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SECTION 1.0
INTRODUCTION

11 BACKGROUND

The Department of Energy (DOE) wishes to pursue an Interim Remedial Action (IRA)
at the High Priority Sites (881 Hillside Area) at the Rocky Flats Plant (RFP). This interim
action is to be conducted to minimize the release of hazardous substances from this Area that
pose a potential long-term threat to the public health and environment. Although this is
considered a "non-time-critical" interim action, DOE would like to implement this action
because of the length of time it typically takes to finalize the Remedial
Investigation/Feasibility Study (RI/FS) and Record of Decision (ROD), and to implement
remedial action under the Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA or Superfund) process.

Rockwell International has prepared this IRA Plan to identify, screen, and evaluate
appropriate interim remedial action alternatives, and select the preferred interim remedial
action for the Area. This IRA Plan has been prepared to conform with the requirements for
an Engineering Evaluation/Cost Analysis (EE/CA) as defined in the proposed National
Contingency Pian {40 CFR 300.415(b)(4)].

In March 1987, a remedial investigation under the Environmental Restoration (ER)
Program [formerly known as the Comprehensive Environmental Assessment and Response
Program (CEARP)] began at the twelve sites comprising the 881 Hillside Area. The
investigation consisted of the preparation of detailed topographic maps, radiometric and
organic vapor screening surveys, surface geophysical surveys, a soil gas survey, a boring and
well completion program, soil sampling and ground and surface water sampling. The results
of this remedial investigation are presented in the Draft Final Remedial Investigation Report
for High Priority Sites (Rockwell International, 1988a). A feasibility study was also conducted
for the 881 Hillside Area, the results of which are presented in the Draft Feasibility Study
Report for High Priority Sites (Rockwell International, 1988b). Rockwell has also prepared
a detailed response to EPA comments on the RI and FS reports (Rockwell International, 1989).
Final RI and FS Reports will be prepared to address the potential remediation needed for any
contaminated soils, bedrock ground water and alluvial ground water not addressed in the IRA.

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
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1.2 IRA PLAN ORGANIZATION

Volume I of this IRA Plan is divided into six sections addressing the details of the plan.
Section 2.0 of this IRA Plan describes the results of previous investigations of the 881 Hillside.
Most of the information included in Section 2.0 has been derived from the RI report, although
chemical data has been updated to include all data received to date.

Section 3.0 identifies the objectives of the IRA. The objectives will define criteria used
to identify and evaluate IRA options.

Section 4.0 identifies technically feasible ground water treatment technologies, screens
these technologies based on implementability, effectiveness, and costs, integrates the preferred
ground water treatment technology into alternative IRA options that address the objectives,
and screens these alternatives based on implementability, ef fectiveness, and costs. Most of the
information included in Section 4.0 has been derived from the FS report, however, this
document expands upon the FS report by addressing treatment of inorganic contaminants in
the alluvial ground water.

Section 5.0 summarizes the detailed analysis performed in Section 4.0, and Section 6.0
presents the preferred IRA. Volume II of this IRA Plan contains the Appendices.
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SECTION 2.0
SITE CHARACTERIZATION

2.1 SITE DESCRIPTION AND BACKGROUND

2.1.1 Location and Facility Tvpe

The Rocky Flats Plant (RFP) is located in northern Jefferson County, Colorado,
approximately 16 miles northwest of downtown Denver (Figure 2-1). The Plant site consists
of approximately 6,550 acres of federally owned land in Sections 1 through 4, and 9 through
15, of T2S, R70W, 6th principal meridian. Major buildings are located within an area of
approximately 400 acres, known as RFP security area. The security area is surrounded by a
buffer zone of approximately 6,150 acres.

The RFP is a government-owned, contractor-operated (GOCQ) facility. It is partof a
nation-wide nuclear weapons research, development, and production complex administered by
the Albuquerque Operations Office of the U.S. Department of Energy. The operating
contractor for the Rocky Flats Plant is Rockwell International. The facility manufactures
components for nuclear weapons and has been in operation since 1951. RFP fabricates
components from plutonium, uranium, beryllium, and stainless steel. Production activities
include metal fabrication, machining, and assembly. Both radioactive and nonradioactive
wastes are generated in the process. Current waste handling practices involve on-site and off-
site recycling of hazardous materials and off-site disposal of solid radioactive materials at
other DOE facilities.

The RFP is currently an interim status Resource Recovery and Conservation Act
(RCRA) hazardous waste treatment/storage facility. In the past, both storage and disposal of
hazardous and radioactive wastes occurred at on-site locations.

Preliminary assessments conducted under Phase 1 of the ER Program identified some
of the past on-site storage and disposal locations as potential sources of environmental
contamination.

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
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2.1.2 881 Hillside Area Description

There are twelve sites, designated as solid waste management units (SWMUs), which

comprise the 881 Hillside Area. These sites were investigated as high priority sites because of

clevated concentrations of volatile organic compounds in the ground water and the proximity
of the sites to a surface drainage. The 881 Hillside Area is located at the southeast corner of
RFP (Figure 2-2). A brief description of each site in the 881 Hillside Area is presented below.

4,5.

8,9.

10.

11

12.

Oil Sludge Pit (SWMU 102) -- A small pond located south of Building 881 was
used for disposal of oil sludges in the late 1950s.

Chemical Burial Site (SWMU 103) -- A small pit was used for disposal of liquid
wastes southeast of Building 881 in the early 1960s.

Liquid Dumping (SWMU 104) -- An area cast of Building 881 was reportedly used
for disposal of unknown liquids prior to 1969. This was not substantiated by
results of drilling the area in 1987. Therefore, this site may not exist and its
location is not shown on the map.

No. 6 Fuel Oil Tanks (SWMUs 105.1 & 105.2) -- Two fuel oil tanks are located
south of Building 881; they are out of service and filled with concrete.

Outfall Site (SWMU 106) -- An overflow line from the sanitary sewer sump
south of Building 881 daylights on the slope below the Building.

Hillside Oil Leak (SWMU 107) -- Oil was discovered flowing from the Building
881 footing drain in early 1973. The source of the oil was never positively
identified but the o0il was collected in a skimming pond and transported off site.
There is an ongoing discharge of water from the footing drain.

Multiple Solvent Spills (SWMUs 119.1 & 119.2) -- Two areas east of Building 881
were used for barrel storage between 1969 and 1972,

Radioactive Site (SWMU 130) -- Soils contaminated with low levels of
radionuclides were placed on the hillside east of Building 88! and covered with
soil between 1969 and 1972.

Sanitary Sewer Line Leak (SWMU 145) -- The sanitary sewer line leaked on the
hillside southwest of Building 881 in early 1981.

Drum Storage Area (SWMU 177) -- Building 885 is currently used for satellite
collection and 90-day accumulation of RCRA-regulated wastes. The building
will be closed and soil remediation addressed under RCRA Interim Status (6
CCR 1007-3). Ground-water contamination will be addressed as part of the 881
Hillside Area RI/FS performed under CERCLA.
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2.1.3 Surrounding Land Use and Population Density

The Rocky Flats Plant is located in a rural area (Figure 2-3). There are no public
facilities or institutions such as schools, prisons, or hospitals within five miles of RFP. The
nearest educational facility is the Sierra Elementary School, which is six miles southeast of
RFP. Other schools are located in the same general area, but somewhat farther from RFP.
The closest hospital to RFP is Boulder Memorial Hospital, 10 miles northwest. The closest park
and recreational area is the Standley Lake area, which is approximately 5 miles from RFP site.
Boating, picnicking, and limited overnight camping are permitted. Several other small parks
exist in communities within 10 miles of RFP. The closest major park, Golden Gate Canyon
State Park, located approximately 15 miles to the southwest, provides 8,400 acres of general
camping and outdoor recreation. Other national and state parks are located in the mountains
west of RFP, but all are more than 15 miles away.

Some of the land adjacent to RFP is zoned for industrial development. Industrial
facilities within 5 miles of RFP include the TOSCO laboratory (40-acre site located 2 miles
south), the Great Western Inorganics Plant (2 miles south), the Frontier Forest Products yard
(2 miles south), the Idealite lightweight aggregate plant (2.4 miles northwest), and the Jefferson
County Airport and Industrial Park (990-acre site located 4.8 miles northeast).

Several ranches are located within 10 miles of RFP, primarily in Jefferson and Boulder
Counties. They are operated to produce crops, raise beef cattle, supply milk, and breed and
train horses. According to the 1977 Colorado Agricultural Statistics, 14,000 acres of crops were
planted in 1976 in Jefferson County (total land area of approximately 475,000 acres) and
56,200 acres of crops were planted in Boulder County (total land area of 405,760 acres). Crops
consisted of winter wheat, corn, barley, dry beans, sugar beets, hay, and oats. Livestock
consisted of 9,500 head of cattle, 200 pigs, and 400 sheep in Jefferson County, and 34,000 head
of cattle, 2,300 pigs, and 6,500 sheep in Boulder County.

Approximately 50 percent of the area within 10 miles of RFP is in Jefferson County.
The remainder is located in Boulder County (40 percent) and Adams County (10 percent).
According to the 1973 Colorado Land Use Map, 75 percent of this land was unused or was used
for agriculture. Since that time, portions of this land have been converted to housing, with
several new housing subdivisions being started within a few miles of the buffer zone. One
such subdivision is located south of the Jefferson County Airport and several are located
southeast of RFP.

A demographic study using 1980 census data (Setlock and Barker, 1985) shows that
approximately 1.8 million people lived within 50 miles of RFP in 1980. This was projected to
increase to 3.5 million people by the year 2000. Approximately 9,500 people lived within 5

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
ROCKY FLATS PLANT, GOLDEN, COLORADO SEPTEMBER 1989 PAGE 2-5



5 ,
MRS P P P B 8 0 Ta SaTe SO LY,
R S e e e e N Date (e Nl

EPEFC IO IC IO SR b e
QD I I Pt PP
uW’"’“’N‘“‘E@“«H&.‘@O@,
33 ZSPYSHE

oomﬁeld

Lafayette

W2} Westminster

N

Base Line Road

Maﬂr Reservoir

I
|

Figure 2-3
LAND USE IN THE VICINITY OF ROCKY FLATS PLANT

ANT

D.O.E.
ROCKY FLATS

" So. Boulder Rea

i

H
K] L, -
> . 2 = SN
£ ) - « 3 m .W
-1 ! o (o) e 2 B m .
R & = £ 2 = 3

" —— s p »
o 3|3 8 < 2 3 o 5
° o) z = 4 = o E

. B(5 < 2 M § »

g =ls | B £ 213
318 al £ 5 § 3 |2

- — » T L = 9
w ol ) :E 6 3 & - Rw
N O &0 §
O -
L]




miles of RFP in 1980, with a projected increase to 20,000 people by the year 2000. The most
populous sector was to the southeast, toward the center of Denver. This sector had a 1980
population of about 555,000 people living between 10 and 50 miles from RFP, with a projected
increase to 1.5 million by the year 2000.

2.1.4 Site Topographv and Geology

2.1.4.1 Topography

The Rocky Flats Plant is located at an elevation of approximately 6,000 feet above
mean sea level. The site is on the western margin of the Colorado Piedmont section of the
Great Plains Physiographic Province. The piedmont represents an old erosional surface along
the eastern margin of the Rocky Mountains. It is underlain by gently dipping sedimentary
rocks (Paleozoic to Cenozoic in age) which are abruptly upturned at the Front Range (just west
of RFP) to form hogback ridges parallel to the mountain front. The piedmont surface is
broadly rolling and slopes gently to the east with a topographic relief of only several hundred
feet. This relief is due both to resistant bedrock units that locally rise above the surrounding

landscape and to the presence of incised stream valleys.

2.1.42 881 Hillside Area Geology

The following geologic information is based on the RI Report (Rockwell International,
1988a), and the reader is referred to this report for additional details.

Surficial Materials

Surficial materials at the 881 Hillside Area consist of the Rocky Flats Alluvium,
colluvium, valley fill alluvium, and artificial fill overlying bedrock. In addition, there are
a few isolated exposures of claystone bedrock. The study area is located on the south-facing
hillside which slopes down from the Rocky Flats terrace surface toward Woman Creek on the
south side of RFP. Rocky Flats Alluvium caps the top of the slope, and colluvium (slope wash)
covers the hillside. Artificial fill and disturbed surficial materials are present around
Building 881 and south of the building to the South Interceptor Ditch. Artificial fill overlies
colluvium at SWMU 130, and surficial materials are disturbed in the vicinity of SWMUs 119.1
and 119.2. Valley fill alluvium is present along the drainage of Woman Creek south of the 881
Hillside Area, and terrace alluvium occurs on the north side of the Woman Creck valley fill

alluvium,
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as seepage from ditches and creeks. The shallow ground-water flow system is quite dynamic,
with large water level changes occurring in response to precipitation events and to stream
and ditch flow.

Ground water flows from the Rocky Flats Alluvium at the top of the 881 Hillside south
through colluvial materials toward Woman Creek. Ground water in Rocky Flat Alluvium or
colluvium is hereinafter referred to as alluvial ground-water. Flow through colluvial materials
primarily occurs in the gravel within the colluvium. At the Rocky Flats terrace edges, ground
water emerges as seeps and springs at the contact between the alluvium and claystone bedrock
(contact seeps), is consumed by evapotranspiration, or flows through colluvial materials
following topography toward the valley fill and terrace alluviums. The maximum and mean
ground-water velocities through colluvial materials are estimated at 780 ft/yr and 150 ft/yr,
respectively. Once ground water reaches the valley, it either flows down- valley in the
alluvium, is consumed by evapotranspiration, or discharges to Woman Creek. The maximum
and mean ground-water velocities in Woman Creek valley fill have been estimated at 650 ft/yr
and 145 ft/yr, respectively.

Bedrock Ground-Water Flow System

Ground-water flow in the Arapahoe Formation occurs primarily in the sandstones
contained within the claystones. Ground-water recharge to sandstones occurs as infiltration
from an alluvial ground water where sandstones subcrop beneath the alluvium and by leakage
through the claystones overlying the sandstones.

There is a strong downward gradient between ground water in surficial materials and

bedrock. Vertical gradient data are provided in the RI report (Rockwell International, 1988a).
Calculated vertical gradients ranging from about 2 to 0.3 ft/ft indicate a hydraulic potential
for downward flow. The presence of unsaturated conditions in some locations and high
vertical gradients where subsurface materials are continuously saturated indicates that the
intervening material (claystone) has a very low hydraulic conductivity.
Ground-water flow within individual sandstones is from west to east. The maximum
horizontal ground-water velocity in sandstone is estimated at about 36 ft/yr while the mean
velocity is estimated to be 12 ft/yr. Ground water moves at these rates only if the sandstone
unit is continuous or has good interconnection with an adjacent unit. To date, lateral
continuity of sandstone units along strike has been demonstrated to be small and only a few
correlations have been made along dip.

Usable ground water occurs in the Arapahoe Aquifer. Water from the sandstones of
the Arapahoe Aquifer is used for irrigation, livestock watering, and domestic purposes east
of RFP.
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2.1.6 Contaminants -- Description and Sources

2.1.6.1 Ground-Water Contamination

Organic contamination of alluvial ground-water at the 881 Hillside Area is evident.
However, the existence of inorganic contamination in either alluvial or bedrock ground-water
is uncertain at this time. This uncertainty is due to the limited data on background chemical
conditions for alluvial and bedrock ground- water. Water-quality data from wells 55- 86
(alluvial) and 54-86 (bedrock), located southwest of the plant and upgradient of all known
SWMUs, are the only current data available for characterizing background ground-water

chemistry. Over two years of quarterly data exist for these wells.

This data has been used to preliminarily determine which constituents in ground water
at the 881 Hillside Area are contaminants. Constituent concentrations in ground water at the
881 Hillside Area that exceed the upper limit of the range of concentrations in either well 55-
86 (alluvial) or 54-86 (bedrock) are presumed to represent contaminants.

A background characterization study is currently underway to provide more definitive
information of the spatial and temporal variability of alluvial, colluvial, valley fill, and
bedrock ground-water quality. These data will be used to better evaluate the nature and
extent of inorganic contamination at the 881 Hillside and remedial action alternatives that
address this contamination for the final RI/FS report. For this removal action, clean- up
criteria are defined by applicable or relevant and appropriate requirements (ARARS) or
proposed requirements to be considered (TBC) as discussed in Section 3. Variances from
ARARs may be appropriate in the future when background chemical conditions are

adequately characterized.

Alluvial ground water is contaminated with various volatile organic compounds (VOCs)
and possibly various metals, major ions, and uranium. Alluvial ground water at the 881
Hillside Area has been divided into three groups on the basis of contaminant migration

pathway or nature of the contamination as follows:
1) The Building 881 footing drain discharge (SWMU 107), i.e., alluvial ground water
discharging to a surface water pathway.

2) Alluvial ground water beneath or in the immediate vicinity of the 881 Hillside
Area characterized by the presence of VOCs in many of the wells.

3) Alluvial ground water downgradient of the 881 Hillside Area beyond the limits
of VOC contamination.
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For each of these groups, the nature of contamination is summarized in Tables 2-1, 2-
2, and 2-3. Well locations are identified on Figure 2-5. Each table identifies the maximum,
minimum, and average concentrations of VOCs, metals, and other major ions that were
detected. The chemical- specific ARARSs are also identified in the tables. Table 2-4 similarly
summarizes total uranium concentrations for each group. Uranium was the only radionuclide

occurring above estimated background concentrations.

The footing drain discharge is characterized by low concentrations of VOCs, and above
estimated background concentrations of a few metals, major ions, and uranium. The average
concentrations for specific volatile organics exceed ARARs for trichloroethene (TCE) and
tetrachloroethene (PCE). Average values for total dissolved solids and mercury exceeded
ARARs/TBCs for the inorganic constituents; however, the high average mercury concentration
is considered an artifact of including only one apparent erroneous data point (0.9 ug/l).
Subsequent analyses show mercury concentrations to be below ARARs/TBCs.

Alluvial ground water at the 881 Hillside Area is characterized by significant VOC
contamination. High concentrations of VOCs are notably present in the vicinity of SWMU
119.1 at well 9-74. The maximum concentration for most of the metals exceed estimated
alluvial ground-water background concentrations and ARARs. However, only the ARARs for
manganese and selenium are exceeded for the average concentrations. Total dissolved solids,
chloride, nitrate-nitrite, and sulfate have average values that exceed the ARAR or TBC
guidelines. Average total and dissolved uranium concentrations exceed background, but not
ARAR.

Downgradient of the 881 Hillside Area, the alluvial ground-water chemistry is
characterized by the absence of VOC contamination, with the exception of low concentrations
of methylene chloride, acetone, and 1,1-dichloroethene. The methylene chloride and acetone
are suspected laboratory contaminants because of their presence in associated laboratory
blanks, and the 1,1- dichloroethene was detected only once, in July 1987, in well 2-87 at a level
(6 ug/1l) just above the detection limit of 5 ug/l. This compound has not been detected since
then in either well 2-87 or any other well downgradient of the 881 Hillside Area. It is,
therefore, considered to be lab or field sampling contamination. Average concentrations of
several metals, major ions, and uranium are above the estimated background for alluvial
ground water. Concentrations of these inorganic constituents are somewhat lower than at the
881 Hillside Area, and nitrate, chloride, and sulfate do not exceed ARAR on the average.
Inorganic constituents have apparently migrated from the 881 Hillside Area, but organic
contaminants have not migrated to any appreciable extent.

Table 2-1
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Of particular significance with respect to contaminant transport in alluvial ground
water are the presence of gravel layers in colluvial materials overlying bedrock and near
surface. These gravels were likely deposited in a south (downslope) direction by creep and
slope wash erosion of the Rocky Flats Alluvium and can be expected to be elongated in the
north-south direction with rather limited extent in the east-west. The gravel layers range
between 1.3 feet to 5.5 feet in thickness.

Bedrock Material

The Cretaceous Arapahoe Formation underlies surficial materials at the 881 Hillside
Area. Six wells were completed in various zones of the bedrock in the 1986 and 1987 drilling
programs. The Arapahoe Formation beneath the 881 Hillside Area consists of claystones with
interbedded lenticular sandstones, siltstones, and occasional lignite deposits. The Arapahoe
Formation was deposited by meandering streams flowing generally from west to east off the
Front Range. Sandstones were deposited in stream channels and as overbank splays, and
claystones were deposited in back swamp and floodplain areas. Leaf fossils, organic matter,
and lignite beds were encountered within the claystones during drilling at the 881 Hillside.
Contacts between various lithologies are both gradational and sharp. Bedrock is estimated to
dip approximately 2 degrees to the east.

Claystone bedrock was the most frequently encountered lithology of the Arapahoe
Formation immediately bclow the bedrock contact. Weathered bedrock was encountered
directly beneath surficial materials in all of the boreholes and wells, and weathering appears
to penetrate as much as 60 feet below ground surface. The weathered claystone is also
characterized by moderate fracturing and thus exhibits higher hydraulic conductivities than
unweathered claystone.

Arapahoe sandstones were encountered beneath the 881 Hillside Area. These sandstones
range from poorly-sorted to well-sorted, subrounded to rounded, very fine- to medium-grained,
poorly- to moderately-well-cemented quartz sand with up to 10% lithic fragments. The
thickness of individual sandstone beds ranged between 5 to 12 feet.

2.1.5 Sensitive Environments, Surface Water, and Ground Water

2.1.5.1 Sensitive Environments

The Endangered Species Act of 1973 (Public Law 93-0205), as amended, provides that
all federal agencies shall carry out programs for the conservation of listed endangered and
threatened species. Federal agencies must ensure that actions authorized, funded, or carried
out by them will not jeopardize the continued existence of any endangered or threatened
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species or result in the destruction or adverse modification of critical habitats as determined
by the Secretary of the Interior.

The 881 Hillside Area is not used, nor intended for use, as a public or recreational area,
nor for the development of any unique natural resource. No unique ecosystems were found
at RFP during extensive biological studies. Communication with the U.S. Fish and Wildlife
Service resulted in a finding of no affect on endangered species due to activities at the 881
Hillside Area.

There are no flood plains, wetlands, or historical/archaeological features at the 881
Hillside Area.

2.1.5.2 Surface Water

Woman Creek is an eastward-flowing, ephemeral stream located to the south of the 881
Hillside. The stream drains the southern portion of the Rocky Flats Plant site, and delivers
water to Mower Reservoir and Standley Lake which are respectively used for agricultural and
domestic water supply (see Figure 2-4). The South Interceptor Ditch, located between the 881
Hillside and Woman Creek, extends from south of the inner west gate entrance to Pond C-2
in the Woman Creek drainage. The ditch isolates runoff from the south side of RFP (including
the 881 Hillside) from Woman Creek. Surface water flowing in an easterly direction along the
South Interceptor Ditch is collected in Pond C-2, from which it is discharged to Woman Creek
inaccordance with the RFP National Pollutant Discharge Elimination System (NPDES) permit.
The permitted discharge point is designated as 007. Pond C-1 receives flow from Woman
Creek. A diversion structure located upstream of Pond C-2 diverts flow in Woman Creek
around Pond C-2 and into the Woman Creek channel downstream. Along Woman Creek and
the South Interceptor Ditch, retention ponds C-1 and C-2, and the associated diversion

structures, control surface water discharge from the RFP site.
2.1.5.3 Ground Water

Ground water occurs in surficial materials (Rocky Flats Alluvium, colluvium, terrace
alluvium, valley fill alluvium, and artificial fill) and in Arapahoe sandstones and claystones
at the 881 Hillside Area. These two hydraulically connected flow systems are discussed
separately below.

Ground Water in Surficial Materials

Ground water is present in surficial materials at the 881 Hillside under unconfined
conditions. Recharge to the water table occurs as infiltration of incident precipitation and
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Volatile organic compounds are at high concentrations in the proximity of SWMU 119.1,
but decrease to non-detectable concentrations within approximately 300 feet (Rockwell
International, 1988a). This rapid reduction in concentrations is in good agreement with the
results of the soil gas surveys. The analysis of bedrock ground water for possible
contamination is under investigation. A detailed sampling and analysis program of existing
bedrock monitoring wells and background monitoring wells is currently being conducted.

2.1.6.2 Soil Contamination

Volatile and semivolatile organic contamination of soils exists at the 881 Hillside Area.
Volatile organic contamination is not extensive. It occurred in soils from only 3 of the 23
boreholes that were drilled. The highest concentrations detected for chlorinated solvents were
PCE at 190 ug/kg, TCE at 150 ug/kg, and 1,1,1-TCA at 110 ug/kg. However, phthalates
occurred regularly and were the principal semivolatile contaminant of the soil, particularly
bis(2-ethylhexyl)phthalate (DEHP). The maximum concentration of DEHP in the soil was
7,216 ug/kg. The risk assessment conducted as part of the FS for the 881 Hillside Area
concludes that organic contamination of soils does not present an unacceptable risk to public
health from direct contact via absorption through the skin, inhalation of dust, soil ingestion,
or ingestion of vegetables grown in the soils.

2.1.6.3 Surface-Water Contamination

Surface waters of Woman Creek and the South Interceptor Ditch flow to Ponds C-1 and
C-2, respectively. Discharge from the ponds to Woman Creek is monitored in accordance with
RFP’s NPDES permit. Sampling of the ponds indicates no VOCs are present, and
radionuclides, metals, and major ions are within the estimated background levels identified
in Section 6 of the 881 Hillside Area Draft Final Remedial Investigation Report for High
Priority Sites (Rockwell International, 1988a). VOCs are present in the 881 Building footing
drain which flows to Pond C-2; however VOCs are not found in Pond C-2. Elevated levels of
uranium-238 occur in the South Interceptor Ditch upgradient of the 881 Hillside Area, but
concentrations decrease to background levels at Pond C-2.

2.2 ANALYTICAL DATA

Organic and inorganic contaminants exist in the ground water beneath the 881 Hillside
Area. Appendix 1 lists the results of volatile organic and inorganic analyses from alluvial
ground-water samples collected at the 881 Hillside Area from 1987 and 1988 volatile organic
analysis for the first and second quarter 1989 are also included..
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2.3 SITE CONDITIONS THAT JUSTIFY AN IRA

There is no immediate threat to the public health and environment posed by ground-
water contaminants at the 881 Hillside Area because the affected water is contained within
the plant boundary. However, an unacceptable risk would be posed to the public by
consumption of the contaminated alluvial ground water at or immediately downgradient of
the 881 Hillside Area. Although consumption of this water is not likely, an IRA will be
implemented in order to prevent further contaminant migration from the 881 Hillside Area
that could otherwise exacerbate final cleanup efforts at the site.
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SECTION 3.0
IDENTIFICATION OF INTERIM REMEDIAL ACTION OBJECTIVES

3.1 DETERMINATION OF REMEDIAL ACTION SCOPE

The overall objective of the IRA at the 881 Hillside Area is prevention of release and
migration of alluvial ground-water contaminants downgradient, and the cleanup of alluvial
ground-water contamination to within acceptable levels. The effort is to be performed in the

interest of protecting public health as well as the environment,

Specific objectives of the IRA are:

. Contain, reduce, and/or ecliminate site contaminants identified as posing
potential threats to human health or the environment.

. Reduce or eliminate exposure to site contaminants for potential receptors by
controlling potential contaminant pathways.

. Demonstrate technical feasibility and environmental and cost effectiveness of
the interim remedial action.

3.2 INTERIM REMEDIAL ACTION SCHEDULE

ACTIVITY COMPLETION TIME FRAME

+ Issuance of FONSI! September 1989

* Engineering Design
Treatment Building? November 1989
Volatile Organic Treatment System? August 1989
Inorganic Treatment System January 1990
Groundwater Collection System June 1990

* Procurement
Treatment Building? October 1989
Volatile Organic Treatment System January 1990
Inorganic Treatment System May 1990

* Construction
Treatment Building? July 1990
Treatment System November 1990
Startup/Test Treatment System December 1990
Groundwater Collection System March 1991
Startup/Test Entire System April 1991

! National Environmental Policy Act finding no significant impact
2 Activity started
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3.3 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

Response actions at Superfund sites must meet two fundamental clean-up requirements.
First, they must attain a level of cleanup which, at a minimum, ensures protection of human
health and the environment [CERCLA Section 121(d)(2), 42 U.S.C. Section 9621(d)(2)]. Second,
it is EPA policy that CERCLA cleanups attain or exceed the requirements of all applicable or
relevant and appropriate federal and state health and environmental requirements (ARARSs).
This section identifies and analyzes ARARs relevant to the IRA at the 881 Hillside Area. This
remedial action is considered an on-site IRA; therefore, only substantive and not

administrative requirements apply.

"Applicable standards" may be defined as substantive environmental protection
requirements, criteria, or limitations, promulgated under federal or state law, that specifically
address a hazardous substance, pollutant, contaminant, response action, location, or other
circumstances at a Superfund site. "Relevant and appropriate requirements" are those
substantive environmental protection requirements, promulgated under federal or state law,
that, while not jurisdictionally applicable to circumstances at the site, address problems
sufficiently similar to those encountered at the site that their use is well suited to the
particular site. ARARs must be identified on a site-specific, case-by-case basis.

In general, there are three categories of potential ARARs at any Superfund site. These

categories are:

. Ambient or chemical-specific requirements.
. Locational requirements.
. Performance, design, or other action-specific requirements.

Each category is discussed in more detail below.

3.3.1 Ambient or Chemical-Specific Requirements

Ambient or chemical-specific requirements set health- or risk- based concentration
limits in various environmental media for specific hazardous substances or pollutants. These
requirements set protective clean-up levels for the chemicals of concern in the designated
media, or indicate a safe level of air emission or wastewater discharge.

Chemical-specific ARARs are derived primarily from federal and state health and
environmental statutes and regulations. Health Effects Assessments, Health Advisories,
Chemical Advisories, and Guidance Documents may also be considered when establishing
clean-up standards, but are not considered to be ARARs. These and any proposed standards
are classified as items to be considered, or TBCs. Where background concentrations for
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constituents are above the chemical- specific ARAR for that constituent, a variance from the
ARAR is appropriate. A summary of chemical- specific ARARSs for the contaminants found
at the 881 Hillside Area is presented in Table 3-1. When more than one chemical-specific
ARAR has been identified for a contaminant, a screening process is used to determine the
specific ARAR to be applied. This screening process involves three steps as outlined below:

1. The lowest human health or agricultural-based promulgated standard among
the SDWA MCL, MCLG, and CDH ground and surface water standards is
applied.

2, In the absence of any promulgated standard in step 1 above, the RCRA Land
Disposal Restriction is applied.

3. In the absence of a promulgated standard in steps | or 2 above, the RCRA
Subpart F limit or the proposed ground water and surface water standards are
applied.

Screening for these ARARs is presented in Table 3-2. The screening process includes
consideration of both ground water and surface water standards because in the proposed IRA
(see Section 6.0), treated ground water is discharged to the South Interceptor Ditch (SID). The
surface water in the SID often infiltrates the alluvium and recharges the alluvial ground
water.

3.3.1.1 Safe Drinking Water Act Maximum Contaminant Levels (MCLs) and MCL Goals

Because ground water beneath the 881 Hillside Area is a potential source of drinking
water, Maximum Contaminant Levels (MCLs) are relevant and appropriate for all phases of
the IRA. MCLs are derived from the Safe Drinking Water Act (PL 93-523). They represent
the maximum permissible level of a contaminant in water which is delivered to the free-
flowing outlet of the ultimate user of a public water system [40 CFR 141.2(C)]. Maximum
Contaminant Level Goals (MCLGs) have also been considered in developing clean-up standards.
Section 121(d) of CERCLA as amended by SARA suggests that MCLGs may be appropriate
under certain circumstances of the release or threatened release of hazardous substances. This
is reinforced in EPA’s document entitled, Draft CERCLA Compliance with Other Laws
Manual, Volume II. Maximum Contaminant Level Goals, (EPA, June 1987, that identifies the
special circumstances where MCLGs should be considered as ARAR. These circumstances

generally occur when there are multiple contaminants in ground water, or where multiple
pathways of exposure present extraordinary risks. According to the guidance document, the
use of MCLGs should be determined on a site-specific basis in consultation with EPA
headquarters.
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The clean-up criteria for the interim remedial action at the 881 Hillside Area consider
MCLs and MCLGs as ARAR wherever such standards have been promulgated for the
contaminants of concern. Proposed MCLs and MCLGs are considered TBCs in this analysis.

3.3.1.2 Ambient Water Quality Criteria

The Ambient Water Quality Criteria are nonenforceable guidance developed under
the Clean Water Act. Guidance is set for surface waters for the protection of aquatic life
and for the protection of human health, based on both drinking water and consuming aquatic
organisms from that water. Since the IRA proposed here involves the treatment and
subsequent discharge to surface water, the Water Quality Criteria are considered relevant and
appropriate for this action.

3.3.1.3 Colorado Surface and Ground-Water Quality Standards

The Colorado Department of Health (CDH) has adopted interim ground- water quality
standards for many organic compounds. These are considered ARARs for the constituents
where they exist. Some of the standards are lower than the current standard detection limits

for the compounds of concern. When this occurs, the detection limit will be considered as
ARAR.

The CDH has also promulgated ground-water quality standards for many inorganic
compounds for both human health and agricultural uses. These standards are considered to
be relevant and appropriate since future or downgradient use of the aquifer is not restricted.
Where standards exist for both human health and agricultural uses, the more stringent
standard is considered to be the ARAR.

On July 11, 1989, the CDH adopted temporary surface-water quality standards for
Walnut Creek and Woman Creek. These include standards for many organic, inorganic and
radionuclide parameters. These temporary standards are in effect until March 30, 1990 (unless
permanent standards are adopted at an earlier date) and are considered ARAR.

3.3.1.4 RCRA Ground-Water Protection Standards

Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure
that hazardous constituents listed in 40 CFR 264, Appendix IX, entering the ground water
from a regulated unit do not exceed concentration limits under 40 CFR 264.94. The
concentration limits include standards for fourteen compounds, with background used as the
standard for the other RCRA Appendix IX constituents. These concentration limits apply to
RCRA-regulated units subject to permitting (landfills, surface impoundments, waste piles, and
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land treatment units) that received RCRA hazardous waste after July 26, 1982. This site is
not a RCRA-regulated unit and it is not known that RCRA hazardous wastes are involved
with the site. Therefore, the RCRA clean-up criterion of background concentrations for
Appendix IX constituents is relevant but not appropriate. This criterion is, however,
considered TBC at this site in the absence of any human-health based standards.

RCRA land disposal restrictions (LDRs) for certain organic contaminants (40 CFR
Part 268.40) are considered relevant and appropriate for the discharge of treated ground
water to either a surface or ground water body. The LDRs are technology based standards
and are considered relevant and appropriate in the absence of a health based standard.

3.3.2 Locational Requirements

Locational requirements are statutes or regulations which set restrictions on activities
or limits on contaminant levels, depending on the characteristics of a site or its immediate
environs. Examples of locational requirements are federal and state siting laws for hazardous
waste facilities, or sites on the National Register of Historic Places. Also included are the
Wilderness Protection Act and floodplain regulations promulgated pursuant to the Federal
Emergency Management Agency’s National Flood Insurance Program.

Location-specific ARARs that are relevant and appropriate are the State of Colorado
siting criteria for RCRA treatment units, and for surface-water discharges, the CDH Water
Quality Division’s regulations pertaining to pre-approval of treatment facility location.

3.3.3 Performance, Design, or Other Action-Specific Requirements

Performance, design, or other action-specific requirements set controls or restrictions
on particular kinds of activities related to management of hazardous substances or pollutants.
These requirements are not triggered by the specific chemicals present at a site, but rather by
the particular IRA alternatives that are evaluated as part of this plan. Action-specific ARARs
are technology-based performance standards, such as the Best Available Technology standard
of the Federal Water Pollution Control Act. Other examples include RCRA treatment, storage,
and disposal standards, and Clean Water Act pretreatment standards for discharges to publicly-
owned treatment works (POTWs). Action specific ARARs for the interim remedial actions
evaluated here are included in Table 3-3.

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
ROCKY FLATS PLANT, GOLDEN, COLORADO SEPTEMBER 1989 PAGE 3-16



-31et Jdo.xddn

pue 1UeA313d 3q 03 A1ayL) dJe SIKUR.11rboY

[[i=JU8 Y2 =3 Pplge] *a)eat (e sy apaIrbas A

10U 11N JUSLBAG YIS YIOUTIM fuiddey -ai@

-o1dd sruLlirbos x|l |11M UO1IBUILRIUDD

40 EAUE JO 1{UN JOLOWE 01Ul Lolleda) Jo

U1 IBLWITILDD JO EDJE T11UN AN UDJ) I)SeM

vy swssarbad ()0LE°%2 ¥43 0y SHOPUEZey JO Juaimmal Jo “0gol "6l JIBRON

ey iy B ased Lt 18P Jo Buidded oy ("R 443 07 J91je 211s je peoeyd a1sen sopsezey vy

“53358M 1517 BLLIOJ 1B

pue ‘so1seM Buluieluod-uoip ‘sa35EM

JBA10S JUBdS JOJ POUS) [PISY USRS

-poesrdsip-pue] B1aq 310439 Juugeaul Jo/pe swiitgiyad jesodsip

OG0 g9 IUINEI 13 21qu1PAR pPIEBIISUOIED (£)) (EHUPIYR pue) o1 13(gns S1 uo13e BAL1303JJ0D
150 AQ AR S1A3] UIP1IE D) POIR3H 38N 2y V0¥ J0 Swi3oe asndsa ! YY) uodj
aq 37w {esodsip Joj 2115440 1105 Jo WOLIEY (£)(3) "(£)(P) %008 BUj3INS3S SHIGEP JO ]10S PRlEUILEIUOD

Ccdawy 10 21ISD 1105 PRIPARIXD JO JURIBAOK a)gedt1ddy 013395 YN Jo jesodsip ‘g95L '8 JMBAON 31139443

T SIUAND) Ivav niiei) 31istiboIaid

vINY IAISTIH 188 1 1V SNOLLIVY WIGHH ¥
Syvaly 71412345 NOI1DV J18vE0Sd 40 ININIROS

€-€ Imvl

113an02
3yl JO UDISEUXJE JO LOISOSd
szuwuw pue sbeutesp alawld o

3oummpuial

[IALVITTR UL NUTR e R AF RN

tpade podies ayl yorp
spirtb1) jo woniesbiw woty
-ezuIL uuay-BuD) PN O

101 PRIALISU0D pUB PABISP
Jaa0d B saJirbel (wo11%e Jejiuls
10 “1114pue) e se 3td a3sen

20 wupuodyl a%ejans e Buisoyd
Jo ‘111w B Buiso)d '°6°3)
335eM Jano ded B JO JuPR1d

‘patj1oads §1aM2)

UD13PJIUOAU0D SY) M3LYoe 111K 1L

31 *Janamoy ‘pasn 3q Aay ABojOUPI)
Asy  -uoileauloul ‘SIISTHM JAYI0 11E
10} pe {[(2) JO (1) YA wolirulquod
Ul Jo auoje] wotidioste uoaed

(§) Jo “aumnesJ) 1e3iborolq (2)
‘Bupddins ueals (1) 'SU91EM I)SeM
Jo} Isuolieuiquod Jo s316ojoUpPa}
J0) JO A0 LD paseq aJe

s2158M BUIUIEILOD-UDOIP PUB SIISEN
JUBA0S Jusds Joj spiepuels LYal

Buidde)

juaunead|

WABJ DAY

VRE]



Sjuainn)

(MOoLg ¥R ¥4I 07

(0oL 792 ¥4 07
(G222 ¥33 O7

(22117992 34D 0%

(2)gZ2" %52 ¥4d O

Yvav wlieitd

(PO IUo3)

“(sajid aisem ‘syjype)) SN
315eM 3100} 0} past S)Jampouq
PadaAINs ulejulan fue 19930.4d

-Jonod Buibaup
upJy §J0-UN PR LO-UtNY NI

- JaA02 3y} 0) abawp Junaud
031 Asessasau se Aysadosd

40 asn aso)o.3sod 1914353y

“(sjuapunodyt 9%e4uns)

. Butddes 3J0jaq SoyseM ITLY QRIS

‘spirbyy 231y a1euuy3

-3uesaud sylos-gs jeaney
JO UBISAS JauUl) upljoq Ae Jo
Anigeawad a3 03 (erbe Jo
uel) §s3) Altylgeawad e aney ©

pue Ipautelutay

st AJ1UB3jul S, JN0D

Y3 ey} os ABPISNS
pue BUI1333S EPALDIY O

331sTboeuald

Y3y 3QISTH 188 L 1V SNOLLIV TVIa3Y ¥04
SYYHY 21310345 NOILIV 3gvE0dd 40 DNINIFLS

¢-¢ 3avi

ABI oY

uotlov



*\esodsip

2119430 10} POIRARIXD 1105 01 djpatidly o)

Buiddes 298

Buiddes 395

LLL"%52 ¥4D 0%

*pUe) 03 PALINIDY PR ‘U0 L 1eARIXD
Jo But})tup Jo S0l Ayl Ut poqMsip

1108 Jo BulBpeJp wouy 110 BUIpNjUL ‘Y108
poreutweIws Humpunodil 90eyuns 03 Ajdde Aew

0961 6l JauanoN

22U1S PaUNISIPUN 1P Lualal 03 ajgeol|dde

0N

“UD1IBUIUEIU0D JO BDJE JO 1IN JOI0R

01U WD11ED0] JO “UDLIEUILEIUD) JO Edle

11UN U0 WOJJ ISPM SNOPUEZEY O JURIBACW JO

‘om6L *
-JojoeJep Jo pPI1sSt)) ai1sed Sopuezey VY

LLL"%92 ¥40 oY

0Le %92 ¥4d 0%

01¢° %92 ¥4J 0%

(g2 72 ¥42 0%

6L JoqIBAON Ja3je als e pose)d (313S

096l ‘61 JIQUBAON

23U1S PEQUSIPLN (e11a3au 0) a)qgeot (dde

pe 0N “UD1IEUIRIUCO JO BAJR JO 3IUN Jayiae

(2)(B) §Z2°%92 ¥4D (9 OIUL LOIIEI0] JO 'UDLIEUEIUDD JO BBJE D
3U0 WoJJ ISEM SOPJEZEY JO JUUBAON 10 ‘086l
‘61 JIQUBAON Ja1je 311S 1B (J11SissleIe

((e) gZ2 52 ¥ 0y o paIst

SIGAND)

0138112

1) 31SEM SwpJeZeY VDY 30 yesodsig

ETYEI (3 S=NERY]

(Paru3u00)
v3uY 30ISTIH 188 ML LY SNOILIV TVIGE 304
SYVAY D14103dS NO1LOV JT8vEDUd 40 ONINITDS

£-¢ vl

*S)108
pue ‘saumoniys ‘uaudirbe

JO LWOLJBUMIEIUOXP JO esodstd
*syarposd wotlisodindop

23SeM sopUezey Jo ‘340

AN pejeulueIuod ‘3leyed)
/S3UBN31ISU0D sopuezey

*aysem snopuezey jo adedsa
amso)d-1sod Jo UolieutwL |3
JO Loljeziwiuiw !}0J3u00

pue adueusuLal JIUYIINY JO)

poau 0 Wtleziwuiy s3Jinbad { jencuny
piepuels aouauojsad 1esauen anso)) uea)
~BuJ0Y Lo J33emM
-punoJb pue aJed 3.MS0)9-1s0d
‘uotiedljyut o
uotjeZIWILLL w9 -Buo] apLroad
0} Janoo jeul} jo wolieielsu]
* Janod Jtoddhs
03 SArPlSal 3yseM pue 3iseM
Butuieups jJo WLIeZ1]IgmIS
(Buidde)) a0e)
“UDI1EDLSIPL]OS JO JeAald uy ayse
Aq spurbty 234y areuwuy3 114 3nsoy
B Iirbay Uo139y




-a1seM Sopuezey VY 10U *SUD132141534

JU vy loysem svyuezey vy SO} a)eoy jdde ave pe sjuandirbey jesodsip
aue s1xupaiboy  "a3seM Bulu1RIUD JUBALOS J0j puey 4966141 1)1M UD1IBUIIRIUOD
231301059 Jesodsip g2y 0) IR(gNs St sulesp (Q Wedys) 40 ease Jo Asepunoq 3N

Ry jo uoLie)jeIsUl Bulrp poleARdXD 10§ e 92 340 0 3P1ISIN0 PUR) UL JO WD JuABR)d

31a0M Sopuezey vy & 40U Amw
J1os g wey  Cjesadsip a3tspj0 O woliep

105U J0J PAULISIN 110S POIRARIXS JO abe01s -sjuuBtirboy abesols 406613
wraain Joy aetadoxkie pue JUeAd)al e SR 1114 Se) 36esols/s3d
40 soptd 918rM UL 26EJ01S U0y SIUABIINbe) VI 3y abeyols Ul WLieptios]
A3 1geotdde JaB6141 jou SA0p WOt
-WeI0D JO BIJE JO JILN B UM WOLY s Irbol aunso)d
-EPL{OSU0) JIYICUE OJu UO1IBUIWEIU0D AQ payst1geis? syl 03
TOLIPAPING 1108 BUIATOAUL UD112R |etpauwnd 0} JO BaJe JO 1N U0 UDJY (ItIsiRIRIEP dueald ausrboed Aau pajenredxe uollepi josuo)
O] YYH P SIS0 L) U0Y syl Irbos oy 3y 9MNS0) L) 39S JO Po1S1))31SEM TOPIeZEY JO JUSMBAOH aje sjellonan WLy wolf ey AD13eARNT
3N
LLL %2 340 0% je S1aN3Y} pIseq-tnesy 199K

-335eM SnopUezey Se ubyy

Jo Jaupbeual pue ‘aleyxes)
pue 31SeM Y3 iM pOlEUIUEILDD
Juudinbe pue sSMIJls pe
‘sy10Sgs poleUEILd ‘(SIAIP
‘syaul] *6-9) sjusuoduod

862792 ¥43 0% UDISAS JUSUEBIUOD PIIBUIULEIL0O
pue ‘sarpised JIsemM e
(1)(e)ge2 %92 343 0% 0 UDLIBUIERDXP Jo jerauny
o SITO) qvav (VIS T3TK] 31151rboiald oLl oy [VSIPET
(P IUD)

vINY  3QISTIIH 188 ML 1V SNOILIV VI ¥04
SYHY D14123¢S NO1LIV 18VE0¥d 40 ONINIUIS

€-¢ 38Vl



U0IJEUILEIU0D JO BOJR JO JIUN Jayjoe
0jul UD1IEI0] Jo ‘UOLIEUURILDD §O
eaJe ‘U Ao UbJy A1SEM Sopuezey

0L 1EP1 |0U) JUBAGE JO ‘0G4l ‘6L JIUBMON JI3je
UO12EP1 JORU0)/U0 1 1BAROXT 39S v A1IeARIXT RS aits 1e paoce)d disem sopuezey VY
. Sy P - wo1iein ESYHT] SSRENY]
(parti3uod)

vayy J0ISTHH 183 ML 1V SNOILIV VI W4
Suvay 21312345 NOLLJY J18VE0¥d 40 ONINIILS
¢-¢ 38Vt

T ISR RET]
Jesodsip puey Jo dreo)d 66113
Aay 1em Asn)s JO WOIINIIR0D

40§ 1105 JO UOL3eABIX]

U Y

WISIAL]
Jajen-punoug

w119y



961452 34D 07
GOl G2 ¥4 0Y
w6l 792 ¥4 07
1617992 443 0%
JaeMpunoJt
rolEIu0Y BULIRAI) UL pOSN Spe) abeiols
fue youneaty Joj atetsdoaddy pue weas 1y v 05l "%92 440 oY
SIGann) W mheid

pel

v ul (0L %2 44D 0%) ‘asaywasie abelols

Jo 'jesodsip ‘jumnead) 3404xq potsad
Asesodip) Jop P13y ‘(d13s1U93zeIeP
J0 POIS1])A1SEM sopuezey VY

33151rboJa1d

(parut3uo2)

YNV 3GISTIH 183 ML IV SNOILY TV1GEY ¥0d
SHYMY 21410345 NOTLTY 18VEONd 40 ININIRIOS

£-¢ 318Vl

e
10 "yoeud ‘unisodiod AR Jiacoy

-(obexes) jo IS AJLuept 03)
»e) oyl Buipnoims edJje ) pue
(A114633UL 1BJMINUIS J13Y) SSIsSe
01) ‘sye) Jo suotidod punodb-anode
oL IPUD) Rl ((SRE) PRIN0AN
J0j) 13A3] 215em ‘eiEp Bulsoy U
uudurbe 1043000 1 1043U0D
BuL)}14Jn0  BUMOYIOf B 1oadsut

-uotae1tdisaad Jo Uo1Ide aAeM

Aq Buyddoysaro wawaud 03 spel uado
Ut peulpIUial pUeodeRl) JUBLILLINS
pue ‘Butyjipdano Jumwsud 03
§1042L00 Y3 M papiacsd 2Q 3T SReL

~suea

Joy10 A Jo saul] e Aq peiselosd
S el 9yl SSIIUN JelIaj|l RR)
Wm 21q1aedioout 3q JoU IS 315N

*amady
Jo asde]100 Jou op A3 I|Y) dMsse

01 ‘s101u0 anssaxd ‘spel pasold SR

Joj ‘pue ‘(ssanpiyl) pBRNS ul abeJsols

1194s WBLD1HNS arey IS SRt Jo juauneat]
FUBJIT9Y uoiIdyY



*UD1IBIOLIIIP JoJ A]IPIM
/17992 443 0% seale a6eJo1s Jautelwnd 3oadsul

- (215eM 3AALRY JO PPe

§/L7Y52 ¥0 0y 01 1boxa) sbesors Butup pasoll ©
(01792 ¥4 09) (PRIPRY Jo ' jo PRSOdsIp pe !posols
2217492 340 09 ‘polJodsuely ‘poJols St eIl e I 01 a1seM snopuezey yiim agriedioy o
Ul 201Ap 3)gerdod Ae 'at1) Jaeiuod
L1792 ¥4d oY B UL (DL°%52 #4D O%) ‘949ymas|a dbesols fuo111puoo PooB Ul paUtejuley ©
Jo 'jesodsip ‘luunesn aJojq potaad (3115-U0)
Adesodip) € Joj Play (211S1330ese H=| 2beJ03s
yey o s rbeg oae1s Jau1eIwnd YN vy JO PaIS1])disen sopuezey vy IS 915eM SopUEZeY JO SJaUleuon) Jauteju)

(1961 40 9261 'WolIeLo0SSY

wo1310300d 2414 1EunlIeN)

§-2 YEOIY 1-2 SACRL v’ PD

spirbi 31q1IsE0) e 3\gauneldy Ut

sjuaueIIrbog auwoz J34nq Y3 Aydwo

I SPLY PIJIN0D UL SIIEM BAL3063

Jo ajgelb]  “Butldesd Jo BuLI LB

unsy S1sem ay1 wawaud 01 se os

851792 ¥4J 0% 915eM aA130E9J pUe d)qEIitBl 34018

“$UNINILS

JAeULUoo SBseysIp e ‘udinbe

104U0D 3BURYESIP ‘SHe w0y

sarpisad 2)15eM TopJezey pue I3seM

2617992 ¥43 0% sopuezey 118 aA@iB) ‘auns0)d 1Y

A SSW=TR] TN wiIein isirbosald P=TNIIL e Wwlv
(Porutaw00)
vIuY 3AISTIH 188 31 Lv SNOILOV V1AW b 07|
SHY 31419345 NOT1JV 316vVB0Y¥d 4O SNINITIIS

¢£-¢ 38Vl



RLTHC ¥43 07

J1L7792 343 0Y

9/L %32 ¥43 07

Gl B0 O

SIURULD) Jvav o13e310 Sitsubelald
(pruLIw02)
w3dv JGISTUH 188 M1 1V SNOLLJY TYIG3E8Y ¥4
SHYEY 1417305 NOLLTV J18VEDNd 40 ONINITOS

¢-¢ 318Vl

*sJaul) ‘sJauleiuod

e aAQUIBJ JOo 31eUteIuo3ap

pue ‘up1sAs Jusuuiejuod

Y3 WoJj SAPLSOI P 3)SeM
snopUezey 118 awaudd '3as01d 1Y

-JatJJeq JAYIo Jo P €

AQ JoY10 Yoed JESU pPaUols sielalal
a1quaedioawt aieJedos ajeuedas
sjersarew 31qtiedwoauy dooy

-aut) Asadoad s,A111100) Byl
uDly 1394 G 1SES)| 1e I1SeM dAL1Ided)
Jo 2)qeIIUBL jo ssauieind dooy

“Up1SAS

JWaLeIu 9yl Jo MoYjJamo Wwanaud
0) Jousmu Ajau) e Ul 91seM PN
Jo pajjids amapy spirbl) 24y 4o
SJauleIUcd JO ANJOA 3YT JO %0L 4O
Ajtoedes B 1M UDISAS JUILIIRIU0D
aplaosd Cpirbl) paaejrunoce Yt
1923U00 Yy 3593j0.d pue ‘aseq 3943
-yoeto ‘padols e WO sJAUIRIUOD Xk

JUuRJ LNDoY

Wi



‘aniyoe jelpund
231500 Bulap poIRIARb saIseM o yesadstp 4o

N Tt A RS TR PG R | aypatddy 31aeo1 \ddy

P 12
UO119S VHYS

SsTE W

w1y

31isubaiaid

(pOrULUD2)

vayY 30ISTHH 188 FHL IV SNOLLIY IR W03
SYWY J14193dS ND1LJV T16vE0¥d 40 DNINIFEOS

€-¢ 318vl

Tytos Jo

J9)eM 20e}Ms JO Joyerpunost g

OUL *JO9J3Y3 JWENILISUD SO

*a35eM snopuezey Ase Buyses)ad

10U SI PAUI9JSEL] St WRUWE)

o7 Jo 1emod Jo 3XEISIS
snopuezey 243 YL 01 11N 34y ©

It ]

aie syuuplirbes BuiMo}104 2 JO
Y309 JBY} S IEPISIdd
s 31 Ao Artyioey Jesodsip
pue) € 03 PRiSjSE) 3 Aay
UBUUWRIU0D JO aeImjod Jo 33els
s yns ~syuaelirbay 1els
s)geotdde 1B PR (M) 189084
a)gesl|dde JaYI0 10 IY 104D
SIURIEPNS JIN0L A M e
-coo Ly “agedtjdde 3o

Jo) 1oy 1esodsig 23sen P11oS

ayl 0 GOOE PUe YOog WoLIds

Yt saueljdioo Ul Buiyesado

st Iy Aa1)10e) B 03 PRI
-sUeJY 3 AJUD 1]BYS JUBUIIRIU0D
20 eIn)jod Jo FARISS S
JpJezey NS 1331530 WRUIEY

.U0g J0 W} I0d JO IARINPS yesodsi¢

sopUezey A Jo JajSuRSl A Jo abeJois

BUIAJOAUL UDLIE |RlIpaiB) JOo U |

JeruBl A JO F5ED UL U] ANS-44C
JUaBJ (1hoy Wiy




JO S1B3UY] JO SISED1. SO auotyesado

asundsal AapBiaie pue Wy Jon payenbad

so3seM sopuezey Jo (esodsip Jo abesols

Juaness) syl BulAloAUE suollesado Jsaut

!sal11doyine 1e20) Jo Ilels Ag duesld Joy

po1ablsap ueaq arey 1e) suolielado axsem

sopUEzZRY SN0Y Jopn died)d aA118450)

YN Japun swoljedado asuodsal ane)s

0L 016l 3ed 30 & -gns sropuezey 03 Aydde suolienboy

SI0aND)

BVaY oiiei ESSE13 S<NERY

{perug3uod)
v3yv 30I1STTIH 188 31 1V SNOILDY TVIG3EY 04
SHvV 31419345 NOTLOV TTEVEDNd 40 DNINITOS

¢-¢ 3avl

~suo (e |nbad asayl Aq
pottrbad se sueabosd Buluiesy
PR B3R IoArS jedipall Jo
wyesuawsidul ayy Joj sprrcud
pe ‘syuamsirbed jausssd
ys1igeIse 'sysel oM uHp
‘sa131A110e potedioliue AjLauep]
-Ge\d Yuon BAismipIaw] o

- yauuosdad Aoy

J0 s313111qtsuadsal ay3

Aj1oads pue puaLod Jo Utewyp

e dut pue ystiapas3
3FIonI3s jauoijeziueblg o

-SIOURISNS ShOpUeZRY JO SOSEI)3l
rgnuL 1w uweaboxd yieay
pe Alajes ayp  -suoliesado

a1sen snopuezey BULaP Ylijesy
pue Alajes aato)due ajenbad
01 pauBisap ueJboud y31eay
/A134e5 WB131UM B Juaue)dul pue
doyanap 01 sJakodie autrbad
eyl swolienbay paiesruoud
sey vHSO ‘vavS Aq peiepual sy

ppte

Jesodstd 2asen p110S 2yl 4o I IS

JopUn JoleNSIUPY Y3 Aq panoudde

weaboxd UoLIdE AA112II00 € A] PO

-j0J3u00 Bulaqg ase A3l1oe) gy e
SIUN SO 4OJJ SOSEIAL s 1Y O

suntjesad
215EM4 SNOPJEZE}

FI=T=N 1 53T]

T E]



"SaLILALIOe
2115 Ul 9beBe 03 payluwad st

SpUERReIS YHSO aako)dim adojaq pasirbey Buiute.d
Ay Ul poLy1nads s2 syuamlLrboy Bututedy Jaysadad pue Buuten el
urpon 399w 03 paJirnbe. aue apisILy (g8
M) 2L sUotI%e |elpaBd UL paBeBln 1auu0ssad 3ot \ddy ()02170161 ¥0 & -EOTUTEI] o

*SAIWIINS  Shopuezey 0}
ansode asko1div azwnulw oy
sau0z joJ3uod 3lis Jums|dit
-aeyd A1a4es pue oy oLy i1oods
D11 UL PULEP 3T ]]1M SU0Z 1043000 A31S 3)1qeot |ddy (PYOZL 0L6L ¥D 62 Zjoqiioy 9115 o

w3o93oud jauuossad Jo S1ana)
auuuaIep 01 spdezey 31ls AJLIUP]

ssanouxd s4/18 a4t
oY1 POZLIaIoNIPYY BN SAPY RUPzeY 1S a1 yddy (0)p21° 0161 ¥4 &2 -STSKjEe e uoijeZilaideselp alls o

suoie|rbad asayy jo syuerboy JeJauen

‘sueld AousBuliuod AxpbBian
{s3urpeoosd UDLI1eUIWEIUDID ISINTSeA
Jo41u00 2315 {Burtol jun Jewossad pe
J1e Buipmaut *Bugsoliuo jo adAy pue
Acuarbady faaue))1aAINS |E3IPAY JpISN
aq 03 Juadirbe aal3o9j0.d auossad

!syuawbLsse Butulesy fuotliubosad
puezey Jjauossad A9y sISSaUpPe 18Yd
wijesado jo aseyd yeo Joy pesedaxd q
1w wed A1ajes pue ylieay 3us v
EVIP

X35jes pa gijean o1j100ds-aits o

SIRN) vy wileld A11SIrbeIsld JURUBITNDoY uo13o¥Y
(paruuod)
vINY 301STIIH 188 ML 1V SNDILDV VI3 304

SUVAY 21419345 NOILIV JTEVBONd 4O ONINIROS

¢-¢ 3avt



suotiesado 91seM snopuezey

Ul paroay S33401diB Joy

papiaoad 2q W SA13111%ey
Uo11BIIUES PUB LDTIBUIINTIL LIIVLULKH

Oo1IE1 {LBS /0T IRUT 11 ©

sutued Ajajes pue y1jesy
?1ls jo jJed se padojanap
aq s seyd AButive)

330050y AaRbiai o

‘Wil elpaBl
311500 BULrp y31M potduod
aq 1S plepels ayy Jo

() W3PS UL pULI M0

saurpacosd volIeuleIU0I3(

dlIedEInReq 0

puepUlS
wHSO Y1 jo ([) wlaes
s 03 BupIoTR PINXEY
pue ‘pollodsiedy ‘pajpuey
a0 Y1eys SAPISAI JaYI0 SO
spirbly ‘sylos pajeuiue)
0D 'SaeISS Sopuezey

IPEH 1617010 ©

a)qeot |ddy (WWHO2L-OL6L ¥ 62
wed A13es pue y11Pay alts

Aoy padojaatp 11te aed AxupBuriuo 21qea1ddy (o2t 016l 343 &
-u2yd A19jes pue yiteay 911s 9yt ul

persad a1 1M soarpeoad Lol IPINeIL35g a1geot ddy ONoRLT0L6L 392 &
‘plodsuedy Jo ‘adols ‘o jpuey 01 pesn

g )M ssauRIend weatyoads t1°07a a1qeot 1y (1oL olel ¥4I &
SIELID) ovav oIed ESVEI3 =858
(ParuLIU0d)

U3V JCISTIIH 188 3HL 1V SNOILIV VIS ¥0d
SHVHY D14173dS NDILOV T18VE0Y¥d 4O ONINIRDS

£-¢ 318Vl

FISTEN(R 5T 313517



TSpUezey (e UBSP

pe yeatsAyd poiediniiue a4l U1 Io 1118
weyd Alages oy)  cued Alages aats Ayl
WM Ajdios pe peas o) pRsrtoy ogq Y1

SAI1IALIR 211§ UL POAIOAUL yauwossad NV

SIGAI)

a1qeot 1ddy

ageat iy

3)qeot ddy

aeat 1y

(1)o2L-oL6L ¥4 62

(WL ol6l ¥4 &

(6021 0161 ¥42 &

(1)02L 0161 ¥30 &

*S3L3ALIoe 311S RiM pRle

-100SSe SpUEZRY JO aumeu pue 22463
ayy Jo pauojul aq 11eys sJoyoed
-UoOgNS PUR 'SJ030es3Un0 “saako1dul

Siesbodd jeuoilawioju]

*$)0J3U02

BulJeauiBe pue Juaudirbe aall
59100 JO AJed1}43 aY) AUNULIBIP O}
podirbey st SSaueIsgRs shopuezey 0l
saako1de yo saunsodka jo Butsoyiuon

-BUT307 TUOH

spdezey
y1)eay pue SeOURISYS SopUezey o3
saako1de Jo aunsohe dziwiulw o3
posn &g 118ys aseyl Jo jie Jo Ao

TdIbe aA1109304d Jauosiad pue
55511500 310m 75)033U0) Buljeadibul

TSIRE]S
s sopuezey 03 pesoch@ Ayjetd
-uajod s3ad0)dip Joj IXR)|IAANS
1esipan e dul JsTw ssako1dig

SEEVIBATS 1601Pon

wo13eitd AISIrboIBNd
(peru11UDd)
Ny JQISTUH 188 ML 1V SNOLLOV TVIGHEY ¥4
SyvaY 214193dS NDI1OV JTEVE0¥d 40 ONINIYIS

¢-¢ 31avl

YoausJ oy

VIR E]



SINIIALR

231S Y1IM pajeldosse spuezey
1e13R30d JO SI0IRIIUBIANS JO
$1019243U07 UWWoUL IS ssako)dig

$1012243U0001S pue sJ0)oes]0) o

a1gedl 1 oL oLl ¥ &
-asde1102 1wAAsxd 031 podois
Jo paJoys aq 1l SUOL1eARIX@ 33LS
1ol 1ddy F6L/02L70161 ¥4 62 {BiIeAeng 9115 ©
S0 ¥y wo13el) 3j1srbeaald BU=T:NG T VI E]
(paruauo?)

V3NV 3CISTIIH 183 L 1V SNOLLDV TY1aW3 ¥03
SUVAY J14193dS NOILOY J16VEOUd 40 ONINIRDS

¢-¢ 3avl



SECTION 4.0

IDENTIFICATION AND SCREENING OF
POTENTIAL IRA OPTIONS

4.1 SUMMARY OF THE FS TECHNOLOGY AND REMEDIAL ALTERNATIVE
SCREENING PROCESS
The 881 Hillside Area FS Report (Rockwell International, 1988b) was prepared
according to the EPA Feasibility Study Guidance (EPA, 1985) available at the time.
The initial screening process eliminated infeasible, inappropriate or environmentally

unacceptable technologies. The following technologies were retained after screening:

1. No remedial action - monitoring only (not considered here)
2. Off-site RCRA landfill

3. Well arrays

4, Subsurface drains

5. Soil-bentonite slurry wall

6. Multi-layer cap

7. Grading and vegetation

8. Surface water diversion

9. In situ immobilization (grouting)

10. Soil flushing

11, UV /Peroxide water treatment

12. Air stripping water treatment

13. Activated carbon adsorption water treatment
14, Discharge to surface-water

15. Re-injection to ground-water

Technologies were then combined that are complementary and interrclated, to
form alternatives that address the site issues and control contaminant pathways. The
three water treatment technologies were subjected to a more detailed evaluation to
determine the most cost-effective, reliable treatment system for inclusion with the
alternatives requiring water treatment. Provisions of the Superfund Amendments and
Reauthorization Act of 1986 (SARA) also require that alternatives be developed that

consider:
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0 Elimination of long term site management;

o} Reduction of waste toxicity, mobility, or volume;
o Waste containment with little or no treatment;

) Use of innovative technologies.

The developed alternatives are as follows:

1. Collection of ground water using a line of downgradient wells and a
source well at SWMU 1196.1, collection of footing drain flow, and
reinjection of treated water downgradient of the 881 Hillside Area in
the Valley Fill Alluvium of the Woman Creek drainage.

2. Collection of ground water using a french drain and a source well at
SWMU 119.1, collection of footing drain flow, and reinjection of treated
water downgradient of the 881 Hillside Area in the Valley Fill Alluvium
of the Woman Creek drainage.

3. Collection of ground water using a french drain and a source well at
SWMU 119.1, collection of footing drain flow from, and discharge of
treated water to the surface, and in situ treatment of soils using soil
flushing.

4. Total encapsulation of source areas using a multi-layer cap and slurry
wall with control of gradients by pumping an internal sump (dewatering
fluids to be treated at an existing treatment plant).

5. Pump a source well at SWMU 119.1, collect footing drain flow, and
reinjection of treated water downgradient of the 881 Hillside Area in
the Valley Fill Alluvium of the Woman Creek drainage.

6. Immobilization of contaminants using a chemical grout.

7. Collection of ground water using a french drain and a source well at
SWMU 119.1, collection of footing drain flow, reinjection of treated
water downgradient of the 881 Hillside in the Valley Fill Alluvium of
the Woman Creek drainage, and partial removal of soils to a RCRA-
permitted disposal facility.

Three broad considerations, consistent with the National Contingency Plan,

were used as the basis for the preliminary screening of developed alternatives:
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0 Cost - The cost of implementing the remedial action was considered
including operating and maintenance costs. An alternative whose cost
far exceeds that of others being evaluated without providing
significantly greater protection was eliminated.

0 Acceptable Engineering Practices - Alternatives which do not provide a
proven and reliable means of addressing the problem were eliminated.

o} Effectiveness - Alternatives which do not effectively contribute to the
protection of public health, welfare, and the environment were
eliminated. Alternatives posing significant adverse environmental
effects and only limited benefits were also excluded from further
consideration.

Of the seven remedial action alternatives developed, four of the alternatives
were eliminated because they did not provide adequate protection of public health,
welfare, and the environment, or were much more costly without providing
significantly greater protection. The 881 Hillside Area Feasibility Study Report

(Rockwell International, 1988b) provides the details of the screening process to this

point.

The remaining three alternatives from the FS Report were retained for a
further detailed evaluation based on additional treatment requirements imposed by the
DOE agreement with the State of Colorado in June 1989. This agreement requires the
treatment of collected ground-water for removal of inorganic contaminants including
radionuclides until the background ground water study is completed. In addition, the
treated water will be discharged to surface water as opposed to ground-water
reinjection, as originally proposed in the FS. The reinjection of treated ground water
downgradient of the french drain is deemed not to be necessary because of the
interaction between surface-water and alluvial ground-water. The three alternatives
remaining are:

1. Collection of ground water using a french drain and a source well,

collection of footing drain flow, treatment of collected water in a new
treatment plant and discharge to surface water.
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2. Total encapsulation of source areas using a multi-layer cap and slurry
wall with control of gradients by pumping an internal sump (dewatering
fluids to be treated at an existing treatment plant).

3. Pump a source well at SWMU 119.1, collect footing drain flow, treat
collected water at a new treatment plant, and discharge to surface water.

The detailed analysis of the three remaining alternatives is presented in this

document and is based on the March 30, 1988 EE/CA Guidance. Each alternative is

evaluated individually based on effectiveness, implementability, and cost.

4.2 IRA PLAN SCREENING PROCESS

4.2.1 Effectiveness

The criteria for evaluation of effectiveness of removal alternatives includes
protectiveness and use of alternatives to land disposal. Protectiveness includes
protection of the community and workers during the removal action; threat reduction
(mitigation of identified threats); determination of the length of time until protection
is achieved; compliance with chemical- and location-specific ARARs; compliance with
criteria, advisories and guidances; description of potential exposure to residuals
remaining on-site; and long-term reliability for providing continued protection. The
effectiveness criteria also includes use of alternatives to land disposal, thus promoting

utilization of treatment or recycling instead of land disposal.

4.2.2 Implementability

The criteria for evaluation of implementability of removal alternatives includes
technical feasibility, availability, and administrative feasibility. Technical feasibility
includes the ability to construct the technology and to maintain its operation;

compliance with action-specific ARARs; ability to meet process efficiencies or
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performance goals; demonstrated performance; evaluation of impact of environmental
conditions; and compliance with the SARA requirement that removal actions should
contribute to the efficient performance of long-term remedial action to the extent
practicable. Availability includes the availability of necessary equipment, materials
and personnel; availability of adequate off-site treatment, storage, and disposal
capacity, if appropriate; and description of post-removal site controls which will be
required at the completion of the action. Administrative feasibility includes the
likelihood of public acceptance of the alternative, including state and local concern;
coordination of activities with other agencies; and ability to obtain any necessary

approvals or permits.

4.2.3 Cost

The criteria for evaluation of cost of removal alternatives includes total cost
and statutory limits. Total cost includes direct capital costs, indirect capital costs, and
any post-removal site control costs. Since the IRA at the 881 Hillside Area is not an

EPA-financed removal action, the $2 million statutory cost limit does not apply.

4.3 GROUND-WATER TREATMENT TECHNOLOGIES EVALUATION

The ground-water treatment technologies that were selected for detailed
evaluation include carbon adsorption, UV/peroxide (chemical oxidation), and air
stripping for organic compounds, and ion exchange, electrodialysis, and reverse
osmosis for inorganic compounds. The specific treatment systems listed are provided
as examples of systems that can provide the level of treatment needed to meet
chemical-specific ARARs for the organic and inorganic contaminants of concern. It is

recognized that many companies provide similar treatment systems, and the system

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
ROCKY FLATS PLANT, GOLDEN, COLORADO SEPTEMBER 1989 PAGE 4-5



ultimately selected for installation will be required to provide the same level of

efficiency as that specified here.

The treatment system selected must be capable of treating 30 gpm of
contaminated ground water with influent characteristics as shown in Table 4-1. The

effluent quality must meet the chemical-specific ARARs.

The location- and action-specific ARARs are similar for each of the treatment
technologies, and are discussed in Section 3. Only air stripping has unique action
specific requirements because it is subject to the Colorado Department of Health Air

Quality regulations for the air emissions.

4.3.1. Activated Carbon Adsorption (Organic Contaminant Removal)

4.3.1.1 Description

For the granular activated carbon (GAC) adsorption system, the ground water
will be pumped through two GAC columns in series operated in downflow fixed-bed
mode (Figure 4-1). A second set of GAC columns for stand-by operation are in
parallel to the first set. Each carbon column is 44 inches in diameter and 89 inches
high, and contains 1,800 pounds of carbon. Based on a peak flow rate of 30 gpm, the
hydraulic loading to each column will be approximately 1.4 gpm/ft2. Contact time for

cach column will be approximately 25 minutes.

To completely utilize the carbon, columns are arranged in series allowing the
lead column to become fully exhausted before regeneration while the second
(polishing) column ensures effluent quality. Periodic samples will be taken from the
effluent of each unit, and when the lead unit effluent exceeds chemical-specific
ARARs, the lead carbon column will be removed, the polishing (second) column will

become the lead column, and a stock carbon column carbon will be put in service as
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TABLE 4-1

BASIS FOR DESIGN OF
881 HILLSIDE TREATMENT PLANT

Influent Treatment
Units Concentration Requirements
ORGANICS
Trichloroethene ug/1 400 5
Carbon Tetrachloride ug/1 35 5
1,1-Dichloroethene ug/1 255 7
1,1,1-Trichloroethane ug/1 470 200
Tetrachloroethene ug/l1 153 5
1,1-Dichloroethane ug/l 6 5 (TBC)®
1,1,2-Trichloroethane ug/l <5 P 5
1,2-Dichloroethane ug/l <5 b 5
Methylene Chloride ug/l 9 200
Toluene ug/l 6 2000
METALS
Aluminum mg/1 0.223 5.0
Antimony mg/1 0.030 0.06 (TBC)
Barium mg/l1 0.117 1.0
Chromium mg/1 0.021 0.05 (hex.)
Copper mg/1 0.059 0.20
Iron mg/l 0.124 0.3
Manganese mg/l 0.116 0.05
Mercury mg/1 0.214 0.002
Molybdenum mg/l 0.011 0.1
Nickel mg/1 0.068 0.20
Selenium mg/1 0.165 0.01
Uranium (dissolved) pCi/l 16.3+3 40.0
Vanadium mg/1 0.021 0.1
Zinc mg/l 0.247 2.0
INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
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TABLE 4-1
(continued)

BASIS FOR DESIGN OF
881 HILLSIDE TREATMENT PLANT

Influent ® Treatment
Units Concentration Reguirements

MAJOR IONS
Calcium mg/l1 111 -
Magnesium mg/1 27 -—-
Potassium mg/1 3 ---
Sodium mg/1 87 -
Chloride mg/1 127 250
Nitrate & Nitrite (as N) mg/1 9 10
Sulfate mg/1 121 250
Bicarbonate mg/1 306 ---
Total Dissolved Solids mg/1 715 400 or 1.25

background, whichever
is least restrictive

2 Based on a flow weighted average of the 881 Building footing drain flow

(5 gpm) and alluvial groundwater at the 881 Hillside that would be collected in the
french drain (2 gpm). Averages computed from the 1987 and 1988 data base, except
organics. Organic compound concentrations determined from first and second quarter
1989 data. Arsenic, beryllium, cadmium, cobalt, lead, silver, and thallium, and TCL
volatiles not listed, were undetected.

b Detectable concentrations in some wells; however, blend should have non-
detectable concentrations.

c

TBC - To be considered; See Section 3.
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the polishing unit. The carbon column with the exhausted carbon will then be shipped

to an off-site location for regeneration.

4.3.1.2 Effectiveness

GAC adsorption systems have been shown to remove VOCs from contaminated
ground water to levels that comply with the chemical-specific ARARs. The EPA
(Federal Register, Vol. 52, No. 130, page 25698) has designated carbon adsorption a
"Best Available Technology" for the removal of seven specific volatile organic
compounds (including TCE and 1,1,1-TCA) from drinking water. The GAC adsorption
system that is proposed here for the treatment of the 881 Hillside ground water will be
in continuous operation until the concentrations of VOCs in the ground water decrease
to chemical-specific ARAR concentrations, at which time further treatment will be
unnecessary. The probability of equipment failure will be minimized in this system
because of the redundancy of having two (2) parallel on-line units, each of which

could treat the design flow. Two stock units on site add to the system reliability.

Appropriate safety measures required when moving and installing large
equipment will be complied with during installation. The operation and maintenance
of the system will be by personnel who are trained in the handling of hazardous and
radioactive wastes. Because carbon will remove oxygen from the air, any time
personnel are working in confined areas where oxygen may be limited, special care

must be taken to ensure that an adequate air supply is available.

The operators of the GAC system will not be exposed to VOC-laden carbon
because the use of the containerized and transportable carbon contactors allows

removal and replacement of the exhausted carbon at a remote carbon reactivation site.
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Carbon will not be handled at the site. Transporting the entire exhausted carbon
column to the regeneration facility ensures operators are protected from the carbon,
and the operators need only follow routine safety procedures when handling heavy

equipment,

The exhausted carbon is generally regenerated through a thermal treatment
process which strips the volatile organics from the carbon. The organics are
subsequently destroyed via incineration. During this regeneration process, a small
quantity of ash may be generated which requires disposal at a landfill. Thus, this
process can be considered an alternative to land disposal since the carbon is
continuously recycled. However, if the spent carbon was determined to be a mixed

waste, then it would require land disposal at the Nevada Test Site.

GAC adsorption treatment in sealed, fixed-bed contractor vessels does not
produce any waste streams or vapor emissions. The safety of nearby communities
should not be adversely affected and the risk of harm to the environment should not
be increased. This treatment process will effectively remove organic contaminants
from the ground water. Treated water will be monitored at the effluent and also at
an intermediate point in the system to ensure contaminants are below the chemical-
specific ARAR concentrations before being released to the environment during

implementation of the process.

4.3.1.3 Implementability

GAC adsorption is a proven technology for removing volatile organics
compounds (VOCs) from ground water. Testing performed by Calgon (Rockwell
International, 1988b) demonstrated that activated carbon can remove VOCs to meet

chemical-specific ARARs. A second carbon unit connected in series with the lead unit
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would serve as a polishing unit and will ensure removal of the VOCs to these levels.
The carbon columns can be shipped and readily installed in the treatment building.
The system should be ready to operate at full capacity, after initial adjustments and

test runs, within a day.

It is estimated that approximately 2 man-hours of operator time will be needed
daily, primarily for start up, shutdown, and system monitoring. Periodic change-out
of the carbon units and maintenance of the equipment will require approximately 16

hours per month, thus the total labor requirement will be 76 hours/month.

4.3.1.4 Costs

Results of the treatability study indicate the carbon usage rate will be 3.1
pounds per 1,000 gallons of ground water, based on breakthrough of methylene
chloride (Rockwell International, 1988b). At a cost of approximately $1.15 per pound
for regenerated carbon, the annual costs are estimated to be $18,600 for carbon (based
on an average flow rate of 10 gpm). The cost of shipping contaminated carbon (as a
manifested hazardous waste) for regeneration is estimated to be $2,500 and $500 for
receiving regenerated carbon, for a total of $3,000 per exchange. If the spent carbon
requires disposal at the Nevada Test Site as a mixed waste, this cost could change
substantially. Annual operation and maintenance costs are based on 76 hours per

month at a labor rate of $61/hour.

Using the preceding information, the estimated capital costs for installing a
carbon adsorption system and the estimated annual operating costs are shown in Table
4-2. Total cost (Present Worth) of the GAC adsorption system based on 10 percent
simple interest, a 30-year duration of operation, and no salvage value, is estimated to

be about $1,201,500.
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TABLE 4-2

ESTIMATED COSTS FOR CARBON ADSORPTION SYSTEM

CAPITAL COST ANNUAL COST
ITEM (Dollars) (Dollars)
Building! 162,500
Carbon Treatment System 79,000
Operating Costs?
Carbon Purchases® 18,600
Shipping* 27,000
Power® 600
Operation and Maintenance® 55,600
TOTAL $241,500 $101,800

1 Volatile organic treatment system assigned 1/2 of building cost
2 Based on a flowrate of 30 gpm, 8 hr/d

39 loads/yr @ $1.15/1b

4 9 units/yr @ $3,000 each

>4 HP, 8 hr/d @ $0.07/kWh

676 hr/month @ $61/hr

PRESENT WORTH:

Present Worth Factor (PWF) = 9.427 (for annual operating costs)

$101,800/year x 9.427 = $ 960,000
1989 Capital Cost = $ 241,500
$1,201,500



4.3.2 Ultraviolet (UV) Peroxide Oxidation (Organic Contaminant Removal)

4.3.2.1 Description

The UV /peroxide treatment unit as designed by one manufacturer, consists of an 80-
gallon stainless-steel oxidation chamber, which provides for a maximum ground-water
retention time of 2.66 minutes at a peak system flowrate of 30 gpm (Figure 4-2). The
oxidation chamber contains 4 medium pressure UV lamps, which are mounted
horizontally in quartz sheaths. A hydrogen peroxide feed system is used to inject
approximately 50 mg/l (per ppm of organic contaminants) of a 50 percent H50,
solution into the ground-water feed line. The ground-water/peroxide mixture then
passes through an in-line static mixer before entering the bottom of the oxidation
chamber. The ground water then flows through the reaction chamber, passing the UV

lamps, before it exits the top of the oxidation chamber.

4322 Effectiveness

The UV /peroxide system is capable of removing all of the volatile organics
from the ground water to levels below the chemical-specific ARARs. Bench-scale
studies, using 881 Hillside Area water, were conducted by Peroxidation Systems, Inc.
(Rockwell International, 1988b). The bench-scale testing provided a dynamic flow
simulation of actual operating conditions of a full-scale UV/peroxide ground-water
treatment system. Parameters investigated during the testing included hydrogen
peroxide (H202) dosage and power requirements, retention time, system pH, and
influent/effluent chemical conditions. Contaminant concentrations were reduced to
non-detectable levels for initial ground-water influent total VOC concentrations of 1
ppm. These results indicate that the UV/peroxide ground-water treatment process is
capable of achieving the effluent criteria for all of the volatile organics listed in

Table 4-1. The volatile organics will be completely oxidized to carbon dioxide and
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water, and no organic degradation products will be produced. The system will remain
in operation until the ground water has been fully treated to these levels. The system
requires periodic UV lamp replacement and routine maintenance, but is expected to
have long-term reliability in terms of operation and performance. The risk of failure
of the system at any time is highly unlikely. Since the volatile organics are destroyed
in the UV/peroxide system, no wastes are produced which require ultimate disposal.

Thus, this technology provides an alternative to land disposal.

During operation of the UV /peroxide ground-water treatment unit, the use of
hydrogen peroxide, a strong oxidizer, will require that operators are aware of this
potential hazard. The H202 buik storage tank will be properly vented to assure no
pressure buildup and minimize handling exposure. Existing DOE and Rockwell health
and safety guidelines at Rocky Flats regarding operator safety while working with
strong oxidizers will be followed. UV lamps operate utilizing high voltage, and thus
caution must be used when working with the system and during the periodic

replacement of the UV lamps.

The safety of nearby communities should not be adversely affected and the
risk of harm to the environment should not be increased as this treatment process will
cffectively destroy ground-water contaminants. Treated water will be monitored to
ensure contaminants are within regulatory guidelines before being released to the

environment.

4.3.2.3 Implementability

UV/peroxide oxidation 1is an innovative technology for the complete
destruction and detoxification of hazardous organic compounds in aqueous solutions.

Although the technology is relatively new and has had limited application in the field,
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SARA requires EPA to prefer remedial actions that significantly and permanently
reduce the toxicity, mobility, or volume of hazardous wastes by employing innovative

technologies that result in the destruction or detoxification of the wastes,

Demonstrated performance of the UV/peroxide ground-water treatment system
has been somewhat limited due to the relatively new development of the process.
However, Peroxidation Systems, Inc. has 6 UV /peroxide units currently operational or
on-line and ready for operation. One of these units is located at Rocketdyne’s Santa
Susana facility in California. Pilot scale operations were performed by Peroxidation
Systems, Inc., on ground water containing VOCs (TCA, TCE, etc.) at system flow rates
of approximately 20-40 gpm. Results from the pilot scale testing were favorable, and
a UV/peroxide ground-water treatment unit has been purchased, set-up, and site
tested. Another UV /peroxide ground-water treatment system, located locally, was
visited and appeared to be a low maintenance, highly effective ground-water
treatment unit. This system was treating ground water with TCA concentrations
significantly lower than those found at the 881 Hillside (approximately 7 ppb).
However, the treatment process had initially and effectively treated ground water
with much higher concentrations. Based upon actual bench scale results using 881
Hillside ground water and information received regarding currently operating
treatment systems, the innovative UV /peroxide ground-water treatment system appears

to be a reliable treatment technology.

Operating and maintenance requirements for the UV/peroxide treatment system are
relatively minor. The system will require approximately 180 kW of power and 6,100
pounds/year of 50 percent H202 solution for normal operation. Routine maintenance
of the equipment is required and the UV lamps will require replacement

approximately every 3-6 months. Routine system maintenance is estimated to be
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approximately 16 hours/month. An additional two hours per day will be required for
system start up, shutdown, and monitoring. All four system UV lamps can be
exchanged in about an hour. The system requires only occasional observation to
ensure the system is operating properly, although system alarms will notify operators

if a problem does occur.

4.3.2.4 Costs

Estimated costs for the UV /peroxide ground-water treatment unit are shown in
Table 4-3. Capital cost for the UV/peroxide ground-water treatment system is
approximately $382,500. Operational costs include procurement of hydrogen peroxide
(6,100 pounds/year), power utilization (180 kW), labor (76 hours/month), and lamp
replacement (every 3-6 months at a cost of $300/lamp). Operational costs are based on
a system flow rate of 30 gpm, 8 hours per day. Assuming a 10% interest rate and a 30

year operating life, the present worth of the system is $1,329,500.

4.3.3 Air Stripping with Off-Gas Treatment (Organic Contaminant Removal

4.3.3.1 Description

During air stripping, VOCs are transferred from the water to a continuously
flowing airstream which is in direct contact with the water (Figure 4-3). Influent
contaminated ground water will enter the top of a 22-inch diameter, 34-foot air
stripping column and subsequently contact clean air supplied through the bottom of
the column (column sizes are approximate). Appropriate air-to-water flow rates will
be utilized to provide for the optimum (99+%) transfer of the contaminants from the
ground water to the air stream. The treated ground water will then be pumped

through a 1,800-pound liquid phase carbon treatment polishing unit (identical to the
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TABLE 4-3

OVERALL COSTS FOR THE UV/PEROXIDE

GROUND-WATER TREATMENT UNIT

CAPITAL COST

ANNUAL COST

ITEM (Dollars) (Dollars)
Building?! : $ 162,500
Treatment Unit & Equipment 220,000
Operating Costs?

- Hydrogen Peroxide® 3,000

- Power 36,800

- Lamp Replaccmcnt5 5,000

- Operation and Maintenance® 55,600
TOTAL: UYV/Peroxide $ 382,500 $ 100,400

1 Volatile organic treatment system assigned 1/2 of building cost
2 Operating costs based upon a flowrate of 30 gpm, 8 hr/d
3.$0.52/1b x 6100 1b/yr
4180 kW, 8 hr/d @ $0.07/kWh

4 times/year
%76 hrs/month @ $61/hr

PRESENT WORTH

Present Worth Factor (PWF) = 9,427 (for annual operating costs)

$100,400/year x 9.427 = $ 947,000
1989 capital cost = $ 382.500
$1,329,500



one described in Section 4.3.1). The air stripper emissions will be dehumidified by use
of a heater, and then passed through a vapor phase carbon system to remove the
organics before being released to the environment. The vapor phase carbon unit will

contain 2,000 pounds of carbon.

4.3.3.2 Effectiveness

The use of an air stripper is a highly effective method of removing hazardous
volatile organic compounds (VOCs) from ground water. The efficiency of the process

is well documented. The Environmental Protection Agency (Federal Register), Vol. 52,

No. 130, page 25698) has designated packed tower aeration along with granular
activated carbon, as a Best Available Technology (BAT) for the removal of VOCs from

drinking water.

An air stripper coupled with liquid and vapor phase carbon adsorption is a
proven system that has a dependable record of use. It is expected that this treatment
process, with proper maintenance, will provide the desired level of contaminant

control until complete remediation of the 881 Hillside Area has been achieved.

The probability of equipment failure will be minimized because the system is
oversized for the intended maximum flow of 30 gpm and includes two vapor phase
carbon units - one installed and one stock. The stock on site unit adds to the system

reliability.

All appropriate safety measures required when moving and installing large
equipment will be complied with during installation. The operation and maintenance
of the system will be performed by personnel properly trained in the handling of

hazardous and radioactive wastes. Because carbon will remove oxygen from the air,
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whenever personnel are working in confined areas (i.e., tanks), special care must be

taken to ensure that an adequate air supply is available.

The operators of the system will not be exposed to VOC-laden carbon from the
vapor phase or liquid phase carbon units because the use of containerized and
transportable carbon contractors allows removal and replacement of the exhausted
carbon at a remote carbon reactivation site. Carbon will not be handled at the site.
Transporting the entire exhausted carbon column itself to the regeneration facility
ensures operators are protected from the carbon itself, and need only follow routine

safety procedures when handling heavy equipment,.

The exhausted carbon is generally regenerated through a thermal treatment
process which strips the volatile organics from the carbon. The organics are
subsequently destroyed via incineration. During this regeneration process, a small
quantity of ash may be generated which requires disposal at a landfill. Thus, this
process can be considered an alternative to land disposal since the carbon is
continuously recycled. However, if the spent liquid phase carbon was determined do
be a mixed waste, then it would require land disposal at the Nevada Test site. The
vapor phase carbon adsorption system will remove the organics from the air stripper
emissions before being released to the environment. Therefore, the vapor phase carbon
adsorption system will eliminate the impact of any air stripper emissions on the public
health. The safety of nearby communities should not be adversely affected and the
risk of harm to the environment should not be increased. Treated water and air will
be monitored to ensure contaminant levels are within regulatory guidelines before

being released to the environment.
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4.3.3.3 Implementability

The air stripper will remove greater than 99% of the contaminants in the
ground water. Because the air stripper performance is sensitive to changes in flow
and contaminant concentrations, a liquid phase carbon adsorption unit is in series with
the air stripper to enhance system performance and to ensure that the treated effluent
meets chemical-specific ARARs for volatile organic compounds. Based on a flow rate
of 30 gpm, 8 hours per day, liquid phase carbon usage will be approximately 9
pounds/day and each 1,800-pound carbon unit will require replacement approximately
every six months. Vapor phase carbon usage will be approximately 10 pounds/day and
each 2,000-pound carbon unit will require replacement approximately every six

months.

Operation of the treatment process is relatively simple, requiring occasional
cleaning of the air stripping column and replacement of carbon. The air stripper will
require cleaning to remove scale buildup on the packing material in order to maintain
optimum removal efficiency. Effluent from the cleaning operation will require
treatment in the Building 374 Process Waste Treatment System. Transportation and
regeneration of the liquid phase and vapor phase carbon units at a remote carbon
reactivation site will be required. The air stripping with off-gas treatment system for
remediating VOC contaminated ground water is available commercially and could be
implemented quickly. No difficulties are anticipated during the installation and start-
up of this treatment system. Replacement of the spent carbon and other maintenance
activities are expected to require approximately 16 hours per month. Daily operation

of the system will require two hours per day.
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4.3.3.4 Costs

Estimated costs for the air stripping ground-water treatment system are shown
in Table 4-4. The total capital cost for the system is $257,500. The liquid phase
carbon unit is the same unit described in Section 4.3.1. The majority of the operating
costs result from the replacement of spent vapor phase and liquid phase carbon. These
costs were derived from the same treatability study results and unit pricing presented
in Section 4.3.1.4. It should be noted that these operating costs are based on
regeneration of the spent carbon as a hazardous waste. If the spent carbon requires
disposal at the Nevada Test Site as a mixed waste, these costs could change

substantially.

The total present worth cost of the system based on 10% simple interest, a 30
year period of operation, and no salvage is estimated to be approximately $960,000.
These costs do not include any capital or operating costs for the Building 374 Process
Waste Treatment System associated with the treatment of the air stripper cleaning

effluent.

4.3.4 Ion Exchange Treatment (Inorganic Contaminant Removal)

4.3.4.1 Description

The ion exchange treatment system consists of multiple units staged to remove
the inorganic contaminants from the ground-water (Figure 4-4). In the first stage,
uranium is removed in a strong base anion unit. Next, heavy metals including

strontium and manganese are removed with a weak acid cation unit. This unit also
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TABLE 4-4

OVERALL COSTS FOR THE AIR STRIPPER
GROUND-WATER TREATMENT UNIT

CAPITAL COST

ANNUAL COST

ITEM (Dollars) (Dollars)
Building! $162,500
Treatment Unit & Equipment
- Air Stripper Column 25,000
- Liquid Phase Carbon System 45,000
- Vapor Phase Carbon System 25,000
Operating Costs?
- Liguid phase carbon® $ 4,200
- Vapor phase carbon* 4,000
- Shipping® 12,000
- Power® 800
- Operation and Maintenance’ (76 hr/mo) 55,600
$ 74,500

TOTAL $ 257,500

It
i
Il

! volatile organic treatment system assigned 1/2 of building cost
2 Operating costs are based upon flowrate of 30 gpm, 8 hr/d.

) loads/year @ $1.15/1b

4 2 loads/year @ $1.00/1b

54 units/year @ $3,000 each

® SHP, 8 hr/d @ $0.07/kWh

776 hr/month @ $61/hr

PRESENT WORTH

Present Worth Factor (PWF) = 9.427 (for annual operating costs)

$74,500/year x 9.427 = $703,000
1989 capital cost = $257.000
$960,500
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removes the total dissolved solids (TDS) associated with carbonate hardness with
subsequent production of carbonic acid. The carbonic acid formed is removed by
decarbonation (air stripping). Following decarbonation, the flow is split between a
two-bed demineralizer for TDS removal and an activated alumina unit for selenium
removal. The two-bed demineralizer consists of a strong acid cation exchanger and an
anion exchanger arranged in series to further reduce TDS. The treated waters from
the demineralizer and activated alumina units will be blended, resulting in a final
effluent which will meet all chemical-specific ARARs. A split flow is cost effective

as it is unnecessary to completely demineralize the entire flow.

The ion exchange and activated alumina resins both require periodic
regeneration using HCl or NaOH. Rocky Flats’ potable water supply will provide the
water for regeneration of all the units. The regeneration wastes would be sent to the

Building 374 Process Waste Treatment System for final treatment and disposal.

4.3.4.2 Effectiveness

Ion exchange treatment technology has been proven to remove inorganic
contaminants from groundwater to levels that comply with the chemical-specific
ARARs. Resins used to adsorb contaminants require regencration to maintain

treatment levels.

All appropriate safety measures required when moving and installing large
equipment will be complied with during installation. Use of acids and caustics will
require that operators are aware of this potential hazard. The operation of the system
will be by personnel that are properly supervised and trained. Treated water will be
monitored to ensure that the removal of inorganic contaminants is maintained prior to

discharge to the environment.
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Over 99% of the uranium passing through the system will be removed in the
strong base anion exchange unit containing Rohm and Haas IRA-402 in the chloride
form. This unit will selectively remove uranium, while allowing the other metals and
major ions to pass through. This is very advantageous because only this unit will be
accumulating the radioactivity. This unit will not be regenerated because uranium is
not readily desorbed from the resin. Instead, the unit will be shipped off-site and
disposed as a low level radioactive waste when its activity reaches a predetermined
level. Based on an influent uranium concentration of 16 pCi/l and a resin volume of

28 ft3, this unit could be run for more than 30 years without exhausting the resin.

The second exchange unit is a weakly acidic cation exchanger operated in the
hydrogen form. The use of a weakly acidic resin has several advantages for this
application, including high regeneration efficiency, high operating capacity for
carbonate hardness, and a strong affinity for heavy metals. Rohm & Haas IRC-84 is
the resin selected for its ability to remove all heavy metals of interest. In addition,
the hardness associated with bicarbonate alkalinity is transformed by the exchange of
hydrogen ions into carbonic acid which is removed in a decarbonator where carbon

dioxide is vented to the atmosphere.

Reduction of dissolved solids is effected by a two-bed demineralizer designed
to work in conjunction with the weak acid cation exchanger and decarbonator. Rohm
& Haas IR-120 is the resin of choice for the strong acid cation resin exchange. The
anion portion of the two-bed demineralizer will be composed of both strong base and
weak base anion resins in a "stratified bed" configuration. While a weak base resin
alone would normally suffice here, the acidity of the weak base resin would require
subsequent caustic addition for pH control. The inclusion of about 30% of a strong

base resin in the anion exchange unit results in a neutral pH with only a small penalty

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
ROCKY FLATS PLANT, GOLDEN, COLORADO SEPTEMBER 1989 PAGE 4-28



in caustic consumption. The resins of choice here are Rohm & Haas Stratabed quality
TRA-94 and IRA-402, respectively. The weak acid cation unit preceding the
decarbonator will be regenerated with the regenerate from the strong acid unit to
effectively utilize the acid regenerate. The two-bed demineralizer is capable of

removing TDS to as low as 10 to 20 ppm.

To lower capital costs by reducing the equipment sizes, only one-third of the
flow need be demineralized to obtain the ARAR for TDS. The other two-thirds of the
flow would be fed through the activated alumina unit for selenium removal. Actual
design conditions have been selected for a 50/50 flow spilt to be conservative. This
design reduces the volume of regenerate chemicals needed as well as waste water
produced, compared with sending all of the flow through the demineralizer. Activated
alumina regenerated with caustic soda and operating on the slightly acidic effluent
from the decarbonator provides the conditions to optimize the selective adsorption of
selenium. With a 50/50 flow split, the ARARs for both TDS and selenium would be
easily achieved in the final effiuent. This system will include a conductivity

controller on the final plant effluent to automatically maintain the desired TDS level.

The safety of nearby communities should not be adversely affected and the
risk of harm to the environment should not be increased as this treatment process will

effectively remove inorganic contaminants from the ground water.

4.3.4.3 Implementability

Ion exchange technology utilizes specific resins to remove by adsorption the
ground-water contaminants including heavy metals and total dissolved solids. Resins
are selected based on contaminants to be removed. Ion exchange units are

commercially available off-the-shelf systems that can be purchased and installed
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readily. The operation of ion exchangers require the resins to be periodically
regenerated before treatment can resume. The regenerated waste products will require

additional treatment in the Building 374 Process Waste Treatment System.

The proposed system is designed for ease of operation and minimizes the
volume of regeneration wastes requiring treatment in the Building 374 Process Waste
Treatment System. Based on a flow rate of 30 gpm, 8 hours per day, and the influent
characteristics indicated in Table 4-1, regeneration of the exchange resins will be
needed once every three days. A total of approximately 6,000 gallons of waste water
will be produced each regeneration period. This is equivalent to 14,000 gallons per
week. It is estimated that the system will require 40 man-hours per month for
operating, maintenance, and monitoring. The majority of this time is required during

the regeneration periods.

43.44 Costs

Estimated capital and operational costs for the ion exchange treatment unit are
shown in Table 4-5. The capital cost for the ion exchange system is $287,500. The
operational costs include labor, power consumption, annual replacement of the strong
base anion unit, and the procurement of hydrochloric acid and sodium hydroxide used

for regeneration of the ionic resins.

Assuming a 10% interest rate, a 30-year operating life, and no salvage value,
the present worth of the system is $699,500. These costs do not include any capital or
operating costs associated with the treatment and final disposal of the ion exchange

and activated alumina regeneration wastes. These waste streams will be treated in the
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TABLE 4-5

OVERALL COSTS FOR THE ION EXCHANGE
GROUND-WATER TREATMENT UNIT

CAPITAL COST ANNUAL COST

ITEM (Dollars) (Dollars)
Building! $162,500
Treatment Unit & Equipment 125,000
Operating Costs?
- Acid? 2,300
- Caustic? 1,600
- Power® 1,800
- Strong Base Anion Unit Replacement® 9,000
- Operation and Maintenance’ 29,000
TOTAL $287,500 $ 43,700

1 Inorganic treatment system assigned 1/2 of building cost

2 Based on a flowrate of 30 gpm, 8 hr/d with a recycle stream 24 hr/d
%3.08 1b/1000 gal @ $0.14/1b for 100% HCI

4 2.45 1b/1000 gal @ $0.125/1b for 100% NaOH

5 4 HP, 24 hr/d @ $0.07/kWh

6 1/year

7 40 hrs/month @ $61/hour

PRESENT WORTH

Present Worth Factor (PWF) = 9.427 (for annual operating costs)

$43,700/year x 9.427 = $412,000
1989 capital cost = $287.500
$699,500



Building 374 Process Waste Treatment System. The other two inorganic treatment
systems being considered for use (electrodialysis and reverse osmosis) also will be

utilizing Building 374 for treatment of waste products.

4.3.5 Electrodialysis (Inorganic Contaminant Removal)

4.3.5.1 Description

In the electrodialysis process, the application of an electrical potential between
a cathode and anode causes the separation of ionic components of a solution. This is
accomplished by alternately placing anionic and cationic semipermeable membranes
across the current pathway. When a current is applied, the cations migrate toward the
negative electrode and the anions migrate toward the positive electrode. Because of
the alternate spacing of cation- and anion-permeable membranes, cells of concentrated
and dilute salts are formed. The electrodialysis process is shown in Figure 4-5.
Because electrodialysis will not meet ARAR-based performance standards for
selenium, ion exchange will also be required for effective treatment. Furthermore, to
avoid wuranium loading on the selenium-specific exchange unit (which would
ultimately render it non-regenerable), a uranium-specific exchange unit is necessary.
Thus, the first unit used is a strong base anion exchanger designed selectively for
uranium removal. The ground water is then passed through an activated alumina unit
prior to electrodialysis to achieve selenium removal. This is necessary since vendors
have indicated that electrodialysis may not be capable of removing selenium to the
ARAR of 0.01 mg/l. The activated alumina would be sized to require regencration
once every three days. Rocky Flats’ potable water supply will be used to provide the

water for regeneration.
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Following the activated alumina unit, ground water to be treated is pumped
through the electrodialysis membranes which are separated by spacers and assembled
into stacks. As the water passes through, the salinity becomes more concentrated in
one space, and less concentrated in the adjacent space. The water is passed through
several stacks until the desired salinity concentrations are achieved. The water is
usuaily retained for about 10 to 20 seconds in a single stack or stage. This process
may be operated in either a continuous or batch mode. Multiple units can be arranged
either in parallel to provide the necessary hydraulic capacity or in series to effect the
desired degree of demineralization. Makeup water is used to continuously clean the

semipermeable membranes during operation.

4.3.5.2 Effectiveness

Electrodialysis is capable of removing all of the inorganics to below the
chemical-specific ARARs except for selenium. To accomplish the sclenium removal,
the activated alumina unit is used. Total dissolved solids (TDS) reduction can be
controlled by adjusting the current level in the electrodialysis unit. The system would
be operated until the inorganic chemical-specific ARARs in the ground water are all
met, at which time further treatment will be unnecessary. A strong base anion unit is
used to remove the uranium. This unit will not be regenerated, but will be
periodically disposed as a low-level radioactive waste and replaced. In this way, no
radioactive regenerate wastes will be produced, and only one unit need be handled and

disposed as a radioactive waste.

Appropriate safety measures required when moving and installing large
equipment will be complied with during construction. The operation and maintenance
of the system will be by personnel who are trained in the handling of hazardous

chemicals as well as hazardous and radioactive wastes. The operators will not be
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exposed to any chemical hazards during routine system operation. The safety of
nearby communities should not be adversely affected and the risk of harm to the

environment should not be increased.

The only other waste generated from the process requiring ultimate landfill
disposal will be the salts produced in the Building 374 Process Waste Treatment

System. Thus, this alternative minimizes the amount of waste requiring land disposal.

4.3.5.3 Implementability

While no treatability studies have been performed, process modeling indicates
that the activated alumina, strong base cation, and electrodialysis units would meet all
of the performance goals. A discussion of the performance efficiency and
implementability of the activated alumina and strong base anion units is given in
Section 4.3.4.3. Electrodialysis is not a widely used technology for this type of

application, and the number of case studies available for comparison is limited.

One problem associated with the use of the electrodialysis process involves the
use of the semipermeable membranes. These membranes are non-chemical-specific and
cannot be designed to selectively remove the metals of concern from the ground water.
As with other membrane processes, scaling and clogging of the membranes with salts
of low solubility is a potential problem. Precise process control and system monitoring
are required to ensure proper membrane operation. The concentrate from the
electrodialysis unit and the activated alumina regeneration waste will both be treated

in the Building 374 Process Waste Treatment System.

Approximately 10% of the influent flow to the electrodialysis unit will be
rejected as concentrate. This concentrate, along with the activated alumina

regeneration waste, will total approximately 15,000 gallons per week. Since the
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concentrate will be sent to Building 374, only 90% of the influent flow will be
returned as treated effluent to the South Interceptor Trench (see Section 4.5). The
consumptive use of ground-water potentially tributary to the South Platte River
normally requires an approved augmentation plan from the Colorado State Engineer;
however, an augmentation plan will not be required for the IRA because it is a
CERCLA action. Nevertheless the 10% return flow deficit will be replaced by the

addition of water from the Rocky Flats Plant potable water supply prior to discharge.

It is estimated that 30 man-hours per month will be required for operation,
maintenance, and system monitoring. Most of this time will be required during the
activated alumina regeneration periods, and for monitoring of proper membrane

function.
4.3.5.4 Costs

Estimated costs for the electrodialysis treatment unit are shown in Table 4-6.
Capital costs for the electrodialysis system are approximately $307,500. Operational
costs include the procurement of acid and caustic for activated alumina regeneration,
replacement of resins and membranes, labor, and power consumption. 'The present
worth for the system based on a 10% simple interest rate, a 30-year duration of

operation, and no salvage value, is estimated to be $844,500.

These costs do not include any capital or operating costs associated with the
treatment and final disposal of the activated alumina regeneration waste and
electrodialysis waste brine. These waste streams will be treated in the Building 374
Process Waste Treatment System. The other two inorganic treatment systeﬁs being

considered for use (ion exchange and reverse osmosis) also will be utilizing Building

INTERIM REMEDIAL ACTION PLAN FOR THE 881 HILLSIDE AREA
ROCKY FLATS PLANT, GOLDEN, COLORADO SEPTEMBER 1989 PAGE 4-36



TABLE 4-6

OVERALL COSTS FOR THE ELECTRODIALYSIS
GROUND-WATER TREATMENT UNIT

CAPITAL COST ANNUAL COST

ITEM (Dollars) (Dollars)

Building! $162,500

Treatment Unit & Equipment 145,000

Operating Costs?
- Acid?® 500
- Caustic* 500
- Power® 1,800
- Membranes® 1,100
- Strong Base Anion Unit Replacement7 9,000
- Operation and Maintenance® 44,000

$ 56,900

1 Inorganic treatment system assigned 1/2 of building cost
? Based on a flowrate of 30 gpm, 8 hr/d

30.67 1b/1000 gal @ $0.14/1b or 100% HCI

0.76 1b/1000 gal @ $0.125/1b for 100% NaOH

5 4.8 kWh/1000 gal @ $0.07/kWh

€ $0.02/1000 gal

7 1/yr

8 60 hrs/month @ $61/hour

PRESENT WORTH

Present Worth Factor (PWF) = 9.427 (for annual operating costs)

$56,900/year x 9.427 = $537,000
1989 capital cost = $307.500
$844,500



374 for treatment of waste products. The disposal costs of the strong base anion unit

as a low-level radioactive waste have not been included.

4.3.6 Reverse Osmosis (Inorganic Contaminant Removal)

4.3.6.1 Description

The reverse osmosis (RO) treatment system shown in Figure 4-6 is similar in
concept to the ion exchange alternative described in 4.3.4. Ground water is first
treated with a strong anion exchange to remove uranium. The water is next passed
through a weak acid cation exchange unit for the removal of heavy metals, including
strontium and manganese. This unit also removes the TDS associated with carbonate
hardness with subsequent production of carbonic acid. The carbonic acid formed is
removed by decarbonation. Following decarbonation, the flow is split between a
reverse osmosis treatment unit (for TDS removal) and an activated alumina unit for

selective selenium removal.

The reverse osmosis unit separates dissolved salts from water by filtering water
through a semi-permeable membrane at a pressure greater than the osmotic pressure
caused by the dissolved salts. The operating pressure required can approach 10,000
kN/m2 (1,000 lb/inz). The treated water that passes through the membrane is called
the permeate while the reject solution is called the concentrate. As the permeate is
typically 10 to 15% of the influent, several membranes must be staged in series for
treatment of the concentrate to maximize permeate output and minimize concentrate
rejected. Concentrate rejected from the RO unit and wastes from regeneration of the
resins will be treated in the Building 374 Process Waste Treatment System. Rocky
Flats’ potable water supply will be used to provide the regeneration water for the

weak acid cation unit and the activated alumina unit.
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4.3.6.2 Effectiveness

Reverse osmosis treatment technology has been proven to remove inorganic
contaminants from ground water to levels that comply with the chemical-specific
ARARs. This technology does have several problems associated with fouling of the

filter membrane which can be mitigated by pretreatment to extend the membrane life.

Pretreatment with a strong acid anion exchange unit is used for selective
uranium removal. This confines the buildup of radioactivity to this unit, which is
advantageous from a health and safety and operational viewpoint. The performance
of this unit is described more fully in Section 4.3.4.3. The ground water is then passed
through a weak acid cation exchange unit followed by decarbonation for the removal
of iron and manganese. This yields an acidic feed which reduces the potential for
scaling within the reverse osmosis unit. Based on the influent design criteria indicated
in Table 4-1, one vendor of reverse osmosis has indicated that 12 membranes in series

are required to achieve a permeate flow of 75% of the total flow including recycle.

To lower the capital cost by reducing the reverse osmosis equipment sizes, only
one-third of the total flow need be sent through the reverse osmosis unit to obtain the
ARAR for TDS and metals other than selenium. The other two-thirds of the flow
would be fed through the activated alumina unit for selenium removal. With such a
split flow, all of the inorganic chemical-specific ARARs would be achieved in the

final effluent.

Approximately 25% of the influent flow to the reverse osmosis unit will be
rejected as concentrate. This concentrate, as well as the regeneration wastes from the
ion exchange units, will total approximately 21,000 gallons per week. Since these

wastes would be sent to Building 374, only 75% of the influent flow would be returned
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as treated effluent to the South Interceptor Trench (see Section 4.5). The consumptive
use of ground-water potentially tributary to the South Platte River normally requires
an approved augmentation plan from the Colorado State Engincer; however, an
augmentation plan will not be required for the IRA because it is a CERCLA action.
Nevertheless the 25% return flow deficit will be replaced by the addition of water

from the Rocky Flats Plant potable water supply prior to discharge.

The weak acid cation resin and activated alumina will have to be regenerated
using acid and caustic soda to maintain the treatment efficiency. The use of acids
and caustics will require that operators are aware of this potential hazard. The
operation of the system will be by personnel that are properly supervised and trained

in the system operation and potential hazards.

Treated water will be monitored to ensure that the removal of inorganic

contaminants is maintained prior to discharge to the environment.

Nearby communities and the environment should realize no safety concerns as
this treatment process will effectively remove inorganic contaminants from the ground
water. No short term safety concerns for nearby communities and the environment

are anticipated during implementation of this process.

4.3.6.3 Implementability

As with ion exchange, reverse osmosis units are commercially available and
routinely used to desalinate water supplies. The unit can be readily purchased and

installed.
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It is estimated that 60 man-hours per month will be required for operation,
maintenance, and system monitoring. The majority of this time will be required for

the regeneration periods, and for monitoring the reverse osmosis membrane operation.

4.3.6.4 Costs

Estimated capital and operational costs for the reverse osmosis treatment
alternative are shown in Table 4-7. The capital cost for the reverse osmosis system is
$302,500. The operational costs include the costs of power, labor, membrane and resin
replacement, and the procurement of hydrochloric acid and sodium hydroxide for

regeneration of the cation resin and activated alumina.

Assuming a 10% interest rate, a 30-year operating life, and no salvage value,
the present worth of the system is $853,500. These costs do not include any capital or
operating costs associated with the treatment and final disposal of the reverse osmosis
concentrate and regeneration wastes. These waste streams will be treated in the
Building 374 Process Waste Treatment System. The other two inorganic treatment
systems being considered for use (ion exchange and eclectrodialysis) also will be
utilizing Building 374 for treatment of waste products. The disposal costs of the

strong base anion unit as a low-level radioactive waste have not been included.

4.4 COMPARATIVE ANALYSIS OF THE GROUND WATER
TREATMENT TECHNOLOGIES

4.4.1 Qrganic Contaminant Treatment Technologies

Based on performance, reliability, implementability, safety, and environmental
and institutional impacts, there is not a substantial difference between the three

processes. The present worth of each of the three alternatives has been estimated
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TABLE 4-7

OVERALL COSTS FOR THE REVERSE OSMOSIS
GROUND-WATER TREATMENT UNIT

CAPITAL COST ANNUAL COST

ITEM (Dollars) (Dollars)

Building! $162,500

Treatment Unit & Equipment 140,000

Operating Costs?
- Acid® 1,300
- Caustic* 300
- Power® 1,600
- Membranes® 2,200
- Strong Base Anion Unit Replacement7 9,000
- Operation and Maintenance & 44,000
TOTAL $302,500 $ 58,400

! Inorganic treatment system assigned 1/2 of building cost
2 Based on a flowrate of 30 gpm, 8 hr/d

%1.74 16/1000 gal @ $0.14/1b for 100% HCI

4 0.39 1b/1000 gal @ $0.125/1b for 100% NaOH

510 HP, 8 hr/d @ $0.07/kWh

¢ $6/day.

7 1/yr

8 60 hrs/month @ $61/hr.

PRESENT WORTH

Present Worth Factor (PWF) = 9.427 (for annual operating costs)

$58,400/year x 9427 = $551,000
1989 capital cost = $302.500
$853,500



assuming a simple interest rate of 10% over a 30-year period of operation with no
salvage value. For activated carbon adsorption, the present worth is $1,201,500; for
UV /peroxide oxidation, $1,329,500; and for air stripping with both liquid and vapor
phase activated carbon, $960,500. The UV/peroxide oxidation system is more

expensive than the other two treatment systems.

Since all three processes will effectively decontaminate the ground-water, the
ultimate destruction of ground-water contaminants has become a factor in the choice
of treatment. The air stripping and activated carbon adsorption systems both use
activated carbon, and with regeneration, the contaminants that have adsorbed onto the
carbon would eventually be destroyed. However, this assumes that the carbon is not
radioactively' contaminated, thereby requiring shipment to the Nevada Test Site for
disposal. Uranium, either naturally occurring or resulting from past waste disposal,
will likely adsorb to the activated carbon but would pass through the UV/peroxide
system. Although use of an ion exchange unit before activated carbon treatment
would obviate this issue, adsorption of organics on the exchange resin would reduce
resin performance and render this treatment scheme inefficient. SARA favors
innovative treatment technologies that destroy contaminants, and UV /peroxide meets
this objective. Therefore, the advantage provided by a UV/peroxide system of
directly destroying the volatile organic ground-water contaminants is the deciding

factor in selecting UV /peroxide as the preferred process for ground-water treatment.

4.4.2 Inorganic Contaminant Treatment Alternatives

Based on effectiveness and cost, there is not a substantial difference between
the three inorganic treatment processes. All three are capable of meeting the
chemical-specific ARARs, and they compare favorably in terms of operational safety

and environmental considerations. The present worth of each alternative has been
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estimated assuming a simple interest rate of 10% over a 30-year period of operation
with no salvage value. For ion exchange, the present worth is $862,000; for
clectrodialysis, $1,007,000; and for reverse osmosis, $1,016,000. The capital costs of
the three alternatives are within roughly 10% of each other and are all considered

competitive.

The electrodialysis and reverse osmosis processes are both membrane processes
which require a high degree of process control for effective operation. The
membranes are very sensitive to fouling, and proper pretreatment is needed to ensure
steady performance over time. The ion exchange process utilizes resin beds in place of

membranes and is considered more reliable for long term operation.

All these processes produce wastes which would be treated in the Building 374
Process Waste Treatment System. Electrodialysis and ion exchange produce nearly
equal volumes of waste (14,000-15,000 gallons per week). The reverse osmosis system

produces roughly 50% more, or 24,000 gallons per week.

In both the electrodialysis and reverse osmosis alternatives, a portion of the
water being treated is discharged to Building 374 as process waste. This requires that
a supplemental water source is needed to augment the treated effluent prior to
discharge in order to ensure complete recharge. Since this interim remedial action is
being executed under CERCLA, it would not be necessary to obtain a ground-water
augmentation permit. However, Rockwell would be required to maintain records
documenting the augmentation and would have to sample the supplemental water
source periodically to ensure compliance with the ARARs. These tasks represent an
institutional requirement and cost (not included here) which ion exchange would not

be subject to. For this reason and reasons discussed above, ion exchange has been
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selected as the preferred alternative for the removal of the inorganic contaminants

from the ground water.

4.4.3 Preferred Ground Water Treatment System

As summarized above, the UV/peroxide treatment system has been selected for
the removal of organic contaminants, and ion exchange for the removal of inorganic
contaminants. In order to maximize the overall system performance, the ground water

will be treated as shown in the flow diagram in Figure 4-7.

As shown in this figure, the ground water will be pumped into two surge tanks.
The surge tanks insure that the treatment system will receive a constant flow of 30
GPM, 8 hours per day. These tanks also provide approximately two days of collection

potential when the treatment system is not operating.

From the surge tanks, the water is pumped through filters to remove suspended
solids. The water next is sent to the UV/peroxide unit where the volatile organic
contaminants are destroyed. While iron may be oxidized by the peroxide, the
concentrations of ferric iron formed will not adversely affect performance of the unit.
Should the ferric iron precipitate from solution within the resin bed of the weak acid

cation unit, it will be removed during the regeneration cycle with HCL.

Finally, the water is passed through the ion exchange units for the removal of
uranium and inorganic contaminants. With the exception of the uranium removal unit
which is not regenerated, the regenerate wastes from the other ion exchange resins are
sent to Building 374 for final treatment. Treated water is pumped to the effluent
storage tanks for analysis prior to discharge. Should the effluent quality be
unacceptable for discharge, the water will be returned to the influent storage tanks

for further treatment.
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4.5 DETAILED EVALUATION OF REMEDIAL ACTION ALTERNATIVES

4.5.1 Alternative 1: Collect Ground Water from Footing Drain, Source Well.and

French Drain, and Discharge to the South Interceptor Trench Downgradient of
the 881 Hillside Area

4.5.1.1 Description

This alternative involves construction of a french drain (trench) at the location
shown on Figure 4-8. The drain is located downgradient of the 881 Hillside SWMUs
and upgradient of the South Interceptor Tench. This location is downgradient of VOC
contaminated alluvial ground water. The french drain will extend along the entire
length of the saturated alluvium. The drain will be keyed at least two feet into
bedrock in order to fully penetrate the soils and will be approximately 2,100 feet long,
As such, the drain will intercept and contain all alluvial ground-water flowing from
the area. A PVC drainage pipe will direct flow under gravity to two 3-foot diameter
concrete collection sumps. Each sump will be equipped with a submersible sump pump
to deliver water from the drain to the new treatment plant (see Section 4.4). Each of
the two pumps will have sufficient capacity to deliver the entire discharge of the
drain to the treatment plant. The downstream face of the french drain will be
covered with a synthetic membrane to limit flow from the clean side of the trench
(Figure 4-9). The inclusion of the downstream synthetic membrane coupled with the
continuity of the drain is expected to provide positive cutoff of the ground water.
Water collected from a source well at SWMU 119.1 (a new well near well 9-74) will
also be treated in the new treatment plant. In addition, a sump will be built to collect
the flow from the Building 881 footing drain. Two sump pumps will be used to
transfer the footing drain flow to the treatment plant in a separate piping system.

Effluent from the treatment plant will be discharged to the South Interceptor
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Trench which flows into Pond C-2. Pond C-2 discharges to Woman Creck under

provision of RFP’s NPDES Permit.

Filow from the trench could be on the order of 10 gpm initially, but is expected
to drop to less than 5 gpm within a few days. The combined steady state flow from
the trench and source well is estimated to be as low as 2 gpm. Flow from the Building

881 footing drain is expected to be 5 gpm or less.

4.5.1.2 Effectiveness

The proposed interim action will collect ground water from the soils on the 881
Hillside Area in a french drain with a downstream impermeable membrane. The
french drain that will be constructed on the 881 Hillside is intended to collect ground
water containing volatile organics from the colluvium/alluvium system. The drain
will be sufficiently deep to fully penetrate the colluvium so that ground water will
not flow under the drain in the colluvium. The design calls for two feet of
penectration into bedrock (the bedrock has a hydraulic conductivity more than two
orders of magnitude smaller than the colluvium). Therefore, the drain will be

effective in collecting colluvial ground water.

The penetration into bedrock is not intended to reduce the migration of contaminants
into bedrock; however, the instailation and operation of the drain will have two
beneficial impacts on the bedrock ground-water flow system. First, the drain will
slightly decrease the rate of downward movement of colluvial ground water because
the potentiometric surface in the colluvium will gradually be lowered and, as a
consequence, the gradient between the colluvium and the bedrock will be slightly less.
Second, the drain will remove the contaminated colluvial/alluvial ground water that is

a potential source for contamination of bedrock ground water. The interim action is
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intended to remove volatile organics form the colluvial/alluvial ground-water and is
anticipated that the french drain will be effective in both collecting the

colluvial/alluvial ground water and limiting releases from the 881 Hillside Area.

The proposed treatment system will remove both the organic and inorganic
ground-water contaminants to below the chemical-specific ARARs given in Section
3.3.1. A complete analysis of chemical-specific ARARs pertinent to subsurface
discharge is presented in Section 3.3. Location-specific ARARs are discussed in

Section 3.3.2.

The interim action at the 881 Hillside Area is expected to have minimal
impacts on Woman Creek. Although the french drain is expected to intercept all of
the colluvial flow from the hillside area, the water will be returned to the hillside by
means of surface discharge (after treatment) to the South Interceptor Ditch. The point
of discharge will be at the west end of the hillside area (upstream) and the discharged
water will flow along the ditch to Pond C-2. The treated water is expected to return
to the ground-water system by infiltration from the South Interceptor Ditch and Pond

C-2.

Losses from the ground-water system resulting from the interim action are

expected to be as follows:

o It is possible that a certain diminution of flow in the creeck will occur
directly downhill of the area because not all of the discharge will
infiltrate from the South Interceptor Ditch. However, this possible
diminution is expected to be negligible because the hillside area only
amounts to about 10 percent of the recharge area to the creek (total
length of both banks is approximately 20,000 feet from the hillside to
the headwaters of the creek, while the cut-off length at the hillside is
approximately 2,000 feet). In any event, the creek will be nearly fully
recharged by infiltration from Pond C-2.

0 Some evaporation will occur from both the South Interceptor Ditch and
Pond C-2.
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The impacts of the losses are expected to be negligible because the total flow
currently recharging the ground-water system of the Woman Creek Valley Fill
Alluvium is a small proportion of the total flow and most of the intercepted ground
water will return to the system in any event. The losses are expected to have no
noticeable impact on the availability of off-site because the vast majority of the
ground water in the Alluvium is currently consumed by evapotranspiration within the

plant boundary.

Worker safety precaution will be required during construction of this
alternative because of the potential for encountering contaminated soil or water in the
excavation. However, at the location of the drain it is expected that contamination in
both soil and water will not be detected. The safety of nearby communities should not
be adversely affected and the risk of harm to the environment should not be increased
from the construction or operation of this remedial action alternative. Treated water
will be monitored to ensure contaminants are within regulatory guidelines prior to

discharge. g

4.5.1.3 Implementability

The useful life of the french drain system is expected to be at least thirty
years. French drains have been used successfully for many years for control of
ground water. French drains are almost always effective, except when ground water
can flow over, under or around the drain, or when the drain becomes clogged. The
drain proposed for the 881 Hillside will fully penetrate the colluvium and be keyed
into claystone bedrock, precluding the possibility of flow under or over the drain. It

extends uphill on the west side to an elevation equal to that of SWMU 107 and is
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keyed into a dry ridge on the east end. This should preclude flow around the drain.
Clogging is not expected to be a problem based on past experience of the footing drain
at Building 881, which has been in service since the early 1950’s without clogging.
Replacement of the pumps in the sumps should be expected as part of routine

operation.

Operation and maintenance requirements are small for a french drain. Flow to
the sump is by gravity. Liquid level controllers switch on a submersible pump in the
central sump whenever there is sufficient water present. Pumping records will be
reviewed regularly to ensure that the system is operating. If long periods of non-
pumpage are observed, water levels in the drain will be investigated to determine if
the pumps have failed. In addition, five piezometers will be installed along the trench
and downgradient to monitor the effectiveness of the french drain in intercepting
contaminated ground-water. Changes in ground-water quality upgradient and
downgradient of the french drain will be monitored by existing and new ground-water

monitoring wells.

A large diameter withdrawal well will provide efficient dewatering of the
alluvium in the vicinity of well 9-74. The well will be surrounded by monitoring
wells so that an evaluation of the efficiency of the well can be easily made. It
appears likely that pumping of this well will be continuous for the first several years
of remediation, but may not be required later. This is due to the small amount of

ground water in the vicinity of SWMU 119.1.

The footing drain at SWMU 107 has already been functioning satisfactorily for
thirty years and there is no reason to believe that this will change. Collection of the

footing drain flow will likely be required for the full thirty years if the source of the
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contaminants cannot be identified and removed. A source characterization study is

currently in progress as part of the final RI/FS investigation.

Operation and maintenance requirements for collection of the footing drain
flow are minimal. Discharge from the drain will be pumped to the treatment plant
based on liquid level switches. Two pumps will be provided to protect against pump
failure. Operation and maintenance of the dewatering well are similar. It too will be
operated with a liquid level controller and requires little more than routine inspection.
The system is highly implementable because the withdrawal well and associated pumps

and mechanical connections are standard items.

Action-specific ARARs relating to soil excavation which may be pertinent to
this alternative include the requirements under RCRA that address the storage of
RCRA wastes in waste piles, and restrictions on the land disposal of solvent-
containing wastes that exceed treatment-based standards for those constituents. Soils
removed during excavation of the french drain are downgradient of all 881 Hillside
Area SWMUs and are not expected to contain hazardous constituents. During
excavation, health and safety personnel will monitor for the presence of volatile
organic contaminants in the soil. If contaminated soils are encountered, or if soils are
suspected to be contaminated, they will be handled as RCRA hazardous waste until
confirmatory sampling is performed. Of particular relevance to the handling and
storage of contaminated soil is the requirement, under RCRA, of diverting run-on
away from waste piles, preventing wind dispersal of wastes, and collecting free liquids
or leachate for treatment as a hazardous waste. RCRA requirements for the storage of
contaminated soil in containers (roll-off boxes or drums) would also be relevant and
appropriate if containers are used for storage. With respect to RCRA restrictions on

the land disposal of solvent-containing wastes, contaminated soils may not be disposed
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on site or off site unless they have been analyzed and found to contain levels of
contamination below threshold Ilimits (treatment-based standards) for those
contaminants, or treated to Best Demonstrated Available Technology (BDAT)
standards. If concentrations of hazardous constituents in the soils are found to be at
or below acceptable concentrations defined in the 881 Hillside risk assessment
(Rockwell International, 1988b), it appears a variance from the RCRA ARAR for
disposal of hazardous waste is appropriate, ie., the soils can be used as backfill

material for the trenches.

Action-specific ARARs pertinent to surface discharge are the relevant and
appropriate requirements under RCRA for the storage and treatment of hazardous

waste in containers and tanks prior to surface discharge.

The design, operation, and maintenance of the treatment plant will meet
chemical-specific ARARs identified for the contaminants of concern and action-
specific ARARs related to the subsurface discharge of the treatment system effluent,

A complete ARARSs analysis for treatment operations is given in Table 3-3.

Highlights of these action-specific ARARs are listed below:

0 Applicable federally approved state water quality standards must be
complied with for discharges to surface or ground waters of the state.
These standards may be in addition to or more stringent than other
federal standards under the Clean Water Act.

o General requirements for treatment and storage of RCRA hazardous
waste in containers and tanks are relevant and appropriate.
Recordkeeping requirements under these sections are not ARARs.

Implementation of this alternative involves only routine construction

procedures. Construction of the drain can be completed in a period of approximately

two months. Ground water will be effectively contained at the beginning of
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construction when the excavation is dewatered. The system will be operational

immediately upon completion.

4.5.2 Alternative 2: Total Encapsulation
4.5.2.1 Description

This alternative involves total encapsulation of the contaminant sources near
SWMU 107 and within SWMU 119.1 using RCRA caps and slurry walls at the locations
shown on Figure 4-10. Each area will be covered with a three-layer cap consisting of
six-inches of vegetated topsoil, a minimum of six inches of drain rock, and a
composite synthetic membrane/compacted soil cover of at least two-foot thickness
(Figure 4-11). The surface of the cover will be sloped at a minimum of 2% to drain
toward peripheral ditches. The peripheral ditches will discharge to the South
Interceptor Trench. The cover at SWMU 107 is estimated to consist of approximately
6,000 square feet; the cover at SWMU 119.1, approximately 80,000 square feet. The

covers will extend a minimum of five feet beyond the slurry walls.

Peripheral containment will be achieved by construction of soil-bentonite slurry
walls to completely encircle the contaminated soils. The walls will be keyed into
claystone bedrock, which is expected to provide bottom containment. The SWMU 107
slurry wall is estimated to be approximately 320 feet long and depths are anticipated
to ranée from about 4 to 17 feet. It is estimated that the SWMU 119.1 wall will not
exceed about 20 feet in depth (15 feet average) and that it will be approximately 1,000

feet long.

In addition, ground water inside the containment systems will be removed using

internal sumps. This will result in hydraulic gradients toward the encapsulated soil
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and will reduce the potential for any releases. The small volume of water produced
from the sumps will be stored in tanks on site and be transferred to a suitable
treatment facility. No capital or operating costs for this treatment have been

included.

The cap and perimeter ditches will be inspected on an annual basis and
repaired as necessary. The ditches will be maintained in clean and properly graded

condition so that collected runoff is rapidly removed from the area.
4.5.2.2 Effectiveness

This alternative will adequately contain and immobilize the sources of
contamination. As discussed in Section 2, ground water contamination is known to
exist downgradient of SWMU 119.1 and may exist downgradient of SWMU 107. These
waters will be released to the environment. This is expected to nominally impact the
quality of the ground water within the Valley Fill Alluvium. Therefore, this
alternative minimizes future contaminant migration from the sources and thus

minimizes future public exposure to contaminants off site.

Partial control of the SWMUs will be achieved as soon as the peripheral
containment structures are constructed. Full control will not be achieved until the

entire system is complete and pumping of the sumps begins.

Worker safety precaution will be required during construction of this
alternative and during monitoring and dewatering operations. In addition, safety
precautions will be required during excavation for and construction of the compacted
soil barrier walls. The safety of nearby communities should not be adversely affected
and the risk of harm to the environment should not be increased during construction

or operation of this alternative,
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4.5.2.3 Implementability

Infiltration and ground-water flow through the SWMUSs is expected to be
practically eliminated by the total encapsulation system. As a consequence, the release
of contaminants from the SWMUs is also expected to be eliminated. It must be noted
that the system will not be as effective if the SWMU areas are not underlain by

continuous claystone.

The useful life of the total encapsulation system is expected to exceed thirty
vears. The containment features involving geologic materials (slurry wall and
compacted soil cover) should function indefinitely, particularly given that flow
through them will be from the non-contaminated to the contaminated side. The
synthetic membrane can be expected to function adequately for at least twenty years,
and it is backed-up by the compacted soil layer. The vegetated cover and peripheral
ditches will require regular maintenance, and the internal sump will require regular

operation.

The technologies proposed in this alternative are all proven technologies. The
multi-layer cap system has been used for nearly ten years with good success at many
sites. Soil-bentonite slurry walls have also been used for many years to effectively
control ground-water flow, The gradient control provided by the sump is a
modification of the standard encapsulation system and should provide an extra level

of protection.

Operation and maintenance requirements are very small for the total
encapsulation alternative. There are essentially no operational requirements, with the

exception of routine pumpage of the sump. This is expected to be required no more
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frequently than annually after the initial dewatering. Maintenance will involve
inspection and cleaning of peripheral ditches, inspection and repair of the vegetated
cover, and inspection and replacement of the sump pump. In addition, ground-water
and surface water conditions in the vicinity of the 881 Hillside Area will be

monitored.

This alternative can be implemented using standard construction practices,
Seaming of synthetic membranes has become common enough that a qualified local
contractor can be used. Construction of the encapsulation systems will require about

three months.

Construction of a slurry wall at SWMU 119.1 may prove impractical where the
wall runs parallel to the grade (slope may be too steep). For the two legs of the wall
running up the hill, it is recommended that a compacted soil cutoff wall be
constructed in an excavated trench. The trench will probably vary from about 15 feet
deep at the downhill end to about 2 feet deep at the uphill end. The trench can be
excavated with standard earth-moving equipment. Some of the excavated material
may be suitable for use in constructing the wall. The length of compacted wall is
estimated to be 600 feet, while the remaining slurry portion is about 400 feet long. A
compacted soil wall is expected to provide performance characteristics equivalent to a

slurry wall.

Material for construction of the compacted soil cover and wall can be obtained
from the Arapahoe Formation. The Arapahoe is covered by a thin veneer of
colluvium along Woman Creek and could be excavated from a number of nearby areas;
however, in order to avoid oversteepening the slopes, the borrow area should be

established on the south side of Woman Creek.
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ARARs pertinent to the total encapsulation alternative include the relevant
and appropriate requirements under RCRA that address the technical specifications of
capping closure and post-closure care. In addition, soil that is excavated must be
handled as a hazardous waste until sampling and analysis are performed (see Section

4.5.1.3).

Wastewater that is recovered from the source well within the encapsulated area
must be treated in a facility operating in compliance with the substantive
requirements of RCRA. If recovered ground-water is to be treated on site in a
treatment facility, specific RCRA requirements for the treatment of hazardous waste
are relevant and appropriate. If wastewater is transported off site, both the
substantive and administrative requirements of RCRA will apply to the wastewater
management. A complete analysis of chemical-, location-, and action-specific ARARs

is presented in Section 3.3.

4.5.3 Alternative 3: Collect Ground Water from Source Well and Footing Drain, and
Discharge to the South Interceptor Trench

4.5.3.1 Description

This alternative involves pumping a new source well (located near 9-74) at
SWMU 119.1 and collection of the footing drain discharge at SWMU 107 (Figure 4-12).
The collected water will be treated in the new treatment plant (see Section 4.4) and
discharged to the South Interceptor Trench which flows into Pond C-2. Pond C-2

discharges to Woman Creek under provisions of a NPDES Permit.

It is estimated that flow from a completely dewatered 9-74 will initially be
about 1 gpm but will rapidly fall to a steady flow of about 0.04 gpm. It is anticipated

that the flow from the drain will be five gpm or less.
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4.53.2 Effectiveness

Removal of the majority of contamination in the vicinity of well 9-74 will
significantly minimize off-site migration of contaminants. Future off-site public
exposure to the contaminants is unlikely. However, the migration of contaminated
alluvial ground water beyond the 881 Hillside Area is more probable than that

expected for Alternative 1 which utilizes a french drain for ground water collection.

The proposed treatment system will remove both the organic and inorganic
ground-water contaminants to below the chemical-specific ARARs given in Section
33.1. A complete analysis of chemical-specific ARARs pertinent to subsurface
discharge is presented in Section 3.3. Location-specific ARARs are discussed in

Section 3.3.2.

The safety of nearby communities should not be adversely affected and the
risk of harm to the environment should not be increased from the construction or
operation of this removal action alternative. Treated water will be monitored to

ensure contaminants are within regulatory guidelines prior to discharge.

4.5.3.3 Impliementability

The useful life of this alternative is expected to exceed thirty years. A large
diameter withdrawal well will provide efficient dewatering of the alluvium in the
vicinity of well 9-74. The well will be surrounded by monitoring wells so that an
evaluation of the efficiency of the well can be easily made. It appears likely that
pumping of this withdrawal well will be continuous for the first several years of
remediation, but may not be required later. This is due to the small amount of ground

water in the vicinity of SWMU 116.1.
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The footing drain at SWMU 107 has already been functioning satisfactorily for
thirty years and there is no reason to believe that this will change. Collection of the
footing drain flow will likely be required for the full thirty years if the source of the

contaminants cannot be identified and removed.

Operation and maintenance requirements for collection of the footing drain
flow are minimal. Discharge from the drain will be pumped to the treatment plant
based on liquid level controls. Two pumps will be provided to protect against pump
failure. Operation and maintenance of the dewatering well are similar. It too will be
operated with a liquid level controller and requires little more than routine inspection.
The system is highly implementable because the withdrawal well and associated pumps

and mechanical connections are standard items.

Action-specific ARARs pertinent to surface discharge are the relevant and
appropriate requirements under RCRA for the storage and treatment of hazardous

waste in containers and tanks prior to surface discharge.

The design, operation, and maintenance of the treatment plant will meet
chemical-specific ARARs identified for the contaminants of concern and action-
specific ARARSs related to the surface discharge of the treatment system effluent. A

complete ARARs analysis for treatment operations is given in Table 3.3.

Highlights of these action-specific ARARs are listed below.

0 General requirements for treatment and storage of RCRA hazardous
waste in containers and tanks are relevant and appropriate.
Recordkeeping requirements under these sections are not ARARs.

o Applicable federally approved state water quality standards must be
complied with for discharges to surface or ground water of the state.
These standards may be in addition to or more stringent than other
Federal Standards under the Clean Water Act.
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Implementation of this alternative involves only routine construction
procedures. Construction of the french drain can be completed in a period of
approximately two months. The system will be operational immediately upon

completion.

4.6 ESTIMATED COSTS FOR ALTERNATIVES

Cost estimates were prepared using in-house computer software and unit rates.
In-house unit rates are based upon Rocky Flats Plant experience in planning and
managing similar construction projects at this site. Other recognized references were
used where site specific unit rates were unavailable and for comparison or checking.
These documents include: "Compendium of Remedial Technologies at Hazardous Waste
Sites," U.S. EPA, September 1985; "Treatability Manual, Volume IV. Cost Estimating",

U.S. EPA, April 1983; and "Building Construction Data,"” R.S. Means Co., Inc., 1987.

Costs are reported in 1989 dollars for both initial and future costs. Future
costs include replacement of capital cost items (e.g., monitor wells or non-expendable
items) and cyclic costs, such as operation and maintenance (O&M) costs, energy costs,
and expendable supplies. Life cycle costs for each alternative have been presented, in
1989 dollars, as present worth costs assuming a discount rate of 10%, a duration of

active remedy of thirty years, and no salvage value for purchased equipment.

Costs were analyzed by first identifying capital items common to one or more
remedial alternatives. These capital items and associated costs are presented for each
alternative in Table 4-8. Similarly, identified cyclic costs for each alternative are

presented in Table 4-9.

Present worth analyses are performed by using the total costs presented in

Tables 4-8 and 4-9, and assuming the duration of the remedy is thirty years. Year "0"
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TABLE 4-8

CAPITAL COST COMPONENT WORKSHEET

Component Description | 2 3
Ground Water Collection
Foundation Drain Sump with Pump 17,800 17,800
Withdrawal Well 5,800 5,800 5,800
2,100 If French Drain with Sumps 364,100
2,500 If Influent/Effluent
Piping and Manholes 50,000 50,000
Influent/Effluent Tanks 78,000 78,000
Ground Water Treatment
Building 325,000 325,000
Treatment Units 345,000 345,000
Parking Pad 4,300 4,300
Electrical 117,100 117,100
Mechanical 122,600 122,600
Instrumentation 40,500 40,500
Ground Water Isolation
86,000 sf RCRA Cap 167,500
19,800 sf Slurry Wall 138,600
7,500 gal. Tank Wagon 32,000
Subtotal: 1,470,200 343,900 1,106,100
Design at 15% 220,500 51,600 165,900
Construction Management at 5% 73,500 17,200 55,300
Contingency at 20% 294,000 68,000 221,200
TOTAL CAPITAL COST: $2,058,200 $481,500 $1,548,500



TABLE 4-9

ANNUAL COST COMPONENT WORKSHEET
(DOLLARS PER YEAR)

Component Description

Ground Water Collection
1 Foundation Drain Sump with Pump
1 Well Pump
2 French Drain Sump Pumps
1 7,500 Gallon Tank Wagon

Ground Water Treatment!
Chemicals, Replacement Parts
Power
Operation and Maintenance
Monitoring?3

2

Subtotal:

Contingency at 20%
TOTAL ANNUAL COST:

! Based on a slow rate of 30 gpm, 8 hr/day
2116 hrs/month @ $61/hr
3 4 samples/month @ $1,500/sample

1 2 3
200 200
200 200 200

400
2,500

19,100 19,100
38,600 38,600
84,600 84,600
72,000 72,000
215,100 214,700
43,000 43,000
$258,100 $2,700 $257,700



begins upon initiation of design and construction activities, and system operations will
continue through the end of year 30. A thirty-year period was selected as the
expected duration of the IRA for use in cost analyses for two principal reasons; 40
CFR 264.117 requires a minimum of 30 years post-closure monitoring, and beyond 30
years present value costs are less than 6% of their future worth and thus become
insignificant with respect to these analyses. These schedule assumptions are made to
facilitate comparisons between alternatives and do not supersede any existing
schedules created as a result of any administrative rule, statute, or agreement with
agencies authorized to regulate remedial activities at this site. The present worth

analysis (in 1989 dollars) is presented for each alternative in Table 4-10.

Rigorous sensitivity analyses demonstrating the effect of possible variations or
inaccuracies in assumptions or estimates have not been performed. Only one
parameter, the duration of active remedial measures, was identified as being
significant with respect to sensitivity analyses. However, uncertainties in the rates of

reclamation of the alternatives prevents performance of more rigorous anaiyses.

A discussion of benefits of individual alternatives is presented in Section 5,

Summary of Alternatives.
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TABLE 4-10

SUMMARY OF ALTERNATIVE COSTS

Component Description

Annual Costs
Annual Cost x PWF*

Capital Cost

Present Worth

$§ 258,100
2,433,000

2,058,200

$4,491,200

$ 2,700
26,000

482,500

$507,500

* Present Worth Factor = 9.427 (for annual operating costs)

$ 257,700
2,429,000

1,548,500

$3,577,500



5.1

SECTION 5.0
COMPARATIVE ANALYSIS

INTRODUCTION

This section summarizes the three screened alternatives and presents a tabular

comparison of them (Table 5-1). A recommendation is made for appropriate removal action

using the comparative analysis.

5.2 COMPARISON OF ALTERNATIVES

The following alternatives were retained in the screening process and evaluated in

detail in Section 4.

Collection of ground water using a french drain and a source well, collection
of footing drain flow from SWMU 107, treatment of collected water in a new
treatment plant and discharge of the treated water to the South Interceptor
Trench downgradient of the 881 Hillside.

Total encapsulation of source areas using a multi-layer cap and slurry well with
control of gradients by pumping an internal sump (dewatering fluids to be
treated at an existing treatment plant).

Collection of ground water using a source well, collection of footing drain flow
from SWMU 107, treatment of collected water at a new treatment plant, and
discharge of the treated water to the South Interceptor Trench downgradient of
the 881 Hillside,

Alternative 1 is the most extensive interim action considered and will result in

effective collection of the contaminated 881 Hillside Area ground water. The french drain

will halt all contaminant releases to the alluvial ground water downgradient of the 881

Hillside Area. Collection of the Building 881 footing drain flow and pumping of a new well
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at SWMU 119.1 will result in collection of any contaminated water from these arcas. The
ground- water treatment system will effectively remove both the organic and inorganic
contaminants in the ground water to below the chemical-specific ARARs. Discharge of the
treated water into the South Interceptor Trench allows for the water to be combined with Pond

C-2 water before final discharge off-site in accordance with Rocky Flats Plant NPDES Permit.

Total encapsulation (Alternative 2) will not destroy the contaminants present, but will
contain them in place. It will prevent all future contaminant releases from the SWMUs but
will allow a small quantity of ground water with concentrations of VOCs in the range of 5
tol50 ug/l to be released. The portion of this water that is not consumed by
evapotranspiration will ultimately reach the Woman Creek Valley Fill Alluvium and flow east
toward the property boundary. Itis unlikely that volatile organics will ever be detected at the
boundary from this release. This alternative uses proven technology intended for much higher
contamination levels than are present on the 881 Hillside. However, public reception of this
may be unfavorable due to the contaminant releases to the Valley Fill Alluvium. Collection
of the footing drain flow and pumping of a new well at SWMU 119.1 with treatment of
collected water (Alternative 3) is a limited-scope response that should make a significant
impact on releases from the two SWMUs. However, this alternative may not result in complete
capture of the contaminated ground water as Alternative 1 does with the french drain.
Although volatiles currently are not detectable in the surface waters receiving flow from the
footing drain, collection and treatment of the footing drain flow will provide an extra level
of assurance that significant releases will not occur in the future. Pumping the well completed
in the center of SWMU 119.1 will clearly improve conditions by removing the most
contaminated ground water. Continued pumping may result in complete dewatering of the
colluvial materials beneath the SWMU because of limited recharge to the area. As with
Alternative 1, the ground-water treatment system will effectively remove both the organic and

inorganic contaminants to below the chemical-specific ARARs.
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SECTION 6.0
PROPOSED IRA

Alternative 1 has been chosen as the proposed interim remedial action. This alternative
involves construction of a french drain (trench) to intercept all contaminated
alluvial/colluvial ground water from the 881 Hillside Area. The drain will be located
downgradient of the 881 Hillside SWMUs, will be keyed into bedrock in order to fully

penetrate the soils and will be 2,100 feet long.

The bedrock lithology and hydraulic conductivity will be verified before construction
of the french drain begins. This verification program will consist of drilling the drain
alignment on 100-foot centers (22 holes along the approximately 2,100 foot long drain).
Borings will be drilling around SWMU 119.2 in order to verify the extent of saturation. The
holes will be drilled using hollow stem augers to the top of bedrock. The top fifteen feet of
bedrock will be cored through the augers, using the augers as surface casing. Fifteen feet of
penetration into bedrock is sufficient to find sandstone units dipping at two degrees that
might subcrop between borings on 100-foot centers. The hydraulic conductivity of the bedrock
will be verified by injection tests on five foot intervals using a single packer injection

apparatus as the cored hole advances.

Data collected in this program will be used to develop the detailed design of the drain.
Required penetration into bedrock, trench bottom slopes and sump locations will be selected
based on the depth to bedrock and the hydraulic conductivity of the materials. The drain will
penetrate a minimum of two feet into low conductivity bedrock; low conductivity is defined
as 1x1078 centimeters per second (cm/s) or lower. The penetration requirement may result in
deeper penetration of the drain into bedrock containing sandstones and additional sumps to

collect drain inflow at these and other low points.
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During construction of the french drain, the excavation will be inspected by a qualified

geotechnical engineer to verify the suitability of the materials into which the drain is keyed.

A PVC drainage pipe inside the drain will direct flow under gravity to two 3-foot
diameter collection sumps. Each sump will be equipped with a submersible sump pump to
deliver the water from the drain to the new treatment plant. The downstream face of the
french drain will be covered with a synthetic membrane to limit flow from the clean side of
the drain. The inclusion of the downstream synthetic membrane coupled with the continuity
of the drain will provide positive cutoff of the ground water verified by monitoring 5 ground-

water monitoring wells to be installed along the drain and downgradient.

Water collected from a source well at SWMU 119.1 (a new withdrawal well near well
9-74) will also be treated in the new treatment plant. In addition, a sump will be built to
collect the flow from the Building 881 footing drain. Two sump pumps will be used to

transfer the footing drain flow to the treatment plant in a separate piping system.

The ground water collected will be treated using a UV peroxide system (for organics
removal) and an ion exchange system (for inorganics removal). A new building will be erected
for enclosure of the water treatment system to protect weather or temperature sensitive
components. External water pipes will be buried approximately four feet to protect against

freezing.

Fire protection within the building will be provided by two wall mounted 25 pound
dry chemical type fire extinguishers. The building and all treatment units are constructed of
non-combustibles. Other than minimal files and records, no combustible materials will be

maintained within the building. Major components of the treatment system include:

Exterior to Building

Two 15,000-gallon influent surge tanks.
Two 75,000-gallon effluent tanks.
Piping.

Associated pumps, gages, and valves.
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Interior to Building

UV /peroxide equipment,.

Ion exchange system equipment.

Parallel system of filters.

Sump pump.

Associated pumps, piping, gages, and valves.

Support equipment for treatment units, including a hydrogen peroxide supply
tank and feed system for the UV /peroxide process, and chemical feed tanks for
the ion exchange system.

As shown in Figure 6-1, all of the collected ground water will be pumped into the surge
tanks. As the flows from the different sources are expected to vary, the surge tanks will
ensure a constant flow through the treatment unit at 30 gpm, 8 hours per day. These tanks will
also provide approximately two days collection potential when the treatment unit is down for
repairs, cleaning, etc.

When the treatment is initiated, the water will be pumped from the surge tanks through
filters to remove suspended materials. The filters will be placed in descending order of size
to remove progressively smaller particulates. The water will next enter the UV /peroxide
treatment unit.

The UV/peroxide treatment unit consists of an 80-gallon stainless steel oxidation
chamber, which provides for a maximum ground-water retention time of 2.66 minutes at a
system flowrate of 30 gpm. The oxidation chamber contains four medium pressure UV lamps,
which are mounted horizontally in quartz sheaths. A hydrogen peroxide feed system is used
to inject approximately 140 mg/!1 (50 mg/1 per ppm of organic contaminants) of a 50 percent
H,0, solution into the ground-water feed line. The ground-water/peroxide mixture then
passes through an in-line static mixer before entering the bottom of the oxidation chamber.
The ground water then flows through the reaction chamber, passing the UV lamps, before it
exits the top of the oxidation chamber. As the ground water passes the UV lamps, the organic
contaminants will be effectively destroyed to comply with chemical- specific ARARs.

The water is then sent to the ion exchange system for inorganic contaminant removal.
The water first passes through a strong base anion exchanger where uranium is selectively
removed, to prevent contamination of downstream treatment units. The water then passes
through a weak acid cation exchanger, where heavy metals are removed. This unit also
transforms the total dissolved solids (TDS) associated with carbonate hardness into carbonic
acid. The carbonic acid is subsequently removed by decarbonation. Following decarbonation,
the flow is split between a two- bed demineralizer for TDS removal, and an activated alumina
unit for selenium removal. The effluent from these two units are blended to produce a final
effluent which will meet or exceed all chemical-specific ARARs.
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The ion exchange resins and activated alumina require periodic regeneration to
maintain treatment effectiveness. However, the strong base anion exchanger will not be
regenerated, but instead will be periodically disposed of as low-level radioactive waste and
replaced with a new unit. Rocky Flats’ potable water supply will be used to provide the water
for the regeneration of all the units. The regeneration wastes will be sent to the Building 374

Process Waste Treatment System for final treatment and disposal.

Following treatment, the water will be directed to an effluent storage tank prior to
discharge to the South Interceptor Trench. During start-up of the treatment unit, all effluent
will be analyzed prior to discharge. Effluent of unacceptable quality will be returned to the
influent storage tanks for additional treatment. After the effectiveness of the treatment
system is proven, the frequency of effluent monitoring at the treatment plant will be reduced
to a technically-based level.

Water discharged from the treatment system will pass through Pond C-2 and eventually
into Woman Creek. This discharge is monitored, according to the Rocky Flats Plant NPDES
Permit which was modified on 11 July 1989 on a temporary basis by the Colorado Water
Quality Control Commission. The modification calls for analysis of organic and inorganic
contaminants in ground water at the RFP, which include promulgated in-stream standards for

Walnut and Woman Creek.

Alternatives to direct discharge of treated effluent that were evaluated during the FS
include ground-water reinjection downgradient of the french drain in the Valley Fill
Alluvium, and ground-water reinjection upgradient of the 881 Hillside Area to facilitate soil
washing. Ground-water reinjection for soil washing can hasten the removal of volatile
organics from contaminated soils and ground water. However, the effectiveness of this
technology in the clayey soils of the 881 Hillside Area is uncertain. The technology may be
an appropriate addition to this remedial action in the future if cleanup is deemed to be
proceeding slower than expected. The reinjection of treated ground water downgradient of
the french drain is deemed not to be necessary because of the interaction between surface

water and alluvial ground water.
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