater
levels are higher than the Reservoir level. Groundwater discharees o the Reservoir in the
northeastern portion of BAAAP. The Reservorr discharges o the sand and eravel aguiter when
adjacent groundwater levels are lower than the Reservoir level. About three miles north of the
WP&I dam. the Reservorr transitions from recharging o discharging to the underlying sand and
vravel aquiter. Directly south of the WP&L. dam. the Wisconsin River resumes with
ceroundwater discharging 1o the river.,

Hydraulic Conductivity

Hydraulic conductivity values were caleulated based on aquiler testing al two MIRM extraction
wells Tocated near the PBG n 2005, The aquiler tests. which were comprised of a pump test
followed by a step test were conducted at extraction well EW-16Y in February 2005 and at BW-
167 i March 2005, The tests were conducted by continuously pumping the extraction wells
over a period of time and measuring the drawdown in nearby observation wells. Observation
wells (PBN-8304A0 PBM-8505. and PBM-8904C) were monitored for the test at 1W-169, which
lasted two und one half days. The aquifer test at EW-169 viclded a hydraulic conductivity value
between 1.391:-02 10 6.271-02 centimeters per second (eny/see). The aquiter test at exiraction
well EW-167 lasted seven days and drawdown was measured in four nearby observation wells
(PBM-8503. PBN-8502A. PBN-8901C. and PBN-8902C). The results of this testing yielded a
hydraulic conductivity value between 4.855-02 and 9.601-02 cin/see. Testing methodology is
presented in further dewil in the Drafr Correcrive Measures inplementation Report, MIRM
Extraction Well Realignment Project (Shaw Environmental. ne.. 2000).

During the RECABB-ES. 1993)0 slue tests were pertormed on menitoring wells across the
BAAAP. The RIreport included hydraulic conductivity values for 54 monitoring wells, Table 5
summarizes the hydraulic conductivity data collected during the R1 The average hydraulic
conductivity of these 34 wells was 4.01:-02 env/see. The hvdrautic conductivity values obtained
during the MIRM pump tests correlated well with the average value obtained trom the RI slug
Lests.

Hydraulic Gradients
Wells are sereened at various depths and assigned an alphabetical designation afier the number

of the well 1D, A is the shallow water table interval. and 8. C. D.and F are piczometric intervals
that increase in depth from B o B, The piczometers ending in bowere constructed so that the

SpecProc Ineand BIS TTC Page I8 of 54
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screen was located in the bedrock. It should be noted thit the unconsolidated sand and gravel
aquiter is unconfined vertically.

As evident from the groundwater clevation map showing the September 2010 data (Fieure 145,
the northern hall of BAAAP has a much steeper horizontal hydraulic gradient thun the southern
hall, The magnitude and direction of tlow for the three plume arcas are represented by the
eroundwater contours presented in Freure 14 Data sets trom cach groundwater plume were used
to caleulate horizontal hydraulic gradient. Groundwater elevations [rom the sampling periods ol
March 2010, September 2010, and March 2011 were used o caleulate an average hydraulic
eradient for cach plume arca (Table 6). The average hyvdraulic eradient caleulated tor the PBG
arca wells was GLOOT63 feet per foot (fV1D. The average hydraulic gradient calcelated for the
DBG arca wells was Q00127 {UIt The hydraulic gradient caleulated for the Centrat Plume arca
wells was Q.001063 U1t

Verticul groundwater movement is evaluated by comparing eroundwater levels from the
different aquifer layers to determine vertical eradient. Monitoring well clusters. where two or
more wells have sereens positioned at different depths within the aquifer, are used o examing
differences i the potentiometric groundwater surface between different layers of the aguiler.
Vertical hydraulic gradients were evaluated for nested well pairs 1n the three plume arcas. Table
7 summurizes the vertical groundwater gradients tor the chosen well nests. Gradients were
evaluated from the groundwater clevation data collected during the March 2010, Sentember
2010, and March 2011 monitoring events. Positive vertical gradients indicate eroundwater is
flowmg upward and negative vertical gradients indicated groundwater is flowing downward.

The majority of the well pairs in the PBG exhibited an upward vertical groundwater eradient
between shallow o deep wells. The majority of the well pairs in the DBG exhibited a downward
vertical groundwater gradient between shallow to deep wells. The four well pairs in the Central
Plume were split between a downward or upward vertical groundwalter gradient between shallow
to deep wells.

Groundwater Flow Velocities

The advecuve groundwater flow velocity is dertved from the hydraulic conductivity value.
horizontal gradient. and effective porosity. Advectve groundwater movement does not take into
account dispersion, diffusion, or chemical retardiation ol groundwaier contaminants which can
mcrease or deerease the rate of groundwater tlow. It is a caleulated value that provides an
estimate of the rate of groundwater fTow over time. The mathematical formula for determining
advective groundwater tlow velocity (v is:
v =Kim, Where:
K =hydraulic conductivity (feet/day)
{ = hydraulic eradient (feev/feet)

n. = cffective porosity

Comment [IT28]: Aren’t there some D
piezometers in bedrock?

gradients, which means that _
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Comment [JT29]: Are there areas where CL-ML
layers within the outwash create a localized upward

vertical gradient {i.e., semi-confining layers)? :

. Comment [JT30]: For the conceptual site

model, does SpecPro have any opinions about what
hydrogeologic conditions are causing upward
vertical gradients if “the aquifer” is truly
unconfined? Where is that higher head coming
from - the Baraboo Hills/bedrock, WI River, etc.? In
other words, is it reasonable to assurne continuity
within the outwash aquifer (probably a required
assumption for modeling and hydraulic calculations)
if horizontal layering is creating zones of much

greater/lesser permeability?

' Comment [IT31]: Add ?- In general, vertical

hydraulic gradients at BAAP are __ orders of
magnitude greater than horizontal hydraulic
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The average hydraulic conductvity value from the RL0.04 cnysee or 113.4 {/day. was used in

all the groundwater flow velocity caiculations. An effeciive porosity value of 0.26 was obtained

during the recent groundwater modeling effort. Average horizontal gradients of 0.00165 {U/ft for ~ Comment [JT32]: Cite section?

the PBGLO.00127 (Ut for the DBGL and 0.00103 [/4 for the Central Plume were used o ‘ :

caleulate the groundwater flow veloctties. The caleulated average groundwater Tow velocities

as shown in Table 6 cqual 0.72 fi/day for the PBG. 0.53 fUday for the DBG. and 0.45 (i/day for

the Central Plume. These groundwater tlow velocity values equate to 263 {¢/year for the PBG. L

201 ft/year for the DBG. and 164 fU/year for the Central Plume. " Comment [IT33]: As noted above, since vertical
gradients are so much greater than horizontal,

. - v . . . shouldn’t this be accounted for in the velocity
6.2 Nature and Extent of Groundwater Contamination calculations (and the conceptual site model)?

Groundwaler investigation activitios al BAAAP began in 1980 and continue today. Site-wide
croundwater-related assessment activities. agreed upon by the Army and WDNR. include the
following: soil vapor surveys: monitoring well drilling, installation. and surveying: water level
meuasurements: pump testing: monitoring well and residential drinking water well sampling: and
groundwater modeling. ach vear. the Army completes an Annual Groundwater Nurrative
Summary Report thal summarizes the eroundwater data cotlected during the previous year.

Historical Groundwater Plume Characterization

Groundwater contanmnation in monitoring wells at the PBG was first detected in T9X2 (Tsai.
1988, During the 1980s. montoring wells were installed ucross BAAAD during various
investigations. The draft final (Phase 1) RIrepori (lanuary 19963 indicated that two plumes of
contamination had migrated beyond BAAAP boundaries. From the DBG/andfill #5 arca. a
sulfate plume had been detected past the castern boundary. Concentrations of suilate at the
castern boundary were reported at 640 milligrams per liter (mg/1). but concentrations in private
wells outside the boundary were below the Chapter NR 1400 Wis Adm. Code, PAL of 150 mg/l.
From the PBG arca. a plume of VOCs with CTET as the primary contaminant had moved past
the southern boundary.

An oll-site groundwater monitoring program was initiated in January 1990, In late April 1990,
results of monitoring residential supply wells south of BAAAP showed that three private potable
waler wells had been contaminated with CTET and chloroform at levels of 80 ug/l and 9.9 ug/l.
respectively. A VOC plume moved south from the PBG waste pits. past the installation”s
southern boundary. then casterly to the Wisconsin River below the WP&LL dam. Two
replacement restdential wells were mstalled in December 1990 as a remedial measure. The third
resident finalized their agreement with the Army in 19935, und the well replacement was
completed m 1996, Prior to well replacement. bouled water had been provided (o the affected
restdences. At the southern boundary of the PBG waste pits. the IRM system was constructed
and began operating in June 1990,

The 1993 REand 1994 IS idenufied the types. concentrations, and locations of contamination at
the installution. This RIZES Tooked at the possible ways to treat the contamination and
reccommended remedies for cach site. The regulators agreed with the Army’s recommendations

SpeckrocIneand BIS.TTC Page 20 01 54
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for remedies. These were incorporated into the 1FCR modilications of June 1995 and the RCRA
permit modification of January 6. 1996,

The recent groundwater data reported to the WDNR included results for 1735 monttoring wells
and 43 private wells that were sampled during the August. September. and October 2010 rounds.
The August. September. and October 2010 groundwater monitoring data is summarized in
Tables 8.9, and 10, respectively. See Appendix C for maps displaying groundwalter
concentrations from the August. September. and October 2010 groundwater data for CTET,
chloroform. total DNT. ethyl ether. TI-TCAL 11 2-trichlorocethane (1.1.2-TCA). and TCL.
Appendix C also contains maps of the August. Septeniber. and October 2010 groundwater
exceedances.

Wisconsin Groundwater Rule Revisions

Etlectve January 1. 201 1 Chapter NR 140, Wis, Adm. Code. eroundwaler standards were
revised. The revision included new standards for DNT (otal residues). The ES tor DNT (total
residues) s 0.05 micrograms per liter (g/l and the PAT 15 0.003 g/l All six DNT isomers
(2.3-DNT? 24-DNT: 205-DNT: 2.6-DNT: 3 4-DNT: and 3.5-DNT) must be added together o
determine the DNT (total residues) value, or total DNT. There 1s no existing federal standard for
total DNT. The laboratory™s current Ievel of detection (LOD) for all DNT isomers is 0.013 wg/l.

Propellant Burning Ground Plume

The PBG Plume ortginates at the PBG and extends southeast beyond the insialiation boundary.
Soratht e A hahiet o plume s tirns southeast towards the Wisconsin RIvVer st e e
bt ok e Wl deie bt ot on Pratie de e The PBG groundwater plume shown
in Figures 1% and 1Y represents the area where groundwater concentrations exceed a Chapter NR
140, Wis, Adm. Code. PAL for once or more of the following compounds: CTET. total DN,
cthyl ether.or TCEL Al six DNT isomers (2.3-DNT. 2.4-DNT. 2.5-DNT. 2,6-DNT, 3.4-DNT.
and 3.5-DNT) have been detected in the PBG Plume. mostly in the PBG Waste Pits. The plume
boundary 1s an interpretation of the September and October 2010 eroundwater data collected
from both monitoring wells and private wells. Tables Y and 10 summarize the groundwalter
analytical results from the September and October 2010 monitoring well sampling events.

Figure 19 15 a coneeptual model of the eroundwauter contamination plume originating from the
PBG. The conceptual model shows the plume i relation o the water table and the underlying
bedrock. Concentrations of DNT and CTET. above the PATL have been detected in several
monitoring wells that are sereened in the bedrock. As shown in Figure 19, there is a shale layer
beneath the contamination plume that retards groundwater contamination fron migrating into the
lower Mt Simon Formation (sandstone

The horizontal distribution of CTET 1s illustrated m Frgures 20 and 21, These isoconeentration
maps were prepared using eroundwater data collected during September and October 2010,

Figure 20 displays the horizontal extent of CTET that 1s tocawed above an elevation ol 705 teet.
Fieure 21 displays the horizontal extent of CTET that 1s located below an elevation of 705 feet.

SpecProc Ine and BIS TLC Tawe 21 of 54
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Comment [IT34]: Which laboratory? Is there

any laboratory in the US capable of reaching the PAL
for individual isomers?

' Comment [3T36]: Does one isomer

predominate once the plume leaves the site? What
are the degradation products, and have they been
detected?

- Comment [3T37]: Since | haven’t compared

baring logs to x-sections, | have to ask - how many
wells intercepted the shale? just the BAP and PDS
production wells, but no exploratory welis on site?
Is it reasonable to assume lateral continuity of the
shale unit over the horizontal distance shown in
Figure 19? Did Gotkowicz et al. make this
assumption? if you have upward vertical gradients
from the D/E wells to the C/B wells, that may be a
more convincing line of evidence.

* Comment [JT35]: Should this be Limit, not
. Level? Add LOD to Acronym list?
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An clevation of 705 feet was chosen to help visualize the difference between the shallow and
deeper zones of CTET contamination in the sand und eravei aquifer.

Figure 22 illustrates how the CTET concentrations in the PBG plume have changed between
1993 and 2010, Figare 21 displays only the arca south of the BAAAP boundary where the PBG
plume has not been influenced by pumping from the IRM and MIRM extraction weils. The
Isoconeentration map 1s broken up into three separute vertical well sereen intervals. B series
tshallow aquiter zonei C series (intermediate aquifer zone). and D-15 series (deep aguiier zone).
This arca located downgradient of BAAAP does not contain any monitoring wells that are
screened at the water table surfuce (A Jevel. The CTET in the PBG plume exhibits typical
chlorinated solvent churacteristics of migrating in the direction of eroundwater flow and sinking
to deeper zones within the sand and gravel aquiter.

Flgure 6 shows the orientation of the contaminant plume isoconcentration cross sections for

CTET, which are illustrated in Figures 23, 240 and 25, CTET was chosen for visual Comment [JT38]: General comment - these
representation because 1t best represents the horizontal and verticul extents of the VOC plume, ;‘g‘;is ;’(Ledgfzyviz“re(;:? reflect substantial
Figure 23 (A-A7) illustrates the esumated vertical extent of CTET from the PBG i the north (o

the Wisconsin River in the south (centerline of PBG plumie). The CTET concentrations are

highest south of the BAAAP boundary and in wells sereened approximately 70 (o 100 feet below

the water tble. The CTET plume extends north to south from the PBG 1o the Wisconsin River

with an average thickness of Y0 feet beneath BAAAP and 140 feet south of BAAAP. The

maximum depth of CTET is 145 feet below the walter table at monitoring well PBN-9903D,

which 15 sereened 1 sandstone at the wop of the Fau Claire Formation. CTET concentrations

beneuth the PBG (souree arca) are much lower than what is found downgradient of the PBG.

Fieure 23 supports the interpretation that the VOC plume is moving deeper into the sand and

eravel aquifer as 1t moves southeast. The esumated boundary of the CTET plume is shown to

approach the Wisconsin River. but first encounters the groundwater/surface water interface. The

groundwater/surface water mterface 1s an arca beneath a river where the groundwater mixes with

the surface water. The fate of groundwater contaminant plumes us they discharec through river

beds and the groundwater/surtace water interlace is net well understood (Conant, 2000).

Dilution of the CTET plume is expected 1o occur within the groundwater/surtace water interface. Comment [3T39]: Does the predicted CTET
biodegradation pathway also change substantially

- . . . T . . as GW mixes with more oxygenated SW?
Figure 24 (B-B7) illustrates the width and depth of the CTET plume approximately 2.000 feet i

south of the PBGL Figure 25 (D-D7) illustrates the width and depth of the CTET plume. but off-
site and approximately 12,000 feet south of the PBG. An isoconcentration section for CTHT was
not prepared for section C-C*. The CTET plume is estimated to be approximately 3,100 feet
wide and a maximum depth of 135 feet below the water table in Figure 240 which is close to the
source area. The CTET plume is estimated to be approximately 2.200 feet wide and a maximum
depth ol 135 feet below the water table in Figure 25, which is 12,000 feet downgradient of the
sourcee ared.

The horizontal distribution of total DNT is tHlustrated i Figures 26 and 27, These
Isoconcentration maps were prepared using groundwater data collected during September and
October 2010, Freure 26 displays the horizontal extent of total DNT that is focated above an

SpecProsncound BISCLLC Yo 22 of 34
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clevation of 705 feet. Figure 27 displays the horizontal extent of total DNT that is Tocated below
an clevation of 705 feel. An clevadon of 7035 feet was chosen o help visualize the difference
between the shallow and deeper zones of total DNT contamination in the sund and eravel
aquifer. Below an elevation of 703 feet. groundwater beneath the PBG does not contain DNT
(see Igure 27).

Fieure 6 shows the orientation of the contaminant plume isoconcentration cross sections for total
DNT. which are illustrated in Figures 28029, and 30, Total DNT was chosen for visual
representation because 1thest represents the horizontal and vertical extents of the BNT plume.

Figure 28 (A-A) illustrates the estmated vertical extent of total DNT from the PBG in the north
to the Wisconsin River i the south (centerline of PBG plume). Total DNT concentrations
bencuth the PBG (source area) are higher than what is tound downgradient. The total DNT
concentrations are much lower south of the BAAAP boundary thai what is found on BAAAD.
The total DNT plume extends north to south from the PBG (o the Wisconsin River with a
thickness between 50 and 120 feet. The mfluence of the IRM can be seen on the Far feft side
(northy of the cross section by the separation of the DNT plume. The influence of the MIRM can
be seen in the middle of the cross section (BAAAP boundary) by the higher DNT concentrations
on the left (northy and the Tower DNT concentrations ol the richt rsoutht. The estimated
boundary ol the DNT plume 1s shown to approach the Wisconsin River but first encounters the
groundwater/surfuce water mterface. Dilution ¢f the DNT piame 1s expected o occur within the
eroundwater/surface water mterface,

Figure 29 (B-B™) illustrates the width and depth of the total DNT plume approximately 2.000 feet
south of the PBGL Figure 30 (D-D7) illustrates the width and depth of the total DNT plume. but
off=site and approximately 12,000 feet south of the PBG. An isoconcentration section for DNT
was not prepared for section C-C7. The total DNT plume is estimated to be approximaiely 3,100
feet wide and a maximum depth of 135 feet below the water table in Figure 29, which is close o
the source arca. The total DNT plume is estimated to be approximately 2.200 feet wide and a
muximum depth of 135 feet below the water table in Figure 30, which is 12.000 feet
downgradient ol the source area.

DNT is routinely detected in monitoring wells ocated both inside and outside of BAAAP. DNT
hus been detected at varying depths in the sand and gravel aquiter. The highest DNT
concentrations are found at the PBG Waste Pits (source arcay. The IRM extraction wells, SCW-
Iand SCW-2R, capture any contaminated groundwater migration {rom the PBG Waste Pits. The
highest total DNT concentration detected during September 2010 was 1.166.1 ng/l in PBM-
0002, PBM-0002 15 located at the PBG Waste Pits. DNT 1s occeasionally detected in private
wells Tocated south of BAAAP. but always at concentrations below the 1S,

Llevated Tevels of CTET above the 1S) are routinely detected in monitoring wells Tocated both
inside and outside of BAAAP. CTET has been detected at varying depths in the sand and eravel
aquifer. The highest of the CTET detections are found south of the PBG Waste Pits. levated
concentrations of CTEHT are found near the MIRM extraction wells, near the BAAAP boundary.
and in several wells Tocated oft=site towards the Wisconsin River. The highest CTHT
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concentration detected during September 2010 was 75.9 we/l in SWN-9103C. SWN-9103C is
located south of BAAAP along County Road 7. The highest CTHT concentration. 23 ug/h
located on BAAAP was detected in PBN-SS02A. CTET (below the PALY is rarely detected in
private wedls Tocated south of BAAAP.

Elevated levels of TCE tabove the 1:S) are routinely detected in monitoring wells located both
mside and outside of BAAAP. TCE has been detected at varying depths in the sand and gravel
aguifer. The highest of the TCI detections are found south of the PBG Waste Pits. Elevated
concentrations of TCE are found near the MIRM extraction wells. near the BAAAP boundary.
and mseveral wells located off=site towards the Wisconsin River. The highest TC:
concentration detected during September 2010 was 1301 wg/l in SPN-8904C. SPN-8904C is
located near the BAAAP boundary. The highest TCE concentration. 6,82 ue/l, locuted of-site
was detected in PBN-9903C. TCE (helow the PAL) is rarely detected i private wells focated
south of BAAAP,

Llevated concentrations of ethyl ether have only been detected near the BAAAP boundary. Only
low concentrations of ethyl ether have been detected off=site. The highest ethyl ether
concentration detected durig October 2010 was 1610 ng/l (above the ESy in PBN-TOO1C,
located near an extraction well.

SpecPro caleulated @ contaminant mass estimate {or the CTET and total DNT groundwater
contamination in the PBG Plume. Assuming a porosity of 20 percent. the pore space volume
was derived based on the dimensions of the plumc. The plume dimensions were approximated
by using the isoconcentration cross sections and maps contained in this report. This volume was
multiplied by the average coneentration within the plume and converted from cubic feet of liguid
to pounds. The mass of the CTET within the plume is estimated o be 3,576 pounds. The mass
ol the Wtal DNT within the plume is estimated to be 487 ponnds A summary of the input
parameters is provided in Table 11,

In order to evaluate plume dynamics. analytical data from sclect off=site wells were praphed over
time. Concentrations over time graphs are presented in Appendix A, Four contaminants off
conceern (carbon tetrachloride. chloroform. TCE and total DNT) were used for trend analysis.
Generully. the VOU compounds showed similar characteristics in the PBG Plume, As the plume
extends olf-site. the VOC compounds show a decreasing trend in the shallow wells and an
increasing trend in the deeper wells. which is likely due (o the fact that these corpounds are
more dense than water (DNAPL) and tend to sink in eroundwater. Once of the wells at the
leading edge of the plume. sereened within the D interval. shows a eradual increase up until 2009
followed by a steep mcrease over the past two years: however, other leading edee wells showed
decreasing trends in recent years o below the PALL Further details on trend analyses are
provided below for cach compound evaluated.

Lor carbon tetrachlonde at the off=site plume center. wells PBN-9Y03AL B, C. and D show stable
Lo decreasing trends. but an increasing tend in the deep well since 2008, At the off=site west
plume edge. both SWN-9102C and D show decreasing trends. The downgradient. off-site plume
center nested wells. SWN-9T03B. €D and E showed a decreasing irend in the shallow interval
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stnee 2004, an increasing trend in the C well sinee 2008, a stable trend in both the D and 1 wells.
The downgradient. off-site plume center wells. SWN-9104C ard D show stabie trends. and the
plume leading edge welll PBM-900 1D shows a eradual increase up until 2009 followed by a
steep increase over the past two years. Three other nested leading edge wells (PBN-9102B. ¢
and PBM-9002D showed decreasing carbon tetrachloride trends to below the PAL over the pist
vear.

For chloroform at the off=site plume center. wells PBN-9Y03A. B. C.and D show stable to
decreasing trends. but an increasing trend in the deep well since 2008, At the off-site west plume
edge. both SWN-9102C and 1) show stable (0 decreasing trends with concentrations around the
PAL. The downgradient. off-site plume center nested wells, SWN-9104C and 13 show
increasing trends. but the concentrations remain below the PAL. Another well nest in this
location (SWN-9T03B. C. D.and 1) showed a decreasing trend in the 88 well. an increasing irend
in the C well. a deereasing trend in the 1 well depth since 2006 and a stuble trend in the deep 1
well. The plume leading edge well. PBM-9001D shows a eradual increase up until 2009
followed by steep increase over the past two years. Three other nested leading cdoe wells
(PBN-9102B. C and PBM-9002D showced decreasing chioroform trends since 2006 (o below the
PAIL.

For TCE at the off-site plume center. nested wells PBN-9Y03A. B, C and D show stable to
decreasing trends in the upper zones. but an unstable (o increasing trend in the deeper wells. The
downgradient. off-site plume center nested wells. SWN-9103B, C. D and ¥ showed & decreasing
trend in the shallow interval since 2000, an increasing trend in the C well since 2009, a
decreasing trend in the D well depth since 2007, and a stable trend in the deep 12 well. The
plume leading edge well. PBM-90011 shows a gradual increase up until 2009 followed by a
steep increuse over the past two vears,

Trend analysis for total DNT concentrations was ditficult as concentrations showed variability
from one sampling event to the next with no consistent trend. 1t should be noted that the DNT
isomer coneentrations were extremely fow il detected at all.

Deterrent Burning Ground Plume

The DBG groundwater plume shown in Figure 18 represents the arca where eroundwater
concentrations exceed a Chapter NR 1400 Wi, Adm. Code. PAL for either total DNT or 1.1.2-
TCA. Only five DNT isomers (23-DNT. 24-DNT. 2.6-DNT. 3.4-DNT. and 3.5-DNT) have
been detected 1 the DBG Plume. mostly in the DBG source arca. The plume boundary is an
interpretation of the August. September. and October 2010 eroundwater data collected from both
monitoring wells and private wells. Tables 8.9, and 10 summarize the groundwater analytical
results from the August. September, and October 2010 monitoring well sumpling events,

The horizontal distribution of total DNT is iHustrated in Figures 31, 320 and 33, lsoconcentration
boundaries in Figures 31 and 32 were prepared using groundwater data collected during
September and October 2010, Frgure 31 displays the horizontal extent of total DNT that is
located above an clevation of 732 feet. Fieare 32 displays the horizontal extent of total DN'T that
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18 located below an elevation of 732 feet. An elevation of 732 feet was chosen Lo help visualize
the difference between the shallow and deeper zones of total DNT contamination in the sand and
eravel aquiter. Total DNT concentrations are shown to be lower below an elevation of 752,
Isoconcentration boundaries in Figure 33 were prepared using groundwater data collected during
March 2007, Figure 33 displays the horizontal extent of total DNT in all monitoring wells and
private wells,

Figure 6 shows the orientation of the contaminant plume isoconcentration cross sections for tal
DNT. which are illustrated in Figures 34 and 35, Total DNT was chosen for visual
representation because it hestrepresents the horizontal and vertical extents of the DNT plume.

Frgare 34 (L-17) iflustrates the estimated vertical extent of total DNT. along the cenierline of the
DBG plume. from the DBG (northwest) owards the Wisconsin River or Weigand's Bay
tsoutheast. The total DNT concentrations are highest south of the DBG and in wells sereened
approximately O to 40 feet below the water twble. The total DNT plume extends northwest (o
southeast from the DBG with an average thickness of 90 feet. Total DNT concentrations beneath
the DBG (source area) are Jower than what is found downgradient. Figure 34 supports the
mterpretation that the DNT plume is vertically distributed across the sand and gravel aquiter as it
maoves southward.

Frgure 35 (F-17) iHustrates the width and depth of the total DNT plume between 200 10 1.200
feetsouth of the DBG. The total DNT plume is esiimated o be approximately 1,300 feet wide
and a maximum depth of 55 feet below the water table in Figure 35 (F-1). which is close to the
SOUTCL drea.

DNT s routinely detected in monitoring wells located near the DBG. DNT has been detected at
varving depths i the sand and gravel aquifer. The highest DNT concentrations are Tound near
the DBG (source arca). The highest total DNT concentration detected during September 2010
was 5.982 ny/l i FLM-8901. ELM-8901 is located just cast ol the DBG. DNT has migrated
downgradient frony the DBG. cast and southeast, and has been detected in several moniioring
wells Tocated on the BAAAP boundary. Since 2003, DNT is routinely detected in the 1E1L.M-9501
well neste consisting of ELM-9501. ETN-080 1B, ETN-0801C. and EILN-O8011:.

Detections of DNT have been sporadic in private wells located southeast of BAAAP (Weigand's
Bayarca). Results from the August 2010 sampling of 21 private wells located in the Weigand's
Bay arca found that DNT was not detected.

Blevated levels of T.12-TCAL between the PAL and LS, are routinely detected in one monitoring
well (11N-8203B) Tocated cast of the DBG. The concentration of 1.1.2-TCA in 1{L.N-82031B
wis 112 ug/lin September 20100 LL2-TCA T detected in several other monitoring wells but
below the PALL Since August 2009, 1.1.2-TCA has been routinely detected (below the PAL) in
aprivate well Tocated cast of BAAAD.

In 2009, addittonal mvestigation work was conducted southeast of the DB to delineate the
downgradient extent of the DBG Plume. Groundwater samples were collected from 12
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temporary soil borings. The myestigation defined the extent of the DNT and VOC plume. The
data indicated that DNT had migrated outside the BAAAP boundary. The results from this
mvestigation were used o determine the best placement of permanent monatoring wells in the
arca. Turther information on this investigation is presented in the Northeast Boundary
Groundwater Investigation Report (SpecPro. Inc.. December 2009).

During 2010, 11T monitoring wells were installed dewngradient of the E1M-=9501 well nest.
These wells were intended to monitor any off-site migration of DNT and VOCs. DNT was not
detected mthese T monitoring wells. The Tow LLIT-TCA concentrations found in FIN-10038
and BEN-T003C are well below the PATL Because 1L1L1-TCA has also been consistently
detected i upgradient wells near the DBGL the DBG is a likely source of these off-site 1.1.1-
TCA detections. Table 8 summarizes the groundwater analyiical results from the August 2010
well sampling event. Further information on the monitoring well installation is presented in the
Northeast Boundary Monitoring Well Installation Report (SpecPro. Inc.. September 2010),

SpecPro caleulated a contaminant mass estimate Lor the wtal DNT contamination in the DBG
Plume. Assuming a porosity of 20 pereent. the pore space volume was derived based on the
dimensions of the plume. This volume was multiplied by the average concentration within the
plume and converted from cubic feet of liguid o pounds. The wtal mass of the total DNT within
the plume is 5.1 pounds. A summary of the input parameters is provided in Table 12.

In order to evaluate contaninant trend data tor the DBG Plumie. SpecPro selected wells within
the plume und graphed the concentrations over time. Graphs showing DBG Plume contaminant
concentrations over time are presented in Appendix A, The primary contaminant of coneern in
the DBG Plume is DNT: theretore, concentrations ol total DNT were evaluated. 1 the source
arca. data from wells DBM-8201 and 8202 were graphed. Well DBM-8201 shows a generally
stuble trend with some periods of elevated concentraiions, Well DBM-R202 shows a spike in
2003 followed by a stable to decreasing trend. At the center of the DBG Plume. data from wells
ELM-8907 and 8908 were graphed. 111.M-8907 showed a generally stable trend Tollowed by
increasing trend since 2008, ELM-3908 showed variability up to 2007 followed by a steadily
decreasing trend. Data trom four wells (11M-9301. FTN-0801B. EI.N-0801C. and 1I.N-
O80TE) were used to evaluate the downgradient portion of the plume. FL.M-9501 and F1N-
O30TE demonstrated stable trends sinee 2009, Wells EEN-O801TB and C show a steady decrease
in total DNT concentrations since 2009,

Central Plume

The Central groundwater plume shown in Figure 18 represents the arca where eroundwater
concentrations exceed a Chapter NRHO. Wiso Adm. Codel PAL for total DNT. Only 2.4-DNT
and 2.6-DN'T have been detected i either monttoring wedls or private wells in the Central
Plume. The plume boundary is an interpretation oi the September and October 2010
eroundwater data collected from both monttoring wells and private wells. DNT has been
detected at shallow depths in the sand and eravel aquiter. The highest otal DNT concentration
detected during October 2010 was O.061 ng/lin RIN-T004B. RIN-T0041B 1s located between the
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USDA 6 well and the Water's Edge Subdivision. Tables 9 and 10 summarize the groundwater
analytical results from the September and October 2010 monitoring well sampling events.

The horizontal distribution of total DNT is illustrated in Figure 36, This isoconceniration map
was prepured using eroundwater data collected during September and October 2010, The
isoconcentration map could not be broken mto (wo vertical zones because fewer wells have been
instulled in the Central Plume. The elevated concentrations of DNT (above 0.035 g/l are
located approximately 7.300 feet downgradient of the potentiad source area. Because the total
DNT in the northern section ol the plume (source arca) is depleted, it appears there was not a
continuous source ol contamination.

Flaare 6 shows the orentation of the contaminant plume 1soconcentration cross section (Ingure
37) Tor ol DNT. Total DNT was chosen for visual representation hecause it best represents the
horizontal and vertical extents of the DNT plume.

Figure 37 (G-GYy ilustrates the estimated vertical extent of total DNT. along the centerline of the
Central Plume. as it migrates towards the Wisconsin River Reservoir. The total DNT
concentrations are highest near the BAAAP boundary and in wells screened approxiniately 0 to
40 feet below the water wble. The total DNT plume extends from the north to the south with an
average thickness of 90 feet. Figure 37 idicates that the highest concentrations of DNT are
located 1n the upper portions ol the sand and gravel aquifer and downgradient of the potential
SOUTCC are.

In 20040 DNT was first detected within private wells focated in the Water's Edge Subdivision.
along the north shore of Gruber's Grove Bay. The 2.6-DNT concentration in two private wells
exceeded the Chapter NR 146, Wis, Adi. Code, ES. In 2003, the Army replaced these private
wells. Also i 2003, the Army installed cight monitorme wells in the Water's Edge Subdivision
to monitor the groundwater guality. Sampling results indicate that 2.6-DNT is routinely found
above the Chapter NR 140, Wis. Adm. Code. IS in two of these monitoring wells.

In 2006, the USDA instailed a well (USDA 6) at BAAAP. The well is located approximately
+.300 feet upgradient of the Water's Edge Subdivision. 2.6-DNT iy roatinely found above the
Chapter NR 0. Wis, Adm. Code. ES inthe USDA 6 well. The Army has sampled existing
monitoring wells at BAAAP and installed additional monitoring wells to define the DNT
eroundwater plume. Results from these additional wells indicate the souree of DNT
groundwuter contamination 1s located north of the Rocket Production Area in BAAAP. The
source of the Central Plume is not clearly defined.

SpecPro calcutated o contaminant mass estimate for the total DNT contamination in the Central
Plume. Assuming a porostty of 20 pereent. the pore spuce volume was derived based on the
dimensions of the plume. This volume was multiplicd by the average concentration within the
plume and converted trom cubic feet of liguid o pounds. The total mass of the total DNT within
the plume is estimated o be Tess than two pounds. A summary of the input parameters is
provided in Tuble 12.

In order to evaluate contaminant trend data for the Central Plume. SpecPro selected wells within
the plume and graphed the concentrations over time. Concentration over ime graphs are
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provided in Appendix A, The primary contaminant of concern in the Central Plume is DNT
theretore. concentrations of wtal DNT were evaluated. There was not enough data to establish
any trends from the upgradient portion of the plume: howeyer. the downgradient portion
contained several wells with sutTicient data to support trend analvses. All the welis selected
(USDA 6.SEN-OS0TAL B, DL SEN-05021. and SEN-0503A. B. 1)) showed stable 1o decreasing
trends at the downgradient. leading edge of the plume. This indicates that the Ceniral Plume is
receding or decreasing in coneentration.

6.3 Groundwater Modeling

A groundwater model was developed to help understand how the groundwater ows bencath
BAAAP and help predict the movement of groundwater contamination. A groundwater mode! is
notan exact description of the subsurface but uses mathematical equations 1o estimate the
subsurlice conditions. A groundwater model is just a tool (o help understand the complicated
interaction between soil. bedrock. groundwater. and contaminants.

Groundwater modeling conducted in conjunction with this AFS consisted of reviewing and
updating the existing groundwater flow and solute transport models developed previously for the
BAAAP. These previous studies included. but were not limited to. the groundwater tlow and
solute transport models developed by Woodward-Clyde in 1995, T N & Associates and Stone &
Webster in 2001 for the PBGL and the subsequent refinement of that effort complered by Shaw
bnvironmental. Inc. (Shaw) m 2006, The current effort enwiled: 1) adjusting the site-wide
eroundwater flow model developed by Shaw (o a regional flow model: 25 updating the
groundwater fow and solute transport models completed by Shaw for the PBG: 3) developing a
regional transient flow model: and 4) performing mode! simulations o approximate the
migration ol the PBG groundwater contaminant plume over time. Model simulations were not
prepared for the DBG and Central plumes. Appendix D contains the groundwater modeling
technical memorandum prepared by Mr. David Voight (subcontractor to SpecPro).

The Department of Defense Groundwater Modeling System (GMS) (20105 is a computer
eraphical system used to construct the models. which includes modeling tools to facilitate site
churacterization, model conceptualization. mesh and grid eencration. geostatistical computations.
and post processing. GMS 18 Tinked with groundwater transport and water quality models o
predict the Tate and transport of contaminants at a site. Several geostatistical
tinterpolation/extrapolation) numerical tools are integrated into GMS 1o help visualize and model
the distribution of contaminants 1n the groundwater.

The Tatest update of the modular finite-ditference groundwater flow model (MODELOW) was
used o caleulate the groundwater tlow tield at BAAAP, MODEFLOW is & common groundwater
Tow model used 1o solve groundwater flow equations in three dimenstons. Solute contaminant
transport was ¢valuated by using MT3DMS. a modular three-dimensional multispecics transport
model for the simulation of advection. dispersion. and chemical reactions of dissolved
constituents i groundwaler,
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The original site-wide groundwater flow model. gencrated by MODEFLOW. consisted of six
stratigraphic layers. The updated regional flow model refined the tayering to reference elevation
and utilized four Layers in the glacial outwash. Model boundary conditions were reassessed from
a hydrologic basin perspective that considered groundwater divide locations and resulted in the
establishment of boundary conditions that provided relatively definitive Eead control for model
input. This approach was considered un improvement over previous models since head data
from surtuce water features helped remove some ol the ambiguity associated with defining
modct boundary conditions noted during prior modceling eftorts.

Development of the regional transient model included the input of hydrogeological parameter
datae including precipitation and recharge data from a period from 1988 1o 2010, The regional
transient model is based on the original site-wide model. The ortginai site-wide model atilized
steady-state flow which implies the magnitude and direction of tlow is constant with time. The
steady-state flow model also included the continuous pumping from the IRM/MIRM extraction
wells. Conversely. transient flow oceurs when the magnitude and direction of the flow changes
with time. Transient fTow atlows for changes in precipitation and recharee from upgradient
sources. The regional transient flow model does not include pumping from the IRM/MIRM
extraction wells. The regional transient [low model assumes that the groundwater in the PBG
plume moves approximately one foot per day. The model predicts that it would iake
approximately 30 vears for groundwaier to tlow from the PBG source area (o the Wisconsin
River. This estimate does not include the complicated mieractions with contaminants present in
the eroundwater. which typreally result in retardation of contaninant plume movement.

Solute Transport Modeling

Contaminant plume occurrence as predicted by the groundwater model is based on reasonable
assumptions made during model set-up and execution. The modeling results are not to be
considered a representation of the actual site conditions, Al simulations assumed the
IRM/MIRM extraction wells were not pumping

Historical 2.4-DNT concentrations measured 1 soil and eroundwater at the PBG arca were used
to develop a SESOIL model. SESOIL is a scasonal soil compartment mode] whick simulates
long-term pollutant fate and migration m the unsaturated soil zone (from the ground surface (¢
the eroundwater table). Contaminant source loading of 2.4-DNT into SESOIL was hased on the
1995 sotl investigation study completed by Shaw at the PBG Waste Pits. SESO!H. modeling
indicated that the excavation of the shallow contaminated soil. operation of the BEST system.
and the mstallation of the sotl cap over the PBG Waste Pits have sienilicantly reduced the
amount of 2.4-DNT that would leach to groundwater. SESOIL modeling alse showed that the
cleanup umelrame will also be greatly reduced from the aiorementioned remedial actions
conducted to date. The SESOIE data was used in the MODFLOW/MT3IDMS contaminant
transport model to simulute loading the 2.4-DNT into the groundwater. The 24-DNT transport
model could not be calibrated to historic data collected from monitoring wells, Fuature predictive
runs for 24-DNT also could not accuraiely predict the 2.4-DNT concentration or distribution:
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therefore. contaminant transport model simulations for 24-DNT were not provided in the
groundwater modeling techncal memorandum.

Solute transport modeling using MTIDMS was performed to provide a preliminary evaluaton of
transport characteristics of the CTET groundwater contaminant plume at the PBG. The PBG
plume was modeled for CTET because it best represents the horizontal and vertical extent of
eroundwater contamination. Site-specific testing data and literature values obtained from prior
investigations conducted at the PBG were used 1o develop likely CTET loading rates from soil to
eroundwaler at the former PBG Waste Pits (SESOIL modeling was not employed for CTET - -
An inital run (haseline) was completed for 2010, Then simulations were completed for
historical CTET concentrations between 1988 (o 2010 (IRM/MIRM pumping active). These
results compared favorably with historical data collected from monitoring wells. CTET transport
in groundwater was simulated from 2012 10 2030 with the IRM/MIRM extraction wells shut off.
The model simulations show that by 2040 the majority of the PBG plume will contain CTET at
concentrations below the NR 140 ES (5.0 ug/l). Comparison oi the 2050 model simulation with
carlier predictive runs shows w decrease in CTET concentrations across all model Luvers,
suggesting that the PBG plume will stabilize and shrink.

7.0 CONCEPTUAL SITE MODEL

In order 1o more fully understand the relationships between contaminants. atfected
environmental media. exposure pathways, and human and ccological receptors. a CSM was
developed. A CSM s a coneeptual understanding ol a site that identifics suspected sources ol
hazardous substances. types. and concentrations of hazardous substances. petentially
contaminated media. and actual and potential exposure pathways and receptors. ieure 38 shows
a4 CSM based on the known presence and transport of COCs.

7.1 Current and Potential Land Uses

The BAAAP iIs a former munitions components production Facility undergeing demolition.,
investigation, and remediation activities. The property under Department of Delense ownership
hus an active security . administration. environmental. maintenance. and demolitdon workforee.
Army stafl manage all aspects of ongoing work. Currently. a portion ol the installation is ol
limits to the public and 1s secured by a security fence.

Future use of the former BAAAP will be divided between the USDAL Wisconsin Department off
Transportation (WDOT), United States Burcau of Indian Affairs (BIA) on behalf of the Ho-
Chunk Nation (HCN .. United States Department of Heaith Services on behalf of the BSD.
Town of Sumpter. and the National Park Service {NPS) on behalf of the WIDNR. The
installation will serve as agricultural and erazing land (USDA and BIA/HCN). recreational land
(NPS/WDNR . cemeteries (Town of Sumpter). and as a wastewater reatment plane (8SD).

7.2 Sources of Contamination

On-Site Sources
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Sources of groundwater contamination include the PBG. DBG. and the Central Plume sourcee
arcas. Figure | shows the locations of these source arcas and Fieure 6 shows eroundwater
contaminant plumes. DNT and chlorinated solvents wre known to have been disposed in the
PBG and DBG source arcas. WDNR-approved remedial actions relating to soil contamination at
the PBG und DBG source arcas have been implemented. The source of the Central Plume
contamination is eencrally Jocated based on groundwater flow direction aad the groundwater
contaminant detections. DNT contaminated groundwater is believed to be from the north-central
portion of BAAAP where rocket paste und rocket propellant were produced. it is believed
eencral production operations in this arca caused the eroundwater impacts.

Off-SiIé’ Sources Comment [JT62]: Background sources? This
report has not focused on metais in GW, but you
might consider some mention of background water

Nitrates [rom non-point sources that are outside ol Army control are known o altect quality for arsenic, lead, manganese, etc., since
eroundwater in and around BAAAP. The WDNR has a best management practice program it those are often significant for these bedrock units &

H . . . outwash.
administers for these agriculturad and erazing-related sources. o e

An unknown source of TCI: has been detected in monitoring well BGM-9103. on the west-
central boundary of BAAAP. Based on the groundwater flow direction. the source of TCI:
appears to he located off=site (northwest of BGM-9103),

7.3 Environmental Medium and Exposure Points

Groundwauter is the environmental medium of concern at the BAAAP. Both the shallow
unconsohdated and deeper bedrock groundwater aquiters are sources ol potable water in
residentia] communities downgeradient (south and cast) of the installation boundaries. In
addition. groundwater discharges into the Lake Wisconsin/bower Wisconsin River area.

7.4 Exposure Pathways and Receptors

Workers involved with groundwater remediation. investigation. actions, and monitoring are
subject to some fevel of risk when working at the BAAAP., Worker safety is currently managed
through a health and safety program that complies with all Occupational Salety and Health
Adninistration (OSHA). Department of Defense. and other state and Tederal health and salety
requirements: theretore. this exposure route is not currently a risk or regulatory concern.

The potential exists for VOCs present in the groundwater plames to migrate vertically in the
unsaturated sotl column. According to the WDNR's vapor intrusion guidance (2010), light end
petroleum compounds and chlorinated VOCs are most likely 1o create a vapor intrusion problem.
DNT is not a risk for vapor intrusion becuuse 1t is a senii-volatile organic compound (SVOC). A
vapor intrusion pathway screening will be conducted by the Army for the groundwater
contaminatton originating from BAAAP. The vapor migration pathway will be addressed
separately from the determination ol final groundwater remedy.
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The general public 1s subject to some lTevel of risk through recreational use of the Lake
Wisconsin/Lower Wisconsin River. VOCs and SVOCs do not bivaccumulate in organisms, For
this reason. consumption ol fish from Lake Wisconsin or the Lower Wisconsin River way is
idenuified as o pathway of no regulatory concern. In addition. a comparison of National
Recommended Water Quality Criteria. developed o protect aquatic life Irom acute and chronic
health effects. shows all surface water eriteria are much higher than the eroundwater
concentrations off-site. Therelore. exposure through surtace water is currently not a risk or
regulatory concern. For more information on National Recommended Aquatic Tife Values. refer
to United States Environmental Protection Ageney publication 2009 National Recommended
Warter Quality Criteria available at hup://www.epa.cov/ost/eriteria/wyctable/,

Groundwater used for private drinking water has been a coneern of residents nearby BAAAD.
The Army currently has an environmenial monitoring and health protection program in place that
is protective of the private water well users. [f a Chapter NR 140, Wis. Adm. Code. ES is
exceeded ina private well in two consecutive sampling rounds. bottled water s made available
10 the occupunt. If the exceedances continue, well replacement is offered to the owner. To date.
the Army has replaced five shallow private wells with deeper aquiter private wells. However.,
this cxposure route continues to be a potential risk and regulatory concern.

[t should be noted. per consultation with the WDNR. irrigation wells downgradient of BAAAP
are not being monitored and are not considered to be a potential risk or regulatory concern.,

8.0 REGULATORY REQUIREMENTS

Under Section NR 722,092y, Wis. Adm. Code. Stundard for Selecting Remedial Actions.
responsible parties shall select a remedial action...(that shail)y comply wich all applicable state and
federal public health and environmental laws and standards. The tollowing subscctions outline
the regulations applicable and relevant o the groundwater plumes at BAAAP.

8.1 Wisconsin Spill Statute

Wisconsin Spill Statute 292,11 (3) states. A person who possesses or controls a hazardous
substance which is discharged or who cuuses the discharge oi a hazardous substance shall take
the actions necessary o restore the environment to the extent practicable and minimize the
harmful effects from the discharge to the i, Tands. or waters of this state.”™ The Army has met
the requirement of restoring the environment to the extent practicabie and minimizing the
harmful effects by the remediation of the soil in the source arcas and the installation and
operation of the IRM/MIRM groundwater treatment system for the past 20 years.

8.2 Groundwater Quality Regulations
Chapter NR 1400 Wis, Adm. Code. establishes 1:Ss and PATLs for groundwater beneath the State

of Wisconsin. The Wisconsin groundwater 1S is consistent with federal and Wisconsin drinking
water Maximum Contaminant Levels €MCLs) which applies to public water systemns.
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Comment [3T63]: Passive voice. Who made this
determination, and is there a report to cite?

Comment [JT64]: As mentioned previously,
there’s a significant data omission in how the
private wells are discussed in the AFS, which seems
odd given the regulatory attention BAAP has
received to date {perhaps there’s a related
document that has not been cited?). Although
private welils are the primary receptor/exposure
point, (Fig 38), there’s been no analysis or mention
of {a) the specific areas/neighborhoods where
private wells exist, relative to the known and
predicted plume pathways; (b) private well
construction logs and open-interval information for
each neighborhood; or (¢} how private well open
intervals relate to the hydrogeologic units and

plume geometries shown in the cross sections.
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Enforcement Standards

The eroundwater ESs are protective of public health and wellare on the premise that the
eroundwaler may be ingested through use as drinking water. ESs exist for all the eroundwater
VOC and SVOC COCs hsted i Table 130 Al ESs are Public Health Groundwater Quality
Standards listed m Table T at Secuon NR 140,10, Wis. Adm. Code, except sultite. which is a
Public Wellare Groundwater Quality Standard listed in Table 2 at Section NR 140,12, Wis,
Adm. Code.

Preventive Action Limits

The PALs serve "o inform the WDNR of potential groundwater contamination problems (and
1o) establish the Tevel of groundwater contamination at which the WDNR is required (o
commence etforts to control the contamination™. PALs exist for all the eroundwater COCs listed
in Table 13, All PATL are Public Health Groundwater Quality Standards listed in Table 1 of
Scction NR 010 Wis, Adm. Code. except sulfate. which is a Public Wellare Groundwater
Quality Standard histed in Table 2 i Seetion NR 140,12, Wis. Adm. Code.

Action Required for Exceedance of an ES or a PAL

Actions required by a groundwater 1S exceedance are codified in Section NR 140260, Wis. Adm.
Code (Table 61, The regulation Tists cight responses appropriate to the detection of an 158
exceedance. They are as follows:

I Require a revision of the operational procedures at a facility. practice or activily.
2. Require a change in the design or construction of the facility. practice or activity.
3. Require an alternate method of waste treatment or dispesal.

4. Require prohibition or closure and abandonment of a facility. practice or activity.

‘N

Require remedial action o renovate or restore groundwater guality.
6. Require remedial action to prevent or minimize the Turther release of the substance to
eroundwaler.
Revise rules or eriteria on facthity desien. location or management practices.
8. Require the collection and evaluaton of data 1o determine whether natural attenuation
can be effective to restore groundwater quality within a reasonuble period of time,
considering applicable criteria spectlicd inoss. NR 140240 722.07 and 722.09 or 722,11,
and require monitoring (o determine whether or not natural attenuation is oceurring in
compliance with the requirements of s, NR 1402602 )a).

The Army has completed or has in place acton specitic steps 1 through 7 and will evaiuate
action step 8 more thoroughly during this ALS,

Section NR 4024 Wis, Adme Code. (Tabie 5 lists 12 responses appropriate to the deiection of
a PAL exceedance. They are as tollows:
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I Noacton pursuant to s. NR T4H0.245) and consistent with s, 166.23. Stats.

2. Require the installation and sampling ol groundwaler monitoring welis.
3. Require a change i the monitoring program. including increased monitoring.

4. Require an mvestigation ol the extent of groundwater contamination.

‘N

Require arevision of the operatioral procedures at tae facility. practice or wctivity.

6. Require a change i the design or construction of the facility. practice or activity.
Require an alternate method of waste treatment or disposal.

8. Require prohibition or closure and abandonment of a Lacility. practice or activity in

accordance with sub. (61,

Y. Require remedial action o renovale or restore groundwaler.

- Require remedial action to prevent or minimize the further discharee or release of the
substance to groundwater.

I Revise rules or eriteria on facility design. location or management practices.

12, Require the collection and evaluation of data to determine whether natural attenuation

can be effective to restore eroundwater quality within a reasonable period of time.

considering applicable criteria specitied inss. NR 140.24.722.07 and 722.09 or 72211,

and require monitoring to determine whether or not natural attenuation is vecurring in

compliance with the requirements of s, NR 110.26(2)(a).

The Army has completed or has 1 place action specific steps | through 11 and will evaluate
action step 12 more thoroughly during this ALS.

8.3  Wisconsin Water Quality Standards and Criteria

The Wisconsin Water Quality Standards and Criteria requirements are applicable to existing and
proposed point source discharges to surface waters of the state that may be associated with the
linal groundwater remedy. Two downgradient surface water bodies are in the area: the Lake
Wisconsin Reservorr (above the WP&IL damy and the Tower Wisconsin River (below the WP&I.
dam).

The designated use for the Lake Wisconsin Reservoir is detined as “warm walter sport {ish
community™ in Section NR FO2.13. Wis, Adm. Code. The use classificaiion for the Lower
Wisconsin River. below the WP&LL dam to Prairie du Chien. is “lixeeptional Resource Water™ in
Scection NR 102011 Wis, Adm. Code.

Water Surface Qualbity Criteria have been developed in Wisconsin as “Human Threshold
Criteria”™ for 24-DNT and 1.11-TCAL Wisconsin “Human Cancer Criteria™ have been
developed for the following: CTET. chloroform. 24-DNT. 1.1.2-TCA. and TCL-.

Wisconsin Human Threshold Criteria

The human threshold criterion (HTC) 1s the maximum concentration of a substance established
Lo protect humans from adverse effects resulting from contact with or ingestion of surlace waters
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ol the state and from mgestion of aquatic organisms taken from surface waters ol the stale.
Human threshold criteria are derived for those toxic substances for which a threshoid dosage or
concentration can be estimated below which no adverse effect or response is likely 1o oceur.
(Section NR 103,08, Wis. Adm. Codei. Currently. HTC-Non-Public Water System (NPWS)
have been developed in Wisconsin for two relevant COCs: 2.4-DNT and 1.1.1-TCA.

Chronic exposure to 2.4-DNT at 13w/l has been shown to have no adverse effect due 1o human
ingestion of surface water and organisms. The muximum value of 2.4-DNT found in off-site
wells tmonttoring or residential welly in 2010 was 0.02 wg/l. or less than 1% of the permissible
HTC-NPWS criteria.

Chronic exposure o LLT-TCA at 270,000 ng/t has been shown o have no adverse effect due o
ingestion of surface water and organisms. 1.1.1-TCA was not found above detectible levels in
any off=site wells in 2009,

Wisconsin Human Cancer Criteria

The human cancer eriterion (HCC) is the maximum concentration of a substance or mixture of
substances established to protect humans from un unreasonable incremental risk of cancer
resulting from contact with or ingestion of surface waters of the state and from ingestion of
aquatic organisms taken from surface waters of the state over a lifetime of 70 years (Section NR
103.09. Wis. Adm. Code). Currently. HCC- NPWS have been developed in Wisconsin for Five
relevant COCs: CTET. chloroform. 24-DNT. 1.1.2-TCA. and TCI:.

Chronic exposure to chloroform at 1.960 g/t 24-DNT at 13 ng/l 112 TCA at 195 we/l. and
TCE at 339 g/l has been shown o have no unreasonable incremental risk of cancer due to
ingestion of surface water and organisms. The maximum value of any ol these chemicals found
in off-site monitoring wells 2010 is less than 4% of the permissible HCC-NPWS criteria.

Chronic exposure to CTET at 29 1@/l has been shown 1o have no unreasonable incremental risk
of cancer due to mgestion of surface water and organisms. The maximum value of CTET found
in off-site monitoring wells in 2010 1s 248% of the permissible HCC-NPWS criteria. This
monitoring well (SWN-9103C) in the PBG Plume is Tocated approximately 3.200 feet from the
Wisconsin River. Monitoring well PBN-9101C is Tocated further downgradient and only 1,400
feet from the Wisconsin River. The lust ime PBN-9101C was sampled in 1998, the CTET value
ws Tess than 30% of the permissible HCC-NPWS criteria.

Numerous studies or tests have been conducted throughout the vears in which surface water
sumples have been collected and anadyzed. Data collected includes Gruber's Grove Bay
investigations conducted by Shaw Environmental. Inc. and an April 2007 Weigand's Bay water
sample. the December 2007 shallow temporary well water samples (adjacent o Weigand's Bay).
and the annual WPDES Whole Effluent Toxicity Monitoring (background samples collected near
Inspiration Point and Wergand™s Bay) conducted by SpeePro. Ine. Based on the data from these
investigations and applicable scientific and regulatory information. the residual contaminani
plumes do not adversely altect receptors in the environment,
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9.0 REMEDIAL ALTERNATIVES
9.1 Groundwater Remedial Action Objective

The objective of the groundwater remedial action is to protect human health by preventing
exposure to contaminated groundwater from BAAAP. (o restore groundwalter to the extent
practicable. and minimize the impact ol the contaminant plumes on the environment,

9.2 Remedial Alternatives

Based on site conditions and the sereening of cleanup action options. three remedial alternatives
were developed to address the presence of contaminants in groundwater at the BAAAP. Tiach
alternative 1s capable of accomplishing the remedial objective,

Alternative 1 IRM/MIRM Treatment and Monitored Natural Attenuation
This alternative continues IRM/MIRM treatment ol the PBE Plume. residential end
eroundwater monitoring, and monitored natural attenuation of the DBG and Central Plumes.

Alternative 20 In-Stw Brochemical reatment and Monitored Natural Attenuation
This alternative would use in-situ groundwater treatment instead of the current IRM/MIRM
treatment. & moditied residential and groundwater monitoring program. and rmonitored
natural attenuation ol the PBGL DBG. and Central Plumes.

Alternative 3: Public Water System and Monitored Natural Aucenuation
This alternative involves the installaton of a public water system and subsequent elimination
ol residential wells and IRM/MIRM treatment. a maoditied eroundwater monitoring progran,
and monitored natural attenuation of the PBG. DBGL and Central Plumes,

9.3 Detailed Analysis of Alternatives

The following describes the conceptual desien and criteria for detatled analysis of cach
alternative. This section provides a description of the eriteria for detailed analysis and the
detatled analysis of the groundwater alternatives, Each altiernauve is evaluated against the same
criterta estubhished by the WDNR 1 accordance with Chapeer NR 7220 Wis, Adm. Code,
Standards for Sclecting Remedial Actions.

The development of remedial altiernatives is evaluated for cach contaminated medium or
migration or exposure pathway. This evaltiation process is 1o be used o determine which
remedial alternative constitutes the most appropriate technology or combination of technologies
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to restore the environment. to the extent practicable. within a reasonable period of tme. and to
minimize the harmiul ellects ol the contamination o the air., fand. or waters.

Criteria for Detailed Analysis

Relative performance of cach alternative is evaluated using the following nine criteria;

1. Overall protection of human health and the environment
The remedy should be protective of human health and minimize the harmiul effects o the
cnvironment.

2. Compliance with applicable reeulations
This shall include federal and state regulations,

3. Long-term eftectiveness and permanence
Thix shall consider the risks remaining atter compiction of the remedial action and the
adequacy und suttability of controls, 1 any. that are used 1w manage untreated
contuminants remaining at the site.

4. Reduction of toxienty. mobihity. and volume (hrough treatment
This shull mclude the expected reduction in toxicity. mobility. and volume measured as a
pereentage or order of magnitude. and the type and quantity of treatment residuals that
will remain following treatment,

5. Short-term cetfectiveness
This shall include protection of the community during the remedial action. protection of
workers during remedial action. environmental impacts to natural resources. and time
until remedial response objectives arc achieved.

6. Implementability
This shall consider the feasibility of the remedy including: construction and operation:
reliability of technology: case of undertaking additional remediation. 1f necessary: and
monitoring considerations, addressing the ability o adequately monitor the effectiveness
of the remedy and the risks should monitoring be insufticient to detect a system failure,

7. Cost
This shall consider capital costs. hoth direct and indirect: annual operations and
maintenance (O&M) costs: and present worth analysis (or net present value) of costs.

S, Stdte Aceeptanee
This shall consider the 1ssues and coneerns that the state may have regarding cach
alternative. This eriterion will be evaluated throughout the development. sereening. and
evaluation of alternatives based on comments and input received from the WDHDNR.

9. Community Aceeptance
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This involves an evaluation of issues and concerns the public may have regarding cach
alternative. This criterion will be evaluated throughout the development. sereening, and
evaluation of aliernatives based on comments and input received from the public.

9.4 Monitored Natural Attenuation Evaluation

Because monitored natural atenuation (MNAY is proposed as an clement of all sugeested
remedial options at BAAAP. an evaluation is necessary (o iflustrate that MNA has a reasonable
probability of restoring the groundwater o the exteni practicable.

MNA relies on natural attenuation processes (o achteve remediation objectives within a time
{rame that is reasonable compared to that offered by other more active methods. These natural
attenuation processes include a varicety of physical. chemical. or biological processes that act
without human intervention to reduce the mass, toxicity. mobility. volume. or concentration of
contaminants in groundwater. These in-situ processes include biodegradation: dispersion:
dilution: sorption: volatilization: radioactive decay: and chemical or biological stabilization.
trunstormation. or destruction of contaminants.

Natural attenuation processes typically oceui at all sites. but 1o varving deerces of etfectiveness
depending on the types and concentrations of conteminants present and the physical. chemical,
and biological characteristics of the soil and groundwater. Nutural atienuation processes may
reduce the potential risk posed by site contaminants in three ways: (1) Translformation of
contaminant(s) to a less toxic form through destructive processes such as biodegradation or
abtotic transformations: (2) Reduction of contaminant concentrations whereby potential exposure
levels may be reduced: and (3) Reduction of contaminant mobitity and bioavailability through
sorption onto the soil or rock matrix.

According o the USEPA (OSWER Directive 9200.4-17P). MNA can be considered (o be an
alternative means ol achieving remediation objectives that may be appropriate for specilic site
circumstances where its use meets the applicable statutory and regulatory requirements. As there
is often a variety of methods available for achieving remediation objectives at any given site.
MNA may be evaluated and compared o other viable remediation methods. As proposed in this
AISCMNA is one component of the total remedy. Iis used in conjunction with active
remediation as a tollow-up measure that will be monitored and compared with expectations.

MNA has several potental advantages and disadvantages. and these factors should be carefully
considered during site characterization and evaluation of remediation alternatives before
sclecting MNA as the remedial alternatve. Potential advantages of MNA include:

* Some natural attenuation processes may resudt in in-situ destruction of contaminants:

* Less intrusion as few surtuce structures are required:
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* Potential for application to all or part of a given site. depending on site conditions and
remediation objectives:

* Usce i conjunction with. or as a follow-up to. other (activey remedial measures: and

* Potentially Tower overall remediation costs than those associated with active remediation.
The potentiad disadvantages of MNA include:

* Longer ime Trames may be required (o achieve remediation objectives. compared o active
remediation medsures at a given site:

* Site characterization is expected to be more complex and costly:
* Long-term performance monitoring will be required:
* Institutional controls may be necessary 1o ensure long erm protectiveness:

¢ Potential exists for continued contamination migration. and/or cross-media transfer of
contaminants:

The regulatory and policy frameworks for corrective actions under the RCRA program have

been estublished (o implement their respective statutory mandates and to promote the selection of
technically detensible. consistent. and cost effective solutions for the cleanup of contaminated
media. The WDNR and EPA recogrize MNA may be an appropriate remediation option for
contaminated soil and groundwater under certain circumstances (i.e.. National Presto/Town ol
[Luke Hallie).

Key principles considered during selection of the BAAAP aroundwater remedial measures.
include:

* Source control measures should use treatment 1o address “principal threat™ wastes where
practicable: and engineering controls for waste that pose a relatively Tow long-term threat.
or where treatiment s impracticable.

* Contaminated groundwater should be retarned o beneficial uses wherever practicable.
within g tmeframe that is reasonable given the particular circumstances of the site. When
restoration of groundwater is not practicable. prevention of further migration of the plume
and exposure o the contaminated eroundwalter is important.

The determination of whether MNA is an appropriate remedy for groundwater is based on the
followmg:

* Are the contaminants present in the groundwater being effectively remediated by natral
attenuation processes? Studics mvesticaung natural attenuation in the PBG Plume at
BAAAP huve provided evidence that DNT and VOCs are naturally attenuating in the
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subsurlace. The Draft Technical Report Natural Attenuation Screening Study for the
Fropellant Burning Ground (Stone & Webster. August 19991 states that hiological
degradation of DNT was clearly demonstrated under the oxidative conditions that exist in
the subsurface, but other processes are reducing the VOC contaminant mass based on the
concentrations of chlorinated solvents in the eroundwater. which decrease over both
distance from the source arca and over time at cach location sampled.

Are the contaminant plumes stable and does the potential exist for the environmental
conditions that influence plume stubiline 10 change over time? Overall. the tree
contaminant plumes are stable. and there are no potential conditions that would change this.

Could human health, drinking vwater supplies. other groundwater, surjace warers,
Ccosvstems, sediments, aiv, or other environmental resources be adversely imipacted as a
consequence of seleciing MNA as the remediation option? No other receptors could be
adversely affected by continuing o allow MNA 10 oceur. (See conceptual siie model.)

Could the current and projected demand for the affected resource over the time period that
the remedyowill remain in effect change? Transter of BAAAP 10 other owners is not
expected o inerease groundwater usage within the installation boundary.  Additional
residential development is not expected o significantly increase groundwater use via
private wells. Abandonment of private wells for inclusion in a municipul water system
would deercase demand on the eroundwater in the arca of the remedy. The resulting
reduced drawdown after privace well abandonment is not anticipated to stgnilicantly affect
plume dynamics or conditions.

Will the contamination exert a long-term detrimental impact on available water supplies or
other environmental resources? No.not as long as the public water supply is available with
the water resources located away from the plume arcas. The eroundwater can still be used
for agricultural purposes. No other environmental resources would be affected.

Is the estimated timeframe of MNA remediation reasonable compared to timeframes
required for the other active methods? Yes. the other remedial options considered are
timeframe comparable as they all include MNA.

Whar is the nature and distribution of sources ot contamination and have these sources
been. or can be. adequatelv controfled? Al three of the sourees of the contaminant plumes
have heen adequately investizated and remediated.

Do the resulting transformation products present a greater risk, due 1o increased roxicity
and/or mobiliry, than do the parent contaminants? No. the breakdown products present no
ercaler risk than the parent compounds. Vinyl chloride. a possible result of TCE reductive
dechlorination has not been detected in any monitoring wells. Based on the health advisory
levels developed by the Wisconsin Department of Health Services (2008 and 2011 ). the
DNT breakdown products are Tess toxic than the parent DNT isomers. Outside of the area

Comment [JT67]: Not clear what’s meant here
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surrounding the DBG and PBG waste pits. elevated coneentrations of DNT breakdown

products have not been detected in either monitoring wells or private wells. Comment [JT69]: | was surprised that the
earlier portions of this document did not specify the

. . e . . . X X . . ) , typical degradation pathway and breakdown
* Are there reliable site-specific mechanisimy available for implementing institutionai products for the primary contaminants of concern.

controls (e .. zoning ordinances), and is an institution responsible for thetr monitoring and This paragraph helps, but lacks specifics.
enforcement identifiuble? Yes. there will be municipal ordinances and deed restrictions
limiting groundwater use in the affected arcas.

Itshould be noted. the Army will retain responsibility for the croundwater contamination during
MNAL Due o uncertainty assoctated with the potential effectiveness of MNA o meet
remediation objectives protective of human health and the environment. long-term performance
monitoring will be a fundamental component of the MNA remedy. Onee the remedy s
implemented and the efficacy of MNA is demonstrated. the Army will purstic case closure,

9.5 Technical Impracticability

The objective of the groundwater remedial action s to protect human health by prey enting
exposure of contaminated groundwaier from BAAAP, (o restore groundwater 1o the extent
practicable, and minimize the impact of the contaminant plumes on the environment. To meet
these goals, remedial actions at BAAAP have addressed source arcas and the associated
contaminant plumes, and replaced affected private drinking water wells. At the PBG plume. the
IRM/MIRM pump-and treat-technologs has been successiul at capturing contaminants in
groundwater: however. this technology is not abic o remove the necessary amount of
contaminant mass {rom groundwater to achicve the expectation of aquiter restoration o
benelicial uses (safe drinking water source) within reasonable time frames. Fven with a
pumping/treatment rate of 3 million eallons per day. the IRM/MIRM only addresses about a
third of the entire PBG plume.

[imitations of pump-and-treat technology for many eroundwaier contaminant scenarios

have been well recognized since the late 1980s (A1XC. 2004 ). Despite adsances in technologies
applicable to groundwater remediation, aquiler restoration for sites with complex ecologic and
contaminant characteristios is rarely achicved. Technical and reeulatory communitics generally
agree that restoration ol groundwater at complex sites like BAAAP is technically impracticable.
Therefore. alternative cleanup strategies must be considered and implemented. Information
contained in this AIS demonstrates uchieving the remediation eoal for the contaminated aquiler
al BAAAP through groundwater treatnient alonce is technically impracticable from an
engineering perspective.

9.6 Alternative 1 — IRM/MIRM Treatment and Monitored Natura! Attenuation Comment [IT70]: FY, the bulk of our comments
on are Alternative 3, with few or none on Alts 1 and
2 (in the interest of time). Did SpecPro consider

Under this alternative. groundwater extraction and treatment of the PRG plume inside the barrier systems for the three plumes, to just keep

. : H the fower concentration, downgradient
BAAAP boundaries would continue as currently operating. contaminants from reaching private wells, or is that

ineffective for these contaminants?
The current practice of monitored natural attenuation would continue for the other areas of
groundwater concern. including the DBG and Central Plumes. Long-term monitoring of the
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groundwater and residential wells o ensure that remediation and natural attenuation are
progressing toward regulatory standards would continue.

Periodic analysis of groundwater tmonitoring wells and private wells) would measure the status
ol the contaminated groundwater plumes. determining when concentrations have decreased
below Chapter NR 1400 Wik Adm. Code. standards. After WDNR standards are met in the
portion of the PBG plume located inside the BAAAP boundary. the IRM/MIRM would be shut
down. Groundwater monitoring would continue for several years. monitoring the PBG plume (o
ensure stable or receding conditions.,

Overall Protection of Human Health and the Environment

This alternative would control and Timit the migration of the on-site PBG plume only. There is
no capture/treatment planned for the oif-site portion ol the PBG plume. There is also no
capture/treatment planned for the DBG plume or the Central Plume. Monitoring of private wells
would continue. and private wells would be replaced if o persistent exceedance ol a Chapter NR
140, Wis. Adm. Code. BS is confirmed. Contaminant concentrations are predicted to decrease
through nawral attenuation processes. Based on the applicable scientific and regulatory
mformation. the residual contaminant plumes do not adversely affect receptors in the
environment (see Scetion 6.4).

Compliance with Applicable Regulations
This aliernative currently complies with applicable regulations.
Long-Term Effectiveness and Permanence

In this alternative. contaminant concentrations would continue 1o decrease below regutatory
stundards through recovery and treatment of the portion of the PBG plume on the installation.
and natural processes (dilution, dispersion. and sorption). Monitoring of the plumes would
continue for several years after the plumes attenuate to ensure that all arcas remain below
regulatory standards. Monttoring of residential wells would continue until the WDNR agrees
that residential well monitoring is no longer required.

Reduction of Toxicity, Mobility, and Volume through Treatment

Limited reductions i oxicity. mobility. and volume would occur through treatment of the PBG
plume on the installation. The eroundwaier contamination would continue to decrease duc to
natural attenuation processes.

Short-Term Effectiveness

The short-term impacts of alternatives shall be assessed considering the following: short-term

risks thut might be posed to the community during implementation of an alternative: potential
impacts on workers during remedial action and the effectiveness and reliability of protective
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measures: potential environmental impacts of the remedial action and the elfectiveness and
reliability of mitigative measures during implementation: and time untii protection is achieved.

For this alternative, short-term risks 1o the community and workers could include those due to
potential human or ccological exposure to contaminants. However, there would be no additional
short-term risk as this WDNR-approved alternative is already in place and operating on-siie.

Implementability
This alternative has alrcady been implemented.
Cost

The estimated present worth costs tor Alternative 1 are shown below. See Appendix I for u
summary of the costs for Alternative 1.

Fnemeering design: 0
Capital cost: 0
Annual O&M: S 76.911.000
Monitoriyg and closcout plan/report: S 53.000
Total present worth: $ 76.966,000

“ Present worth costs use current rates and do not include inflation
State Acceptance

This alternative s w continuation of the current interim groundwater remedy aceepted by the
WDNR: therefore. 1tis Tikely that the WDNR would continue 1o aceept this remedy. However,
this criterion would be evaluated throughout the development. sereening, and analysis of
alternatives based on comments and input received rom the WDNR.

Community Acceptance

This alternative is a continuation of the current interim groundwater reredy: therefore, it is
likely that the community would continue (o accept it. However. this criterion would be
evaluated throughout the development. sereening, and analysis of alternatives based on
comments and input recerved trom the public.

9.7 Alternative 2 - In-Situ Biochemical Treatment and Monitored Natural Attenuation

This aliernauye would involve the in-situ biochemical treatment of cach of the three plumes
(PBG.DBG and Central). with groundwater monitoring. Only the portions of the plumes that
are locuted on BAAAP would be treated. Natoral attenuation would continue tor other arcas
outstde the installation boundaries.
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The treatment of chlorinated solvent contaminated eroundwater has been well studied. but DNT
has not. The one known effective in-situ treatment for both types of contamination would
consist of injecting a consortium of naturally-occurring microbes selected for their abtlity o
degrade specitic chemicals into harmless by-products through aerobic co-metabolism, This
broremediation product. known as CL-Out™. is marketed by CL Solutions. 11O of Cincinnati.
Ohio.

This bio-augmentation treatment by CL-Out” introduces @ high population of eftective degruding
organisms. called pseudomonas. into the treatment zone. The population delivered into the
treatment zone 1s 100 to 1000 tmes higher than the native bacteriat population. While there
may be indigenous organisms cupable of deerading the contaminants. the benetit of bio-
augmentation is that the added popuiation more effectively degrades the contaminants over a
shorter amount of time. CL-Out” has been proven gt sites acioss the United States 10 be capable
of remediating chlorinated VOC compounds in the groundwater.

Atreatability study was conducted at BAAAP using CL-Out™ in 2008, The study consisted of
treatng two identical groundwater samples as microcosms and a third identical untreaied sample
maintuined under the same conditions as a standard for comparison. One of the microcosms
recerved qusta dosage of CL-Out”™ and the other microcosm was treated with CL-Out™ and
dextrose. The dextrose was added o determine whether @ carbon source was necessary 1o
support microbial growth because the concentration of DNT and other organics in the
groundwater were very low. Samples were collected rom each microcosm at intervals following
treatment. The results of the treatability study showed that the CL-Out” was very effective in
degrading the DNT isomers with most ol the contaminant reduction complete within seven days
ol treatment. For turther information. see Sustainable Remediation Alternative Evaluation
Trearabilite Study of DNT Bio-augmentation at the Badger Army Ammunition Plant presentation
poster found at oo e T N 1) LR EE T RPN N N (G PRI ST

i - i i

The groundwater conditions at BAAAP appear 1o be favorable to allow bio-augimentation to
suceeed. Pilottests in the field would be required o prove this is effective on a larger scale.,

The CE-Out” mixture would be pumped into a combination of approximately 1950 cmporary
wells and existing monitoring wells in the three plumes.

The injection pomts would need to be spaced approximately S0 feet by 500 feet apart throughout
cuch plume. The existing wells would have their monttoring apparatus removed for the
mjection. A truck carrving a water/CL-Out” mixture and & pump would be used to bring the
treatment to the wells. Approximately 16 pounds of CL-Out” mixture would be pumped into
cach mjection point. The treatment would spread out through the groundwater and take
approximately nine months at cach plume o show eftectiveness. s assumed that a single
round ol injections of the CT-Out” mixture would be sutlficient w treat cach plume. Upon
completon of getive treatment. cach plume would be monitored for contaminant reduction or
stabilization.
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This alternatve would include monitoring of the plume tor several years following treatment to
ensure the effectiveness of the bioremediation and contirm that concentraiions have decreased
below regulatory standards. This alternative also involves shutting down the IRM/MIRM upon
concarrence from the WHNR that the in-situ biochemical treatment has heen effective,

Overall Protection of Human Health and the Environmeni

This alternative meets the requirements of the remedial action objective because it would
cifectively degrade the contaminants in eroundwater on the installation. thereby minimizing the
risk of future contanumant migration to human receptors and the environment. Groundwater
monitoring at private wells would continue o provide assurance o the residents that their waler
Iy safe o drink. Based on the applicable scientific and regulatory information. the residual
contaminant plumes do not adversely affeet receptors in the environment (see Section 6.4).

Compliance with Applicable Regulations
This alternative would be designed o comply with applicable regulations.
Long-Term Effectiveness and Permanence

Both active treatment and natural aticnuation componerits of the alternative would be permanent.
IFeftective. groundwater treatment would permanently remove the majority of DNT and the
chlorinated solvents from the groundwater. The remaining contamination would continue o
decrease due o natural attenuation processes. However. this alternative may require
supplemental post-treatment applications. at considerable cost, and would require o groundwater
momtoring program Lo verify the efficacy of the remedial action. This alternative is expected o
be effective over the long-term.

Reduction of Toxicity, Mobility, and Volume through Treatment

In-situ bioremediation of groundwater would reduce the toxicity. mobility, and volume of DNT
and chlorinated solvents in the treated arca more quickly than natural processes alone. The
groundwater contamination would also continue to deerease due to natural attenuation processes
and no reeeptors would be at a signiticant risk.

Short-Term Effectiveness

The short-termy impacts of alternatives shall be assessed considering the tollowing: short-term
risks that might be posed to the community during implementation of an alternative: potential
impacts on workers during remedial action and the effectiveness und reliability of protective
measures: potential environmental impacts of the remedial action and the effectiveness and
reliability of mitigative measures during implementation: and time until protection is achicved.
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For this alternative. short-term risks to the community and workers could include those due 1o
potential human or ccological exposure o contaminants. Because monitoring well und private
well sampling would continue. no significant increase in risk is anticipated for potential receptors
with the implementation of this alternaGve. In addition. there would be littde effect on the
community as most of the tield activity associated witk: the injection would be conducted by
qualiticd personnel on-site. As observed in the treatability study. the bioremediation occurs very
guickly upon introduction of the CL-Out” and no worker salety issues have been identified.
Implementability

CL-Out” has been demonstrated in a drum test to be ellective in treating DNT and chlorinated
solvents without the production of lasting intermediates or daughter products.

Cost

The estimuted present worth costs for Alternative 2 are shown below. See Appendix F for a
summary of the costs for Alternative 2.

Ingineering design: S 45.000
Capital cost: S 41.206.000
Post-treatment monitoring: S 20.047.000
Monttoring and closcout plan/report: S S55.00¢5
Total present worth: $ 61.347,000

* Present worth costs use current rates and do not include inflation
State Acceptance

This criterion would be evaluated throughout the development. sereening. and analysis of
alternatives bused on comments and input received from the WDNR.

Community Acceptance

This criterion would be evaluated throughout the development. sereening. and anaiysis of
alternatives based on comments and input received from the public.

9.8 Alternative 3 — Public Water System and Monitored Natural Attenuation

This alternative consists of the installation of a public water system that would provide a safc.
clean. rehable water source for all the potentially affected well owners downgradient of BAAAP.
Two public wells would be installed in an area outside the Yimits of the BAAAP eroundwater
plumes and draw water from a deep sandstone aquiter. This alternative would climmate the need
to monitor private wells once homes are changed over o public water. The Army proposes that
all potable (drinking water) wells be abandoned preventing exposure by ineestion so that
receptor would be eliminated. The Army has dralted a proposed remedy arca Tor the public
water system (see Figure 39). Cooperation of the alfected municipalities in the formation of a
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. Comment [JT71]: it would be helpful to

summarize the basic components of the new water
system - is there is more to it than just 2 wells?

Appendix E shows some of the breakdown of costs
butcould provide more detail - ie linear footage of

 watermain pipe, type of equipment needed to

maintain the water system, etc. Would the system
have or need to have any special features that
would protect it from any contaminants, reduce or
minimize migration of contaminants along the pipe,
etc out of the ordinary construction of watermain
that are not included in the costs?) Whatis the
expected life of the system and would there be any
proposed components to increase the life of the
system, etc.

Comment [JT72]: Not defined

Comment [JT73]: Technical rationale for this

boundary should be included

. Comment [JT74]: Water rates for a limited

systems?)

number of households for such a large system may
be a financial issue for future management and
maintenance. What is the anticipated timeline
when the residents/Districts would be solely
responsible for the system costs once instailed or
would there be cost sharing for the life of the
system to make rates comparable? Replacement
costs of a proposed system would be very costly
years down the road once it starts to deteriorate.
Exhibit 3, Alternative 3 shows only 5 years of system
operation costs and 20 years of sampling. The
water system will be around much longer than that.
How does a cost comparison for a well compare to
payments for a water system over the tife of the
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water district s envisioned for the development and long-term management ol the system.
Details on the Army’s proposal are being developed and are available at
www cleanwaterwelldone.com.

This alternative also involves preparing o phased shutdown plan for the IRM and MIRM systems
and a groundwater monitoring and closure plan to verily natural attenuation continues o
progress toward regulatory case closure standards. Monitoring and closure plans would also be
submitted o the WDNR for review and concurrence prior o implementation. These plans would
include a systematic procedure o provide the WDNR the necessary information required 1o
make a closure decistion. This procedure would also include continued monitoring for steady-
state conditions i the three contaminant plumes.

Overall Protection of Human Health and the Environment

This alternative would be the most protective of human health because it completely eliminates
the exposure pathway to humans by providing an alternative source of water. Based on the
applicable scientific and regulatory information. the residual contaminant plumes do not
adversely alTect receptors in the environment (see Section 6.4).

Compliance with Applicable Regulations

This altcrnative would comply with applicable reeulations,

Long-Term Effectiveness and Permanence

This aliernative provides a permanent. long-term solution to the eroundwater threat from
BAAAP. The groundwater contamination would continue to decrease due to natural attenuation
processes and no receptors would be at a significant risk.

Reduction of Toxicity, Mobility, and Volume through Treatment

This ahernative reduces the oxicity. mobility. and volume of the contamination in the
eroundwalter through natural attenuation and climinates the human exposure pathway by closing
the private water wells.

Short-Term Effectiveness

The short-term impacts ot this alternative considers the following: short-term risks that might
be posed to the community during implementation of an alternative: potential impacts on
workers during remedial uction and the effectiveness and reliability of protective measures:
potential environmental impacts of the remedial action and the effectiveness and reliability of

mitigative measures during implementation: and tme uatil protection is achieved.

For this alternative, short-term risks to the community and workers would not include those due
to potential human or ecological exposure to contaminants. as all of the proposed work does not

even fe
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Comment [JT75]: The northeast part of the map
shown in Figure 39 shows a proposed remedy area
that splits the Wiggins Bay neighborhood in the
Town of Merrimac. Might there be more public
opposition to the new water system if some people
remained on wells and the others across the bay
had water brought to them by the new water
system? Whatis the comfort level of those

* residents outside but adjacent to the proposed

remedy area that years down the road they will not

be affected ?

' Comment [IT76]: You might want to reference

specific aspects of this website. For example, Prairie
du Sac submitted a letter to Ackerman at the
WODNR stating that the Town has the ability to
provide water service to the Extraterritorial Zoning
District (ETZ). Was there any consideration to
connecting to other existing municipal water
supplies to help serve the area? What might the
cost / benefit comparison be to utilize other
municipal systems vs an entire new system. Is it

ble because of the elevation differences?

" Comment [JT77]: This statement assumes that

the plumes are in fact stable and that no additiona!
areas of contamination will be encountered off site
(i.e.,, SpecPro is making the significant assumption
that private water wells outside the proposed
remedy area in Figure 39 will not be impacted in the
future, based on data collected to date). Given that
the central plume area was discovered fairly
recently, that assumption seems weak.

Comment [JT78]: Would the system be able to
handle future development needs in the area? Has
there been any discussion of future development on
the west side of the river if the Ferry was replaced
by a bridge? Land costs seem to be less on the west
side of the river verses the east side because of the
time to commute to Madison. Having a bridge to
cross Lake Wisconsin makes Wiggin's Bay
approximately only 30 miles from Dane County
Regional Airport.
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come i contact with impacted groundwater. There would be some effect (roud/lane closures.
mereased worker traffic. equipment noise. ctey on the community due w construction of the
wells, water tower, and underground piping. The construction of the public water system is
estimated to take approximately three vears.

Implementability

This alternative would be feasible. with the consent and approval of the community and

community feaders. The tewees 1w ns of Sumpter. Merrimac. and Prairie du Sac must all work

effectively together and coordinate efforts for the public water supply alternative 1 move
forward.

Cost

The estimated present worth costs for Alternative 3 are shown below. Sce Appendix E for a
summary of the costs for Alternative 3.

I'ngineering design: S 2900000
Capital cost: S 24.746.000
Annual O&M: S 12.218.000
Monitoring and closcout plan/report: S 55.000
Total present worth: $ 39919000

“ Present worth costs use current rates and do not include inflation
State Acceptance

This criterion will be evaluated throughout the development. sereening. and analysis of
alternatives based on comments and input received from the WHNR.

Community Acceptance

This criterion will be evaluated throughout the development. sereening. and analysis of
alternatives based on comments and input reecived from local governments and the public.

10.0. COMPARISON OF ALTERNATIVES

Through the analysis and evaluation of alternatives using the specitied eriteria. all three of the
presented alternatives are capable of remediating the groundwater contaminant plumes in
accordance with WDNR requirements. In addition. all the alternatives provide a reduction in
risk to drinking water receptors downgradient of the BAAAP. Aliernative 3 provides this
reduction of risk i a shorter period of time. ATl three alternatives carry o measure of
ancertainty s Alternative I relates o the tmelrame necessary to complete the pump and treat
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Has there been any opposition to working together
expressed by the residents or municipalities?

Comment [JT80]: We are unable to evaluate
these costs because quantities assumed ate not

_ provided
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phases Alternative 2 relates to the effectiveness and implementation of the biochemical phasc:
and Alternative 3 relates to the natural attenuation phase (timeframe).

Alternative 1 IRM/MIRM Treatment and Monitored Nutiral Attennation involves the
continued mmplementation of the existing IRM/MIRM eroundwater pump and treat system and
eroundwater monitoring program. The PBG Plume would continue 1o be recovered and treated
along with groundwater monitoring. This alternative has the advantage of already being in place.
In addition. this alternative is effective inactivelsy treating only the PBG Plume. Total cost for
Alternative 1 is approximately S77 million present worth.

Alternative 2 - In-site Biochemical Treamment and Monitored Natuial Attenuation involves in-
situ biochemical treatment of the three groundwater contaminant plumes and the implementation
ol a modificd groundwater monitoring program. This alternative is effective in actively treuting
all three groundwater contaminant plumes located on BAAAP. Total cost Tor Alternative 2 is
approximately S61 million present worth.

Alternative 3 - Public Water Sysiem and Monitored Natwral Attenuation involves stallation ol
a public water svstem for potentially aftected private well owners downgradient ol the BAAAP.
& phased shutdown ot the IRM and MIRM systems. and the implementation ol a moditicd
eroundwater monitoring program. Overall. Alternative 3 ultimately relies on natural attenuation
to address restdual contamination m all three groundwaier contaminant plumes. This alternative
completely eliminates the potential human exposure pathway. which is the primary remedial
action objective. Total cost for Alternative 3 is approximately S40 million present worth.

11.0 REMEDY SELECTION

Considering all the evaluation criteria and comparative aspects associated with the three
proposed alternatives. Alternative 3 — Public Waier System has been identified as the preferred
final remedy Tor the BAAAP groundwater plumes. Alternative 3 meets the remedial action
objective and regulatory requirements because it is protective of human health and the
environment: involves i reasonable timplementation and restoration time [rame: is feasible; and
climinates down-gradient drinking walter receptors,

Adequate source control measures have been tken, natural attenuation will bring the
croundwater into compliance with ch. NR 140 groundwaler quality standards within o reasonable
period of time. and the groundwater plume margins are stable or receding, and afier case closure.
eroundwater contamination exceeding ch. NR 140 preventive action limits will not migrate
hevond the boundaries of any property identificd as having existing eroundwater contamination.
Allernative 3. 1n conjunction with all the interim actions completed to date (soil excavation. soil
vapor extraction. enhanced bioremediation. capping. and groundwater pump and treat) provides a
path for case closure and meets the statutory requirement for restoring the environment to the
extent practicable [see Statute 292.11 (3)]. Therefore. the Army requests WDNR approval of the
selected remedial option in accordance with NR 722,
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Comment [JT81]: Plus assumed plume stability
within known hydrogeologic boundaries

Comment [JT82]: with significant assumptions

Comment [3T83]: Same comment as above,
plus suggest re-wording — the goal is to eliminate
the pathway, not the receptors (which was still

. illegal the last time | checked!)
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Technical Memo — Progress Update
Groundwater Flow and Solute Transport Modeling at BAAAP

Introduction

Discussed in this memo are the tindings from additional groundw ater flow and contaminant
transport modeling performed in support of the Alternative Feasibility Study (AFS) Report
completed for the Badger Army Ammunition
Plant (BAAAP) site. BAAAP is a former
industrial installation located in south-central
Wisconsin, approximately 9 miles south of
Baraboo and 30 miles northwest of Madison
(Figure 1).

Several modeling projects have been completed
in support of the AFS Report prepared for
BAAAP (April. 2011). This includes recent
modeling analyses completed in April 2011 for
three arcas known to have been aftected by prior
site operations — the Propellant Burning Ground
(PBG), the Central Plume Area and the Deterrent
Burning Ground (DBG) ' The contaminants of .

concern identitied are carbpp tetrachloride ‘ ;;?eu[%g'atibn
(CTET) at the PBG. and dinitrotoluene (DNT) at and Vicinity
the PBG. Central Plume Area and the DBG. ,

The current modeling was performed to supplement hydrogeochemical evaluations as well as other
models developed for BAAAP. The information contained herein is supplemental to the AFS Report
and should be reviewed in this context.

Site Conceptual Model

The site conceptual model describes the physical geologic and hvdrologic conditions understood to
exist in the area of the BAAAP site and forms the basis for the numerical models developed to
predict groundwater flow and contaminant transport conditions at the site. This includes: (1) the
site-wide (regional) steady-state model update. (2) steady-state sub-models created for the PBG,
Central Plume Area and DBG: (3) local and regional historical transient models: and (4) local and
regional predictive transient models. The site conceptual model included throughout this modeling
effort is based on numerous studies conducted at BAAAP (and the surrounding area) over the past
decades. including extensive lield investigations and on-going long-term water level monitoring.
Described in the following sections is the conceptual understanding of the surface and groundwater
system in the project area as it relates to historical and predictive groundwater flow and
contaminant transport model development and analyses.

Outwash Gravel Aquifer

The BAAAP site lies within a thick glacial outwash sequence, comprised predeminantly of
intermixed sequences of well-graded to poorly-graded sands (SW-SP) that are locally more silty
(SM). Locally. coarser-grained. well-graded to poorly-graded gravel (GW-GP) layers are present
within the outwash sequence. At the DBG. discontinuous fine-layers of fine-grained glaciofluvial
sediment consisting predominantly ot silt (ML} and clay (CL) occur above the water table.

'Prior modeling ettorts completed by others (ABB-Environmental Services. Inc., 1993: Woodward-Clyde, 1995;
TN & Associates, Inc. (2000): and the Shaw Group, Inc. (2006). The most recent version ot the groundwater tlow
model (April. 2011) included further retinements to the Shaw model and the use of more recent groundwater
monitoring data. Separate groundwater flow and contaminant transport models were subsequently developed for
the PBG. DBG and Central Plume arcas.
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The water table ranges from about 740 feet above mean sea level (amsl) in the southern part of the
BAAAP site to around 8235 feet amsl in the northwest. The soil materials at and below the water
table are similar to those reported above. consisting predominantly of separate or intermixed layers
ot sand and gravel. Gravel lenses appear to occur more frequently just above bedrock.

Bedrock geology at BAAAP is dominated by Cambrian-age sandstones, with some metamorphosed
Precambrian granites and rhyolites. The Baraboo Range to the north and west of BAAAP contain
Precambrian quartzite conglomerates and sandstones that are part of the Baraboo syncline, which
rises some 500 feet above the BAAAP site at its north end. The bedrock surface dips steeply
towards the south. where soil deposits quickly thicken to a maximum of 250 feet. Along the north
boundary of the BAAAP site. soil deposits are thin or absent, and quartz and sandstone outcrops
are common. A Precambrian quartzite occurs at the base of the hills, along the north boundary of
BAAAP. South of the Baraboo Range the quartzite surface dips steeply towards the south, and is
underlain unconformably by Cambrian fine to medium sandstones with minor amounts of
limestone and shale. A steep hydraulic gradient (0.11 {t/ft) has been reported to occur in this area.

Further review of geologic cross-sections, maps depicting the top of the water table, hydraulic
conductivity data, aquiter test results, and other data was performed to assess whether distinct
hydrostratigraphic units were present at the site. Prior models used as many as six layers to
represent site stratigraphy. The basis for such subdivision was not clear however, since no obvious
characteristics to separate the outwash sequence was noted (other than a general coarsening of
grain-size with depth).

The upper model layer(s) used in prior models dewatered and/or did not extend across the site.
Based on these findings. it was determined that a model depicting four glacial outwash units
(layers) at the site was sutticient to represent site geology. The relative relationship and
characteristics of each model layer are presented in Table 1.

Table 1. Model Layers, Bottom Elevations and Soil Types for the BAAAP Model

Laver Depth Soil Type and Other Related Information Ave. Kh*
. Interval : (cm/sec)
1 >740 feet Dominated by glacial outwash comprised of well to poorly-graded | 4.34E-02

amsl (SP) and well-graded sand (SW). Some loess oceurs locally in
upper part of soil protile as discontinuous finc-grained silt and
clay (ML, CL). Fine (ML, CL) glaciofluvial material was reported
from 763.6 to 775.3 feet amsl at the DBG. The water table ranges
trom around 740 feet ams! (south) to 825 teet amsl (northwest).
2 700-740 feet | Glacial cutwash. Predominantly SW, SP. Some well-sorted (GW) | 5.21E-02
amsl to poorly-sorted (GP) gravel units are also present locally
3 660-700 feet | Glacial outwash. Predominantly SW, SP. Some gravel units arc 1.90E-02
amsl also present (GW, GP).
4 Top of Glacial outwash. Predominantly SW, SP. Some gravel units are 4.33E-02
Bedrock to also present (GW, GP). Overall, the amount of gravel appears to
660 feet amsl | increase with depth.
Bedrock Late-Cambrian age bedrock of the Eau Claire tormation underlies
the glacial outwash at BAAAP and serves as a regional aquitard in
the arca. In general, the bedrock consists ot tine- to medium-
erained fossiliferous and dolomitic sandstone that is locally
interbedded with argillaceous siltstone and silty mudstone.

*Kh - average saturated hydraulic conductivity as determined through field testing (ABB LS. 1993)

During this model update. all hydrogeological and geochemical information has been referenced to
depth rather than Layer as used in prior models. {{ydraulic head data were referenced to the
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bottom of screen depth for site groundwater menitoring wells, and auto-assigned to the
appropriatc model laycers. This reference system was employed to overcome inaccuracies resulting
from well designations not corresponding to the proper model layer.

During the Remedial Investigation (R1) conducted by ABB-ES in 1993, slug tests were performed
on monitoring wells across the BAAAP site. The RI report included saturated horizontal hydraulic
conductivity (Ky) values obtained at 54 monitoring well focations. Based on this data, little
difference in Ky, is noted within the soils at BAAAP. except for a discontinuous, fine-grained layer
encountered at the DBG. The K;, across all layers ranges from 1.90E-02 ¢cm/sec (Layer 3) to 4.33E-
02 cm:sec (Layer 4), with an average value (all layers) of approximately 4E-02 cm/sec. Aquifer
pump tests were also performed at two extraction wells (EW-167, EW-169) in Spring, 2005. The
results ot this testing yielded a hydraulic conductivity value between 4.85E-02 and 9.60E-02

cm sec. The K, values obtained are consistent with the soil types encountered (well-sorted sand or
sand gravel, grading to poorly-graded sand).

Hydraulic conductivity data, along with other site and aquifer characterization was input into
MODFLOW. a commonly used groundwater flow model developed by the U.S. Geological Survey
(USGS) which uses the finite difference methods to solve flow equations in three dimensions. The
computer code within MODFLOW consists of a structured package of independent modules that
address features associated with a hydrologic system, including rivers, drains. wells, recharge and
evapotranspiration. as well as constant-head, general head and no-flow boundaries. Layers may be
simulated as unconfined. confined. or a combination of both. In addition, groundwater flow
patterns were evaluated using MODPATH, a particle tracking computer code that uses
MODFLOW output to generate a set of pathlines from particles placed within the model domain.

The model interpolated distribution of Kh across the model domain is shown by Layer on Figures
2a-d. To achieve better results and sufficient heterogeneity for hydraulic conductivity distribution,
numerous control (“pilot™) points were inserted at locations within the model domain. Pilot points
were placed: (1) between observation points adding greater density in those areas where more
observations points were located: (2) in areas where the observed head gradient was steep; (3)
between observation wells and head-dependent boundaries; and (4) at other locations as considered
necessary to fill in gaps. Inverse modeling employed PEST, the automated parameter estimation
code within MODFLOW. Regularization was applied as a homogeneity constraint during each
PEST simulation to improve pilot point matching and add extra stability to the inversion process.

Surface Water Features and Groundwater Interaction

The BAAAP model domain lies within the Wisconsin River drainage basin, in southeastern Sauk
County. The principal surface water drainage teatures within the basin include Otter Creek (west),
Manley Creek (northeast) and the Wisconsin River (east, southeast and south). The north and
northwest sides of the basin are defined by coexisting surface and groundwater divides that extend
along the south side ot the Baraboo Hills. A groundwater high in the water table elevation and
steep groundwater gradients occurs just northwest of the BAAAP model domain.

The direction of regional shallow groundwater tlow in the northern part of the basin is generally
towards the south and southeast across the model domain. Hydraulic gradients within the water
table aquiter flatten further south and southeast towards the Wisconsin River. A component of
groundwater within the northeastern portion of the BAAAP site is directed towards the east, with
groundwater tlow elsewhere Howing towards the Wisconsin River (south and southeast).
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Completed in 1924, the Wisconsin Power and Light (P&L) dam impounds the Wisconsin River
north of Prairie du Sac. forming the Lake Wisconsin Reservoir. Records available from Alliant
Energy (owner of Wisconsin P&L) indicate that the head water level above the hydroelectric power
dam (north) is 774.3 feet NGVD, with a tail water level of 734.9 feet NGVD. While total flow rates
exceeding 12,000 CFS have been reported for this impoundment, the total flow on July 18, 2011
measured 4.620 CFS. The Wisconsin River is believed to be hydraulically connected to ground-
water in the outwash. Relatively flat gradients in the vicinity of the Wisconsin River are interpreted
to represent the hydraulic connection between the groundwater and surface water systems.

The water sources to the groundwater system inciude a combination of direct precipitation,
infiltrating surface water, and groundwater inflow. Local wetlands act as sources of recharge to
groundwater when surface water elevations are higher than groundwater elevations, and
groundwater discharges to the surface water occur when groundwater elevations are higher than
surface water. Groundwater also enters the project area as regional groundwater inflow derived
from upgradient recharge. Precipitation, tflow between groundwater and surface water, and

upgradient inflow are all included

n the model.

Development of Transient Groundwater Flow Models for BAAAP

Model boundary conditions were reassessed from a hydrologic basin perspective that considered
groundwater divide locations and resulted in the establishment of boundary conditions that
provided relatively definitive head control for input into the model. As shown in Figure 3, model
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boundaries are defined by Otter Creek (west), the Baraboo Hills {(north) and the Wisconsin River
(east. south). This approach was considered an improvement over previous models since head data
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from surface water features helped remove some of the ambiguity associated with defining model
boundary conditions noted during prior modeling efforts.

The current modeling effort included reassessing model boundary conditions, available
precipitation and recharge rates, hydraulic conductivity and a number of other factors. Substantial
mcreases in the average precipitation rate recorded over four of the past five years have locally
affected the magnitude and direction of groundwater flow at BAAAP. Such conditions necessitated
the development of a transient numerical modei capable of depicting such conditions. The transient
model also provided BAAAP with a tool to assess the likely affect that shutting down the existing
Interim Remedial Measures'Modified Interim Remedial Measures (IRM/MIRM) groundwater
pump and treat system would exert on local groundwater flow and contaminant transport at the
PBG.

The transient MODFLOW models developed for this project were derived from a calibrated
regional steady-state model, prepared as an update to prior models. The regional steady-state
MODFLOW model is not discussed in further detail in this memo since the focus of the current
effort was to develop transient models that could be used to assess how variations in the local
hydrologic flow regime would affect groundwater flow pathways and contaminant transport.
Transient model development began with the input of hydrogeological parameter data, inctuding
precipitation and recharge data from 1988, 1989. 1993, 1995, 2007 and 2010 into the regional
steady-state model. This task was followed by calibration of the transient flow model. The
calibration procedure consisted of conducting backward model simulations using PEST, followed
by an evaluation of precipitation, recharge and specified flow rates over the historical data period
(1988-2010) to assess reasonableness. To assist with model interpolation, pscudo-wells were
added to the model domain at a few locations in this arca (and other locations) where data gaps
in head information existed. Forward MODFLOW simulations were then performed to record the
sensitivity of the model to changes in input parameters and assess the residual mean square (RMS)
error associated with model calibration. The RMS error values obtained verified model calibration.

The reassessment of the initial MODFLOW model boundary conditions included an evaluation of
precipitation and recharge. On average, 30-32 in/year of precipitation falls on the ground surface in
Sauk County, with only 25-30 percent (9.6 inches) remaining as surface water. Of this amount,
some infiltrates to the groundwater while some flows as runoff to streams or drainages. During this
modeling effort, it was assumed that 25%; of the available water (2.4 inches) infiltrates to the
groundwater system.

Specified flow boundaries were assigned to represent water pushing into the model from the north
and west sides of the model. The amount of water entering the model was estimated by dividing the
contributed area for cach arc, with each contributing area being defined by surface water divides
located in the basin®.

Thirty-five (35) percent of the available precipitation (3.4 inches) was applied to each contributing
area as an mnitial estimate of potential recharge amounts entering the model area. Comparison of
precipitation, recharge and specified flow data were adjusted to the appropriate rates for each year.
Presented in Table 2 are the precipitation and recharge rates associated with each year included in
transient model development. The RMS associated with each data set is also included. along with
generalizing bounding assumptions associated with model inflows.

" Each surtace water divide was generally noted to coincide with the groundwater divides in this area
(Gotkowitz and Zeiler. 2002)
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Table 2. Precipitation ‘Amouﬁtygxgnd Estimated Rlecharg‘ej‘:foij:t"‘h'e BAAAP Model Domain

Year Prec.ipitation Re‘charge RMS Assumptions
(in/yr) (in/yr)
1988 2885 2.63 4.09 | No flow in Otter Creek until it joins the
Wisconsin River (south)
1989 260.06 2.38 3.13 | No tlow in Otter Creck until it joins the
Wisconsin River (south)
| 1993 36.83 3.74 2.28 1 Not much flow in river. head stage only 0.5 ft
above bottom clevation
1993 29.64 2.70 4.16 | No flow in Otter Creek until it joins the
‘ Wisconsin River (south)
L2007 44.02 7.54 1.37 | Used 92% of assigned recharge (3.644
‘ inches/yr)
i 2010 40.45 0.87 0.856 | Used 50f’/<. of available recharge tor the North
‘ arca: 35% for the Main arca: and 10% for
developed (paved) arcas

The RMS values obtained indicate fairly good agreement between the transient MODFLOW model
predicted heads and field observed water level elevations indicating model calibration. Such a
conclusion appears reasonable when considering that more than a couple feet variation in head
elevation occurs seasonally at many well locations across the model domain.

Presented on the following pages are depictions’ of the historical groundwater elevation data as
generated by the regional transient MODFLOW model (Figures 4-9). This information is followed
by a presentation of transient MODFLOW model predicted results for the period from 2012-2050
(Figures 10-15). The same input parameters used for the historical predictive runs were used during
the future predictive simulations.

In this modeling assessment. specific focus has been placed on iliustrating the influence that the
IRM'MIRM pumping system has historically exerted on groundwater flow patterns within the PBG.
Through the model calibration process. this information has been used to help assess the potential
eftects that discontinuation of the IRM/MIRM pumping system at the PBG would exert on the local
flow regime over the next forty years.

Provided later in this memo are transient model generated plots showing the possible distribution
of DNT and CTET at the BAAAP site. The results obtained are based on the predictive calibrated
transient groundwater flow models. and include source loading to reflect contaminant leaching
from source areas at the PBG. Solute transport was cvaluated by using MT3DMS, a modular 3D
transport model within the Groundwater Modeling System (GMS) MODFLOW package. With
MT3D. the ctfect of advection, dispersion and chemical reactions on dissolved constituents in
groundwater can be simulated (Zheng. 1990).

“Note: Because no model solution is unique, all of the illustrations provided in this memo should be
viewed as one possible example of how groundwater flow pathways and contaminant distribution may
look over time.
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Depicted in Figures 10-15 are the
groundwater flow conditions as
predicted by the transient model over a
40-year period (2012-2050).

The same mput parameters used for
the historical predictive runs were used
during the future predictive simulat-
ions. The one notable difference is that
the IRM/MIRM pumping system has
been discontinued in all simulations.

Because no model solution is unique,
the enclosed illustrations should be
viewed as one possible example of
how the tlow field across the PBG area
could change as the aquifer system
recovers.

Remarks. Based on the transient
model, increased water table
elevations (on the order of 2-5 ft)
can be expected to occur across the
northern part of the PBG area
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Figure 11. Predicted
Transient Groundwater
Flow Conditions for
January, 2015 (MODFLOW)

between 2012 and 2015. This is not
unexpected as the pumping system
is discontinued and the aquifer
recovers. The model also predicts
higher water table elevations further
south, although less change is noted
(on the order of 2-3 ft).

Other observations;

¢ A steeping of the hydraulic
gradient is noted in the vicinity of
the WP&L dam between 2012-
2015.

e Groundwater tlow pathways
within the MIRM pumping area
has changed. The area of capture
within the MIRM have given
way to south and southeasterly
flow within the shallow aquifer
system.
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Figure 12. Predicted
Transient Groundwater
Flow Conditions for B
January, 2020 (MODFLOW)| ="

. Predictive Transient
Simulations, 2012-2050 (NO

- PUMPING)

Remarks. The model predicts
continued increases 1n the
elevation of the water table
surface over much of the
northern halt of the PBG area.

The direction of groundwater flow
within the shallow aquifer system
in 2020 1s similar to that noted in
2015 — although there appears to
oe a trend towards more consistent
southeasterly flow across the
model domain. This pattern may
even be more clearly exhibited by
the model predicted simulation for
2030.

The 2030 model also continues to
show the considerable effect that
recharge along the northern

boundary ot the model is exerting
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Figure 13. Predicted
Transient Groundwater
Flow Conditions for L
January, 2030 (MODFLOW) i

on groundwater table elevations
and groundwater tlow pathways.
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Figure 14. Predicted
Transient Groundwater
Flow Conditions for
January, 2040 (MODFLOW)

" Predictive Transient
- Simulations, 2012-2050

"(NO PUMPING)

Remarks. The model predicts
relatively little change in the
elevation of the water table
surface over the model domain
between 2030 and 2040.
Based on this depiction, little
if'any change can be expected
in water table elevations or
groundwater flow pathways
between 2040 and 2050.
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Figure 15. Predicted
Transient Groundwater
Flow Conditions for =
January, 2050 (MODFLOW) |
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Modeling of 2,4-DNT Occurrence at the BAAAP PBG

Historical 2.4-DNT concentrations measured in soil and groundwater at the PBG area were used to
calibrate the tollowing modeis:
1. Soil-water partition equation
SESOIL
MODFLOW-MT3D

(ST O]

The primary objectives associated with this effort were to: (1) use site-specific testing, literature
data and SESOIL modeling methods to assess likely 2.4-DNT loading rates from soil to
groundwater at the former PBG Waste Pit (WP) areas; (2) develop a transient groundwater flow
and contaminant transport model capable of assessing historical 2,4-DNT fate and transport in
groundwater: and (3) evaluate the likely effect that discontinuation of the IRM/MIRM pumping
system would exert on 2.4-DNT concentrations and distribution.

SESOIL is a seasonal compartment model which simulates long-term pollutant fate and migration
in the unsaturated soil zone (from the ground surface to the groundwater table). User provided
puts into SESOIL consider the hydrologic cycle of the unsaturated soil zone: pollutant
concentrations and masses in water, soil. and air phases; pollutant migration to ground water;
pollutant volatilization at the ground surface: and pollutant transport in washload due to surface
runoft and erosion at the ground surface. SESOIL creates an output tile which contains monthly
results for hydrologic cycle components. pollutant mass distribution, and pollutant concentration
distribution for each layer or sublaver. SESOIL aiso generates a file which contains pollutant mass-
to-ground-water leachate quantities entering the aquifer from the unsaturated zone. This file can be
mput into the MODFLOW'MT3D groundwater flow and contaminant transport model for further
analysis of aquifer and contaminant characteristics.

A key factor in assessing contaminant occurrence in the environment is the soil-water partitioning
coefficient (Kd). which relates the amount of a specific chemical (contaminant) bonded to soil vs.
the concentration of the same substance dissolved in water. The Kd for 2.4-DNT at the BAAAP
site was estimated by:

Kq (L/kg) ~ C,, (mg/L)/ C,, (mg/kg), where

C,u 1s the concentration of 2,4-DNT dissolved in water
C., 18 the amount of 2.4-DNT sorbed to the soil

Field measured 2.4-DN'T concentrations in soil and groundwater, along with laboratory analyzed
total organic carbon (TOC) and literature values for the organic carbon absorption coetfficient
(Koc) were used to estimate Kd. Based on this approach, it was estimated that the Kd for DNT at
the PBG area ranged from 0.0006 L kg to 0.062 L'kg.

Three modeling scenarios were completed for assessing 2,4-DNT fate and transport at the PBG. An
itial run (Baseline) was completed to assess contaminant characteristics prior to remediation
being performed at the waste pit source areas. This was followed by a post-remediation scenario
(Scenario 1) that considered the benefit associated with partial soil excavation (removal and off-site
disposal of the upper 30 teet of soil within the source areas). The second post-remediation scenario
(Scenario 2) considered soil excavation and the biologically-enhanced subsurface treatment
(BEST) system that targeted the remediation of impacted soils 1o a depth of 60 feet. Under
Scenarios 1 and 2, leachate corcentrations at the water table were expected to decrease with time.
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MODFLOW-MT3D was calibrated with IRM/MIRM and other historically measured groundwater
data to determine future contaminant distribution if the existing IRM/MIRM pumping system was
discontinued. The regional steady-state MODFLOW model. with a cell size of 400 fit x 400 ft was
refined using the GW Vista Telescope Mesh Refinement (TMR) tool to a smaller cell size of 100 ft
x 100 tt in order to better locate the waste pits and the engineered cover that was placed over this
arca of the BAAAP site. The steady-state model was then transiormed into a transient model so the
variable leachate concentrations from SESOIL runs performed at the waste pit locations could be
input into MODFLOW-MT3D. The tlux was estimated by comparing the simulated vs. measured
2.4-DNT concentrations in groundwater for the period from 2000 to 2005. The soil remediation
activity completed between 1999-2007 and the capping that took place in 2008 were simulated in
the MODFLOW-MT3D model by further decreasing the mass input into the system (biological
treatment decreased 2.4-DNT concentrations, while the aforementioned capping decreased the
tlux).

Calibration of the SESOIL model was accomplished by assessing the concentration of 2,4-DNT
predicted by the model at the bottom of the soil column vs. those actually observed.

SESOIL runs relying on measured soil distribution data (Kd ~ 0 L kg) indicated that the amount of
leaching to groundwater tor 2.4-DNT was around 200,000 ug/L. A conservative dilution
attenuation factor (DAF) of 10 would indicate that historical 2.4-DNT concentrations are
approximately 20.000 ug'L. This value is consistent with the historical measured groundwater
concentrations noted within the PBG waste pit source areas.

As shown below. the MODFLOW /MT3D runs (combined with SESOIL output) included a
calibration run as well as forward model runs with and without the IRM/MIRM pumping;

Timeframe : 7. Model Setup
Bascline 1988 to 2007 Variable Mass Loading from SESOLL-before remediation run
Calibrated to 2000-2003 (Baschne): IRM/MIRM pumping active
Concentrations
2008 to 2012-Forward run: w Variable Mass Loading from SESOIL -after remediation run
IRM MIRM pumping (Scenario 1): IRM/MIRM pumping active: Capping—Infiltration in

the Waste Pit (WP) Arca-recharge 0 tvday

2008 t0 2012 Forward run: woo | Variable Mass Loading from SESOIL-after remediation run
IRM MIRM Pumping (Scenario 2} IRM/MIRM pumping active: Capping-Infiltration in
the WP Arca—recharge 0 ft'day

2012 to 2052-Forward run: w6 | Variable Mass Loading from SESOIL after remediation run
IRM-MIRM Pumping (Scenario 2): IRM/MIRM pumping discontinued; Capping
Infiltration in the WP Arca-recharge 0 ft/day

Notes: Longitudinal dispersivite = 257 Ratio of horizontal transverse dispersivin to longinudinal
dispersivity =1 Ratio of vertical wransverse dispersivin: o longitudinal dispersiviny=0.5; Kd ~ 0 L, kg,

Does not include the etfects of chemical or biological degradation

The developed transient model used for the MODFLOW/MT3D runs included no recharge
(infiltration) within the Waste Pit area and evaluated 2,4-DNT occurrence under pre-remediation
and post-remediation conditions. The predictive transient model (2012 -2050) was used to evaluate
the effect that discontinuation of the IRM/MIRM system would have on 2.4-DNT distribution,
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Comparison of SESOIL leachate concentrations for 2.4-DNT under pre-remediation and
remediation scenarios are shown in Figure 16. For future reference, the concentrations obtained are
compared to Wisconsin Department of Natural Resources (WDNR) groundwater quality standards
given in Chap NR140, Wis. Adm. Code. SESOIL runs performed under the no remediation
scenario indicate that the concentration of 2.4-DNT will likely remain fairly constant at the Waste
Pit source areas for a long period of time (>500 years). Partial excavation and removal of the most
impacted soil in combination with operation of the BEST system (Scenario 2) has reduced the time
for the 2.4-DNT concentrations at the source area to reach acceptable groundwater quality
standards’ (< 150 years). These estimates should be considered conservative however, since no soil
degradation was considered. Bench-scale treatability studies performed on DNT-containing soils
obtained from other locations at BAAAP indicate that the potential for the degradation of 2,4-DNT
(and other DNT isomers) exists (Nishino, et. al., 2005).

Figure 16. SLSCHL Leachate Cuner Liatiun

Moture

2,4-DNT
Leachate
Concentration

; - WDNR NR 140
LN s _ , Enforcement Standard
DA T TR e (ES), 0.05 ug/L

S . WDNR NR 140
D “" Preventive Action Limit
N . L (PAL), 0.005 ug/L

stncdistioge

2,4 - DNT Source e
Loading Scenarios

SESOIL Leahate Contenitration SESQHL Leachate Cousentration

After Kumediativs Scerariv 1 Alter Kumediative Seerarin &

MODFLOW /MTS3D runs using the loading concentrations from SESOIL were performed on the
transient model over the period from 2000 to 2005. The purpose of these simulations was to assess
how the model predicted 2.4-DNT concentrations in groundwater compared to field observations
obtained over the same time period. Contaminant source loading 6f 2.4-DNT into SESOIL has
been based on the 2003 soil investigation study completed by Shaw for the PBG Waste Pit areas.
Time series plots showing the model predicted distribution of 2,.4-DNT in groundwater over time
were then developed. Calibration of the SESOIL model consisted of comparing the loading
concentrations for 2.4-DNT, relative to those observed in groundwater. Historical model runs
showed a relatively poor comparison between the calibration results and real data. Future
predictive runs were made but they were not accurate. This appears to be due to the present model
inputs being overly conservative. Further assessment of contaminant dispersion and the use of the
MT3D chemical reaction package to simulate degradation processes in the natural environment is
anticipated to result in a transient model for DNT that better calibrates to historical conditions and
more likely represents future conditions.

Modeling of CTET Occurrence at the BAAAP PBG

Historical CTET concentrations measured in soil and groundwater at the PBG area were used to
calibrate the transient (non-pumping) MODFLOW/MT3D model developed for this contaminant of
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concern. Site-specific testing data and literature values obtained from prior investigation conducted
at the PBG were used to develop likely CTET loading rates from soil to groundwater at the former
PBG Waste Pit areas (SESOIL modeling was not employed for CTET). As was the case with 2.4-
DNT. the transient model was developed to further evaluate the likely eftect that discontinuation of
the IRM/MIRM pumping system would exert on CTET concentrations and distribution.

CTET concentrations in soil and groundwater, along with laboratory analyzed total TOC and
literature values for Koc were used to estimate Kd. Values entered into the chemical reaction
package of MT3DMS consisted of bulk density and the first order sorption coefficient (linear
1sotherm). No other chemical or biological degradation processes were used.

Three modeling scenarios were completed for assessing CTET fate and transport at the PBG. An
mitial run (Baseline) was completed for 2010, This modeling was followed by the completion of
MODFLOW/MT3D simulations that considered historical CTET concentrations over the period
from 1988-2010 (IRM/MIRM pumping active). The final model scenario consisted of performing
forward (predictive) runs from 2012-2050 (IRM/MIRM pumping discontinued).

Timeframe s ... Mbdel Setup

1998 to 2012 -Forward run: w Variable Mass Loading trom Site Investigation Results; IRM/MIRM
IRM MIRM pumping pumping active (as appropriate)

2012 to 2050-Forward run: Variable Mass Loading from Site Investigation Results; IRM/MIRM
w o IRM"MIRM Pumping pumping discontinued.

Notes: Longitudinal dispersivine = 250 Ratio of horizontal transverse dispersivin: to longiiudinal dispersivine=0.2;
Ratio of vertical transverse dispersivity 1o longitudinal dispersivine= 0.01; Kd ~ 00 Lekg: iiclude the effects of some
chemical degradation, but no biological degradation

The transient MODFLOW MT3D model developed to assess CTET fate and transport at the PBG
was calibrated against historically measured groundwater data from 2000, 2002, 2007 and 2010.
The regional steady-state MODFLOW model, with a cell size of 400" x 400" was refined to a
smaller cell size of 150" x 130" in order to better locate the waste pits and engineered cover placed
over this area of the BAAAP site. Initial model runs showed that the CTET contaminant plume
extended beyond the boundary of the refined grid however, and therefore use of this refined model
was abandoned.

The transient model simulations for CTET are based on the representativeness of the historical
predictive model. With that said however, uncertainty remains regarding the actual source(s) of the
CTET and the concentration that will be leached to groundwater over time. Groundwater CTET
concentrations of 500 ug/L (Layer 1) and 100 ug/L (Layer 2) were used for the initial stress period
(2012). with concentrations decreasing further over time. The values used for source loading are
largely empirical and based on protessional judgment. As with all numerical groundwater flow and
solute transport models, assumptions made to address inherent uncertainties associated with the
model may result in different findings than noted during this model assessment.

CTET groundwater concentrations and distribution as predicted by the developed transient model
for the period from 2012-2050 are shown on Figures 17-22. These results compare favorably with
field observed concentrations reported for 201¢. Remarks are provided below.

Model simulations for 2012-2040 show continued lengthering and widening of the CTET plume
over time. In the absence of pumping. groundwater tflow patterns have changed within the PBG
area. Under such conditions. predictive model simulations show that the CTET will tend to migrate
more eastward. and further south towards Prairie du Sac. Over time, the model predicts that CTET
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- Predictive Transient Flow Simulations for
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Figure 17a. Model Predicted CTET in
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Figure 17c. Mode! Predicted CTET in
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Figure 18. Model Predicted CTET in
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Figure 21. Model Predicted CTET in |-

Groundwater, 2040 (Layer 1)
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concentrations in groundwater will decrease, with only small areas of the contaminant plume

containing CTET at levels above 5 ug'L, the WDNR NR140 ES. An ES exceedance tor CTET is
not predicted by the 2040 model simulation. At that time, it is anticipated that the majority of the

plume will contain CTET at concentrations between the NR140 ES and PAL (0.5 ug/L).

As shown on Figures 22-22¢. the model predicted CTET concentrations for 2050 decrease with

depth and the deeper model layers are not as aftected by the CTET contaminant plume. Comparison
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of the 2050 model simulation with earlier predictive
runs shows a decrease in CTET concentrations across
all model layers. suggesting that the plume will
stabilize and shrink. It is expected that longer predictive runs (beyond 2050) may help determine
when the concentrations within the CTET plume decrease below the NR140 PAL.
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Figure 22. Model Predicted CTET
Groundwater, 2050 (Layer 1)
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Study Limitations

This report has been prepared for Badger Technical Services, LLC. Reliance on the observations,
findings. conclusions and recommendations contained herein by others without the expressed
approval of Badger Technical Services, LLC is prohibited.

The completed solute transport modeling effort should be considered an order-of-magnitude
estimate regarding how groundwater flow and the contaminant of concern (CTET) present within
the PBG varies spatially over time. The model results obtained are directly related to the quality and
accuracy of the model input parameters, and may be affected by the inherent variability often
associated with investigation data collection and/or laboratory analysis of such data.

Contaminant plume occurrence as predicted by the current modeling effort is based on reasonable
assumptions made during model set-up and execution. As needed, adjustments were made to the
model parameters so plume configuration reasonably represented historical and more recent
contaminant trends.

All models developed herein should be considered a reasonable depiction of existing site conditions.
The results obtained are not to be considered to represent actual site conditions.
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