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1.0 INTRODUCTION

This addendum to the Rocky Flats Ground Water Assessment Plan responds to specific
1ssues raised by the Colorado Department of Health (CDH) at a meeting on Apnl 4, 1990
The subject of the meeting was the Nouce of Violation (NOV) 1ssued by the CDH for
perceived inadequacies 1n the Rocky Flats Ground Water Assessment Plan The NOV
requested additional information on site charactenstics, contaminant migration and ground

water monitoring at many of the regulated units

As the first part of the response to the CDH concerns, CDH requested the following

information for three of the regulated units

1 Description of the current monitoning activities and data evaluation
procedures

2. Proposed changes in monitonng activities or data evaluation procedures
3 Descniption of the data management plans
4. Daiscussion of the schedules for monitoring, analysis, data vahidation and

reporting

The three regulated units are the West Spray Field, the Solar Evaporation Ponds, and the
Present Landfill

The following sections present the information requested by CDH for each of these units
This addendum should be used as a basis for understanding what is currently being done
and what 1s proposed to be done at each of these unmits Daiscussions regarding proposed
changes to momitoring programs and data management represent the current changes being

considered.
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2.0 SITE SPECIFIC INFORMATION FOR THE WEST SPRAY FIELD

The West Spray Field 1s located in the western portion of the Rocky Flats Plant buffer
zone Rock Creek drainage 1s to the north of the spray field and the Woman Creek
drainage 1s to the south The Walnut Creek drainage flows across the site The spray field
covers approximately 105 acres and was 1n operation from April 1982 to October 1985
Excess liquids from the Solar Evaporation Ponds were periodically pumped to the West
Spray Field via pipeine The hiquids pumped to the spray field consisted of treated
sanitary effluent and recovered ground water, at least some of which contained hazardous

constituents

The West Spray Field 1s no longer 1n operation and will be closed 1n accordance with the

closure plan prepared by DOE

Previous site investigations have charactenzed the nature and extent of ground water
contamunation at the spray field. The following summarizes the pertinent site specific
information concerning the geology and hydrogeology at and adjacent to the West Spray
Field, the nature and extent of known ground water contamination, current ground water
monitoning activities and any proposed modificattons to the ground water monitonng

program at the West Spray Field.

21 KNOWNHYDROGEOLOGIC CONDITIONS AND POTENTIAL CONTAMINANT
TRANSPORT MECHANISMS

2.1 1 Geologic Descniption
The surficial matenal at the West Spray Field 1s the Rocky Flats Alluvium. The so1l 1n the

spray field 18 the Flatirons Senes which 1s derived from the Rocky Flats Alluvium The
soil horizon is a deep, well drained so1l composed of stony to gravelly and loamy matenal,

and 1s approximately five feet deep.

The Rocky Flats Alluvium at the West Spray Field unconformably overlies the Laramie

Formation, and consists of poorly sorted gravel, cobbles, and boulders with layers of clay,

RFPade r 2 05103190



silt and sand The thickness of the alluvium vanes from roughly 60 feet to 100 feet.

Thickness 1s generally greater to the west, and thins to the east

The underlying Laramie Formation consists predominantly of steeply dipping (42 to 45
degrees) claystone with occasional zones of interbedded siltstones and sandstones The
claystone 1s generally encountered immediately beneath the surficial deposits, although
some of the interbedded sandstones may subcrop beneath the Area 2 spray application area,
and just west of the spray field At the spray field weathering of the claystones penetrates

approximately 31 feet to 61 feet

The Laramie Formation Sandstones range from less than one foot thick to approximately
27 feet thick These sandstones are composed of very fine-grained to medium-grained

silica cemented sands, with clays and silts common

2 12 Hydrogeology

Ground water occurs 1n the alluvium and bedrock sandstones at the West Spray Field The

"uppermost aquifer” for the spray field 1s considered to be pnnmanly the alluwvial ground
water system. Although the bedrock sandstones may be hydraulically connected to the
alluvium, there does not appear to be any contamination of the ground water within the

sandstones (Section 2 1 4)

Unconsolidated Deposits

Recharge to the alluvium 1s from precipitation infiltration, lateral ground water flow from
the west, and recharge from Walnut Creek dunng penods of high precipitanon Ground
water flows to the east, with components of flow to the southeast and northeast, toward the
two drainages. Discharge areas for the alluvial ground water are springs and seeps, and
discharges to the major drainages Depth to ground water in the alluvium vanes
considerably, but generally ranges between 40 to 50 feet below ground surface Portions

of the alluvium are not saturated year round

RFPader 3 05103190



Hydraulic conductivity values for the alluvium are shown in Table 2 1, and range from

approximately 5 3 x 10 centimeters per second (cm/s) to approximately 2 1 x 10°3 cm/s.

Bedrock

Recharge to the bedrock ground water system 1n the West Spray Field area may come from
downward leakage from the alluvial system and/or recharge from drainages duning high
flow periods. Laittle 1s known about the ground water flow direction or gradient since there
1s no more than one well completed 1n a specific bedrock water bearing umit. Concurrent
water level data indicates that there 1s a very shight downward gradient, at least during part
of the year. Durning times of the year when portions of the alluvium are unsaturated or
when alluvial water levels are low, there could potentially be a slight upward gradient
The bedrock water level data indicates that ground water occurs under confined conditions

at the locations where the monitoring wells were 1nstalled

Hydraulic conductivity values for the bedrock water bearing units are shown in Table 2 2
range from 5.4 x 107 cm/s to 4 x 108 cmy/s.

2 1.3 Types of Contaminants

Sampling of the source water which was apphed at the spray field has been performed
periodically from 1984 to 1988. Although the spray field ceased operation in 1985, 1t 1s

behieved that subsequent samples of the source water are typical of what was apphed

histonically.

The source water sample analyses (EG&G, 1990a) indicate that the applied water had low
concentrations of metals, other inorganics and volaule orgamics (low ppb orgamc
concentrations), but that there were elevated concentrations of nitrate, gross alpha and gross

beta

RFPade r 051037190
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Of these potential contaminants, nitrate 1s one of the more conservative (mobile), and
serves as a good indicator parameter for the presence or absence of ground water

contamination

2 1.4 Potential Pathways and Transport Mechanisms

The potennual source of contaminants to the ground water systems 1s from percolation of
apphied effluent 1n the spray areas Contaminants may then enter the alluvial ground water
system and be transported eastward and toward the adjacent drainages Contaminants may
also be transported vertically downward 1nto the bedrock ground water system, although
there 1s not any indication to date that this has occurred. Vertical migration could take
place through small fractures or through the sandstone subcrops, although current data
indicates that the sandstone 1s not significantly more permeable than the bedrock claystone

(Secuon 2.1 2).

Given the permeabilines of the bedrock units, the predominant contaminant transport
mechanism 1s probably by transport through the alluvial ground water system as dissolved

contaminants

2 2 DESCRIPTION OF CURRENT GROUND WATER MONITORING ACTIVITIES
221 Monitonng Wells
Approximately 21 alluvial momitoning wells (ancluding well 56-86) and 3 bedrock wells

are sampled routinely at the West Spray Field. Seven of the alluvial wells are pre-1986
wells. The distnbution of these momtoring wells provides adequate coverage to detect

ground water contamination along the probable pathways.

2.2.2 Field Measurements

Water levels are measured in each monitoring well monthly and at the tume of sampling.
The water level measurements taken at the ume of sampling are used to calculate the
amount of water which needs to be purged from the well prior to sampling Monthly water
level measurements are used to evaluate seasonal changes in ground water flow direction

and gradient

RFPader 5 05103190
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Field water quality indicator parameters are also measured at the time of sampling These
parameters 1include pH, specific conductance and temperature  The Rocky Flats
Environmental Database System (RFEDS) (Section 5 0) allows input and tracking of these

field parameters for comparison to laboratory values of pH and total dissolved solids

Significant variations between field pH and laboratory pH can indicate that reactions may
be occurring in the sample pnior to analysis. Some examples may be the loss of carbon
dioxide and/or precipitation of metals and 1ons These reactions are important to identify

since they can sigmficantly affect data interpretation

Although a direct comparison of specific conductance to total dissolved solids can not be
made, the ratio of these values can be compared, along with simple cation/anion balances
to determine whether significant ions are not being analyzed Cation/anion balances are
performed as part of the data validation process. When enough data has been collected,
a relationship between these values can be established which can allow a reasonable
esumation of the total dissolved solids concentranon to be made based on specific

conductance values.

2.3 PROPOSED MODIFICATIONS
2.3.1 Montonng Wells
Additional source area investigations are proposed as part of the Phase I RFI/RI for the

West Spray Field. These investigations will be performed 1n the following areas:

o Spray Application Area 1
» Spray Application Area 2
» Spray Applhicaton Area 3
* Runoff and Wind Spray Affected Areas

A radianon walk-over survey will be conducted 1n each of these areas A total of five soil
borings will be drilled and sampled 1n the three spray application areas as shown in Figure
2-1. The locations of the bonings were selected to provade soil and ground water data 1n

areas not previously sampled
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Each borchole will be drilled ten feet into ground water. Soil samples will be collected
at ground surface and from each borehole for three purposes (1) to idenufy the borehole
lithology; (2) to collect discrete samples for laboratory geochemical analysis; and (3) to

collect discrete samples for laboratory geotechnical analysis

Monitoring wells will be constructed 1n each of the five boreholes. The wells will be
completed 1n the alluvium. The screened portion of the well will extend from
approximately 10 feet below the water table to 5 feet above the water table. A ground
water sample will be collected from each well and analyzed for the analytes in Table 6 1
The results of these analyses will be used to determine whether additional ground water
1nvestigation 1s warranted, and whether these monitoring wells should be included in the

quarterly monitoring program

In addition to installation of these five alluvial momtonng wells, a high resolution seismc
survey will be conducted to delineate the extent of the basal sandstone of the Arapahoe
Formation. The total length of the survey runs will be approximately 1500 feet While not
part of the Phase I RFI/RI, the information from this seismic survey will be used to better
define the relanonship of this sandstone to the alluvium, and to assist in siing any
additional bedrock wells, 1f 1t 1s determuned that they are warranted. The seismic survey
1s scheduled for May 1990 A data interpretation report 1s expected to be completed 1n
October 1990

2 32 Field Measurements

Ground water levels will be measured at all monitoring wells dunng the first week of each
quarter No other significant revisions, other than entry of the data into RFEDS, are

proposed for field measurements.
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3.0 SITE SPECIFIC INFORMATION FOR THE SOLAR EVAPORATION PONDS

The Solar Evaporation Ponds are located on the northeast side of the Penimeter Secunty
Zone (PSZ) North Walnut Creek lies to the north of the Solar Evaporation Ponds South
Walnut Creek lies to the east of the ponds The Solar Evaporauon Ponds unit consists of
five ponds and a french drain system The ponds were constructed to store and evaporate
low level radioactive process wastes contaiming high nitrate concentration. The french
drain system was constructed on the hillside north of the ponds to prevent natural ground

water seepage and pond leakage from entennng North Walnut Creek

31 KNOWNHYDROGEOLOGIC CONDITIONS AND POTENTIAL CONTAMINANT
TRANSPORT MECHANISMS

311 Geologic Description

Surficial matenals at the Solar Evaporation Ponds consist pnmarnly of the Rocky Flats
Alluvium. Some colluvium and valley fill alluvium are present in the drainages to the
north and east of the Solar Evaporation Ponds. The Rocky Flats Alluvium at the Solar
Evaporanion Ponds consists of sand, clay, silt, gravel, cobble, and occasional boulder
deposits. Calcium carbonate caliche 1s also present in the alluvium at this location. The
alluvium unconformably overlies the Arapahoe Formation, and ranges in thickness from

approximately 3 feet to over 15 feet

The Arapahoe Formation underhies the surficial deposits at the Solar Evaporatxc;n Ponds
The Arapahoe Formation consists of claystone with interbedded lenticular sandstones and
siltstones. The claystone 1s generally encountered beneath the surficial deposits, although
subcrops of the Arapahoe Formation sandstones occur 1n the western portion of the Solar
Evaporation Pond area It 1s possible that the upper sandstone which subcrops in the area
1s a channel sandstone Weathering of the claystone has penetrated approximately 10 to

40 feet 1nto bedrock The weathered claystone 1s blocky and shightly fractured
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3 12 Hydrogeology
Ground water occurs 1n the alluvium, weathered claystone, and sandstones in the Solar

Evaporation Pond area. For purposes of RCRA ground water monitoring, the uppermost
aquifer at the Solar Evaporation Ponds consists of the alluvium, weathered claystone, and

sandstone units within the Arapahoe Formation.

Unconsohdated Deposits
Recharge to the alluvium occurs from precipitation infiltration, lateral ground water flow

from the west, and from leakage from the Solar Evaporation Ponds. Portions of the
surficial materials north, east and south of the ponds are unsaturated. Perched ground
water conditions also exist in the alluvium and 1s evidenced by the seeps on the hillside
north of the ponds. The natural ground water flow direction 1n the alluvium 1s toward the
east and northeast with a component toward the southeast. Ground water flow 1s locally
influenced by bedrock topography, the french drain system, and potentially by local
mounding due to leakage from the Solar Evaporation Ponds There also 1s a bedrock high
near the center of the Solar Evaporation Pond area which tends to divert ground water
toward the north. This results 1n unsaturated areas to the east and south Operation of the
french drain system results in local dewatering of the alluvium and weathered bedrock
north of the ponds. The extent of unsaturated alluvium 1s greatest duning the dry parts of

the year.

Ground water 1n the alluvium discharges as evapotranspiration and seepage 1nto creeks,

ditches and the french drain system. There also 1s some vertical leakage into the bedrock

ground water system.

Hydraulic conductivity values for the alluvium at the Solar Evaporauon Ponds are shown

1n Table 3 1, and range from 4 x 108 cm/s to 9 x 10°® cm/s

Bedrock
Recharge to the bedrock units occurs prnmanly through downward leakage from the

alluvium  Ground water flow occurs predominantly in the weathered claystone and
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sandstone units. Ground water 1n the bedrock occurs under both confined and unconfined
conditions, and 1s largely dependent upon the saturation of the overlying surficial matenals
Homnzontal ground water flow within individual sandstone units 1s from west to east at an
average gradient of 0 09 ft/ft, based on wells completed 1n the same sandstones and on
regional data. Horizontal ground water flow 1n the weathered bedrock 1s to the east and
northeast beneath the ponds Downgradient of the ponds to the north, the ground water
flow direction i1n the weathered bedrock 1s more to the north-northwest There 15 a
downward vertical hydraulic gradient between the saturated alluvium and the bedrock water

bearing units. The magnitude of the gradient vanes, and ranges between 0.01 to 0 95 fr/ft

Hydraulic conductivities for the bedrock units are shown in Table 32 The hydraulic

conductivities for the sandstone units range from 1 12 x 10" cm/s to 3 x 108 co/s.

3.1 3 Types of Contaminants

Numerous samples of the pond hquids and sludges from each pond have been analyzed to
identify the types of contarmnants present The types and concentrations of contaminants
vary somewhat between ponds, as vanious ponds receive different waste streams. Taken
as a whole, the pond contents have had elevated concentrations of nitrate, metals, major
cations, and radionuchdes including plutomum and amencium. Ponds 207-A and 207-C
generally contain the highest concentration of contaminants. The pH of water stored 1n

pond 207-A was alkaline, with a pH ranging from 8.3 to 10

314 Potenual Pathways and Transport Mechanisms

The major source for ground water contamunants in the Solar Evaporation Ponds area 1s
from past and/or present leakage from the ponds. The Onginal Solar Evaporation Pond and
the Oniginal Process Waste Lines may also have contributed to ground water contamination

Contamnants which enter the alluvial ground water system can be transported erther 1n
perched ground water or non-perched alluvial ground water toward North Walnut Creek and

South Walnut Creek, and vertically downward 1nto the bedrock ground water system.
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Monitoring 1ndicates that the ground water within the alluvium and the weathered bedrock
have been impacted by leakage from the ponds The major contaminants in these water-

bearing units are:

+ Total dissolved solids (TDS)
e Nitrate

+ Sulfate

* Chlonide

 Uranium

*  Sodium

+ Strontium
* Magnesium.

Some of the observed contaminants are very mobile in the ground water system. The
mobility for others, such as uranium, can be very dependent upon pH and Eh conditions
Contamination by volatile organic compounds 1s lzmited to the area south of pond 207-C.
This contamination may be related to the Onginal Solar Evaporation Pond or to the

Onginal Process Waste Lines system.

Figure 3-1 shows the concentration of Total Dissolved Solids 1n the vicimity of the Ponds

This figure indicates that contamination may have migrated somewhat to the west and south
of the ponds, possibly as a result of mounding. There may also be some contaminant
contribution 1n this area from the Orniginal Process Waste Lines System Migration of
contaminated perched alluvial, and weathered bedrock ground water to the north and into
the North Walnut Creek drainage has occurred, but 1s controlled to some degree by the
french drain system. Migration to the east appears to be limited to approximately 600 feet
east of the ponds by unsaturated conditions 1n the alluvium. There does, however, appear
to be a continued potential for migration to the northeast 1n the alluvium and/or weathered
bedrock toward North Walnut Creek, at least during portions of the year. This 1s based on
ground water level data from May 1989 (Figure 3-2) It 1s apparent that at least dunng
some portions of the year, the french drain system 1s not totally effective in dewatering the

alluvium and/or the weathered bedrock in this area
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Migranon of contaminants to the east could occur through the weathered bedrock and

sandstone water bearing units

3.2 DESCRIPTION OF CURRENT GROUND WATER MONITORING ACTIVITIES

3 2.1 Monitoring Wells
Approximately 14 Rocky Flats Alluvium wells, 9 colluvium wells, 5 valley fill alluvium

wells, 6 weathered sandstone wells, and 17 weathered claystone wells are monitored and

sampled routinely.

3.2.2 Ficld Measurements

Water levels are measured 1n each momitonng well monthly and at the time of sampling
The water level measurements taken at the time of sampling are used to calculate the
amount of water which needs to be purged from the well prior to sampling  Monthly water
level measurements are used to evaluate seasonal changes in ground water flow direction

and gradient.

Field water quality indicator parameters are also measured at the time of sampling These
parameters include pH, specific conductance and temperature. The RFEDS (Section 5.0)
allows 1nput and tracking of these field parameters for comparnison to laboratory values of

pH and total dissolved solhids

Significant vanations between field pH and laboratory pH can indicate that reactions may
be occurring 1n the sample prior to analysis. Some examples may be the loss of carbon
dioxide and/or precipitation of metals and 1ons These reactions are 1mportant to 1denufy

since they can sigmficantly affect data interpretation.

Although a direct comparison of specific conductance to total dissolved solids can not be
made, the ratio of these values can be compared, along with simple cation/anion balances
to determine whether significant 10ns are not being analyzed. Cation/anion balances are
currently performed as part of the data validation process When enough data has been

collected, a relationship between specific conductance and total dissolved solids can be
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established which can allow a reasonable esumanon of the total dissolved solids

concentration to be made based on specific conductance values

33 PROPOSED MODIFICATIONS
3.3 1 Monitoring Wells

Various activities are proposed 1n the Solar Evaporatnon Pond Phase I RFI/RI to further
charactenze the nature and extent of contaminant releases from the Solar Evaporation
Ponds. Although no additional monitoning wells are planned as part of the Phase I RFI/RI
tasks, several of the proposed activities are relevant to obtaining a better understanding of
the sources and extent of ground water contamination at this unit. The following describes

these proposed activities

French Drain

There are numerous potential sources of ground water which 1s collected by the french
drain system Liquid samples will be collected from the french drain to evaluate the types
and concentrations of contaminants occurring in the french drain system and, ultimately,

to differentiate between the potential sources The areas which will be sampled 1nclude
e The pump well at the western extent of the drain system
e The french drain system manhole located immediately north of Pond 207-A

o The interceptor trench pumphouse at the northern extent of the french drain
system ’

e Other access points selected 1n the field.

Vadose Zone Charactenization

In addition to borings through the pond liners, a total of 27 soil/vadose zone borings will
be dnlled 1n the vicimty of Ponds 207-A, 207-B (north, central, and south), 207-C, and 1n
the property just north of the RCRA Waste Management Area. The locations of these
borings, as well as existing monitoring wells and piezometers, are shown 1n Figure 3-3.
The description of the boring locations along with the basis for choosing each location 1s

summarnized in Table 3-3
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The vadose zone boreholes will be 1nstalled using a truck-mounted and/or a skid-mounted
or trailer-mounted hollow-stem auger dnlling ng, as may be required for access Samples
will be collected for geologic description for the entire borehole depth at each location.
Samples will be continuously dry-cored using a 5-foot-long split-barrel sampler 1n the lead
auger Dnlling, sampling, and borehole logging methods will be 1n accordance with EG&G

Standard Operating Procedures (SOPs)

Discrete so1l and rock samples will be submutted for laboratory chemaical, physical, and
radiological analyses (Table 3 4) These samples will be selected from the continuous core
at a mmnumum of 5-foot intervals from near the ground surface to the top of the
unweathered Arapahoe Formauon. Additional samples will be selected at changes in
lithology and from zones that have indications of contamination as determined from visual
inspection of the sample or field instrument screening for organics and radionuchdes.

Sample selection will be performed by site personnel 1n accordance with EG&G SOPs

Estimated target drilling depths for the vadose zone borings are presented in Table 3 5.
The estimated target depths are provided for purposes of evaluating the approximate
1nvestigation work scope, drilling will be terminated 1n the field at depths corresponding
to the top of unweathered Arapahoe Formaton as determined in the field by the site
hydrogeologist The weathered Arapahoe Formation, for the purpose of this invesugation,
1s characterized as the upper formation matenials which, because of natural weatherning
processes, are expected to have a higher hydraulic conductvity relanve to immediately
lower portions of the formanion. The portion of the weathered formatnon having higher
hydraulic conductivities 1s assumed to be the upper ten feet of the formation for all of the
vadose zone bonings This assumption 1s based on recent geologic studies at the site that
indicate that the depth of weathenng in the Arapahoe Formation, as determmned from depth

of ron oxide staining, ranges from 10 to 40 feet at the site (Rockwell International, 1990c,

EG&G, 1990)

RFPade r 14 05/03/90



Ground Water

If free subsurface water 1s encountered, a discrete water sample will be collected for
chemical and radiological analyses. If free subsurface water 1s encountered as indicated
by saturated cutungs or core, the advancement of the drilling augers will be halted for a
peniod of up to 30 minutes or as determined by the site hydrogeologist During this penod,
the site hydrogeologist will deterrmne whether there 15 a sufficient quantity of water to
allow sampling. An attempt will be made to collect enough volume for both filtered and
unfiltered samples. Determination of the water quantity will be performed by measuring
the rise of the water within the augers using a decontaminated water-level indicator
deployed from the ground surface. If sufficient water 1s available for sampling, then the
site hydrogeologist will sample the water through the hollow-stem augers using a Teflon
bailer with a ball-valve If the water quantity 1s nsufficient, the boring will continue to
be advanced to the next sample depth, until there 1s either evidence of sufficient water for
sampling or until the target borehole termination depth 1s reached, whichever 1s the lesser

depth. Borehole water sampling will be performed 1n accordance with EG&G SOPs.

In addition to these Phase I RFI/RI activities, two geophysical activities are proposed to
delineate the extent of the basal sandstone of the Arapahoe Formation and to determine the
lateral extent of the french drain system, and whether 1t 1s keyed into bedrock.
Approximately 3,000 feet of high resolution seismic lines will be surveyed to delineate the
sandstone. Ground Penetrating Radar will be used to evaluate the french drain system.
These acuvities are proposed to start in July 1990, with a data report completed in

September 1990.

3.32 Field Measurements
Ground water levels will be measured at all monitoning wells dunng the first week of each

quarter No other significant revisions, other than entry of the data into RFEDS, are

proposed for field measurements
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4.0 SITE SPECIFIC INFORMATION FOR THE PRESENT LANDFILL

The landfill 1s located to the north of the plant security area on an unnamed ephemeral
tnbutary of North Walnut Creek Numerous site investigations have been performed at the
landfill. The results of these previous investigations, as well as a detailed history of
landfill operations are discussed in detail in the Landfill Closure Plan (Rockwell
International, 1988a). Additional field investigations of the landfill are also planned as part

of the Phase I RFI for this operable unit

The following summanizes the pertinent site specific information concerning the geology
and hydrogeology at and adjacent to the landfill, the nature and extent of known ground
water contamination, current ground water monitoring activities and proposed modifications

to the ground water monitoring program at the landfill

41 XNOWN HYDROGEOLOGIC CONDITIONS AND POTENTIAL CONTAMINANT
TRANSPORT MECHANISMS

4 1.1 Geologic Description
Surficial materials at the landfill area consist of the Rocky Flats Alluvium, colluvium,

valley fill alluvium, artificial fill, and disturbed ground These natural surficial deposits

unconformably overlie the bedrock units of the Arapahoe Formation at the site.

The Rocky Flats Alluvium ranges 1n thickness between 6 and 27 feet 1n the landfill area.
The alluvium 1s comprnised of clay, silt, sand, gravel, and cobbles. The colluvium 1n the
area 1s located downgradient of the landfill and 1s compnsed of clay with sandy clay and
gravel layers. The valley fill alluvium 1s present 1n the drainage bottoms downgradient of
the landfill.

The Arapahoe Formation underlies the surficial matenals at the landfill site  The bedrock
1s predominantly claystone with interbedded sandstones and siltstones. The claystone 1s
generally encountered immediately beneath the surficial deposits, although some

interbedded sandstones subcrop within the umit boundary Weathering of the top 2 to 11
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feet of the claystone 1s typical. The interbedded sandstones are lenticular fine-grained

sands and silts.

4.1 2 Hydrogeology
Ground water occurs 1n the alluvium (Rocky Flats and valley fill), colluvium, weathered

bedrock and bedrock sandstones 1n the landfill area. For purposes of RCRA ground water
monitonng, these water beaning umits compnse the "uppermost aquifer" at the landfill
Portions of the landfill wastes are also believed to be saturated as a result of precipitation

infiltration and possibly ground water inflow.

Unconsolidated Deposits

Recharge to the alluvium 1s from infiltration of precipitation, infiltration of water from land
application (north of the east pond) of east pond water, some lateral inflow of ground
water, and infiltrattion from ephemeral drainages when these are flowing. The natural
ground water flow direction 1n the Rocky Flats Alluvium 1s to the east and toward the
major site drainages. The honzontal ground water gradient 1s approximately 0 044 ft/ft,
based on second quarter 1989 data. The presence of the east landfill pond, the ground
water interceptor trench and the two slurry walls have induced local vanations in the local
alluvial ground water flow patterns at the landfill Portions of the valley fill alluvium

downgradient from the east pond are dry duning penods of the year

Hydraulic conductivity values for the Rocky Flats Alluvium at the landfill are shown 1n
Table 4.1, and range from 1.3 x 103 cm/s to 16 x 10° cm/s The geometric mean of
hydraulic conducuvity values from ten wells completed 1n the Rocky Flats Alluvium s 2 4

x 10" cm/s. There currently are no hydraulic conductivity data for the valley fill alluvium

Bedrock

The main water bearing units within the bedrock are the weathered claystones and
lenticular sandstones Recharge to the bedrock 1s predominantly from the saturated
unconsohidated water bearing deposits, and potentially from seepage from the east pond

Water level data from nine wells completed 1n the weathered bedrock 1n the landfill area
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indicates that the weathered bedrock is generally not saturated There 1s a downward
vertical gradient between the unconsolidated water beaning deposits and the bedrock water
beaning units of approximately 1.9 fi/ft, based on well pair 64-87 (alluvium) and B2026189
(weathered sandstone) There are likely vanations in the magnitude of the downward

gradient, both spatially and temporally

Hydrauhic conducuvities for the water bearing bedrock units are shown 1n Table 4.2, and
range from 4 x 10" cm/s to 31 x 107 cm/s Ground water flow 1n the bedrock units 1s
generally toward the east Very few of the existing bedrock wells are completed 1n the
same stratigraphic unit As a result, there 15 not any current information regarding

honzontal gradients within each unit

4.1 3 Types of Contaminants

The results of monitoring at the landfill indicate that the ground water in the
unconsohidated deposits and the bedrock water bearing units are contaminated to varying
degrees. Comparnisons were made of the concentrations of the analyzed parameters between
landfill upgradient monitoring wells, Rocky Flats Plant background ground water quality
(Section 7.1), and wells wathin and downgradient of the landfill. The comparisons were
made for cach water bearing unit and are descnibed in the 1989 Annual RCRA Ground-
Water Monitoring Report (EG&G, 1990a).

The types of ground water contamunants found in the monitoring wells at the landfill are
generally typical of sanitary landfills, and 1t seems clear that the landfill 1s the probable
source of these contaminants The contaminants observed 1n the ground water at the
landfill include major 1ons, iron, manganese, zinc and other metals In addition to these
typical contaminants, there are areas of elevated uranium and tritum concentrations 1n the
alluvial wells, and elevated concentrations of mitrate, hthium, molybdenum, selenium and
strontium 1n some of the bedrock wells The elevated concentrations of at least some of
these constituents appear to be unrelated to the landfill, and for constituents such as
strontium and chlonde, are related more to mineralogical differences between water bearing

units.
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Several volatle organic compounds have been observed sporadically in the alluvium
These volatile organics are primanly chlorinated organics, such as Trichloroethene and

1,1,1 - Tnchloroethane, and are present in low part per billion concentrations

4.1 4 Potenuial Pathways and Transport Mechanisms

The main pathways for contaminant migration from the landfill are through the alluvial
ground water system, with either continued migration to the east, or discharge to drainages,
and through the bedrock ground water systems. There are several control mechanisms in
place to contain contamnated alluvial ground water within the landfill area These
mechanisms consist of slurry trenches, ground water diversion trenches, leachate collection

system, and the east pond

To some extent, the effectiveness of the ground water diversion and leachate collection
system may be judged based on existing water level data. The investigation for the Present
Landfill Hydrogeologic Characterization Report (Rockwell International, 1988b) included
constructng three alluvial monitoring wells along a section just upgradient (west) of the
west end of the ground water diversion and leachate collection system and seven alluvial
monitoring wells along an approximate north-south section through the approximate center
of the landfill. A potentiometric surface map based on May 1989 ground water level data

1s presented in Figure 4-1

In general, the water level data indicate the ground water 1s drawn down toward tfle ground
water diversion and leachate collection system. However, water level data are not available
on this section just downgradient (east) of the system. Therefore, 1t cannot be determuned
if the system 1s collecting and diverting all alluvial ground water at this location
Simularly, no conclusions can be drawn as to the effectiveness of the leachate collection

system at this location.

In general, the ground water level data from the seven wells along the centerline of the
landfill show water levels within the landfill simlar to, but somewhat lower than those

outside of the ground water diversion and leachate collecuion system Data for the three
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wells across the southern landfill boundary indicate apparent cyclic fluctuations of about
10 to 12 feet 1n the water level just inside the landfill. The water levels 1n the two wells
Just outside of the southern landfill boundary were near the water levels north of the north
landfill boundary. Rockwell International (1988d) concluded that the lack of ground water
1In Well No 63-87 at the time of the first measurement 1n 1987 and the fluctuations in
water level i1n Well No. 64-87 may have indicated the ground water diversion and leachate
collecion system was functioning intermattently. Additional data indicate water levels 1n
Well No. 63-87 are relanvely stable and that Well No. 64-87 has undergone a number of
significant fluctuations The fluctuating levels in Well 64-87 may be 1n direct response to
precipitation events although this has not yet been evaluated The onginal plans for the
system indicate the maximum water levels in Well No 64-87 are near the original ground
surface elevation 1n that area. This indicates the potential for ground water within the
landfill to have exited to the south above the top of the clay barner separating the ground
water diversion component from the leachate collection component of the system There
may also be a potential for ground water inflow to occur into the landfill through alluvial

materials beneath the system along the northwest and southwest sides of the landfill.

In addition to the ground water duversion and leachate collection system, slurry trenches
excavated 1nto rock were constructed on the north and south sides of the east portnon of
the landfill. These slurry trenches were constructed to increase the area surrounded by
ground water controls to allow lateral expansion of the landfill. The purpose of the slurry

trenches 1s to impede the flow of ground water across them.

The well pair 67-87 and 68-87 straddle the north slurry trench Water levels for well pair
67-87 and 68-87 indicate the water levels are generally within approximately 0 2 to O 3 foot

of each other.

There 15 not a well parr straddling the south slurry trench Consequently, evaluation of the
effecuveness of the south slurry trench would be difficult. Well No. 70-87 was dry
January through March 1988, but had a saturated thickness of approximately seven feet in

April 1988 Water has been found at varying levels, when checked, since then

RFPade r 20 05103190



A

Subcropping sandstone was idenufied in Well Nos. 72-87 and 70-87 (Rockwell
International 1988d) It was esumated (Rockwell International 1988d) that approximately
40 percent of the south slurry trench 1s underlain by subcropping sandstone This suggests
that some degree of hydraulic continuity may extend across the eastern portion of the south

slurry trench when saturated alluvium 1s present

In summary, the preliminary evaluation of the effectiveness of these control mechanisms
indicates the following

1 The ground water intercept system 1s diverting ground water away from the

west end of the landfill, but 1s not diverting ground water away from the

north and south sides of the landfill This can result in increased flow
through the wastes.

2 The slurry walls are containing ground water and preventing 1t from exiting
the landfill to the west and north, but the slurry well on the south side 1s
meffective, allowing contaminated ground water to leave the landfill in this
direction at times.

3 The leachate collection system appears to function intermittently on the north
side of the landfill

4. Ground water 1n the landfill generally flows toward the east pond, where 1t
can be collected and evaporated, or spray evaporated north of the pond.

5 Contamnated ground water from the landfill may reach the valley fill
alluvium by recharging the ground water intercept system, which 1n turn can
discharge into the unnamed tmbutary

As represented by these preliminary findings, the alluvial ground water control mechanisms
have not yet achieved complete diversion of clean ground water from the landfill wastes
or containment of contaminated alluvial ground water in the lateral direchion It appears
that there may also be several areas where the slurry walls are keyed into sandstone
subcrops. These subcrop areas and any other areas where the slurry walls are not keyed
mto low permeability bedrock can present potential vertical pathways for contamination
migration The rate of vertical migration 1n these areas should, however, still be relatively

slow, given the permeability of the weathered claystone and sandstone
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Pumping tests are being planned to further evaluate the effectiveness of the slurry walls
These pump tests are tentatively planned to be conducted as part of the Phase II RFI/RI

activities.

There also may be general downward leakage of contamunated ground water into the
bedrock umits through sandstone subcrops, small fractures and the weathered claystone
beneath the landfill. There currently are not any control measures for containment of any

contamnated ground water 1n the bedrock.

4 2 DESCRIPTION OF CURRENT GROUND WATER MONITORING ACTIVITIES
421 Monnonng Wells
Approximately 22 alluvial and 13 bedrock wells have been routinely sampled at the landfill

site since 1986. Seventeen of these wells are completed 1n the Rocky Flats Alluvium, 5
1n the valley fill alluvium, 7 1n the weathered claystone, 2 1n the weathered sandstone, and

4 1n the unweathered sandstone.

4.2.2 Field Measurements
Water levels are measured in each monitoning well monthly and at the time of sampling

The water level measurements taken at the ime of sampling are used to calculate the
amount of water which needs to be purged from the well prior to sampling Monthly water
level measurements are used to evaluate seasonal changes in ground water flow direction

and gradient.

Field water quality indicator parameters are also measured at the time of sampling. These
parameters include pH, specific conductance and temperature The RFEDS (Section 5 0)
allows wnput and tracking of these field parameters for comparison to laboratory values of

pH and total dissolved solids

Significant vanations between field pH and laboratory pH can indicate that reactions may

be occurning 1n the sample prior to analysis Some examples may be the loss of carbon
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dioxide and/or precipitation of metals and 1ons. These reactions are important to identfy

since they can significantly affect data interpretation

Although a durect companson of specific conductance to total dissolved sohids can not be
made, the rato of these values can be compared, along with simple cation/anion balances
to determine whether significant 1ons are not being analyzed Cation/amon balances are
performed as part of the data validation process when enough data has been collected, a
relationship between these values can be established which can allow a reasonable
esimanon of the total dissolved solids concentration to be made based on specific

conductance values

4.2 3 Monitorning Wells

Additional soil bonings, piezometers, and monitoring wells will be drilled and installed

within the landfill, pnmanly along 1ts longitudinal axis, parallel to ground water flow The
purpose of these borings and wells 1s to provide additional information on the horizontal
ground water gradient, the effectiveness of the existing containment systems, the

distribution of contamination, and the waste physical characteristics

Samples of the waste will be visually classified during dnlling but will not be saved for
testing. After dnlling to the bottom of the wastes, an 8- to 10-inch diameter temporary
casing will be inserted and sealed at the bottom 1o 1solate the underlying samples from the
leachate 1n the wastes. If the soil beneath the waste 15 coarse granular matenal judged to
have a permeability on the order of or greater than that of the waste, the casing will be

sealed at the top of the weathered bedrock after the soil 1s sampled as described below.

So1l below the waste 1n Boning Nos. 1, 3,4, 5,7, 8,9, 10, 11, 12, and over the entire depth
1n Boning Nos 13, 14, and 15 will be sampled using hollow-stem auger continuous corng
techmques Boring No 12 1s located to penetrate the buried west pond Care will be taken
that continuous auger sampling 1s started at a sufficiently high elevation in Boring No 12
to sample the pond sediments In addition, a sample retainer device will be fitted in the

tip of the continuous sampler when necessary to assist sample recovery NX rock core
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sampling techniques using carbide or diamond bits which will unlize potable water from
an approved source as the drilling fluid will be used 1n at least the bottom 10 feet of each
boring. A pump-in borehole permeability test (packer test) will be conducted 1n the NX-
cored section of each boring From the continuous soil and weathered rock samples,
discrete samples will be submutted for laboratory chemical analysis at 2-foot increments
mn soil and 4-foot increments in weathered rock Dunng dniling, all cuttings and soil
samples will be screened with field instruments for radiation and volatile organic

compounds.

The exception to the above sampling design will be 1n Boring Nos 2 and 6 These two
borings will be dnlled only for the purpose of classifying soil types and installing
standpipe piezometers Sampling 1n these borings will consist of standard split-spoon or
Califorma drive samples obtained at 5-foot intervals to a depth of approximately 10 feet
below the ground water level. Analytical testing will not be conducted on samples from

Boring Nos. 2 and 6.

Four-inch diameter ground water monitoring wells will be constructed in Boring Nos 1,
3,4,5,7, 8,9, 10, 11, and 12 (Figure 4-2) These wells will be constructed for the
purpose of sampling leachate and soil vapor from the wells For wells with a saturated
thickness of waste of more than 13 to 15 feet, the lower 5 feet of the well will be screened
and the upper portion of the well from 5 feet below the water level to within 3 feet of the
ground surface will be screened. Therefore, prior to construction of the wells, the portions
of the bonngs below the bottom of the waste will be required at the time of well

construction.

In wells where the saturated thickness of the waste 1s 1n the range of 13 to 15 feet or less,
the entire length of the well will be screened from the bottom to within 3 feet of the
ground surface This will allow sampling of both leachate and so1l vapor from the wells
For wells with a saturated thickness of waste of more than 13 to 15 feet, the lower 5 feet
of the well will be screened and the upper portion of the well from 5 feet below the water

level to within 3 feet of the ground surface will be screened The portion of the well
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annulus between the upper and lower screened sections will be sealed. Based on available
information, 1t 1s anticipated Well Nos 10, 11, and 12 will be of this vanety. To 1solate
the upper from the lower screened section, purging and sampling these wells will require
the use of packers and pumps which can be used to pump water from below the inserted
packer. The purpose of double screening the larger saturated thicknesses 1s to reduce
contamunant dilution 1n the event of contaminants with concentration gradients with depth

Table 4.3 presents a summary of the proposed monitoring well information.

Four rounds of ground water and well headspace soil gas samples will be collected during
the Phase I RFI/RI process The first round will occur following installation and
development of the new wells  The next three rounds will be conducted over
approximately the following year, however, the timing will be developed considening
previous well hydrographs to sample at times of water level highs and lows Water levels

will be measured monthly 1n each of the wells.

Ground water samples will be analyzed for the analytes in Table 6.1, with the addition of
Target Compound List semi-volatile organic compounds and pesticides. Well headspace
gas will be analyzed by GC to test for methane, hydrogen sulfide, TCE, toluene, 1,1,1-

TCA, benzene, methylene chlonde, and chloroform

Piezometers

The cross sections described by Boring Nos 2, 3, and 4, and by Boring Nos. 4, 5, and 6,
1ntersect the portions of the ground water diversion and leachate collection system which
may not be keyed into the bedrock The profile sheets 1n the construction plans indicate
the bottom of the system to be above the bedrock surface at these locations. Ground water
levels along the section described by Well Nos. 10-86, 58-87, B106089, and the new
Bonng No. 1 will be compared with the ground water profiles described by the water levels
1n Well Nos. 2 through 6 to evaluate whether ground water infiltration 1s occurning beneath
the ground water diversion and leachate collection system One-inch diameter standpipe
piezometers will be installed in Boring Nos. 2 and 6. These piezometers will be used

solely to measure alluvial ground water levels They will not be used for obtarning ground
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water quality samples. Accordingly, they will be screened from the bottom (approximately
10 feet below the ground water level) to within 5 feet of the ground surface. Water levels

will be measured monthly

Informauon from these addithonal momtorning wells wall also be used to determine whether
additional information on vertical contaminant migration into the bedrock water bearing
units 1s needed. If warranted, bedrock investigations would be conducted during Phase II
of the RFI/RI process In addition to these proposed activities, a Ground Penetrating Radar
survey was conducted 1n late 1989 to identify drainage pipes and valve vaults The

interpretive report 1s scheduled to be completed in July 1990.

4 24 Field Measurements

Ground water levels will be measured at all monitoring wells duning the first week of each
quarter. No other significant revisions, other than entry of the data into RFEDS, are

proposed for field measurements.
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5.0 DATA MANAGEMENT SYSTEM

Numerous past and present investigations at the Rocky Flats Plant have resulted 1n a need
for a computer-based environmental information management system which can store and
process a large number of data related to environmental invesugauons and corrective
acuons under RCRA and CERCLA, permit documents and regulatory informauon. The
RFEDS 1s being developed using the ORACLE Relational Database Management System
to address these needs.

In this secuon the RFEDS’ capabilities for management of field and analytical data are

presented.

51 REFEDS RELATIONAL DATABASE
RFEDS 1s a state-of-the-art environmental information management system that can be used
to store analytical and geological charactenzation information from a wide vanety of

environmental activities. RFEDS has unique menu dniven routines and features, including

* Menu dnven, user friendly data entry routines which allow the user to enter
field and analytical data. Field data can be entered from remote stations at
Rocky Flats, providing access to the data in a imely manner.

» The capability to import electronically transmtted analytical data directly
from the laboratory into the project database

* Sample tracking routines to trace and protect the integnity of the samples
collected and shipped to the laboratory

» Provide a reference database containing physical, chemcal and regulatory
information on over 2,000 substances The physical and chemcal
information include CAS numbers, molecular formula, molecular weight,
solubility, boiling point, melting point, vapor pressure, Henry’s Law constant,
orgamic carbon partiton coefficient and octanol-water ratio. A regulatory
compliance and reporting module consists of waste 1nventory, permit
tracking, SARA Tutle III reporting and compliance standards

« Capability to generate boring logs, well construction diagrams, well location

sketches, contour maps, contaminant concentration maps, and user defined
two or three dimensional plots via interfaces with graphical software
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packages such as AutoCad, Surfer, Grapher, Quicksurf, and Dynamic
Graphics

e Capability of listing and reporting complete or partial field and analytical
data by using one of the standard report formats or a user-defined format
There are five different standard formats for reporting water levels and four
different categones of standard formats for reporting analytical data

e Capability to create summary statistical tables and statistical analysis of the
selected data via SAS software package. The selected data can be transferred
to a SAS format The statistical summary tables will contain a number of
detections, mean, median, standard deviation, coefficient of vanation,
maximum value, and mmmmum value The data can be selected to create
summary tables by wells, by chemical data, by date or any of the combination
of all three Selected data can also be analyzed 1n SAS to detect contaminant
releases by interwell and intrawell comparisons

RFEDS 1s very flexible via ORACLE-relational database programmung language. The

system can therefore be modified to manage a wide vanety of environmental data.

52 LABORATORY INTERFACE
Analytical data generated 1n the laboratory can be entered into RFEDS either manually or

electromcally.

* Manual data entry: The analytical data is entered into one of the standard
data entry forms which has been developed as a data entry template Each
parameter 1s entered individually

* Electronic Transfer: The analyncal data generated in the laboratory can be
transmitted by a floppy diskette or by modem 1n a predefined file format.
Any file that adheres to this format can be directly uploaded to the project
database by selecting one of the option from the menu. As soon as the files
are loaded to project files, the data reporting, query or analysis part of the
program will include the new data 1n 1ts routines

53 DATA QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

The laboratory and the field data which are entered manually to the project database will

be checked against the original data to assure that all of the entnies made are accurate If
errors are noted or a modification 1s required, RFEDS provides an edit option to make

corrections for any record In addition, the quality level of the data, as determined
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according to the procedures described 1n Section 6 0, will be entered 1n the system for each

parameter. Data which have not been vahdated will be indicated as such

The data which are transmatted electronically will be checked by the laboratory personnel
before transmattal. Only the finalized and checked data will be transmitted. In order to
make sure that the reported values are reasonable and consistent, simplified checking
procedures will be performed after the data are merged to project files The validation

levels for the reported results will be determined separately and entered to the system

RFEDS also allows manual entry or electronic transmattal of all of the laboratory QA/QC
data As a result, whenever the vahdity of the results need to be checked or reported, the
QA/QC informanon related to the specific samples can be accessed by the user The major
informaton which can be entered into RFEDS include entnes of the following:

* Mamx spike and mawmx spike duphcate

* Surrogate spikes

* Method blanks

e Analysis date
* Duplicate analysis

Specific QA/QC procedures addressing the 1ssues discussed above are currently under
development. When finalized, they will provide validation of data entry and checking of

the accuracy of previously entered data.

5.4 IMPLEMENTATION SCHEDULE
RFEDS 1s scheduled to be on-line with existing analytical data by June 15, 1990 Borehole

information is scheduled to be incorporated by August 31, 1990. Procedures to venfy data
entry of the existing data are scheduled for completion by June 15, 1990 and complete
validation of the data 1s scheduled to be completed by August 31, 1990. Procedures
goverming database integrity and verification of ongoing data entry are scheduled to be 1n-

place by June 30, 1990
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6.0 LABORATORY ANALYSES, DATA VALIDATION, AND DATA REPORTING

61 LABORATORY ANALYSES

Ground water samples have been collected and analyzed for vanous parameters since 1960

As site studies progressed and the need for addinonal analytical information increased,
changes were made in the analyncal program At vanous times, ground water samples
have been analyzed for the EPA Contract Laboratory Program (CLP) Hazardous Substance
List (HSL), Target Compound List (TCL), Target Analyte List (TAL), and other inorgamc
and radiochemical parameters. These samples have historically been analyzed by both on-
site laboratories and outside laboratones. Currently the majonty of the ground water

analyses are performed by outside contract laboratornes.

The following discusses the parameters (analytes) which are currently analyzed in ground

water samples, and the approximate schedule for analysis

6.1 1 Analyte List
Ground water monitoring wells are currently sampled on a quarterly basis for the analytes

listed 1n Table 6 1. This list provides comprehensive coverage of the types of ground water
contaminants which might be found at the Rocky Flats Plant. This analyte list was
instututed 1n 1989 for all ground water monitoring wells which are sampled as part of the

Rocky Flats Ground Water Assessment Program.

As the Operable Unit investigations proceed, more will be known about the occurrence of
specific contamnants 1n each of the known or suspected source areas As a result, 1t will
be feasible to tailor the current monitoring program to provide Operable Unit specific data

as well as general site data more cost effectively.

A phased approach to future ground water sampling and analyses will be used to ensure
that adequate spatial coverage 1s provided and that appropnate analytes are used for

specific source areas and the plant site as a whole, while maintaining cost effectiveness.

The phased approach will consist of the following
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Operable Umt Monitoning

1. Source area samples 1n each affected media will be analyzed for the analytes
listed 1n Table 6 1, unless documentation 1s available to substantiate a
reduced or modified analyte list

2 First year ground water samples from each water beaning umit 1n the
"uppermost aquifer” will be analyzed for the same analytes

3. The analytical data from the source area samples and first year ground water
samples will be evaluated As a result of this evaluation, the analyte list will
be modified to include only those contaminants (and their potennal
degradation/daughter products) detected 1n the source area samples and first
round ground water samples Ground water samples would be analyzed for
this new analyte list for one year

4. After one year, the available analytical information will be reevaluated to
determine whether 1t 1s feasible to select a reduced analyte list comprised of
indicator compounds  If feasible, the indicator compounds would then be
analyzed on a quarterly basis, with the more comprehensive analyte list being
analyzed annually

5. Ground water samples from appropriate monitoring wells will be analyzed

for 40 CFR Part 261 Appendix IX constituents at regulated units which go
into Post Closure Care compliance monitoring.

General Plant Momtonng

1. Downgradient plant perimeter wells, as well as the site background
monitoning wells, will continue to be analyzed on a quarterly basis for the
analytes 1n Table 61 . ’

2. Other general plant ground water monitorning wells would either be placed on
an annual sampling schedule for Table 6.1 analytes and/or would be analyzed
on a quarterly basis for a less extensive indicator analyte list.

6 1.2 Turnaround Times

To date, analyses of the ground water samples have generally been performed by one
contract outside laboratory and the on-site laboratory EG&G 1s currently negotiating to
have additional contract analytical laboratories provide services for analysis of ground
water and other environmental samples This will sigmificantly improve the turnaround

times for ground water samples It 1s anticipated that most analyses will be completed

RFPade r 31 05/03/90



within a 4 to 6 week timeframe from the date of sample receipt This turnaround time,
combined with the capability to electromcally transmit the analytical data 1nto the RFEDS,
will permut data to be available for interpretation approximately two months after the

sample date (includes data vahdation time)

It 1s expected that the agreements with the additional contract laboratones will be

completed 1n 1990

62 DATA REPORTING

The results of the ground water monitoring program will continue to be evaluated quarterly
as required by 6 CCR 1007-3 and 40 CFR 265 94(b) Comprehensive data evaluation
reports will be submitted to the Colorado Department of Health (CDH) annually The

annual reports will include.

» Tables indicating the sampling dates and the types of analyses performed on
samples from each well;

+ Data validation results, 1including assigned data quality levels and
1dentification of any problems (e g., holding time exceedances, laboratory
interferences),

s Analyncal and field data summary tables which provide the data in a format
for easy companson of historical quality data from the same well, in addition
to 1interwell comparnisons at the same Operable Unit,

o Stanstical summary tables which evalvate vanation in contaminant
concentrations from background concentrations,

* Graphical representations of ground water quality data showing temporal
vanatons and compansons to the proposed concentration himits; and

o Narranve discussions concerning the nature and extent of ground water
contamination, proposed revisions or modifications to either plant-wide or
Operable Unit monitoring activities, and whether any intennm remedal
measures are warranted at any umt based on the ground water momtoring
program results

The annual report will be submitted prior to the end of the first quarter in the year

following the reporung period
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6.3 DATA VALIDATION

Prior to data interpretation, the vahidity of all ground water chemical data 1s determined to

establish whether the data are quantitatively usable This data validation process involves
a review of sampling records and analytical quality control results to determine whether
the documentation and analytical control limits meet established requirements. As a result
of the vahidation process, all chemical results are assigned one of the following validation
codes:

e V-valid

* A - acceptable for use with qualification(s)
* R - rejected (unacceptable)

Only level V data are of quantitative quality suitable for use 1n statistical determination of
contamination, as described in Section 7.0 below Certain kinds of level A data can be
used qualitatively for determination of contamination. For example, level A data consisting
of positive detects of organics are ordinanly indicative of contammnation because such
organics do not occur naturally. Rejected data (level R) are unusable for determunation of

contamination in the RCRA ground water monitoring program

The data validation procedure 1s described 1n detail 1n the Quality Assurance Project Plan
for the Environmental Restoration Program (EG&G, 1990c) The data vahdation cnitena
are based on the Rocky Flats Plant samplhing documentanon requirements and analytical
method references for the vanious analytical parameter suites Analytical QC results are
based on both field QC sample results, such as field blanks and field duplicates, and
internal laboratory QC results, such as method blanks, and surrogate and matrix spike
recovenies. Organic and metals data are validated according to the EPA laboratory data
validation functional guidelines for the Contract Laboratory Program (EPA, 1988a, 1988b),
and the CLP Statement of Work (EPA 1988c, 1988d) For major 10ns and radiochemacals,
which do not have EPA data vahidation cntena, specific vahdathon methods have been

established for the Environmental Restoration Program (EG&G, 1990c).

Data vahidation 1s performed upon completion of the full laboratory data package, including

CLP documentation as appropriate The data validation process takes approximately two
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to four weeks to accomphish, at which ume the data are coded by vahdation level and are

ready for interpretive uses
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7.0 DATA INTERPRETATION PROCEDURES

The usable ground water quality data are evaluated to determine contamination by (a)
identifying the presence of hazardous constituents, or (b) an increase 1n concentration of
chemical constituents which are either naturally occurning (natural background), or are

present in upgradient wells (ambient background)

To assess the presence of inorganic contamination at the regulated units, site-specific
chemical data are compared to the background tolerance intervals or the maximum detected
value 1if a tolerance interval could not be calculated. A constituent concentration that 1s
greater than the upper limit of the one-sided 95 percent tolerance interval at the 95 percent
confidence level will be preliminanly considered to represent contamination For organic
analytes, concentrations at or above the detection limits defined in the Environmental
Restoratnon Program Quality Assurance Project Plan (EG&G, 1990c) are considered

potennal contamination

Many of the ground water parameters that are analyzed are RCRA hazardous constituents
as defined 1n 40 CFR Part 261, Appendix VIII. With the exception of the Safe Dninking
Water Act (SDWA) metals, all hazardous constituents must be at background
concentrauons at the compliance point unless alternate concentration limits are proposed
SDWA metals may be present above background but not above National Primary Drinking
Water Standards [40 CFR 264 94(a)(2)] These background concentrations and drinking

water standards are known as proposed concentration limits and are shown in Table 7 1.

Section 7.1 describes the background geochemical characterization program at the Rocky
Flats Plant to determine natural background levels of chemicals 1n various media, including
ground water Section 7 2 describes the statisucal evaluation of umt-specific water quality
data for determination of contamination, including comparison with the natural background
data. Section 7.3 presents the geochemical data evaluation of ground water data for
determining the changes 1n the geochemistry of ground water for the background and the

downgradient wells
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7.1 BACKGROUND GROUND WATER QUALITY PROGRAM

The Rocky Flats Plant 1s conducting a background geochemical charactenzation program

to document the spatial and temporal vanations of natural chemical concentrations in
ground water, as well as other environmental media The program has implemented the
installation of 50 monitoring wells 1n background (unaffected) areas of the Rocky Flats
Plant. The background wells have been installed in vanious geological deposits, including
Rocky Flats Alluvium, colluvium, valley fill alluvium, weathered sandstone and claystone,
and unweathered sandstone To date, the results of one sampling round conducted from
Apnl through July 1989 have been published (Rockwell, 1989a) In that round, 35 wells
were sampled and the others were dry or had too little water to sample Additional

sampling rounds are being conducted at quarterly intervals

The background ground waters are analyzed for the indicator and inorganic parameters
listed 1n Table 7 2. CLP organics are not analyzed because they do not occur naturally and

should not be present in unaffected natural waters

The range of background concentrations 1s being quanufied through the calculation of
tolerance intervals assurmng a normal dismbution. The upper limmt of the tolerance
interval or the maximum detected value for each parameter in ground waters from Round
1 are provided 1n Table 7 3. Maximum detected values are used where there 15 insufficient
data to calculate tolerance intervals. This condition results from there being an insufficient
number of samples, or where there 1s an 1nsufficient number of detectable conc;:ntrauons
for a given analyte. Alternative statistical methods are idenufied, such as ANOVA
(analysis of vanance) or test of proportionality, to determine whether nonbackground data
sigmficantly differs from the background population where tolerance intervals have not

been calculated. These procedures are discussed 1n more detail i1n Appendix A

Tolerance intervals can also be constructed when the data are not normally or lognormally
distmbuted These types of tolerance intervals are called nonparametnic tolerance intervals
The assumpuon for this method 1s that the data from each well come from the same

continuous distnbution and hence have the same median concentrations of a specific
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constituent. The nonparametric tolerance interval require a large number of observations
to provade a reasonable coverage and tolerance coefficient. Since background data are stll
being collected, nonparametnic tolerance intervals will not be apphied until enough data are

collected from the site

As depicted 1n Table 7 3, high sodium, sulfate, and total dissolved solids concentrations
disunguish the unweathered (deep) sandstone ground water from the other shallow ground
water subgroups. The shallow ground water subgroups are similar in chemistry,
nonetheless, the ground water of the Rocky Flats Alluvium 1s less saline than any of the

other shallow ground water subgroups which 1t recharges.

It 1s anticipated for ground waters that there will be temporal vanations in concentrations
because of (1) natural vanations in water quality, and (2) changes in the number and spatial
representauon of vanious background hydrogeological conditions due to seasonal
fluctuations of the water table At least two years of water quality data will be needed to
perform the temporal tests (trend testing and control charts). For these reasons, further
evaluations of background ground water quality will be performed to.

» Evaluate statistical distributions of data for their appropnateness for use 1n
statistical analysis;

o Use multi-vanate analysis of vanance to evaluate the appropnateness of the
present division of ground water populations and thus the potential for
combining data from these populations into fewer water groups; and

» Investigate principal component analysis as a method to i1dentfy factors
which may influence the distnbution and concentration of analytes within
background samples

7 2 PROCEDURES FOR STATISTICAL DETERMINATION OF CONTAMINATION

To detect contaminant releases to ground water from units, unit-specific data are compared

to the range of background concentrations (tolerance intervals), and to previous well-
specific data Contamination may be identified by the presence of hazardous constituents
or the increase in concentration of naturally occurming constituents Determinaton that a

constituent concentration in ground water represents contamination 1s based on (1)
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comparnison of new data to the background tolerance interval, (2) trend testing, and/or (3)
use of control charts These methods are used to

e Compare site downgradient/upgradient data to background concentrations of
constituents at different stations,

« Compare a station’s current concentrations of constituents to past
concentrations so that the station serves as 1ts own control,

o Compare a station’s current concentrations to a constant compliance limit
[maximum concentration hmits (MCL) and alternate concentration limits
(ACL)]

For water, one comparison alone 1s not sufficient for all monitoning situations, so 1t 1s
necessary that muluple compansons be made The step-by-step procedure for using
tolerance intervals, a test for trends, and control charts to achieve momtorning objectives,
1.€., to determine hydrogeochemical changes and impacts from units at Rocky Flats Plant,
1s presented 1n Appendix A. A synopsis of the statistical procedures follows. These

procedures may be revised as the background ground water quality evaluation proceeds

Interwell Comparisons

Downgradient and background wells will be compared on a quarterly basis. The results
of this companison will be presented in the Annual RCRA Ground Water Monitoring Report
for Regulated Units. Each downgradient concentration will be compared to the range
(where range 1s defined as a statistical tolerance interval) of concentranions 1n background
stations. A tolerance interval defines, with a specified probability, a range of values that
contain a discrete percentage of the populanon. Downgradient wells whose concentratons

fall outside the tolerance interval may indicate an impact to ground water has occurred

In order to obtain reliable results, a high level of confidence (95 percent) and a high
percentage of the population within the interval (95 percent) are chosen as statstical
parameters The number of sampling stations 1n the background area determines the width
of the tolerance interval, 1 e , the more background wells, the narrower the interval and the
more hkely 1t will be that contamination in downgradient locations will be detected

Tolerance lLimits can be used to detect distinct differences between upgradient and
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downgradient conditions for a single monitoring event. Control charts and trend tests can

be used to detect gradual changes over longer time periods.

Intrawell Compansons
Comparing current concentrations in a well with historic concentration 1n the same well

(intrawell comparison) 1s an effective way to detect changes over time. After a sufficient
data history 1s available to establish the chemical pattern of a station, the observed
concentrations are compared A pattern that takes the form of a trend in concentrations

over ume 1s evidence of changing conditions which may indicate an impact.

Intrawell comparisons will be performed using graphs and statistical control charts. A
control chart is a graphical procedure for determining whether the current concentration 1s

above or below control limits established for the station.

The control limits are based on past vanability in concentrations at the station and define
typical behavior for the well when trends are not present. The graph itself can often
indicate a trend, depending on 1ts magmtude and lineanty. The presence of seasonal data

can also be indicated, and accounted for, in the analysis.

Compansons with MCLs or ACLs

This procedure 1s appropriate when monitoring aims at determining whether ground water

concentrations of constituents below or above fixed concentration limits (Table 7.1). The
method applicable to this type of companson includes confidence intervals or tolerance

1ntervals.

A confidence 1nterval for the mean concentration 1s constructed from the sample data for
each compliance well individually Generally, there should be at least four observations
for each well from four different sampling periods. The confidence interval 1s constructed
with the true or populatnon mean with specified confidence. If this interval does not

contain the specified compliance Iimits, then the mean concentration must differ from the
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compliance limits. If the lower end of the interval is above the compliance limut, then the
mean concentration must be signmificantly greater than comphiance limits, indicating

noncompliance,

When tolerance interval 1s used for compansons, the tolerance intervals are constructed
from the compliance well data with 95 percent confidence. If the upper limit of this
interval exceeds the selected comphance limat, then the contamination 1s statistically

evident.

7.3 GEOCHEMICAL DATA INTERPRETATION

Chemistry of ground water 1s altered as ground water moves along flowlines by the effects

of a variety of geochemical processes Some of the major processes are precipitation,
dissolution, complexation, oxidation, reduction 10n-exchange, and adsorption. These
processes are 1nfluenced strongly by biological activities, physical factors such as climate

and temperature, mineralogy of aquifer materials, and anthropogenic factors.

The ground water will be routinely monitored to detect any changes in the general
chemistry. As an aid 1n interpreting the results, some graphical techmques will be utilized.
Equilibrium concentrations of different phases will be estimated by equilibrium models
such as WATEQ (Truesdell and Jones, 1974), PHREEQE (Parkhurst, et al., 1980) and
MINTEQ (Felmy, et al , 1984) The output from these models will aid 1n interpreting the
changes of ground water chemustry. The quality of the data will also be checked by
cation/anion balance and electrical conductance-ionic sum relationships. The data with

poor quahity will not be used in interpretation process.

7 3.1 Amon/Cation Balance
The sum of the cations in equivalent parts per million (epm) should equal to the sum of

anions i1n epm 1n water since water 1s electrically neutral. The balance will be calculated

by the following equation

2 cations - X anions
—a A1 AL S A OO

Balance =
X cations + X anions
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According to Keith, et al. (1983), the acceptable balance will approach 2 percent for a
sample with total cations and anions of 20 epm, 3 percent with a total of 7 epm and 12
percent with a total of 0.9 epm. The balances higher than these values for each total
cauon/anion will be considered poor balance The poor balance in the ground water may
indicate an error in the analysis or reported data, or an incomplete analysis. Unless the
reason for the unbalance 1n the data 1s known, the results associated with that sample wall

not be used for data interpretation.

7 3.2 Electncal Conductance -- Ionic Sum Relationship

The ionic sum of a complete analysis 1s the half the sum of anions plus cations 1n epm
Electrical conductance (EC in micromhos/cm) 1s a measure of the ability of water to
conduct an electrical current The relationship between EC and 10n1ic sum (IS) 1s developed
as a check on the analysis of major 1ons (Keith, et al , 1983) In general, this relationship

on poor cation/anion balance data will indicate whether errors are in cations or anions.

The relationships for different IS values are defined as follows:
*  When IS 1s less than 1.0 epm, EC = 100 (IS)
» When IS 1s between 1.0 and 3.0 epm, EC = 12 27 + 86.38 (IS) + 0 835 (1S)?
» When IS 1s between 3 0 and 10.0 epm, EC = IS [95 5 - 5 54 (logIS)]
« When IS exceeds 10 and HCO, 1s the dominant anion, EC = 123 (I5)?°%

* When IS exceeds 10 and SO, 1s the dominant anion, EC = 101 (IS)0 949

If EC measurement 1s not within the range of calculated EC value, the IS can be calculated
using EC measured value Calculated IS value should be equal to the sum of anions or
catons If one of these sums are considerably different than calculated IS then 1t can be

assumed there 1s an error or missing information 1n the data for that fraction
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7.3.3 Graphical Presentation of Geochemical Data

Expressing data graphically aids in interpretation and presentation of geochemical data
The various graphical methods will be used routinely to determine the differences,
similarities or changes between wells The following graphical methods will be employed
Suff diagrams
Tnlinear diagrams

e Jon Rano plots
¢ Contour maps

Suff Diagrams. The data can be presented in a manner that facilitates rapid comparison
as a result of distinctive graphical shapes Suff diagrams are easy to construct and provide

quick visual companson of limited number of individual chemical analyses

Tnhnear Diagrams These diagrams permit a large number of sample results plotted on

a single graph so that major groupings and trends in the data can be easily visualized.
Ion Ratio Plots: The plots of certain 10n ratios provide information related to the type of
water based on the major constituents (e g., HCO; or SO, waters). The most commonly

used ratios are calcium to magnesium or sodium to chlonde.

Contour Maps. Contour map of certain amons or cations will be prepared to show the

areal distmbution within the specified hydrological unit

7 4 Data Interpretation Order

The following order of data interpretation procedure will be performed for the ground water

monitoring

» Data collection and analysis

Data vahdation
» Geochemical interpretation of data

- amon/cation balance
- EC-10n1c sum relationship
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- Graphical 1nterpretation
Interwell companson to determine the changes within the well
Background comparisons

If different from background, companson of the results for the well with
specified MCL to determine 1f the levels are exceeded

43 05103190



8.0 GROUND WATER MONITORING SCHEDULE

Table 8.1 presents a monitoring well schedule for the West Spray Field, Solar Evaporation
Ponds, and Present Landfill monitoring wells The schedule 1s based on the order by which

these ground water monitoring wells were sampled during the first quarter 1990.

In general, this order 1s maintained for each quarter. However, efficiency considerations,
such as sampling other wells dunng extended purge recovery periods for low-yicld wells
and well accessibility, can change the order. Second quarter sampling 1s currently being
performed by four sampling teams simultaneously sampling the following areas

e Plant intenor including all operations areas and the Solar Pond wells
contained within the Perimeter Secunty Zone

» Northeast buffer zone including the Present Landfill and the Solar Pond wells
outside of the Pennmeter Secunty Zone

» Southeast buffer zone including the 881 Hillside, 903 Pad, Mound, and East
Trenches

» The background zone including all background wells north of the landfill,
east of the East Trenches, south of Woman Creek, and west of the plant
1ntenor

The sampling order outlined in Table 81 is being revised by the sampling team
coordinator. Therefore, during second quarter 1990, sampling schedules for each of the
above areas are being reviewed and 1ssued every two weeks. Comprehensive sampling
schedules for each area will be available for third quarter 1990 but will change each

quarter as wells are added or removed.
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APPENDIX A
STATISTICAL METHODS FOR COMPARISON OF
GROUND WATER QUALITY DATA WITH BACKGROUND LEVELS

A.1 INTRODUCTION

The logic for selecting the appropnate method of statistical comparison between
background and non-background 1s charted in Figure A-1. As indicated within this
flowchart, the primary determinant for use of the appropniate statistical method 1s the
percentage of values above analytical detecuon himits If there are less than 10 percent
detects for a particular parameter, tolerance intervals based on the Poisson distnbution are
appropnate, if greater than 10 percent and less than 50 percent detects occur, a test of
proportions 1s approprniate; and if greater than 50 percent detects are encountered, tolerance
intervals or analysis of vaniance (ANOVA) are appropniate (EPA, 1989). Tolerance
intervals will be calculated 1f the number of samples collected 1s equal to or greater than
seven, while ANOVA will be reserved for analytes when the number of samples collected

1S less than seven

A2 COMPUTATION OF NORMAL TOLERANCE INTERVAL STATISTICAL

METHODS
A tolerance interval will be computed for a constituent concentraton 1n a background water

type based on the latest quarterly data. Tolerance intervals define a range that contains at
least p percent of a population with P percent probability (level of confidence), 1.e., upon
repeated sampling, P percent of the calculated intervals will contain p percent of the
population. Tolerance intervals answer the question® where do most of the observations

he?
For the tolerance interval to be useful 1n decision making, both "p" and "P" are chosen to

be large, 1n this case, p = 0.95 and P = 0.95 A site-related or downgradient concentration

that lies outside this interval will be evaluated as a potential release from a umt

RFPade a A-] 05103190



A tolerance interval 1s either one-sided or two-sided A two-sided tolerance interval 1s
appropriate whenever a concentration either larger or smaller than background may be
associated with a contaminant release, e g, pH. One-sided tolerance intervals are
appropnate for all other constituents for which an increase over background concentrations
are indicanve of releases A two-sided 1nterval 1s defined by two limuts (L, and L,) where
a proportion "p" of the population 1s contained between the Iimits L, and L, with
probability "P". An upper (or lower) one-sided tolerance limit 1s defined so that P percent

of the population 1s less than (or greater than) the upper limit L, (or the lower himit L)).

Cnitena for the use of tolerance intervals based on normal distribution are (1) a 50 percent
or greater rate of detection among samples (EPA, 1989), and (2) a sample si1ze of seven or
more. Tolerance interval calculations will be restricted to seven or more samples 1n order
to obtain a 95 percent interval (95 percent of the population within a one-sided 1nterval)
with a tolerance factor of 3 4 (one-sided) at the 95 percent confidence level (Table A.1).
(The Background Hydrogeochemical Characterization Monitoring Plan (BHCMP) calls for
nine samples to achieve a tolerance factor of 3 0, however, for preliminary use, if seven
samples are available a tolerance interval will be calculated). When a sample set size 1s
less than seven, the mean plus three standard devianons will be calculated for companson
with other tolerance intervals When comparning these values, 1t must be emphasized that
the mean plus three standard deviations reflects less than a 95 percent confidence level

and/or less than 95 percent of the population

Parametric tolerance 1intervals are calculated assuming a normal probability distribution.
Assumption of a normal probability distribution 1s consistent with new EPA regulanons for
RCRA ground water monitoring (EPA, 1989) If a given constituent’s concentration ranges
over more than three orders of magnitude, then a lognormal tolerance interval will be used
(Doctor, et al, 1986) The other criternion used to determmune 1if the data are normally
distnibuted 1s the calculation of the coefficient of vanation The coefficient of vanation
1s the standard deviation divided by the mean [or adjusted mean as developed by Cohen

(1961)]. If the coefficient of variation resulted 1n a value greater than one or less than

RFPade a A-2 05103190



zero, the data are assumed to be lognormally distributed, therefore, lognormal tolerance

intervals are proposed.

The lower and upper limits of a normal population tolerance interval are computed as

L, =X +Ks,

where:

= mean of the sample population of size n;

= standard deviation of the sample population, and

K = the normal tolerance factor [dependent on p, P, n (the number of samples),
and on whether the 1nterval 15 one- or two-sided]

b3
s

Table A 1 presents tolerance factors K for two-sided and one-sided tolerance intervals at
95 percent population and 95 percent confidence With the exception of pH, one-sided
tolerance intervals (L,) will be calculated for all analytes. For a small number of samples,
the K value 1s large, leading to tolerance intervals that probably would not detect releases
from umts. As the number of samples increases, the value of K decreases, which leads to
narrower tolerance intervals. Narrower background tolerance intervals will be more

sensitve to detecting releases to the environment from unats.

Many Inorganic Target Analyte List constituents will be undetected 1n both background and
downgradient wells Special procedures are thus needed to compute the mean and standard
deviatuon of a population when a significant number of the observations are below the
detection limit. A data set 1s termed censored when not detected (ND) observations are
present 1n a data set, and some assumption must be made about the statistical dismbunon
for the ennure data set. A techmque for calculation of the mean and standard deviation of
such a data set was developed by Cohen (1961) and can be used if the data are normally

distmbuted

The Cohen procedure 1s as follows (Doctor, et al , 1986)

Let
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= the total number of observations for a constituent
k = number of actual measurements out of n (not NDs)
X, = the detection limit of the constituent

Then*

1) Compute h = (n-k)/n (the proportion of measurements below the detection
limat)

2) Compute x, = (Sum of x, for1 =1 to k)/k.

3) Compute szu = (Sum of (x, - xu)2 for1 =1 to k)/k.

4) Compute t = szu/(xu - x‘,)2

5) Obtain an estimate of Lambda from Table A 2 using h and t

6) Esnumate the mean and vanance of the populanon from which the censored
data set was drawn by computing

X =Xy - A2 (X,7%,)
and

s =[s2, + A 2(x,-x )17

With regard to radiochemistry data, a measurement error, equal to two standard deviations
(2s) of the measurement 1s associated with the results It 1s necessary to consider
propagatnon of error when interpreting the mean value computed from a senies of
radiochemical results, 1 ¢, the precision of each measurement must be considered in order
to define the precision of the mean value. This 1s accounted for by computing the variance
(S?) of the mean value.

2

It 1s noted that the vanance of the sum of n observations each with vanance s°,, 1s simply

the sum of the vanances*

y=x1+xx+1+"xn

2 2 2 2

Sy =85 TSt STy

When coefficients are involved, the relattonship 1s as follows
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y = ax, + bxc+1 + kx,

szy = azszn + b252x1+1 + kzszm
Computatnon of mean imphes the coefficients are each equal to 1/n  Therefore, the
vanance of the mean 1s

szx = 1/n2 (sle + szxx-f-l + szn)

The relationship has been used to calculate the error associated with the mean, where the

eITor 1s 2s,.
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TABLE A 1

TOLERANCE FACTORS FOR NORMAL TOLERANCE LIMITS
FOR 95% POPULATION AT 95% CONFIDENCE

n Iwo-Sided Qne-Sided
2 3767

3 9916 7655
4 6370 5.145
5 5079 4202
6 4414 3707
7 4007 3399
8 3.732 3188
9 3.532 3031
10 3379 2.911
11 3.259 2815
12 3.162 2.736
13 3081 2.670
14 3012 2614
15 2.954 2.566
16 2.903 2.523
17 2.858 2.486
18 2.819 2453
19 2.784 2.423
20 2.752 2.396
21 2.723 2.371
22 2.657 2.350
23 2.673 2.329
24 2.651 2.309
25 2,631 2292
26 2612

27 2.595

28 2.579

29 2.554

30 2.549 2.220
35 2.490 2.166
40 2.445 2.126
45 2.092
50 2379 2.065
60 2333

80 2272

100 2.233

200 2.143

500 2.070

1000 2036

inf 1960
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TABLE 21

WEST SPRAY FIELD
RESULTS OF HYDRAULIC COMDUCTIVITY TESTS
1M THE ROCXY FLATS ALLUVIUM

dyaraulic Csnauctivities

Srawdoun stug Jreuna Vater
Recovery Test Veitccity®
~elt Li*hology Test (Im/S) (cm/s) (‘t/yr)
-5 26 Gravetr, sang, silt 21 %10 35
-7 36 dravel, silt 25 x 100 .3
“3-24 Sravei, sanmg, silt 9.7 x 1978 16 1
RE-T) Sravel, sang, siit s3x 10t 37 3
35 36 oulders o Silt s0x10°° 33
3. 2529 3ang ang Gravel 23 .0 ta
2.9 « 107 -390
3. 2689 Sand ana Gravel 75 x10"" 25
91 x10* S1
56,0739 sana, Sravel 54 %1074 39 ¢
93x 107 162
3172889 Gravel, Sana 39« 10'§ 37
342 107 543
30 x 10‘3 .97
34 x 107 $63
3 (539 Sravel, Sama 73x0* 21
76x 0% 125
3.0, 29 sravel Sama 19 x 104 s 4
30x 10 37
- 1% sana ana Gravel *9x 10"? 3
16 x 1077 Is
e 139 sand ana Gravet 70 x 103 1" s
3 S X YQQ t 3

40r120ntal ground-water velocity Velocities are calculated from the hvaraulic conductivity, ~e
average horizontal gragient of 0 0146 f-/ft, ana an assuneq erfective porosity or 0 1 “he ecuatisn
-22Q S

3 W Vetoerty (ft/yr) = X(em/s) (O 016 frsfr) (1 035 x 10° fe-sec/em-yr)/(0.1)

-Nere K 2 hydraulic conouctivity (cm/s)



TABLE 22

WEST SPRAY FIELD RESULTS OF WYDRAULIC COMDUCTIVITY TESTS
(M THE ARAPANCE FORMATIONM

1yaraul 16 Cancucsivities

2 rawaown Slug Pacxer
lecavery Test Test*
-ellt <1ology Test (2WS) (cnrs) (em/s)
-0 86 C aystone 3 x 193
Silzstone s x 104 - «10°%
-3 26 Siltstone & Samastone 54 x .0
Siltstone 14 x 107
Sangstone 5 x 10 ¢
Jeometric Yean (cn/s)
Zanastone > «'0°
Silrstone 5 x '3%° 3 4197
Zlaystone - «x'0%

* Jepresents "me jeometric Tean or “hree *est at several intervals



TABLE 31

SOLAR EVAPORATION PONDS
RESULTS OF HYDRAULIC CONDUCTIVITY TESTS IN SURFICIAL MATERIALS

Drawdown
Well Lithology Recovery
Numper Formaton Screened Tast (cm/s)
17-86 Q.r Gravel 4a8x10™*
22 86 Qer Gravel 87x10°¢
25-86 Qos Gravel and Sand 4ax10"*

Oﬂ!’

Rocky Flats Alluvium

Q..

Valley Fill Alluvium



TABLE 32
RESULTS OF HYDRAULIC CONDUCTIVITY TESTS

IN ARAPAHOE FORMATION
Drawdown Slug Packer
Well Lithology Recovery Test Test
Test (cm/s) (cm/s) (cm/s)
14-86  Sandstone 1.9x%1077 2.2x107°
Claystone 1.3x10
16-86  Siltstone & Sandstone™  6x1078 -
Siltstone 6.1 xlg6
Claystone 5.3x10
23-86 Sandstone 1x1078
Siltstone 6.9 xlo';
Claystone 2.4 x10~
25-86 Claystone & Sandstone” 7x10~8
Sandstone 3.4 xlo';
Claystcne 1.2 x10°
27-86 Sandstone 1.9%1077
Siltstone 1.4 x10~/
Claystone 2.4 x10”7
32-86 Sandstone & Claystone” ox10~8
Claystone 2.2 %1077
34-36 Sandstone 3.1 x10”% 3.3 x1078
Claystcne 1.3 x10”9%
Geometric Mean (cm/s)
Sandstone: 4.8 x1077  1x1078 1.4 x1078
Siltstone: 3.9 x1077
Claystone: 5.4 %1077

* Mixed lithology tests not used 1in

calculating gecmetric means.



TABLE 33

BOREHOLE LOCATION RATIONALE

Borehole Identification
Number

Downgradient of French
Draimn System

SEP-01-SB90
SEP-02-SB90
SEP-03-SB90
SEP-04-SB90
SEP-21-SB%0
SEP-26-SB90
SEP-27-SB90

SEP-05-SB90

SEP-06-SB90

Between Ponds and
French Drain System

SEP-07-SB90
SEP-08-SB90
SEP-09-SB%0
SEP-10-SB90

Description of Borehole
Location

Location Rationale

Located near the lateral
extent of the
interpreted nitrate
plume 1n unconfined
groundwater system®

Located downgradient
of French drains and
near longitudinal axis of
the interpreted nitrate
plume n the uncon-
fined groundwater sys-

tem?

Located downgradient
of French dramns and
near fringe of interpre-
tated sulfate plume 1n
the unconfined ground-
water system”

Located on a line per-
pendicular to the
apparent longitudinal
axis of the interpreted
mitrate and sulfate
plumes in the uncon-
fined groundwater sys-
tem?®

Evaluate lateral extent of
vadose zone contamination
and relationship between
groundwater contaminant
plume and soils/vadose
zone contaminants

Same as for boreholes 1,
2,3,and 4

Same as for boreholes 1,
2,3,and 4

Evaluate lateral extent of
vadose zone contamnation
between Solar Evaluation
Ponds and French Drain
System



Borehole Identfication
Number

Near Solar
Evaporation Ponds

SEP-11-SB90

SEP-12-5B90

SEP-13-SB90

SEP-14-SB90

SEP-15-SB90

SEP-16-SB90

TABLE 3 3
(continued)

Description of Borehole
Location

Location Rationale

Located north of
Pond 207-A

Located berween
Ponds 207-A and 207-B

Located near fringe of
nmitrate plume and near
abandoned pond 1n SW
poruon of waste man-
agement area®

Located near outer
fringe of the interpre-
ted nmitrate plume 1n
unconfined ground-
water system in the SE
portion on the waste
management area®

Located north of
Pond 207-C

Located south of
Pond 207-A

Evaluate contaminant
concentration profile near
historical source (leakage
from pond)

Same as for borehole 11

Same as for borehole 11
and to evaluate lateral
extent of vadose zone
contamination and rela-
tionship between ground-
water contamnant plume
and soils/vadose zone
contarminants

Same as for borehole 13

Evaluate potential contam-
inant north of the pond
and potential leakage from
the pipelines

Evaluate vadose zone
contammation from pond
leakage potentially moving
to the south



Borehole Identfication
Number

TABLE 3 3
(continued)

Description of Borehole
Location

Location Ratonale

SEP-17-SB90

SEP-18-SB90

SB-20-SB90

SEP-19-SB90

In French Drain
System Area

SEP-22-SB90
SEP-23-SB90
SEP-24-SB90
SEP-25-SB90

Located southeast of
Pond 207-B south

Located southwest of
Pond 207-A

Located east of
Pond 207-B (north)

Located outside of the
interpreted nitrate
plume® and within the
interpreted Arapahoe
sandstone® paleo-
channel

Located between
individual French drain
lines

Evaluate lateral extent of
vadose zone contamination
and relationship between
groundwater contaminant
plume and vadose zone
contaminants

Same as for SEP-17-SB90

Same as for SEP-11-SB90

Evaluate nature and
extent of contarmnant in
vadose zone 1n the area of
French Drain System

*Nitrate plume 1n unconfined groundwater system from EG&G, 1990f, Figure 2-10
®Sulfate plume 1n unconfined groundwater system from EG&G, 1990f, Figure 2-11
‘Arapahoe sandstone interpreted channel from EG&G, 1990g



TABLE 34
ANALYTE LIST FOR SOLAR EVAPORATION POND INVESTIGATION*®

Radionuchides Inorganics®

Plutonum 239, 240 Nitrate/Nitnite

Amencium 241 Ammonia (as N)°

Cesium 137 Sulfate

Uramum 233, 234, 235, and 238 Total sulfur®

Strontium 90 Hydroxide

Trium® Fluonde

Gross alpha Chlonde*

Gross beta

Radon* Volatile Organics®

Metals Chloromethane
Bromomethane

Aluminum Vinyl Chlonde

Antimony Chloroethane

Arsenic Methylene Chlonide

Barnum Acetone

Berylhum Carbon Disulfide

Cadmium 1,1-Dichloroethene

Calcium 1,1-Dichloroethane

Cesium 1.2-Dichloroethene (total)

Cobait Chloroform

Chromium 1.2-Dichloroethane

Copper 2-Butanone

Iron 1,1,1-Tnichloroethane

Lead Carbon Tetrachlonde

Lithium"® Vinyl Acetate

Magnesium Bromodichloromethane

Manganese 1,1.2,2-Tetrachloroethane

Mercury 1.2-Dichloropropane

Nickel cis-1,3-Dichloropropene

Potassium Trichloroethene

Selemum Dibromochloromethane

Sodium 1,1,2-Tnichloroethane

Silver Benzene

Thalhum trans-1,3-Dichloropropene

Tin® Bromoform

Vanadium 2-Hexanone

Zinc 4-Methyl-2-pentanone
Tetrachloroethene

Toluene



TABLE 34
(continued)

Volatile Organics (continued)

Chlorobenzene

Ethyl Benzene

Styrene

Xvlenes (Total)

Methylethyl Ketone Peroxide®

Semivolatile Organics®

Phenol
bis(2-Chloroethyl) ether
2-Chlorophenol
1.3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl Alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis(2-Chloroisopropyl) ether
4-Methylphenol
N-Nitroso-Dipropylamine
Hexachloroethane (perchloroethane®)
Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethylphenol
Benzoic Acid
bis(2-Chloroethoxy) methane
2,4-Dichiorophenol
1,2,4-Tnichlorobenzene
Naphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chloro-3-methylphenol (para-chloro-
meta-cresol)
2-Methylnaphthalene
Hexachlorocyclopentadiene
2.4 6-Tnichlorophenol
2.4,5-Tnichlorophenol

2-Chloronaphthalene
2-Nitroaniline

Dimethyl Phthalate
Acenaphthylene
2.6-Dinitrotoluene
3-Nitroaniline
Acenaphthene
2.4-Dinitrophenol
4-Nitrophenol
Dhibenzofuran
2.4-Dinttrotoluene
Diethylphthalate
4-Chlorophenyl Phenyl ether
Fluorene

4-Nitroamlhine
4.6-Dinitro-2-methylphenol
N-nitrosodiphenylamine
4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene

Pyrene

Butyl Benzyl Phthalate
3,3-Dichlorobenzidine
Benzo(a)anthracene
Chrysene
bis(2-ethythexyl)phthalate
Di-n-octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene
Dibenz(a.h)anthracene
Benzo(g,h.1)perylene
ethylene glycol®




TABLE 34
(continued)

Miscellaneous

Acidity®

Alkalinity®

pH®

Specific conductance®
Dissolved Oxygen®!

Oxidation reduction potential®f

*Modified after the Draft Interagency Agreement, Attachment 4, "Hazardous
Substance List"

®Soil/sediment matrix only

‘Water matrix only

YGroundwater samples only.

“Both field and laboratory determinations

‘Field determunauon only

¢For water matrix, perform analysis on unfiltered sample only

"From Draft Interagency Agreement. Attachment 4, "Hazardous Substance List "
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TABLE 35
ESTIMATED TARGET DEPTHS
FOR VADOSE ZONE BORINGS

Ground Top of Assumed Thickness
Surface Bedrock of Weathered Esumated Target
Elevation Elevauon Arapahoe Formation Depth of Boring

Borehole (Feet)? (Feet)? (Feen)® (Feet)
SEP-01-SB%0 5,900 5900 10 10
SEP-02-SB90 5.860 5,840 10 30
SEP-03-SB%0 5,850 5,840 10 20
SEP-04-SBS0 5,885 5882 10 13
SEP-05-SBS0 5885 5880 10 15
SEP-06-SB90 5,900 5,890 10 20
SEP-07-SB90 5,955 5,946 10 19
SEP-08-SBS0 5.960 5,948 10 22
SEP-09-SB%0 5940 5940 10 10
SEP-10-SBS0 5940 5.940 10 10
SEP-11-8B90 5970 5965 10 15
SEP-12-SB90 5,970 5,958 10 22
SEP-13-SB9%0 5975 5,968 10 17
SEP-14-SB%0 5.960 3,950 10 20
SEP-15-SB90 5,960 5.960 10 10
SEP-16-SB%0 5,975 5.963 10 22
SEP-17-SB%0 5.970 5960 10 20
SEP-18-SB%0 5,980 5,965 10 25
SEP-19-SB90 5,950 5,945 10 15
SEP-20-SB%0 5,960 5950 10 20
SEP-21-SB%0 5,925 5,920 10 15
SEP-22-SB90 5.920 5,900 10 30
SEP-23-SB90 5910 5,890 10 30
SEP-24-SB90 5,920 5910 10 20
SEP-25-SB90 5.930 5,920 10 20
SEP-26-SBS0 5,880 5.875 10 15
SEP-27-SB%0 5,940 5930 10 20
SEP-28-SB90 3,975 5,965 10 20
SEP-29-SB90 5,980 5,970 10 20
SEP-30-SB%0 5,975 5,967 10 18
SEP-31-SB90 5,970 5.967 10 13
SEP-32-SB90 5,970 5,965 10 15
SEP-33-SBS0 5,965 5,965 10 10
SEP-34-SB90 3,965 5960 10 15
SEP-35-SB90 5,970 5,963 10 17
SEP-36-SB90 5,970 5,963 10 17
SEP-37-SBS0 5,970 5960 10 20
SEP-38-SBS0 3,973 3.963 10 20
SEP-39-5B90 5975 5,965 10 20
SEP-10-SB%0 5,975 5,965 10 20
SEP-41-SBS0 5.965 5,955 10 20
SEP-42-SB%0 5,960 5,948 10 22
SEP-43-SB9% 5.963 5.955 10 18
SEP-44-SB%0 5,965 5,957 10 18



TABLE 35
ESTIMATED TARGET DEPTHS
FOR VADOSE ZONE BORINGS

{continued)
Ground Top of Assumed Thickness
Surface Bedrock of Weathered Esumated Target
Elevation Elevation Arapahoe Formation  Depth of Boring
Borehole (Feet)? (Feet)? (Feer)® (Feet)
SEP-45-SB%0 5,962 5952 10 20
SEP-46-SB%0 5.965 5957 10 18
SEP-47-SB90 5,965 5955 10 20
SEP-48-SB90 5,965 5956 10 19
SEP-49-SB90 5968 5,959 10 19
SEP-50-SB90 5,970 5,560 10 20
SEP-51-SB90 5,970 5.960 10 20
SEP-52-SB%0 5,970 5960 10 20
SEP-53-SB90 5,970 5,962 10 18
SEP-54-SB%0 5,975 5963 10 22
SEP-55-SB90 5975 5,960 10 15

#Elevauions interpreted from EG&G, 1989 RCRA Groundwater Monitoring Report Fig 2-7, Top of
Bedrock Elevation

® Thickness of weathered Arapahoe Formation esimated based on informauon provided in EG&G,
1988, Solar Evaporation Pond Closure Characterizauion Report



TABLE 4 1

PRESENT (AMDFILL RESULTS OF NYDRALLIC COMDUCTIVITY TESTS

IN SURFICIAL MATERIALS

Drawdown Slug
Recovery Tests
~etl NO Formation Lithology Screened Test (cm/s) (em/s)
-5-86 art Sand and poorly softed gravet 21 x10°?
387 Qrf Sand, poorty sorted gravel, 16x 103
ang clayey sand
50-87 art Sand and jravel grading to 13x10?
Clayey sang and clay
o1 87 arf sand 99 x 10"
52-87 it Sarct ang gravet, clavey samd and clay 52x 10
:3 87 art Sand ana gravel, sanay clay s7x'0"
45-87* art, Xass C'ayey sand, sanastone « 6 x10°°
o6 87 art Sand and sangdy clay 18x 0"
67 87 Qert Clayey sand $&x10°?
71 87 art Clayey sandg grading to sandy clay $6x10"
Seometric Hean for Rocky flats Alluvium 18x 10" ¢ 6 x 10
ire H Rocky Flats Alluvium
cass = -rapance Sanastone
Seometric Mean for Ort 131072 -6 x .07

M Comoleteq 1n two formetions.

Note

T3 ccnvert from cm/s to ft/year, multiply by

365 25 cay

reafr

x 86400s 3 ft

day 30 43 cm

Not used 1n calculation of geometric mesn.



TABLE 42

PRESENT LAMDFILL RESULTS OF NYDRAULIC TESTS IN THE ARAPANCE FORMATIOM

Jrawgown Slug Dacxer
Recovery Test "est”
weil NO Li"nology Test (em/s) (sn/s) rsm/s)
8 86 Claystone - - 357 x 19
Unweathered Sandstore 7 x 107
9 86 Siltstone - 23, 02
Unweathered Sanastone e x 107 304 9°
.1 878R Claystone . 5% 2
Lnweathered Sandstone 278 x 1073 31 k0
32065898R Jeatnered Sandtone 58 x10°
5810
3207C898R -eatnereg Siltstone 23 x10°
320718988 Jrweatnerea Siltstone - 14 x 10';
15 x 307

Jepresents geometric mean value from three tests at various intervals
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TABLE 61

GROUND WATER ASSESSMENT ANALYTE LIST

FIELD PARAMETERS
pri

Spectfic Conductance
Temperature

INDICATORS
Total Dissolved Solids

pH (1)

METALS

Target Analyte List
Aluminum
Antimony
Arsenic
Banum
Beryllium
Cadmium
Calcium
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zne

Cesium
Lthium (2)
Molybdenum
Strontium
Tin (1)

ANIONS
Carbonate
Blcarbonate
Chionde

Sulfate

Nitrate

Cyanide 3)

ORGANICS (7)

Target Compound Ust - Volatiles
Chloromethane
Bromomethane
Vinyl Chionde
Chloroethane
Methylene Chionde



TABLE 6 1

(continued)

ORGANICS (7) (conunued)
Acetone
Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
trans-1,2-0ichioroethene
Chloroform
1 2-Dichioroethane
2-Butanone
1.1,1-Tnchioroethane
Carbon Tetrachlonde
Vinyl Acetate
Bromodichioromethane
1,1 2,.2-Tetrachlorcethane
1,2-Dichloropropane
trans-1,3-Dichioropropene
Tnchioroethene
Dibromochlioromethane
1 1,2-Tncnioroethane
Benzene
cis-1,3-Oichloropropene
Bromoform
2-Hexanone
4-Methyi-2-pentanone
Tetrachloroethene
Toluene
Ethyl Benzene
Styrene
Total Xylenes

RADIONUCLIDES (4)

Gross Alpha

Gross Beta

Uranium 233 +234, 235, and 238
Amencium 241

Plutonium 239+240

Strontium 89 +90 (5)

Cesium 137

Trtium

Radium 226,228 (6)

(1) Not analyzed pnor to 1989.

(2) Prior 10 1989, lithium was only analyzed during fourth quarter 1987 and first quarter 1988

(3) Cyanide was not analyzed dunng fourth quarter 1987

(4) Dissolved radionuciides replaced total radionuchides (except tritium) beginning with the third gquarter
1987

{5) Strontium 89+ 90 was not analyzed durnng first quarter 1988 -

(6) Not analyzed prior to 1989 and only analyzed ff gross aipha exceeds 5 pCi/|

(7) Not analyzed in background samples in 1989

NOTES

- Toral sus~y ¥iel solds and phosphate were analyzed in 1986 only
- Chrornuris (V1) was analyzed dunng fourth quarter 1587 only



TABLE 7.1

PROPOSED GROUND WATER CONCENTRATION LIMITS

Constituent
Dissolved Metals (mg/1)

++Ag
Al
++AS
++Ba
+Be
Ca
++Cd
+Co
++Cr
Cs
+Cu
Fe
++Hg
K
+Li
Mg
Mn
Mo
Na
+N1
++Pb
+Sb
++Se
Sr
+T1
+V
+Zn

Other Inorganics (mg/l)

HCO3
Cl
SO,
NO,
TDS

RFPade t71

Concentration

BKG®
50
0 05
l 0‘&
BKG

NS
oo1™
BKG
005"
BKGtﬂl
BKG

O 3#0+
0.002%**
NS

BKG

NS

BKG '+
0.1+
NS

BKG
005"
BKG
001"
BKG‘*#
BKG
BKG
BKG

»e

NS
250"+
250"+

100t+
400"

05/03/90
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TABLE 7.1
(continued)

Dissolved Radionuclides (pCi/1)

e

*oe

Syt

‘t+

++*

++

BKG

NS

Constituent Concentration
Gross Alpha 11%*
Gross Beta 19°**

Pu 239, 240 005"
Am 241 005"
Total Uranum 5%
Sr 89,90 g+
Cs 137 NS

H3 500"+

See Table 7.3 for upper imat of background range

Prnimary Dninking Water Standard

Although not Appendix VIII constituents, health based standards
do not exist and therefore the proposed concentration hmit for
cesium and strontium 1s background

Unweathered sandstone ground water has a background
concentration (upper limit of range) less than 0 05 mg/l, the CDH
ground water standard. Therefore, for this ground water the CDH
standard 1s the proposed concentration limt

Colorado Surface Water Standard

Colorado Ground Water Standard

Appendix VIII constituent

Appendix VIII constituent and SDWA metal

Background

No standard

05/03/90




TABLE 7.2

BACKGROUND GROUND WATER SAMPLING PARAMETERS

FIELD PARAMETERS

pH
Specific Conductance
Temperature

INDICATORS

Total Dissolved Solids
pH

METALS - DISSOLVED

CLP Inorganic Target Analyte List Other Metals

Aluminum Cesium
Antimony Lithuum
Arsenic Molybdenum
Banum Strontium
Berylhum Tin
Cadmium

Calcium

Chromium

Cobalt

Copper

Iron

Lead

Magnesium

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

RFPade T72



TABLE 7.2

(continued)

ANIONS RADIONUCLIDES- DISSOLVED
Carbonate Gross Alpha
Bicarbonate Gross Beta
Chlonde Uranium 233+234, 235, and 238
Sulfate Americium 241
Nitrate (as N) Plutonium 239+240
Cyamde Strontium 90

Cesium 137

Tntium - Total
Radium 226, 228*

* Decision tree. If the Gross Alpha value was >5 pCi/1 then the sample was analyzed
for Ra 26, 228.

RFPade T72
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