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EXECUTIVE SUMMARY

The Rocky Flats Plant (RFP) 1s located in northern Jefferson County, Colorado,
approximately 16 miles northwest of downtown Denver The Plant buildings are located
within an area of approximately 400 acres, known as the RFP security area The secunty

area 1s surrounded by a buffer zone of approximately 6,150 acres

The RFP 1s currently an intennm status Resource Conservation and Recovery Act
(RCRA) hazardous waste treatment/storage facility In the past, both storage and
disposal of hazardous and radioactive wastes occurred at on-site locations Preliminary
assessments conducted under Phase 1 of the Environmental Restoration (ER) Program
identified some of the past on-site storage and disposal locations as potential sources of

environmental contamination

The Department of Energy (DOE) wishes to pursue an interim remedial action for
surface water at the 903 Pad, Mound, and East Trenches Areas, now termed Operable
Unit 2 (OU2), at the Rocky Flats Plant (RFP) EG&G has prepared a proposed
IM/IRA Plan to identify, screen, and evaluate appropniate interim remedial action
alternatives, and select the preferred intenm remedial action for the contaminated
surface water The purpose of this project 1s to provide techmical support to the IM/IRA
in the form of bench-scale treatability tests

Numerous technologies that appeared to be potentially applicable for treating OU2
surface waters were screened for treatability testing The technologies selected for

bench-scale testing include the following

. Granular Activated Carbon (GAC) for removal of Volatile Organics
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J GAC for removal of Radionuchdes

. Ion Exchange for removal of Radionuclides

o Selected Adsorbents for removal of Radionuclides

J Chemical Coagulation/Microfiltranon for removal of Radionuchides
o Coagulation/Precipitation/Filtration  for removal of suspended solids

This report discusses the technologies considered as well as the process used to screen
them for treatability tesing A discussion on how water samples will be collected from
the surface water stations and seeps at QU2 1s also provided A schedule for performing

the treatability studies 1s also presented

Volume 1 of this document includes the Treatability Study Plan, which provides site
background information and a discussion of the technology screening and evaluation
process The second part of Volume I, Appendix A, includes the Treatability Study
Work Plans (TSWPs) which describe 1n detail the proposed testing programs

Volume II includes the Sampling and Analysis Plan (SAP) Within the SAP 1s the Field
Sampling Plan (FSP) and the Laboratory Analysis Plan (LAP) for untreated samples
Also 1ncluded in Volume II 1s the Quality Assurance Addendum (QAA) This QAA,
along with the Draft Site-wide Quality Assurance Project Plan (QAPjP) for CERCLA
Remedial Investigations/Feasibility studies at Rocky Flats (EG&G Rocky Flats, Inc ,
EG&G, 1990c), constitutes the project-specific QAP)P for the bench-scale treatability
study

Volume III presents the Health and Safety Plan (HSP) for this project
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10
INTRODUCTION

The purpose of this project 1s to provide technical support 1n the form of bench scale
treatability tests to the Rocky Flats Plant (RFP) Environmental Restoration Program
These tests are intended to support the surface water Internm Measure/Interim
Remedial Action (IM/IRA) Proposed Decision Document, September 26, 1990 for
Operable Unit 2 (OU2)

Numerous technologies that appeared to be potentially apphcable for treating OU2
surface waters were screened for treatability testing Contaminants consist of volatile
compounds (VOC), radionuchides, and total suspended solids (TSS) The technologies
selected for screening were limited to those already commercially established or which
have demonstrated potential for processing similar contaminants Additionally, the
technologies considered were required to be readily implementable (1 e, standard pre-

engineered umts available) within a short time frame

The following technologies were selected for testing on a laboratory/bench scale basis

Granular Activated Carbon (GAC) for removal of Volatile Organcs

. GAC for removal of Radionuchides

o Ion Exchange for removal of Radionuchdes

o Selected Adsorbents for removal of Radionuchides

. Chemucal Coagulation/Microfiltration for removal of Radionuchdes
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‘ J Coagulation/Precipitation/Filtration for removal of suspended solids
o Solidification/Stabilization of selected treatment system residuals

This report discusses the technologies considered and the process used to screen them
for treatability testing A discussion on how water samples will be collected from the
surface water stations and seeps at OU2 is also provided. A schedule for performing the

treatability studies 1s also presented

Appendix A presents the Treatability Study Work Plans (TSWPs) for the selected
technologies Appendix B includes the Sampling and Analysis Plan (SAP) Within the
SAP 1s the Field Samphng Plan (FSP) and the Analysis Plan for untreated samples
Appendix C includes the Quality Assurance Addendum (QAA), which 1s an addendum
to the Quality Assurance Project Plan (QAP)P) Appendix D presents the Health and

‘ Safety Plan (HSP)
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20
SITE BACKGROUND

The Rocky Flats Plant (RFP) 1s located in northern Jefferson County, Colorado,
approximately 16 miles northwest of downtown Denver (Figure 2-1) The Plant buildings
are located wathin an area of approximately 400 acres, known as the RFP secunty area

The securnty area 1s surrounded by a buffer zone of approximately 6,150 acres

The RFP 1s currently an interim status Resource Conservation and Recovery Act
(RCRA) hazardous waste treatment/storage facility In the past, both storage and
disposal of hazardous and radioactive wastes occurred at onsite locations Preliminary
assessments conducted under Phase 1 of the ER Program identified some of the past on-
site storage and disposal locations as potential sources of environmental contamination
There are 20 sites designated as (IHSS) which comprise the 903 Pad, Mound, and East
Trench Areas These sites are known collectively as Operable Umt 2

The Department of Energy (DOE) 1s pursuing an interim remedial action for surface
water at the 903 Pad, Mound, and East Trenches Areas, now termed OU2, at the Rocky
Flats Plant (RFP) In accordance with The Interagency Agreement (IAG) the Resource
Conservation and Recovery Act of 1976 (RCRA) as amended by the Hazardous and
Solid Waste Amendments of 1984 (HSWA), and the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA) as amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA), an Interim
Measures/Interim Remedial Action (IM/IRA) 1s being conducted to mimmize the

mugration of hazardous substances via surface water from areas that pose a potential
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long-term threat to the public health and environment DOE 1s implementing an
IM/IRA Plan at the request of Environmental Protection Agency (EPA) and Colorado
Department of Health (CDH) Also a factor 1s the length of time 1t typically takes to
finalize a RCRA Facility Investigation/Remedial Investigation (RFI/RI), and Corrective
Measures Study/Feasibility Study (CMS/FS)

Organic and morganic contamination of surface water has resulted from past operational
practices no longer permutted under current regulations Subsection 2 3, Suspected

Contaminant Sources, details the sites within Operable Umt No 2

In March 1987, a Phase I Remed:al Investigation (RI) under the Environmental
Restoration (ER) Program [formerly known as the Comprehensive Environmental
Assessment and Response Program (CEARP)] began at OU2 The investigation
consisted of the preparation of detailed topographic maps, radiometric and organic vapor
screening surveys, surface geophysical surveys, a soil gas survey, a boring and well
completion program, soil sampling, and ground and surface water sampling Phase I
field activities were completed at OU2 during 1987, and a draft RI report was submutted
to EPA and CDH on December 31, 1987 (Rockwell International, 1987a) Phase I data
did not allow adequate defimtion of the nature and extent of contamination for the
purpose of conducting a feasibiity study of remedial alternatives pertaiming to
contaminated media A draft Phase II RI Sampling Plan that presents the details and
rationale for further field work to achieve this objective was submutted to the regulatory
agencies 1 June 1988 (Rockwell International, 1988a) This draft samphing plan was
subsequently revised and submutted as a final Phase II RCRA Faclity
Investigation/Remedial Investigation Feastbility Study (RFI/RIFS) sampling plan 1n
April 1990 (EG&G, 19902) The plan was approved by EPA 1 May 1990

A draft Interim Remedial Action Plan (IRAP) plan for contaminated groundwater at
OU2 was submitted 1n December 1989 (Rockwell International, 1989a) The plan was
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prepared based on Iimited knowledge of the nature and extent of groundwater
contammination Regulatory agency review of the document determined that, although
an IM/IRA for groundwater 1s required by the 1989 Agreement in Principle between
DOE and CDH, nsufficient information on the nature and extent of groundwater
contamination exists at this time to pursue effective groundwater remediation In order
to facihitate early evaluation of the need for an IM/IRA for groundwater at OU2, the
final Phase II RFI/RIFS samphng plan incorporates a phased investigation approach
The plan was approved by the regulatory agencies. The phased approach 1s to
investigate alluvial and hydraulically connected bedrock mugration pathways first, and
then to subsequently investigate groundwater contaminant sources This will allow
planning, design, and implementation of a groundwater IM/IRA, 1f necessary, before
completion of the RFI/RI and Corrective Measures Study/Feasibility Study (CMS/FS)
for OU2 In February 1991, a Phase II alluvial Drilling Program will begin, with a Phase

II Bedrock Drilling Program commencing 1n the summer, 1991

EG&G has prepared an IM/IRA Plan to identify, screen, and evaluate appropriate
interim remedial action alternatives, and select the preferred interim remedial action for

the contaminated surface water

21 DESCRIPTION OF SITE

Samples of surface water will be collected for use 1n the treatability study Surface water
sampling activities will be conducted and documented in a manner to ensure that
suffictent data of known quality are collected to support sound decisions concerming
treatment selection The hydrogeology, hydrology, and climate associated with the site

will affect sampling activities These factors are described in the following sections
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211  Hydrogeologic setting

The hydrogeologic framework of the area under investigation directly affects the
movement, quahty, and volumes of groundwater and surface water available for
sampling  Therefore, an overview of the hydrogeology 1s presented to describe
hydrogeologic factors that impact sampling A brief description of the stratigraphy and

structural geology 1s included

212  Stratigraphy

The rocks 1n the Rocky Flats Plant (RFP) area range 1n age from Precambrian to
Holocene The oldest rocks are the Precambrian gneisses, schists, and quartzites that
form the core of the Front Range west of the area Beneath the area, the Precambrian
rocks are at a depth of about 12,000 feet Stratigraphically above these rocks are
sedimentary bedrock formations which range in age from Pennsylvaman to Late
Cretaceous, and surficial deposits which range 1n age from Pleistocene to Holocene The
surficial depostts rest unconformably on the eroded surface of the folded and faulted

bedrock formations (U S Geological Survey, 1976, 3p)

2121 Surficial Deposits

The surficial umts found 1n the area of this investigation are the Rocky Flats Alluvium
(Pleistocene), the Slocum Alluvium (Pleistocene), and a minor area of Holocene or
Pleistocene landshide deposit The surficial matenals are underlain by the Arapahoe

Formation (Upper Cretaceous)

Surficial deposits within the RFP area are generally less than 50 feet thick and consist
of terrace alluvium, colluvium, and valley-fill alluvium All of the surficial deposits

consist of clay, silt, sand, gravel, cobbles, and frequently boulders The source of these
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deposits 1s primarily the Precambrian quartzite from the mountains to the west, but also
includes the sedimentary bedrock and older surficial deposits

The oldest surficial deposit on the RFP property 1s the Rocky Flats alluvium, which
dominates the topography and hydrology of the entire property The Rocky Flats
Alluvium 1s a broad planar deposit which, 1n this area, 1s an alluvial fan deposited
downslope from the mouth of Coal Creek Canyon Contact springs commonly 1ssue from
the base of the Rocky Flats Alluvium The next youngest formations are the Verdos and

Slocum Alluviums These formations are of little hydrologic importance

2122 Bedrock Formations

The Arapahoe Formation 1s the uppermost bedrock formation and 1s either exposed at
land surface or covered unconformably by unconsolidated surficial deposits The
Arapahoe Formation 1s a continental deposit of lenticular sands interbedded with clay
Maximum thickness of the formation 1n the RFP area 1s about 270 feet The contact
between this umit and the overlying surficial matenials produces intermuttent seeps and
springs 1n the investigation area The Rocky Flats Alluvium contact with the underlying
Arapahoe Formation 1s shown 1n Figure 2-2 Figure 2-2 also 1llustrates the locations of
the surface water sampling sites to be considered for use 1n this investigation Many of
the sites are located near the point of contact between the alluvial and bedrock

formations

213  Hydrology

The hydrogeologic system exhibits dynamic interaction between groundwater and surface
water Annual fluctuations 1n the potentiometric surface produce periods during which

no flow occurs from seeps in the nvestigation area
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A discussion of surface water chemustry for the 903 Pad, Mound, and East Trenches
Areas 1s also one of groundwater chemustry as many of the surface water samples to be
collected for this investigation will be collected from seeps that represent the surfacing
of groundwater In addition there 1s frequent interaction of surface water and
groundwater in the drainages For example, during drought periods of low stream flow,
groundwater may contribute to streamflow under base flow conditions Conversely,
during wetter periods of the year with high volumes of streamflow, streamflow 1s
recharged laterally into the aquifer adjacent to the'stream The seeps are intermuttent

and are located downslope and southeast of the 903 Pad Area

2131 Groundwater

Groundwater 1s present 1n the Rocky Flats Alluvium, colluvium, and valley fill alluvium
under unconfined conditions Recharge to the water table occurs as infiltration of
mncident precipitation and as seepage from ditches and creeks In addition, retention
ponds along South Walnut Creek and Woman Creek recharge the valley fill alluvium
Figure 2-3 presents the potentiometric surface of the water table measured on December

1, 1987, and the locations of alluvial and bedrock wells 1n the vicimty of OU2

The shallow groundwater flow system exhibits large water level changes 1n response to
precipitation events, stream flow, and ditch flow. For example, between mid-Apnl and
September, 1986, water levels declined as much as eight feet occur 1n wells which are
completed 1n valley fill alluvium (U S DOE, May 25, 1990, 2-14 p) The water levels
1n alluvial wells are highest during the months of May and June Water levels decline

during late summer and fall, as evidenced by wells that go dry duning this time of year

Alluvial groundwater discharges to seeps, springs, surface water drainages, and

subcropping Arapahoe formation sandstone at OU2 Groundwater 1n colluvial materals
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south of the 903 Pad and East Trenches Areas discharges to the South Interceptor Ditch,
and groundwater 1n valley fill maternials discharges to Woman or South Walnut Creeks
Figure 2-2 1llustrates the location of Woman Creek and South Walnut Creek, the shaded
areas of Figure 2-2 are the areas overlain by alluvial matenials The dark line bordering
the shaded areas delineates the approximate pomnt of contact between alluvium and
underlying Arapahoe Formation The average groundwater flow velocities 1n the Rocky
Flats Alluvium, Woman Creek Valley fill alluvium, and South Walnut Creek Valley fill
alluvium are approximately 84 ft/yr, 145 ft/yr, and 20 ft/yr, respectively The average
groundwater flow velocities calculated for vanous surficial materals assume the
matenals are fully saturated year round However, portions of the Rocky Flats
Alluvium, colluvium, and valley fill alluviums are not saturated during the entire year
Thus, dissolved constituents 1n the shallow flow system do not actually move at the

calculated velocities for the entire year

2132 Surface Water

Walnut, South Walnut, and Woman Creeks drain the QU2 site  The drainage basins of
Walnut, South Walnut, and Woman Creeks are represented on Figure 2-4 Walnut
Creek, Woman Creek and South Walnut Creek flow eastward

South Walnut Creek

The headwaters of South Walnut Creek have been filled during construction of plant
facilities As a result of this, flow ongmnates from a buried culvert located west of
Building 991 (see Figure 2-5) The discharge from the corrugated metal pipe 1s
augmented by flow from a concrete pipe (SW-59) at a point north of the Mound Area
The flow from the concrete pipe originates as seepage from the hillside south of Building
991 and flows into a ditch along the slope The combined flow then enters the South

Walnut Creek retention pond system
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Below the retention ponds, South Walnut Creek, Walnut Creek, and an unnamed
tributary join within the buffer zone before flowing mto Great Western Reservorr Great
Western Reservorr 1s located approximately one mile east of this confluence The South
Walnut Creek retention pond system (see Figure 2-2) consists of five ponds (B-1, B-2,
B-3, B-4 and B-5) that retain surface water runoff and Plant discharges for the purpose
of monitoring before downstream release of these waters All flow 1n the pond system
1s eventually retained 1n Pond B-5 where 1t 1s momtored for quality before discharge 1n
accordance with the Plant’s National Pollutant Discharge Elimination System (NPDES)
permit (discharge point 006) Ponds B-1 and B-2 are reserved for spill control, surface
water runoff, or treated samtary waste of questionable quahity Pond B-3 1s used as a
holding pond for samitary sewage treatment plant effluent The normal discharge of
Pond B-3 1s to a spray system located 1n the vicimity of the East Trenches Pond B-4 and
B-5 recewve surface water runoff from the central portion of the Plant, and occasional

discharges from Pond B-3

The surface water runoff received by Pond B-4 1s collected by the Central Avenue Ditch

and upper reaches of South Walnut Creek

Woman Creek

Woman Creek 1s located south of the Plant with headwaters 1n largely undisturbed
Rocky Flats Alluvium Storm runoff and water seeps from the southern part of the Plant
1s collected in the South Interceptor Ditch located north of the creek and delivered
downstream to Pond C-2 (Figure 2-2) Pond C-1 (upstream of C-2) receives stream flow
from Woman Creek The discharge from Pond C-1 1s diverted around Pond C-2 into the
Woman Creek channel downstream Water in Pond C-2 1s discharged to Woman Creek

in accordance with the Plant NPDES permut (discharge point 007)
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Flow 1n Woman Creek and the South Interceptor Datch 1s ephemeral During 1986 and
1987, there was no visible surface flow in Woman Creek downstream of Pond C-2 The
ephemeral nature of surface water flow observed for Woman Creek and the South
Interceptor Ditch 1s due to changes in base flow conditions produced by the shallow
ground-water table

214 rol h

Precipitation, principally from rainfall and to a lesser extent from snowmelt, produces
surface runoff in the RFP area The Rocky Flats Plant 1s situated in a semiard region,
averaging 15 inches of annual precipitation Forty percent of the yearly total comes 1in
the spring, much of 1t 1n the form of snow Of the balance, 30 percent 1s accounted for
by summer thunderstorms, with the rest occurning 1n the fall (11 percent) and winter
months (19 percent) Average yearly snowfall averages 85 inches Runoff control
structures exist to channel surface water from the Plant to momtoring ponds These
structures are si1zed to accommodate the 100-year storm event which 1s equivalent to four

inches of rain 1n a six hour period

22 SURROUNDING AREAS

The Rocky Flats Plant (RFP) 1s located in northern Jefferson County, Colorado,
approximately 16 mules northwest of downtown Denver The Plant site consists of
approximately 6,550 acres of federally-owned land 1n Sections 1 through 4, and 9 through
15, of T2S, R70W, 6th principal meridian Plant buildings are located within an area of
approximately 400 acres, known as RFP secunity area The secunty area 1s surrounded

by a buffer zone of approximately 6,150 acres
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23 SUSPECTED CONTAMINANT SOURCES

The IM/IRA Proposed Decision Document, September 26, 1990, describes the suspected
contarmnant sources 1n OU2 There are 20 sites designated as (IHSS) which comprise
the 903 Pad, Mound, and East Trench Areas These sites are known collectively as
OU2, and are located east-southeast of the RFP (Figure 2-2) The following sections
describe each of the sites

903 Pad Area
Five sites are located within the 903 Pad Area (Figure 2-5) These sites are

® 903 Drum Storage Site (IHSS Ref No 112)

e 903 Lip Site (IHSS Ref No 155)

e Trench T-2 Site (IHSS Ref No 109)

¢ Reactive Metal Destruction Site (THSS Ref No 140)
¢ Gas Detoxification Site (IHSS Ref No 183)

Presented below are brief descriptions of each of these sites and the wastes stored or

disposed there

903 Drum Storage Site (IHSS Ref No 112) - The site was used from 1958 to 1967 to
store drums contaimng radioactively contaminated used-machine cutting o1l The drums,
some of which corroded and leaked, contained oils and solvents contaminated with
plutonium or uranium Most of the drums contained lathe coolant consisting of mineral
o1l and carbon tetrachloridde (CCly) 1n varying proportions However, an unknown
number of drums contained hydraulic oils, vacuum pump oils, trichloroethene (TCE),

tetrachloroethene (PCE), silicone oils, and acetone. Ethanolamine was also added to
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new drums after 1959 to reduce the drum corrosion rate All drums were removed by
1968

After the drums were removed, efforts were undertaken to scrape and move the
plutonium-contamunated soil 1nto a relatively small area, cover 1t with fill material, and
top 1t with an asphalt containment cover This remedial action was completed 1n
November 1969 An estimated 5,000 gallons of hquid leaked into the soil during use of

the drum storage site The liquid was estimated to contain 86 grams of plutonium

903 Lip Site (IHSS Ref No 155) - During drum removal and cleanup activities
associated with the 903 Drum Storage Site, winds distributed plutonium beyond the pad
to the south and east Although some plutomum-contaminated soils were removed,

radioactive contamunation 1s still present at the 903 Lip Site 1n the surficial soils

Trench T-2 Site (IHSS Ref No 109) - This trench was used prior to 1968 for the
disposal of sanutary sewage sludge and flattened drums contaminated with uranium and

plutonium

Reactive Metal Destruction Site (IHSS Ref No 140) - This site was used during the
1950s and 1960s primarily for the destruction of lithum metal Small quantities of other
reactive metals (sodmum, calcium, and magnesium) and some solvents were also

destroyed at this location

Gas Detoxification Site (IHSS 193) - Building 952, located south of the 903 Drum
Storage Site, was used to detoxify various bottled gases between June 1982 and August
1983
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. Mound Ar

The Mound Area 1s composed of four sites (Figure 2-4) These are

e Mound Site (IHSS Ref No 113)

* Trench T-1 Site (THSS Ref No 108)

¢ Oil Burn Pit No 2 Site (IHSS Ref No 153)
e Pallet Burn Site (IHSS Ref No 154)

These sites are described individually below

Mound Site (IHSS Ref No 113) - The Mound Site contained approximately 1,405 drums
contaiming primarily depleted uranium and plutonium contaminated lathe coolant Some
drums also contained "Perclene " Perclene was a brand name of tetrachloroethene
. Some of the drummed wastes placed in the Mound Site were 1n solid form Cleanup of
the Mound Site was accomplished 1n 1970, and the materials removed were packaged
and shipped to an off-site DOE facility as radioactive waste Subsequent surficial soils
sampling in the wvicimty of the excavated Mound Site indicated 08 to 1125
disintegrations per munute per gram (d/m/g) alpha activity This radioactive
contamination 1s thought to have come from the 903 Drum Storage Site via wind

dispersion rather than from the Mound Site.

Trench T-1 Site (IHSS Ref No 108) - The trench was used from 1954 until 1962 and
contains approximately 125 drums filled with depleted uramum chips and plutomum

chips coated with lathe coolant The drums are still present in this trench

O1l Burn Pit No 2 Site (IHSS Ref No 153) - Oil Burn Pit No 2 1s actually two parallel
trenches which were used 1n 1957 and from 1961 to 1965 to burn 1,083 drums of o1l
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contaimng uramum The residues from the burming operations and some flattened

drums were covered with backfill Cleanup operations were performed 1n the 1970s

Pallet Burn Site (IHSS Ref No 154) - An area southwest of O1l Burn Pit No 2 was
reportedly used to destroy wooden pallets in 1965 The types of hazardous substances
or radionuchides that may have been spilled on these pallets 1s unknown Cleanup
actions were performed in the 1970s

East Trenches Area

The East Trenches Area consists of mne bunal trenches and two spray irrigation areas

(Figure 2-4) The trench numbers and their respective IHSS designations are

¢ Trench T-3 - IHSS Ref No 110

¢ Trench T-4 - IHSS Ref No 1111
¢ Trench T-5 - IHSS Ref No 1112
e Trench T-6 - IHSS Ref No 1113
e Trench T-7 - IHSS Ref No 1114
¢ Trench T-8 - IHSS Ref No 1115
® Trench T-9 - IHSS Ref No 1116
* Trench T-10 - JHSS Ref No 1117
¢ Trench T-11 - THSS Ref No 1118

Trenches T-3, T-4, T-10, and T-11 are located north of the east access road, and trenches
T-5 through T-9 are located south of the east access road The trenches were used from
1954 to 1968 for disposal of depleted uramum, flattened depleted uramum- and
plutonium-contaminated drums, and samtary sewage sludge The wastes have not been

disturbed since their bunal
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IHSS numbers 216 2 and 216 3 were used for spray irngation of sewage treatment plant
effluent These areas have been designated as IHSS because of the potential for
chromium contamination that resulted from a Plant spill of chromic acid that entered
the samitary sewers on February 23, 1989 Based on results of sampling after the
February spill, leachable chromium concentrations 1n soils were significantly below the
RCRA Extraction Procedure (EP) Toxicity limuts

24 PROBABLE GROUNDWATER AND SURFACE WATER TRANSPORT
PATHWAYS

Transport occurs in both groundwater and surface water The sources were detailed

above Distribution 1n groundwater and surface water 1s discussed 1n Subsection 15

25 CONTAMINANT DISTRIBUTION

Contaminants move from the groundwater system to the surface water system at seeps
in the mvestigation area The contaminants present 1n each area of OU2 are described
1n subsections 251 and 252

251 Groundwater Contamination

The following discussion 1s based on the information presented 1n the draft Groundwater
Internm Measures/Interim Remedial Action Plan and Decision Document, September
26,1990 Many seeps or stream stations were dry during some samplings The following
discussion of volatile organics, metals and morganics focuses on groundwater sampling
results for the second quarter of 1989 This information 1s presented in the IM/IRA
Draft Deciston Document for OU2, May 1990 The discussion of 1989 radionuchde data
in the IM/IRA report relies on first quarter results because complete second quarter

data are unavailable
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2511 Volatile Organic Contamination

Carbon tetrachlonde (Ccly, tetrachloroethene (PCE), and trichloroethene (TCE) are the

primary volatile organic contaminants in the unconfined groundwater flow system

Carbon Tetrachlonide

Carbon tetrachloride (CCl,) occurs in groundwater east, southeast and northeast of the
903 Pad Area Of the downgradient wells in this area, 1-71 and 15-87 contain the
highest levels of CCl,, 690 and 1100 mucrograms per liter (ug/l), respectively The
downgradient concentrations (in wells 36-87 and 42-86) are greater than the upgradient
concentrations (in wells 17-87 and 25-87) This indicates that the northern East

Trenches may be a second source of Ccl,

Tetrachloroethene

The Mound Area appears to be the primary source of tetrachloroethene (PCE) within
the area of investigation Well 1-74 contained 45000 ug/l A plume of PCE with
concentrations greater than 100 ug/1 extends east and southeast (downgradient) from the
Mound Area to at least well 36-87 The extent of this plume 1s not well defined PCE
was also detected 1n wells southeast (downgradient) of the 903 Pad and Trench T-2 (2-
71, 15-87, and 1-71), although the concentrations were lower than in the Mound Area

wells

Trichlor n

The distribution of trichloroethene (TCE) indicates that all three RI areas are sources
of this volatile orgamic TCE imn wells 1-71, 2-71, 14-87, and 15-87 suggests the
upgradient 903 Drum Storage Site and possibly Trench T-2 and the Reactive Metal
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Destruction Site as potential sources Similarly, TCE 1n wells 1-74, 17-87, and 35-86
suggests the Mound Area as a source TCE downgradient of Trenches T-3 and T-4 and
also indicates the East Trenches as potential sources Well 36-87 within the latter area
exhibited the highest concentration, 12000 ug/!

Other Volatile Orgamic Compounds

Second quarter 1989 data indicate contamination in groundwater by volatile organic
compounds other than CCl,, PCE and TCE, but to a much lesser extent Details

concerning the distribution of other volatile organic compounds 1s included 1n the
IM/IRA Draft Decision Document, May 1990

2512 Inorgamic Contamination

The IM/IRA Draft Decision Document contamns details concermng the distnbution of
morganic contamination in QU2 The following summarizes the information contained
in that document [Exact values and tables are contained in the Draft Decision

Document

Metals

Analytical data for waters from wells tested in the second quarter 1989, located at the
903 Pad, Mound and East Trenches Areas, showed above-background concentrations of
all dissolved metals being measured except for berylllum, cadmium, cobalt, cestum, and

thalllum
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Dissolved Radionuch

Three uranium 1sotope concentrations (U-234, U-235, and U-238) were measured above
background at the 903 Pad, Mound and East Trenches Areas, 1n the first quarter of
1989 For example, several wells within or downgradient of the 903 Pad Area exhibit
uranium 238 1n excess of background, with a maximum of 28 + 2 pCi/1 at well 12-87 (in
weathered sandstone) Mound Area wells 23-87 (1n weathered sandstone) and 17-87 (in
Rocky Flats Alluvium) both contained uranium above background, whereas wells 1-74
(in weathered claystone) and 35-86 (in valley fill alluvium) did not contain above-
background uranium The only well that did not have above-background concentrations
of dissolved uranmum 1n the vicimity of the East Trenches Areas was 3-74 (in weathered
claystone) The areal distribution of uramum 1n this area 1s not well known In general,
other dissolved radionuclides were not present above background in the first quarter of
1989, but there were earlier samples that contained plutonium and/or americium above
background Results at wells 15-87 were the most elevated (plutonium - 0522 + 117
Pci/1 and 0199 + 007 Pci/l, americrum - 0 831 4 0148 Pc1/1 and 006 + 05 Pci/l)

252 Surface Water Contamination

The following discussion 1s based on information presented in the proposed surface
water IM/IKA Plan and Decision Document, September 26, 1990 Many seeps or

stream stations were dry most of the year and could not be sampled
Five tables from the IM/IRAP document are presented mtroductory to this section to

list chemical-specific ARARs and flow-weighted maximum concentrations of

contaminants of concern
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Tables 2-1 through 2-4 present chemical specific ARARs for volatile organics, metals
detected above background, morganic constituents detected above background, and
radionuchdes detected above background 1n surface water at QU2

Table 2-5 presents flow weighted maximum concentrations at various groups of stations
The data presented 1n the table include the average and maximum concentrations at the
group of stations, the estimated flow at the group of stations based on wet season flow
measurement, the flow weighted average concentration, and the flow weighted maximum
concentrations Flow weighted averaging 1s intended to define the probable influent

average and maximum concentrations for these constituents for the IM/IRA treatment

system

The IM/IRA discussion of surface water chemustry for the 903 Pad, Mound, and East
Trenches Areas 1s tied to groundwater quahty because the majornty of the surface water

samples collected for the investigation were taken from seeps that represent the

surfacing of groundwater

The IM/IRA document contains water quahty data for samples obtained from several
seeps downslope to the southeast of the 903 Pad The surface water stations described
in the IM/IRA document which should be sampled under this treatability test program
are SW-50, SW-51, SW-52, SW-55, SW-57, SW-58, and SW-77 In addition to these
stations, samples for treatability testing purposes should also be taken from the following
stations SW-53, SW-63, and SW-64 Available records indicate that only station SW-64,

located on Woman Creek, typically contains flowing water during the month of October
Station SW-50 1s closest to the 903 Pad, and SW-57 and SW-52 are south of SW-50

SW-51 and SW-58 are located 1n a ditch along the road east of SW-50, however,
overland flow of seepage from SW-50, SW-52, and SW-57 may also enter the ditch

22588/R1 2 10-15-90/22588 2-23




T t s\syqi\ise(\des; ms\Egba

90-39 L/0}¥ 1940 ON 4 yedgns vioY nsg 0052 auayI0I0YI1I]
yviy st 3w} pJepuels
U0}13339p ‘94033343 ‘3jm}) uojIsatu] Jajepn pue
90-3$ 2/20-3% | U0§312333p M0)3q 8| pJupuels ysid ‘Jajep 23934n$ HAD ng 092 2UIYI2040) Y2843
$0-39 $/20-39 | 4 yedans Ve ng £91 auayiacsoydig L’y
uaBou|aJed 1840 UN

PaJ3p|SuU0d J0U/(JMWOS )

SULJ] Uo pIseq) £0-31 £ 4 1Jedans Vil ns 9S auaylaosoydia 2°y
60-3¢ 1/50-3% | 4 1dedgns vay ns r9 aueyiaocJo1ydoiq |’}
$0-36 1/10-30 2 3 edans vy ng $00} 3p1401yIwa33) UOqIE)

g Jedgng
UaBoU}ILe 18I0 U 892 ¥42 0% ‘3IN0) 31quy

paJapisuod J0u/20-3% | fjuanyjisuo) ueg pue 0s (174} U03AIY

90-31 1/€0-3% 2 4 Jaedgns v¥3y ng 11 ap1I01Y) 3udAYIaN
YVYY st )
Uo|313333p ‘4ol ‘Fiwy)

%0-3 § 9/0}¥ 1940 ON Uo§33913p M0JIq 3} piepuels 1M YAGS noL St apLao1y) JAuIp

spunodo?) oiluebip

(760}
SASHY Ja2UR) JUUO) JUINIIY (1/6n) gl33en 300jung 1821Way)
/3Ud130ND PIBZEH ¥y avyy uy
uo13BIIUID

-U0) Unuyixely

2-24

2 “ON 11NN 378VH3J0 1V ¥31VR 20VIuNS NI
SONNOJNOD JINVINO IT11IVI0A ¥04
SUVHY 141334 TVIINIHD

1-2 318yl




uabouyd4ed 840
ue PIJIIPISUCI J0US20-3Y 9

uabouyd4ed 840
ue pIIIPIsSuod J0u/E0-39°1L

uaBou}d4ed 1840 Us
PaJapisuod jou/Qjy 1840 ON

uaBou}d4ed (840 US
paJapisuod J0u/qQsY 1940 ON

uaboujadwd 840
ueB PIIIPSUCI J0U/|0-32 §

90-30 9/20-38 2

uaiou}aJed Jedo
Ue PaJapisuod Jou/i10-3L §

£0-3S2 L/L 0

uaIbou|IIvI 840 U
PaJapisuod J0u/05¥ 1940 ON

wWnjwoJsys 19303
3} 3INSII 83k euy

‘Wnjwosyd 19303
8} 1|1NSaJ 193§3A euy

pJepuuls

AP 3N PIIB)O0SSE

AS|J JA2URI pue Juajlonb
pJezey yBiy Aj1anjie)ad
Yl 50 IsNEINq Yviy

$@ pAIIjes 8§ (420 0)
Ijug) U0jIIANIP Yy

uo}§J431443
Aryenp s9a1ep VM)

pJaepuels Jayen Buiyujaqg
'J339m I20juNS HQD

Je1 s}

(1/6w |) punoJByoeg ‘piepueis o

pJepueis oN

piepueys Jajen
Suyyuyaa ‘Sazen ddwians KA

4 Jaedgns vidy

piepus)s J33epn
Bupyuyag ‘Jaien Ideyins HAI

piepueys Jajep
Buixut4q ‘Jarep o0s4nS HAD

pJepuRlsS 9n31N214BY NI

tio 0

<0

noo t

SN

00
nsoo 0

01

(520 0) S0 O

0SS

2 U s\syqi\isei\des) ms\Ggba

2-25

181y JI2UE)
/U3 30Ny pJeIeRl

BUTETTT Y

NI
yvay

¢1/6w)
yvuy

1% 0 IA uniwosy)
1% o 111 wnwwoJy)
it untsa)
166 untaye)
%20 0 uniwpe)
250 0 uni 14429
1£8 0 wntJeg
0% 0 JluasJy
£ 82 wnu Ny
S1019R
(1/6w)
Jaiepn adwjing 1@3tway)
uy
U0} 3I8JIUID
-U0) W XeKR

Z "ON 1INN JTEVEIJI0 1V ¥ILIVA DVINNS NI
GNNOYIXIVE JA0BY (3103130 STVIM 04

SEVEY 213193¢S WINEND
¢-¢ 37gvl



Uabou2482 1840 LW
PaJap)suod 30u/20-36 |

uaboujased
1940 UR PIIIP| V0D
Jou/(g0 31 2) 10-39% |

uabou 249 R0 LS
paJapisuos J0u/gjy 1840 ON

uaBou}dJed J8J0 Ue
paJapisuod Jou/Qjy 1940 ON

uaboutrued 80 U
paJapjisuod 10U/QjY 1940 ON

UaBouI4ed 1940 UE

PaJsapisuod J0u/Qsy 190 ON

CUDOC—D&.O jeJ0
Ue PasdpjsUOd 10u/20-36 |

Yvyy s§ iy
U0}32919p ‘dJ0jas3
‘3jw}) u0}y3IINIP
no13q s} pJepuls

sasayyualed

uj Issusbuew paajos
-8jp ‘ssausbusu 9303
348 331N8IJ 183}3A 8y

uvyy 8§ 1wt
uoj393ep ‘aJ0jai33d
‘3jw)) woj3ap
no1aq 8§ pJepusas

sasayjuaged Uy uoJdy
paAlossp ‘uod) 19303
349 33 )N8A 193134 euy

yvuy 8§ el
uo}33933p ‘dJ0jasayy
‘3jmyy vo13INIP
MO13q 8} pJepuels

UojJal e
A3 19nD J330R VAD

piepuels
Jayen Bupxulig
{39180 30934nS K@D

pJspueys on

paspuels
4318 pUN0JY HAD

T NTSTNL)
Avjienp J3iem vid

pJepuels
J338p Bugnuiag
‘133108 32934NS HAD

uojJ433449) A3genp
JI18N IOV JIIeN USI|)

NzZooo 0

(soo)ot

SN

§e

nsoo 0

(go)ot

ns20 ¢

2 t-2\s1Q3\1sey\dva; ms\Ggbe

1000 O AINDIdK
(9 1) 8l € asauebuey
9¢L wnisaubey

08l O Nyt
»i 0 peay
(69 £) 20 0% uoJ]
990 0 Jaddo)

nuucco“ S1039W

2-26

#1843y JO3UE)
/3u3jony piezey

UMW)

20N
vy

(1/6w)
vy

(1/6w)
IRERLT R ELTNLT
uj}
U0} 184U
-UoJ unwixey

1821waY)

2 0N 1180 31EVY¥340 1V ¥3AVA DVIANS NI
GNNOWIXIVE IN0EY (3103130 STVIIM 304

SUVEV 21413345 VINNGHD
¢-¢ 314vl




uIBou 2483 840 LR
PaJ3psuod J0u/§0-30 L

uo}4a§4)

2 1 a\siai\1sei\des} mi\Gg9ba

Ayg1onp Ja1en yM) S0 0 " 2 wiz
UabBou}res 840 Ue
palapysuod 30u/20-38 6 4 3Jedans vady 920 0 fiL 0 unjpeusp
uaBou}24ed juJo Ue
P3JapIsuod J0U/QsY 180 ON 281 s} punoibxoeg pispuels on SN 122 wntjuonls
Uabou}d4ed 1840 UR
PIJPISUOI J0U/CQSY 1840 ON pJepuRls oN SN (1)) wn{pos
pJspuels
uIbou}o4ed 840 Ue 4319 BujyuyisqQ
PIJIpisuod Jou/ZD-3§ 6 ‘Ja3epn depang WG 100 €100 uniudas
uaBou}dses jeio Ue
PI4apisuocd Jou/qsy 1940 ON piepusis oN SN 1€ wnisse3od
Uaboujdied jeJo Ue
PaJapisuod J0u/20-36 2 4 JJedans vy 200 $90 0 19X N
UaBou}2499 1840 US pJepuUelsS 34n3 IN3JaBy
P3J9pIsuod J0u/qlY 1940 ON ‘49380 PUNOJT HAD 10 L0 wWwapgh 100
{ 3U03) sje3an
€1 /6w)
«A81Y JIUB) U0 ) NI} Y (1/6w) 472304 3384uns 1821W3Y)
/1ua)3I0ND PUeZeH t 1214 yvyy uj
U0} 31843UID

-U0) WnuH Xl

2 "ON LINN 21EVA3H0 1V ¥ILVR TIViENS NI
GINOXDVE 3A0EY @3LI3130 STIVIM ¥04

SIVUV 21312348 TVIINIHD
¢-2 vl

2-27



Uabou}I4er 1840 Ue
PaJapysuod J0u/Qsy 1940 ON

uaBouased vJo ue
PIJSpIsSU0I J0U/QjY 1940 ON

UaBoU}IIED (84O Ue
PaJap|suU0d J0U/Q}Y 1940 OF

uaBoujased 1840 Ue
PaJap|suod 10U/Q)Y¥ 1840 ON

UaBou}24e3 840 Ue
PaJap|suod J0U/Q4Y 1940 ON

uUaboujdsed jeJo Ue
PIJIp)su0d J0u/10-36°2

€-t ®\s|ai\iseo \deoay ms\Eybs

piopusls J33GN punoJd9 HAD 00% 064 Sal
paepueys oN N 2% £0393 se
ajeuoqiuaig
piepuels Jaien dw4INS HAD 052 822 21e)ns
PJIPPUEIS JII8A 9I95NS HOD 052 o1 ap1io1y)
uaBoII U 304U 19303
4% $3)nsaJ 193} 3Ajeuy pJaspuels Jajep 308INS HAD o°ol 124 LRLERYY |
PIPINI 8§ yWIY AN o0 :
31 sujwiaap o3 paJjnb QN
-394 sjsAisueay UuaboJiju N
938434y sn)d ajed3ju 9103
3J® $1|NS22 JIIIAJBUY  PINPUSIS JIIBH 8I93INS HGD ol 92 2ILIIIN

SJUBIN| {04 |PUO|IUIALCY

A8}y JI2uR)
/3uet3onp paezey

(1/6w)
JUN0) UL Y ()/8w) q'?3en 284uns 1931wy
b i) yvay ug
U0 }318J3UdI

-U0) urwijxeN

< "ON 11NN JTEVEIA0 1V 331V IVINNS NI
GINDYIOVE IADEY (310313C SANINLILISNOD DINVOUONT ¥3HI0 BO4
SYVIV J141234S TVIIEMD

£€-¢ 319v1L




® 1 s\siqi\asei\desj ms\6

suebJo SNOLJBA 3133)58 A19AL11D91)3S

$9P| 1ONUOLIPEJ ISNEIIQ UOLIBEIPEI 3Y) BULIIJEI IP|)oNUOCIpPES Y U0 O0S1¢ ING ‘U0IIBIPes JO WIO) 3yl Uo AJuo jou spuadap XNSIJ JIJue) e33q
pue esyd)e $s0JB 03 3)1qed||dde 30U 8} yS)J4 JAUEI Iy] { (1/712d) 38§J 31un dyj1dads.Aenyied X (1/13d) YvaY = AStJ JIJUED SIP||INuoipes JOg
%9943 InujeN Joj S| Sasayjuased ul InjeA ‘333J4) UBWOM JOJ SI IN|EA

_(1/6n) Jo3du4

A2U3304 94uaBoU}248) X (1/6N) YVUV = NS}y JIWEY 3 Q ‘ucaBuiysen ‘vd3 § N ‘IUawdo)IAIQ PUR YIJRISAY JO 331450 IY) AqQ paJteyd 46 y40M 334440
-Jaju} ue Aq padojaAap ‘asop 3UIISad WPIN-AJUIBY = (Y (SIIIIENY PUOIIS/ISJ L4 ‘S31QE| AJGUNS JUWSSISSY S1D94)3 Y319 - 0661 ‘VvdI) 03Y 14O
ajuoJaya ayy o3 63 oL jo IYBian Apoq ® pue Aep/sJali) 2 JO UOIIdINSUOD IYI UO PISEq YVYUY JO 13A3| 318 EIU} A)|ep JO 013184 S| JUIIIonb pIRZeH

.8
L 24

L

(VOW) A31A139e 2)1Qqe1321ap wnwiutw MO)3g (€))

pIJapisuod 3q o) 281

que)q U} wIs3ayd os)e punodwo) ]

1lWi} UO13J313p MOjaqg PIIcWLIS] r

i) uo4323330 n

(€ £ UOLIDIS 938) SIILJINO IPNIIUL J0U S0P ‘Pa}193ds $SIIUN UOIIBIJUIIUOD |930} Q)

(v xjpuaddy 228) ®36p 21GE)|UAT }]8 WOJ) PIUIWIIIIP SUOIJRJIIUIDUCD PUNOCOD UNWIXEH (e)

g0t ¥ £ £/0)y 1940 ON pJepuels 13194 33934nS HAD (oL) S 9 g2 Je30y N IusIN
0L X 9|

f-e X2 tnmg 840 oN pJepuels J33en 3I8)InS HAD ] 9¢€ 06'687S

904 X9 {/0}4 1940 ON pJaspuels Jajen 30934nS HAD (00S) 00S cott M

s.o— X 0 8/0)¥ 1eJO ON pJepuels JIjen 8jInS HAD (S0 ) so 82 $~E<
goLxoe ‘LoLxoe

.u.c_. X 0 1/0¥d 1940 ON pJepuels Jajen 32ejuns HAD (S0 ) so 09 0v2'6c2 gs2™d

YN/Qj¥ 1840 ON pJepuels JIjen 32934nS HAD L) § (1141 83128 ssoJ9

YN/Qj¥ 1940 ON plepueis Jalen punoJsn HAJ wslli) 2 olg eyd|y ssoJ9

Saplyjonuoipey

€1/712d)
seuS1Y JAOUEI N0) VIS ¢1/40d) q219n 328juns 1821WaY)
/3UdjI0ND pJeLeY yvyy yvayv ut
(VYR NPUITE]

uo) WrWwixey

2 “ON LINN 37GVE3IJ0 IV ¥31VR DVINNs Nl
ONNOYOXIVE 3A0EY (31J3130 SIAITINNOIAVYE 04
SYVEV I141334S WIINIWD

t-2 318Vl

2-29



LA SO TN IVININSITIEIIN 3

6515 1 "0 921 0 ft0 0 0020 © Qoo o 0099 2 1”nes 0061 1 "2 o o0z o 010 0 opye 2 68 o 000 2 ) g
21 0 "o otc0 o 7w o 00¢a 0 o520 0 “0%0 0 1158 0 1319 8650 0 0050 & 0520 © 600 0 moe [ ] 1A) mnjpeues
1%t 0 2880 @ 0002 0 a00t 0 ?) 0004 O {9 0050 0 0002 0 000t & 0002 O 0004 © 0601 & 2104 0 oini 0 oo o nootL o tug) vy
1006 0 8495 O 009¢ { "wie 0052 4 00S2 4 009¢ ¢ 9009 ¢ 0008 0 ngz o oo 25y 0 o4 8 "is o W e (48} snyrong
%00 o 1500 0 TN 500 L:1RL ) oo 0 oMo 0 100 ¢ 6500 0 9200 © 0500 ® €200 © o0 2600 ¢ o100 (a3) sy
26t 0 W 0 0120 0 010 0 00% ¢ 0020 D 00Y0 0 0020 0 0w e w2 0 00% & 0020 O %90 o [$2. 8 ] [ {9 ] CIN) e
”no 0950 0 ool o 000 0 {9) 0001 © 9y 00%a 0 oo (32 N ] oo oo 000l o 0040 0 um e 2490 o oot & tow) wrwapgh oy
8100 0 2000 0 2000 0 1000 0 2000 0 1000 0 9000 0 2000 ¢ 200 0 2000 0 1000 O 2000 0 000 ¢ oo ¢ 200 6 {6n) Amnasan
LILT I g o 099¢ o 6431 0 0593 0 059y 0 a/er 0 fue o o0%Y £ f09 ¢ 08l O 17,0 ] 054 ¢ we e 000 § tun) s3uebuey
%88 0 6801 @ 4260 O 100 $9) poLsS 2 93 0082 4 0098 ¢ 0 e o0t 0 ffs0 0 oo 0 80 0 002 € £581 0 00s 2 (1) sy
Y9l 0 2100 0500 0 4200 O 0900 ¢ 09500 0 4150 0 nio o osit o o%o00 1 ¢4 N ] ol e suso» Mmoo os0 8 1q4) pesy
L7319 31) £791 Ot 0001 21 {590 9 002¢ 1 002¢ 1 0000 ¢t Fi{ /83 0000 Y02 0000 24 ovot 22 0 s 9002 92 ”®un s 000 & t24) woat
(124 4] W20 o1y 0 00 0 s20 0 200 9700 120 8 ofe2 0 1220 0 6620 0 00 “use o wis o o2 0 (n3) saddo)
011 0 820 0 0050 0 0s20 @ 00 020 0 0050 0 Qs20 6 oML o 820 0 0050 0 asze o 0050 & 0520 0 noso s {0)) 1)
20 10 0 ol a ae o oo 0500 0 200 0400 0 e LR4E 0 ] ow e 0300 0 ans £800 0 ®wes (43} e ywoayy
0210 2 000 0 000 O 0%0 0 400 0 $200 0 0500 0 £200 0 noo 0500 @ 0500 8 £200 0 0500 & £200 & o0 0 (P} wnjupe)
690 0 £%00 0 0500 0 200 O 0300 0 200 0O 900 0 K0 ¢ 2440 0 1300 0 €500 © oto0 0 600 O noo 8 newo (28} wniyhseg
065 L 812 0 0 0 096t 0 m o oL o 0y o o2 0 0020 T 2o oYy o e e oS @ "t e 000 | te9) wnjsen
£390 0 N0 0 0090 0 0010 0 00% 0 00£0 0 001 0 £0%0 ¢ 190 0 4050 0 0090 © 0ot 0 ogve 0 0010 o new o tas) Avowyruy
§30 2 [SSIR] 000y St N9 s [V 005 0 0008 22 0069 ¢ 000Y $2 2268 € 002y ¥ 0902 000¢ 82 2188 v 000 § {1v) ey
o 3} [ ] row 3 [ Y -y | TU Y New ) Bas 3 e ) Baw 3 [ -} 8a0 3 {)/8m  B)jun WO IeIUINI))
sye1am (010t
(7 8410 0 ) 00 u e 93 B00s © (rosud oot 0 00go o 0000 | {610 0 0001 © 0040 ¢ 0001 ¢ 0040 0 ooL o (us) uyy
29 0 8248 0 ot L S401 L 0052 4 009t | 0041 4 0598 o 0008 0 "o 0 018 0 sty 0 o916 8 omy o %t 0 €43} Wnjunassg
£903 ¢ 6200 0 010 0 0900 0 0500 0 200 0 0500 0 $200 0 000 & 200 & 0500 0 €200 ¢ ”nio 0 €00 o eieo (ag) snjudjag
wee o 8601 0 0D 0 $%60 © o0zt 0 200 0 i%10 0 "o (14 N ] "ot o ov0e o 8% 9 oaye ¢ nee Q0o (un) sraueluey
0 95%0 0 0650 0 s2100 0290 0 280 @ s o 220 & 0002 0 Y60 0 00y 8 Py 2 008y § 0t 2 oot 0 tag) wouy
2500 0 9200 ¢ 0500 0 $200 © 0500 0 $200 0 0500 0 208 @ £300 0 9200 0 0500 8 8200 0 0500 ¢ £200 0 LR 3 ] (29} sniyhag
1090 0 10(0 0 00% @ 0010 © 0090 0 0050 O 0090 O 0ogo 0 0090 O boto ¢ [ {10} 10 ¢ 00%0 © oofc ¢ 0% 0 (q3) Avow(uy
3 Ban ) rew 3 8e) ew 3 [T ] wew ) $ae 3 e ) $a0 3 e ) a0 3 C1/7bm o 83jun VoL I IIUEIN0))
319304 PRAjOISYY
[1%4 [ $ i1 \ 2 02 ” [ 14 o5 s 1 144 ) ns JBYI2010]YINIINY
wee 07 [74 € ”" ¢ 092 [ 13 av [4 [} ] oS £i1) ag LY YU T PY
314 IR} f 1 H Ot 509 ”e 1711 ” < [ 1 5001 29 ng W) IO VOQIE)
0t ’ s { s Y 041 [} 1 { [4} £1] " 1 ag (18101) susyi20s014310 2 |
9 t $ t s 11 v § \] [ 1 s £ i 2 ne Laad 1L EAL DT ]
I ° 4 i S § 11 12 ™ 3 H 9 on 24 ng sudyIBCIOINIIG | |
S 4 9 ¥ s 11 s 1 S £ 2 L4 1 4 L 1417910 woque)
46 1 5 ) o s 1 e [ 1 11 1) v an * [ 13 (¢)  walady
L1 9 $ < s { $ i " 4 < 5 s [ 1 ng (S)  Ipfiogy) wrjdqiay
1 v o1 < (4] < L] [ “ L] ot 11 4 < a0 p1I0143 VAulA
-y &9 ) ~ ) 503 L Bas 3 e ) [ TU Y ow ) Sae 3 wow 3 Sae 3 (1780 » 14w W0) 30 L 1VaR0))
(23] [$1) S3juel iy 8}118)0A
= a - - as > .t assee LI an Ak . .
RIIVEINIINGY  ROLLWEINIINGT  (MdD £ 9 mOLy) {uds ¢ [ 1¥ 1} (ued § v mopyg) (ue 85 = Ae}y) tndd 0 » motg) (%42 § £ o A0y} waw iTvne
w1 1w 1IveIAY 90N §90ns 650As 2330 LOWIVA NINOS 8NN 150N 4LV Ony Qve (08
AURIIA AT QLIHSY IR ML w 13

SROTIVELRIINGD WMIXYM 03102130 MOYS

S~2 318vi .

2-30



LW A0V IVEININS TR IE2IN 8

Ay g Hpe 10N) 31A) %yl § ¥ anje  1gy) AIARuUR Ayl JO ity U0 o) jenba 138 250435341 Sie wOw ) pue $A0 3 UOIINIS JN1ER DU Ins PUT AIAJRUE PIIEIPUL YY) S0) PEIIOGIN LIFQ TEY FIEP LOIIBIILIILGI on (9)

sysAjeue a)dees a4l AQ PR1JOGIS UO)IPIIUIIIOT BYL 10 PIIEN|EAS 3| wnlep YY) SWE|Q BuIPUDdSasI03 Byl Ul PUNO) UO)ITIIVIIOI Byl SIWEY Of Veyl SN1eash 5
waep ayy 31 A12a1133dS2) 3UOIAIE PUS IPLIOIYI BUINAYIAE SO} NOL PUE A 13213P UCU § $8 PRIONIEAS S| WNIP Syl e g uipuodsds03 SYL WY PUNO) UOLISHILIINGD BY) SEE|) §i LEND SEB) S1 WNIP Byl )] SRO1|0) Ie

oa ) pue 8 0 3 J0 UCIITINADD JO) PINEN|EAD 208 STUE |G UL PIIIPIIP IIAN SJUSHGEIL0I 410101000 UOKEOS SSINL NIIUR U 18D J21EN 3D€)INS SWEIG AJOICIOQE] 1018488 Y| PALIISIAP SR SUCIIIN DUB IPIIO|NI NudJAgIM (§)

083 3y) oF jenba 323 81 wew I sa|chees UOIIEIS )
10 Aus Ul (uoiae B1Sap N 2 1) PANIBLAP Jou 31 A vus Ayl T SUCI101S JO dnosB JO UCIIBIS By J0) 138 €18P SJ1TUS 2yl Ul UOTIRIILIIU0D PA)IZIIP WFw|Tew Y} 8| Now )  UOIRAIUBI0) 14 \0uy wwikey wew ] (V)

rew J vayl J3103:8 2 Aew Bas )

P3101n3180 3yl JUMIEIUCD & JO) L1ME) UOLIIIIAP YL ROIIQ SIINSIS DIOW JO UG OF UOLIIPPE UL $1INSSJ 1313P LOU Aure SEY 011013 jo dnosl 10 V0| IUIS & BadyN S2583 UL (1GND) 31EEY U0J1I310¢ PIIFRhay 18IIU0] By}

JI04 SUC $ LRI 3)1MI|I0 Byl jO UO)IRINKWOD UL PISN INjEA Sy (UoiIsUBiSIP N B |) PRI3AIP oY BMEIIPU| ENEP O T dnosd ayl uUj SUOIINIS SN JOj SN 3|JawW) |8 Syl S3ndwo)l o) B3eP S1y) Buish U] pue
SUCIIRLS |ENDIAIMUL ¥ UOIIBIIUINOD USIE 2135wyl 10 Iyl Buiuiwia1ap 15114 AQ pasndwod o) §AR 3 (32213 WA yinog 1addn pue d)) pue peg (06 § #) SUO|ITIS J0 ONOSE @ 104  UOLIBIUIG) SAYeuy dBesday  Bae ) (()
LOIAS ONY {9OAS (90NS 9SONS SUCIIEIS JILEeR 2OEJINS SUIRIVL0I N82J1) Inuiea YInog Jaddn (2)
L10RS ONY QSONS  ZSOMS GSOMS 26ONS (GOMS OSOAS SUOIIRIS J3IeA 230)Ins suieiuol edie dy) pus pey €04 21 (L)

[ ]
2 M 9 10§ 0 08¢ 0 1Yy 0 g 0§71 0 00$ 0 009 0 0§ 0 0w 0 oLl e £2y o 009 0 5t [ 1% fom
§ S19¢ ? 89 0 02¢ 0 Y7 0 59 0f» 0 08 0 2 0 00f¢ oy 0 % 0 "s 0 082 0 82y 000 pujos PIAjOSSIQ 1#10)
{9 1€ 20 f1 oS s oS [ ] L1 s 20 02 09 L4 ot PRIRIIVITURILNIL)
w3 6e) - ) Baw ) e ) 8av ) we ) Gae ) vew ) a0 ) . ) Sae 3 (/6w S)iun UL IELIUING)Y)
sijueliou] |n10|
1zt 9 06% (2 000 f1I 00$ 02 000 t2 009 91 006 1 oot 11 00§ $ o e o002 § 00t 01 00¢ ¥ 00 04 wivein (90}
80 999 10y 822 000 Ot 000 002 000 001t 000 Onii 000 002 000 002 000 005 000 €22 000 0if 000 222 000 82¢ 000 012 00 00% ;g
558 2 He o 0L0 0 $00 0 (9) oot 0 (9) 050 0 00f § 00f 0 0o 190 0 000 82 00% & 000 €S 000 2 00 192 wnyd) sy
0¢ ¢ wns i f210 £00 0 20 022 o 00t § oz e 00f € 050 000 9¢ 000 02 000 09 000 ¢4 0 092 82 Whjueini¢
551 19y 159 95 000 €& 000 S§ 193 000 6\ 19) 00¢ ¢ 000 0% 000 %6 000 019 000 %5 200 " 008 ¢ 000 S9 000 82 00 81 12 $303)
1L 1£9 @96 12 000 ¥ 000 92 (91 000 11 {9) 00§ § 000 01§ 000 % 000 08¢ 000 2 000 012 000 24 000 0§ 000 <S¢ 00 14 odiy ss0u9
- ) 68 ) rew 3 [ 3 I e 3 8as ) rew ) Gae ) ~ 3 [ 23] we ) Bas ) (1733 $)|un LOLIENUINDY)
$ap1 ) INUCIPeN 1910)
2291 0L 190 ¢ o5s St 000 9L 062 £t 000 @1 00$ ¢ 009 9 092 01 006 ¢ 092 2 009 ¥ 020 § 000 ¥ 00 01 wnjueIn jei0)
Lo 9% 0 S00 O 000 0 §40 0 $00 0 0 0 000 0 901 0 00 0 00t | 000 | 0% 4 00y 0 0 0 092 of2 wnjuoiniy
Ly (€ s e 00z ¢ 002 £ 006 QL Q00 &L 0 e ool £ 00¢ €Y 000 0L 000 ¢ 0as ¥ Mo 000 ¢ 00 6V wag t09
8669 (1 02¢9 ¥ o 9 oof ¢ 052 8 o0of @ 000 91 000 {1 009 02 009 [ 2 ] 00L 0l $ oos 2 00 11 *ydiy ss049
LETISY 6e) o ) e ) o~ ) Bam 3 e 3 [N ) w3 be) " ) Bae ) (i $3IUN LO|1IIVIIN0))
3P INWIPEY PO j0 19
» *
NOLIVELINIINGD  MOILYEINIINGD  {WdD § 9 ~O1)) (ndd § noy ) e {9y mep) (ud2 6 mo14) (NdD § 0 mo)y) (W2 S € n0)g) (111} RIVRIIT]
Lo dbil] IVUIAY r90nS £90AS 650nS AI33 INNIVA HINOS ¥3ddn fs0ns 41} On¥ avd (04
AN AYE OHINTIIA ANV @ ({3 ]

SROTLVUINIING) MrmiXvM GIINTIIA MOYY

§-2 318vl

2-31



Water 1n the ditch passes under the road south of these locations through a culvert The
discharge of the culvert 1s SW-55 SW-77 1s another seep located on the east side of the
road, immediately north of SW-55 The IM/IRAP document notes that SW-51, SW-58,
and SW-55 are physically connected and they likely recerve flow from SW-50, SW-52,
and SW-57 Farther downgradient stations include seeps at SW-53, SW-63, and SW-64

Surface water stations associated with Upper South Walnut Creek which should be
sampled during this program include SW-59 and SW-61 The flow in South Walnut
Creek upstream of Pond B-4 1s pnimanly the combined flow from the discharge of
culverts and a spring (SW-59) located at the base of the hill to the south and
downstream of the culverts SW-61 1s located at the confluence, providing a pont for

sampling combined flow

2521 Volatile Organic Contamination

Carbon_Tetrachlonide

The upper reaches of South Walnut Creek as characterized, 1n part, by data for stations
SW-59 and SW-61 contain CCl, in concentrations 1in excess of 2000 ug/L Low
concentrations of CCl, occur at SW-63 Data for stations SW-59 and SW-61 indicate the

presence of CCl, 1n concentrations 1n excess of 200 ug/L

Tetrachloroethane

Data stations SW-59 and SW-61 indicate the presence of PCE 1n concentrations 1n excess
of 200 ug/L The IM/IRAP document does not cite specific incidences of PCE

contamination for seeps in the vicinty of the 903 Pad Lip Site, but notes that PCE has

been detected 1n many of the seeps in this area
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Trnchloroethen

TCE 1s occasionally present at SW-53, and low concentrations of TCE occur at SW-63
(<0 20ug/L) and at SW-64 Data for stations SW-59 and SW-61 indicate the presence
of TCE 1in concentrations 1n excess of 200 pg/L

ther_Volatil regani mpoun

Data for seeps 1n the vicinity of the 903 Pad Lip Site and farther downgradient at SW-53,
SW-63,and SW-64 indicate organic contamination Contaminants 1n seeps in the vicinity
of the 903 Lip Site include 1,1-DCE, 1,2-dichloroethene (1,2-DCE), CCl,, TCE, and PCE
with concentrations of CCl, and TCE exceeding 1000 ug/L  1,2-DCE 1s occasionally
present at SW-53 Methylene chlonde also occasionally occurs in these seeps but at

concentrations near the detection limit

Data for stattons SW-59 and SW-61 indicate the presence of 1,1-DCE, 1,1-DCA, 1,2-
DCE, vinyl chlonde, acetone, bromo-dichloromethane and methylene chlornide 1n

concentrations of less than 200 ug/L

2 5 2 2 Inorganic Contamination

The IM/IRAP document reports somewhat elevated concentrations of TCE, major 1ons,

strontium, zinc, and uranium at most of these stations

Total Radionuclides

Seeps 1n the vicimty of the 903 Lip Site, particularly SW-50 and SW-53, contained
detectable plutonium and/or amernicium during one event in 1989, with two such events
for SW-53 The samples contained substantial suspended solids and were not filtered
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at the time of collection Surface soils in the vicinity of the seeps are contaminated with
radionuchdes  Further, total radiochemistry indicated notable higher plutonium and
americium concentrations 1n unfiltered samples than in filtered samples, which the
IM/IRAP document infers to mean that most of the radionuchides are present in a

particulate form

Recent preliminary analytical results for a sampling program which involved collection
and incremental filtration of samples obtained at the 903 Pad Lip Area appear to
support the hypothesis that plutonium and americium are primanly associated with
particles 1n excess of 045 um 1n size These data indicated that the highest
concentrations of total radionuchdes were found in water samples obtained from SW-58,
SW-55, SW-77, and SW-53 None of these sites 1s expected to contain water for
sampling purposes during the months of October or November In fact, available data
indicate that these sites are dry dunng most of the year, flowing usually 1n late spring or

early summer

2 6 TREATMENT GOALS

The overall objective of the IM/IRA at OU2 1s the mutigation of downgradient
contaminant mgration within surface water and the treatment of collected surface water
to achieve acceptable levels Remedial actions at Superfund sites must meet two
fundamental clean-up requirements First, they must attain a level of cleanup which, at
a mimimum, ensures protection of human health and the environment (CERCLA Section
121 (d)(2), 42 U S C Section 9621 (d)(2)) Second, it 1s EPA policy that CERCLA
cleanups attain or exceed the requirements of all applicable or relevant and appropnate
Federal and state health and environmental requirements (ARARs) Tables 2-1 through
2-4 list the potential ARARs relevant to the IM/IRA at OU2
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The IAG, 1n paragraph 150, states "Intenm Remedial Actions/Interim Measures shall,
to the greatest extent practicable, attain ARARs " Also for intenm actions, the NCP [40
CFR 300 430(f)] specifically notes that an ARAR can be waived if the action 1s to
become part of the final remedy that will attain ARARs
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30
PRACTICAL TREATMENT TECHNOLOGIES FOR OU2 SURFACE WATERS

The approach used to identify technologies entailed segregating the numerous
contaminants at Rocky Flats into the three categones of contaminant types These three
types of contaminants include radionuchdes, suspended solids, and orgamics Engineering
judgement and prior experience with practical technologies that have been used to treat
the specific category of contamunants in full-scale facihities were the basis for the
technology identification Also included 1n this review are those technologies which have
been demonstrated at the laboratory and pilot scale on similar contaminants and show
potential for full-scale apphcation but where data are presently inadequate for evaluation
purposes The effects of mixtures of contamunants are site specific and need to be
evaluated These practical technologies are histed in Table 3-1 Additionally, this section

contains the findings from the literature review and vendor survey

31 IDENTIFIED TECHNOLOGIES FOR OU2 SURFACE WATER

Oxidation/Reduction of Radionuchdes - Chemucal reduction-oxidation (redox) reactions
are standard processes for breaking certain morganics such as cyamide into their
constituents or for altering the oxidization state of metals to facilitate additional
treatment The oxidation state of heavy metals such as chromium or plutonium are
typically adjusted to enhance a subsequent precipitation process Nontarget organics and
inorganics may also react, creating undesirable side products and increasing the oxidant

(or reductant) requirements
Chemical Oxidation of Orgamics - Chemical oxidation 1s used to degrade hazardous

organic materials to generally less toxic compounds Oxidation systems, particularly

those using ultraviolet (UV) hight, ozone, and hydrogen peroxide, are powerful tools for
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TABLE 3-1
LIST OF CANDIDATE PRACTICAL TECHNOLOGIES
PRACTICALTECHNOLOGIES FOR OU2 SURFACE WATER
Radionuchdes

Sorption

Reverse Osmosis

Chemucal Coagulation/microfiltration
GAC Adsorption

Yolatile Orgamcs

Chemucal Oxidation (UV/ozone/peroxide)
Granular Activated Carbon (GAC) Adsorption
Air Stnipping

Steam Stripping

Dastillation

Semuvolatile Organics

Chemucal Oxidation (UV/ozone/peroxide)
Reverse Osmosis

Steam Stnipping

GAC Adsorption

Suspended Solids

Coagulation/Precipitation/Filtration

PRACTICALTECHNOLOGIES FOR TREATMENT RESIDUAL STABILIZATION
Radionuchdes

Vitrification
Washing (water, acid, chelating agents)
Solidification/Stabilization (pozzolanic-based)
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treating a wide variety of common organic environmental contaminants Disadvantages
are simular to those for inorgamnic redox, nontarget orgamcs and morgamcs can produce

undesirable side products and increase oxidant requirements

Sorption of Radionuclides - Sorption of mnorganics, metals, and radionuclides 1s a standard
techmique for removal and concentration of these contaminants from wastewater The
sorption media are generally chemically regenerated, which results in a concentrated side
stream requuring further treatment or disposal Common and proven sorption processes
include 1on exchange and Granular Activated Carbon (GAC), while less proven
techmques 1nvolve the use of activated alumina, bone char, and proprietary sorption

media Ion exchange and GAC will be addressed separately

Activated alumina 1s a porous form of aluminum oxide with a large surface area For
removal of aqueous contaminants, activated alumina 1s typically used 1n a column similar
to that for 1on exchange It has been proven to be successful in the removal of arsenic
and fluoride from ground water (Rubel, 1980) More recently, activated alumina has
shown promuse in absorbing plutomum from a low-level wastewater effluent at the
Hanford Site (Barney et al, 1989) In the same study, plutonium adsorption on Bone
Char Adsorbent was the most rapid and gave the highest decontamination factors
Waste stream specific laboratory testing would provide valuable information on the

suitability of these sorbents for low-level radionuclide removal

Ion Exchange of Radionuchdes - Ion exchange processes are used for a wide range of
applications, including commonly recognized systems such as demineralizers and water
softeners The goal of an 10n exchange system 1s to remove undesirable 10ns of a certain
type(s) from a solution and replace them with more acceptable 1ons (Clark et al, 1971)
Radionuchdes are commonly removed from waste streams at nuclear facilities using ion

exchange
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Ion exchange resins, particularly amon exchange resins, have been used to recover
uramum from mine run-off water for many years Extensive studies on the laboratory
scale report removal of uranium from natural waters as high as 99 percent (Sorg, 1988)
A small full-scale 10n exchange system was capable of removing uranium from drinking
water supplies to as low as 1u/L (Jehnek, 1988) Ion exchange resins are typically
rechargeable, however, the resins used in radioactive applications are generally only used
once and are then disposed of as a solid waste Although published information 1n the
removal of plutomum from natural waters by 10n exchange has not been found, there 1s

indication that 10mzed plutonium 1s removable using this technology (Marston, 1990)

Granular Activated Carbon (GAC) Adsorption of Orgamics and Radionuchdes - GAC
adsorption 1s the most widely used and developed technology for treating groundwater
contaminated with organics It 1s effective for the removal of a wide range of organics
from aqueous waste streams It has been proven successful for carbon tetrachloride,
chloroform, DDT, benzene, acetone, methylene chlonde, phenol, trichloroethene, and
xylene among others (EPA, 1985) GAC 1s typically regenerated with a thermal process
and the regeneration process can be performed with either off-site or onsite facihities
There 15 also an indication that GAC adsorption may be an effective removal technology
for radionuchides Although the use of activated carbon as a means of plutoium
removal from solvents has been investigated (Mailen, 1985), no published literature
could be found on GAC’s applicability to radionuchde removal from natural waters
Simple laboratory testing would yield the necessary data to determune the suitability of

this technology to wastewater radionuchdes

Reverse Osmosis - Reverse osmosis processes involve the use of semipermeable
membranes By applying a pressure greater than the osmotic pressure, water 1s passed
through the membrane while particulates, salts, and high molecular weight organics are
retamed. The retained, highly concentrated solution (retentate) contains dissolved salts,

as well as the target contaminants and requires further treatment or disposal
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Centnfugation for Suspended Solds - In this process, the components of a iquid/hquid
or hquid/sohd mixture are separated mechanically by apphcation of centrifugal force
Centnifugal forces are applied by rapidly rotating the mixture 1n a confined vessel The
heavy phases or solids are pushed towards the nm of the vessel and are removed by
vanous methods High grawity "pusher” type centrifuges are typically used for removal
of suspended solids from process slurres, usually heavy metals, which are greater than
150 pym

Electrodialysis - Electrodialysis 1s a membrane process used for removal of 1onic species
from aqueous waste streams An electrodialysis system consists of 1on exchange
membranes within an electrolytic cell An electrical current is apphied across cation and
amon exchange membranes, resulting 1n a transport of 10ns through the membranes
The resultant side stream consists of high concentrations of the removed anions and

cations which must be treated and disposed

Chemical Coagulation/Microfiltration for Radionuclide Removal - Chemucal coagulation
1s the process of making dissolved chemucal constituents mnsoluble so that they can be
separated from a iquud Thas 1s usually accomplished by adding a chemical that forms
an soluble compound with the target contamunant accompanied by a separation
(filtration) step Dumnng recent years, the USEPA and others have sponsored and
conducted research studies to test the removal of uramum from drninking water (Sorg
1988, Lee & Bondiette, 1983) These studies indicated that chemical coagulation
combined with filtration could effectively remove up to 90% of the uramum present
Other studies conducted at several Department of Energy sites have indicated reductions
of uranmum 1n ground water from 3460 ppb to 1-7 ppb (Hodgson, 1989) utihzing the
same technology This technology has also been widely demonstrated for the removal

of uranium 1n mine water drainage
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Chemucal coagulation/mucrofiltration processes are relatively simple to operate and the
reagents and equipment are readily available This treatment method generates a sludge

that may require further treatment prior to disposal

Coagulation/Precipitation/Filtration for Suspended Solids Removal - A vital component
of a process train for water treatment 15 the removal of suspended solids to prevent
fouling and plugging of downstream processes (1e, i1on exchange resins) Chemcal
coagulants are added to enhance the settleability of solids by reducing the barrers to

agglomeration The settled solids are removed using conventional filtration techniques

Air Stnpping - Air stripping 1s a proven technology for removal of volatile and
semvolatile contaminants from the water. This process involves the transfer of
contamunants from the contamuinated hquid phase to the vapor phase by passing the two
streams countercurrent through a packed tower Aur emussion treatment 15 generally
required Vapor phase activated carbon systems are the most commonly used process
for this purpose, but other alternatives, such as catalytic oxidation and fume incineration,

exist The vapor phase treatment unit 1s generally costly

Steam Stnpping - Steam stripping 1nvolves 1njecting steam 1nto a solution to volatilize
organic compounds It can be operated as a batch or continuous process The use of
steam makes 1t possible to strip compounds of lower volatihty than those removed by air
stnipping Steam stripping 1s a well demonstrated technology, however, it does generate
a concentrate that requires treatment or disposal and the process requires low cost

steam

Distillation - Distillation 1s a process that involves separating compounds according to
therr boiling point characteristics The pnimary use of distillation 1s for reclaiming spent
solvents from industnial processes, and it 1s generally applicable only to rather

concentrated solutions The process can be used to separate various volatile compounds
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or to separate mixtures of organics into hight and heavy fractions The hight fraction can
usually be recycled or used as a boiler feed, while the heavy fraction requires further

treatment

32 TREATMENT TECHNOLOGIES FOR RESIDUALS

Washing - Washing 1s based on the principle of contaminant removal from residuals by
contacting with a hquid solution Washing agents include water, acids, solvents,
surfactants, or chelators The washing technology can potentially be used to remove
organics, metals, and radionuchides The wash solution contaiming contaminants will

require treatment and/or disposal

Solidification/Stabilization - Solidification 1s a process i which contaminants are
mechanically bound to solhidifications agents, reducing their mobility This produces a
solid matrix of waste with high structural integrity Stabilization usually involves the
addition of a chemical reagent to react with the contaminant, producing a less mobile
or less toxic compound Sohdification and stabilization are frequently used together and
are a well established method for reducing the mobility and toxicity of hazardous wastes

This process generates large volumes of solidified material requiring disposal

Vitnfication - The witnfication process involves heating the waste matrix to a very high
temperature and either combining the matrix with molten glass or heating the matrix
until 1t melts Once cooled, the molten mass solidifies into a stable, noncrystalline sohd
resistant to leaching of the inorganic, metal, and radionuchde contarminants Organic
components are destroyed by pyrolysis The process can be conducted either i sifu or

off-site, however, the process 1s generally expensive
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40
TECHNOLOGY SCREENING AND EVALUATION

The objective of this technology screemng and evaluation section 1s to assess the
potential treatment technologies for OU2 surface water that were previously 1dentified

1 Section 3 0 of this document

Subsection 4 1 presents the screeming criteria used to evaluate the potential treatment
technologies, and 1n Subsection 4 2 the technologies are screened against these criteria

to refine the list of technologies for inclusion 1n this treatability study program

41 SCREENING CRITERIA

The technologies were screened and evaluated agamnst critena which contribute to
effectiveness and implementabihity The screeming critenia are outlined for each

technology in Tables 4-1 through 4-4 and are explained below

Effectiveness refers to a technology’s ability to treat a given volume of waste based on
cleanup goals The implementation criterion 1s used in this treatabihity study to
ehminate technologies that are clearly unworkable or impossible to implement because
of institutional or technical problems Cost 1s not a sigmficant factor in the imtial phase
of the technology screeming and 1s not relevant for this first phase of treatability studies
This cost criterion will, however, be important for the screemng of alternatives and the
detailed analysis of alternatives, and treatabihity studies may be required for cost
estimation purposes at that time In summary, effectiveness, and implementability are
the key factors for the treatability study selection for alternatives evaluation where data

are 1nadequate
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TABLE 4-1

ORGANIC TREATMENT TECHNOLOGIES
SCREENING MATRIX

Granular
Chenucal Activated Air Steam
Technology Oxidation Carbon Stnpping Stnipping Disullauon
Screeming Cnitena
Effectiveness
® Significant reduction n Yes, demonstrated Yes, non-selective will Yes Yes Yes
parameter of concemn technology in treating  treat all contaminants
parameters of with vanious
concern efficiencies for each
® Formation of new toxic Some low potenual f No No No No
reaction compounds not complete rescuon
® Potential to achi.ve Yes Yes Yes, 1n conjunction Yes, produces Yes
effluent limitations with vapor phase condensation
GAC or other
adsorbent
® Proven or expected Yes, wadely proven st Yes, widely proven at Yes, widely proven Yes Yes
formance at these concentration these concentration at these
enlration range ranges ranges concentration
ranges
® Flexibility to vanmations 1n  Yes, will tolerate Yes Yes Yes Yes
feed water contamunant small fluctuations 1n
concentrations contaminant
concentration levels
Implementability
® Readily available Yes Yes Yes Yes No, highly
equipment at scale - specialized
equipment
® Uulity/Personnel Significant utulity and  Miumal Minumal Significant utility Significant utility
requirements personnel traming requirements, muumal requirements,
requirements personnel minimal
personnel
®Treatment residual Minmal residual Sigruficant spent Significant Sigmficant adsorbent Signuficant
management management carbon disposal or adsorbent disposal concentrated
recovery or recovery contaminant
disposal
® Amenable to laboratory Yes, but specialized Yes, lab scale No, proven Yes Yes
scale tesung equipment not readily  equipment readily technology, no
svailable st lab scale available advantage 1n lab
tesing
® Include 1n this phase of No, recommended for  Yes, wide vanety of No, recommended No No
treatability study program potenual future pilot  contanunants warrant  for potental future
scale testing lab testing pilot scale testing
22588/RIT 4 1 10-15 90/22588 Sheet 1 of 2



. TABLE 4-2

RADIONUCLIDE TREATMENT TECHNOLOGIES
SCREENING MATRIX

Granular Reverse Electro - Coagulation/
Technology Sorption Activated Qsmosts Dualysis Micro - fon
Carbon Filtration Exchange
Screening
Critena
Effectiveness
® Significant Yes, on Yes, on Yes Yes Yes, on Yes, on
reduction 1n certain rad ceratin rad certain rad certain rad
parameters of concern  compounds compounds compounds compounds
® Formation of new No No No No No No
toxic reaction
compounds
® Potential to achieve  Yes, on Yes, on Yes Yes Yes, on Yes, on
effluent limitations certain rad certain rad centain rad certain rad
compounds compounds compounds compounds
® Proven or expected Studies Studies Studies Studies Studies Studies
performance at indicate mdicate indicate indicate indicate indicate
concentration range favorable favorable favorsble favorable favorable favorable
results results results results results results
. ®Flexibility to Yes Yes Yes Yes Yes Yes
varniations 1n feed
water contamunant
concentration
Implementabihty
©® Readily available Yes Yes No, No, Yes Yes
equipment at scale specialized speciahized
equipment equipment
® Uunlity / Personnel Minimal Minimal Signuficant Stgnuficant Significant Miumal
requirements utility and utility and utihity and
personnel personnel personnel
requirements requirements requirements
@ Treatment residual Signuficant Sigruficant Signuficant Sigmficant Sigruficant Significant
management spent sorbent  spent sorbent concentrate &  concentrate &  filtrate spent resin
disposal or disposal or spent media spent media disposal disposal or
recovery recovery disposal disposal recovery
® Amenable to Yes Yes Yes, but No, Yes Yes
laboratory-scale specialized specialized
testing equipment equipment
not readily not readily
available at available at
lab lab
® Include 1n thus Yes Yes No No Yes Yes
phase of treatabslity
study program

22588/R1T 4 2 10-15 50/22588 4-3 Sheet 1 of 1



TABLE 4-3

TOTAL SUSPENDED SOLIDS TREATMENT TECHNOLOGIES
SCREENING MATRIX

Technology

Centnifugation

Coagulation/
Precipitation/ Filtration

Screening Criteria
Effectiveness

Sigmificant reduction 1n
parameter of concern

Formation of new toxic reaction
compounds

Potential to achieve effluent
Limitations

Proven or expected
performance at concentration
range

Flexibility to variations 1n feed
water contaminant
concentrations

Implementability

Readily available equipment at
scale

Utility/Personnel requirements

Treatment residual
management

Amenable to laboratory scale
testing

Include 1n this phase of
treatability study program

22588/R1T 4 3 10-15 90/22588

Yes, hmited apphcations 1n
suspended solid removal

No
Yes, very particle size speaific

Yes, but limited data available

Yes

No, specialized equpment

Sigmificant
Moderate

No, laboratory-scale
equipment not readily
available

No

4-4

Yes, wdely used
technology for
suspended sold
removal

No

Yes

Yes

Yes

Yes
Minimal

Sigmficant filtrate
disposal

Yes

Yes
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TABLE 4-4
RESIDUAL TREATMENT TECHNOLOGIES
SCREENING MATRIX
Solidification/
Technology Vitnification Stabilization Washing
Screening criteria
Effectiveness
® Sigmificant reduction  Yes Yes Yes
1n parameter of concern
® Formation of new Possible No No
toxic reaction
compounds
® Potential to achieve Yes Yes Yes, data limuted on rad
treatment objectives compounds
® Proven or expected Yes Yes Yes, may require
performance at process modifications
concentration range
¢ Flexibility to
vanations 1
contaminant
concentrations
Implementability
@ Readily available Yes Yes No
equipment at scale
® Utility / personnel Significant utility and Moderate Moderate
requirements moderate personnel
® Treatment residual Vitnified residual will Increase 1n residual Additional hiquid waste
mangement require disposal volume requinng stream requiring
disposal disposal
©® Amenable to No, lab scale equupment Yes
laboratory-scale testing  not readily available
® Include 1n treatability No Yes No

testing program
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Technologies selected for this treatability study to support the mmitial phase of the OU2
are developed or potentially applicable technologies that have not been sufficiently
tested on the site-specific compounds or mixtures to provide the information needed for
the evaluation Site-specific conditions for which there are insufficient information are
typically related to radioactive and mixed contamination 1n the surface water Certain
processes also require testing because of dependency on other environmental conditions
The treatability tests will provide information on the effectiveness of a technology as 1t
relates to the OU2 surface water contamnation problem They will also indicate the
relative efficiency of each treatment technology, if additional technologies must be added
to the treatment tramn, or if the technology should be eliminated altogether
Implementation problems, such as sidestream generation, will also be studied and
evaluated This treatability study will support the decision to carry forward a technology

or elimunate 1t from consideration 1n the latter stages of this study

42 EVALUATION OF PRACTICAL TECHNOLOGIES

The criteria in Section 4 1 were applied to the hist of practical technologies presented in
Table 3-1 The following sections present the rationale for the selection or ehmination

of the practical technologies for OU2
421 Water Technologi rface W

Oxidation/reduction 1s a standard and proven technology for most target orgamcs at
Rocky Flats, with the exception of the chlorinated volatiles organic compounds (VOCs)
However, since the oxidation states of the radionuchdes are generally unknown, the
probability of success using an oxidation/reduction process 1s uncertain  This technology
could be tested at later phases of this study to determine 1ts surtabihity 1n adjusting the

oxidation state of radionuchdes to enhance a subsequent precipitation process
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Although sorption processes are established technologies for the treatment of organics
and morganics, their use for radionuchide removal has not been utilized 1n a full scale
system  Sorbents such as activated alumina and bone char have, however, been
demonstrated at laboratory- and pilot-scale and warrant further investigation for OU2

surface water

GAC adsorption 1s a technology for which substantial information exists for numerous
mdividual organic compounds Data for some types of mixtures, such as mixtures of
chlorinated VOC, however, do not exist The suitability of GAC for organic and for
radionuchde removal from a mixed waste will require laboratory testing as part of this

treatability program

Membrane processes such as reverse osmosis and electrodialysis are proven technologies
for certain contamnants found at the site, and the alternative evaluation can proceed
based on existing site specific information None of these processes were selected for
inclusion 1n this treatabihty study program since they can be evaluated wathout further
testing

A "pusher” high-gravity centrifuge was investigated for the removal of suspended sohids
from the contaminated seepwater This type of centnfuge 1s typically used for removal
of sohds greater than 150 um from process slurries According to a vendor contact, a
centrifuge 1s not suitable for this application where the suspended solids are in low
concentrations and are considerably less than 150 um 1n size For these reasons,
centrifugation was eliminated from further consideration as a candidate for laboratory

testing

Chemical precipitation/filtration 1s a well documented technology that works for
radionuchides and suspended sohds Sufficient information exists to evaluate this

technology as a remedial alternative, but treatabihity studies will be needed n the
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technology screening phase to enable selection of the appropriate type of precipitation

and filtration for the specific compounds of concern.

Arr stripping 1s known to remove volatile orgamcs, and steam stripping removes
somewhat less volatile compounds Their efficiencies can be estimated based on existing
data, and no treatabihty study 1s needed prior to the design phase Distillation 1s also
a technology for which existing information 1s sufficient for evaluating 1t as a remedial

alternative

422 Residual Treatment Technologies

Residual washing (1 e, spent 10n exchange resin) 1s a function of the physical, chemical
and mineralogical charactenistics of the residual and the chemcal properties of the
contaminant Washing of contaminants of sorption media has been proven towork (1e,
acid washing of 10n exchange resin) and sufficient information exists to evaluate this

residual treatment technology as part of a remedial alternative

Since solidification/stabilization effectiveness 1s a function of the residual and
contaminant characteristics and concentrations, and 1ts applicability 1s strongly dependent

on the waste-specific composition, a treatability study will be necessary

Vitnification has been applied to and proved for different radioactive and mixed wastes,
primarily for treatment of contaminated soil Its apphcability for treatment of waste
residuals, specifically 10n exchange resins and GAC, 1s hmited Vitnfication will no

longer be considered as a technology option for residual treatment
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50
TEST PROGRAM SCHEDULE

Figure 5-1 provides a schedule of the bench-scale treatability studies This schedule
begins with the receipt of comments from EG&G on the draft Test Program Schedule
(TPS) and ends with the delivery of the final report. The duration of the program 1s
greatly impacted by the turnaround time for the radionuchdes analyses, which 1s 66 days
Data analysis and report preparation cannot begin until most of this laboratory data 1s

available

5-1
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APPENDIX A
TREATABILITY STUDY WORK PLANS

Included 1n this Appendix are the treatability study work plans for the various
technologies to be evaluated. These treatability testing programs involving laboratory
screening yield technology vahdation data in which a "yes" or a "no" answer 1s obtained
on whether or not the technology should be considered further This program is not
intended to provide scale-up information or cost estimates for full scale implementation
The focus of these mnvestigations 1s the determination of the removal efficiencies and/or

the effectiveness of the technology 1n treating the contaminant type of concern

It 15 anticipated that during the field sampling activities, variability in contarminant
concentrations may be encountered due to variations in seep flow and time between
sampling events However, this will not significantly impact the results of this testing
program since its primary goal 1s to determine if the selected technologies are generally
effective Direct comparisons of one technology with another would require optimzation
of design, establishment of design cnitera, establishment of treatment goals, and capital
and operating cost estimates A treatabihity study program designed to facilitate this

level of comparnson would require that the technologies process identical wastewaters

The treatability study work plans (TSWP) for OU2 seep water treatment are as follows

A.1 TSWP Granular Activated Carbon - Organics and Radionuchdes
A2 TSWP Ion Exchange - Radionuchdes

A3 TSWP Adsorbents - Radionuchdes

A.4 TSWP Chemcal Coagulation/Microfiltration - Radionuchdes
A5 TSWP Coagulation/Precipitation/Filtration - Suspended Solids
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TREATABILITY STUDY WORK PLAN
GRANULAR ACTIVATED CARBON (GAC) -
ORGANICS AND RADIONUCLIDES

A. OBJECTIVES

Treatability screemng tests will be performed to evaluate the removal efficiencies of
various types of GAC for the treatment of organic contaminants and radionuchides 1n the
surface water at the Rocky Flats Plant (RFP) The orgamcs of interest include vinyl
chlonide, methylene chlonde, 1,1-dichloroethene, 1,1-dichloroethane, 1,2-dichloroethene
(total), carbon tetrachlonde, trichloroethene, and tetrachloroethane The radionuchdes

of interest include uramum, plutomum, americium, and gross alpha and beta activity

B APPROACH

These treatability screemng tests will be performed on the laboratory "bench-top"
utiizing small glass columns containing the various types of GAC to be tested An
iutial test run will be performed on each type of GAC Chemucal analysis of the column
effluent by use of gas chromatograph will serve as a general indicator of the overall
performance of the GAC for orgamc removal Gross alpha and beta activity of the
column effluent will serve as a general indicator of radionuclide removal Based on the
results of this imtial screemng, a second senes of tests will be performed utihizing the
two types of GAC with highest removal efficiencies of organics and radionuchdes
During this secondary testing phase, the removal efficiency of each type of GAC will be
evaluated based on the analyses of the specific chlorinated organics and radionuchdes
of interest Final testing of these two carbons will also be conducted to determune

chlorinated orgamc compound specific capacities for each type of GAC
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C TEST EQUIPMENT AND SET UP

Figure A 1-1 shows the basic equipment setup for a typical laboratory scale GAC test
apparatus Table A.1-1 shows required GAC test equipment Wastewater will be fed
from the waste feed tank to the GAC column by the action of a perstaltic pump All
flows through the columns will be downflow The separate systems, operating in parallel,
will be fed simultaneously from the common waste feed tank to ensure influent
consistency Prefiltering of the feed may be necessary to remove any sediments which
could plug 1n the GAC column The effluent will be collected 1n a waste tank Three-
way valves located before and after the glass column will allow for sampling to

determine system performance

D TEST RUNS

Initial Screening Te

Imtial screening tests will be made on a total of five types of GAC The five types of

carbon are
1 Calgon Filtersorb 300
2 Calgon Filtersorb 400
3 Norit 4000
4 Yakima - CYP
5 Yakima - C-C

Due to the low levels of chlorinated organics and radionuchdes present in the OU2
surface waters and the small volumes to be processed, 1t 1s not anticipated that the
GACs will become exhausted The GAC performance will be evaluated based on

percent peak reduction by GC analysis for organics, and total alpha and beta activity
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TABLE A.1-1
GAC TEST COMPONENTS

1 each - Feed Tank
Five (5) gallon capacity
Pyrex or stainless steel

1 each - Shutoff valve
Whitey or equal

%4 1nch - stainless steel

10 each - 3-way valve Whitey or equal % inch
stainless steel

5 each - Penstaltic Pump

Master Flex or equal

5 each - GAC Columns, 1 inch diameter by
2 ft mgh glass construction
complete with end stoppers,
hose fittings, and support
matenal for the GAC

5 each - 10 Iiter pyrex or equivalent waste jars
50 ft - Y% mm1ID teflon tubing or equal
Al4
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radionuclides During testing, 1t may be necessary to prefilter the waste 1n order to
alleviate turbidity in the surface water prior to mtroduction in the GAC columns The

prefiltering requirements will be determined prior to the start of the column tests

The first set of tests will utiize five GAC columns operating simultaneously The
surface water will be run through the columns Influent and effluent samples will be
taken to determine prehminary efficiencies on each carbon for chlorinated orgamc and

radionuchde removal

If sufficient removal efficiency data are not generated during these imtial test runs,
certain parameters may be changed (1 ¢ , GAC volume, flow rate) and the tests may be

repeated to accurately determine removal efficiencies

Secondary Testing

Based on the results of the mmitial screening tests, the two carbons with the best removal
efficiencies will be retested during the secondary testing phase The testing in this phase
will be stmular to the 1mtial screening tests except that compound specific analyses wall
be conducted to determune chlorinated orgamic and radionuchde compound specific
removal efficiencies for each carbon In addition, the secondary testing will incorporate
the water quality parameters, as well as a full metals analysis to fully characterize the
effluent streams With a comparison of the full analysis for the weekly composited field
samples as discussed 1n the Sampling and Analysis Plan (SAP) (Appendix B) and the
above analysis, any inhibiting influences caused by other contamnments can be

determined
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Final Testing

Based on the results of the secondary testing, the two carbons analyzed will be retested
in order to determmne chlornated organic compound speafic capacity for each This
testing will be conducted 1n the same testing apparatus as all the other tests The data
generated duning the imtial and secondary tests will be evaluated to determine
approximate breakthrough times for each carbon The final testing will be run with
compound specific analyses to determine compound specific capacities and breakthrough
times for each carbon The sampling frequencies will be based on the results of the on-

going gas chromatographic analyses during this phase of testing

E TEST PROCEDURES

Execution of the imtial screemng, secondary testing and the capacity evaluation will be

accomplished by the following procedures

1 Set up laboratory apparatus as shown in Figure A 1-1

2 Fill column one-third full with deiomized water

3 Load the GAC 1nto each column until column 1s approximately one-half
full Record weight and volume of carbon added to column  Add
distilled water to saturate the carbon bed Let the column stand static for
24 hours

4 Attach a deiomized water line to the bottom of the column by use of the

three way valve Backwash each column to a 10 to 25 percent bed

expansion for 10 minutes with distilled water to deaerate the carbon bed
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Tap each column durning the backwash and visually observe that all air

pockets are evacuated from the column

S Flow rate through each column for the imtial screemung shall be 10 m!/min

and 30 ml/mun for the secondary testing and capacity evaluations

6 Run wastewater through columns for approximately 4 hours or 15 bed
volumes for the imtial screening runs, and two hours or 23 bed volumes
for the secondary testing For the capacity evaluation run wastewater

through columns as long as necessary

7 Collect samples for analysis in accordance with the sampling and analysis
plan (SAP) (Appendix B)

. The sample volumes shall be as follows
Gas chromatography testing 10 mls
Complete testing of organics of interest 80 mls
Gross alpha and beta testing 100 mls

Complete testing of radionuclhides of interest 4 liters
8 After completion of each test run, thoroughly clean all equipment with

non-phosphate detergent, then rinse all equipment with 01 N hydrochloric
acid, followed by a thorough rinse with ASTM grade deiomized water
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F SAMPLING AND ANALYTICAL REQUIREMENTS

The GAC testing program will require sampling and analysis for organics and
radionuchdes This orgamc and radionuchde analysis will include the analytes listed on
Table A 1-2 and Table A.1-3 In addition, a water quality parameter analysis and a full
metals screen will be conducted dunng the secondary testing All samphng and
analytical activities will be conducted 1n accordance with the SAP contained 1n Appendix
B of this document

G DATA COLLECTION AND ANALYSIS

Imtial screening tests Compare the untreated wastewater with the treated samples

Calculate percentage reduction as follows

Initial Peak Area - Final Peak Area
Initial Peak Volume

% REDUCTION= ( ) x 100

Calculate radionuchde percentage reduction as follows

% REDUCTION<(utial Gross Alpha and Beta Actvity-Final Gross Alpha and Beta Actwﬂ)
Imtial Gross Alpha and Beta Activity

The two GAC types with the greatest percentage reduction will be selected for

the secondary testing

Secondary testing Percentage reduction for all analytes will be calculated as above

Imitial and final concentrations of individual analytes will also be reported

22588/R1 A1 10-12 90/22588 A.1-8



TABLE A.1-2

GAC TESTS
ANALYTE LIST (ORGANICS)

Vinyl Chloride
Methylene Chlonde
1,1-Dichloroethene
1,1-Dichloroethane

1,2-Dichloroethene (total)
Carbon Tetrachloride
Trichloroethene

Tetrachloroethane

A1l9
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TABLE A.1-3

GAC TESTS
ANALYTE LIST (RADIONUCLIDES)

Gross Alpha
Gross Beta
Uramum 233 and 234, 235 and 238
Plutonium 239 and 240

Americium

22588/R1T1 3 A1 10-12 90/22588

A1-10




Final testing The compound specific capacity for each GAC will be calculated as

follows

Capacity, mg/g = mg adsorbed

g carbon

H RESIDUAL MANAGEMENT

Rinsates 100 laters
Treated Wastewater 200 liters
Contaminated GAC 5 Iiters

All treatability testing residuals will be packaged accordingly and returned to the RFP
. I REPORTING

A report will be prepared discussing the results of the testing Tables will be prepared
for each sample matrix tested listing the orgamic and radionuchide removal efficiencies
for the various GACs

A general assessment of the suitabiity of GAC for OU2 chlornated organic and

radionuclide removal will also be included
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A2
TREATABILITY STUDY WORK PLAN
ION EXCHANGE - RADIONUCLIDES

A OBJECTIVES

Treatability screening tests will be performed to evaluate the removal efficiencies of
various 1on exchange resins for the treatment of radionuchide contaminants in the OU2
surface water at the Rocky Flats Plant The radionuclides of interest include uranium,

plutonium, americium, and gross alpha and beta activity

B APPROACH

These treatability screening tests will be performed on the laboratory "bench-top,"
utihzing small glass columns containing the various 10n exchange resins to be tested An
mutial test run will be performed on each 10on exchange resin Gross alpha and beta
activity of the column effluent will serve as a general indicator of the overall
performance of the resin Based on the results of this imitial screening, a second series
of tests will be performed utihzing the three resins with highest removal efficiencies
During this secondary testing phase, the removal efficiency of each resin will be

evaluated based on the analyses of the specific radionuchides of interest

C TEST EQUIPMENT AND SET UP

Figure A 2-1 shows the basic equipment setup for a typical laboratory-scale 10n exchange
test apparatus Table A.2-1 shows the required ion exchange test equipment
Wastewater will be fed from the waste feed tank to the 10n exchange column by the

action of a peristaltic pump The separate systems, operating 1n parallel, will be fed
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TABLE A.2-1

ION EXCHANGE TEST COMPONENTS

1 each - Feed Tank
Five (5) gallon capacity
Pyrex or stainless steel

1 each - Shutoff valve
Whitey or equal
| Y% 1nch - stainless steel

6 each - 3-way valve Whitey or equal % inch

stainless steel

3 each - Penstaltic Pump
| . Master Flex or equal
|
3 each - Ion Exchange Columns 1-inch diameter

by 2 feet high glass construction
complete with end stoppers, hose

fittings, and support material for the

absorbent
3 each - Graduated Beakers
Ten (10) hiters each
Pyrex
30 ft - % inch ID teflon tubing or equal
A2-3
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simultaneously from the common waste feed tank to ensure influent consistency
Prefiltering of the feed may be necessary to remove any sediments which could plug or
cause channeling 1n the 10n exchange column The effluent will be collected 1n a waste
tank Three-way valves located before and after the glass column will allow for sampling

to determine system performance

D TEST RUNS

Initial screening tests will be made on a total of nine 10n exchange resins The nine

resins are
1 Dowex 21K - Strong Base Amion
2 Dowex SBR-P Strong Base Anion
3 Dowex 50 Cationic Resin
4 ROHM & HAAS (R&H) IRA - 400 - Strong Base Anmion
5 R&H IRC- 718 Strong Base Anion
6 R&H DP- 1 Weak Acid Cation
7 R&H IRA- 430 Weak Acid Cation
8 Ionac A-641 Strong Base Anmion
9 Purolite NRW-7 Mixed Bed

All anmionic resins will be 1n the chlonde form Cationic resins will be 1n the hydrogen

form

Due to the low levels of radionuchides present in the OU2 surface waters and the small
volumes to be processed, it 1s not anticipated that the ion exchange will become
exhausted The resin performance will be evaluated based on percentage reduction in
gross alpha and beta activity During testing 1t may be necessary to prefilter the waste

m order to alleviate turbidity in the surface water prior to introduction in the 10n
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exchange columns The prefiltering requirements will be assessed prior to the start of

the 1mtial screening tests

The first two sets of tests will utihze the mine 1on exchange columns operating
simultaneously The surface water will be run through the columns at an unadjusted pH
Influent and effluent samples will be taken to determine preliminary efficiencies on each

resin

A second set of tests will then be conducted on the nine resins These tests will be run

at an adjusted pH (9-10) to determune the effect of pH on removal efficiencies

If sufficient removal efficiency data are not generated during these imtial test runs
certain parameters may be changed (e g, resin volume, flow rate) and the tests may be

repeated to accurately determine the removal efficiencies

Secondary Testing

Based on the results of the imtial screening tests, the three resins with the best removal
efficiencies will be retested during the secondary testing phase The testing 1n this phase
will be stmilar to the 1mitial screening tests except that total analyses will be conducted
to determine radionuclide compound specific removal efficiencies for each resin In
addition, the secondary testing will incorporate the water quality parameters, as well as
a full metals analysis to fully characterize the effluent streams Waith a comparson of
the full analysis for the weekly composited field samples as discussed in the SAP
(Appendix A) and the above analysis, any mmhibiting influences caused by other

contamnants can be determined
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E TEST PROCEDURES

Execution of both of the imtial screeming and secondary testing will be accomplished by

the following procedures

Set up laboratory apparatus as shown 1n Figure A 2-1

2 Fill column one-third full with deionmized water
In a separate vessel, add sufficient amount of deiomized water and 10n
exchange resin to form a slurry

4 Transfer slurry to column until column 1s approximately one-half full At
no time during the test should the hiquid level fall below the Ion Exchange
Resin level

5 Attach a Deiomized Water line to the bottom of the column by use of the

. three-way valve Upflow deiomzed water 1nto the base of the column,

gradually increase flow until the bed of resin expands to near the top of
the column Maintain this flow until the air pockets are removed and all
the resin has achieved mobility Stop flow of water and permut resin to
settle by gravity Adjust the liquid level to 1 to 2 cm above resin bed

6 Flow rate through each column for the imtial screening shall be 10 ml/mn
and 30 ml/muin for the secondary testing These flow rates may be
adjusted during the test runs based on prehminary findings

7 Run wastewater through columns for approximately 4 hours or 15 bed
volumes for the 1mtial screening and 2 hours or 23 bed volumes for the
secondary testing

8 Collect samples for analysis in accordance with the LAP (Appendix B)
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The sample volumes shall be as follows

Gross alpha and beta testing 100 ml
Complete testing of radionuchdes of interest 4 liters
9 After completion of each test run, thoroughly clean all equipment with

non-phosphate detergent, then rinse consecutively with 01 N hydrochloric
acid and ASTM grade deiomzed water

F SAMPLING AND ANALYTICAL REQUIREMENTS

The 10n exchange testing program will require sampling and analysis for radionuclides
These radionuchides will include gross alpha and beta activity, uramum, plutonium and
americtum listed on Table A 2-2 In addition, a water quality parameter analysis and full
metals screen will be conducted during the secondary testing All sampling and
analytical activities will be conducted 1n accordance with the SAP contained in Appendix

B of this document

G DATA COLLECTION AND ANALYSIS

Inmitial screemng tests Compare gross alpha and beta activity of the untreated

wastewater with the treated samples Calculate percentage reduction as follows

Imtial Activity - Final Activity
Imtal Actuvity

% Reduction = ( )x 100

The three 10n exchange resins with the greatest percentage reduction will be selected for

the secondary testing
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TABLE A.2-2

ION EXCHANGE TESTS
ANALYTE LIST

Gross Alpha
Gross Beta
Uramum 233 and 234, 235 and 238
Plutomum 239 and 240

Americium 241

22588/R1T2-2 A2 10-12-90/22588
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Secondary testing Percentage reduction for all analytes will be calculated as above
Imtal and final concentrations of individual analytes will also be reported

H RESIDUAL MANAGEMENT

Rinsates 100 liters
Treated Wastewater 100 liters
Contaminated Resin 3 Iiters

The contamnated resin will be utihized 1n the stabilization/solidification laboratory

testing described 1n a separate treatability study work plan (TSWP)
I REPORTING
A report will be prepared discussing the results of the testing Along with the efficiency

calculations for each column test, a general assessment on which 1on exchange resin(s)

proved effective will also be presented
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A3

TREATABILITY STUDY WORK PLAN

ADSORBENTS (ACTIVATED ALUMINA, BONE CHAR & FILOX)
- RADIONUCLIDES

A OBJECTIVES

Treatability screeming tests will be performed to evaluate the removal efficiencies of
various types of adsorbent (Activated Alumina, Bone Char & Filox) for the treatment
of radionuclide contamnants 1n the OU2 surface water at the Rocky Flats Plant The
radionuclhides of interest include uranmum, plutonium, americtum, and gross alpha and

beta activity

B APPROACH

These treatability screeming tests will be performed on the laboratory "bench-top”
utilizing small glass columns contaimng the various types of adsorbent to be tested An
mutial test run will be performed on each type of adsorbent Gross alpha and beta
activity of the column effluent will serve as a general indicator of the overall
performance of the adsorbents Based on the results of this imtial screemng, a second
series of tests will be performed utihzing the same adsorbents During this secondary
testing phase, the removal efficiency of each adsorbent will be evaluated based on the

analyses of the specific radionuchides of nterest

C TEST EQUIPMENT AND SET UP

Figure A 3-1 shows the basic equipment setup for a typical laboratory-scale adsorbent
test apparatus Table A 3-1 shows the required adsorbent test equipment Wastewater

will be fed from the waste feed tank to the adsorbent column by the action of a
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TABLE A.3-1
ADSORBENT TEST COMPONENTS

1 each - Feed Tank
Five (5) gallon capacity

Pyrex or stainless steel

1 each - Shutoff valve
Whitey or equal

14 1nch - stainless steel

6 each - 3-way valve Whitey or equal % inch

stainless steel

. 3 each - Penistaltic Pump
Master Flex or equal

3 each - Adsorbents Columns 1 1n diameter by
2 ft high glass construction
complete with end stoppers,
hose fittings, and support

maternal for the adsorbent

3 each - Graduated Beakers
Ten (10) liters each
Pyrex
30 ft - % mID teflon tubing or equal
A33
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penstaltic pump The separate systems, operating in parallel, will be fed simultaneously
from the common waste feed tank to ensure influent consistency Prefiltering of the feed
may be necessary to remove any sediments which could plug or cause channeling 1n the
adsorbent column The effluent will be collected 1n a waste tank Three-way valves
located before and after the glass column will allow for samphing to determune system

performance

D TEST RUNS

Imitial screening tests will be made on three different types of adsorbents The three

adsorbents are

1 Activated Alumina
2 Bone Char
3 Filox

Due to the low levels of radionuclides present in the OU2 surface waters and the small
volumes to be processed, 1t 1s not anticipated that the adsorbents will become exhausted
The adsorbent’s performance will be evaluated based on percentage reduction 1n gross
alpha and beta activity During testing, 1t may be necessary to prefilter the waste 1n
order to alleviate turbidity 1n the surface water prior to introduction 1n the adsorbent
columns The prefiltering requirements will be assessed prior to the start of the imtial

screemng tests
If sufficient removal efficiency data are not generated during these imtial test runs,

certain parameters may be changed (1 e, adsorbent volume, flow rate), and the tests may

be repeated as necessary to accurately determine removal efficiencies
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Secondary Testing

Based on the results of the imtial screening tests, two adsorbents will be retested during
the secondary testing phase The testing in this phase will be similar to the imtial
screenng tests except that total analyses will be conducted to determune radionuchide
compound specific removal efficiencies for each adsorbent In addition, the secondary
testing will incorporate the water quality parameters, as well as a full metals analysis to
fully characterize the effluent streams With a comparison of the full analysis for the
weekly composited field samples as discussed 1n the SAP (Appendix B) and the above

analysis, any inhibiting influences caused by other contaminants can be determined

E TEST PROCEDURES

Execution of both of the imtial screening and secondary testing will be accomplished by

the following procedures

Set up laboratory apparatus as shown 1n Figure A 3-1

2 Fill column one-third full with deiomized water

3 In a separate vessel, add sufficient amount of deiomzed water and
adsorbent to form a slurry

4 Transfer slurry to column until column 1s approximately one-half full At
no time durning the test should the liquid level fall below the adsorbent
level

5 Attach a deioruzed water hine to the bottom of the column by use of the
three-way valve Upflow deiomzed water into the base of the column,
gradually increase flow until the bed of adsorbent expands to near the top
bed of the column Maintain this flow until the air pockets are removed

and all the adsorbent has achieved mobility Stop flow of water and
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permut resin to settle by gravity Adjust the liquid level to 1 to 2 cm above
adsorbent bed
6 Flow rate through each column for the imtial screemung shall be 10
ml/min, and 30 ml/mn for the secondary testing
7 Run wastewater through columns for approximately 4 hours or 15 bed
volumes for the 1mtial screening, and 2 hours or 23 bed volumes for the
‘ secondary testing

8 Collect samples for analysis 1n accordance with the SAP (Appendix B)

The sample volumes shall be as follows

Gross alpha and beta testing 100 ml
Complete testing of radionuchides of interest 4 liters
. 9 After completion of each test run, thoroughly clean all equipment with

non-phosphate detergent, then rinse consecutively with 01 N hydrochloric

acid and ASTM grade deiomzed water

F SAMPLING AND ANALYTICAL REQUIREMENTS

The adsorbent testing program will require sampling and analysis for radionuclides
These radionuchdes will include gross alpha and beta activity, uranium, plutontum, and
americium lhisted on Table A 3-2 In addition, a water quality parameter analysis and a
full metals screen will be conducted during the secondary testing All sampling and
analytical activities will be conducted in accordance with the SAP contained 1n Appendix

B of this document
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TABLE A.3-2

ADSORBENT TESTS
ANALYTE LIST

Gross Alpha
Gross Beta
Uramum 233 and 234, 235 and 238
Plutomium 239 and 240

Americium
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G DATA COLLECTION AND ANALYSIS

Initial screeming tests Compare gross alpha and beta activity of the untreated

wastewater with the treated samples Calculate percent reduction as follows

Initial Activity - Final Activity
Imtial Activity

% Reduction = ( ) x 100

The two adsorbent types with the greatest percentage reduction will be selected

for the secondary testing

Secondary testing Percent reduction for all analytes will be calculated as above Imutial

and final concentrations of individual analytes will also be reported

H RESIDUAL MANAGEMENT

Rinsates 100 liters
Treated Wastewater 100 liters
Contamnated Resin 2 liters

The contaminated adsorbent will be utilized 1n the stabilization/sohdification laboratory

testing described later

All untreated wastewater, treated wastewater, and residuals not used for further testing

will be properly packaged and sent back to the RFP
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I REPORTING

A report will be prepared discussing the results of this test Removal efficiencies for
each adsorbent will be presented in tabular form A general assessment of the

applicability of adsorbents to low level radionuchide removal will also be included
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Ad
TREATABILITY STUDY WORK PLAN
CHEMICAL COAGULATION/MICROFILTRATION
- RADIONUCLIDES

A OBJECTIVES

Laboratory-scale tests will be performed to evaluate the effectiveness of coagulation,
precipitation, and mucrofiltration for removing radionuchides from OU2 surface waters
The primary objective 1s to determine the most effective coagulant, and its corresponding
optimum dosage and operating pH The effectiveness of mucrofiltration for further

reduction of radionuclides will also be evaluated

B APPROACH

Coagulation/precipitation will be evaluated using jar tests An imtial set of test runs will
be performed to screen the various coagulants studied Each coagulant will be tested
at several dosages and pHs Multiple jar testing equipment will be utihzed to facilitate

side-by-side comparison of the various combinations evaluated

Based on the results of the mmtial screeming, the best combinations of coagulants,
dosages, and operating pHs will be selected for the microfiltration study The settled
supernatant from the selected combination will be processed through submucron sized

filter discs to simulate the operation of a cross-flow mucrofilter
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C EQUIPMENT AND SETUP

Jar testing will be performed using a multiple jar testing apparatus with either paddle
or magnetic stirrers Testing will be done using both 1-liter and 5-liter pyrex graduated
beakers A reagent rack for adding reagents simultaneously to each of the beakers wll

also be utihized Figure A.4-1 shows a typical rack used for this purpose

Filter testing will be performed using a Millipore (or equal) filter holder, glass funnel,
and graduated Erlenmeyer flask A vacuum pump 1s also required to draw the sample
through the filter Figure A 4-2 1llustrates the test setup

D TEST RUNS

The 1mtial screening tests will evaluate the following coagulants

. Aluminum sulfate
o Ferrous sulfite

J Ferrnc sulfate

. Ferric chloride

. Polyelectrolyte (as coagulant aid)

These coagulants (with or without polyelectrolyte) will be jar tested at up to 4 dosages
and 2 pH levels The number of tests will be approximately 32 total The settled water

from each test will be analyzed for gross alpha and beta activity.
Based on the results of the mutial screerung, the six best combinations of coagulant,

dosage, and pH will be selected for further evaluation The selected combination will

be rerun using larger jars The settled water will be run through the submucron filter
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FIGURE A4-1
CHEMICAL COAGULATION/MICROFILTRATION
FOR RADIONUCLIDES

Reagent Rack for Multiple Stirrer
Jar Test Apparatus
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FIGURE A4-2
CHEMICAL COAGULATION/MICROFILTRATION
FOR RADIONUCLIDES

Microfiltration
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apparatus to simulate a cross-flow mcrofilter In addition, the secondary testing wall

mncorporate the water quahty parameters and a full metals analysis to fully characterize

the effluent streams With a comparison of the full analysis for the weekly composited

field samples as discussed in the SAP (Appendix B) and the above analysis, any

inhibiting influences caused by other contaminants can be determined The imtial

sample, filter inlet and filter outlet will be analyzed for the constituents histed in

Figure A 4-3

E TEST PROCEDURES

Jar Testing

Measure equal volumes of sample 1nto each of the jars As many samples
may be used as there are positions on the multiple jar tester Record the

sample temperature at the start of the test

Load the test chemicals 1n the reagent racks Use one rack for each series
of chemucal additions Before using, make up each tube in the rack to a
final volume of 10 ml with water If the intended dosage requires a larger
volume of reagent, all tubes should be diluted with water to the same

volume

Start the multiple stirrer operating at the "flash mux" speed of
approximately 120 rpm Add the test solution at predetermuned dosage
levels and sequence Flash mix for approximately 1 munute after the

additions of chemicals Record the flash mix time and speed (rpm)
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FIGURE A4-3
CHEMICAL COAGULATION/MICROFILTRATION
FOR RADIONUCLIDES
Jar Test Data Sheet

Sample pH Turbudity, Date
Location, Temperature Sample Size ml
JAR NUMBER
1 2 3 4

Chemicals, mg/liter (a)

Flash Mix Speed,rpm

Flash Mix Time, min

Slow Mix Speed, rpm

Slow Mix Time, min

Temperature, °F

Time First Floc, min

Size Floc

Setthng rate

Turbidity

pH

(a) indicate order of addition of chemicals

Basis ASTM D2035
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4 Reduce the speed as necessary to the mimmum required to keep floc

particles uniformly suspended throughout the "slow mix" period Slow mix
for 20 minutes Record the time for the first visible floc formation Every
5 minutes (during the slow mix period), record relative floc size and mixer
speed (rpm) If coagulant aids are used, muxng speed 1s critical because
excessive stirring tends to break up early floc formation and may

redisperse the aid

5 After the slow mix period, withdraw the paddles and observe settling of
floc particles Record the time required for the bulk of the particles to

settle

6 After 15 minutes of settling, record the appearance of floc on the beaker

bottom Record the sample temperature By means of a pipet or siphon,

. withdraw an adequate sample volume of supernatant liquor from the jar

| at a point one half of the depth of the sample, to conduct the suspended

solids analyses
Filtration Tests
1 Place Millipore filter 1n holder
2 Start vacuum pump

3 Perform jar test, using 5 hter beakers, as described previously Collect the

settled water for use in this test

4 Pour sample 1nto funnel, filling 1t to the brim and maintaining 1t full until
. the completion of the test
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5 Continue filtration run until four liters have been collected

F SAMPLE SIZE REQUIREMENTS

Imtial testing will be performed using 1 0 Iiter beakers Based on 32 imtial runs, a total

of 32 liters of sample will be required

The filtration tests will be performed using 5 0 hiter beakers The 15 tests anticipated

will require a total of 75 hiters of sample

G SAMPLING AND ANALYTICAL REQUIREMENTS

This testing program will require samphng and analysis for radionuchides These
radionuchdes will include gross alpha and beta activity, uranium, plutoruum, and
americium In addition, a water quality parameter analysis and a full metals screen will
be conducted during the secondary testing All sampling and analytical activities will be

conducted 1n accordance with the SAP contained 1n Appendix B of this document

H DATA COLLECTION AND ANALYSIS

A data sheet for use dunng the jar tests 1s shown 1n Figure A.4-2

The only analysis that will be done wall, for the imtial jar tests, be gross alpha and beta

activity of the untreated sample and the decanted wastewater after settling
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For the filtration tests, the constituents listed in Table A 4-1 will be analyzed This will
include

. Imtial sample before jar test
. Decanted sample after jar test (filter inlet sample)
o Filter outlet

Percent reduction 1n suspended sohids and/or radionuchides will be calculated and

recorded for each test as follows

% Reduction =

Initial Concentration - Final Concentration
(100)
Iniial Concentration

I RESIDUALS
The residuals from the test program will include the following

Wastewater 107 liters

Contaminated Filter Disc 6 liters
J REPORTING

A report will be prepared discussing the results of the testing For the jar tests, tables
will be prepared listing the final suspended solids concentration and removal efficiency
for each of the operating conditions evaluated The results of the filtration tests, 1€,
inlet and outlet radionuchdes concentrations and percent removals, will also be
reported A general assessment of this technology for use at RFP OU2 will also be

presented

22588/R1 A4 10-12 90722588 A4-9



TABLE A4-1

CHEMICAL COAGULATON/MICROFILTRATION TESTS
ANALYTE LIST

Gross Alpha
Gross Beta
Uramum 233 and 234, 235 and 238
Plutonium 239 and 240

Americium 241

@ Ac10
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TREATABILITY STUDY WORK PLAN
COAGULATION/PRECIPITATION/FILTRATION
FOR SUSPENDED SOLIDS

A OBJECTIVES

Laboratory-scale tests will be performed to evaluate the effectiveness of coagulation,
precipitation and filtration for removing suspended solids from OU2 surface waters at
the Rocky Flats Plant The primary objective 1s to determine the most effective
coagulant, and 1ts corresponding optimum dosage and operating pH The effectiveness

of filtration for further reduction of suspended sohds will also be evaluated

B APPROACH

Coagulation/precipitation will be evaluated using jar tests An 1mtial set of test runs will
be performed to screen the various coagulants studied Each coagulant will be tested
at several dosages and pHs Multiple jar testing equipment will be utihized to facilitate

side-by-side comparison of the various combinations evaluated

Based on the results of the mmtial screeming, the best combinations of coagulants,
dosages, and operating pHs will be selected for the filtration study The settled
supernatant from the selected combinations will be processed through laboratory

columns contaiming filter sand

In all cases, effectiveness will be evaluated by suspended sohds analyses of the influent

and effluent from each test
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C EQUIPMENT AND SETUP

Jar testing will be performed using a multiple jar testing apparatus with either paddle
of magnetic stirrers Testing will be done using both 1 liter and 2 liter pyrex graduated
beakers A reagent rack for adding reagents simultaneously to each of the beakers will

also be utihzed Figure A 5-1 shows a typical rack used for this purpose

Filter testing will be performed using a 10 inch diameter glass column filled with two
feet of filter sand A feed tank and pemstaltic pump will be used to pump the
wastewater to the filter column

D TEST RUNS

The 1nitial screening tests will evaluate the following coagulants

o Aluminum sulfate
o Ferrous sulfite

o Ferric sulfate

o Ferric chloride

o Polyelectrolyte (as coagulant aid)

These coagulants (with or without polyelectrolyte) will be jar tested at up to five dosages
and 3 pH levels The total number of tests will be approximately 75 The settled water

from each test will be analyzed for suspended solids
Based on the results of the imtial screemng, the 15 best combinations of coagulant,

dosage and pH will be selected for further evaluation The selected combinations will

be rerun The settled water will be run through glass columns filled wath filter sand to
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FIGURE A 5-1
COAGULATION/PRECIPITATION/FILTRATION
FOR SUSPENDED SOLIDS

Reagent Rack For Multiple Stirrer
Jar Test Apparatus
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simulate conventional sand filters Suspended solids in the filter inlet and filter outlet

will be measured In addition, the secondary testing wall incorporate the water qualty

parameters and a full metals analysis to fully characterize the effluent streams With a

comparison of the full analysis for the weekly composited field samples as discussed 1n

the SAP (Appendix B) and the above analysis, any inhibiting influences caused by other

contamnants could be determined

E TEST PROCEDURES

Jar Testing

Measure equal volumes of sample 1nto each of the jars As many samples
may be used as there are positions on the multiple jar tester Record the

sample temperature at the start of the test

Load the test chemicals 1n the reagent racks Use one rack for each series
of chemical additions Before using, make up each tube 1n the rack to a
final volume of 10 ml with water If the intended dosage requires a larger
volume of reagent, all tubes should be diluted with water to the same

volume

Start the multiple stirrer operating at the “"flash mux" speed of
approximately 120 rpm Add the test solution at predetermined dosage
levels and sequence Flash mix for approximately 1 mun after the

additions of chemicals Record the flash mix time and speed (rpm)

Reduce the speed as necessary to the mimmum required to keep the floc
particles umformly suspended throughout the "slow mix" period Slow mix

for 20 min Record the time for the first visible floc formation Every 5

22588/R1 AS 10-12 90/22588 AS5-4




mun (during the slow muix period), record relative floc size and muxer speed
(rpm) If coagulant aids are used, mixing speed 1s critical because

excessive stiring tends to break up early floc formation and may
redisperse the aid

After the slow mix period, withdraw the paddles and observe settling of

floc particles Record the time required for the bulk of the particles to
settle

After 15 mun of settling, record the appearance of floc on the beaker
bottom Record the sample temperature By means of pipet or siphon,
withdraw an adequate sample volume of supernatant from the jar at a

point one half of the depth to conduct the suspended solids analyses

Filtration Tests

Perform jar tests as described above

After the sohids have settled, carefully siphon off the supernatant liquid
1nto a separate feed contamner This must be done slowly and carefully to

prevent re-entraiung the settled sludge

Pump the collected fluid through the sand filter column using a penstaltic
pump

Collect a sample of the filter effluent after runming approximately 5 bed
volumes of water through the filter Also, collect a sample of the

unfiltered water for analysis
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F SAMPLE SIZE REQUIREMENTS

Initial testing will be performed using 1 0-hiter beakers Based on 75 mmitial runs, a total

of 75 hiters of sample will be required

The filtration tests will be performed using 2 O-liter beakers The 15 tests anticipated

will require a total of 30 hters of sample

G SAMPLING AND ANALYTICAL REQUIREMENTS

The only analyses performed during these tests are for suspended solids In addition,
a water quality parameter analysis and a full metals screen will be conducted during the
secondary testing All sampling and analytical activities will be conducted 1n accordance

with the SAP contained 1n Appendix B of this document

H DATA COLLECTION AND ANALYSIS

A data sheet for use during the jar tests 1s shown 1n Figure A 5-2

The only analysis that will be done will be for suspended solids For each test, the

following data will be collected and recorded |

] Initial sample before jar test
. Decanted sample after jar test (filter inlet sample)
] Filter outlet
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FIGURE A.5-2
COAGULATION/PRECIPITATION/FILTRATION
FOR SUSPENDED SOLIDS
Jar Test Data Sheet

Sample pH Turbiduty, Date
Location Temperature__________ Sample Size ml
JAR NUMBER
1 2 3 4 5 6

Chemucals, mg/litre (a)

Flash Mix Speed,rpm

Flash Mix Time, min

Slow Mix Speed, rpm

Slow Mix Time, min

Temperature, °F

Time First Floc, min

Size Floc

Setthing rate
Turbidity

pH
a) indicates order of addition of chemicals

‘ Basis ASTM D2035
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