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Effective Date:

Non-Safety Related Final Draft Organization: ~  FERT
Approved By:

TITLE:  lon Exchange Treatability Study Schedule

Name

(Date)

11.0 ION EXCHANGE TREATABILITY STUDY SCHEDULE

The lon Exchange Treatability Study shall consist of three phases during a 32-week period. Prior to
Phase |, approximately 3 weeks will be used to finalize sampling logistics. Phase | will consist of
2 weeks to perform field sampling. Phase Il shall consist of 3 weeks to perform the IX treatability

study, followed by 14 weeks to receive and analyze the IX treatability study data.

The IX treatability study will be performed by running two treatability tests at a time, until all tests are
complete, in order to achieve the 3-week schedule. Phase lll shall consist of 13 weeks to develop,
review and finalize the Treatability Study Report (TSR). An approximate project schedule to illustrate
the timing, duration, and interrelationship between phases for the lon Exchange Treatability Study is

shown in Figure 11-1.
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12.0 MANAGEMENT AND STAFFING-ION EXCHANGE TREATABILITY STUDY

This section describes the management approach and staffing for the IX treatability study. The lines
of authority and responsibilities of the IX treatability study team members are described.

12.1 INTRODUCTION

The objective of project management during the IX treatability study is to direct and document proj-
ect activities so that data and evaluations generated meet the goals and objectives of this TSWP.

Specific project management activities that shall occur throughout the IX treatability study include

the following:
. Meetings
. Cost and schedule control
. Data management
. Quality control
J Health and safety

These activities shall be conducted to identify potential problems quickly enough to make necessary
corrections and keep the project focused on its objectives, on schedule, and within budget.

12.2 PROJECT TEAM
The project team for the IX treatability study at the Rocky Fiats Plant is comprised of individuals from

various technical disciplines. This section discusses the responsibilities of the respective key man-
agement and personnel. Each project team member should review this section with particular

10012FC1.DEN Final Draft/02-25-93
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interest as to each other's responsibilities. This understanding will help in overall project coordina-
tion and ensure understanding of the respective jobs to be done. Figure 12-1 depicts the
IX treatability study project organization. The specific responsibilities of key management and
personnel are described in the foliowing subsection.

12.2.1 EG&G Program Manager

The EG&G program manager’s role is to oversee and ensure the work progresses according to the
priorities and objectives established during the IX treatability study project planning phase. This role
requires planning project scopes and deriving cost estimates for the specific tasks and activities
described in the work plan. The EG&G program manager shall also facilitate the interaction among
EG&G staff and contractor personnel.

12.2.2 Senior Review Team

The senior review team’s responsibilities include continued quality control (QC) review of project
deliverables. In general, these include the IX Treatability Study Sampling Plan (TSSP) and the
IX Treatability Study Report (TSR).

12.2.3 Project Manager

The project manager (PM) is responsibie for the coordination of all activities and tasks and project
administration. The PM’s responsibility includes quality control and technical excellence of all proj-
ect aspects, and also extends to meeting assigned project budgets and schedules. The project
manager shall be kept aware of major deviations from the scope and procedures established in the
TSWP prior to their implementation. The PM will ensure that deliverables clearly present the results
of the IX treatability study.

10012FC1.DEN Final Draft/02-25-93
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12.2.4 Health and Safety Officer (HSO)

The HSO is responsible for the establishment and implementation of health and safety requirements,
and any monitoring programs. The maintenance of Health and Safety Records and monitoring
equipment is also the responsibility of this person. The HSO will monitor compliance with health
and safety requirements through audits.

12.2.5 Quality Assurance Officer (QAOQ)

The QAO is responsible for development and implementation of quality requirements, and monitors
compliance through field and records audits. The QAO provides general oversight and guidance on
quality issues, and sets procedures for equipment calibration and maintenance.

12.2,6 Sampling Fleld Supervisor

The sampling field supervisor shall be responsible for ensuring that the Sampling Plan for the
IX treatability study (Appendix A of this document) is adhered to by sampling personnel, including
proper identification of sampling locations, implementation of sample designation and sample hand-
ling procedures, use of proper sampling equipment, calibration and maintenance of equipment, and

completion of required paperwork.
12.2,7 Laboratory Treatability Supervisor
The laboratory treatability supervisor's responsibilities include ensuring that treatability testing pro-

cedures are followed and documented, including proper sample designation and handling proce-
dures, use of proper test equipment, and calibration and maintenance of test equipment.

10012FC1.DEN Final Draft/02-25-93
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12.2.8 Sampling Personnel

Sampling personnel responsibilities relate to both groundwater and surface water sampling. Their
responsibilities include sample collection, sample documentation and chain of custody, initial pack-
ing of samples, shipment of samples, and decontamination of sampling equipment and vehicles.

12.2,9 Laboratory Techniclans
The laboratory technicians shall be responsible for performing the IX treatability tests, maintaining

equipment and materials, and following experimental procedures and analytical methods. Their

responsibilities include the following:

. Daily documentation of IX treatability testing results and other pertinent information
in log books.
. Proper sample coliection, designation, documentation, and chain of custody of treat-

ability samples for outside laboratory analysis.

10012FC1.DEN ) Final Draft/02-25-93
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13.0 REGULATORY REQUIREMENTS FOR ONSITE AND OFFSITE TESTING-
ION EXCHANGE TREATABILITY STUDY

If the IX treatability study is conducted offsite, sample collection and shipping restrictions will be fol-
lowed to comply with the Sample Exclusion Provision (40 CFR 261.4(d)) of RCRA. This provision
includes environmental samples used in small-scale treatability studies and is referred to as the Fed-

eral Treatability

Studies Exemption Rule. In accordance with this rule, samples that are collected,

stored, or transported to an offsite laboratory or testing facility will be exempt from the RCRA gener-
ator and transporter requirements (40 CFR Parts 262 and 263) by following these guidelines:

10012FC2.DEN

No more than 1,000 kilograms (kg) of the water to be used in the TS may be
shipped to the offsite laboratory.

Check the sample package-—before shipment. It must not leak, spill, or vaporize
from its packaging during shipment, and the transportation of each sample ship-
ment must comply with U.S. Department of Transportation (DOT), U.S. Postal
Service (USPS), or any other applicable regulations for shipping hazardous mater-
ials. All sample packages must surveyed for radioactivity following Rocky Flats Plant
and DOT requirements. Packages must be appropriately labelled after surveys,
according to DOT regulations. (49 CFR 173)

Check the permit status of the laboratory or testing facility. The water samples can
only be shipped to a laboratory or testing facilty that is exempt under
40 CFR 261.4(f) or that has an appropriate RCRA permit or interim status. Since the
samples are anticipated to contain radionuclides, all laboratories (including analyti-
cal laboratories) handling the samples must be licensed by the Nuclear Regulatory
Commission (NRC) or the applicable state agency if they have NRC licensing

Final Draft/02-25-93
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authority for handling, analyzing, treating, or storing radioactive material. The
license must be inclusive of the radionuclides expected and allow amounts of those

radionuclides in excess of the quantities anticipated.

if the IX treatability study is conducted onsite, substantive compliance with federal, state, or local
requirements will be demonstrated.

The following information must be maintained for each individual waste stream:

. The date the sample was collected.

. The date the sample was received at the treatability studies unit.

. The total quantity in kg of "as received® waste in storage per day at the treatability
studies facility.

. If the "as received" waste sample was stored prior to initiating the treatability test,

state where it was stored.

. The quantities and types of waste subjected to the treatability studies.

) The date treatment was initiated, and the amount of *as received" waste introduced
to treatment each day. (For example, if the treatment process is conducted in a
glovebox, and an individual sample is treated in multiple runs, then the day the

entire sample enters the glovebox is the date initiation of treatment for the sample.)

. The dates of initiation and conclusion of each treatability test.

10012FC2.DEN Final Draft/02-25-93
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The final disposition of residues and unused samples from the IX treatability study

(such as which RCRA-permitted hazardous waste storage area the residues and

unused samples were stored in).

Records of any spills or releases.

Records that show compliance with the treatment rate limits, and the storage time

and quantity limits, must be kept for a minimum of 3 years after completion of the

IX treatability study.

Monthly reporting will be required for the IX treatability study. These reports will include the

following:

The waste stream studied
The treatability test number
The date the sample was collected

Where sample was stored prior to treatment

The date treatment was initiated
The initial sample weight
The date treatment concluded

The final residue and unused sample weight

Where the residue was stored prior to its return to the permitted storage area

The date the residue was returned to permitted storage area

The requirements described in this section are summarized from 40 CFR 261.4(d), the Sample

Exclusion Provision of RCRA, and are also taken from the TSP, which references the Sample Exclu-

sion Provision.
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14.0 INTRODUCTION-ADSORPTION TREATABILITY STUDY

Sections 14.0 through 26.0 present the work plan for conducting adsorption treatability tests at the
U.S. Department of Energy (DOE) Rocky Flats Plant.

The final Inter-Agency Agreement (IAG) stated that DOE would develop a Treatability Studies Plan
(TSP) to evaluate candidate remedial technologies for the general types of contamination encoun-
tered sitewide at the RFP. The TSP (DOE,' 1991a) presented a number of treatment technologies
applicable to remediation efforts at two or more operable units (OUs). The treatability studies are
designed to provide information for the individual OU Feasibility Study/Corrective Measures Studies
(FS/CMS) without having to perform individual OU-specific treatability studies.

The TSP identified adsorption as a technology to be tested. This technology was selected for
removal of metals and radionuclides in groundwater and surface water. The purpose of this work
plan is to describe the testing procedures for screening selected adsorption media for their capabili-
ties to remove the selected metals and radionuclides from groundwater and surface water.
Adsorption media that show significant capabilities to absorb metals and radionuclides will be fur-
ther tested to determine their capacities. Experimental procedures have been designed that allow
for variation in the concentration of targeted contaminants to perform an effective treatability study.

An additional purpose of this treatability study is to establish basic adsorption technology limitations

for use in the technologies and alternatives evaluation phases of the FS/CMS to be conducted at
each OU.

100130D9.DEN Final Draft/02-25-93
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14.1 OBJECTIVES

The overall objective of the adsorption treatability study is to evaluate the effectiveness of the
adsorption media as é potential treatment alternative in reducing the volume, toxicity, or mobility of
selected metals and radionuclides from Rocky Flats surface water and groundwater. The individual
" adsorbents will first be tested to determine their capability for reducing the concentration of
beryllium, chromium, iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium
in the onsite waters at Rocky Flats ([TSP] DOE, 1991a). Media that show sufficient capabilities will
be further tested to determine their capacities and breakthrough times, as well as their regeneration
abilities. Measurements of performance are described in Subsection 21.1 of this document.
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15.0 PROJECT DESCRIPTION-ADSORPTION TREATABILITY STUDY

This section provides background information on the Rocky Flats Plant (RFP) site and summarizes
the comtaminants of concern for the adsorption treatability study. A discussion of the types of
adsorption studies to be conducted is also included.

15.1 BACKGROUND INFORMATION

The RFP is a government-owned, contractor-operated facility that is part of the nationwide nuclear
weapons production complex. The primary mission of the RFP is to fabricate nuciear weapon
components from plutonium, uranium, and nonradioactive metals (the later primarily being beryllium
and stainless steel). The nuclear weapon component parts made at the Plant are shipped else-
where for final assembly. The RFP also formerly reprocessed components for recovery of plutonium
after they were removed from obsolete weapons. Other activities at the RFP formerly included
research and development in metallurgy, machining, nondestructive testing, chemistry, physics,

engineering, and environmental management.

Both radioactive and nonradioactive wastes are generated in the production process. Current waste
handling practices involve onsite storage of hazardous and radioactive mixed wastes and offsite dis-
posal of solid radioactive materials at other DOE facilities. However, both storage and disposal of
hazardous and radioactive wastes occurred onsite in the past. Preliminary assessments under the
Environmental Restoration (ER) Program identified some of the past onsite storage and disposal
locations as potential sources of environmental contamination.

Details conceming the site's location, climatology and meteorology, and geology and hydrogeology

that can potentially affect the remediation methodology and implementation are included in the
following subsections. Various studies have been conducted at the RFP to characterize
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environmental media and to assess the extent of radiological and chemical contaminant releases to
the environment. More information on these subjects may be found in the TSP.

15.1.1 Location

The RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest of
downtown Denver (Figure 15-1). Other surrounding cities include Boulder, Westminster, and
Arvada, which are located less than 10 miles to the northwest, east, and southeast, respectively.
Major buildings are located within the approximate 400-acre security area of the RFP. The security
area is surrounded by a buffer zone of approximately 6,150 acres (Figure 15-2).

15.1.2 Climatology and Meteorology

The area surrounding the RFP has a semiarid climate characteristic of much of the central Rocky
Mountain region. Approximately 40 percent of the 15-inch annual precipitation falls during the
spring season—much of it as wet snow. Thunderstorms (occurring from June to August) account
for an additional 30 percent of the annual precipitation. Autumn and winter are drier seasons,
accounting for 19 and 11 percent of the annual precipitation, respectively. Snowfall averages
85 inches per year, falling from October through May (DOE, 1980).

15.1.3 Geology and Hydrogeology

The stratigraphic section that pertains to the RFP includes, in descending order, unconsolidated sur-
ficial units (Rocky Flats Alluvium, various other alluvial deposits, valley fill alluvium, and colluvium),
the Arapahoe Formation, the Laramie Formation, and Fox Hills Sandstone. Groundwater occurs
under unconfined conditions in both the surficial and shallow bedrock units. In addition, confined
groundwater flow occurs in deeper bedrock sandstones (such as the Fox Hills Sandstone forma-
tion). More information on these subjects may be found in the TSP,
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15.2 TREATMENT GOALS/ARARs

This section presents the treatment (or performance) goals for the adsorption TSWP, which are to
meet the potential Applicable or Relevant and Appropriate Requirements (ARARs) and to-be-consid-
ered standards (TBC) for the RFP associated with the groundwater (GW) and surface water (SW).
The TSP presented the potential ARARs and TBCs for the RFP. The potential ARARs/TBCs for
groundwater and surface water are based on chemicals suspected to be present at RFP, in addition
to the following current federal and state health and environmental statutes and regulations:

. Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and
Maximum Contaminant Level Goals (MCLGs) applied to both surface and
groundwater.

. Clean Water Act (CWA) Water Quality Criteria (WQC) applied to surface water.

. RCRA Subpart F Groundwater Concentration Limits (40 CFR 264.94) applied to
groundwater. '

. Colorado Department of Health (CDH) surface water standards for Woman Creek

and Walnut Creek (5 CCR 1002-8, Section 3.8.0, amended February 15, 1990)
applied to surface water.

. CDH Water Quality Control Commission (WQCC) statewide and classified ground-
water area standards (5 CCR 1002-8, Section 3.11) applied to groundwater.

In addition to the potential ARARs/TBCs, health effects assessment (HEA) criteria or "action levels®
developed by Environmental Protection Agency (EPA) for carcinogens and systemic toxicants were

considered as possible or potential cleanup goals in the TSP.

Where ARARs did not exist for a particular metal or radionuclide, or where existing ARARs are not
protective of human health or the environment, TBC criteria, guidances, proposed standards, and
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advisories were evaluated for use. In Table 15-1, the "Potential ARARs" column does not contain an

entry whenever ARARSs do not exist for a particular radionuclide.

The goal of the adsorption treatability study will be to evaluate various types of adsorption media for
their effectiveness in removing specified metals and radionuclides from groundwater and surface

water. The resulting conclusions will be used in support of the FS/CMS.

Sitewide potential ARARs/TBCs were selected for comparison to sitewide maximum and minimum

analyte concentrations. This process is described in the following subsection.
15.3 DESCRIPTION OF CONTAMINANTS

Summaries of the potentially hazardous substances found within groundwater, surface water, soils,
and wastes at the RFP were also presented in the TSP. The TSP identified metals and radionu-
clides as contaminants of concern in groundwater and surface water for several OUs. This section
presents the contaminants to be addressed by the adsorption treatability study.

Potential standards were selected for comparison to maximum and minimum analyte levels. MCLs
were selected as the principal standards for both surface water and groundwater. The appropriate
state standard was used for groundwater where there was no MCL. The state agricultural value was
not considered in determining the appropriate state standard. In cases where the state standard
was below the current analytical detection limit, the detection limit was used as the default value.
For surface water, the lowest federal Water Quality Criteria (WQC) was used where there was no
MCL, unless the WQC was below detection limit, in which case the detection limit was used. The
appropriate state standard was used for surface water where there was no MCL or Ambient Water
Quality Criteria (AWQC), unless this value was below detection limit, in which case the detection limit
was used. The lowest systemic or carcinogenic HEA criterion was used for surface water and
groundwater for those chemicals which had no MCL, WQC, or state standard. Where HEA criteria
were below the detection limit, the detection limit was used.
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TABLE 15-1*
ANALYTE CONCENTRATIONS AND ARARS

Groundwater (mg/l) | Surface Water (mg/l)
Potentlial Potential
Parameter Maximum® Minimum® ARAR Maximum® Minimum® ARAR

METALS (TOTAL AND DISSOLVED)

Beryllium 0.029 (E) 0.005 0.1 0.09 (E) 0.005" 0.005
Chromium 0.172 BR (F) 0.010 0.05 0298 (A) 0.010 0.05
Iron 57.1 (D] 0.100 0.30 3220 (A) 0100 0.30
Lead 0.21 J BR (B) 0.005 0.05 0516 (A) 0.005 0.05
Manganese 6 (F) 0.015 0.05 277 (A) 0.015 0.05
Mercury 0.006 (E) 0.0002 0.002 3.97 (E) 0.0002 0.002
Selenium 3.2 (E) 0.005 0.010 0.55 (A) 0.005 0.010

*Source: Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991.

®Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
indicate the reference source from the list at the end of this table.

‘Value given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routine Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).

“Present in laboratory blank.

Notes: J
BR

Analyzed below detection limit.
Bedrock (including some weathered bedrock).
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TABLE 15-1°

ANALYTE CONCENTRATIONS AND ARARS

(Continued)
B Groundwater (pCifl) Surface Water (pCi/i)
Potential Potentlal
Parameter Maximum® Minimum® ARAR Maximum® Minimum® ARAR
RADIONUCLIDES (TOTAL AND DISSOLVED)
Americium 241 23 (E) 0.01 90 (A) 0.01 30
Plutonium 239 +240 4.6 (G) 0.01 15(a) 120 7)) 001  15(a)
Uranium 233 + 234 723 (G) 0.6 861 (A) 0.6
Uranium 235 9 (F) 0.6 65.5(A) 0.6
Uranium 235 + 236 0.009 (G) 0.6 1192 (G) 0.6
Uranium 238 190 (F) 0.6 366 (A) 0.6
Uranium (Total) 63.7 (B) 0.6 1023 (A) 0.6 5

®Source: Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991,

®Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
indicate the reference source from the list at the end of this table.

Value given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routine Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).
Present in laboratory blank.

Notes: J = Analyzed below detection limit.
BR = Bedrock (including some weathered bedrock).

100130DE.DEN Final Draft/02-25-93




B

EG&G ROCKY FLATS PLANT Manual; 21000.WP.TS01.01
Troatability Study Work Plans for Section: 15
lon Exchange and Adsorption Processes Revision: 1
s Page: 9 of 11
Effective Date: .
Non-Safety Related Final Draft Organization: —  ERT
TABLE 15-1*

ANALYTE CONCENTRATIONS AND ARARS
(Concluded)

Groundwater (pCli/l) Surface Water (pCi/l)

I
Potential Potential
Parameter Maximum® Minimum® ARAR Maximum® Minimum® ARAR

References:

Note: Analytical data received prior to October 1988 not subjected to validation procedure. Some of the contaminant values reported
in this table have not yet been validated, and the analyte list may be changed after the data are validated.

(A) EG&G. February 22, 1991a, Surface Water and Sediment Geochemical Characterization Report, Draft Copy.

(B) U.S. DOE. April 2, 1990c, Final Phase Il Remedial Investigation/Feasibility Study Workplan (Alluvial), OU 2, Draft Copy.

(C) U.S. DOE. January 11, 1991a, Proposed Surface Water Interim Measures, Interim Remedial Action Plan/Environmental Assessment
and Decision Document South Walnut Creek Basin, OU 2, Final Draft.

(D) U.S. DOE. January 24, 1991b, Phase Il Remedial Investigation/Feasibility Study Workplan (Bedrock), OU 2, Draft Copy.

(E) U.S. DOE. October 1990d, Phase Il Remedial Investigation/Feasibility Study Workplan 881 Hillside Area, OU 1, Final Draft.

(F) EG&G. March 1, 1991b, 1990 Annual RCRA Groundwater Monitoring Report for Regulated Units at Rocky Flats Plant, Draft Copy.

(G) EG&G. May 1991, Unpublished data (see note to reference).

*Source: Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991.

®Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
indicate the reference source from the list at the end of this table.

“Value given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routine Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).

YPresent in laboratory blank.

Notes: J = Analyzed below detection limit.
BR = Bedrock (including some weathered bedrock).
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Table 15-1 presents the maximum and minimum concentrations of all metals and radionuclides anal-
yzed for and the potential standard associated with each contaminant. Table 15-2 lists the OUs that
contain these contaminants in levels above the potential standard.

The TSP identified the following metals and radionuclides for a sitewide evaluation of adsorption as
a remediation technology: beryllium, chromium, iron, lead, manganese, mercury, selenium, ameri-

cium, plutonium, and uranium.
15.4 ADSORPTION TREATABILITY STUDY OVERVIEW

General laboratory-scale testing will be conducted on all of the chosen adsorbents to determine the
relative effectiveness of the adsorbents. The actual testing procedures for the adsorption process
are detailed in Section 19.0 of this document.

The overall objective of the adsorption treatability study is to evaluate the effectiveness of the
adsorption media as potential treatment altematives in reducing the volume, toxicity, or mobility of
selected metals and radionuclides from Rocky Flats surface water and groundwater. The individual
adsorbents will first be tested to determine their capabilities for reducing the concentration of
beryllium, chromium, iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium
in the onsite waters at Rocky Flats (TSP, DOE, 1991a). Media that show sufficient capability will be
further tested to determine their capacity and breakthrough times.

Upon completion of the adsorption treatability study, the results will be reviewed in order to deter-
mine if there is sufficient information to evaluate this technology for the FS/CMSs without further
testing for various OUs. If more information is necessary, the information needed will be described
in the adsorption treatability study summary report. The review process is described in Section 21.0

of this document.
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TABLE 15-2

LIST OF CHEMICALS REPORTED ABOVE
ARARs IN TWO OR MORE OPERABLE UNITS

Ope;;ble Units (Two or More)

Contaminant Reported in Groundwater Reported in Surface Water
METALS

Beryllium 1,6, LSID

Chromium 1,24,7 1,2,4,7 USID, LSID
Iron 1,24 1,2,4,5,6,7, LSID, USID
Lead 2,4 1,2,4,5,6,7, LSID, USID
Manganese 1,24,7 1,2,4,5,6,7, LSID, USID
Mercury 1,4,6

Selenium 1,24,7 i 1,2,4,5,6,7, LSID
RADIONUCLIDES

Americium 241

Plutonium 239 + 240 ;24

Uranium (total) 1,2,4,5,6,7, USID

Notes: BACK
uUsID
LSID

Source: DOE, 1991a.
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16.0 REMEDIAL TECHNOLOGY DESCRIPTION—-ADSORPTION PROCESS

This section provides a general overview of the adsorption remedial technology. At the Rocky Flats
Plant (RFP), this process can potentially provide an effective means of removing dissolved metals

and radionuclides from surface water and groundwater.

The adsorption process utilizes natural or synthetic materials of a microcrystalline structure. The
resulting porosity provides a very large surface area available for solute uptake. The "sponge-like*
nature of the adsorbents may provide as much as 100 square meters of surface area per cubic
centimeter of adsorbent. Physical attractive forces cause the solute molecules to adhere to the
adsorbent particles, primarily in a single layer of molecules, although the material may still be selec-
tive for a height of up to four molecules. Because of this potential "stacking,* the capacity of the
adsorbent usually depends on the concentration of solute. Adsorbents that will be tested in this
treatability study include activated carbon, activated alumina, bone char, natural zeolites, and

specialty adsorbents.
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17.0 DATA QUALITY OBJECTIVES-ADSORPTION TREATABILITY STUDY

The overall objective of the adsorption treatability study is to evaluate the effectiveness of the var-
ious adsorption media as potential treatment alternatives in reducing the volume, toxicity, or mobility
of selected metals and radionuclides from Rocky Flats surface water and groundwater. The adsor-
bents will first be tested to determine their capability for reducing the concentration of beryllium,
chromium, iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium in the
onsite waters at Rocky Flats. Media that show sufficient capability will be further tested to determine
their capacity and breakthrough times.

This treatability study is designed to screen and test different types of adsorbents to determine the
effectiveness of the adsorption process. In order to select the most appropriate materials for remov-
ing each constituent, operational characteristics of the adsorbents, such as loading capacity, regen-

eration properties, and breakthrough characteristics will be investigated.

A primary objective of this TSWP is to investigate a broad range of adsorbents. Adsorbent manu-
facturers have been contacted and a literature search has been conducted for this TSWP. Based
upon these efforts, and after having evaluated the broad range of materials, the most appropriate
adsorbents have been selected for the treatability study testing. Both the range evaluation and the
final selection process are described in Section 19.0.

Data quality objectives (DQOs) express qualitative and quantitative statements describing the quality
and quantity of data required by the treatability studies. Developing DQOs relies on the following

three stage process:

. Stage 1-Identify decision types
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. Stage 2-Identify data uses/needs
. Stage 3—Design a data collection program

17.1 STAGE 1-IDENTIFYING DECISION TYPES

Of the three stages above, Stage 1 has already been completed as part of the TSP. The Final TSP
Report identified the treatability study program goals and objectives and the technical approach.
The overall objective of the treatability study program is to provide information to support the Feasi-
bility Studies or Corrective Measure Studies (FS/CMS) to be conducted at each of the 16 Operable
Units (OUs). As such, the TSP identified potentially applicable technologies for remediating the
types of wastes and waste matrices that may be common to more than one OU in addition to gener-
ating data required to evaluate and screen technologies and/or alternatives. Ultimately, the informa-
tion obtained from the sitewide and specific OU treatability studies will provide data to support the

final remedy selection and design process.

The TSP followed a process of identifying potentially applicable technologies based on a literature/
data base search and review of other available information. The potentially applicable technologies
were evaluated in a two-step screening process. The preliminary screening identified those technol-
ogies suitable for application at Rocky Flats. The final screening identified the technologies appro-
priate for consideration in the sitewide treatability testing.

This TSWP fulffills the Stages 2 and 3 DQO process. The following discussion describes specific
elements addressed in Stage 2, consistent with the Data Quality Objectives for Remedial Response
Activities (EPA, 1987). These elements include:

. Data uses
. Data types
. Data quality needs
. Data quantity needs
. Sampling/analysis options
100130E2.DEN Final Draft/02-25-93
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. Precision, accuracy, representativeness, completeness, and comparability (PARCC)
parameters

17.2 STAGE 2-IDENTIFYING DATA USES/NEEDS

Stage 2 of the DQO process defines data uses and specifies the data types needed to meet the
project objectives. As noted above, the DQOs presented reflect the treatability studies screened in
Stage 1. Table 17-1 describes the data needed to fuffill the specific objectives for the adsorption
treatability study, the type of activity used to collect the data, the analytical level, and the intended

data use.

17.2.1 Identifying Data Uses

Data uses for the Stage 2 Treatability Studies include determining the original concentrations of the
CLP target analyte list (TAL), radionuclides, and water quality parameters for the treatability influent.

The data will be useful for verifying suitable process selections, but will not fuffill all the needs for

designing such a process.
17.2.2 Identifying Data Types

Data types include analytical results to assess treatment effectiveness. The adsorption study will

generate analytical data measuring:

® pH
. Flow rates of influent sample water and regeneration solution
. Analytical data measuring concentrations of metals and radionuclides in the process

effluents and regenerant wastes
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TABLE 17-1
DATA NEEDS TO FULFILL SPECIFIC OBJECTIVES
FOR ADSORPTION TREATABILITY STUDY
Treatability Study Influent
Data Need: Establish influent concentrations for a composite groundwater/surface water
sample before initiating the treatability studies.
Activity: Coliect representative samples from the two selected groundwater and sur-

face water locations. Composite the samples using flow-proportioned
amounts. Analyze the unfitered composite. Filter and analyze a sample of

the composite.

DQO Levels: pH-Level il

(Refer to Table 17-2  Metals, and Radionuclides—Level lll

in this document) Cr (VI)—Level Il
Water Quality Parameters—Level ll|

Data Use: Use the data in calculating the performance or removal efficiency for each
treatability test

Adsorption Capability Tests

Data Need: Evaluate the capability of six different adsorbents for removing metals and
radionuclides from surface water and groundwater at the manufacturer's
recommended water feed rate, regenerant concentration and feed rate, and

the rinsewater feed rate.

Activity: Conduct single-column bench scale tests. Evaluate Filtrasorb® 300
(granular-activated carbon), Brimac 216 (bone char), F1 Alumina (granular
activated carbon), SORBPLUS® (oxide adsorbent), BIO-FIX® (immobilized
biomass), and Clinoptilolite (natural zeolite) for removal of targeted metals
and radionuclides. Tests will be run at three pH levels: (1) acidic pH (3 to

4); (2) neutral pH (8 to 2); and (3) alkaline pH (9 to 10).

DQO Levels: pH and flow rate—Level li
(Refer to Table 4-2 Metals and radionuclides—Level IV
in this document) Cr (VI)—Level lll

Water Quality Parameters—Level Il
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TABLE 17-1

DATA NEEDS TO FULFILL SPECIFIC OBJECTIVES

FOR ADSORPTION TREATABILITY STUDY
(Concluded)

Data Use:

Determine the relative capabilities of the six adsorbents to produce an
effluent that meets the anticipated treatment targets for one or more of the
constituents of concem. Use this data to select the optimum pH for the
capacity tests.

Adsorption Capacity Tests

Data Need:

Activity:

DQO Levels:
(Refer to Table 17-2
in this document)

Data Use:

100130E7.DEN

Evaluate the adsorptive capacities, breakthrough characteristics, and quanti-
ties and characteristics of regenerant wastes produced for each of the
adsorbents and using the optimum pH identified for each adsorbent tested
in the capability tests.

Conduct small two-column bench scale tests. Based on pH results of capa-
bility tests, evaluate adsorbents to determine breakthrough characteristics
and the adsorptive capacities. In addition, samples of the regenerant
wastes will be analyzed to provide estimates of the waste quantities and
characteristics.

pH and flow rate—Level lI

Metals and radionuclides—Level li
Cr (VI)—Level lll

Water Quality Parameters—Level Hi

Determine the relative capacities of the selected adsorbents for loading the

constituents of concern and for generating low quantities and favorable
regenerant wastes characteristics.

Final Draft/02-25-93




EG&G ROCKY FLATS PLANT

Treatability Study Work Plans for

lon Exchange and Adsorption Processes

Non-Safety Related

Manual: 21000.WP.TS01.01
Section: 17
Revision: 2
Page: 6 of 18
Effective Date:

Final Draft Organization: - EAr

Physical measurements (volumetric, weight) will be made to establish the absorbent
bed volumes

Other characteristics and parameters may include electrical conductivity, tempera-
ture, and other (unspecified) measurements.

17.2.3 ldentifying Data Quality and Quantity Needs

EPA defines five levels of analytical data (EPA, 1987 modified) associated with data quality for treat-
ability studies. The analytical levels correspond with those noted in Table 17-1.

100130E2.DEN

Level I-Field screening or analysis with portable instruments. This level provides
an indication of contamination presence and has few QA/QC requirements.

Level li-Field analyses with more sophisticated portable instruments or mobile
laboratory. The data quality associated with this level depends on the QA/QC steps

used. Data concentrations are usually reported in concentration ranges.

Level llI-Analyses of organics and inorganics are performed in an offsite analytical
laboratory that may or may not involve contract laboratory program (CLP) proce-
dures. The detection limits will be similar to those specified by the CLP. Level lil
uses rigorous QA/QC.

Level IV-Analyses encompass the hazardous substance list (HSL) organic and
inorganic parameters by sophisticated laboratory instrumentation such as gas
chromatography/mass spectroscopy (GC/MS), atomic absorption (AA), and induc-
tively coupled plasma (ICP). Detection limits reach the low parts-per-billion levels.
This analytical level also provides tentative identification of non-HSL parameters.
Data require validation to evaluate compliance with rigorous QA/QC requirements.
Level IV procedures are appropriate to develop data of known quality.

Final Draft/02-25-93
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Note: The radionuclides analyses would generally be considered Level V because
they are not *CLP* analyses; however, the level of QA/QC included in the EG&G
Rocky Fiats GRRASP Version 2.1 (DOE, 1991) is equivalent to that of "CLP" analy-
ses. As such, the radionuclide analyses are considered to meet the Level IV data
requirements.

. Level V—Analyses using nonstandard analytical methods. Method development or
method modification may be required for specific constituents or detection limits.

Table 17-1 specifies the appropriate analytical levels for the data needs and data uses described in
the table. Stage 2 treatability studies typically rely on Levels Il through IV as reflected in Table 17-1.

Section 19.0 of this report describes the rationale for sampling frequencies and quantities for the
adsorption treatability study.

17.2.4 Evaluating Sampling/Analysis Options

Data collection activities must be designed to obtain maximum use of the data. The sampling/
analysis approach for this treatability study is based on guidelines provided in the TSP. If treatability
results indicate that additional analyses or sampling are necessary, modifications wili be made to
the sampling analysis program. This will be done to avoid performing additional, redundant studies.
Section 19.0 describes the sampling/analysis options in more detail.

17.2.5 Reviewing PARCC Parameter Information
PARCC (precision, accuracy, representativeness, completeness, comparability) parameters are indi-
cators of data quality. Precision, accuracy, and completeness goals consider the analyses to be

performed and the required analytical levels. Criteria established to meet PARCC requirements will
be used to evaluate the data useability for data collected as part of the treatability study.

100130E2.DEN Final Draft/02-25-93
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Table 19-6 of this document describes the analytical requirements for the adsorption treatability
study. The analytical program specifies the use of analytical methods referenced in the EG&G
Rocky Flats General Radiochemistry and Routine Analytical Services Protocol (GRRASP, Version 2.1)
(DOE, 1991) for all analytes. These analytical methods are appropriate for meeting the data quality
requirements for analytical levels Il through V. The precision, accuracy, and completeness parame-
ters for analytical levels Il through V are discussed below along with the comparability and
representativeness for all analytical levels. The DQOs specified for the precision, accuracy, and
completeness will be used in evaluating the quality and useability of the laboratory data.

Precision and accuracy objectives for the treatability study data will be evaluated based on the con-
trol limits specified in the referenced analytical method and/or in data validation guidelines. For the
radionuclide analyses, the accuracy objectives specified in the GRRASP will be followed. The speci-

fied criteria for precision and accuracy are summarized in subsection 17.4.

For each sample taken and analysis performed in the treatability study, the objective for achieving
useable data points is 90 percent.

Comparability is a qualitative parameter that expresses the confidence with which one data set can
be compared with another. In order to achieve comparability, work performed as part of the treat-
ability studies will follow approved sampling and analysis plans, use standardized analytical proto-
cols, collect data following Environmental Restoration Management Operating Procedures (ERM

OPs), and report data in consistent units of measurement.

Representativeness expresses the degree to which sample data accurately and precisely represent
a characteristic of a population, parameter variations at a sampling point, or an environmental condi-
tion. It is a qualitative parameter that is most concerned with the proper design of the sampling
program. The Adsorption Treatability Study Sampling Plan described in Appendix A of this docu-
ment and the referenced ERM OPS describe the rationale for the sample program to provide for
representative samples. In designing the treatability study, statistical considerations were evaluated

in selection of sample numbers.
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17.3 STAGE 3—-DESIGN DATA COLLECTION PROGRAM

The Stage 3 DQO process includes discussions of the following elements, consistent with Data
Quality Objectives for Remedial Response Activities (EPA, 1987):

. Data collection components
. Sampling and analysis plan

To accomplish this, the elements identified in Stages 1 and 2 were assembled and the Adsorption
Treatability Sampling Plan (Appendix A of this document) was prepared. Analytical methods are
indicated in Subsection 19.4.3, Table 19-6. A brief summary of all samples to be collected are pre-
sented in Table 19-5, including sample type, number of samples, and analyses. QA/QC samples
are shown in Table 17-2.

17.4 SUMMARY OF DATA QUALITY OBJECTIVES

Table 17-2 presents the QA/QC criteria for the Levels lll and IV laboratory analyses proposed for the
treatability studies. No specific criteria are set for electrical conductivity and pH measurements
other than multiple readings and those procedures prescribed by the instrument manufacturer.
Reagent dosages primarily involve physical measurements of the volume and/or weights. Standard
laboratory scales and volumetric devices are used for this purpose. Other than "good laboratory
practices," no specific criteria are set for physical measurements. The weights and volumes will be
estimated using the correct stoichiometry and the calculations will be double-checked for accuracy.
The water quality parameters are to be determined only for the treatability influent. These analyses
will be performed consistent with the Level Ill goals.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
Analyses Frequency of QA/QC QA/QC Criterla
TAL METALS:
Initial Calibration Daily (once every 24 hours). ICP: A blank and a minimum of one standard in proper

Initial Calibration
Verification (ICV)

Continuing Calibration
Verification (CCV)

Contract Required
Detection Limit (CRDL)
Standard

Immediately after the initial
calibration.

Once every 10 samples or 2 hours;
also at the beginning and the end of
the sample run.

A minimum of twice per 8 hours or
at the beginning and the end of the
sample run.

operating range

GFAAZ A blank and three standards in proper operating range.
CVA®: A blank and four standards

The measured value must be within 90 to 110 percent of the true

value.

The measured value must be within 90 to 110 percent of the true

value.

ICP": At two times the CRDL or Initial Detection Limit (IDL);
whichever is greater. Report the data.
GFAA% At CRDL or IDL;whichever is greater. Report the data.

ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
3QFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and Tl.
3CVA = Cold Vapor Analysls. Mercury Is analyzed by CVA.

‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.
SWater quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (V}) also follows the water quality parameter protocols.
There should be no more than 20 samples per group; samples can be grouped in less than 20 items.
'Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Continued)
Analyses Frequency of QA/QC QA/QC Criteria
Initial Calibration Blank Immediately after ICV, and once The absolute value of the blank may not exceed the CRDL.
(ICB) every 10 samples or 2 hours; also at  Otherwise, correct the problem and reanalyze the 10 samples prior
the beginning and the end of the to the noncompliant blank.
sample run.
Continuing Calibration Immediately after ICB, and once The absolute value of the biank may not exceed the CRDL.
Blank (CCB) every 10 samples or 2 hours; also at Otherwise, correct the problem and reanalyze the 10 samples prior
the beginning and the end of the to the noncompliant blank.
sample run.
Preparation Blank (PB) Once per 20 samples, a group® The blank concentrations must be below CRDL or the lowest
of samples, or 14 days, whichever is sample concentration must be at least 10 times the blank
most frequent. concentration. Otherwise, redigest and reanalyze all samples.

ICP' Interference Check At the beginning and the end of a The ICS results must be within 80 to 120 percent of the true value.
Sample (ICS) sample run, or twice per 8 hours.

YCP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.

IGFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA Iinclude As, Pb, Se, and TI.

3CVA = Cold Vapor Analysis. Mercury is analyzed by CVA.

“‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.

*Water quality parameters Include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

"Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
{Continued)
Analyses Frequency of QA/QC QA/QC Criterla
Matrix Spike Once per 20 samples, group The spiked sample results (after subtracting the original sample
of samples, or 14 days—whichever result) must be within 75 to 125 percent of the spiked value for
is most frequent. sample concentrations, not exceeding four times the spike

concentration. A post-digestion spike is required for ICP analyses if
the spike criteria are not met.

Post Digestion Spike In the event the matrix spike criteria  Spike the digestate at two times the sample level or the CRDL,
are not met, once per 20 samples, whichever is greater. Report the data.
group of samples, or 14 days—
whichever is most frequent.

Duplicate Analysis Once per 20 samples, group The relative percent difference (RPD) for sample concentrations
of samples, or 14 days’ group— greater than five times the CRDL must be within 20 percent for the
whichever is most frequent. duplicate pair. For concentrations below five times the CRDL, the

duplicate results must be within +/-CRDL of the original value.

'ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn,

}gFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and TI.

SCVA = Cold Vapor Analysis, Mercury is analyzed by CVA.

‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.

*Water quality parameters include Ci, NO/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped In less than 20 items.

'Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Continued)
Analyses Frequency of QA/QC QA/QC Crlterla
Laboratory Control Once per 20 samples, group The LCS results must be within 80 to 120 percent of the true value.
Sample (LCS) of samples, or 14 days’ group— Otherwise, the samples must be redigested and reanalyzed.
whichever is most frequent.
ICP' Serial Dilution Once per 20 samples, group For sample concentrations above 50 times the IDL, the serially
of samples, or 14 days’ group— diluted results must be within 90 to 110 percent of the original
whichever is most frequent. sample concentrations.
Instrument Detection Once every 3 calendar months, IDL is calculated as three times the standard deviation of seven

consecutive determinations per day for 3 nonconsecutive days (a
total of 21 measurements). The IDLs must meet or exceed the

CRDLs.

Once every year, or after major Report the factors.
instrument adjustments.

100130E9.0EN

ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
3GFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA Include As, Pb, Se, and TI.
3CVA = Cold Vapor Analysis. Mercury is analyzed by CVA.

‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.

*Water quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.
Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Continued)
Analyses Frequency of QA/QC QA/QC Crlteria

ICP' Linear Range

Standard Addition
(GFAA)?

RADIONUCLIDES:*
Instrument Background

Instrument Calibration

Once every 3 months.

As required by the GFAA analytical
scheme in the CLP Statement of
Work (SOW).

Once every month.

Once every week.

The linear range standard must measure between 95 to 105 percent

of the true value. Sample results cannot be reported beyond this
value.

The analytical spike recovery must be between 85 to 115 percent of
the spiked amount. [f not, samples with absorbance greater than
50 percent of the spiked sample absorbance must be analyzed by
addition of three levels of standards. The coefficient of variance for
the standard addition results must be 0.995 or better.

Count for a minimum of 12 hours, and report.
Report the data.

'ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
2GFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and Tl.

3CVA = Cold Vapor Analysis. Mercury s analyzed by CVA.
‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.
SWater quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

'Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Continued)
Analyses Frequency of QA/QC QA/QC Criterla

Efficiency Check
Standards

Laboratory Control
Sample

Duplicate Sample

Preparation Blank

Once every week.

Once per 20 samples, group
of samples, or 14 days’ group—
whichever is most frequent.

Once per 10 samples, group
of samples, or 14 days’ group—
whichever is most frequent.

Once per 20 samples, group
of samples, or 14 days' group—
whichever is most frequent.

Counted until 2,000 counts’ (units of measure) recorded.

Prepare and count the same as the samples. The measured value
must be within three standard deviations of the true value, and the
relative percent error not to exceed 10 percent. For tritium, gross
_alpha, and gross beta activities, the relative percent error must not
‘exceed 15 percent.

Prepare and count the same as the samples. The measured value
must be within three standard deviations of the weighted average
and its associated standard error.

Prepare and count the same as the samples. Report the data.

100130E9.DEN

!ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
3QFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and Ti.

SCVA = Cold Vapor Analysis. Mercury is analyzed by CVA.
‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.
Water quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (VI) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

"Counts = Unit of radioactive measure.
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TABLE 17-2

SUMMARY OF LABORATORY QA/QC CRITERIA

(Continued)

Analyses Frequency of QA/QC

QA/QC Criterla

Minimum Detectable All samples.
Activities (MDAS)

Chemical Recovery All samples.

WATER QUALITY PARAMETERS:®

Instrument Calibration Daily (once every 24 hours).

Icv Immediately after the initial
calibration.

ccv Immediately after the initial
calibration.

The count duration should be optimized so that the required

method detection limits are achieved.

Recovery for uranium isotopes must be within 30 to 105 percent.
Recoveries for plutonium and americium isotopes must be within 20

to 105 percent.

One blank and at least three standards in the proper operating
range. The correlation coefficient must be 0.995 or greater.

The ICV must be within 85 to 115 percent of the true value.

The CCV must be within 85 to 115 percent of the true value.

YICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
’GFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and Tl.

’CVA = Cold Vapor Analysis. Mercury is analyzed by CVA.
“‘Radionuclides include Pu239/240, Am241, U (total), Ra226, and tritium.

SWater quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

'Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Continued)
Analyses Frequency of QA/QC QA/QC Criterla
iICB Immediately after ICV, and before The absolute value of the blank may not exceed the CRDL.
the samples. ' Otherwise, correct the problem and reanalyze the samples prior to
the noncompliant blank.
ccs Immediately after ICB, and once The absolute value of the blank may not exceed the CRDL.
every 20 samples; also at the end of Otherwise, correct the problem and reanalyze the samples prior to
the sample run. the noncompliant blank.
PB If applicable to the method, once The blank concentrations must be below CRDL, or the lowest
per 20 samples, group of samples, sample concentration must be at least five times the blank
or 14 days—whichever is most concentration. Otherwise, redigest and reanalyze all samples.
frequent.
LCs Once every 20 samples, group The LCS recoveries must be within 80 to 120 percent of the true

of samples, or 14 days—whichever
is most frequent.

value.

ICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.
IGFAA = Graphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and Tl.

SCVA = Cold Vapor Analysis. Mercury is analyzed by CVA.
“Radionuclides include Pu239/240, Am241, U (totai), Ra226, and tritium.

*Water quality parameters include Cl, NO,/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (Vi) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

"Counts = Unit of radioactive measure.
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TABLE 17-2
SUMMARY OF LABORATORY QA/QC CRITERIA
(Concluded)
Analyses Frequency of QA/QC QA/QC Crlteria
Duplicate Sample Once every 20 samples, a group The relative percent difference (RPD) between the duplicate pair
of samples, or 14 days—whichever must not exceed 20 percent.
is most frequent.
Matrix Spike Once every 20 samples, group Matrix spike recoveries must be within 75 to 125 percent for
of samples, or 14 days—whichever the samples with concentrations not exceeding four times the spike

is most frequent. concentration

YICP = Inductively Coupled Plasma. Metals analyzed by ICP include Al, Sb, Ba, Be, Cd, Ca, Cr, Co, Cu, Fe, Mg, Mn, Ni, K, Ag, Na, V, and Zn.

3QFAA = Qraphite Furnace Atomic Absorption. Metals analyzed by GFAA include As, Pb, Se, and TI.

’CVA = Cold Vapor Analysis. Mercury is analyzed by CVA.

“‘Radionuclides include Pu238/240, Am241, U (total), Ra226, and tritium.

*Water quality parameters include Cl, NO/NO,, NO,, SO,, and total dissolved solids (TDS). The QA/QC for chromium (V]) also follows the water quality parameter protocols.
“There should be no more than 20 samples per group; samples can be grouped in less than 20 items.

'Counts = Unit of radioactive measure.
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TITLE: Equipment and Materials—
Adsorption Treatability Study

Name - {Date)

18.0 EQUIPMENT AND MATERIALS—-ADSORPTION TREATABILITY STUDY
{

The equipment and materials necessary for performing the treatability tests are listed in Tables 18-1
and 18-2, The equipment listed in Table 18-2 is sufficient to run two capability or two capacity tests

simultaneously.
18.1 EQUIPMENT CALIBRATION, CALIBRATION RECORDS, AND CONTROL

Laboratory equipment used in the treatability studies (such as a pH meter and a peristaltic pump)

will be identified in the log book(s) by manufacturer's serial number or another suitable unique

number. This equipment will be used and calibrated in strict accordance with the manufacturer's
instructions. Records of calibration techniques/procedures, source of calibration standard solutions,
and date/time of calibration will be maintained in the laboratory log books. The date/time of the last
calibration of each instrument will be entered on a label which is attached to the instrument.

Manufacturer's operation, calibration, and maintenance instructions will be kept in close proximity to

the equipment during the entire duration of the treatability studies. Equipment/instruments will be
maintained in accordance with the manufacturer’s instructions.
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Table 18-1
EQUIPMENT AND MATERIALS-ADSORPTION TREATABILITY STUDY
tem Quantity'
Feed tanks, 7.5 gallon min. 2
Solution tanks, 2.0 gallon min., teflon (two feed, one 6
regen., one conversion, one rinse, one extra)
Metering pump, 0-75 mL/min, reversible flow’' 4
(minimum flow = 2.9 mL/min; regen./conversion
pumps, rinse pumps-low capacity)
Metering pump, 25-500 mL/min, reversible flow’ 4
(regeneration/conversion pumps, rinse/backwash
pumps—high capacity)
Metering pump, 10-250 mL/min, reversible flow' 2
(feed pumps)
Laboratory columns, 1.25-in L.D. x 36-in long, glass 4
(two adsorbent capability tests)
Laboratory columns, 2.00-in I.D. x 36-in long, glass 2
(two adsorbent capability/capacity tests)
Laboratory columns, 0.75-in 1.D. x 48-in long, glass 4
{two adsorbent capacity tests)
Assorted teflon tubing, valves, and fittings
Assorted laboratory glassware, equipment, accessories, and
supplies
'All wetted parts to be teflon unless otherwise noted.
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Table 18-2

CHEMICAL SUPPLIES-ADSORPTION TREATABILITY STUDY

Compound Quantity
Hydrochloric acid, 37 percent (technical or reagent 2,000 mL
grade)
Sulfuric acid, 95 to 98 percent (technical or reagent 100 mL
grade)
Sodium hydroxide, beads or pellets (technical or 500g
reagent grade)
Ammonium hydroxide (technical or reagent grade) 100 mL
Sodium chioride (technical grade) 1,000 g
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19.0 EXPERIMENT DESIGN AND PROCEDURES-ADSORPTION TREATABILITY STUDY

This section describes the general approach and the detailed procedures to be followed in performing
the treatability study for the adsorption process.

19.1 TEST OBJECTIVES

The overall objective of the adsorption treatability study is to evaluate the effectiveness of the various
adsorption media as a potential treatment altemnative in reducing the volume, toxicity, or mobility of
selected metals and radionuclides from Rocky Flats surface water and groundwater. The individual
adsorbents will first be tested in small columns to determine their capabilities for reducing the concen-
trations of beryllium, chromium, iron, lead, manganese, mercury, selenium, americium, plutonium, and
uranium in the composite raw waters at Rocky Flats. Media that show sufficient capabilities will be fur-
ther tested in columns to determine their capacities and breakthrough times, as well as the adsorbents’

regeneration abilities.

The effectiveness of the adsorbents in removing the contaminants of concern will be evaluated in
bench-scale column tests. The specific objectives of bench-scale treatability testing are as follows:

. Conduct bench-scale tests to determine the capability of each of the selected adsor-
bents to remove the contaminants of concem.

. Conduct bench-scale column tests to determine the capacities, breakthrough character-

istics, and quantities and characteristics of regenerant wastes expected for each of the
adsorbents.
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19.2 SCREENING AND SELECTION OF ADSORBENTS

This section contains descriptions of the adsorbents that were considered for use during treatability
testing. The process to select adsorbents for initial screenings was based on the requirements listed in
Attachment No. 2 of EG&G's Statement of Work and past experience. The following screening criteria

were used:
. Capable of removing one or more of the contaminants of concem present in the Rocky
Flats water
) Able to be tested in bench-scale columns
. Commercially available for testing at the Rocky Flats facility

Descriptions of all of the adsorbents selected for testing are presented in subsection 19.2.1. Descrip-
tions of the adsorbents screened, but not selected for testing, along with the reason(s) they were not
selected, are presented in subsection 19.2.2. It was assumed during the screening and selection pro-
cess that only one adsorbent from each class of adsorbents would be tested if there were no data
suggesting that any significant performance difference would be expected. For example, there are a
number of natural zeolites commercially available from different sources that are similar in physical char-
acteristics and functionality. For these cases, an educated choice was made based on available litera-

ture and past experience.
19.2.1 Adsorbents to be Tested
In addition to the general resin screening criteria discussed earlier, other considerations include:

. The ability to meet the total dissolved solids (TDS) anticipated effluent limit of 500 mg/L
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. The impact of the raw water TDS concentration on removal efficiencies of the contami-

nants of concem

. Minimization of generated secondary wastes

. The ability to remove colioidal materials (some radionuclides adsorb preferentially to
colloids)

. Minimization of water required for testing

The adsorbents that were screened for inclusion in this TSWP can be broadly classified into four

groups:

. Biosorbents

. Carbon-based adsorbents
. Silica-based adsorbents

. Metal-based adsorbents

In general, the biological or physicochemical process by which adsorption occurs is similar for adsor-
bents within each group. However, the selectivities for specific constituents will vary among adsorbents
within a group depending on the physical, chemical, and biological characteristics of the adsorbent.

The remainder of this section contains detailed descriptions of the typical uses and performance charac-
teristics of the adsorbents chosen for testing as part of this TSWP. Unless otherwise noted, the informa-
tion presented in this section was taken from the manufacturer’s product bulletins and data sheets and
not specifically referenced in Section 27.0. However, where published literature data were used to sup-
port the performance claims of the manufacturers, specific references to the literature are included in the
test and referenced in Section 27.0. The addresses and telephone numbers of each of the adsorbent

manufacturers and distributors are given below.
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Adsorbents Manufacturers List

Mr. Dennis Green, BIO-FIX Bead Distributor
Harrison Western Environmental Services, Inc.
1208 Quail Street

Lakewood, CO 80215

(303) 234-0273

Dr. Godfrey Crane, AlgaSORB Representative
Bio-Recovery Systems, Inc.

2001 Copper Avenue

Las Cruces, NM 88005

(800) 697-2001

Mr. Frank J. Caliguin, Ferrosand Representative
Hungerford and Terry, Inc.

P.O. Box 650

Clayton, NJ 08312-0650

Mr. E. Lee Johnson, Chilosan Representative
Vanson

8840 152nd Avenue Northeast

Redmond, WA 98052-3535

(206) 881-6464

East-West Minerals, Inc. (Clinoptilolite)
100 Shoreline Highway, Suite 175A
Mill Valley, CA 94941

(415) 331-8880

1001319E.DEN

Mr. Tim Barder, lonsiv Representative

UoP

25 East Algonquin Road
Des Plaines, IL 60017
(708) 391-2000

Mr. Kevin Hengst
Technical Sales Representative
Calgon Carbon Corporation

4343 Commerce Court, Suite 400

Lisle, IL 60532
(708) 505-1919

Mr. Louis C. Fancher il

Sales Representative, SORBPLUS

ALCOA

100 Westlakes Drive, Suite 250
Berwyn, PA 19312

(215) 889-3736

ALCOA Industrial Chemicals Division (F-1

Alumina)
P.O. Box 2128
Vidalia, LA 71373
(800) 533-4511
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19.2.1.1 Biosorbents

The mechanisms associated with metal and radionuclide adsorption by biological materials are complex
and involve both intracellular and extracellutar binding (Jeffers et al,, 1991). The difficulty with growing
and maintaining a healthy, living population of microorganisms in many treatment applications has lead
to the development of technologies wherein non-living microorganisms are immobilized in a rigid, porous
matrix that is amenable for use in flow-through columns. In fact, the literature reports that many microor-

ganisms sorb metals more effectively in a non-living state (Jeffers et al., 1991).

Three types of biosorbents that have proven effective in removing metals or radionuclides in a non-liv-
ing, immobilized state include BIO-FIX beads (immobilized sphagnum peat moss), AlgaSORB* (primarily
algae), and Pseudomonas aeruginosa. A fourth biosorbent considered—Chitosan—is different in that the
base material used is chitin, a material obtained from the structural material of shellfish. Each of these
sorbents can adsorb selected heavy metals and radionuclides but are ineffective at removing the com-
mon cations such as sodium and calcium. Therefore, other processes would have to be considered for
the removal of TDS.

19.2.1.1.1 BIO-FIX. BIO-FIX beads are a porous adsorbent containing immobilized biological materials

such as algae, biological polymers, and moss. The technology was recently developed by the
U.S. Bureau of Mines and has been licensed for commercial distribution. The BIO-FIX beads are partic-
ularly selective for heavy metals, displacing the more common alkaline earth metals such as calcium and
magnesium (Jeffers et al., 1991). No data were available on the effectiveness of BIO-FIX to remove
radionuclides although the affinity of the sorbent for higher valence cations suggests that its potential

effectiveness for the radionuclides of concern at Rocky Flats is good.

BIO-FIX beads have an approximate operating adsorptive capacity of 10,000 mg CaCO,/L beads con-
taining immobilized sphagnum peat moss as the biological sorbent. The beads can be regenerated
using a 1 percent solution of sulfuric acid and subsequently neutralized using 1 percent sodium carbon-
ate. In laboratory tests, no decrease in sorption or elution efficiencies were measured after 100 cycles
and no physical deterioration of the beads was observed (Ferguson and Jeffers, 1991). The beads also
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exhibited no deterioration in performance or physical characteristics following repeated freeze-thaw and
wet-dry cycles. The recommended pH range for metal sorption was 3 to 8, athough significant mercury
and anion removals were observed in one test at a pH>13 (Ferguson and Jeffers, 1991). The recom-
mended loading rate ranges from 20 to 30 bed volumes per hour.

19.2.1.2 Carbon-Based Adsorbents

The process by which metals and radionuclides are removed by carbon-based adsorbents is not pre-
cisely known. It is theorized that the principal removal mechanism is via an oxidation-reduction reaction
rather than by chemisorption or by physical adsorption. For example, researchers at the Calgon Carbon
Corporation have proposed that the following oxidation reaction takes place at the carbon surface:

2C0,(g) + 2H* + 20~ = H,C,0, with E® = -0.49 volt

Subsequently, ions whose reduction reaction potential lies above -0.49 voits by more than 0.2 to 0.3 volt
can be reduced to a form that in some cases is insoluble and can be removed from the system by filtra-
tion within the carbon bed or in a downstream filter unit. For example, the following two reactions show

how selenium is reduced to an insoluble form:

SeO, + 4H* + 26~ = H,Se0, +H,O with E® = 1.15 volt
H,Se0, + 4H* + 46~ = Se(s) + 3H,0 with E° = 0.74 volt

Target analyte metals (TAL) metals for which fair to good removal efficiencies may be expected include
mercury, selenium, lead, and chromium at neutral to alkaline pHs. No literature information on the
removal of the target radionuclides at Rocky Flats by carbon-based adsorbents has been found.

Two types of carbon-based adsorbents that have been considered for inclusion in this TSWP include
granular activated carbon (GAC) and bone charcoal. GAC and bone charcoal are also effective in
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removing common cations. Bone charcoal contains calcium phosphate, which may remove selected
substances, such as fluoride, via an oxidation-reduction reaction similar to that described for carbon.
Additional details regarding the two adsorbents are presented in the subsections below.

19.2.1.2.1 Filtrasorb 300. Filtrasorb 300 is a grade of granular activated carbon manufactured by
Calgon that is commonly used to remove organic pollutants from water. Activated carbon also has the

capability to remove trace amounts of heavy metals from water. Although the exact removal mechanism
is not known, it is believed that activated carbon removes metals via an oxidation-reduction reaction
rather than by chemisorption or physical adsorption. Past experience indicates that manganese, mer-
cury, selenium, and, to a lesser extent, hexavalent chromium and lead can be efficiently removed by
activated carbon. No data were available on the effectiveness of activated carbon to remove

radionuclides.

The adsorption capacity of Filtrasorb 300 is dependent on a number of factors, including the target
metal, pH, and chemical interferences (e.g., from cyanide or ammonia). Batch tests have indicated that
metals removal capacities typically lie in the range of 5 to 50 micromoles (umol) M?*/g carbon (500 to
5,000 mg CaCO,/L resin). Recommended loading rates are from 1 to 3 gpm/ft® with empty bed contact
times of 15 to 30 minutes. Metals removal efficiencies are dependent on pH; generally, acidic pHs (i.e.,
3 to 5) are optimum for many heavy metals (Bhattacharyya and Cheng, 1987; Ku and Peters, 1987).

19.2.1.2.2 Brimac 216 (Bone Charcoal). Brimac 216 is a grade of bone charcoal (a.k.a. bone char)
that contains both carbon and calcium phosphate, and is available from the Tate and Lyle Process
Technology, located in Green Ox, Scotland. Its use in the United States has been limited to a few spe-
cialized applications; in contrast, it has been used frequently in Europe as an adsorbent for organic
compounds, and for taste and odor removal from potable water supplies. Some studies conducted in

Europe have shown that bone charcoal also has the capacity to remove various metals from aqueous
streams, including the Rocky Flats TAL metals chromium, iron, lead, manganese, and mercury (Smith,
C., 1993). Of these metals, the literature data suggest that Brimac 216 may be effective in consistently
producing an effluent that meets the potential ARAs for iron and lead. One study showed that bone
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charcoal had *far greater* adsorption capacity for lead and cadmium than did activated carbon. No data
were available on the effectiveness of bone charcoal to remove radionuclides.

The adsorption capacity of Brimac 216 is dependent upon a number of factors including the target
metal, pH, and matrix constituent concentrations. Column tests have indicated that operating capacities
for lead lie in the range of 1,000 to 6,000 mg/L as CaCQ, at a loading rate of 0.5 gpm/ft?, and an empty
bed contact time of 0.5 to 1.0 minute (Smith, C., 1993). Removal efficiencies as a function of pH vary
with lead removals exhibiting little or no dependence on pH, while cadmium is removed more efficiently

at high pHs.

There are currently no data to show that bone charcoal may be capable of producing an effluent that
meets the potential ARARSs for select Rocky Flats TAL metals, however, it may be effective for the follow-

ing reasons:
. it is similar in physical characteristics, functionality, and operating capacity for metals to
activated carbon, which is one of the adsorbents to be tested
. The operating capacities of other adsorbents to be tested that are selective for cations

are equal or significantly greater than that of bone charcoal
19.2.1.3 Silica-Based Adsorbents

Silica-based adsorbents include clay minerals and zeolites. The physical structure of these adsorbents
results in their possessing negative charge sites to which cations are drawn by electrostatic attraction.
The selectivity of silica-based adsorbents is a function of many factors including ion charge, ion type,
ion concentration, solute composition, temperature, and others (Breck, 1974). Furthermore, ions of
higher selectivity can displace ions of lower selectivity, a property that is more typical of ion exchangers
rather than adsorbents. The silica-based adsorbents are being considered as adsorbents rather than as

ion exchangers for the purpose of this TSWP.
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The two types of silica-based adsorbents being considered for this TSWP include natural clay soils and
natural zeolites. Synthetic zeolites were eliminated during the screening process based on the recom-
mendation’' of a sales representative from UOP (a natural and synthetic zeolite supplier; Mahuta 1992).
Because of their ion exchange properties, silica-based adsorbents have the potential for removing a

substantial portion of the TDS present in solution.

19.2.1.3.1 Clinoptilolite. Clinoptilolite is a natural zeolite that possesses both adsorptive and ion
exchange properties. it is commonly used to remove cations from water and water, including the target

constituents iron, lead, mercury, and chromium. The selectivity of clinoptilolite is a function of the
hydrated molecular size of the cation, the relative concentration of the cations in solution, and the aver-
age pore diameter of the material. The second factor suggests that the overall removal efficiency for
various constituents may be limited by the concentrations of the alkali and alkaline earth metals present
in the water. Clinoptilolite has also been shown to remove selected radionuclides from water (e.g., Sr-80
and Cs-137) (Breck, 1974). No data were available on the effectiveness of clinoptilolite to remove the
target radionuclides from the Rocky Flats water.

Clinoptilolite has an approximate operating exchange capacity of 60,000 mg CaCO,/L zeolite. It can be
regenerated using a concentrated (20 percent) brine solution. The recommended loading rate for natu-
ral zeolites ranges from 5 to 15 minutes of empty bed contact time. A pH range of 7 to 9 was found to
yield good Sr-90 and Cs-137 removals in one study (Breck, 1974).

19.2.1.4 Metal-Based Adsorbents

The process by which metal-based adsorbents remove metals and radionuclides depends on the adsor-
bent. Adsorbents conisidered during the screening process included activated alumina, a mixed-metal
oxide adsorbent (SORBPLUS) highly selective for selenium, and ferrosand (a manganese greensand).
The adsorption chemistry of aluminas (oxides and hydroxides of aluminum) and mixed-metal oxides is
highly complex; however, adsorption can be generally characterized by three mechanisms (Fleming

'The UOP representative did not believe that the zeolites were effective in reducing contaminant concentrations to achieve
ARARs levels.
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1986): (1) chemisorption via covalent attachment to the sorbent structure; (2) electrostatic attraction
arising from surface protonation; and (3) ion exchange reactions. Typically, aluminas and SORBPLUS
are used for anion removals., Although SORBPLUS cannot be regenerated, its relatively high selectivity
for selenium often makes it a more cost-effective adsorbent to use versus activated aflumina in applica-
tions where selenium removals are of concemn. Ferrosand uses manganese oxide coated sand to cata-
lyze an oxidation-reduction reaction, oxidizing soluble iron and manganese ions to highly insoluble forms
that can be removed by filtration in the ferrosand.

No literature data was found to document the removal effectiveness of the target radionuclides at Rocky
Flats by any of these metal-based adsorbents. Furthermore, it is unlikely that any significant quantities
of TDS will be removed, requiring other processes for TDS removal.

19.2.1.4.1 SORBPLUS. SORBPLUS is a mixed-metal oxide adsorbent (principally thermally activated
alumina and magnesium oxide) manufactured by Alcoa. It is an anion adsorbent that differs from acti-
vated alumina in that (1) it cannot be commercially regenerated, and (2) it has a significantly higher
adsorption capacity than does activated alumina. SORBPLUS has a much higher selectivity for polyva-
lent anions than for monovalent anions and has been shown to be highly effective at removing "problem*
anions from waters, including selenium (IV), arsenic, chromium (VI), and complexed cyanides.
SORBPLUS is available in both powder and granular form; the granular form is typically used in column

applications and is useful for this TSWP,

SORBPLUS has an operating capacity of approximately 3.5 meq/g sorbent (70,000 mg CaCO,/L sor-
bent). However, competition from common divalent anions (such as carbonates and sulfates) can signi-
ficantly lower the adsorption capacity of SORBPLUS for the Rocky Flats target anions. Carbonates can
typically be removed by adjusting pH; sulfates can be removed by precipitation as the relatively insolu-
ble barium sulfate. Recommended empty bed contact times range from 5 to 10 minutes.

19.2.1.4.2 F-1 Alumina. F-1 Alumina is a granular activated alumina manufactured by ALCOA. Acti-

vated alumina is commonly used to remove various anions (such as fiuoride, arsenic, and selenium)
from water and wastewater at pH levels in the neutral to acidic range, although removal of cations can
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also be affected by aluminas in the neutral to alkaline pH range. Cation and anion exchange series for

some ions on transition aluminas are shown below (Fleming, 1986):
Cations: U(IV) > Fe(lll) > Hg(ll) > UO,(Il) > Pb(ll) > Fe(ll) > Mn(li)
Anions: OH" > Cr0.> > SO > Cr,0,> > NO,” > CI' > NO,” > MnO,”

F-1 Alumina has an operating capacity of approximately 4,500 mg/L as CaCO,, based on operating data
for fluoride removal from three water treatment plants (Rubel and Woosley, 1978). The actual operating
capacity for F-1 Alumina treating Rocky Flats composite raw water will likely be different for a number of
reasons, such as different water chemistry and different constituents targeted for removal. The uncer-
tainty regarding the operating capacity has been taken into account in the experiment design.

F-1 Alumina's recommended loading rate is approximately 1.5 gpm/ft®
19.2.2 Adsorbents Not Selected for Testing

A number of other adsorbents were evaluated but not chosen for use in this treatability study. A brief
description of each of these adsorbents along with the reason(s) for their exclusion follow.

19.2.2.1 lonsiv IE-96

lonsiv IE-96 is a natural zeolite (chabazite) supplied by UOP (formerly supplied by Union Carbide). This
material was successfully tested at Oak Ridge National Laboratory for removing Sr-80 and Cs-137 from
a water (Robinson, et al., no date). Its physical properties and performance characteristics are very
similar to clinoptilolite, so additional tests with chabazite were not expected to yield any significant addi-
tional data beyond what will be collected during the tests with clinoptilolite.
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19.2.2.2 Chitosan

Chitosan is an adsorbent that uses glucosamine as a metals-chelating agent. The raw material for
chitosan comes from the structural material of shrimp and crabs (chitin). It is highly selective for heavy
metals over alkaline earth metals. Typical operating capacities for Period 4 and 5 heavy metals (e.g., Ni,
Cd) range from 100 to 150 mg/g with capacities increasing to greater than 1,000 mg/g for some
Period 6 elements (e.g., Au). However, chitosan is more typically used as a fine powder and added to
a stirred reactor where the metals chelation takes place in liquid suspension. When used in columns,
the chitosan tends to blind rapidly, requiring more frequent backwashings to clean the media. There-

fore, its use in column testing is not recommended at this time.

19.2.2.3 AlgaSORBe®

AlgaSORB® is an adsorbent manufactured by Bio-Recovery Systems that contains biological materials,
primarily algae, immobilized in a polymer. It has a high affinity for heavy metals that can be stripped
and disposed of or recovered as needed. The AlgaSORB® media is not available for outside testing;
the manufacturer requires that water samples be shipped to their Las Cruces, New Mexico laboratories
for testing in-house. Because of this restriction and because the physical characteristics and perfor-
mance of the medium are similar to the BIO-FIX beads already being tested, further testing of
AlgaSORB® did not appear warranted.

19.2.2.4 Ferrosand

Ferrosand is the trade name for a manganese greensand supplied by Hungerford and Terry. It is pri-
marily used to remove soluble metal cations from a waste stream that are susceptible to oxidation and
precipitation by the permanganate-treated greensand. lron and manganese are the two target consti-
tuents in the Rocky Flats composite raw water amenable to removal by Ferrosand. However, Ferrosand
will foul rapidly because of the buildup of ferric hydroxide precipitate if the influent iron concentration
appreciably exceeds 5 mg/L. This would likely necessitate the use of a pretreatment process to remove
iron upstream of a Ferrosand unit treating Rocky Flats water. Also, the manufacturer recommends that
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the Ferrosand unit be operated in a continuous regeneration mode when removal of iron as well as
manganese is required. In this mode, potassium permanganate is continuously added to the feed
stream in an amount proportional to the concentrations of iron and manganese present. The require-
ments for pretreatment and chemical addition to effectively test the performance of Ferrosand at Rocky
Flats eliminates it from further consideration at this time.

19.2.2.5 Pseudomonas Aeruginosa

Pseudomonas aeruginosa is a bacterium possessing physicochemical and biological characteristics that
enable it to remove appreciable quantities of uranium from aqueous solutions. In a study conducted by
Oak Ridge National Laboratory, a number of different biosorbents were evaluated for their effectiveness
in removing uranium (Connelly, et al., no date) including yeasts, fungi, and bacteria. The microorgan-
isms were immobilized within a polymeric matrix that could be used in flow-through columns. Of the
organisms tested, pseudomonas aeruginosa exhibited the best uranium removal efficiencies, varying
from 82.7 percent at a feed concentration of 10 mg U/L to 39.3 percent at feed concentrations of
200 mg/L.

However, this biosorbent is not available commercially as tested. Therefore, it was not considered for
inclusion in this TSWP. -

19.2.2.6 Clay Soils

Clay soils are colloidal and possess a net negative change at neutral to alkaline pHs. This enables
clays to adsorb cations from aqueous solutions. Typical cation exchange capacities for natural clay and
soils can be as high as 600 mmol/kg soil (Bohn, et al., 1985). In general, the smaller the ionic radius
and the greater the valence, the more clearly and strongly the ion is adsorbed (Hillel, 1980). Further-
more, it was found that PuO,** was held very tightly by a clayey soil in the southwestern U.S. (Smith,
1993), suggesting that the attractive force from the high valence of the PuO,** molecule was more sig-
nificant than was the effect of the molecule’s larger ionic radius. Note that this data on plutonium
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adsorption was gathered during a remedial action effort to clean up contaminated soils. The soils were

not used as an adsorptive medium to retain cations.

The major drawback with the use of natural clay soils in a column adsorption test is their very low
hydraulic conductivity. The conductivity of typical clay soils is approximately 10° cm/sec (Hillel, 1980),
which corresponds to a hydraulic loading rate of 10° gpm/ft?, five orders of magnitude lower than natu-
ral zeolites and other adsorption media. Furthermore, the two-dimensional structure of clay minerals
undergo significant swelling and shrinking that can pose practical problems with their use in columns
(for example, cracking can cause a short-circuiting flow). For these reasons, clays will not be tested as
part of this TSWP.

19.3 KEY ASSUMPTIONS

Several assumptions were made in specifying the test conditions under which the adsorption treatability

study will be performed:

. The constituents that are expected to be removed by each of the adsorbents being
tested are presented in Figure 19-1. Evaluation of potential effectiveness was based on
manufacturers’ literature data and similarities between ionic species.

. The raw water to be tested will be a composite of water samples collected from several
locations. Table 19-1 presents the water characteristics at the three sampling locations
proposed for use in testing—09091-GW, B206789-GW, and GS10-SW-and the calcu-
lated composite concentrations based on the volume ratios indicated. Historical records
were used to estimate the parameter concentrations at each location where available.
In the case of the carbon dioxide system, the concentrations of the different inorganic
carbon species were estimated based on the measured bicarbonate concentrations and
equilibrium considerations assuming that the total inorganic carbon content remains
constant. Where measured concentrations of significant ions were missing (e.g.,

1001319E.DEN . Final Draft/02-25-93
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FIGURE 19-1

REMOVAL EFFECTIVENESS OF THE ADSORBENTS TO BE TESTED FOR THE CONSTITUENTS OF CONCERN

Heavy Metals Radionuclides
Adsorbents Type Be Cr Fe Pb Mn Hg Se Am Pu U
Filtrasorb 300 Granular activated carbon NI O o a (0] o L NI NI NI
SORBPLUS Mixed-metal oxide adsorbent o) NI O ¢} (o] (o} o O O Ni
Clinoptilolite Natural zeolite NI o) o o a o o Nl NI O
BIO-FIX Immobilized biological adsorbent NI NI [ J ® ® L o) NI NI - |
F-1 Alumina Granular activated alumina NI o L L J o o ® NI NI ®
Brimac 216 Bone charcoal NI 0] L o o ® O NI Ni NI
Notes: @ = Target constituent.
a = Potentially effective.
O] = Not effective.
Ni = No information available to evaluate potential effectiveness.

The anticipated removal effectiveness of these adsorbents is based on the assumed adsorbent species in Table 19-2.

1001317D.DEN
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Table 19-1 l ‘
ROCKY FLATS COMPOSITE SAMPLE GENERATION
Constituent Concentrations at Location®: Composite '
Parameter Unit 09091-GW  B206789-GW  GS10-SW |Concentrations
Cations
Americium pCilt. 47.0 0.0 0.0 18.8
Beryllium ug/lL 0.0 0.0 0.0 0.0 l
Calcium ug/L 110,000.0 165,000.0 37,300.0 104,690.0
fron ug/lL 14.0 23.0 35,500.0 10,662.5
Lead ught 0.0 0.0 0.0 0.0
Magnesium ug/L 10,100.0 42,500.0 7,840.0 19,142.0 l
Manganese uglt 0.0 0.0 946.0 2838
Mercury™ ug/L 0.1 0.1 01 0.1
Plutonium pCilL 355.0 0.0 0.0 1420 |
Potassium ug/L 1,860.0 3,600.0 3,150.0 2,769.0
Sodium ug/L 7,960.0 150,000.0 15,100.0 52,714.0
Anions
Bicarbonate ug/L 293,000.0 165,000.0 230,000.0 235,700.0 '
Carbonate ug/L 0.0 0.0 0.0 0.0
Chioride ug/L 45,0000 89,200.0 100,000.0 74,760.0
Chromium ug/L 0.0 8.0 345 12.8
Nitrate/Nitrite ug/L. 7,500.0 8,300.0 9,000.0 8,190.0 '
Selenium ug/L 0.0 680.0 0.0 204.0
Silicon ug/L 7,.860.0 5,470.0 21,400.0 11,205.0
Sulfate ug/l 100,000.0 100,000.0 100,000.0 100,000.0
Uranium pCil. 1.0 0.0 0.0 0.4 '
Miscellaneous
TSS ug/L 9,700,000.0 42,000.0 100,000.0 3,922,600.0
TDS (meas.) ug/L 270,000.0  1,140,000.0 560,000.0 618,000.0 '
TDS (caic.) ug/L 583,000.0 730,000.0 560,000.0 620,000.0
Ctotal umol/lL 6,000 3,300 4,100 4,600.0
pH - 7.0 7.0 7.5
Carbon Dioxide System .
[CO2)aq umol/L 1,200 600 300
{HCO3-] umot/L 4,800 2,700 3,800
{CO3=) umol/L 0 0 0
Volume Ratio 0.4 0.3 0.3 l
*Note: Figures in italics are assumned values
**No mercury detected in any of the samples
Equilibrium Constants (at 20 deg. C) Molecular Weights (g/mol) .
pK1 6.381 mollL co2 44.0
pK2 10.377 mollL HCO3- 61.0
CO3= 60.0 l
1001319E.DEN Final Draft/02-25-93 l
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sulfate), assumed values were used that resulted in an approximate ionic balance in the

composite water.

Table 19-2 presents the raw water chemistry of the composite sample. The pH of the
water was varied until the dissolved CO, concentration based on the equilibrium
between the calculated aqueous inorganic carbon species approximately equaled the
dissolved CO, concentration based on the equilibrium between atmospheric CO, and
dissolved CO, (equil.).

The physicochemical forms of the ionic species listed in Tables 19-1 and 19-2 were
determined based on the following conventions: (1) cations exist in solution as indivi-
dual atoms with a charge number equal to each atom’s most stable oxidation state;?
(2) of the common anions listed, bicarbonate, chloride, hydroxide, and nitrate/nitrite exist
as monovalent ions in solution while carbonate and sulfate exist as divalent ions; (3) the
assumed ionic forms of chromium (CrO,%), selenium (SeO,%’), and silicon (HSIO;") are
common forms when the pH is in the neutral to alkaline range and the redox potential
(E,) is positive (e.g., oxidizing) (Dragun 1988), typical for many ground and surface

waters.

The physicochemical forms of the radionuclides in solution are unknown. Identification
of each radionuclide as either a cationic or an anionic species was based on past
experience of Rocky Flats staff and scientific judgement. It is known that some radionu-
clides exist as negatively charged colloids in solution despite the fact that electrochemi-
cal considerations suggest the more likely form would be cationic have a positive
charge (such as the uranyl ion UO,?* that predominates at a pH greater than 10, and a
positive redox potential [Dragun 1988]). One explanation for this effect is that

The only exception is iron, which is most stable at an oxidation state of 3. However, Fe** forms the highly insoluble

Fe(OH), under conditions typically found in many ground and most surface waters. Since the samples listed in Figure 19-1 will
not be filtered prior to analysis, both the Fe?* and Fe* oxidation states could be present. However, in commercial applications,
filtering is a common practice to prevent the fouling of adsorbents, and therefore, the Fe?* state is the one most likely to be

present.

1001319E.DEN
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Table 19-2
ROCKY FLATS RAW COMPOSITE WATER CHEMISTRY
Concentration
Molecular Equiv. Mass Basis Molar Basis As CaCO3
Parameter Weight per Mole (ug/L)* {umol/L) {ug/l)
Cations
Americium® 243.0 Unknown 18.8
Beryilium 9.0 2 0.0
Calcium 40.1 2 104,690.0 2,610.7 261,072
Hydrogen 10 1 0.0 0.0 0
Iron §5.8 2 10,662.5 191.1 19,108
Lead 207.2 2 0.0 0.0 0
Magnesium 243 2 19,142.0 787.7 78,774
Manganese 54.9 2 283.8 5.2 §17
Mercury 200.6 2 0.1
Plutonium® 244.0 Unknown 1420 B
Potassium 39.1 1 2,769.0 .
Sodium 23.0 1 52,714.0 2,291.8 114,596
Total Heavy Metals™ 19,600
Total Cations 190,000 5,960 478,000
Anions
Bicarbonate 60.0 1 264,272.0 4,404.5 220,226
Carbonate 61.0 2 11,278.0 184.9 18,488
Chloride 38.5 1 74,760.0 2,1058.9 105,296
Chromium (as CrO4) 52.0 6 12.8 0.3 75
Hydroxide 17.0 1 117.0 6.9 345
Nitrate/Nitrite** 62.0 1 8,190.0 1321 6,605
Selenium (as Se04) 79.0 2 204.0 26 258
Silicon (as HSIO3) 28.1 1 11,205.0 398.8 19,938
Sulfate 96.1 2 100,000.0 1,040.6
Uranium*® 238.0 Unknown 0.4} Nilatde
Total Anions 470,000 8,280

1001318E.DEN

*Concentrations (mass basis) of radionuclides in units of pCi/L; ionic species unknown

**Excludes chromium

**Concentrations (mass basis) calculated on nitrate basis

Miscellaneous Parameters

pH

Ctotal
Dissolved CO2
Dissolved CO2
TSS

TOS

Alkalinity
Hardness

9.0

4,600 umol C/L (fixed)
10.6 umol C/L {calc.)
12.3 umol C/L (equil.)

3,923 mg/L
620 mg/L
239 mg/L as CaCO3
359 mg/L as CaCO3

Equilibrium Constants (at 20 deg. C)
Water:
pKw 14,161 (mol)*2
CO2 System:
pPCO2 3.5 atm
pKH 1.41 mol/l/atm
pK1 6.381 mollL
pK2 10.377 mol/l.

Final Draft/02-25-93




EG&G ROCKY FLATS PLANT

Treatability Study Work Plans for

lon Exchange and Adsorption Processes

Non-Safety Related

Manual: 21000.WP.TS01.01
Section: 19
Revision: 1
Page: 19 of 42
Effective Date:

Final Draft Organization: = ERAT

1001319E.DEN

particulates found in natural waters—typically negatively charged at neutral to alkaline
pHs—attract and hold the uranyl ions through electrostatic attraction. Since these parti-
culates (such as clays and organic materials) can become positively charged at acidic
pHs, removal of uranium and other colloidally bound radionuclides (exhibiting good
removal on anionic resins at higher pHs) may be efficiently removed on cationic resins
at acidic pHs. This possibility will be evaluated in this TSWP.

Tables 19-3 and 19-4 present the test conditions for the initial screening tests (capability
tests) and the capacity tests for the adsorbents. The listed loading rates, adsorbent
capacities, regeneration and rinse requirements are based on manufacturer recommen-
dations. Note that the adsorbent capacities used are approximate and will depend on
column operating conditions the characteristics of the composite raw water being
tested.

The tests were designed to minimize water usage. For the capability tests, the column
diameter of 1.25 inches and bed depth of 18 inches specified are typical for column
tests of adsorbents. For the capacity tests, the column diameters and bed depths were
reduced as needed to reduce the volume of water required per test to less than
10 liters. Although these smaller column tests will still provide the necessary data with
which to estimate adsorbent capacities and regenerant chaEacteristics, larger column
tests are required to accurately design and predict the performance of a full-scale

system.

Although sulfuric acid is typically used to regenerate some adsorbents in full-scale sys-
tems (e.g., typically more cost-effective), hydrochloric acid will be used in these bench-
scale tests where acid concentrations greater than 1 percent are required to avoid
problems with the precipitation of calcium sulfate. Note that the use of HCI will often
result in slightly higher operating capacities than are achievable with sulfuric acid.

Final Draft/02-25-93
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Table 19-3
CAPABILITY TESTS FOR ADSORBENTS
Adsorbent Water Loading
Volume Volume Total Total
Flow Rate to Waste to Test Volume Test Time
Name Sorbent Form*| (mL/min) (gpm/ft*3) (BV/min) (BV) (mL) {mL) (mL) (min)
BIO-FIX Biological H+ 230 1.9 0.25 3 2,800 4,000 6,800 30
Clinoptilolite Natl. Zeolite Na+ 140 1.1 0.15 3 2,800 4,000 6,800 49
F-1 Act. Alumin OH- 190 15 0.20 3 2,800 4,000 6,800 36
Filtrasorb 300 Act. Carbon N/A 140 11 0.15 3 2,800 4,000 6,800 49
Brimac 216 Bone Char N/A 230 19 0.25 3 2,800 4,000 6,800 30
SORBPLUS Mixed-metal N/A 93 0.75 0.10 3 2,800 4,000 6,800 73
*N/A = Not Applicable
Adsorbent Predicted Breakthrough of Critical Component
Concen- Sorbent
Critical tration®* Capacity*™* Breakthrough Breakthrough
Name Sorbent Form* Component (mg/L as CaCO3) Volume (L)™*  Time (minutes)™
BIO-FIX Biological H+ Hardness, Metalis 379 4,000 10 43
Clinoptilolite Natl. Zeolite Na+ | Hardness, Metals 379 8,000 20 140
F-1 Act. Alumin OH- Anions 475 4,500 9 47
Fitrasorb 300 Act. Carbon N/A Metals 20 2,500 120 860
Brimac 216 Bone Char N/A Metals 20 3,500 170 740
SORBPLUS Mixed-metal N/A Anions 475 70,000 140 1,510
*N/A = Not Applicable *Component concentrations from Table 19-2
**Operating capacity (est)
***Breakthrough volumes and times must be less than the respective
total volumes and test times for the wastewater loading tests.
1001319E.DEN Final Draft/02-25-93
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Table 19-3 _ (Continued)
CAPABILITY TESTS FOR ADSORBENTS
Adsorbent Regeneration
Sorbent Time
Molarity Capacity* Flow Rate Volume Reqd.* Reqd.
Name Sorbent Form*| Material (mmol/mL) (meg/mL) (mL/min) (gpm/ft*3) (BV/min) (BV) (mL) (min)
BIO-FIX Biological H+ HCI 0.10 5.25 74 0.60 0.08 3 2,800 | 38
Clinoptilolite Natl. Zeolite Na+ NaCl 5.0 1.85 62 0.50 0.07 10 9,300 | 150
F-1 Act. Alumin OH- . 1
Filtrasorb 300 Act. Carbon N/A §§ . Q\%\ 5 \%::\
Brimac 216 Bone Char N/A | SNt ol rigenerafion i g4 \
&\.\ a"-‘:."“\ AR \'\\"\ 'Q\':fg&t\ RN A n R Rt T N
SORBPLUS Mixed-metal N/A | . L Nemeewe
*N/A = Not Applicable *Theoretical capacity
**Required bed volumes based on literature data referenced in Section 19.2.1
Adsorbent Neutralization
Sorbent : Time
Molarity Capacity* Flow Rate Volume Reqd.* Reqd.
Name Sorbent Form*| Material (mmol/mL) (meg/mL) (mL/min) (gpm/ft*3) (BV/min) (BV) (mL) (min)
BIO-FIX Biological H+ 0.25 525 74 0.60 0.08
Clinoptilolite Natl. Zeolite Na+ ) NS sty
F-1 Act. Alumin  OH-
1 T
FlBItr.asorb;go A;:t Cz:o“ :;: &i@@i‘i\?@%ﬁi N §\\$\M§.\§$
rmac one ar g\\‘ t\\‘&.\\%\\“"‘:&“:: ey \:\\i&\'.:d.:z At SR %c\ e R
AR R R R
sorBPlUs mhemetn nAL L Nekeese

*N/A = Not Applicable

1001319E.DEN

*Theoretical capacity; used to calculate volume of regenerant required for F-1 alumina

**Required bed volume for BIO-FIX beads based on literature data referenced in Section 19.2.1; required
bed volume for F-1 alumina based on theoretical capacity and excess required from the last page of this
table.
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Filtrasorb 300 Act. Carbon N/A é:“;

N
e

sy
f;’

Brimac 216 Bone Char N/A | _ s\t;\‘\’% i\‘%\
SORBPLUS Mixed-metal N/A R it
*N/A = Not Applicable
Adsorbent Backwash (Dl Water)*
Flow Rate*
Name Sorbent Form*| (mUmin) (gpm/ftA2)
BIO-FIX Biological H+ 410 5.0
Clinoptilolite Natl. Zeolite Na+ 410 5.0
F-1 Act. Alumin  OH- 660 8.0
Filtrasorb 300 Act. Carbon N/A 410 5.0
Brimac 216 Bone Char N/A 410 5.0
SORBPLUS Mixed-metal N/A 1200 15.0

*N/A = Not Applicable

1001319E.DEN

*Typical for SO percent bed expansion
**Figures in italics are estimated

Table 19-3 (Continued)
CAPABILITY TESTS FOR ADSORBENTS
Adsorbent Final Rinse (DI Water)

Time

Flow Rate Volume Required Reqd.

Name Sorbent Form*| {(mU/min) (gpm/ft*3) BV/min (BV) (mL) {min)

BIO-FIX Biological H+ 230 1.9 0.256 3 2780 12
Clinoptilolite Natl. Zeolite Na+ 140 1.1 0.15 9300
F-1 Act. Alumin OH- 190 1.5
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Table 19-3 (Concluded)
CAPABILITY TESTS FOR ADSORBENTS
Constants Bed Data
Pi 3.1416 Diameter 2.00 inches
ftA3 to mL 28,320 mL/ft*3 Depth 18 inches
gal to mL 3,785 mi/gal Volume 927 mL
in”"3 to mL 16.39 mL/in*3
Ib to mg 453,590 mg/lb Sample Quantities
fttoin 12 infft Volume 2,000 mL
Number 2 per test

Excess Regenerant/Neutralization Requirements*

Sorbents

175% excess for sorbents (typical)

*Based on theoretical adsorbent capacities; used to calculate volume of F-1 neutralization solution required.

1001319E.DEN

Final Draft/02-25-93




EG&G ROCKY FLATS PLANT Manual: 21000.WP.TS01.01
Treatability Study Work Plans for
lon Exchange and Adsorption Processes Section: 19
Revision: 1
Page: 24 of 42
Effective Date:
Non-Safety Related Final Draft Organization: — __ERT
Table 194
CAPACITY TESTS FOR ADSORBENTS
Adsorbent Water Loading
Volume Volume Total Total
Flow Rate to Waste to Test Volume Test Time
Name Sorbent Form*| (ml/min) (gpm/ft*3) (BV/min) (BV) (mL) (mL) (mL) {min)
BIO-FIX Biological H+ 230 1.9 0.25 3 2,800 16,000 18,800 82
Clinoptilolite Natl. Zeolite Na+ 70 1.1 0.15 3 1,400 16,000 17,400 250.
F-1 Act. Alumin OH- 210 1.5 0.20 3 3,100 16,000 19,100 91
Filtrasorb 300 Act. Carbon N/A 10 0.9 0.15 3 240 16,000 16,240 | 1,600
Brimac216 Bone Char N/A 20 2.1 0.25 3 220 16,000 16,220 810
SORBPLUS Mixed-metal N/A 10 1.03 0.10 3 220 16,000 16,220 | 1,600
*N/A = Not Applicable
Adsorbent Predicted Breakthrough of Critical Component
Concen- Sorbent
Critical tration* Capacity*™* Breakthrough Breakthrough
Name Sorbent Form* Component (mg/L as CaCO3) Volume (L) Time (minutes)
BIO-FIX Biological H+ Hardness, Metals 379 4,000 10 43
Clinoptilolite Natl. Zeolite Na+ | Hardness, Metals 379 8,000 10 140
F-1 Act. Alumin OH- Anions T 475 4,500 10 48
Filtrasorb 300 Act. Carbon N/A Metals 20 2,500 10 1,000
Brimac 216 Bone Char N/A Metals 20 3,600 10 500
SORBPLUS Mixed-metal N/A Anions 475 70,000 10 1,000

*N/A = Not Applicable

1001319E.DEN

*Component concentrations from Table 19-2

**Operating capacity (est.)
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Table 194 (Continued)
CAPACITY TESTS FOR ADSORBENTS
Adsorbent Regeneration
Sorbent Time
Molarity Capacity* Flow Rate Volume Reqd.** Reqd.
Name Sorbent Form®*| Material (mmol/mL) (meg/mL) (mL/min) (gpm/ft*3) (BV/min) (BV) (mL) (min)
BIO-FIX Biological H+ HCl 0.10 74 0.60 0.08 38
Clinoptilolite Natl. Zeolite Na+ NaCl 5.0 31 0.50 0.07 150
F-1 Act. Alumin  OH- NaOH 1.0 280 2
Filtrasorb 300 Act. Carbon N/A :

Brimac 216 Bone Char
SORBPLUS Mixed-metal

A
N/A 1

R
S VANQEr AN A Gl LY
43 8 S (bRt

*N/A = Not Applicable

*Theoretical capacity
**Required bed volumes based on literature data referenced in Section 19.2.1

Adsorbent Neutralization
Sorbent Time
Molarity Capacity* Flow Rate Volume Reqd.** Reqd.
Name Sorbent Form*| Material (mmol/mL) (meq/mL) (mL/min) (gpm/ft*3) (BV/min) (BV) (mL) (min)
BIO-FIX Biological H+ . . 0.60 0.08 26
Clinoptilolite Natl. Zeolite Na+ RRITTTRERRRE T i fanad '
F-1 Act. Alumin  OH- 0.20
Filtrasorb 300 Act. Carbon N/A [REREtE T L \ - \\\Q%E\
Brimac 216 Bone Char N/A [ SN ration o et lElen nested e - _
SORBPLUS Mixed-metal N/A [%: o S S Mok ABpacaiie | R

*N/A = Not Applicable

1001319E.DEN

*Theoretical capacity

**Required bed volume for BIO-FiX beads based on literature data referenced in Section 19.2.1; required
bed volume for F-1 alumina based on theoretical capacity and excess required from the last page of this
table.
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Table 194 (Continued)
CAPACITY TESTS FOR ADSORBENTS
Adsorbent Final Rinse (DI Water)
Time
Flow Rate Volume Required Reqd.
Name Sorbent Form*| (mLU/min) (gpm/ft*3) BV/min (BV) {mL) {min)
BIO-FIX Biological H+ 230 1.9 0.25 3 2,800 12
Clinoptilolite Natl. Zeolite Na+ 70 1.1 0.15 10 4,600 66
F-1 Act. Alumin  OH- 210 10 10,000
. AR SRS S
Filtrasorb 300 Act. Carbon N/A - 3 ‘m\fﬁ\\%‘&
Brimac 216 Bone Char N/A R ‘2‘%&&\&%
SRS ¥ AR
SORBPLUS Mixed-metal N/A Rt RHghie g‘@%
*N/A = Not Applicable
Adsorbent Backwash (DI Water)*
Flow Rate*
Name Sorbent Form*| (mU/min) (gpm/ftA2)
BIO-FIX Biological H+ 620 5.0
Clinoptilolite Natl. Zeolite Na+ 310 50
F-1 Act. Alumin  OH- 1100 8.0
Filtrasorb 300 Act. Carbon N/A 50 50
Brimac216 Bone Char N/A 50 50
SORBPLUS Mixed-metal N/A 100 15.0
*N/A = Not Applicable *Typical for 50 percent bed expansion
**Figures in italics are estimated
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Table 194 (Concluded)
CAPACITY TESTS FOR ADSORBENTS
Bed Data Sample Quantities
Adsorbent |Column Dia- Media Depth Media Volume Sample Volume 2,000 mL
Type meter (in.) (in.) (mL) Test Volume 160% of breakthrough
BIO-FIX 2 18 927
Brimac 216 0.75 10 72 Constants
Clinoptilolite 2 9 463 Pi  3.1416
F-1 2 20 1030 . f"\3tomL 28,320 mUt*3
Filtrasorb 300 0.75 11 80 galtomL 3,785 mL/gal
SORBPLUS 0.75 10 72 inA3 to mL 16.39 mL/in*3
Ibtomg 453,590 mg/lb
Excess Regenerant/Neutralization Requirements* fttoin 12 in/ft
Sorbents . 175% excess for sorbents (typical) Co T

{

*Based on theoretical adsorbent capacities; used to calculate volume of F-1 neutralization solution required.
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19.4 TASK DESCRIPTIONS

This section presents the step-by-step procedures to be followed in conducting the adsorption treatabil-
ity study. The procedures are presented in two subsections:

. Capability test procedures
. Capacity test procedures

19.4.1 General Instructions for Adsorbent Testing

The adsorbents will be tested in single-column arrangements. Six adsorbents will be tested:

. Clinoptilolite (cation exchanger)

o SORBPLUS (anion adsorber)

. BIO-FIX (biological adsorbent)

. Filtrasorb 300 (granular activated carbon)
) Brimac 216 (bone charcoal)

. F-1 Alumina (granular activated alumina)

Single-column rather than two-column tests will be conducted with the above adsorbents because of
their potential to remove selected cations and anions at different pH levels.

19.4.2 Capability Tests

The purpose of capability testing is to demonstrate the capability of selected adsorbents to remove the
constituents of concemn present in the Rocky Flats composite raw water. These tests are designed to
demonstrate the capability of each of the adsorbents to produce an effluent that meets the anticipated
treatment targets for one or more of the constituents of concern. However, these screening tests are
not designed to optimize operating parameters, determine adsorbent capacities and breakthrough char-
acteristics, or identify the quality and quantity of residuals requiring subsequent treatment and disposal.
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The following is a generic procedure that can be used to individually test each adsorbent pair. The
experimental setup for these capability tests is shown in Figure 19-2, The water feed rates, the regener-
ants and conditioners used, and the volumes of regenerants, conditioners, and rinse water required may
differ for each adsorbent to be tested, but the steps required to conduct the screening tests are the
same. The following steps outline the generic procedures to be followed to conduct the capability tests;
Table 19-3 contains the list of adsorbents to be tested along with the water feed rates and types and
quantities of regenerants and conditioners required or appropriate for each adsorbent. Note that
Steps 8 through 12 are only required for capacity testing; for capability testing, stop after Step 7.

It is recommended that the capability test for each adsorbent be run three times at different pHs to eval-
uate the effect of pH on constituent removals: (1) acidic pH (3 to 4); (2) neutral pH (6 to 7); and
(3) alkaline pH (9 to 10). These data can be used to develop relationships between the column effluent
pH to effiluent concentrations of the target constituents.

If an adsorbent is not capable of producing an effluent that meets the anticipated discharge limit for at
least one of its target constituents (See Figure 19-1), capacity testing of that adsorbent is not required.

Plots or tables of effluent concentrations of the target constituents versus pH can then be prepared from
analytical data from which the optimum pH to be used for capacity testing can be chosen. It is likely
that the optimum pH for various constituents for any single adsorbent will vary; some constituents may
be removed better at acidic pHs while others may exhibit better removal efficiencies at neutral to alkaline
pHs. All other factors being equal, the pH to be used for the capacity tests shall be the pH of the raw
water (approximately pH 7 to 9) to reduce chemical costs for pH adjustment. Additionally, an adsorbent
pair can be dropped from further consideration/testing if the removal efficiency for any target constituent
is less than that achieved by another adsorbent pair.

Appendix E contains several equations that can be used to assist with adsorbent capability tests.
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19.4.3 Capacity Tests

The purpose of capacity testing is to determine the adsorptive capacities, breakthrough characteristics,
and quantities and characteristics of regenerant wastes produced for each of the adsorbents used to
treat the Rocky Flats composite raw water. The experimental apparatus and test procedures are similar
to those used during the capability tests with two primary differences: (1) the adsorbent bed volumes
are sized such that breakthrough of various constituents will occur during the course of testing, enabling
the adsorptive capacities and breakthrough characteristics to be determined; and (2) samples of the
regenerant wastes will be collected for analysis, enabling an estimation of the quantities and characteris-

tics of these wastes to be made.

Knowledge of the characteristics of the test water—including the concentrations of the constituents of
concern along with the concentrations of the major cations and anions in solution—is necessary to
design the experiments and obtain the data objectives listed above. At the present time, not all of these
data are available and some assumptions were made as discussed earlier to estimate the raw water
chemistry. Once the actual raw water chemistry is determined prior to testing, the adsorbent capacity
test specifications listed in Table 194, may need to be recalculated. The procedure for modifying
Table 194 based on a change in composite raw water chemistry is approximately as follows:

. Compute the actual concentrations of the critical components and estimate the break-
through volumes and times required for each adsorbent tested based on the listed
water flow rates and adsorbent characteristics.

. If necessary, adjust the water flow rates and adsorbent volumes such that the flow rates
and breakthrough volumes for adsorbents tested in series are approximately equal or
that the lagging column breaks through first. In all cases, the tests are designed so that
the water volume to be tested is approximately 15 liters.

Because each of the adsorbents being tested have some capacity to remove both cations and anions,
the adsorbents will be tested one at a time. This will help to identify the constituent removals attribu-
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table to each adsorbent that might not otherwise be possible if two-column, in-series tests using differ-

ent adsorbents in each column were performed.

The following is a generic procedure that is written for testing each adsorbent. The experimental setup
for these capacity tests is shown in Figure 19-2. The water feed rates, the regenerants and conditioners
used, and the volumes of regenerants, conditioners, and rinse water required may differ for each pair of
adsorbents to be tested, but the steps required to conduct the capacity tests are the same. The follow-
ing steps outline the generic procedures to be followed to conduct the capacity tests; Table 19-4 con-
tains the list of adsorbents to be tested along with the water feed rates and types and quantities of
regenerants and conditioners required appropriate for each adsorbent. Prior to testing, the pH of the
feed water shall be adjusted to an optimum pH found during capability testing.

Appendix E contains several equations that can be used to assist with adsorption capacity tests.
Step 1—-iIndividually Fill Columns with Adsorbent

. Hydrate the required volume of resins or adsorbents in laboratory-grade deionized water
for 24 hours prior to filling the column.

. Ensure that all column apparatus valves (V1 through V8) are closed.

. Fill approximately one-half of Columns No. 1 and 2 with laboratory-grade deionized
water. Set the rinse tank pump P4 to withdraw from one of the columns by connecting
couplings C4 and C6 and opening valves V5 and V6 (Column No. 1), or connecting
couplings C4 and C10 and opening valve V8 (Column No. 2).

. Pour the adsorbent-water slurry into the column to be filled until the media depth speci-
fied in Table 194 is obtained, draining excess water through the bottom of the column
as needed using the rinse tank pump. Do not permit the water level to fall below the
adsorbent level during this filling step.
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Step 2—Individually Backwash Columns

Stopper the top of the column and slowly fill with water using the rinse tank pump until
the top inlet line is submerged 3 to 6 inches below the water level in the column,

Close all valves.

Use the rinse tank pump P4 to slowly feed deionized water into the bottom of a column
by connecting couplings C4 and C6 and opening valves V4, V5, and V6 and out
through C5 (Column No. 1), or by connecting couplings C4 and C10 and opening
valves V4 and V8 (Column No. 2).

Slowly increase the flow until a bed expansion of approximately 50 percent is obtained |
(see Table 194 for approximate backwash flow rates). i
|

Maintain this backwash flow until all air pockets are removed and all the particles have
fluidized. Extremely small particles and debris should be allowed to pass out of the

column during this time.

After backwashing is complete, stop the rinse tank pump and close all vaives. Discard
the backwash water collected.

Step 3—-Individually Regenerate Columns

This step is not required if the adsorbent is in the proper ionic form (see Table 19-4).

1001319E.DEN

Prepare the appropriate reagent solution to use to regenerate the adsorbent.

Final Draft/02-25-93




EG&G ROCKY FLATS PLANT

Treatability Study Work Plans for

lon Exchange and Adsorption Processes

Non-Safety Related

Manual: 21000.WP.TS01.01
Section: 19
Revision: 1
Page: 34 of 42
Effective Date:

Final Draft Organization: — ERT

Set the column for downflow regeneration by connecting C5 (Column No. 1), or C9
(Column No. 2) to the regenerant tank connection C2. Open valves V2, V5, and V6
(Column No. 1) or V2 and V8 (Column No. 2).

Set the regenerant pump P2 to feed the regenerant solution required for the resin or
adsorbent being tested at the rate and for the time specified in Table 19-4.

After regeneration is complete, stop the regenerant pump and close all valves. Discard
the regeneration solution collected.

Step 4-Individually Rinse Columns

This step is not required unless the adsorbent was regenerated in Step 3.

1001319E.DEN

Set the column for downflow rinse by connecting C5 (Column No. 1) or C9 (Column
No. 2) to the rinse tank connection C4. Open valves V5 and V6 (Column No. 1) or V8

(Column No. 2).

Set the rinse tank pump to feed rinse water at the rate and for the times specified for
the initial and final rinses in Table 194.

After the rinse is complete, stop the rinse tank pump and close all valves. Discard the

rinse water collected.
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Step 5--individually Convert Adsorbents to Proper lonic Form

This step is not required if the adsorbent is in the proper ionic form initially or after the regeneration step

(see Table 194).

. Prepare the appropriate reagent solution to convert the adsorbent into the proper ionic’
form.
. Set the column for downfiow conversion by connecting C5 (Column No. 1), or C9 (Col-

umn No. 2) to the conversion tank connection C3. Open valves V3, V5, and V6 (Column

No. 1) or V3 and V8 (Column No. 2).

. Set the conversion pump P3 to feed the conversion solution at the rate and for the

times specified in Table 19-4.

. After conversion is complete, stop the conversion phmp and close all valves. Discard

the reagent solution.

Step 6—Individually Rinse Columns

Repeat Step 4. This step is not required unless the adsorbent was converted in Step 5.

Step 7S—Test Column for Adsorbent Capability (Single-Column Operation)

. Set Column No. 2 for downflow feed by connecting C9 to the feed tank connection C1.

Open valves V1 and V8,

. Set the feed tank pump to feed water to the column at the flow rate specified in

Table 194.

1001319E.DEN
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Start the feed tank pump and run approximately five bed volumes of water through Col-
umn No. 2 to displace the deionized water in the column (identified as *waste volume* in

Table 19-4).

Collect 50-mL samples of the raw feed and of the column effluent at S2 using the appli-
cable ERM sampling SOP. Immediately test and record the pH of the two samples.

Run the required amount of water (identified as test volume in Table 19-4) through Col-
umn No. 2 and collect consecutive samples (in series) of 2,000 mLs each at S2 during
the test using the applicable ERM sampling SOP. Analyze each of the samples for the
constituents listed in Table 19-5 using the analytical methods listed in Table 19-6.

Collect a 50-mL sample of the column effluent at S1 using the applicable ERM sampling
SOP. Immediately test and record the pH.

Stop the feed tank pump and close all valves. Capability testing is complete. Follow
Steps 8 through 12 for capacity testing.

Step 7D-Test Column for Adsorbent Capability (Dual-Column, In-Series Operation)

1001319E.DEN

Set the column for downflow feed (one at a time) by connecting C5 (Column No. 1) or
C9 (Column No. 2) to the feed tank connection C1. Open valves V1, V5, and V6 (Col-
umn No. 1) or V1 and V8 (Column No. 2).

Set the feed tank pump P1 to feed water to the columns at the flow rate specified in
Table 194.

Start the feed tank pump and run approximately five bed volumes of water through each

column individually to displace the deionized water in the column (identified as *waste
volume® in Table 19-4). Close all valves.
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Table 19-5

SUMMARY OF SAMPLES AND ANALYSES FOR ADSORBENT TESTS

No. of
Test Configuration Samples* Analyses®

Treatability influent (composite) 2 (Dup.) TAL metals, Radionuclides, Water Quality
Parameters (all)

Capability Test—BIO-FIX 2 TAL metals, Radionuclides, pH, Cations

Capability Test—Filtrasorb 300 2 TAL metals, Radionuclides, pH

Capability Test—Clinoptilolite 2 TAL metals, Radionuclides, pH, Cations

Capability Test—SORBPLUS 2 Selenium, Radionuclides, pH, Anions,
Alkalinity

Capacity Test—BIO-FIX 12 TAL metals, Radionuclides, pH, Cations

Capacity Test—Filtrasorb 300 12 TAL metals, Radionuclides, pH

Capacity Test—Clinoptilolite/ 12 TAL metals, Radionuclides, pH, Water Quality

SORBPLUS Parameters (all but solids)

®The number of samples for the capacity tests include two laboratory control samples for each test configuration.

®TAL metals: beryllium, chromium (VI), iron, lead, manganese, mercury, selenium. Radionuclides: americium-241,
plutonium-239,240, uranium-total Water Quality Parameters: Alkalinity, pH, Solids (TSS, TDS), Cations (calcium,
magnesium, potassium, sodium), Anions (chloride, nitrate, nitrite, silica, sulfate).
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TABLE 19-6

ANALYTICAL METHODS AND DETECTION LIMITS

Parameter Analytical Method Method Detection
TAL Metals
Be, Fe, Mn SW846/6010 (ICP) 0.3, 7, 2 pg/L, respectively
Cr (V1) SW846/7195, 7196 5 pg/L
Pb SW846/7421 (GFAA) 1 pg/l
Mg SW846/7470 (CVA) 0.2 pg/L
Se SW846/7740 (GFAA) 2 uglL
Radionuclides
Am-241 EMSL-LV-0539-17 0.01 pCi/L
Pu 239/240 EMSL-LV-0539-17 0.01 pCi/L
U (total) EPA 908.0 0.6 pCi/L
Gross alpha and beta SW846/9310 3 and 4 pCi/l., respectively
Water Quality Parameters
Alkalinity EPA 310.2 10 mg/L
pH EPA150.1 0.1 units
Solids
TSS EPA 160.1 10 mg/L
TDS EPA 160.2 4 mg/L
Cations
Ca SwW846/7140 10 ug/L
Mg SW846/7450 1 pg/ll
K SW846/7610 10 pg/L
Na SW846/7770 2ug/ll
Anions
Cl SW846/9250 1 pg/L
NO, SW846/9200 100 pg/L
NO, EPA 354.1 10 pg/L
SO, SW846/9035 10 pg/L
Silica EPA 370.1 2 mg/L
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Set Columns No. 1 and 2 for downflow feed in series by connecting C5 (Column No. 1)
to the feed tank connection C1 and C9 (Column No. 2) to C8 (Column No. 1). Close
valve V5 and open all other valves.

Collect 50 mL samples of the raw feed and the column effluents at S1 and S2. Immedi-
ately test and record the pH of the two samples.

Run the required amount of water (identified as test volume in Table 19-4) through each
column, and collect consecutive samples (in series) of 2,000 mLs each at S2 during the
test using the applicable ERM sampling SOP. Eight samples will be collected during
the test. Analyze each of the samples for the constituents listed in Table 19-5.
Immediately after collecting each 2,000 mL. sample at S2, collect one 50 mL sample at
S1 by briefly opening valve V5 and closing valve V7. Immediately test and record pH of
the sample collect at S1.

Stop the feed tank pump and close all valves. Capability testing is complete. Follow
Steps 8 through 12 for capacity testing.

Step 8—Individually Backwash Columns

Repeat Step 2.

Step 9~Individually Regenerate Columns

1001319E.DEN

Set the column for downflow regeneration by connecting C5 (Column No. 1), or C9
(Column No. 2) to the regenerant tank connection C2. Open valves V2, V5, and V6
(Column No. 1) or V2 and V8 (Column No. 2).
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. Set the regenerant pump P2 to feed the regenerant solution required for the adsorbent

being tested at the rate and for the time specified in Table 19-4. Collect the effluent
regenerant waste at S1 (regenerant sampling point for Column No. 1), or at S2 (regene-
rant sampling point for Column No. 2) using the applicable ERM sampling SOP. Dilute
the sample collected with laboratory-grade deionized water to a final sample volume of
2,000 mL, and analyze the samples for the constituents listed in Table 19-5.

. After regeneration is complete, stop the regenerant pump and close all valves.

Step 10-Individually Ringe Columns

. Repeat Step 4.

Step 11-Individually Convert the Adsorbent to Proper lonic Form

Repeat Step 5. This step is not required if the adsorbent is to be disposed of or is already in the proper

ionic form (see Table 19-4).

Step 12-Individually Rinse Columns

R N Sk P

Repeat Step 4. This step is not required unless the adsorbent was converted in the previous step.

19.4.4 Summary of Capability and Capacity Test Resuits

Based upon results from the capability tests, plots or tables of effluent concentrations of the target con-
stituents versus pH can then be prepared from analytical data from which the optimum pH to be used
for capacity testing can be chosen. It is likely that the optimum pH for various constituents for any
single adsorbent pair will vary; some constituents may be removed better at acidic pHs while others may
exhibit better removal efficiencies at neutral to alkaline pHs. All other factors being equal, the pH to be
used for the capacity tests shall be set as close as possible to the pH of the raw water (approximately

1001319E.DEN Final Draft/02-25-93

Pl .




. —
-

- e

EG&G ROCKY FLATS PLANT Manual: 21000.WP.TS01.01

Treatability Study Work Plans for

lon Exchange and Adsorption Processes - Section: 19
Revision: 1
Page: 41 of 42
Effective Date:

Non-Safety Related Final Draft Organization: ERT

pH 7 to 9) to reduce chemical costs for pH adjustment. Additionally, an adsorbent pair can be dropped
from further consideration/testing if the removal efficiency for any given target constituent is less than
that achieved by another adsorbent pair.

Two major types of data are typically collected from the capacity tests: saturation loading curves and
elution curves. Saturation loading curves are made by plotting the concentrations of the target ions (in
meqg/L) in the second column effluent versus cumulative flow as measured in bed volumes. This will
yield a normalized curve that, neglecting scale-up factors, should theoretically be the same for any size
column under the same operating conditions. From these curves, the point at which the critical consti-
tuents broke through the adsorbent arrangement being tested can be identified and an estimate of the
actual capacity of the adsorbent for each constituent can be calculated by multiplying the bed volumes
of treated water before breakthrough by the influent concentration of the ion. If data for design were
desired, this loading procedure would be repeated at different flow rates to determine whether any
noticeable maximum in breakthrough capacity was achieved at a specific, optimum flow rate.

An elution curve is developed by plotting the constituent concentrations in the regenerant samples ver-
sus cumulative regenerant flow as measured in bed volumes using the same units as were used to
develop the saturation loading curve. These data can be used to estimate the minimum volume of
regenerant required to elute most of the adsorbed ions at the given regenerant concentration and flow
rate. If data for design were required, additional runs at different regenerant concentrations and flow
rates could be made to determine the level of regeneration that is optimum with resbect to operating
capacity of the adsorbent and regeneration efficiency.

19.5 SUMMARY OF SAMPLES AND ANALYSES
Table 19-5 summarizes the analyses that will be performed on the water feed and column effluent for
the capability and capacity tests for adsorption. The raw water collected for use in these studies will not

be filtered prior to use as the feedstock in these experiments. The analytical and QA/QC protocols spe-
cified in the EG&G, Rocky Flats GRRASP document, Version 2.1 (DOE, 1991) will be followed for all
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analyses. The GRRASP methods follow EPA CLP or EPA-approved methods, and the specified QA/QC
meets Level lll and Level IV DQOs as described in Section 17.0 of this document.

19.6 TREATABILITY QA/QC SAMPLES

The treatability study are designed with preliminary adsorbent screening steps (capability tests) run at
three different pHs followed by additional tests (capacity tests) on the adsorbents that appear to be
promising. Because there are repetitive steps included for each material tested, replicate experiments
are deemed unnecessary. Each capacity test that is performed with a different adsorbent configuration
will be performed once using feed water and once using a laboratory control sample (distilled water
blanks). The purpose for the distilled water blanks is to determine the contamination introduced from
the reagents, equipment, and other materials used the treatability testing. If the project objectives can
be achieved without a determination of the potential sources of contamination, then the method blank
experiment and the associated analyses may be removed from the study. The two capacity tests will be
performed side-by-side to allow for determining whether any contaminants are being introduced from
the dose reagents (i.e., pH adjustment), adsorbents used, and procedural handling steps. Analyses of
the control sample effluents and regenerant wastes will be analyzed for the same constituents as the
water-loaded apparatus using the same adsorbent configuration. Additional QA/QC to determine the
accuracy and precision will be in the form of laboratory QA/QC samples. These samples are described
in Table 17-2.
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20.0 DATA MANAGEMENT-ADSORPTION TREATABILITY STUDY

The adsorption treatability study will generate observational data from the screening tests as well as
analytical data from its effluents. This study will also generate pretreatment analytical data devel-
oped to characterize pretreatment surface water and groundwater. Observations of the tests will be
documented in logbooks assigned to the laboratory personnel. The effluents may be analyzed by
a laboratory unaffiliated with the Rocky Flats Plant. The laboratory shall have satisfactory QA/QC
procedures to track and maintain custody of samples and data.

Procedures for logging of field sample collection activities are documented in the Treatability Study

Sampling Plan, Appendix A.
At a minimum, the treatability testing logbooks will document the following:
. Testing procedures

. Departures from protocols and reasons for departures
. Instrument calibration

. Sampling methods
o Chemical additions

I . Test observations

Standard bench sheets will be designed to allow uniform recording of the test conditions and

observations.

Experimental results which are quantitative (such as pH) will be reported to the accuracy level of the

measurement device.

10013100.DEN Final Draft/02-25-93




EG&G ROCKY FLATS PLANT
Treatability Study Work Plans for
lon Exchange and Adsorption Processes

Non-Safety Related

Final Draft

Manual: 21000.WP.TS01.01
Section: 20
Revision: 1
Page: 20of2
Effective Date:

Organization: - ERT

Comprehensive data packages will be generated by the analytical laboratory for the metals analyses
of the treatability effluents in accordance with the Level lll analytical QA/QC requirements. Similar
data packages will be generated for radionuclide and water quality parameters, so that the accuracy
and the precision of the results can be independently verified. The analytical data packages will be
tracked and managed according to the tests performed and laboratory QC group numbers assigned
by the laboratory. Where applicable, QC data will also be obtained in an electronic format to facili-

tate data uploading into the project data base.

Monthly progress reports will also be prepared during the feasibility study testing. These reports will

include the following:

Waste stream studied
Treatability test number
Date sample collected

Where sample stored prior to treatment

Date treatment initiated
Initial sample weight
Date treatment concluded

Final residue and unused sample weight

Where residue stored prior to return to permitted storage area

Date residue retumed to permitted storage area

This information will be presented in a table format with one table per waste stream/process. This
information will be provided to EG&G RCRA Permitting Division on a monthly basis.
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21.0 DATA ANALYSIS AND INTERPRETATION—-
ADSORPTION TREATABILITY STUDY

Upon completion of treatability testing, data will be presented and interpreted in accordance with
Section 6.7 of the Treatability Studies Plan and Guidance for Conducting Treatability Studies Under
CERCLA (EPA, 1989). Data will be summarized and evaluated to determine the validity of
measurements and performance of the treatment processes. Section 3.0 of the RFP Quality
Assurance Project Plan (QAPjP) describes the requirements for data reduction, validation, useability
criteria, and reporting of data. Appendix C, an addendum of the QAPjP, addresses the specific QA
requirements for performing treatability studies of IEA processes. Appendix C of the draft QAPJP is
included as Appendix D of this document.

Plots or tables of effluent concentrations of the target constituents versus pH can be prepared from
analytical data generated by the capability tests. It is likely that the optimum pH for various constitu-
ents for any single resin will vary; some constituents may be removed better at acidic pHs while
others may exhibit better removal efficiencies at neutral to alkaline pHs. Selection of the optimum
pHs for capacity testing should take info account (1) whether only one, two, or several resins were
capable of removing any given target constituent, and (2) whether the selected optimum pH for a
given resin is the same as the optimum pH for the resin with which it will be paired during capacity
testing. Removal efficiency is also affected by resin sequencing especially when attempting to

remove trace constituents.

Two major types of data will be collected from the capacity tests: saturation loading curves and
elution curves. Saturation loading curves are made by plotting the concentrations of the target ions
(in meg/L) versus cumulative flow as measured in bed volumes. This will yield a normalized curve
that, neglecting scale-up factors, should theoretically be the same for any size column under the
same operating conditions. From these curves, the point at which the critical constituents broke
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through the resin system being tested can be identified and an estimate of the actual capacity of
the resin for each constituent can be calculated by multiplying the bed volumes of treated water
before breakthrough by the influent concentration of the ion.

An elution curve is developed by plotting the constituent concentrations in the regenerant samples
versus cumulative regenerant flow as measured in bed volumes using the same units as were used
to develop the saturation loading curve. These data can be used to estimate the minimum volume
of regenerant required to elute most of the adsorbed ions at the given regenerant concentration and
flow rate. If data for design were required, additional runs at different regenerant concentrations
and flow rates could be made to determine the level of regeneration that is optimum with respect to
operating capacity of the resin and regeneration efficiency.

21.1 MEASUREMENTS OF PERFORMANCE

Data checking to assess data for precision (for example, the relative percent difference for duplicate
matrix spikes), accuracy (for example, the percent recovery of matrix spikes), and completeness (for
example, the percentage of data that are valid) will be conducted in accordance with Functional
Guidelines for Laboratory Data Validation (EPA, 1988). Where guidelines for data validation are not
available, such as for water quality parameters and radionuclides, standard operating procedures
will be prepared based on the analytical methods utilized and the QA/QC measures included in the
analyses. The EMD OPS will allow uniform validation of the water quality parameter and
radionuclide data. Qualified personnel not directly associated with the laboratory experiments or
laboratory analyses will perform the data validation function at the direction of the treatability studies
contractor. The verified/validated data will be reduced to graphical or tabular form for interpretation.
Conclusions concerning the effectiveness of processes will be deduced directly from the treatability
data and comparison with ARARs/TBCs. The implementation and cost of the processes will be
indirectly deduced by calculations based on the treatability data.
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Data consistency will be maintained by having thé same laboratory technician make and record
observations about the effectiveness of the test material. Engineering judgements will be observed

by an experienced process engineer.
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22.0 RESIDUAL MANAGEMENT-ADSORPTION TREATABILITY STUDY

All liquid wastes generated during treatability testing will be stored in properly labeled 55-galion U.S.
Department of Transportation-approved (DOT) containers. Solid residues will be stored in 1-gallon
resealable DOT metal containers. It is estimated that the amount of liquid waste, including used
samples, will be 410 L and the amount of solid waste will be approximately 6 L by volume.

All unused treatability samples and residues will be returned to the Rocky Flats Plant under the
Treatability Studies Exemption Rule. In accordance with 40 CFR 261.4(f), samples and residues will
be returned within 90 days from the completion of treatability testing, or within 1 year from the sam-
ple shipment date from RFP to the facility. All unused samples will be contained separately from

sample residues.
The outside contractor laboratory will be responsible for properly disposing of any unused portions

of the effluent samples submitted for analyses, and incidental wastes generated during sample

preparation and analysis.
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23.0 ADSORPTION TREATABILITY STUDY REPORT

The adsorption treatability study results will be summarized in a Treatability Study Report. The
report will be prepared upon completion of treatability study testing and will summarize the tests

results and discuss any improvements or additional testing that may need to be conducted. The

report will also describe the effectiveness of adsorption technology in removing metals and
radionuclides from contaminated water and will identify any additional data needs. The format of
the report will follow the format presented in the Guidance for Conducting Treatability Studies Under

CERCLA (EPA, 1989). The format is presented in Table 23-1.
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TABLE 23-1

ORGANIZATION OF THE ADSORPTION TREATABILITY STUDIES REPORT

1. Introduction
1.1 Site description
119 Site name and location
1.1.2 History of operations
113 Prior removal and remediation activities
1.2 Waste stream description
1.21 Waste matrices
1.22 Pollutants/chemical
1.3 Remedial technology description
131 Treatment process and scale
1.32 Operating features

1.4 Previous treatability studies at the site
2. Conclusions and Recommendations

2.1 Conclusions

2.2 Recommendations
3. Adsorption Treatability Study Approach

3.1 Test objectives and rationale

3.2 Experimental design and procedures

33 Equipment and material

3.4 Sampling and Analysis

341 Waste stream
34.2 Treatment process

3.5 Data management

3.6 Deviations from the work plan
4. Adsorption Results and Discussion

4.1 Data analysis and interpretation

4.1 Analysis of waste stream characteristics
4.1.2 Analysis of treatability study data
413 Comparison to test objectives

42 Quality assurance/quality control
43 Costs/schedule for performing the treatability study
4.4 Key contacts
References
Appendices
A. Data summaries
B. Standard operating procedures

Source: EPA, 1989.
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24.0 ADSORPTION TREATABILITY STUDY SCHEDULE

The Adsorption Treatability Study shall consist of three phases during a 31-week period. Prior to
Phase |, approximately 3 weeks will be used to finalize §ampling logistics. Phase | shall consist of
2 weeks to perform field sampling. Phase Il shall consist of 2 weeks to perform the treatability stud-

ies followed by 15 weeks to receive and analyze the treatability studies data.

The treatability studies will be performed by running two treatability tests at a time, until all tests are
complete, in order to achieve the 2-week schedule. Phase Il shall consist of 13 weeks to develop,
review and finalize the Treatability Study Report (TSR). An approximate project schedule to illustrate
the timing, duration, and interrelationship between phases for the Adsorption Treatability Study is

v

shown in Figure 24-1.
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25.0 MANAGEMENT AND STAFFING—-ADSORPTION TREATABILITY STUDY

This section describes the management approach and staffing for the adsorption treatability study.
The lines of authority and responsibilities of each treatability study team member are described.

25.1 INTRODUCTION
The objective of project management during the adsorption treatability study is to direct and docu-
ment project activities so that data and evaluations generated meet the goals and objectives of the

TSWP.

Specific project management activities that shall occur throughout the adsorption treatability study,
and include the following:

. Meetings

. Cost and schedule control
. Data management

. Quiality control

. Health and safety

These activities shall be conducted to identify potential problems quickly enough to make necessary
corrections and keep the project focused on its objectives, on schedule, and within budget.
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25.2 PROJECT TEAM

The project team for the adsorption treatability study at the Rocky Flats Plant is comprised of indivi-
duals from various technical disciplines. This section discusses the responsibilities of the respective
key management and personnel. Each project team member should review this section with partic-
ular interest as to each other’s responsibilities. This understanding will help in overall project coordi-
nation and ensure understanding of the respective jobs to be done. Figure 25-1 depicts the
adsorption treatability study project organization. The specific responsibilities of key management
and personnel are described in the following subsection.

25.2.1 EG&G Program Manager

The EG&G program manager’s role is to oversee and ensure the work progresses according to the
priorities and objectives established during adsorption treatability study project planning. This role
requires planning project scopes and deriving cost estimates for the specific tasks and activities
described in the work plan. The EG&G program manager shall also facilitate the interaction among
EG&G staft and contractor personnel.

25.2.2 Senior Review Team

The senior review team’s responsibilities include continued quality control (QC) review of project
deliverables. In general, these include the Adsorption Treatability Study Sampling Plan (TSSP) and
the Adsorption Treatability Study Report (TSR).

25.2.3 Project Manager

The project manager (PM) is responsible for the coordination of all activities and tasks and project
administration. The PM’s responsibility includes quality control and technical excellence of all proj-

ect aspects, and also extends to meeting assigned project budgets and schedules. The project
manager shall be kept aware of major deviations from the scope and procedures established in the
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TSWP prior to their implementation. The PM will ensure that deliverables clearly present the results
of the adsorption treatability study.

25.2.4 Health and Safety Officer (HSO)

The HSO is responsible for the establishment and implementation of health and safety requirements,
and any monitoring programs. The maintenance of Health and Safety Records and monitoring
equipment is also the responsibility of this person. The HSO will monitor compliance with health
and safety requirements through audits.

25.2.5 Quality Assurance Officer (QAO)

The QAO is responsible for the development and implementation of quality requirements, and moni-
tors compliance through field and records audits. The QAO provides general oversight and guid-
ance on quality issues, and sets procedures for equipment calibration and maintenance.

25.2.6 Sampling Field Supervisor

The sampling field supervisor shall be responsible for ensuring that the Sampling Plan for the
adsorption treatability study (Appendix A of this document) is adhered to by sampling personnel,
including proper identification of sampling locations, implementation of sample designation and
sample handling procedures, use of proper sampling equipment, calibration and maintenance of
equipment, and completion of required paperwork.

25.2.7 Laboratory Treatabllity Supervisor
‘The laboratory treatability supervisor's responsibilities include ensuring that treatability testing pro-

cedures are followed and documented, including proper sample designation and handling proce-

dures, use of proper test equipment, and calibration and maintenance of test equipment.
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25.2.8 Sampling Personnel

Sampling personnel responsibilities relate to both groundwater and surface water sampling. Their
responsibilities include sample collection, sample documentation and chain of custody, initial pack-
ing of samples, shipment of samples, and decontamination of sampling equipment and vehicles.
25.2.9 Laboratory Technicians

The laboratory technicians shall be responsible for performing the adsorption treatability tests, main-
taining equipment and materials, and following experimental procedures and analytical methods.

Their responsibilities include the following:

. Daily documentation of adsorption treatability testing results and other pertinent

information in log books.

. Proper sample collection, designation, documentation, and chain of custody of treat-
ability samples for outside laboratory analysis.
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26.0 REGULATORY REQUIREMENTS FOR ONSITE AND OFFSITE TESTING—
ADSORPTION TREATABILITY STUDY

If the adsorption treatability study is conducted offsite, sample collection and shipping restrictions
will be followed to comply with the Sample Exclusion Provision (40 CFR 261.4(d)) of RCRA. This
provision includes environmental samples used in small-scale treatability studies and is referred to
as the Federal Treatability Studies Exemption Rule. In accordance with this rule, samples that are

collected, stored, or transported to an offsite laboratory or testing facility will be exempt from the
RCRA generator and transporter requirements (40 CFR Parts 262 and 263) by following these

guidelines:

10013108.DEN

No more than 1,000 kilograms (kg) of the water to be used in the TS may be
shipped to the offsite laboratory.

Check the sample package—before shipment. It must not leak, spill, or vaporize
from its packaging during shipment, and the transportation of each sample ship-
ment must comply with U.S. Department of Transportation (DOT), U.S. Postal Ser-
vice (USPS), or any other applicable regulations for shipping hazardous materials.
All sample packages must surveyed for radioactivity following Rocky Flats Plant and
DOT requirements. Packages must be appropriately labelled after surveys, accord-
ing to DOT regulations. (49 CFR 173)

Check the permit status of the laboratory or testing facility. The water samples can

only be shipped to a laboratory or testing facility that is exempt under
40 CFR 261.4(f) or that has an appropriate RCRA permit or interim status. Since the
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samples are anticipated to contain radionuclides, all laboratories (including
analytical laboratories) handling the samples must be licensed by the Nuclear Regu-
latory Commission (NRC) or the applicable state agency if they have NRC licensing
authority for handling, analyzing, treating, or storing radioactive material. The
license must be inclusive of the radionuclides expected and allow amounts of those

radionuclides in excess of the quantities anticipated.

If the adsorption treatability study is conducted onsite, substantive compliance with federal, state, or

local requirements will be demonstrated.

The following information must be maintained for each individual waste stream:

10013108.DEN

The date the sample was collected.
The date the sample was received at the treatability studies unit.

The total quantity, in kg, of "as received* waste in storage per day at the treatability
studies facility.

If the "as received® waste sample was stored prior to initiating the treatability test,
state where it was stored.

The quantities and types of waste subjected to the treatability studies.

The date treatment was initiated, and the amount of *as received® waste introduced
to treatment each day. (For example, if the treatment process is conducted in a
glovebox, and an individual sample is treated in multiple runs, then the day the

entire sample enters the glovebox is the date initiation of treatment for the sample.)

The dates of initiation and conclusion of each treatability test.
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The final disposition of residues and unused samples from each adsorption treat-
ability study (such as which RCRA-permitted hazardous waste storage area the

residues and unused samples were stored in).

Records of any spills or releases.

Records that show compliance with the treatment rate limits, and the storage time
and quantity limits, must be kept for a minimum of 3 years after completion of the
treatability studies.

Monthly reporting will be required for the adsorption treatability studies. These reports will include

the following:

The waste stream studied

The treatability test number

The date the sample was collected

Where sample was stored prior to treatment

The date treatment was initiated

The initial sample weight

The date treatment concluded )

The final residue and unused sample weight

Where the residue was stored prior to its return to the permitted storage area
The date the residue was returned to permitted storage area

The requirements described in this section are summarized from 40 CFR 261.4(d), the Sample

Exclusion Provision of RCRA, and are also taken from the TSP, which references the Sample Exclu-

_ sion Provision.
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27.0 REFERENCES

A variety of manufacturer's products and bulletins were referred to in the ion exchange and
adsorption processes described in Sections 6.0 and 19.0. These bulletins and product publications
may be obtained from their respective manufacturers upon requests. Because these product-
related publications are commercial documents, they are not available in a library as are the
publications listed below.

Applebaum, S. B., 1968. Demineralization by lon Exchange. Academic Press Inc., San Diego.

Averill, et al., 1981. D. W. Averill, et al. JWPCF, Vol. 53, No. 7, Pp. 1233-1242. July 1981.

Bhattacharyya, D., and C. Y. R. Cheng, 1987. ‘Activated Carbon Adsorption of Heavy Metal
Chelates from Single and Multi-Component systems. Env. Prog. 6(2):110-118.

Bohn, H. L., B. L. McNeal, and G. A. O’Connor. 1985. Soil Chemistry, 2nd Edition. John Wiley
and Sons, Inc., New York. 1985.

Breck, D. W,, 1974. lon Exchange Reactions in Zeolites. Union Carbide Corp., Tarrytown, New
York.

CH2M HILL, 1992. CH2M HILL. Engineering Summary Report—Hanford 300 Area Treated Effluent
Disposal Facilty. Prepared for Battelle Environmental Management Operations and
Westinghouse Hanford Company. March 1992.
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Connelly, J. R., K. F. Pattison, J. M. Norman, and B. D. Faison, no date. Development of
Practical Biosorbents for the Treatment of Uranium-Contaminated Wastewater. Oak Ridge
National Laboratory, Oak Ridge, Tennessee.

DOE, 1991. United States Department of Energy, General Radiochemistry and Routine Analytical
Services Protocol (GRRASP), Version 2.1, ER Program, Rocky Flats Plant, Golden, Colorado.
July 1991,

DOE, 1991a. United States Department of Energy, Final Treatability Studies Plan, Volumes 1 and 2.
Environmental Restoration Program, Rocky Flats Plant, Golden, Colorado. June 1991.

DOE, 1991b. United States Department of Energy, Final Surface Water Interim Measure/Interim
Remedial Action Plan/Environmental Assessment and Decision Document. DOE-496.
March 8, 1991.

DOE, 1991¢c. United States Department of Energy; Solar Ponds Interceptor Trench System
Groundwater Mangg;emeht Study, Rocky Flats Plant Site, Task 7 of the Zero Offsite Water
Discharge Study. January 15, 1991.

DOE, 1990a. United States Department of Energy, 1990 Groundwater Monitoring Report for
Regulated Units at the Rocky Flats Plant, Volume 1, Rocky Flats Plant, Golden, Colorado.
March 1, 1991,

DOE, 1986. United States Department of Energy, CEARP, Phase 1: Rocky Flats Plant,
Albuquerque Operations Office; Environmental, Safety, and Health Division, Environmental
Programs Branch; Los Alamos National Laboratory. April 1986.

DOE, 1980. United States Department of Energy, Final Environmental Impact Statement. Rocky
Flats Plant Site, Golden, Jefferson County, Colorado, Washington, D.C., US DOE Report
OE/EIS-0064. 1980,
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Dragun, J. 1988. The Soil Chemistry of Hazardous Materials. Hazardous Materials Control
Research Institute, Silver Spring, Maryland. 1988.

EG&G, 1991. EG&G, Standard Operating Procedures, Volumes 1 through IV, .Rocky Flats
Environmental Monitoring and Assessment Division, Golden, Colorado. February 1991.

EPA, 1989. United States Environmental Protection Agency, Guidance for Conducting Treatability
Studies under CERCLA, Interim Final, Office of Emergency and Remedial Response,
Washington, D.C., EPA/540/2-89/058.

EPA, 1988. United States Environmental Protection Agency, Functional Guidelines for Laboratory
Data Validation, Office of Emergency and Remedial Response, Washington, D.C. 1988.

EPA, 1987. United States Environmental Protection Agency, Data Quality Objectives for Remedial
Response Activities, Office of Emergency and Remedial Response, Washington, D.C.,
EPA 540/G-87/003. 1987.

EPA, 1986. United States Environmental Protection Agency, Quality Criteria for Water, 1986, Office
of Water Regulations and Standards, Washington, D.C., EPA 440/5-86-001. 1986.

Edwards, M., and M. M. Benjamin, 1988. ‘"Adsorptive Filtration Using Coated Sand: A new
Approach for Treatment of Metal-Bearing Wastes." Proceedings of the Sixty-First Annual
Water Pollution Control Federation Conference, Dallas, Texas. October 3-6, 1988.

Ferguson, C.R., and T. H. Jeffers, 1991. "Biosorption of Metal Contaminants from Acidic Mine
Waters." Proceedings of the 1991 Society of Metallurgical Engineers Annual Meeting,

Denver, Colorado. February 25, 1991.

Fleming, H. L., 1986. *Application of Aluminas in Water Treatment.® Env. Prog. 5(3):159-166.
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Hammen, R. F., 1992. Personal communication with CH2M HILL.

Hammen, R. F., D. C., Pong, L. S. Van Der Sluys, and R. C. Judd, no date. Detoxification of Acid
Mine Drainage Using High Performance Chelhon Technology. Final Report. EPA Phase |
Proposal 68D10038 Final Report, ChromatoChem, Missoula, Montana.

Hillel, D., 1980. Fundamentals of Soil Physics. Academic Press, New York, 1980.

Jeffers, T.H., C. R. Ferguson, and P. G. Bennett, 1991, Biosorption of Metal Contaminants Using
Immobilized Biomass—A Laboratory Study. Report of Investigations 9340, U. S. Department
of the Interior, Bureau of Mines, Washington, D. C.

Jeffers, T.H., P. G. Bennett, and R. R. Corwin, 1992. "Wastewater Remediation Using BIO-FIX
Bead Technology.® Proceedings of the Second International Conference on Environmental
Issues and Waste Management in Energy and Minerals Production, Calgary, Alberta,
Canada. September 14, 1992,

Ku, Y., and R. W. Peters, 1987. ‘Innovative Uses for Carbon Adsorption of Heavy Metals from
Planing Wastewaters: Activated Carbon Polishing Treatment.* Env. Prog. 6(2):119-124.

Mahuta, F., 1992. Personal correspondence with Tim Barder, UOP. Des Plaines, lllinois.
October 6, 1992.

Marin, et al., 1979. Marin, S., R. B. Trattner, P. N. Cheremisinoff, and A. J. Pema. "Methods for
Neutralizing Toxic Electroplating Rinsewater—Parts 1, 2, and 3." Industrial Wastes, 25(3),
p. 50-52. May 1979.

Robinson, S. M., W. D. Arnold, and C. H. Byers, No date. Design of Fixed-Bed lon Exchange
Columns for Wastewater Treatment. In lon Exchange for Wastewater, Publisher Unknown.
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Rockwell International, 1986. RCRA Part B—Post Closure Care Permit Application for the U.S. DOE
Rocky Flats Plant, Hazardous and Radioactive Mixed Wastes. U.S. Department of Energy,

Unnumbered report.

Rohm and Haas, 1990. Rohm and Hass lon Exchange Resins Laboratory Guide, Rohn and Haas,

Philadelphia, Pennsylvania. 1990.

Smith, C., 1993. Personal communication with Clinton Smith

regarding Pilot Plant Studies at the

Renfrewshire Engineering Company, Removal of Toxic Metals at a Water Research Center,
a Pilot Plant Study on the Removal of lIron and Manganese from a Well Water, Lead
Adsorption Using Bone Charcoal and An Independent Evaluation of Filter Containing Brimac

Bone Charcoal 216 in Removing Lead from water.

Rubel, F. Jr. and R. D. Woosley, 1979. *The Removal of Excess Flouride from Drinking Water by
Activated Alumina.® Journal of the American Water Works Association. January, 1979.

U.S. Environmental Protection Agency, 1978. Removal of Excess Fluoride form Drinking Water.

Technical Report, EPA 570/9-78-001, Washington, D.C.
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APPENDIX A. SAMPLING PLAN
A.1 SAMPLING LOCATIONS AND PROCEDURES

This section describes proposed locations for collecting samples and proposed ratios at which
waters from various locations should be blended to produce a composite sample with adequate
numbers of constituents. The rationale used to select these locations will be described, along with

required procedures for actual sample collection.
A.1.1 Rationale for Location Selection

Prior to detailing the selected locations to be sampled, a discussion of the rationale for selection will
be useful. This rationale changed, based on examination of the data, during the development of

this sampling plan.

Originally, it was intended to find one or two sample locations with above-ARARs concentrations of
most of the 10 constituents to be addressed in this treatability study. The newly developed Rocky
Flats Environmental Database System (RFEDS) was determined to be the best source of data from
environmental sampling at the plant and should be used to determine sampling locations for this
treatability study. The data search proceeded under this basis.

Data was obtained from RFEDS for all analyses from 1991 and 1992, for the ten chemicals of
concern, where the laboratory flag was not "U* meaning undetected. After screening data to include
only records flagged as ‘real' and ‘*target,” thereby eliminating duplicates and replicates, and
including only concentrations for dissolved metal analyses, data base queries were performed to
find samples where multiple constituents were found at levels greater than 120 percent of their
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respective detection limits. Only one analysis had hits from three or more constituents (other than
multiple isomers of the same radioisotope); a number of analyses were found with two hits.

At this stage, the decision was made to mix water from several locations to composite a sample with
most of the ten constituents above detection limits. If this was not done, many more test runs would
be required in the treatability study to test waters with only one or two of the constituents. Also,
samples with nondissolved americium and plutonium were considered for the studies. These two
components were added because they are expected to exist in RFP waters only in colloidal form,
and because of indications that even these colloidal forms of the two metals might be captured.

Therefore, the data base was searched for hits at 100 x, 50 x, 10 x, and 1 x detection limit for
each chemical. Uranium, plutonium, americium, iron, and selenium were present in samples at
100 x detection limits. Manganese was present at 50 x detection limit. Beryllium, chromium, and
mercury were never detected at 10 x detection limit but were found in the 1 times file. Lead was
never detected, in dissolved form, at any level over detection limit.

Sample numbers for each chemical were then obtained for each hit of that chemical in its highest
concentration range. (For example, locations for each hit of uranium in the 100 x detection limit
category were recorded.) Then, the complete history of analyses at each of those locations was
examined to find which locations consistently had hits for the chemical in question as well as
significant levels of other chemicals. For each chemical, the sampling locations were narrowed to a
few choices where that chemical was found more than once and where other chemicals were also
found, if such locations existed.

Finally, various combinations of waters from the samples in question were examined on
spreadsheets to determine which waters at which ratios would produce a sample with the maximum
number of chemicals over detection limit. One combination was found with seven chemicals over
detection limit (all except beryllium, lead, and mercury) and another combination was found with six
chemicals over detection limit (all except beryllium, lead, mercury, and chromium).

1001310B.DEN Final Draft/02-25-93




- —  °

EG&G ROCKY FLATS PLANT Manual: 21000.WP.TS01.01

Treatability Study Work Plan for

lon Exchange and Adsorption Processes Section: Appendix A
Revision: 1
Page: 3 of 21
Effective Date:

Non-Safety Related Final Draft Organization: — _____ ERT

It is recognized that concentrations of chemicals at these locations could greatly vary from previous
analyses, and that such variance could make these locations of little or no use for collecting water
for the study. Therefore, the studies will be designed around the determined concentrations, but will

be made flexible to accommodate variances.
A.1.2 Sampling Location Summary

Based on the rationale in the above section, sampling locations were selected. The optimum water
for the studies was determined to be a mix of 40 percent water from groundwater well 09091,
30 percent water from groundwater well B206789, and 30 percent water from surface water source
GS10. If, at the time of water collection for the treatability studies, the water quality is similar to
these relative maximum values for these locations, a composite sample with 7 of the 10 constituents
above detection limits should be developed. Table A-1 shows the results of a composite of these

samples.

It is very probable that actual water quality from these locations will differ from that shown in
Table A-1. In fact, it is possible that such water will contain no contaminants above detection limits.
Therefore, water from each source should be analyzed prior to compositing. Based on these
analyses, water from a certain location may be added at a different ratio than shown in Table A-1, or
it may not be added at all. In such a case, water from alternate locations would be analyzed to
determine its suitability for compositing. In addition to the three sources listed above, the sources
listed in Table A-2 should be analyzed to determine possible use. Table A-2 is arranged to list
potential locations by constituent. Figure A-1 illustrates the location of some of the sampling

locations shown in Table A-1.
A.1.3 Sampling Procedures
Samples collected for initial analytical analysis and samples used in the Treatability Study shall be

collected in accordance with Rocky Flats Plant Environmental Management Department Operating
Procedures 5-21000-OPS-GW.5—Field Measurement of Groundwater Field Parameters,
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Table A-1
COMPOSITE SAMPLE GENERATION-
ION EXCHANGE AND ADSORPTION TREATABILITY STUDIES
Target Locations and Concentrations Composite  Detection
Constituent GW-09091 GW-B206789 SW-GS0271 Concentration Limit
Americium 47.0 21.2 0.01
Beryllium 0.0 5
Chromium 8.0 3.6 10
iron 14.0 23.0 76800.0 7696.7 100
Lead 0.0
Manganese 1460.0 146.0 15
Mercury 0.0 0.2
Plutonium 355.0 159.8 0.01
Selenium 680.0 306.0 5
Uranium 1.0 0.5 0.05
Volume Ratio 0.45 0.45 0.10 1.0
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TABLE A-2

ALTERNATE SAMPLING LOCATIONS-ION EXCHANGE
AND ADSORPTION TREATABILITY STUDIES

Constituent

Sampling Locations

Selenium
Manganese
Uranium
Americium
Iron
Plutonium
Chromium
Beryllium
Mercury

Lead

1001310C.DEN

1074

0271

01391, 09691

06991

7287, 0271, 1086
06991

1186

B400389, 0260, 0271

0386, 3086, 6986,
B111189

No Locations Found
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5-21000-OPS-GW.6—-Groundwater Sampling, 5-21000-OPS-SW.2—Field Measurement of Surface
Water Field Parameters (as modified by DCN92.01 and DCN92.02), and 5-21000-OPS-SW.3—
Surface Water Sampling (EG&G, 1991). Unfiltered treatability study samples from each sampling
location shall be collected in 12-gallon plastic U.S. Department of Transportation (DOT)-34 drums
that will be completely filled to minimize head space. Approximately 17 drums (for a total volume of
200 gallons collected for all samples) shall be filled at each of the three sampling locations for use
in the treatability study. The amount of sample required for each test is based on the minimum
quantity of liquid needed to perform the required analyses. Unfiltered analytical samples from each
of the three sampling locations shall also be collected and submitted by sampling personnel for
analysis (see Section A.4). All water samples will be analyzed before performing the treatability
tests. The DOT-34 drums shall be transferred to the treatability study laboratory using chain-of-
custody (COC) procedures (see Section A.6), following all required U.S. Environmental Protection
Agency (EPA), and DOT regulations. Analytical samples shall be shipped to an analytical laboratory
also using appropriate COC procedures (see Section A.6).

A.2 FIELD MEASUREMENT

Various indicator parameters (pH, dissolved oxygen, temperature, and specific conductivity) will be
measured in groundwater and surface water samples. These measurements will be taken at each
sampling event and sampling location. This section describes the procedures to be followed for

field measurements.

A variety of equipment will be used during the field monitoring of water sample for subsequent use
in the treatability study. Field equipment shall be calibrated and maintained per manufacturers’
recommendations. Calibration procedures for each piece of field equipment shall be documented in
the field log book.
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A.3 FIELD DATA DOCUMENTATION AND PROCEDURES

Documentation of observations and data acquired in the field will provide a permanent record con-
taining information on the handling and preparation of samples collected.

Field Data Documentation Procedures shall be consistent with the Rocky Flats Plant Environmental
Management Department EMD OPS FO.13 titled, Containerizing, Preserving, Handling, and Shipping
of Soil and Water Samples (EG&G, 1991). The applicable section from EMD OPS FO.13 Section 6.4
is addressed below.

A.3.1 Field Data Forms

All field descriptions, measurements, and observations shall be recorded on the appropriate field
data form in accordance with FO.2, Field Document Control (EG&G, 1991). The original data forms
shall be collected and filed on site by the subcontractor's designated data entry personnel. These
forms are to be bound and submitted to EG&G accompanied by a transmittal letter on a monthly
schedule for the entire duration of the task. This form is an example of data entries required for the
Rocky Flats Environmental Data System (RFEDS) data base. Data may also be recorded in field
logbooks if desired. Field data will be filled out at the time a sample is taken and shall include, but

not be limited to, the following information:

. Sampling activity name and number

. Sampling point name and number

. Sample number'

. Name(s) of collector(s) and others present’

. Date and time of sample collection’

. ' Sample container tag number (if appropriate)’
. Preservative(s) used'

'tems to be documented on the COC form.
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. Requested analyses'
. Sample matrix'
. Filttered/unfiltered'
. Designation of QC Samples (Only for MS and MSD)’
. Collection methods
. Chain-of-custody control numbers
. Field observations and measurements during sampling (comment section)
. Signature of responsible observer

A.3.2 Field Log

Bound and consecutively numbered Field Logs shall be maintained by sampling personnel at all
times. All entries shall be made with indelible ink and signed and dated each day. Records shall
contain sufficient information so that someone can reconstruct the activity in the absence of the

person who took the notes.

A field log book shall be developed and maintained, and will contain the following information:

. Name and title of author, data and time of entry
. Personnel involved in activities
. Specific data collected

If an error is made in a Field Log assigned to an individual, that individual shall make corrections
simply by crossing a line through the error and entering the correct information. The erroneous
information shall not be obliterated. Any subsequent error discovered in a Field Log shall be
corrected by the person who made the entry. All data corrections shall be initialed and dated.
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A.4 SAMPLE CONTAINERS, VOLUMES, PRESERVATIVES,
AND HOLDING TIMES

Collected groundwater and surface water samples shall be sent to the laboratory for subsequent
analysis and/or use in the treatability study. Sample containers, volumes, preservatives, and holding
times associated with samples collected for analysis shall be consistent with the Rocky Flats Plant
Environmental Restoration Management (ERM) OPS FO.13 titled, Containerizing, Preserving,
Handling, and Shipping of Soil and Water Samples (as modified by DCN92.01). Applicable sections
from ERM OPS FO.13 Sections 6.0 and 6.1 are addressed below (EG&G, 1991).

A.4.1 Procedures

Procedures for the containerizing and preserving water samples follow strict criteria of the EPA’s
Contract Laboratory Program (CLP). Information presented herein is intended to present general
guidelines for proper sample handling, and any deviations or modifications will be documented in
the Scope of Work or specific Task Order.

A4.2 Sample Containers and Preservatives

Only sample containers certified as clean by the manufacturer will be used for sample collection.
The containers and preservatives may be obtained from the contracted analytical laboratory, their
designated supplier, or a suitable chemical supply company. Any preservative(s) required may be
added to the container by the contracted analytical laboratory, field sample team, sample manager,
and/or onsite chemist prior to or during sample collection.

A.5 SAMPLE DESIGNATION SYSTEM
A sample designation system shall be used to identify each sample collected during the field sam-

pling effort. The sample designation system shall provide a tracking procedure to allow retrieval of
information about a particular sample and shall be consistent with the Rocky Flats Plant ERM
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OPS FO0.13 titled, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples
(EG&G, 1991). The applicable section from ERM OPS FO.13 (Section 6.2) is addressed below.

A.5.1 Container Labeling and Decontamination
Prior to sample collection, sample containers shall be labeled by the sample manager or an

assistant. Collection time and date shall be marked in the field by the sampler. The labels shall

indicate:

. Activity name and/or number

. Unique sample number

. Sampling time and date

. Chemical preservative used

. Sample type (grab, composite)

. Analyses required

. Filtered/unfiltered

. Comments or special precautions, as needed
. Samplers Initials

The sample label shall be marked with a black waterproof pen. lf needed, clear tape will be placed
over labels before sampling to assure that the labels remain legible.

Subsequent to sampling, the exterior of the sample containers shall be decontaminated (according
to ERM OPS FO.3, General Equipment Decontamination), (EG&G, 1991), placed in plastic bags, and

put in coolers dedicated for sample and sample container transportation.

Note that 12-gallon samples will not be placed in coolers. Only smaller samples for laboratory
analyses will be transported in coolers.
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A.6 SAMPLE CUSTODY

A required part of this sampling and analytical program is the integrity of the sample from collection
to data reporting. This includes the ability to trace the possession and handling of samples from
the time of collection, through analysis, to final deposition. The documentation of the samples’
history is referred to as "chain-of-custody.* Sample custody procedures shall be consistent with the
Rocky Flats Plant ERM OPS FO.13 titled, Containerizing, Preserving, Handling, and Shipping of Soil
and Water Samples (as modified by DCN92.01). The applicable section from ERM OPS FO.13
(Section 6.3) is addressed below (EG&G, 1991).

A.6.1 Chain-of-Custody Record

Official custody of samples shall be maintained and documented from the time of collection until the
time that valid analytical results have been obtained or the laboratory has been released to dispose
of the sample. The sampling team shall be responsible for initiating the original chain-of-custody
(COC) form and shall sign and date this form when relinquishing custody of samples to the sample
manager. Upon receipt, the sample manager shall check the COC and all sample labels to ensure
that all samples are accounted for and in good condition, and that no errors where made in labeling

and/or completing the COC.

A sample is considered to be in a person'’s custody if any of the following conditions are met:

. The sample is in the person’s physical possession.

. The sample is in line of sight of the person after he/she has taken possession.

. The sample is secured by that person so that any tampering can be detected.

. A sample is secured by the person in possession in an area which only authorized

personnel can enter.
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A.6.2 Chain-of-Custody Form

A four-page carbonless COC form shall be used for all sample shipments. The original and second
(vellow) copy shall be included with the samples to be shipped enclosed in a plastic bag and taped
inside the lid of the cooler. The third (pink) copy, along with a photocopy of the original, shall
remain on file at the subcontractors on-site facility. The fourth (goidenrod) copy is for EG&G project
managers requesting copies. The contract laboratory shall sign as having received the sampies
and retumn the yellow copy of the COC form to the project management office for verification by the
QA/QC officer or their designee. The yellow and pink COC form copies shall then be matched and

filed to complete the COC procedure.

The COC form shall include the following information:

1001310B.DEN

Contractor name/sampler name(s)

Unique sample number and sample location

Project number

Date and time of sample collection

Laboratory designation

Sample matrix

Sample container, preparation, and preservation information
Condition of sample on receipt at the laboratory/out-of-spec reporting
COC number

Signature and date blocks for personne! relinquishing or receiving sample custody
Space for additional comments

Name and phone number of site contact person

Analysis requested
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A.6.3 Custody Seals

Custody seals are used to detect unauthorized handling of samples following collection, up to the
time of analysis. Items such as gummed paper seals and custody tape may be used for this
purpose. The seal shall be of the type that when attached to the container it will break when the
container is opened. Seals shall be affixed to each sample container (for example each bottle or
12-galion drum) before the samples leave the custody of the sampling personnel.

Shipping containers (such as coolers) shall also contain at least two custody seals to detect
possible tampering. Clear tape should be placed over the seals to ensure that seals are not

accidently broken during shipment. A seal shall include the following information:

. Sampler's signature
. Date of collection

A.6.4 Tampering of Sampling Containers

If, at any time after samples have been secured, custody seals are identified as having been
tampered with, this procedure shall be followed to ensure that sample integrity has not been

compromised.
. Check with all personnel having access to sample coolers to verify possible inadver-
tent tampering.
. Check every sample container for any signs of tampering, such as loose lids,
foreign objects in containers, broken or leaking containers.
. Check to ensure adequate and appropriate packaging.
. Document all findings of the incident in the sample manager’s Field Log.
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If it is determined that malicious tampering of samples has occurred and/or it is believed that
sample integrity has been compromised, the subcontractor shall immediately contact EG&G.

If it can be determined that sample integrity has not been compromised based on the above criteria,
document findings in the sample manager's Field Log and proceed with standard operating

procedures.
A.7 SAMPLE PACKING AND SHIPPING
Packing and shipping of samples shall be consistent with the Rocky Flats Plant ERM OPS FO.13

titled, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples (EG&G, 1991).
Applicable sections from ERM OPS FO.13 (Sections 5.1, 5.2, and 6.5) are addressed below.

A.7.1 Equipment List

The equipment and materials shown are the minimum that may be needed to ensure that proper
procedures are followed for sample handling, packaging, and shipping.

. DOT-34 drums

. Sample containers/bottles

. Coolers

. Sample labels

. COC forms

. Decontamination equipment®
. Preservatives

. Baggies for containers

. Bubble wrap

. Vermiculite or equivalent

*Decontamination equipment and procedures are thoroughly discussed in the General Equipment Decontamination EMD
OPS FO.13 (EG&G, 1991).
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. Strapping and clear tape
. Custody seals
. Garbage bags
. Metal paint cans®

A.7.2 Department/Office Contact List

EG&G, or its designee, is responsible for obtaining the appropriate documentation for radiation
(RAD) screening, and monitoring of all field samples for shipment off site (ERM OPS FO0.18,
Environmental Sample Radioactivity Content Screening) (EG&G, 1991). '

The following departments will need to be contacted before sample shipment.

. Construction Management Coordinator—To obtain property passes for shipment of

materials off site

. Radiation Site Survey Office—For radiation monitoring and clearance for the off site

shipment of coolers

. Onslte General Laboratories—For radiological screening and categorization of fieid

samples

A.7.3 Packaging and Shipping

Prior to commencement of field activities, the estimated levels of chemical and/or radiological
contaminants shall be determined from known historical data for all matrices to be sampled by

SLarge enough to accommodate sample containers.

1001310B.DEN
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EG&G or its designee. (ERM OPS F0.18, Environmental Sample Radioactivity Content Screening)

(EG&G, 1991).

Three levels of contaminant concentrations are defined as follows:

Low-Concentration Samples—The contaminant of highest concem is present at
less than 10 parts per million (ppm). Examples include background environmental

samples.

Medium-Concentration Samples—The contaminant of highest concern is present at
a level grater than 10 ppm and less than 15 percent (150,000 ppm). Examples
include material that is obviously weathered.

High-Concentration Samples— At least one contaminant is preset at a level greater
than 15 percent. Samples from drums and tanks are assumed to be high concen-
tration unless information indicates otherwise.

RAD screening of field samples shall be performed by EG&G at the Onsite General Laboratory. The
RAD screening procedures determine which laboratory receives samples based on results of greater
than (GT) or less than (LT) 50 picocuriesfiiter (pCi/L) for water samples. The RAD screening
procedures also enable the subcontractor to follow applicable DOT guidelines for shipment of these

environmental samples.

All sample containers will have been decontaminated and bagged in the field. Upon receipt and
verification of sample containers and COC forms, the following steps shall be taken:

1001310B.DEN

The designated laboratory will be notified prior to shipment if samples collected in
the field are suspected of containing any other substance for which the laboratory
personnel should take additional safety precautions.

Contact the Radiation Site Survey Office so that all containers to be shipped off site
can be radiologically cleared.
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Obtain Property Passes signed by the Construction Management Coordinator and
the Radiation Site Survey Officer so that coolers may be shipped off site.

Line sample cooler with a large plastic bag.
Place approximately 3 inches of vermiculite in the bottom of the cooler.
Wrap glass containers in bubble pack.

Verify that all samples requiring screening have reported estimated radiological
activity levels.

Place bagged and wrapped sample containers upright in the cooler with approxi-
mately 1 inch between them.

Fill the cooler approximately three-quarters full of vermiculite, making sure that

sample containers are securely packed.
Fill the cooler with vermiculite.

Seal the signed COC forms in a plastic bag and tape them to the underside of the
lid of the cooler.

Tape the drain of the cooler shut.
Wrap strapping tape around the cooler in two locations to secure the lid.

Place the air bill on top of the cooler. If more than one cooler is sent to the same
laboratory, an address label and a manifest label are needed.
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Place "This Side Up* labels on all four sides and "Fragile® labels on the top and two

sides of the cooler.

Place an °Environmental Samples® label on top of cooler. For coolers over
75 pounds, an additional "Heavy Weight* label is required in the top, upper left

comer of the cooler.

Place signed and dated COC seals in two locations to seal the cooler fid so that

tampering will be evident.

The following steps shall be taken for samples estimated to contain medium and/or high level

concentrations:

10013108.DEN

Enclose all sample containers in clear plastic bags.

Pack all medium and high level water and soil samples in metal paint cans.

Label paint cans with sample number of sample contained inside.

Surround contents of can with non-combustible, absorbent packing material.

Pack sealed paint cans or plastic-enclosed sample bottles in shipment container.

Use a metal ice chest for shipment (do not use cardboard or styrofoam containers

to ship samples).

Surround contents with non-combustible, absorbent packing material (do not use

earth or ice packing materials).

Tape paper work in plastic bags under cooler lid.
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. Close cooler and seal with custody seals.

Sample coolers may be received by courier at a predetermined area at the Rocky Flats Plant. If
arrangement cannot be made, a company vehicle is required to deliver sample coolers to the labo-

ratory and/or courier office.
A.7.4 Air Bills and Bills of Lading
If samples are sent by mail, the package shall be registered with return receipt requested. Iif sent by

common carrier, a bill of lading or air bill shall be used. Freight bills, Postal Service receipts, and

bilis of lading shall be retained as part of the field files.
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APPENDIX B. SAMPLE HEALTH AND SAFETY PLAN

The following section is a sample of the health and safety plan for the treatability study. When the
laboratory contractor is selected, this contractor will develop a detailed site-specific health and

safety plan for the work to be performed.
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HEALTH AND SAFETY PLAN

This health and safety plan (HSP) is an example HSP. A HSP will be kept onsite during field
activities and will be reviewed and updated as necessary.

1.0 PROJECT INFORMATION AND DESCRIPTION

CLIENT OR OWNER: PROJECT NO:
PROJECT MANAGER: OFFICE:

SITE NAME: Rocky Flats Plant

SITE ADDRESS: Golden, CO

DATE HEALTH AND SAFETY PLAN PREPARED:

DATE(S) OF INITIAL VISIT:

DATE(S) OF SITE WORK:

SITE ACCESS:

LOCATION:

The Rocky Flats Plant (RFP) site is located in northern Jefferson County approximately 16 miles
northwest of Denver. It is comprised of 6,550 acres of federally owned land. Major
administrative and manufacturing buildings are located within RFP security area of 400 acres.
The remaining 6,150 acres comprise the buffer zone surrounding RFP complex.

SITE OPERATIONS:

The RFP is a government owned, contractor-operated facility, which is part of the nationwide
nuclear weapons production complex. EG&G Rocky Flats, Inc. became the prime contractor at
RFP on January 1, 1990, and is the existing contractor to date. RFP fabricates nuclear weapon
components from plutonium, uranium, and other nonradioactive materials (principally beryllium
and stainless steel).
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THIS PAGE RESERVED FOR SITE MAP

NOTE LOCATIONS OF SUPPORT, DECONTAMINATION, AND EXCLUSION ZONES;
SITE TELEPHONE; FIRST AID STATION
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2.0 PROJECT ORGANIZATION AND TASKS TO BE PERFORMED UNDER THIS PLAN

2.1 PROJECT ORGANIZATION

22 DESCRIPTION OF TASKS

The treatability study objective is to investigate bench scale testing of ion exchange and
adsorption processes to remove metals and radionuclides from surface and groundwater at
Rocky Flats Plant (RFP) site. Groundwater samples and surface water samples will be collected.
No new wells will be drilled.

Bench scale testing will be conducted in an onsite laboratory. The following techniques would
be tested for the treatability studies:

To be developed
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3.0 HAZARD EVALUATION AND CONTROL

3.1 HEAT AND COLD STRESS

r

3.1.1 GUIDELINES FOR WORKING IN TEMPERATURE EXTREMES WHILE WEARING
PERSONAL PROTECTIVE EQUIPMENT (PPE)
Temperature Work Rest Cycle Control Measures
Cycle
<32°F or 2 hrs 15 min Review cold stress in safety meeting. Rest in a warm
<55° F & raining area. Drink at least 8 ounces of warm non-caffeinated,
non-alcoholic beverage at each rest break. Schedule a
mid-day lunch break of at least 30 minutes in a warm
area to begin not later than 5 hours after startup.
72°t0 7 F 2hrs 5 min Review heat stress in safety meeting. Take resting
pulse rate before beginning work. Drink 8 ounces of
cool water before beginning work, and 4 ounces at rest
break. Have ice available.
77° o 82°F 2 hrs S min As above, but seated rest break. Monitor pulse rate.
(See below.)
82°to 87°F 60 min 15 min As above, but rest area to be shaded.
87°to 90°F 30 min 18 min As above. Try to provide a shaded work area.
>90° F 15 min 15 min As above. Provide a shaded area with seats in the
work area for team members to use as needed. Try to
reschedule work to avoid mid-day heat.
{

PULSE CRITERIA. Take resting radial (wrist) pulse at start of work day; record it. Measure radial pulse for 30 seconds as
rest period begins. Pulse not to exceed 110 beats per minute (bpm), or 20 bpm above resting pulse. i pulse exceeds this
criteria, reduce work load and/or shorten the work cycle by one third, and observe for signs of heat stress. No team
member is to return to work until his/her pulse has retumed to <110 bpm, or resting pulse +20 bpm.

3.1.2 SYMPTOMS AND TREATMENT OF HEAT AND COLD STRESS

-

Heat Stroke

Heat Exhaustion

Frostbite Hypothermia

Red, hot, dry skin;
dizziness; confusion; rapid

Pale, clammy, moist
skin; profuse sweating;

Shivering, apathy, sleepi-
ness; rapid drop in body

Blanched, white, waxy
skin, but tissue resilient;

breathing and pulse; high weakness; normal tissue cold and pale. temperature; glassy
body temperature. temperature; stare; slow pulse; slow
headache; dizzy; respiration.
vomiting.
Cool victim rapidly by Remove victim to a Remove victim to a warm Remove victim to a warm

soaking in cool (not cold)
water. Get medical attention
immediately!!

10011F26.DEN

cool, air conditioned
place. Loosen clothing,
place in head "low

position. Have victim
drink cool (not cold)
water.

place. Rewarm area place. Have victim drink
quickly in warm (not hot) warm fluids—not coffee or
water. Have victim drink alcohol. Get medical
warm fluids—-not coffee or attention.
alcohol. Do not break
any blisters. Elevate the
injured area and get
medical attention.
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3.2 PHYSICAL (SAFETY) HAZARDS AND CONTROLS (REFERENCE STANDARD OF PRACTICE [SOP]

Hazard

Engineering or Administrative Controls

Flying debris/objects

Provide shielding and PPE.

Noise > 85 dBA

Noise protection and monitoring required.

Steep terrain/unstable surface

Brace and shore equipment.

Build-up of explosive gases

Provide 20 Ib A,B,C fire extinguisher and ventilation.

Build-up of static electricity

No spark sources within 50 feet of an excavation, heavy
equipment, or UST removal. Ground as appropriate.

Gas cylinders

Make certain gas cylinders are property anchored and
chained. Keep cylinders away from ignition sources.

High pressure hose rupture

Check to see that fitting and pressurized lines are in
good repair before using.

Electrical shock

Make certain third wire is properly grounded. Do not
work on electrical wiring unless qualified to do so.

Suspended loads

Work not permitted under suspended loads.

Moving vehicles

.Back-up alarm required for heavy equipment. Observer

remains in contact with operator and signals safe back-
up. Personnel to remain outside of turning radius.

Overhead electrical wires

Heavy equipment (e.g. drill rig) to remain at least 15 feet
from overhead powerline for powerlines of 50 kV or less.
For each Kv > 50 increase distance 1/2 foot.

Buried utilities, drums, tanks, and
so forth.

Locate buried utilities, drums, tanks, etc. prior to digging
or drilling and mark location.

Slip, trip, fall hazards due to
muddy work areas

Use wood pallets or similar devices in muddy work
areas.

Back injury

Use proper lifting techniques, or provide mechanical
lifting aids.

Confined space entry

Permit and safety plan required.

Trenches/excavations

Make certain trench meets OSHA standard before enter-
ing. All excavations > 5 feet deep must be sloped or
shored. Excavations > 4 feet deep must have a ladder
every 25 feet. If not entering trench, remain 2 feet from
edge of trench at all times.

Protruding objects

Flag visible objects.

10011F26.DEN
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3.3 TICK BITES, LYME DISEASE, AND ROCKY MOUNTAIN SPOTTED FEVER (RMSF)

Check often for tick bites. If bitten, carefully remove tick with tweezers, making certain to remove
pincers, being careful not to crush the tick. After removing the tick, wash your hands. Disinfect
area, and dress. If the tick resists or cannot be completely removed, seek medical attention.

Look for symptoms of lyme disease or RMSF. Lyme: rash that looks like a "bulls-eye*, with small
welt in center, several days to weeks after tick bite. RMSF: Rash comprising red spots under skin,
3 to 10 days after tick bite. For both, chills, fever, headache, fatigue, stiff neck, bone pain. [f
symptoms appear, seek medical attention.

3.4 RADIOLOGICAL HAZARDS AND CONTROLS

Exposure to ionizing radiation can cause cancer. However, recognizing the risks from radiation,
recommendations for working with radioactivity and exposures to members of the public have
been issued by the International Commission on Radiological Protection (ICRP) and the U.S.
National Council on Radiation Protection and Measurements (NCRP). Furthermore, these
recommendations have been promulgated into standards and regulations by the EPA, the U.S.
Nuclear Regulatory Commission (Chapter 10 of the Code of Federal Regulations), and the
Occupational Safety and Health Administration (OSHA; Chapter 29 of the Code of Federal
Regulations). For work related to DOE sites, the DOE has issued Orders providing criteria for
protection of health and safety and the environment. The basis of the recommendations on
radiation by the ICRP and NCRP is to minimize radiation exposures and to develop criteria to
ensure that the risks to radiation workers are equal to or less than those in the safety industries.
The general basis for the criteria for radiation exposures to the general population is a factor of 10
or more reduction below occupational exposures, plus ensuring that the risk from the exposures is
less than the risks to which people are exposed to in normal life (ICRP 26 and NCRP 91).

3.5

HAZARDS POSED BY CHEMICALS BROUGHT ONSITE

The Project Manager is to request Material Safety Data Sheets (MSDSs) from the client, or
contractors and subcontractors for chemicals that employees are potentially exposed to.

Chemical Location

Treatability Laboratory
Treatability Laboratory
To be developed Treatability Laboratory
Treatability Laboratory
Treatability Laboratory
Treatability Laboratory
Treatability Laboratory

3.6 OCCUPATION EXPOSURE TO HAZARDOUS CHEMICALS IN LABORATORIES

A laboratory chemical hygiene program will be established according to OSHA 29 CFR 1910.1450.
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| 3.7 KNOWN CONTAMINANTS OF CONCERN
Location and Highest
Concentration PEL, REL,
or TLV IDLH

(solld media: mg/kg or
Contaminant liquid media: ug/l) (ppm) (ppm) Symptoms and Effects of Exposure PIP

Aluminum

Arsenic

Barium

Beryllium

Cadmium

" Chromium
Iron
Lead

Manganese

Mercury

" Nickel
“ Selenium

Plutonium

" Radium

I Uranium

Note 1: Lower value of PEL, REL, or TLV listed. Note 4: Location refers to physical location. Abbreviations specify media:
NL = no limit found in reference materials. A (AIR) D (DRUMS) F (FLYASH) GW (GROUNDWATER) L (LAGOON) TK (TANK)
PIP = photoionization potential S (SOIL) SL (SLUDGE) SW (SURFACE WATER)

I 3.8 POTENTIAL ROUTES OF EXPOSURE

DERMAL: INHALATION: OTHER:

Al All Puncture wound and ingestion; all
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4.0 PERSONNEL

4.1 EMPLOYEES MEDICAL AND TRAINING REQUIREMENTS

Personnel must meet the medical surveillance, 40-hour initial training, 3-day on-the-job experience,
and 8-hour annual refresher training requirements of OSHA 29CFR1910.120. Copies of training
and medical certifications will be kept by the project health and safety officer. Employees
designated "SSC" have received 8 hours of supervisor and 8 hours of instrument training and can
serve as site safety coordinator (SSC) for the level of protection indicated. There must be one
SSC present during any task performed in exclusion or decontamination zones with the potential
for exposure to safety and health hazards. Employees designated "FA-CPR" are currently certified
by the American Red Cross, or equivalent, in first aid and CPR. There must be one FA-CPR
designated employee present during any task performed in exclusion or decontamination zones
with the potential for exposure to safety and health hazards. The “buddy system* requirements of
OSHA 29CFR1910.120 are to be met at all times.

—_—

Employee Name Office Responsibility SSC/FA-CPR
Field Team Leader
Site Safety Level () SSC; FA-CPR
Coordinator

——

—_— .

4.2 HEALTH AND SAFETY AND FIELD TEAM CHAIN OF COMMAND AND PROCEDURES

4.2.1 CLIENT

4.22 CONTRACTOR

4.2.3 SUBCONTRACTOR

10011F26.DEN Final Draft/2-25-93
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" 5.0 PERSONAL PROTECTIVE EQUIPMENT (PPE) SPECIFICATION' (RerERENCE STANDARD OF PRACTICE)

ey

L B

Task evel ody Foot Head’ Eye Hand Resplrator
Groundwater and surface water D Cotton Neoprene steel- Hardhat Safety glasses Depends on None required
sampling coveralls on toed boots and side shields, contaminants
tyveks splashproof
goggles
Laboratory analysis D Laboratory Street shoes Splashproof Latex gloves None required
coat or rubber goggles
apron
Groundwater and surface water o} Tyveks or Neoprene steel- Hardhat Safety glasses Depends on APR, fuli face, MSA
sampling saranex or toed boots with with side shields contaminants Ultratwin or
PVC-coated latex covers or splashproof equivalent,
coveralls goggles cartridges:
Groundwater and surface water B Saranex Neoprene steel- Hardhat Safety glasses Depends on Positive pressure
sampling coveralls or toed boots with with side shield contaminants demand SCBA:
PVC-coated latex covers or splashproof MSA Uitralite or
© coveralls goggles equivalent
Note 1: Modifications:
Note 2: The SSC shall specify hardhat areas.

l 5.1

REASONS TO UPGRADE OR DOWNGRADE LEVEL OF PROTECTION

Upgrade

Downgrade

materials.

s Request of individual performing task.
s Change in work task that will increase contact or potential contact with hazardous

s Occurrence or likely occurrence of gas or vapor emission.
s Known or suspected presence of dermal hazards.
s Instrument action levels (Section 6.0) exceeded.

s New information indicating that situation is less hazardous than originally
thought.

s Change in site conditions that decreases the hazard.

s Change in work task that will reduce contact with hazardous materials.

10012071.DEN
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I_G.O AIR MONITORING EQUIPMENT SPECIFICATION (REFERENCE CH2M HILL SOP HS-08)

I— Instrument Tasks Action Levels Frequency Calibration
Photolonization Groundwater and Oto 1 ppm™* Level D Prior to purging well | Dalily
Detector (PID): surface water sampling 1to 5 ppm™ Level C

5 to 50 ppm*® Level B
> than 50 ppm® Stop work; re-evaluate
Flame lonization Groundwater and Oto 1t ppm® Level D Prlor to purging well { Daily
Detector (FID): surface water sampling 1 to 5 ppm® Level C
5 to 50 ppm™ Level B
OVA-128 > than 50 ppm* Stop work; re-evaluate
Radiation Meter: Qroundwater and Bckgrnd Continue work Prior to purging well | Daily
surface water sampling > 3 x Bekgrnd Consult RHM® as needed in
Alpha Scintillation Detector | and in treatability study > 2 mR/hr Establish REZ’ treatabllity laboratory
laboratory

Note 1: expl = explosion Note 2: pot = potential Note 3: def = deficlent Note 4: ab = above background
Note 5: N/A = not applicable Note 6: RHM = Radiation Heaith Manager Note 7: REZ = radiation exclusion zone

oL
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6.1 CALIBRATION SPECIFICATION

Instrument

Gas

Span

Reading

Method

PID: HNU, 10.2 ev probe

100 ppm isobutylene 9.8 + 2.0

55 ppm

1.5 /m reg
T-tubing

0.25 I/m reg
direct tubing

PID: HNU, 11.7 ev probe

100 ppm isobutylene 50+ 20

68 ppm

1.5 /m reg
T-tubing

0.25 i/m reg
direct tubing

FID: OVA-128

100 ppm methane 3015

100 ppm

1.5 /m reg
T-tubing

6.2 RADIOLOGICAL MONITORING EQUIPMENT AND PROCEDURES

Radiation Exposure:

Radiation exposure levels will be continuously monitored with portable instrumentation.
Depending on the site, such instrumentation may include a simple personal monitor such as a
Victoreen "Mini-Rad," ranging to more sophisticated portable G.M. or scintillation radiation
detector instruments. Choice of instrumentation will be based on the site hazard evaluation and

will be made after consultation with the company Radiation Health Officer (RHO).

Personnel Monitoring (External and Internal Dosimetry):

Personnel will wear thermoluminescent dosimeters (TLDs) for measurement of external radiation
dose. In addition, self-reading dosimeters (SRDs) are required for work in radiation areas (areas

where the exposure rate is greater than 2.5 mR/hr).

quarterly basis.

TLDs will be processed on at least a

Personnel who work in radiologically controlled areas will participate in a routine bioassay
(internal dosimetry) program. This program will include baseline sampling to determine if
previous uptakes of radioactive material have occurred, as well as routine bioassay sampling
The scope of the bioassay
program will be site-specific and must be determined in advance with the assistance of the

during fieldwork to detect any uptake of radioactive material.

company RHO.

Posting:

Areas where radioactive materials are present and/or elevated radiation fields may be present,
must be posted as a Controlled Area at a minimum. When exposure rates reach 2.5 mR/hr or
greater, the area must be posted as a "Radiation Area" at a minimum.

10011F26.DEN
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Contamination Control:

Samples taken in a radiologically controlled area (or at a site where radioactive materials may be
present) will be surveyed with a G.M. pancake detector to determine gross beta/gamma
contamination levels, and with an alpha scintillation detector if alpha contamination is suspected.
Instruments or equipment used for well data or sample collection and analysis will be surveyed
with a G.M. pancake detector as they are withdrawn from the well or borehole. Intermittent
checks for alpha contamination will be made if alpha contamination is a possibility.

Personnel working in a radiologically controlled area must monitor periodically (at 2 minimum
between samples, at breaks, and prior to exit from the site) for personal contamination. Proper
techniques for checking for personal contamination shall be used. Limits for equipment are
listed in Table 1.

Radiation Work Permits:

A Radiation Work Permit (RWP) is required in advance for work for which any of the following
conditions are anticipated or possible:

* When an individual may receive a radiation dose in excess of 20 mrem to the total body
or 300 mrem to the extremities during the work shift.

 When an individual may be exposed to airbome concentrations of radioactive material in
excess of the 40-hr week guide for that material (Derived Air Concentration [DAC] or
Maximum Permissible Concentration [MPC])).

+ If radiologically controlled area posting is required to control the spread of known or
suspected contamination.

« When intrusive characterization efforts may encounter radioactive contaminants of
unknown types and/or concentrations.

Health Physics Coverage:

Health physics technicians are assigned monitoring responsibilities for locations with known
radioactive contamination or radiation exposure rates greater than background. These
technicians are responsible for determining natural background radiation exposure levels in
areas known to be free of contamination, delineating areas of elevated radiation exposure and/or
contamination, and monitoring personnel and equipment for radiation exposure and
contamination.

12
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Action Levels—External Radiation Exposure:

Background to 2.5 mR/hr—continue routine operations.

2.5 mR/hour to 10 mR/hr—alert level; recheck for proper operation of radiation monitoring
equipment, monitor radiation level every 10 minutes; take special care to minimize the
possibility of inhalation or ingestion of related materials. Notify the Project Manager and the
PGDP staff. If the area is outside of posted radiation areas, determine the boundary for the
area above 2.5 mR/hr and mark and post it as a radiation area as specified in DOE 5480.11
and the CH2M HILL RSP manual. An RWP is required for work in a radiation area. If an
RWP has not been approved in advance, work must stop untii an RWP is initiated and
approved.

Above 10 mR/hr—provide for orderly shutdown of sampling or monitoring operations without
sacrifice of program integrity. Determine area of radiation readings above 2.5 mR/hr and
post it. Notify Project Manager and the PGDP staff, and do not reenter area until plan is
amended.

Above 20 mR/hour—provide for orderly shutdown of sampling and monitoring activities and
evacuate area as quickly as possible. Notify Project Manager and PGDP staff. Working from
outside the area, determine the boundary for the area above 2.5 mR/hr and mark and post it.

in accordance with DOE and NRC regulations, if project work activities result in radiation
levels in any area outside of the site such that a major portion of a person’s body could be
exposed to a dose of 5 mrem over 1 hour or 100 mrem over a period 5 consecutive days, the
area will be posted as a radiation area and secured to minimize the potential for radiation
exposure to members of the public.

Action Levels—Surface Contamination:

DOE Order 5480.11 specifies radiation levels of surface contamination for uncontrolled release of
materials. The levels are the same as those in U.S. NRC Regulatory Guide 1.86 and American
National Standards Institute, Inc. (ANSI) draft Standard N13.12. Surveys of material or equipment
for unrestricted release will be conducted using RSP Procedure 7.0, *Evaluation of Surface
Contamination on Articles to be Released for Unrestricted Use." In most cases, information on
the isotopic breakdown of contamination will not be available because clearance surveys will be
performed using gross « and gross B/y counting techniques. The release criteria species in
Table 1 are therefore set at the most restrictive limits recommended by DOE and NRC for
unknown isotopes.

13
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Table 1
Recommended Maximum Contamination Guide for
Unrestricted Release of Equipment or Material

Direct Survey Transferrable (Smear
Survey)
Alpha | Beta Gamma Alpha |  Beta Gamma
DPM/100 cm?® DPM/100 cm?® h
200 1,000 20 200°

*Except I-125, I-129, and Ac-227 for which the guide is
20 DPM/100 cm?.

Note: No 100 cm? area to average greater than this value.

These criteria for surface contamination will be used for assessing surface contamination of
sampling equipment and boots and clothing. The control of surface contamination is important
for health and safety and is also important to prevent contamination of samples. Fixed and
removable contamination levels should be determined using the most sensitive instrumentation
available.

Portable field instrumentation (i.e., thin-end window GM detectors for beta-gamma, and alpha
scintillation detectors) should be used at a minimum during sampling operations to determine
gross fixed plus removable contamination levels.

Removable contamination levels should be determined using low contamination background
smear counting systems. Removable surveys should be conducted periodically (at least twice
each day) during field sampling operations.

RESIDUALS HANDLING:

Precipitate and used filters from the treatability studies laboratory may contain residual
radionuclides. This section will address proper handiing techniques.

14
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7.0 DECONTAMINATION SPECIFICATION (REFERENCE STANDARDS OF PRACTICE)

Personnel Sample Equipment Heavy Equipment
¢ Boot wash/rinse = Wash/rinse equipment « Power wash
‘e Glove wash/rinse » Soivent rinse equipment o Steam clean
e Outer glove removal e Solvent disposal method: ¢ Water disposal method:

e Body suit removal

¢ Inner glove removal

» Respirator removal

¢ Hand wash/rinse

s Face wash/rinse

e Shower ASAP

e PPE disposal method:

¢ Water disposal
method:

7.1 DIAGRAM OF PERSONNEL DECONTAMINATION LINE

8.0 SPILL CONTAINMENT PROCEDURES

15
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9.0 WORK PROCEDURES

9.1 WORK PRACTICES

o No spark sources within exclusion or decontamination zones or laboratory.

» Avoid visibly contaminated areas. '

e No eating, drinking, or smoking in contaminated areas, or exclusion or decontamination
zones.

SSC to establish areas for eating, drinking, smoking.

No contact lenses in exclusion or decontamination zones.

No facial hair that would interfere with respirator fit if Level C or B is anticipated.

Site work will be performed during daylight hours whenever possible. Any work conducted
during hours of darkness will require enough illumination intensity *to read a newspaper
without difficulty.*

9.2 SITE CONTROL MEASURES

 Site safety coordinator (SSC) to conduct site safety briefing (see below) before starting field
activities, or as tasks and site conditions change.
SSC records safety briefing attendance in logbook, and documents topics discussed.
Post OSHA job site poster in a central and conspicuous location at the site.
Determine wind direction.
Establish work zones: support, decontamination, and exclusion zones, and delineate work
zones with flagging or cones as appropriate. Support zone upwind of site.
Establish decontamination procedures, including respirator decontamination procedures, and
test.
Utilize access control at the entry and exit from each work zone.
Chemicals to be stored in proper containers.
MSDSs are available for onsite chemicals employees exposed to.
Establish onsite communications. These should consist of.
- Line of sight/hand signals
- Air horn
- Two-way radio or cellular phone it available
« Establish emergency signals. For example:
- Grasping throat with hand—~EMERGENCY--HELP ME
- Grasping buddy wrist-LEAVE AREA NOW
- Thumbs up--OK, UNDERSTOOD
Two short blasts on air homn-ALL CLEAR
Continuous air horn-EMERGENCY-EVACUATE
Establish offsite communications.
Establish "buddy* system.
Establish procedures for disposal of material generated onsite.
Initial air monitoring conducted by SSC in appropriate level of protection.
SSC to conduct periodic inspections of work practices to determine effectiveness of this plan.
Deficiencies to be noted and corrected.

location of work zones; PPE requirements; equipment; special procedures; emergencies.
« Laboratory analyses are to be conducted in a certified laboratory safety ventilation hood.

« Site safety briefing topics: general discussion of health and safety plan; site specific hazards; "

16
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10.0 EMERGENCY RESPONSE PLAN (REFERENCE STANDARD OR PRACTICE)

10.1 PRE-EMERGENCY PLANNING

The SSC performs the applicable pre-emergency planning tasks before starting field activities
and coordinates emergency response with the facility and local emergency service providers as
appropriate.

Locate nearest telephone to the site and inspect onsite communications.

Locate chemical, safety, radiological, biological hazards.

Confirm and post emergency telephone numbers and route to hospital.

Post site map marked with location of emergency equipment and supplies.

Review emergency response plan for applicability to any changed site conditions, alterations

in onsite operations, or personnel availability.

Evaluate capabilities of local response teams. .

o Where appropriate and acceptable to the client, infform emergency room/ambulance service
and emergency response teams of anticipated types of site emergencies.

» Designate one vehicle as the emergency vehicle; place hospital directions and map inside;
keep keys in ignition during field activities.

» Inventory and check site emergency equipment and supplies.

vapor releases with field personnel.

Locate onsite emergency equipment and supplies of clean water. _
Verify local emergency contacts, hospital routes, evacuation routes, and assembly points.
Drive route to hospital.

Review names of onsite personnel trained in first aid and CPR. )

Review notification procedures for contacting CH2M HILL's medical consultant and team
member’s occupational physician.

Rehearse the emergency response plan once prior to site activities.

« Brief new workers on the emergency response plan.

Review emergency procedures for personnel injury, exposures, fires, explosions, chemical and

10.2 EMERGENCY EQUIPMENT AND SUPPLIES

The SSC marks the locations of emergency equipment on the site map and posts the map in the
support zone.

20 b ABC fire extinguisher
Industrial first aid kit

Facility emergency equipment:
Additional emergency equipment:

17
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10.3 EMERGENCY MEDICAL TREATMENT

+ The SSC will assume charge during a medical emergency until the ambulance arrives, or the
injured person is admitted to the emergency room.

Prevent further injury.

Initiate first aid and CPR.

Call the ambulance and hospital.

Determine if decontamination will make injury worse. Yes—seek medical treatment immediately.
Make certain that injured person is accompanied to emergency room.

Notify the Project Manager of the injury.

Notify the District or Regional Health and Safety Manager.

Notify the injured person’s human resources department.

Prepare an incident report to the Site Health and Safety Officer.

10.4 EVACUATION

» Evacuation routes will be designated by SSC prior to beginning of work.

+ Onsite and offsite assembly points will be designated prior to beginning of work.

o Personnel will exit the exclusion zone and assemble at the onsite assembly point upon
hearing the emergency signal for evacuation of the exclusion zone.

» Personnel will assemble at the offsite point upon hearing the emergency signal for a site
evacuation.

+ The SSC and a "buddy* will remain onsite after the site has been evacuated (if possible) to
assist local responders and advise them of the nature and location of the incident.

« SSC accounts for all personnel in the onsite assembly zone.

» A person designated by the SSC (prior to work) will account for personnel at the offsite
assembly area.

« The SSC is to write up the incident as soon as possible after it occurs, and submit a report to
the Corporate Director Health and Safety.

10.5 EVACUATION ROUTES AND ASSEMBLY POINTS
10.6 EVACUATION SIGNALS
Exclusion Zone 1' Shte
18
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11.0 EMERGENCY RESPONSE TELEPHONE NUMBERS

SITE ADDRESS: Phone:

Police: Phone: 911 (verify)
Address:

Fire: Phone: 911 (verify)
Address:

Ambulance: Phone: 911 (verify)
Address:

Water: Phone:

Gas: Phone:

Electric: Phone:

Hospital: Phone:

Address:

Route To Hospital: (Refer to map Page 20.)

11.1 GOVERNMENT AGENCIES INVOLVED IN PROJECT

Federal: Phone:
State: Phone:
Local: Phone:
— =
19
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THIS PAGE RESERVED FOR MAP OF ROUTE TO HOSPITAL
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120 EMERGENCY CONTACTS

Medical Consultant

Occupational Physician (Regional or Local)

Corporate Director Health and Safety

Name:
Phone:

Site Safety Coordinator (SSC)

Name:
Phone:

District Health and Safety Manager (DHSM)

Name:
Phone:

Regional Manager

Name:
Phone:

Regional Health and Safety Manager
(RHSM)

Name:
Phone:

Project Manager

Name:
Phone:

Radiation Health Manager (RHM)

Reglonal Human Resources Department

Name: Name;
Phone: Phone:
Client Corporate Human Resources Department
Name:
Phone:
If an injury occurs, notify the injured person’s
personnel office as soon as possible after
obtaining medical attention for the injured.
Notification MusT be made within 24 hours of
the injury.
21
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13.0 PLAN APPROVAL

This site safety plan has been written for use by

claims no

responsibility for its use by others, unless specified and def ned in project or contract
documents. The plan is written for the specific site conditions, purposes, dates, and personnel
specified and must be amended if these conditions change.

PLAN WRITTEN BY:

DATE:

“ PLAN APPROVED BY:

DATE:

13.1 PLAN AMENDMENTS

DATE: CHANGES MADE BY:

CHANGES TO PLAN:

APPROVED:

DATE:

13.2 PLAN AMENDMENTS

DATE: CHANGES MADE BY:

CHANGES TO PLAN:

APPROVED:

DATE:

14.0 ATTACHMENTS TO PLAN

Attachment 1: Employee signoff
Attachment 2: Form 533

Attachment 3: Applicable MSDSs

———
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ATTACHMENT 1

EMPLOYEE SIGNOFF

The employees listed below have been provided a copy
and understood it, and agree to abide by its provisions.

of this health and safety plan, have read

EMPLOYEE NAME

EMPLOYEE SIGNATURE / DATE

1001180E.DEN

Revised 10-14-91




ATTACHMENT 2

FORM 533
RECORD OF HAZARDOUS WASTE FIELD ACTIVITY

SITE NAME:

SITE SAFETY COORDINATOR:
PROJECT NUMBER:

RECORD OF ACTIVITIES FOR (DATES):

EMPLOYEE TOTAL DAYS DAYS IN DAYS IN DAYS IN DAYS AS SSC | DAYS AS SSC | DAYS AS SSC ACTIVITIES

NAME/NUMBER ONSITE LEVEL B LEVELC LEVELD LEVELSB LEVELC LEVELD PERFORMED

ve
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ATTACHMENT 3

APPLICABLE MSDSs

This attachment will be added to conform to site-specific requirements.

25
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Approved By:
TITLE: Appendix C,
Quality Assurance Addendum for the lon
Exchange Treatability Study Work Plan / /
Name (Date)

APPENDIX C. QUALITY ASSURANCE ADDENDUM FOR THE
ION EXCHANGE TREATABILITY STUDY WORK PLAN

This appendix consists of the Quality Assurance Addendum (QAA) for thel IX Treatability Study Work
Plan. This QAA supplements the *Rocky Flats Plant Sitewide Quality Assurance Project Plan for
CERCLA Remedial Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective Mea-
sures Studies Activities® (QAPjP). (The IX TSWP refers to those sections of the Treatability Study
Work Plans for lon Exchange and Adsorption Process covering only the IX Process.)

The Rocky Flats Plant (RFP) Treatability Studies Plan (TSP) identified ion exchange as a candidate
remediation technology to evaluate for the removal of metals and radionuclides in groundwater and
surface water. The purpose of the IX Treatability Study Work Plan is to describe the testing proce-
dures for screening selected IX media for their capability to remove metals and selected radionu-
clides from groundwater and surface water samples collected from the RFP. The purpose of this
QAA is to establish the study-specific management and process quality controls that are applicable
to the treatability tests described in the Treatability Study Work Plan for IX Processes.

The IX treatability tests will consist of bench-scale, multiple-column tests on selected resins and
polymers to determine the relative effectiveness of the IX process. In order to select the most
appropriate materials for removing each contaminant, operational characteristics of the resins, such

as loading capacity, regeneration properties, and breakthrough characteristics will be investigated.
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C.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G Rocky Flats and the Environmental Restoration (ER) Management
Organization responsible for implementing the ER Program activities at the RFP is presented in
Section 1.0 of the QAPjP. Functional responsibilities are also described in Section 1.0 of the QAPjP.

The project-specific organization for the IX treatability tests described in the IX Treatability Study
Work Plan (TSWP) is presented in Figure C-1.

C.2 QUALITY ASSURANCE PROGRAM

The QAPjP was written to address QA controls and requirements for implementing ER Program
activities, as required by the RFP Interagency Agreement (IAG). The content of the QAPjP was
driven by Department of Energy (DOE) Order 5400.1, the RFP QA Manual (RF QAM), and the IAG.
DOE 5400.1 and the RF QAM both require a QA program to be implemented based on American
Society of Mechanical Engineers (ASME) NQA-1, "Quality Assurance Requirements for Nuclear Facil-
ties." The IAG specifies development of a QAPjP in accordance with the Environmental Protection
Agency (EPA) QAMS-005/80, "interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans." The 18-element format of NQA-1 was selected as the basis for both the QAPjP and
subsequent QAAs with the applicable elements of QAMS-005/80 incorporated where appropriate.
Figure 2-1 of Section 2.0 of the QAPjP illustrates where the 16 QA elements of QAMS-005/80 are
integrated into the QAPjP and also into this QAA. Section 2.0 of the QAPjP also identifies other DOE
Orders and QA requirements documents to which the QAPjP and this QAA are responsive.

The quality assurance requirements addressed in the QAPjP are applicable to the IX treatability
tests, unless specified otherwise in this QAA. Where sitewide administrativé and process controls
are applicable to IX tests, the applicable section of the QAP]P is referenced in this QAA. Study-spe-
cific quality administrative and process controls that are applicable to the IX treatability testing (that
may not have been addressed on a sitewide basis in the QAPjP) are addressed in this QAA. Many
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Health and
Safety
Director

EG&G
Program Manager

Health and
Safety
Officer

Project Manager

Quality
Assurance
Director

Quality
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Assurance
Officer

Field

Sampling
Supervisor
* Sampling Personnel

Laboratory
Treatability

Supervisor
» Lab Technicians

Treatability
Study Report
(TSR)
Supervisor
* Report Personnel

Figure C-1
MANAGEMENT ORGANIZATION
ROCKY FLATS ION EXCHANGE TSWP
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of the quality process controls specific to the IX testing to be conducted are addressed in the IX
TSWP and are referenced in this QAA.

C.2.1 Training

The minimum personnel qualification and training requirements that are applicable to EG&G and
subcontractor staff for RFP ER Program activities are addressed in Section 2.0 of the QAPjP. All
EG&G and subcontractor staff working on the IX treatability tests, including those collecting ground-
water and surface water samples from the RFP, shall be trained in the procedures that are applica-
ble to their assigned tasks. These procedures include the IX bench-scale testing procedures
described in Section 6.0 of the TSWP, the EM Operating procedures referenced in Appendix A of
the TSWP, and the laboratory analytical procedures that are applicable to the analytical methods
referenced in Section 6.0. In addition to procedures training, EG&G and subcontractor personnel
shall receive training on the applicable process control requirements of the QAPjP and the IX TSWP
(including this QAA). Training may consist of formal classroom training, on-the-job training, brief-
ings, or reading assignments. Training must be recorded, with verifiable documentation of training
submitted to the EG&G Project Manager prior to implementing the IX sample collection and testing
activities described in the IX TSWP.

EG&G and subcontractor personnel shall also be qualified to perform the tasks they have been
assigned. Personnel qualifications must be documented, with documentation of qualification verified
by the EG&G Project Manager in accordance with EM administrative procedure 3-21000-ADM-02.02,
Personnel Qualifications.

C.2.2 Quality Assurance Reports to Management
A QA summary report will be prepared annually or at the conclusion of the IX treatability testing
activities (whichever is more frequent) by the EG&G Environmental Quality Support Manager

(EQSM). This report should include a summary of field operation and sampling oversight inspec-
tions, laboratory assessments, surveillance, and a report on data verification/validation results.
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C.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS
C.3.1 Deslign Control

The IX TSWP describes the experimental design and contains the detailed testing procedures for
the treatability study for the IX processes. The work plan also identifies the objectives of the treat-
ability tests; specifies the sampling, testing, analysis, and data management requirements; identifies
applicable field operations and sampling procedures to provide controls for the sampling process;
and presents the methods to be used to evaluate and report the results of the multicolumn bench-
scale tests. As such, the IX TSWP is considered the environmental investigation control plan for the

IX treatment process evaluation.
C.3.2 Data Quality Objectives

The development of Data Quality Objectives (DQOs) for the IX treatability study was presented in
Section 4.0 of the IX TSWP. The DQOs were established in general accordance with the 3-stage
process described in EPA/540/G-87/003 (OSWER Directive 9335.0-7B), Data Quality Objectives for
Remedial Response Activities and Appendix A of the QAPjP. Table 4-1 of the IX TSWP summarizes
the data needs, the sample collection and analysis activities necessary to generate the type of data
needed to evalfuate the IX treatability tests, identifies the appropriate analytical levels for the contami-
nants of'concern, and summarizes the data uses for the components of IX treatability study.

Data quality is typically measured in terms of precision, accuracy, representativeness, comparability,
and completeness (also referred to as PARCC parameters). Precision, accuracy, and completeness
are quantitative measures of data quality, while representativeness and comparability are qualitative
statements that express the degree to which sample data represent actual conditions and describe
the confidence of one data set to another. These parameters are defined in Appendix A of the
QAPjP. Precision and accuracy objectives for analytical measurements of Target Analyte List metals,
radionuclides of interest, and the water quality parameters are as specified in Appendix A of the
QAPjP (these objectives consist of the historical measures of precision and accuracy for the method
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of analysis, and +20 percent recovery and 20 percent relative percent difference for total dissolved
solids for accuracy and precision respectively).

C.3.3 Sampling Locations and Sampling Procedures

Sampling associated with the IX treatability study consists of collecting groundwater and surface
water samples for conducting the treatability tests (referred to as treatability study samples), influent
and effluent water samples prior to and following the initial column screening tests (referred to in
Table 4-1 of the IX TSWP as capability tests).

Tables A-1 and A-2 in Appendix A of the X TSWP describes how sampling locations will be selected
at the RFP for collecting the groundwater and surface water treatability study samples. subsec-
tion A.1.2 identifies the EM Operating Procedures that will be adhered to when collecting these
treatability study samples.

The concentration of TAL metals, radionuclides, Chromium IV, and water quality parameters (which
are identified in Table 4-2 of the IX TSWP) in groundwater and surface water from the sampling loca-
tions at the RFP will be determined prior to initial column testing (i.e., influent water) by collecting
samples for analysis at the same time the treatability study samples are collected. Influent charac-
terization samples will be collected in the same manner, from the same locations, at the same time
as the groundwater and surface water samples are collected for testing (i.e., according to the EM
OPS identified in subsection A.1.2). These samples will be screened for radioactivity levels in accor-
dance with EM OPS 5-21000-OPS-FO.18, Environmental Radioactivity Content Screening, prior to
shipment to the laboratory for analyses. Indicator parameters shall be measured in the field accord-
ing to OPS identified in subsection A.1.2.

The concentration of TAL metals and radionuclides in column effluent will be determined for the

initial screening tests by collecting samples for laboratory analysis as described in Step 7 of Sec-
tion 6.4.2 of the IX TSWP. These samples will be collected by running the column effluent line into
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samples bottles rather than the effluent tank. In addition to these samples, the pH of the effluent will
be measured prior to and following collection of these samples.

The detailed 1X column tests will be conducted such that breakthrough of various contaminants will
occur during the course of testing. After a sufficient amount of composite raw water (RFP ground-
water and surface water) is run through the column to achieve breakthrough, samples of the regen-
erant waste will be collected from the effluent line for analyses of TAL metals and radionuclides. In
order to determine when breakthrough occurs, samples will be collected periodically during the
column tests and screened at the testing laboratory for metat and radionuclides concentration by
the testing contractor.

-~

C.3.4 Analytical Procedures

Influent and effluent water samples and regenerate waste water samples that are sent to analytical
laboratories for analyses of TAL metal and radionuclide concentrations will be analyzed according to
EPA Contract Laboratory Program (CLP) methods referenced in Parts A and B of the RFP General
Radiochemistry and Routine Analytical Services Protocol (GRRASP). The concentration of water
quality parameters in initial test influent waters that are identified in Table 4-2 of the IX TSWP, shall
be determined according to the analytical methods referenced in Table 44 of Part A of the GRRASP.

C.3.5 Equipment Decontamination

Sampling equipment that is used at more than one field location shall be decontaminated between
sampling locations in accordance with OPS-FO.03, General Equipment Decontamination.

C.3.6 Quality Control
Quality control requirements for surface and groundwater samples collected for characterization of

influent test water shall consist of collecting an equipment rinsate blank from at least one of the four
sample locations for analysis of TAL metals and radionuclides and water quality parameters of
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interest. At the discretion of the project manager, a duplicate influent characterization sample may
be collected along with the influent characterization samples. Trip blanks are not required, since

organics will not be analyzed for.

Quality control for analyzing effluent from the initial screening tests shall consist of collecting dupli-
cate samples of effluent from each column test for analysis as specified in Step 7 of subsec-
tion 6.4.2 of the TSWP.

Laboratory analytical quality control (QC) requirements applicable to the IX treatability study are
identified in Table 4-2 of the IX TSWP.

C.3.7 Quality Assurance Monitoring

To assure the overall quality of the IX treatability testing, EG&G may conduct field inspections of the
surface and groundwater sampiing process and surveillance of the column testing at the testing
laboratory. Field inspections, if conducted, shall be performed in accordance with the requirements
of Section 10.0 of the QAPjP. Surveillance of the column testing, if conducted, shall be performed in
accordance with requirements of Section 18.0 of the QAPjP.

C.3.8 Data Reduction, Validation, and Reporting

Observational data from screening tests and analytical data from treatability influent and effluent
characterization will be managed as specified in Section 7.0 of the IX TSWP. Analytical data will be
evaluated to determine validity of the data in accordance with the data validation guidelines identi-
fied in Section 3.0 of the QAPjP. The treatability study results will be presented in a treatability
study report prepared at the conclusion of the treatability study. The report will follow the format
presented in EPA’s Guidance for Conducting Treatability Studies Under CERCLA.

10013112.DEN Final Draft/2-25-93
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C.4 PROCUREMENT DOCUMENT CONTROL

Procurement documents for items and services, including services for conducting the IX treatability
study and laboratory analysis of influent and effluent water samples, shall be prepared, handled,
and controlled in accordance with the requirements and methods specified in Section 4.0 of the
QAPjP.

C.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The IX TSWP describes the field sampling and laboratory testing activities to be performed. The IX
TSWP will be reviewed and approved in accordance with the requirements for instructions, proce-
dures, and drawings outlined in Section 5.0 of the QAPjP.

The EM OPS that are applicable for collection of surface and groundwater samples and manage-
ment and handling of samples and field data are identified in Appendix A of the IX TSWP. The OPS
identified have been approved in accordance with the requirements specified in Section 5.0 of the
QAPjP. Any additional quality-affecting procedures proposed for use but not identified in here or in
the IX TSWP (including Appendix A) will be developed and approved as required by Section 5.0 of
the QAPjP prior to performing the affected activity.

Changes and variances to approved operating procedures and the IX TSWP shall be documented
through preparation of Document Change Notices (DCNs), which will be prepared, reviewed, and
approved in accordance with requirements specified in Section 5.0 of the QAPjP.

C.6 DOCUMENT CONTROL

The following documents will be controlled in accordance with Section 6.0 of the QAPjP:

. Treatability Study Work Plan for lon Exchange Process.
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. *Rocky Flats Plant Sitewide Quality Assurance Project Plan for CERCLA Remedial

Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective Mea-
sures Studies Activities® (QAPjP).

. EM Operating Procedures (all operating procedures specified in the IX TSWP).
C.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Subcontractors who provide services to support the IX treatability study will be selected and evalu-
ated as outlined in Section 7.0 of the QAPjP. This includes preaward evaluation/audit of proposed
subcontractors as well as periodic assessment of the acceptability of subcontractor performance
during the program. Any items or materials that are purchased for use during the IX treatability
study that have the potential of affecting the quality of the data should be inspected upon receipt.

C.8 IDENTIFICATION AND CONTROL
OF ITEMS, SAMPLES, AND DATA

IX treatability study samples and laboratory analytical samples shall be identified and controlled in
accordance with Section 8.0 of the QAPjP. This includes identifying samples, establishing the chain-
of-custody (COC) of samples, recording the information in COC forms, and handling, storing and
shipping of samples in accordance with 5-21000-OPS-FO.13, Containerizing, Preserving, Handling,
and Shipping Samples. An exception to the container requirements of FO.13 for the treatability
study samples consists of collecting samples for shipment to the testing laboratory in 12-galion plas-

tic drums.
C.9 CONTROL OF PROCESSES
The overall processes of collecting and analyzing samples and conducting IX treatability study tests

requires control. The processes are controlied by adhering to the IX TSWP and the sampling and
analytical procedures identified therein.
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C.10 INSPECTION

Inspection of field sampling activities shall be conducted in accordance with Section 10.0 of the
QAPjP.

C.11 TEST CONTROL

The IX treatability testing process will be controlled by adhering to the experimental design and
testing procedures described in Section 6.0 of the IX TSWP. Additional detailed testing procedures
may be developed as additional knowledge of the specific characteristics of the treatability study
water becomes available. All observations, parameter inputs (e.g., flow volumes, time, chemical
additions), and parameter measurements (e.g., flow rate and pH) will be recorded in laboratory test-

ing logbooks.

C.12 CONTROL OF MEASURING AND
TEST EQUIPMENT (M&TE)

Laboratory equipment that is used in the IX treatability study will be identified in logbooks by model
number and manufacturer’s serial number, or suitable substitute identification number. Laboratory
equipment will include a pH meter and peristattic pump. The equipment will be used, calibrated,
and maintained in accordance with the manufacturer's instructions. A file shall be maintained by the

testing contractor that contains:

. Specific model and instrument serial number
. Operating instructions
. Routine preventative maintenance procedures, including a list of critical spare parts

to be provided or made available
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) Calibration methods, frequency, and description of the calibration solutions
. Standardization procedures (traceability to nationally recognized standards)
. Source of calibration standard solutions, as applicable

C.13 HANDLING, STORAGE, AND SHIPPING

IX treatability study and influent and effluent samples shall be packaged, transported, and stored in
accordance with Appendix A of the IX TSWP and 5-21000-OPS-FO.13.

C.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of inspection, test, and operating status specified in Sec-
tion 14.0 of the QAPjP do not apply to the IX treatability study.

C.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and disposition of nonconforming items,
samples, and data will be implemented as specified in Section 15.0 of the QAPjP. Nonconform-
ances identified by the laboratory testing contractor shall be submitted to EG&G for processing as
outlined in the QAPjP.

C.16 CORRECTIVE ACTION
The requirements for the identification, documentation, and verification of corrective actions for con-
ditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP. Conditions

adverse to quality identified by the testing contractor shall be documented and submitted to EG&G
for processing as outlined in the QAPjP.
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C.17 QUALITY ASSURANCE RECORDS

QA records produced during implementation of the IX treatability study will be handled and man-
aged in accordance with the requirements of Section 17.0 of the QAPjP and 3-21000-ADM-17.01,
Records Management. QA records to be produced during this study include but are not limited to

the following:

Field sampling data forms from the sampling and operations OPS identified in
Appendix A of the IX TSWP (field sampling records shall be submitted to the ER
records custodian in accordance with OPS-FO.02, Field Document Control).

Analytical laboratory data packages, which will include the information specified for
data packages specified in Parts A and B of the GRRASP.

IX treatability testing logbooks.

Standard bench sheets, as applicable.

Monthly progress reports.

IX Treatability testing procedures.

IX Treatability Study Report.

C.18 QUALITY VERIFICATION

The requirements for the verification of quality shall be implemented as specified previously in sub-

section C.3.7 of this appendix.
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A Readiness Review shall be conducted by the EQSM prior to implementing the IX Treatability study
(including prior to collecting treatability study surface and groundwater samples). The readiness
review will determine if all activity prerequisites have been met that are required to begin work. The
applicable requirements of the QAPjP, the IX TSWP (including Appendix A), and this QAA will be

- addressed.

C.19 SOFTWARE CONTROL

The requirements for the control of software are not applicable to the IX treatability study.
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APPENDIX D. QUALITY ASSURANCE ADDENDUM TO THE
ADSORPTION TREATABILITY STUDY WORK PLAN

This appendix consists of the Quality Assurance Addendum (QAA) for the Treatability Study Work
Plan for Adsorption Processes. This QAA supplements the "Rocky Flats Plant Sitewide Quality
Assurance Project Plan for CERCLA Remedial Investigation/Feasibility Studies and RCRA Facility
Investigations/Corrective Measures Studies Activities® (QAPjP). (The Adsorption TSWP refers to
those sections of the Treatability Study Work Plans for lon Exchange and Adsorption Processes cov-

ering only the adsorption process.)

The Rocky Flats Plant (RFP) Treatability Studies Plan (TSP) identified adsorption as a candidate
remediation technology to evaluate for the removal of metals and radionuclides in groundwater and

surface water. The purpose of the Adsorption Treatability Study Work Plan is to describe the testing
procedures for screening selected adsorption media for their capability to remove metals and
selected radionuclides from groundwater and surface water samples collected from the RFP. The

purpose of this QAA is to establish the study-specific management and process quality controls that
are applicable to the treatability tests described in the Treatability Study Work Plan for Adsorption

Processes.

The adsorption treatability tests will consist of bench-scale, multiple-column tests on selected adsor-
bents to determine the relative effectiveness of the process. in order to select the most appropriate

materials for removing each contaminant, operational characteristics of the adsorbents, such as
loading capacity, regeneration properties, and breakthrough characteristics will be investigated.
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D.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G Rocky Flats and the Environmental Restoration (ER) Management
Organization responsible for implementing the ER Program activities at the RFP is presented in
Section 1.0 of the QAPjP. Functional responsibilities are also described in Section 1.0 of the QAPjP.

The project-specific organization for the absorption treatability tests described in the Adsorption
Treatability Study Work Plan (TSWP) are presented in Figure D-1.

D.2 QUALITY ASSURANCE PROGRAM

The QAPjP was written to address QA controls and requirements for implementing ER Program
activities, as required by the RFP Interagency Agreement (IAG). The content of the QAPjP was
driven by Department of Energy (DOE) Order 5400.1, the RFP QA Manual (RF QAM), and the IAG.
DOE 5400.1 and the RF QAM both require a QA program to be implemented based on American
Society of Mechanical Engineers (ASME) NQA-1, *Quality Assurance Requirements for Nuclear Facil-
ities." The IAG specifies development of a QAPjP in accordance with the Environmental Protection
Agency (EPA) QAMS-005/80, "Interim Guidelines and Specifications for Preparing Quality Assurance
Project Plans.* The 18-element format of NQA-1 was selected as the basis for both the QAPjP and
subsequent QAAs with the applicable elements of QAMS-005/80 incorporated where appropriate.
Figure 2-1 of Section 2.0 of the QAP]P illustrates where the 16 QA elements of QAMS-005/80 are
integrated into the QAP;jP and also into this QAA. Section 2.0 of the QAPjP also identifies other DOE
Orders and QA requirements documents to which the QAPjP and this QAA are responsive.

The quality assurance requirements addressed in the QAPjP are applicable to the adsorption treat-
ability tests, unless specified otherwise in this QAA. Where sitewide administrative and process con-
trols are applicable to adsorption tests, the applicable section of the QAPjP is referenced in this
QAA. Study-specific quality administrative and process controls that are applicable to the adsorp-
tion treatability testing that may not have been addressed on a sitewide basis in the QAPjP are
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addressed in this QAA. Many of the quality process controls specific to the adsorption testing to be
conducted are addressed in the adsorption TSWP and are referenced in this QAA.

D.2.1 Tralning

The minimum personnel qualification and training requirements that are applicable to EG&G and
subcontractor staff for RFP ER Program activities are addressed in Section 2.0 of the QAPjP. All
EG&G and subcontractor staff working on the adsorption treatability tests, including those collecting
groundwater and surface water samples from the RFP, shall be trained in the procedures that are
applicable to their assigned tasks. These procedures include the adsorption bench-scale testing
procedures described in Section 19.0 of the TSWP, the ERM Operating procedures referenced in
Appendix A of the TSWP, and the laboratory analytical procedures that are applicable to the analyti-
cal methods referenced in Section 19.0. In addition to procedures training, EG&G and subcontrac-
tor personnel shall receive training on the applicable process control requirements of the QAPjP and
the adsorption TSWP (including this QAA). Training may consist of formal classroom training, on-
the-job training, briefings, or reading assignments. Training must be recorded, with verifiable docu-
mentation of training submitted to the EG&G Project Manager prior to implementing the adsorption
sample collection and testing activities described in the adsorption TSWP.

EG&G and subcontractor personnel shali also be qualified to perform the tasks they have been
assigned. Personnel qualifications must be documented, with documentation of qualification verified
by the EG&G Project Manager in accordance with ERM administrative procedure

3-21000-ADM-02.02, Personnel Qualifications.

D.2.2 Quality Assurance Reports to Management

A QA summary report will be prepared annually or at the conclusion of the adsorption treatability
testing activities (whichever is more frequent) by the EG&G Environmental Quality Support Manager

(EQSM). This report should include a summary of field operation and sampling oversight inspec-
tions, laboratory assessments, surveillance, and a report on data verification/validation results.
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D.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS

D.3.1 Design Control

The adsorption TSWP describes the experimental design and contains the detailed testing proce-
dures for the treatability study for the adsorption processes. The work plan also identifies the objec-
tives of the treatability tests; specifies the sampling, testing, analysis, and data management
requirements; identifies applicable field operations and sampling procedures to provide controls for
the sampling process; and presents the methods to be used to evaluate and report the results of
the multicolumn bench scale tests. As such, the adsorption TSWP is considered the environmental
investigation control plan for the adsorption treatment process evaluation.

D.3.2 Data Quality Objectives

The development of Data Quality Objectives (DQOSs) for the adsorption treatability study was pre- .
sented in Section 17.0 of the adsorption TSWP. The DQOs were established in general accordance
with the three-stage process described in EPA/540/G-87/003 (OSWER Directive 9335.0-7B), Data
Quality Objectives for Remedial Response Activities, and Appendix A of the QAPjP. Table 17-1 sum-
marizes the data needs, the sample collection and analysis activities necessary to generate the type
of data needed to evaluate the treatability tests, identifies the appropriate analytical levels for the
contaminants of concern, and summarizes the data uses for the components of adsorption treatabil-

ity study.

Data quality is typically measured in terms of precision, accuracy, representativeness, comparability,
and completeness (also referred to as PARCC parameters). Precision, accuracy, and completeness
are quantitative measures of data quality, while representativeness and comparability are qualitative
statements that express the degree to which sample data represent actual conditions and describe
the confidence of one data set to another. These parameters are defined in Appendix A of the
QAPjP. Precision and accuracy objectives for analytical measurements of Target Analyte List metals,
radionuclides of interest, and the water quality parameters are as specified in Appendix A of the
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QAPjP (these objectives consist of the historical measures of precision and accuracy for the method
of analysis, and +20% recovery and 20% relative percent difference for total dissolved solids for
accuracy and precision respectively).

D.3.3 Sampling Locations and Sampling Procedures

Sampling associated with the adsorption treatability study consists of collecting groundwater and
surface water samples for conducting the treatability tests (referred to as treatability study samples),
influent and effluent water samples prior to and following the initial column screening tests (referred
to in Table 17-1 of the adsorption TSWP as adsorption capability tests), and samples of regenerate
wastes from the detailed column tests (referred to in Table 17-1 as adsorption capacity tests).

Appendix A of the TSWP describes how sampling locations will be selected at the RFP for collecting
the groundwater and surface water treatability study samples. Subsection A.1.2 identifies the ERM
Operating Procedures that will be adhered to when collecting these treatability study samples.

The concentration of TAL metals, radionuclides, Chromium IV, and water quality parameters (which
are identified in Table 17-2 of the TSWP) in groundwater and surface water from the sampling loca-
tions at the RFP will be determined prior to initial column testing (i.e., influent water) by collecting
samples for analysis at the same time the treatability study samples are collected. Influent charac-
terization samples will be collected in the same manner, from the same locations, at the same time
as the groundwater and surface water samples are collected for testing (i.e., according to the ERM
OPS identified in subsection A.1.2). These samples will be screened for radioactivity levels in accor-
dance with ERM OPS 5-21000-OPS-FO.18, Environmental Radioactivity Content Screening, prior to
shipment to the laboratory for analyses. Indicator parameters shall be measured in the field accord-
ing to OPS identified in subsection A.1.2.

The concentration of TAL metals and radionuclides in column effluent will be determined for the

initial screening tests by collecting samples for laboratory analysis as described in Step 7 of sub-
section 19.4.3 of the adsorption TSWP. These samples will be collected by running the column
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effluent line into samples bottles rather than the effluent tank. In addition to these samples, the pH
of the effluent will be measured prior to and following collection of these samples.

The detailed adsorption column tests will be conducted such that breakthrough of various contami-
nants will occur during the course of testing. After a sufficient amount of composite raw water (RFP
groundwater and surface water) is run through the column to achieve breakthrough, the regenerate
samples of the regenerate waste will be collected from the effluent line for analyses of TAL metals
and radionuclides. In order to determine when breakthrough occurs, samples wilt be collected per-
iodically during the column tests and screened at the testing laboratory for metal and radionuclides
concentration by the testing contractor.

D.3.4 Analytical Procedures

Influent and effluent water samples and regenerate waste water samples that are sent to analytical
laboratories for analyses of TAL metal and radionuclide concentrations will be analyzed according to
EPA Contract Laboratory Program (CLP) methods referenced in Parts A and B of the RFP General
Radiochemistry and Routine Analytical Services Protocol (GRRASP). The concentration of water
quality parameters in initial test influent waters that are identified in Table 17-2 of the adsorption
TSWP, shall be determined according to the analytical methods referenced in Table 44 of Part A of
the GRRASP.

D.3.5 Equipment Decontamination

Sampling equipment that is used at more than one field location shall be decontaminated between
sampling locations in accordance with OPS-F0.03, General Equipment Decontamination.

D.3.6 Quality Control

Quality control requirements for surface and groundwater samples collected for characterization of
influent test water shall consist of collecting an equipment rinsate blank from at least one of the four
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sample locations for analysis of TAL metals and radionuclides and water quality parameters of inter-
est. At the discretion of the project manager, a duplicate influent characterization sample may be
collected along with the influent characterization samples. Trip blanks are not required, since organ-
ics will not be analyzed for.

Quality control for analyzing effluent from the initial screening tests shall consist of collecting dupli-
cate samples of effluent from each column test for analysis as specified in Step 7 of subsec-
tion 19.4.3 of the TSWP.

Laboratory analytical quality control (QC) requirements applicable to the adsorption treatability study
are identified in Table 17-2 of the adsorption TSWP.

D.3.7 Quality Assurance Monltoring

To assure the overall quality of the adsorption treatability testing, EG&G may conduct field inspec-
tions of the surface and groundwater sampling process and surveillance of the column testing at the
testing laboratory. Field inspections, if conducted, shall be performed in accordance with the
requirements of Section 10.0 of the QAPjP. Surveillance of the column testing, if conducted, shall
be performed in accordance with requirements of Section 18.0 of the QAPjP.

D.3.8 Data Reduction, Validation, and Reporting

Observational data from screening tests and analytical data from treatability influent and effluent
characterization will be managed as specified in Section 20.0 of the adsorption TSWP. Analytical
data will be evaluated to determine validity of the data in accordance with the data validation guide-
lines identified in Section 3.0 of the QAPjP. The treatability study results will be presented in a treat-
ability study report prepared at the conclusion of the treatability study. The report will follow the
format presented in EPA's Guidance for Conducting Treatability Studies Under CERCLA.
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D.4 PROCUREMENT DOCUMENT CONTROL

Procurement documents for items and services, including services for conducting the treatability
study and laboratory analysis of influent and effluent water samples, shall be prepared, handled,
and controlled in accordance with the requirements and methods specified in Section 4.0 of the
QAPjP.

D.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The adsorption TSWP describes the field sampling and laboratory testing activities to be performed.
The adsorption TSWP will be reviewed and approved in accordance with the requirements for
instructions, procedures, and drawings outlined in Section 5.0 of the QAPjP.

The ERM OPS that are applicable for collection of surface and groundwater samples and manage-
ment and handling of samples and field data are identified in Appendix A of the TSWP. The OPS
identified have been approved in accordance with the requirements specified in Section 5.0 of the
QAPjP. Any additional quality-affecting procedures proposed for use but not identified in here or in
the adsorption TSWP (including Appendix A) will be developed and approved as required by
Section 5.0 of the QAPjP prior to performing the affected activity.

Changes and variances to approved operating procedures and the adsorption TSWP shall be docu-
mented through preparation of Document Change Notices (DCNs), which will be prepared,
reviewed, and approved in accordance with requirements specified in Section 5.0 of the QAPjP.
D.6 DOCUMENT CONTROL

The following documents will be controlled in accordance with Section 6.0 of the QAPjP:

. Treatability Study Work Plan for lon Exchange and Adéorption Processes
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. *Rocky Flats Plant Sitewide Quality Assurance Project Plan for CERCLA Remedial

Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective Mea-
sures Studies Activities' (QAPjP)

. ERM Operating Procedures (all operating procedures specified in the adsorption
TSWP).

D.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Subcontractors that provide services to support the adsorption treatability study will be selected and
evaluated as outlined in Section 7.0 of the QAPjP. This includes preaward evaluation/audit of pro-
posed subcontractors as well as periodic assessment of the acceptability of subcontractor perfor-
mance during the program. Any items or materials that are purchased for use during the adsorption
treatability study that have the potential of affecting the quality of the data should be inspected upon

receipt.
D.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA

Treatability study samples and laboratory analytical samples shall be identified and controlled in
accordance with Section 8.0 of the QAPjP. This includes identifying samples, establishing custody
of samples, and handling, storing and shipping of samples in accordance with 5-21000-OPS-FO.13,
Containerizing, Preserving, Handling, and Shipping Samples. An exception to the container require-
ments of FO.13 for the treatability study samples consists of collecting samples for shipment to the
testing laboratory in 12-gallon plastic drums.

D.9 CONTROL OF PROCESSES
The overall processes of collecting and analyzing samples and conducting treatability study tests

requires control. The processes are controlled by adhering to the adsorption TSWP and the sam-
pling and analytical procedures identified therein.
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D.10 INSPECTION

Inspection of field sampling activities shall be conducted in accordance with Section 10.0 of the
QAPjP.

D.11 TEST CONTROL

The treatability testing process will be controlled by adhering to the experimental design and testing
procedures described in Section 19.0 of the adsorption TSWP. Additional detailed testing proce-
dures may be developed as additional knowledge of the specific characteristics of the treatability
study water becomes available. All observations, parameter inputs (e.g., flow volumes, time, chemi-
cal additions), and parameter measurements (e.g., flow rate and pH) will be recorded in laboratory

testing logbooks.
D.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE)

Laboratory equipment that is used in the treatability study will be identified in log books by model
number and manufacturer’s serial number, or suitable substitute identification number. Laboratory
equipment will include a pH meter and peristaltic pump. The equipment will be used, calibrated,
and maintained in accordance with the manufacturer's instructions. A file shall be maintained by the
testing contractor that contains:

. Specific model and instrument serial number
. Operating instructions
. Routine preventative maintenance procedures, including a list of critical spare parts

to be provided or made available

) Calibration methods, frequency, and description of the calibration solutions
. Standardization procedures (traceability to nationally recognized standards)
. Source of calibration standard solutions, as applicable
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D.13 HANDLING, STORAGE, AND SHIPPING

Treatability study and influent and effluent samples shall be packaged, transported, and stored in
accordance with Appendix A of the TSWP and 5-21000-OPS-FO.13.

D.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of inspection, test, and operating status specified in
Section 14.0 of the QAPjP do not apply to the adsorption treatability study.

D.15 CONTROL OF NONCONFORMANCES
The requirements for the identification, control, evaluation, and disposition of nonconforming items,
samples, and data will be implemented as specified in Section 15.0 of the QAPjP. Nonconform-

ances identified by the laboratory testing contractor shall be submitted to EG&G for processing as
outlined in the QAPjP.

D.16 CORRECTIVE ACTION

The requirements for the identification, documentation, and verification of corrective actions for con-
ditions adverse to quality will be implemented as outiined in Section 16.0 of the QAPjP. Conditions
adverse to quality identified by the testing contractor shall be documented and submitted to EG&G
for processing as outlined in the QAPjP.

D.17 QUALITY ASSURANCE RECORDS

QA records produced during implementation of the adsorption treatability study will be handled and
managed in accordance with the requirements of Section 17.0 of the QAPjP and
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3-21000-ADM-17.01, Records Management. QA records to be produced during this study include
but are not limited to the following:

. Field sampling data forms from the sampling and operations OPS identified in
Appendix A of the TSWP (field sampling records shall be submitted to the ER
records custodian in accordance with OPS-FO.02, Field Document Control).

. Analytical laboratory data packages, which will include the information specified for
data packages specified in Parts A and B of the GRRASP

. Treatability testing logbooks

. Standard bench sheets, as applicable
. Monthly progress reports

. Treatability testing procedures

. Adsorption Treatability Study Report

D.18 QUALITY VERIFICATION

The requirements for the verification of quality shall be implemented as specified previously in sub-

section F.3.7 of this appendix.

A Readiness Review shall be conducted by the EQSM prior to implementing the adsorption Treat-
ability study (including prior to collecting treatability study surface and groundwater samples). The
readiness review will determine if all activity prerequisites have been met that are required to begin
work. The applicable requirements of the QAPjP, the TSWP (including Appendix A), and this QAA
will be addressed.

10013118.DEN Final Draft/2-25-93



EG&G ROCKY FLATS PLANT
Treatability Study Work Plans for
lon Exchange and Adsorption Processes

Non-Safety Related

Final Draft

Manual: 21000.WP.TS01.01

Section: Appendix D
Revision: 2
Page: 14 of 14
Effective Date:

Organization: ~—__ERT

D.19 SOFTWARE CONTROL

The requirements for the control of software are not applicable to the adsorption treatability study.
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APPENDIX E. EXAMPLE CALCULATIONS FOR ION EXCHANGE AND
ADSORPTION CAPABILITY AND CAPACITY TESTS

-

WATER LOADING

. Flow rate: input value (either in mL/min, gpm/ft®, or bed volumes/min; other two-unit

values are calculated).

PREDICTED BREAKTHROUGH

. Concentration, resin capacity: input values

. Breakthrough volume:

-\

[Resin Capacity (mg/L as CaCO,) x Red Volume(L)]
Critical Component Concentration (mg/L as CaCO,)

. Breakthrough time:

Breakthrough Volume (mL)
Flow Rate (mL/min)

WATER LOADING

) Volume to waste, volume to test: input values
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. Total test time:

Volume to Test (mL)
Flow Rate (mL/min)

REGENERATION (IX RESINS)/CONVERSION (IX RESINS)

. Regenerant, solution strength, solution density: input values

. Normality:

[Solution Strength (%) x Solution Density (mg/mL)]
Reagent Equivalent Weight (mg/meq)

Note: The solution strength is expressed as decimal.

REGENERATION (ADSORBENTS)/NEUTRALIZATION (ADSORBENTS)

. Material, Molanly: input values

REGENERATION/CONVERSION/NEUTRALIZATION (BOTH PROCESSES)

. Resin/sorbent capacities, flow rates: input values

. Volume required (when calculated using theoretical capacities; all IX resins, neutral
for F-1 alumina):
[Bed Volume (mL) x Resin Capacity(meg/L as CaCOg) x

Excess Regenerant Required (%) x Reagent Equivalent Wgt (mg/meq)]
[Solution Density (mg/mL) x Solution Strength (%)]
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Note: The excess regenerant required and the solution strength are expressed as decimal.

. Volume required (when based on literature data; all sorbent regenerations,
neutralization for BIO-FIX beads): input value.
. Time required:

Volume Required (mL)
Flow Rate (mL/min)

INITIAL RANGE (IX RESINS ONLY)

. Flow rate: equal to regenerate fiow rate
. Volume required: equal to bed volume
) Time required:

Volume Required (mL)
Flow Rate (mL/min)

FINAL RINSE (ALL PROCESSES)

. Flow rate: equal to water-loading rate
. Volume required: input value
. Time required:

Volume Required (mL)
Flow Rate (mL/min)
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. Flow rate: input value.
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The following is a list of acronyms used throughout both the ion exchange and adsorption
treatability study work plans.

AA

Al
ARARs
As
AWQC
Ba
BACK
Be

BV
CCB
CCR
cCcv
Cd
CDH
CEARP
CERCLA
CFR
CHWA
CLP
cm
CMS
cOoC
CcwQCC
Cr
CRDL
CRP
CVA
CWA
DOE
DOT
DQO
DWR
EC
EMD OPS
EPA
ER

Fe
FIDLER
FS
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atomic absorption

aluminum

Applicable or Relevant and Appropriate Requirements
arsenic

Ambient Water Quality Criteria

barium

Statewide Background Minimum

beryllium

bed volume

Continuing Calibration Blank

Colorado Code of Reguiations

Continuing Calibration Verification

cadmium

Colorado Department of Health

Comprehensive Environmental Assessment and Response Program
Comprehensive Environmental Response, Compensation, and Liability Act
Code of Federal Regulations

Colorado Hazardous Waste Act

Contract Laboratory Program

centimeters

corrective measures study (or studies)

chain of custody

Colorado Water Quality Control Commission
chromium

Contact Required Detection Limit

community relations plan

Cold Vapor Analysis

Clean Water Act

Department of Energy

Department of Transportation

data quality objective

Colorado Division of Water Resources

electrical conductivity

Environmental Management Department Operating Procedures
Environmental Protection Agency

environmental restoration

iron
Field Instrument for Detection of Low Energy Radiation
feasibility study
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FSP

ft

GAC
GC/MS
GFAA
GRRASP
GT
HEA
Hg
HSL
HSO
HSP
IAG
ICB
ICP
ICS
ICV
IDL

in

in/hr

IX

kg

km
LSID
lorL
Ib

LCS
LT

M

MCL
MCLG
mCi/km?
MDAs
mg/l or mg/L
mi

mi or mL
Mn

pm
mm
Mn

MS
MSD
MSL
mv

Ni
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field sampling plan

foot/feet

Granular Activated Carbon

gas chromatography/mass spectroscopy
Graphite Fumace Atomic Absorption
General Radiochemistry and Routine Analytical Services Protocol
greater than

Health Effects Assessment
mercury

Hazardous Substance List
Health and Safety Officer
Health and Safety Plan
Inter-Agency Agreement

Initial Calibration Blank
inductively coupled plasma
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Initial Detection Limit

inches

inch(es) per hour

lon exchange

kilograms

kilometer

Lower State Interceptor Ditch
liter

pounds

Laboratory Control Sample

less than

molar

maximum contaminant level
maximum contaminant level goal
microcurie per square kilometer
minimum detectable activities
milligrams per liter

mile

milliliter

manganese

micrometers

millimeters

manganese

mass spectroscopy

matrix spike duplicate

mean sea level

millivolt

nickel
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NRC
ou
PARCC
Pb

PB
pCi/g
pCi/l or pCi/L
PM
ppb
PPE
ppm
Pu
Puo,
QAA
QAO
QA/QC
QAPjP
QAPP
Ra
RAD
RCRA
redox
RFDs
RFEDS
RFI
RFP

RI
RMSF
RPD
SAS
SAP
SARA
SA/SB
Sb
SDWA
Se
SOP
SOPA
SOW
SPHEM
SwW
TAL
TBC
TDS
TSP
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Nuclear Regulatory Commission

Operabie Unit ‘

precision, accuracy, representativeness, completeness, and comparability
lead

preparation blank

picocuries per gram

picocuries per liter

Project manager

parts per billion

Personal Protective Equipment

parts per million

plutonium

Plutonium Dioxide

Quality Assurance Addendum

Quality Assurance Officer

Quality Assurance/Quality Control

Quality Assurance Project Plan

Quality Assurance Project Plan

radium

radiation

Resource Conservation and Recovery Act
reduction/oxidation

Reference doses

Rocky Flats Environmental Database System
RCRA facility investigation

Rocky Flats Plant

remedial investigation (CERCLA)

Rocky Mountain Spotted Fever

relative percent difference

Special Analytical Services

sampling and analysis plan

Superfund Amendments and Reauthorization Act of 1986
strong acid/strong base resins

Antimony

Safe Drinking Water Act

selenium

Standard Operating Procedure '
Standard Operating Procedure Addendum
Statement of Work

Superfund Public Health Evaluation Manual
Surface water

target analyte list

to be considered

total dissolved solids

Rocky Flats Site-Wide Treatability Studies Plan
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TSR
TSSP
TSWP
U
uCi/m?
UsiD
USPS
uv

v

VOA
vOC
WA/WB
wQcC
wQCC
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Treatability Studies Report
Treatability Studies Sampling Plan
Treatability Study Work Plans
uranium

microcurie per square meter
Upper South Interceptor Ditch
United States Postal Service
ultraviolet

voit

volatile organic analysis

volatile organic compound

weak acid/weak base resins
Water Quality Criteria

Water Quality Control Commission
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EXECUTIVE SUMMARY

These Treatability Study Work Plans (TSWP) describe the steps necessary to perform two separate
treatability studies in order to demonstrate the effectiveness of different types of ion exchange (IX)
resins and adsorption media for removing metals and radionuclides from surface water and ground-
water at the Rocky Flats Plant (RFP).

Existing analytical records for samples collected at the RFP indicate that surface water and ground-
water in some areas of the RFP have metal and radionuclide constituents. The objective of the IX
and Adsorption Treatability Studies described in these Work Plans is to evaluate different IX or
adsorption media, respectively, to determine which are most effective in removing those metal and

radionuclide constituents.

The target metals and radionuclides, which are in solution in surface water and groundwater at the
RFP, include a broad range of materials. The known chemistry of these materials indicates that a
single ion exchange resin or adsorbent will not be effective in removing all of the target metals and
radionuclides. For this reason, the experiment designs for each treatability study include the testing
of several types of ion exchange and adsorbent media, respectively.

In Sections 6.0 and 19.0, Experiment Design and Procedures, the targeted metals and radionuclides
for each experiment task are discussed in more detail. In general, ion exchange and adsorbent
media will be first tested to determine their capabilities to remove metals and radionuclides from the
water. Media that show sufficient capability are then tested to determine their capacities for remov-
ing the targeted constituents. The experiments were designed using the Rocky Flats Environmental
Database System (RFEDS) to select sample locations. However, both ground and surface water
volumes and makeup can vary depending on seasonal and precipitation changes. Sitewide sample
locations were screened to develop a sampling plan designed to obtain water containing as many
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of the targeted constituents as possible. The basis for the experimental design is documented so
that after the sample waters have been collected and analyzed, the correct experiment procedures
can be modified based on the concentrations in the test waters.

A report will be written for each treatability study containing raw data, analysis of results, and con-
clusions regarding the experiment’s effectiveness. The planned table of contents of each Treatabil-
ity Study report is included in Sections 10.0 and 24.0 of this document.

If these treatability studies show that IX and/or adsorption processes are an effective means of
reducing metals and radionuclides in surface water and groundwater at the RFP, it is anticipated
that the selected processes will be tested in a demonstration unit at the RFP.
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1.0 INTRODUCTION—-ION EXCHANGE TREATABILITY STUDY

This document presents the work plan for conducting ion exchange (IX) tests at the U.S. Depart-
ment of Energy (DOE) Rocky Flats Plant.

The final Inter-Agency Agreement (IAG) stated that DOE would develop a Treatability Studies Plan
(TSP) to evaluate candidate remedial technologies for the general types of contamination encoun-
tered sitewide at the RFP. The TSP (DOE, 1991a) presented treatment technologies applicable to
remediation efforts at two or more operable units (OUs). This treatability study is designed to pro-
vide information for the individual OU Feasibility Study/Corrective Measures Studies (FS/CMS) with-
out having to perform individual OU-specific trgatability studies.

The TSP identified IX as one of the technologies to be tested. This technology was selected for
removal of metals and radionuclides in groundwater and surface water. The purpose of this work
plan is to describe the testing procedures for screening selected IX media for their capabilities to
remove the selected metals and radionuclides from groundwater and surface water. IX media that
show significant capabilities to absorb metals and radionuclides will be further tested to determine
their capacities. Experimental procedures have been designed to allow for variation in the concen-
tration of targeted constituents in performing an effective treatability study.

An additional purpose of the IX treatability study is to establish basic limitations of the IX technology

for use in the technologies and alternatives evaluation phases of the FS/CMS to be conducted at
each OU.
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1.1 OBJECTIVES

The overall objective of the IX treatability study is to evaluate the effectiveness of the various IX

media as a potential treatment altemative in reducing the volume, toxicity, or mobility of selected
metals and radionuclides from Rocky Flats surface water and groundwater. The individual resins will
first be tested to determine their capability for reducing the concentration of beryllium, chromium,

iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium in the onsite waters
at Rocky Flats (TSP, DOE, 1991a). Media that show sufficient capabilities will be further tested to
determine their capacities and breakthrough times, as well as the ion exchange resins’ regeneration

abilities. Measurements of performance are described in Subsection 8.1 of this document.
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2.0 PROJECT DESCRIPTION-ION EXCHANGE TREATABILITY STUDY

{
This section provides background information on the Rocky Flats Plant (RFP) site and summarizes
the contaminants of concern for the IX treatability study. A discussion of the type of study to be
conducted is also included.

2.1 BACKGROUND INFORMATION

The RFP is a government-owned, contractor-operated facility that is part of the nationwide nuclear
weapons production complex. The primary mission of the RFP is to fabricate nuclear weapon com-
ponents from plutonium, uranium, and nonradioactive metals (the later primarily being beryllium and
stainless steel). The nuclear weapon component parts made at the Plant are shipped elsewhere for
final assembly. The RFP also formerly reprocessed components for recovery of plutonium after they
were removed from obsolete weapons. Other activities at the RFP formerly included research and
development in metallurgy, machining, nondestructive testing, chemistry, physics, engineering, and
environmental management.

Both radioactive and nonradioactive wastes are generated in the production process. Current waste
handiing practices involve onsite storage of hazardous and radioactive mixed wastes and offsite dis-
posal of solid radioactive materials at other DOE facilities. However, both storage and disposal of
hazardous and radioactive wastes occurred onsite in the past. Preliminary assessments under the
Environmental Restoration (ER) Program identified some of the past onsite storage and disposal
locations as potential sources of environmental contamination.

Details conceming the site’s location, climatology and meteorology, and geology and hydrogeology

that can potentially affect the remediation methodology and implementation are included in the
following subsections. Various studies have been conducted at the RFP to characterize
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environmental media and to assess the extent of radiological and chemical contaminant releases to

the environment. More information on these subjects may be found in the TSP.

2.1.1 Location

The RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest of
downtown Denver (Figure 2-1). Other surrounding cities include Boulder, Westminster, and Arvada,
which are located less than 10 miles to the northwest, east, and southeast, respectively. Major
buildings are located within the approximate 400-acre security area of the RFP. The security area is
surrounded by a buffer zone of approximately 6,150 acres (Figure 2-2).

2.1.2 Climatology and Meteorology

The area surrounding the RFP has a semiarid ciimate characteristic of much of the central Rocky
Mountain region. Approximately 40 percent of the 15-inch annual precipitation falls during the
spring season—much of it as wet snow. Thunderstorms (occurring from June to August) account
for an additional 30 percent of the annual precipitation. Autumn and winter are drier seasons,
accounting for 19 and 11 percent of the annual precipitation, respectively. Snowfall averages
85 inches per year, falling from October through May (DOE, 1980).

2.1.3 Geology and Hydrogeology

The stratigraphic section that pertains to the RFP includes, in descending order, unconsolidated sur-
ficial units (Rocky Flats Alluvium, various other alluvial deposits, valley fill alluvium, and colluvium),
the Arapahoe Formation, the Laramie Formation, and Fox Hills Sandstone. Groundwater occurs
under unconfined conditions in both the surficial and shallow bedrock units. In addition, confined
groundwater flow occurs in deeper bedrock sandstones (such as the Fox Hills Sandstone forma-
tion). More information on these subjects may be found in the TSP.
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2.2 TREATMENT GOALS/ARARs

This section presents the treatment (or performance) goals for the IX TSWP, which are to meet the
potential Applicable or Relevant and Appropriate Requirements (ARARs) and to-be-considered stan-
dards (TBCs) for the RFP associated with the groundwater (GW) and surface water (SW).

The TSP presented the potential ARARs and TBCs for the RFP. The potential ARARs/TBCs for
groundwater and surface water are based on chemicals suspected to be present at RFP and the
following current federal and state health and environmental statutes and regulations:

. Safe Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) and Maxi-
mum Contaminant Level Goals (MCLGs) applied to both surface and groundwater.

. Clean Water Act (CWA) Water Quality Criteria (WQC) applied to surface water.

. RCRA Subpart F Groundwater Concentration Limits (40 CFR 264.94) apblied to
groundwater.

. Colorado Department of Health (CDH) surface water standards for Woman Creek

and Walnut Creek (5 CCR 1002-8, Section 3.8.0, amended February 15, 1990)
applied to surface water.

. CDH Water Quality Control Commission (WQCC) statewide and classified ground-
water area standards (5 CCR 1002-8, Section 3.11) applied to groundwater.

In addition to the potential ARARs/TBCs, health effects assessment (HEA) criteria or "action levels*

developed by Environmental Protection Agency (EPA) for carcinogens and systemic toxicants were

considered as possible or potential cleanup goals in the TSP.
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Where ARARs did not exist for a particular metal or radionuclide, or where existing ARARs are not
protective of human health or the environment, TBC criteria, guidances, proposed standards, and
advisories were evaluated for use. In Table 2-1, the "Potential ARARs" column does not contain an

entry whenever ARARSs do not exist for a particular radionuclide.

The goal of the IX treatability study will be to evaluate various types of ion exchange media for their
effectiveness in removing specified metals and radionuclides from groundwater and surface water.
The resulting conclusions will be used in support of the FS/CMS.

Sitewide potential ARARs/TBCs were selected for comparison to sitewide maximum and minimum
analyte concentrations. This process is described in the foliowing subsection.

2.3 DESCRIPTION OF CONTAMINANTS

Summaries of the potentially hazardous substances found within groundwater, surface water, soils,
and wastes at the RFP were also presented in the TSP. The TSP identified metals and radionu-
clides as contaminants of concemn in groundwater and surface water for several OUs. This section
presents the contaminants to be addressed by the IX treatability study.

Potential standards were selected for comparison to maximum and minimum analyte levels. MCLs
were selected as the principal standards for both surface water and groundwater. The appropriate
state standard was used for groundwater where there was no MCL. The state agricuttural value wae
not considered in determining the appropriate state standard. In cases where the state standard
was below the current analytical detection limit, the detection limit was used as the default value.
For surface water, the lowest federal Water Quality Criteria (WQC) was used where there was no
MCL, unless the WQC was below detection limit, in which case the detection limit was used. The
appropriate state standard was used for surface water where there was no MCL or Ambient Water
Quality Criteria (AWQC), unless this value was below detection limit, in which case the detection limit
was used. The lowest systemic or carcinogenic HEA criterion was used for surface water and

10012F3D.DEN Final Draft/02-25-93




EG&G ROCKY FLATS PLANT Manual: 21000.WP.TS01.01

Treatability Studies Work Plan

for an lon Exchange Process Section: 2
Revision: 1
Page: 7 of 11
Effective Date:

Non-Safety Related Final Draft Organization: —  __ERT

TABLE 2-1'

ANALYTE CONCENTRATIONS AND ARARS

e —
— —

Groundwater (mg/l) Surface Water (mg/l)
Potential Potential
Parameter Maximum’ Minimum® ARAR Maximum® Minimum®  ARAR

METALS (TOTAL AND DISSOLVED)

Beryllium 0.029 (E) 0.005 0.10 009 (E) 0.005* 0.005
Chromium ‘ 0.172 BR (F) 0.010 0.05 0298 (A) 0.010 0.05
Iron 57.1 (F) 0.100 0.30 3220 (A 0.100 0.30
Lead 0.21 J BR (B) 0.005 0.050 0516 (A) 0.005 0.050
Manganese 6 (F) 0.015 0.050 27.7 (A) 0.015 0.050
Mercury 0.006 (E) 0.0002 0.002 397 (B 0.0002 0.002
Selenium 3.2 E) 0.005 0.010 055 (A 0.005 0.010

lSource Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991.

Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
mducate the reference source from the list at the end of this table.

*Value given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routune Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).

‘Present in laboratory blank.

Notes: J
BR

Analyzed below detection limit.
Bedrock (including some weathered bedrock).
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TABLE 2-1*
ANALYTE CONCENTRATIONS AND ARARS
(Continued)
Groundwater (pCl/i) Surface Water (pCl/l)
Potential Potential
Parameter Maximum?® Minimum® ARAR Maximum? Minimum®  ARAR
RADIONUCLIDES (TOTAL AND DISSOLVED)
Americium 241 23 (E) 0.01 90 (A) 0.01 30
Plutonium 239 +240 4.6 Q) 0.01 15(a) 120 (A) 0.01 15(a)
Uranium 233 + 234 723 Q) 0.6 . 861 (A) 0.60
Uranium 235 9 (F) 0.6 65.5(A) 0.60
Uranium 235 + 236 0.009 (G) 0.6 1.192 (G) 0.60
Uranium 238 190 (3] 0.6 366 (A) 0.60
Uranium (Total) 63.7 (B) 0.6 1023 (A) 060 5

Source: Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991.

’Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
indicate the reference source from the list at the end of this table.

Svalue given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routine Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).

*Present in laboratory blank.

Notes: J = Analyzed below detection limit.
BR = Bedrock (including some weathered bedrock).
10012F3E.DEN
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TABLE 2-1*

ANALYTE CONCENTRATIONS AND ARARS
(Concluded)

Groundwater (pCi/l) Surface Water (pCli/l)

2 s Potential 2 s Potential
Parameter Maximum™ Minimum ARAR Maximum Minimum ARAR

References:

Note: Analytical data received prior to October 1988 not subjected to validation procedure. Some of the contaminant values reported
in this table have not yet been validated, and the analyte list may be changed after the data are validated.

(A) EG&G. February 22, 19913, Surface Water and Sediment Geochemical Characterization Report, Draft Copy.

(B) U.S. DOE. April 2, 1990c, Final Phase |l Remedial Investigation/Feasibility Study Workplan (Alluvial), OU 2, Draft Copy.

(C) U.S.DOE. January 11, 19913, Proposed Surface Water Interim Measures, Interim Remedial Action Plan/Environmental Assessment
and Decision Document South Walnut Creek Basin, OU 2, Final Draft.

(D) U.S. DOE. January 24, 1991b, Phase Il Remedial Investigation/Feasibility Study Workplan (Bedrock), OU 2, Draft Copy.

(E) U.S. DOE. October 1990d, Phase Il Remedial Investigation/Feasibility Study Workplan 881 Hillside Area, OU 1, Final Draft.

(F) EG&G. March 1, 1991b, 1990 Annual RCRA Groundwater Monitoring Report for Regulated Units at Rocky Flats Plant, Draft Copy.

(G) EG&G. May 1991, Unpublished data (see note to reference).

'Source: Table 4-2, Rocky Flats Final Treatability Studies Plan, EG&G, June 3, 1991.

“Maximum concentration may be a one-time measurement. Values include both recent and historic data. Letters in parentheses
indicate the reference source from the list at the end of this table.

Svalue given is detection or quantitation limit for analysis, in accordance with Statement of Work for General Radiochemistry and
Routine Analytical Services Protocol (GRRASP), Version 2.1 (DOE, 1991).

*Present in laboratory blank.

Notes: J
BR

Analyzed below detection limit.
Bedrock (including some weathered bedrock).
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groundwater for those chemicals which had no MCL, WQC, or state standard. Where HEA criteria
were below the detection limit, the detection limit was used.

Table 2-1 presents the maximum and minimum concentrations of all metals and radionuclides ana-
lyzed for and the potential standard associated with each contaminant. Table 2-2 lists the OUs that
contain these contaminants in levels above the potential standard.

The TSP identified the following metals and radionuclides for a sitewide evaluation of IX as a remedi-
ation technology for the following (metals): beryllium, chromium, iron, lead, manganese, mercury,

selenium, americium, plutonium, and uranium.
2.4 IX TREATABILITY STUDY OVERVIEW

General laboratory-scale testing will be conducted on all of the chosen resins to determine the rela-
tive effectiveness of the IX resins. The actual testing procedures are detailed in Section 6.0 of this

document.

The overall objective of the IX treatability study is to evaluate the effectiveness of the various IX
media as a potential treatment alternative in reducing the volume, toxicity, or mobility of selected
metals and radionuclides from Rocky Flats surface water and groundwater. The individual resins will
first be tested to determine their capabilities for reducing the concentration of beryllium, chromium,
iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium in the onsite waters
at Rocky Flats. Media that show sufficient capability will be further tested to determine their capacity
and breakthrough times, as well as the IX resins regeneration ability.

Upon completion of the IX treatability study, the results will be reviewed in order to determine if there
is sufficient information to evaluate this technology for the FS/CMSs without further testing for vari-
ous OUs. If more information is necessary, the information needed will be described in the treatabil-
ity study summary report. The review process is described in Section 8.0 of this document.
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TABLE 2-2

LIST OF CHEMICALS REPORTED ABOVE
ARARs IN TWO OR MORE OPERABLE UNITS

Operable Units (Two or More)

Contaminant Reported in Groundwater Reported in Surface Water
METALS

Beryllium 1,6, LSID

Chromium 1,24,7 1,2,4,7 USID, LSID
Iron 1,24 1,2,4,5,6,7, LSID, USID
Lead 24 1,2,4,5,6,7, LSID, USID
Manganese 1,24,7 1,2,4,5,6,7, LSID, USID
Mercury 1,4,6

Selenium 1,24,7 1,2,4,5,6,7, LSID
RADIONUCLIDES

Americium 241

Plutonium 239 + 240 24

Uranium (total)

1,2,4,5,6,7, USID

Notes: BACK
UsID
LSID

Source: DOE, 1991a.
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3.0 REMEDIAL TECHNOLOGY DESCRIPTION-
ION EXCHANGE PROCESS

This section provides a general overview of the IX remedial technology. At the Rocky Flats Plant
(RFP), this process potentially provides an effective means of removing dissolved metals and radio-

nuclides from surface water and groundwater.

The modern ion exchange process mainly utilizes synthetic resin. Such resins contain groups that
have either a positive or negative electrical charge. Bound onto these charge groups are free ions
of the opposite charge. The electrically charged solute, with a stronger attraction to the resin active
sites than the free ions, adhere to the active sites after displacing the free ion. The process is stoi-
chiometrically limited to the number of active sites available on the resin, so resin capacity is usually
independent of the solute concentration. lon exchange resins to be screened in this treatability
study include strong acid, strong base, weak aéid, weak base, metals-chelating, and specialty

resins.
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4.0 DATA QUALITY OBJECTIVES-ION EXCHANGE TREATABILITY STUDY

The overall objective of the IX treatability study is to evaluate the effectiveness of the various IX
media as a potential treatment alternative in reducing the volume, toxicity, or mobility of selected
metals and radionuclides from Rocky Flats surface water and groundwater. The resins will first be
tested individually, to determine their capability for reducing the concentration of beryllium, chrom-
ium, iron, lead, manganese, mercury, selenium, americium, plutonium, and uranium in the onsite
waters at Rocky Flats. Media that show sufficient capability will be further tested to determine their

capacity and breakthrough times, as well as the ion exchange resins’ regeneration abilities.

This treatability study is designed to screen and test different types.of ion exchange resins to deter-
mine the effectiveness of the ion exchange process. In order to select the most appropriate mater-
ials for removing each constituent, the operational characteristics of the resins, such as loading

capacity, regeneration properties, and breakthrough characteristics, will be investigated.

A primary objective of this TSWP is to investigate a broad range of ion exchange resins. Resin
manufacturers have been contacted, and a literature search has been conducted for this TSWP.
Based upon these efforts, and after having evaluated the broad range of materials, the most appro-
priate resins have been selected for treatability study testing. Both the range evaluation and the

final selection process are described in Section 6.0.
Data quality objectives (DQOs) express qualitative and quantitative statements describing the quality
and quantity of data required by the treatability studies. Developing DQOs relies on the following

three stage process:

« Stage 1-ldentify decision types
« Stage 2-ldentify data uses/needs

10012F45.DEN Final Draft/02-25-93
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» Stage 3-Design a data collection program
4.1 STAGE 1-IDENTIFYING DECISION TYPES

Of the three stages above, Stage 1 has already been completed as part of the TSP. The Final TSP
Report identified the treatability study program goals and objectives and the technical approach.
The overall objective of the IX treatability study program is to provide information to support the
Feasibility Studies or Corrective Measure Studies (FS/CMS) to be conducted at each of the 16 Oper-
able Units (OUs). As such, the TSP identified potentially applicable technologies for remediating the
types of wastes and waste matrices that may be common to more than one OU, in addition to gen-
erating data required to evaluate and screen technologies and/or alternatives. Ultimately, the infor-
mation obtained from the sitewide and specific OU treatability studies will provide data to support

the final remedy selection and design process.

The TSP followed a process of identifying potentially applicable technologies based on a literature/
data base search and review of other available information. The potentially applicable technologies
were evaluated in a two-step screening process. The preliminary screening identified those technol-
ogies suitable for application at Rocky Flats. The final screening identified the technologies appro-
priate for consideration in the sitewide treatability testing.

This TSWP fulfills the Stages 2 and 3 DQO process. The following discussion describes specific
elements addressed in Stage 2, consistent with the Data Quality Objectives for Remedial Response
Activities (EPA, 1987). These elements include:

e Data uses

o Data types

» Data quality needs
o Data quantity needs

Sampling/analysis options
Precision, accuracy, representativeness, completeness, and comparability (PARCC) parameters
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4.2 STAGE 2-IDENTIFYING DATA USES/NEEDS

Stage 2 of the DQO process defines data uses and specifies the data types needed to meet the
project objectives. As noted above, the DQOs presented reflect the treatability studies screened in
Stage 1. Table 4-1 describes the data needed to fuffill the specific objectives for the ion exc