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EXECUTIVE SUMMARY

The Plutomum in Soils Treatability Studies Work Plan provides procedures for conducting
treatability studies on Rocky Fiats Plant (RFP) plutomum-contamunsted soils with the TRUclean Process

snd magnetic separation. TRUclean and magnetic separation were selected dunng the development of
the Fipal Treatability Studies Plan (TSP - DOE, 1991) as technologies that require further evaluation
through bench and laboratory treatability testing, respectively The TSP details the screening process
that was utilized 1n selecting these technologies for bench/laboratory testing for the treatment of
madionuchdes m soil or sediments The TRUclean Process treatability study wall be conducted at the
Nevada Test Site (NTS) by AWC-Lockheed (AWC) personnel The magnetic separation treatability study
will be conducted at Los Alamos National Laboratory (LANL) by LANL persounel Both will be
performed on 1dentical RFP soil samples obtaned 1 accordance wath the Field Sampling Procedure for

Alm_ﬂmm_hmmmcludedas.kmhmt ltodmworkphn

The pnmary objective of the plutonium 1n soils treatability studies 1s to evaluate the ability of the
TRUclean Process and magnetic separation to reduce the concentration of plutomium as well as the
levels of gross alpha and gross beta in RFP soils to acceptable levels The proposed cleanup goals

; - ns T 0_Rad;e ptrol - Colorado Department of Health, December
30, l985)atRFPforplntomum. gross nlphn and gross beta are 09, 5, and 50 picocunes/gram (pCi/g),
respectively Investigations 1 1987 indicated that the TRUclean Process could remove radioactivity
down to levels approaching the curreat proposed cleanup goals (AWC, 1987) The TRUclean treatability
test developed as part of this work plan incorporates modifications to the 1987 TRUclean Process tests
that focus pnmanly on soil feed preparation Results of the 1987 tests performed by AWCare
summanzed in Attachment 4 There are no known applications of magnetic separation to effect the
wolation of plutomium from "soil type" solids, however, successful expenments applying magnetic
separation as a plutomsum eanchment process for graphite and bomb reduction residues have been
conducted at LANL (Avens, 1990) Both technologies mvolve excavation of soils, ex-smtu treatment,
retum of “clean” soil to the site of excavation, and transportation of soils with concentrated contamunants

to off-aite storage

The TRUclean Process 1s made up of several unit operations that effect segregation of sohds based
on differences mn specific gravity and particle size The main components of the process include a
gravimetnic separator, a multi-gravity separator, a centrifugal gravity separator, and a spiral classifier




Magnetic separation 1solates “magnetically susceptible® matenals through the spphication of & magnetic
ﬁaldmlchlmedordryformofthemtendbemguwed

Performance data from the TRUclean and magnetic separation tests will be used to quantify the
pnmary evaluation cntens. residusl contammnation and degree of separation Remdual contamunation
refers to the concentrations of groes alpha, gross beta, and plutomum 239 plus 240 n the outlet streams
of the TRUclean and magnetic separation processes  Degree of separation refers to the mass
percentage of the onginal soils meeting the residual contammation proposed cleanup goals as a result
of treatment. When evalusting the performance of the treatment technologies with regard to the primary
evalustion cntena, & technology will not be coasidered to "meet cleanup goals” ifthe clean soul 1t
produces (clean with regard to goals for gross alphs, gross beta and plutonium 239 plus 240) 15 not a
significant percentage of the ongmal mass of contammnated soil A "sigmificant percentage” means
greater than S50 percent, based on engmneenng judgement at this stage A higher percentage would
hikely be required for full-scale operations

This work plan 15 structured to present information and requrements applicable to both the
TRUclean Process and magnetic separation 1n the mitial six sections A general overview of the
treatability test steps 1s represented m Figure ES-1 Details specific to the treatability tests associated
with each technology are preseated in sepanate sections (Sections 7.0 - TRUclean Process and 8 0 -
Magnetic Separation)
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1 0 INTRODUCTION

11 Bsckground

The Plutorsum i Soils Treatsbility Studies Work Plan provides procedures ~for conducting
treatsbility studies on Rocky Flats Plant (RFP) plutonium-contaminated soils with the TRUclean Process
and magnetic separation TRUclean and magnetic separation were selected dunng the development of
the Final Trestability Studies Plan (TSP) as technologies that require further evaluation through beach
and laboratory treatability testing, respectively

The TSP was developed to meet the requirements of Article XI of the January 22, 1991 Final
Inter-Agency Agreement The TSP identifies candidate technologies for use 1n corrective/remedial
actions at the RFP and provides information regarding the screening of those technologies The
candidate technologies for treatment of radionuchides 1n so1l were 1dentified through lterature/database
searches, review of conference proceedings, U S Environmental Protection Agency (EPA) gwmdance
documents, government reports, and discussions with equipment vendors and other techmical experts
These technologies underwent screening based om the following screening factors

Applicability to RFP souls

Expected contamunant removal efficiency
Potential to meet cleanup goals
Technology matunty

Operating and Maintenance requirements
Implementability

Adverse impacts
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As 8 result of the screeming process, TRUclean and magnetic separation were selected for
bench/laboratory treatability testing, respectively, for treatment of radionuchides 1m soil

1.2 Previous Related Work

Successful removal of plutonium cootamunation from sohids by the TRUclean Process has been
demonstrated on plutonium-contanunated coral sand at the Johnston Atoll, and on plutonium-
contamunated soil from RFP. There are no known applications of magnetic separation to effect the
molation of plutonsum from "soil type® solids, however, successful expenments spplying magnetic
separation as a plutomum ennchment process for graphite and bomb reduction residues have been
conducted at LANL (Avens, 1990)

The apphication of TRUclean to RFP soi1l was wmvestigated 1n 1987 (AWC, 1987) Atthat time the
results indicated that the TRUclean Process could remove radioactivity down to levels approaching the
current proposed cleanup goals for radionuclides 1n soil at RFP (S, 50, and 0 9 pCi/g gross alpha, gross
beta, and plutonium 239 + 240, respectively) The TRUclean treatability test developed as part of tlus
work plan mcorporates modifications to the 1987 TRUclean Process that focus pnmanly on soul feed
preparation  Itis expected that these modifications will improve performance by aclueving cleanup
goals with an increased mass of soil.
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2 0 ROCKY FLATS PLANT SITE DESCRIPTION

The RFP 15 a U S Department of Energy (DOE) facility located approximately 16 miles northwest
of downtown Denver RFP occupies spproximately 6,550 acres of federally-owned land mn morthern
Jefferson County, Colorado The majonity of the plant buildings are located within a 400-acre area
referred to as the RFP secunty area. The 6,150 acre balance of the total plant area provides a buffer
zone around the RFP secunty area

RFP 1s managed by EG&G Rocky Flats, Inc (heremnafier referred to as EG&G-RF) for DOE The
facility 15 one of several mationwide nvolved i nuclear weapons research, development, and production
The production process at RFP results in the generation of radioactive and nonradiosctive wastes Past
production operations resulted in on-site storage and disposal of these wastes

Of particular importance i the development of thus Plutonium 1n Soils Treatability Studies Work
Plag 15 the area compnsing Operable Umt 2 (OU2). OU2 includes the 903 Pad, Mound, and East Treach

areas  The soils in these areas are kmown to be contaminated with plutonium; thus, the sol m OU2 will
be subject to the treatability test procedures included in thigs work plan
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3 0 SITE CHARACTERIZATION DATA FOR SOILS

Charactenization data will be obtamned for the soil subject to treatability tests prnor to shipment
offsste Characterization wall include a radiological assay, radiological screening, metals assay, and a
determination of volatile and semuvolatile organics Tius charactenzation of untreated soils will be
performed 1 accordance with the requirements of Section § 2 of this work plan

Sampling and shipment preparation of the so1l to be tested will be performed 1n accordance
Wlththe I viQ SORILIDILE '!l')‘x.‘ 533 Q1 SRS Plutoniv AR LIALLISLEN] QLIS {0 _SUDPOn A Ll £y
atory included as Attachment 1 to this work

APO] &

=1 1 NDOS JNSUION

S A

Pl Bt SNC VL e 3 X 8 A 13
plsn. The procedure identifies four samphing locations within OU2 to support the TRUclean and
magnetic separation treatability tests as well as future treatability tests at NTS The four sampling
locations provide two types of soil to be tested Of the two types of soil, each will have a hugh and a
Jow concentration of plutomum represented (see Field Sampling Plan included with Volume IT of this
work plan)

The sampling location at the southeast comer of the site (Figure 1.1 of Attachment 1) wall
provide the so1l needed to support the TRUclean and magnetic separation tests as descnbed 1n this
work plan. Soxl from this location 1s expected to bave a plutonsum concentration of approximately 10
pCi/g  Thus soul 1s classified as 31-Denver-Kutch-Midway clay loam which has s fines (+200 mesh)
concentration of 70-95 weight percent m the top 8 inches of soil (USDA, 1980) Reviews of existing mite
charactenzation data for soil provided no additional data for the southeast sampling location.

The three remmming sampling locations will provide soil to support future treatability tests at
NTS Note that the magnetic separation tests will be conducted with soil from the southeast location

4
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ounly Also, the procedure for soil sampling specifically supports treatability tests with TRUclean and
magnetic separation, bowever, the procedure may be applhied (with minor modifications) when obtaiming
so1l for future treatability tests
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4.0 TEST OBJECTIVES

The pnmary objective of the plutonsum in sols treatability studies 1s to evaluate the ability of the
TRUclean Process and magnetic separation to reduce the concentration of plutomum n soils to an
acceptable level Ifmetals are present, their redistnbution will be noted These technologies were
selected duning the development of the TSP for bench/laboratory treatability testing for treatment of
radionnchdes 1 so1l or sediment

4.1 Level of Work Plan Development

The procedures developed as part of this treatability studies work plan cover both laboratory
screecnng and bench-scale tesing Laboratory screeming tests performed on magnetic separation will
be hmited to smali-scale beach-top studies and will require approximately 200 lnlograms (1-30 gallon
drum) of bulk soil sample from the RFP The intent of the laboratory screening will be to obtan
qualitative data that when evaluated, will provide an indication of magnetic separation’s potential to
meet cleanup goals Bench-scale testing will be performed on the TRUclean Process to determine its
ability to meet cleanup goals of plutonum-contamunated soils at RFP. The TRUclean Process tests will
require approximately 1450 kilograms (4-55 gallon drums) of bulk soil sample from RFP to perform 10 to
15 process equipment tests with 22 to 23 kilograms each plus four to five record runs wath 90 to 91
kilograms each

42 Bams for Clesn Sojls

Soil cleanup gosls for the RFP have been proposed for gross alpha, gross beta, and plutonum
239 plus 240 based on human health and environmental nsk assessment cntena or applicable state and

6



EG&G ROCKY FLATS PLANT Manual — 271100-WP-OU 026
Section 4.0 Rev. #0
Page. 7 of _93

Etfective Date
Organization RPD

federal requirements These proposed cleanup goals for gross alpha (5 pCi/g), gross beta (50 pCi/g)

and plutonium (0 9 pCi/g) are histed wn Table 4-2 of the TSP. In addition to the aforementioned cleanup
goals, conmideration must be given to a Technology’s ability to achieve these goals while reducing the

mass of so1l exceeding the proposed cleanup goals (1 ¢ doing the best job of concentrating the bulk of
the contanunants mto the smallest 301l mass - see Section 4.3)

43 Intended Use of Data

The data resulting from the TRUclean and magnetic separation tests will be used primanly to
evaluate performance agumnst the Basis for Clean Soils discussed i Section 4 2 The performance data
will be used to quantify the following pnmary evaluation critena. residual contamnation and degree of
separation Residual contamination refers to the concentrations of gross alpha, gross beta, and
plutonrum 239 plus 240 in the outlet streams of the TRUclean and magnetic separation processes
Degree of separation refers to the mass split between those soils meeting the residual contammnstion
cleanup goals for gross alpha, gross beta, and plutonium 239 plus 240 and those soils not meeting the

cleanup goals

When evaluating the performance of the treatment technologies with regard to the pnmary
evaluation critena, a technology wall not be considered to "meet cleanup goals® ifthe clean soil 1t
produces 18 not a significant percentage of the onginal mass of contamunated soil A “smgmficant
percentage” means greater than 50 percent, based on engineering judgement at this stage This 50
percent value 1s considered appropnate for the level of treatability tests to be conducted (1.e.1f the
TRUclean and magnetic separation processes achieve the 50 perceat level, then more advanced
treatability tests are justified to further investigate performance) It would not be appropnate to consider
TRUclean or magnetic separation “"primary” treatment processes if either 18 unable to achieve the
contamnant concentration cleanup goals with at least 50 percent of the soil being treated. The 50
percent level 15 not intended to be the final cleanup goal for the total mass of soil treated. Additional
treatment of residuals can be studied 1 order to achieve a greater reduction m the mass of soil
exceeding the proposed cleanup goals discussed 1in Section 4 2
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Data obtained from the TRUclean Process and magnetic separstion tests will supplement
mformation found in technical hiterature dunng feasibility study efforts Tius supplemental mformation 18
peeded 10 order to evaluate and select a treatment alternative for those operable umits with plutonium-
contamumsted sotls Specific remedial mvestigation/feamibility study (RI/FS) evaluation criteria that can
be addressed as a result of the treatability tests include

1
2)
3)
4)
5)
6)
7

Ovenall protection of human health and the eavironment

Comphance with applicable or relevant and appropniate requirements (ARARSs)
Implementability

Reduction of toxicity, mobility, or volume

Short-term effectiveness

Cost

Long-term effectiveness

Ths work plan has been structured so that the TRUclean Process and magnetic separation tests will
prnimanly provide information to assess evaluation critenia numbers 2 and 4 Evaluation of the remaining
criteria may occur at a qualitative level i order to provide input to future investigations of these
technologies dunng the RI/FS process.
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6 0 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) are qualitative and quantitative statements that describe the data
quality needs of a project The DQO development process 15 divided into three stages Stage 1
connsts of identifying the decision makers and data users, reviewing existing information to assist 1mn
establishing the objectives of the treatability study, and establishing the study-specific objectives of the
data collection progam In Stage 2, the data uses and data types are established This requires the
selection of appropniate analytical levels for the measurement data and the identification of the
appropniate types of analyses to be utiized Stage 3 encompasses the data collection program The
DQO process 15 used to establish the specific goals of the treatability study and to identify the data
needs for achieving these goals

3.1 Stage 1 - Decision Types
5.11 Data Users

The collected dats will be used by the decision makers, that 15, the management and regulatory
personnel of EG&G-RF,DOE, the U § EPA, and the Colorado Department of Health (CDH) The primary
data users are the EG&G-RF and contractor techmical staff who are involved in the daily, ongong
treatabihity activities These are the individuals mvolved i the collecion and analyms of the data and the
operation and evaluation of the TRUclean and magnetic separation process systems Secondary data
users are those mndividuals that will rely on the outputs of these treatability studies to support their
activities (e.g feasibility study managers).
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512 Available Data/Sample Location

Available charactenization data from previous OU2 mnvestigations were evaluated to select
sppropnate sampling locations for treatability studies These data came from the Phase I Remedial
Investigation (RI)and wnvestigations that bave been completed pnior to the Phase IIRCRA Facility
Investigation/Remedial Investigation (RFI/RI) The sampling location supporing the TRUclean and
magnetic separation treatability tests at the NTS and LANL, respectively, 18 identified mn Attachment 1 as
the southeast sample location. This location was selected because observed concentrations of
plutonium 1n thus area are approximately 10 pCi/g of soil The bulk of the plutonium contamnation
resulted from the windblown dispersion of plutonium from the 903 Pad area

5 1.3 Specific Treatability Study Objectives
Data will be obtained m order to evaluate the TRUclean and magnetic separation processes 1n
terms of reducing plutomum contamunation to an acceptable level (the target of the process technology

18 to reduce the plutomium concentration to 0 9 pCi/g, achieving this level with at least 50 percent of the
ongmnal sotl mass)

5.2 Stuge 2 -Identify Dats Usos/Noeds

Stage 2 of the DQO process defines data uses and specifies the types of data needed to meet
the project objectives The summary of Stage 2 of the DQO process 1s presented as Table 5-1

52.1 Identify Data Uscs

Data uses for these treatability studies consist of evaluation of treatment technologies to support
the soil charactenzation for remediation alternatives

10
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5.2.2 Data Types

The types of measurement data that will be generated in support of these treatability studies
mclude:

g Untreated soil chemical and radiological charactenzation data obtaned from analyms of
the bulk soil sample Chemical parameters to be analyzed mclude EPA Target Analyte
List (TAL) metals, EPA Target Compound List (TCL) volatile orgamic compounds (VOCs)
and semuvolatile orgamic compounds (SVOCs) Radionuclides to be analyzed for,
mclude plutontum 239 plus 240, gross alphs, and gross betz Level IVas defined n
Section 5.2 3

° Bench-scale screening data for the TRUclean Process produced from analyses of
samples collected dunng expected process optumzation test runs The screemung data
will be used to adjust the process operation to obtmin opumum operating conditions
These samples will be analyzed by AWCat the testing laboratory to provide estimates
of particle mze fractions and the associated gross alpha, gross beta, and plutomsum 239
plus 240 concentrations  Levels Hor Illas defined 1n Section 5.2 3

L Laboratory screeming data for the magnetic separation process produced from analyses
of samples collected during test runs These data will be used to optimize the magnetic
separation process These samples will be analyzed by LANL personnel at the testing
laboratory to provide estimates of particle size fractions and the associated gross alphs,
gross beta, and plutomum 239 plus 240 concentrations  Tests for TAL metals wall be
conducted 1fthe characterization of the bulk soil sample indicates TAL metals are
present. Levels or III as defined 1n Section 5.2 3

L Analytical data produced from the analyses of split samples collected from effluent
streams dunng and following the test runs at the optimal operating condition for the
TRUclean Process. These samples will be analyzed by a laboratory chosea by EG&G-
RF to determmne posttreatment concentrations of TAL metals, gross alpha, gross beta,
and plutonlum 239 plus 240 Particle size distnbution of posttreatment soils will also be
determined Level IVas defined in Section § 2.3

5.2.3 Data Quality Needs

The EPA defines five levels of analytical data 1n EPA/540/G-87/003, Data Ouality Objectives for
R (OSWER Directive 9355 0-7B, March

Remed) pvestigations angd Ieasioiiity 04T

1987) These five analytical levels are as follows

11
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° Level I - field screeming, which 1s charactenized by measurement data produced using
portable field measuning nstruments

° Level 11 - field analysis, which 15 charactenzed by measurement data produced from the
use of portable analytical mnstruments that can be used on site or mn laboratonies

] Level I - laboratory analytical data produced by adhenng to standard EPA-approved
analytical methods and procedures

L] Level IV - laboratory analytical data produced by adhenng to EPA Contract Laboratory
Program (CLP) Routine Analytical Services (RAS) analytical methods and procedures or
equivalent

L Level V - laboratory analytical data produced by using nonstandard analytical methods,
which typically mnvolves method modification and/or development.

The analytical levels appropnate for the data use are specified in Table 5-1 Level IV analytical
methodologies are specified m Geperal R nis nd R 4
of Work (EG&G, 1990) Levels Iland Illanalytical methodolognes may be selected from either intemnal
analytical procedures (APs) or from Test Methods for Evaluating Solid Waste, SW-846 (EPA, 1986)

TABLE 5-1
8ummaryof Dm Usesand Analvtical Lovols

DATA USES TYPE OF ANALYSIS

Untreated soil characterization TAL Metals, TCL VOCs and SVOCs,
gross alpha, gross beta, and Pu 239
plus 240, using EPA CLP or
equivalent methods.

Particle size, gross alpha and beta,
Pu 239 plus 240.

TAL Metals, gross aipha, gross
beta, and Pu 239 plus 240.

12
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5.2.4 Amlytical Options

An important aspect of technology evaluation relates to the chemncal and radiological
charactenistics of the imtial or untreated sample This characterization data will be compared to
postireatment data to evaluate the performance objectives of the TRUclean and magnetic separation
processes  The data used to define the untreated o1l charactenstics should consist of analytical data of
a known quality, which requires analysis by EPA CLP or equivalent methods capable of producing
analytical Level IV data.

Data obtained from treatability tests includes optimuzation and analytical data The optinuzation
data will be used to adjust the various components of the TRUclean and magnetic separation processes
dunng mitial test runs to determine optimum operating conditions Concentration dats in the form of
ranges are acceptable, and quick tumaround time is important It 18 not necessary to kmow the quahty
of this data because 1t wall not be used to make final evalustions of the effectiveness of the treatment
technology  Analytical Level I or Il data 1s sufficient for this optimzation The analytical data that will
be used to evaluate the effectiveness of a technology should be of a known quality generated from
analytical methods capable of producing analytical Level IVdata

5.2.5 Review PARCC Parameter Information

Parameters that are used as indicators of data quality are precision, accuracy,
fepresentativeness, comparabihity, and completeness (referred to as PARCC parameters) Precision and
accuracy objectives for the analytical data will be based om the histonical precision and accuracy
achieved by the standard analytical method selected to generate the data. These objectves along with
the objecive for completeness are specified m the Quality Assurance Addendum (QAA) for thus
treatability studies work plan (ncluded with Volume Il of the Plutomium 1 Soils Treatability Studies Work
Plan). Representativencss and comparability are qualitative parameters that willbe ensured by obtainng
representative samples for analysis pnor to, dunng, and after the treatment process, companng the
results of these analyses, and by adhening to the sampling and analyms strategy presented mn this work
plan

13
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53 Stage 3 - Data Collection Program

The purpose of Stage 3 of the DQO process 1s to design the data collection program for these
trestability studies in order to meet the work plan’s objectives The sample collection and analysis
components of each study, discussed 1 Sechons 7.3 6 (TRUclean) and 8 3 6 (magnetic separation) of
thus work plan, were based on the study objectives, the uses of the data and types of data needed to
meet those uses, and the types of decisions that will be made concerming the evaluation of the
TRUclean and magnetic separation processes as support technologies to remedial alternatives

5.3.1 Sampling and Anmalysis

The untreated s0il charactenzation data will be obtained for the RFP sphit of the total bulk soil
sample (see Attachment 1) Ths split wall be sent to an EG&G-RF contract lsboratory capable of
performing EPA CLP or equivalent analyses

The semples that will be analyzed to determine the optimum operating conditions of the
TRUclean Process will consist of samples collected dunng optimization testing of the mdividual umt
operations. Optimuzation testing 18 described 1n detail 1n Section 73 The AWC operator(s) will collect
and analyze representative samples Representative screening samples for the magnetic separation
process will be collected from test runs and analyzed by LANL personnel

Samples willbe collected following test runs at the opumum operating conditions to provide
data to evaluate the effectiveness of the treatment technologies Samples for the TRUclean Process wall
be sphit. One spht will remmn with the treatment operator for mn-house analyses, the other sphit will be
sent to an EG&G-RF contract Isboratory that 15 capable of performing analyses according to, or
equvalent to, EPA CLP methods

14
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532 Sampling and Analysis Quahity Coatrols
The QAA for thus Plutonium n Soils Treatability Studics Work Plan addresses the quality controls

that will be implemented to ensure the quality of the pre- and posttreatment data used to evaluate the
effectiveness of the treatment technology process
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6 O DATA MANAGEMENT

As specified 1 the TSP, records of observations and raw data generated 1n the field and
Isboratory must be managed Additionally, TSP requires that data tables preseating field and laboratory
test data be venfied agunst the onginal (raw) data sheets to venfy the accuracy of transcription  The
Site-Wide Rocky Flats Quality Assurance Project Plan (QAP)P - EG&G, 1991) establishes data
management requrements and methods for the generation, control, vahidation, mamntenance, and
disposison  of QA Records. QA Records include documents that furmsh evidence of the quality and
completeness of the RFI/RI and Corrective Measures Study/Feasibility Study (CMS/FS) processes as
well as field notebooks, field data collection forms, laboratory data reports, chan-of-custody forms,
calibration records, field activity reports, photographs, and electronic formats. Management of the site
charactenzation data 1s discussed below The data management requirements for the TRUclean and
magnetic separation studies are discussed 1n Sections 7 4 and 8.4, respectively

61 Site (Bulk Sample) Characterization Data

Appropniate Environmental Management (EM) Standard Operating Procedures (SOPs) which
relate t0 management of the charactenzation sample acqusition process and the associated QA
Records generated will be identified m the QAA for the Plutomum 1n Soils Trestability Studies Work Plan
More specifically EM SOP 1.14, Data Base Management, delineates the responsibilities and procedures
that provide an orderly method by which field data will be recorded, entered imto electromic form,
vahidated, transferred, and filed The procedure encompasses the data handling process from the pomnt
of data collection by field personnel to the fiingand transmyssion of the field data to EG&G-RF

personnel.

16
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The management of the analytical data generated (including the reporting format and electromic
deliverables) by EG&G-RF contract laboratonies 1s controlled contractually through the EG&G-RF ERP

eneral Radiochemustry and Routine Ansivtical Services  Irotoco ORKADE) SCOpe

Tncking Svstern (EG&G, 1991) The RFEDS module (electronic format) required for storage, use, and
compilation of the treatability test data 1s under development by EM. The EM Data Management Plan,

which will descnibe the EM policies and procedures for managing these data, 1s also under development
slong with supporting data management SOPs Untlthe RFEDS module and formal data management

procedures are n place, data management will be the responsibility of the EG&G-RF Project Manager
The Project Manager will store and secure electronic and hard copy deliverables from the site
charactenzation and TRUclean and magnetic separation processes

6.2 Quality Control Procedures

Quality control procedures for the treatability testing include data review exercises to ensurc
accuracy of dats transcription and transmussion as well as validation exercises t¢o evaluate data quality
Venfication and validation requirements are included in the following sections

6 2 1 Verification
QA Records

The correctness and completeness of the data contamed on QA Records 1s the responsibihity of
the subcomtractor performing the task Quality control procedures for the QA Records supporting field
sctivities and sssociated electronic medis are descnbed in EM SOP 1 14, Data Base Management. This
SOP descnbes the procedures for field data recespt and completeness check, data validation, and data
entry Quality control checks on the analytical data and reports are prescribed m GRRASP. QA
Records generated from the specific treatability tests wall be checked for accuracy and completencss by
the test contractor project manager pror to transmssion to EG&G-RF. These records anclude all

treatability operations data.

17
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Database

The TSP states that data tables generated from the database system for both field and
laboratory data will be checked agamnst the source document. Thus venfication exercise should be
conducted prior to reporting or release of study mformation Thus requirement is necessary to venfy the
transcniption accurscy of information from the orngmnal field and laboratory dats agamnst that contmmned 1
the RFEDS The field and Isboratory data will be venfied aganst source documents after uplosd wnto
RFEDS 1n accordance with EM data management procedures The treatability test subcontractor wall
venfy data entry into the selected electronic format prior to submittal to EG&G-RF After upload of the
mformation to RFEDS, accuracy of the transmussion will be venfied by checking data tables agmunst the
onginal documentation provided by the test subcontractor

622 Vahdation

As stated m the QAP)P, the appropnate EM division or its subcontractor will validate field data
prior to inclusion into the RFEDS database as specified in SOP 1 14, Data Base Management and the
DQOs identified 1n Section 5 O of this work plan Laboratory data are routinely reviewed and validated
by the EM laboratory vahdation subcontractor. Results of data review and validation activities are
documented 1 data validation reports The quality control messures implemented dunng the analyms of
the bulk subsample and process charactenzation split samples are descnbed in GRRASP The data
generated from these analyses will be validated aganst the guidelines specified m the Site-wide QAP)P.
Additional quahity control procedures (1 ¢ ,analysis of duplicate samples, reporting of standard results)
were preacribed m Section 5 0, Data Quality Objectives These data will undergo a data review by the
EM vahidation subcontractor to assess the overall quality of the laboratory screemung results
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7 0 TRUclean PROCESS

The TRUclean Process technology was selected dunng the development of the TSP for bench-
scale treatability testing as a result of a screeming process designed to identify candidate technologies
for use m corrective/remedial actions at the RFP (DOE, 1991) The following information on the
TRUclean Process is proprietary to AWC-Lockheed

71 Type of Treatability Studv

The treatability study to be conducted with the TRUclean Process 1s considered “bench-scale”
The equpment 15 located at NTS and will be operated by AWC Operators at AWCwll attempt to
optimize the performance of the TRUclean Process with untreated RFP soi1l by varying process
parameters such as bed depth of the gravimetric separstor (GS), sohids/iqud ratio n the sttntion
scrubber, and pH of wash solution A detailed descniption of the TRUclean Process and its associated
test procedures are included i following sections of this work plan

7.2 Technology Description

The key component of the TRUclean Process to be tested as part of this treatability study 1s &
GS. A GS separates matenals with different specific gravities by flowing a slumned matenal over a
screen and screen bed subjected to a vertical bydraulic pulse The pulse 15 the result of a8 sudden
upflow of water through the screen and screen bed with sufficient velocity to bring all particles
momentanly mto suspension so that the screen bed becomes fluidized Atthe completion of the pulse,
the water drains back through the screen and screen bed and the pulse cycle s repeated  The pulsing
cycle allows heavy particles to settle through the screen bed and lLighter particles to pass over the top of
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the screen bed Heavy particles that are small enough to pass through the screen are discharged
conhinuously. Coarse, heavy particles not passing through the screen are withdrawn mtermuttently The
hghter matenial flows over the top of the screen bed and out of the end of the GS.

There are three product streams from a GS* low deamity tahing which 1s skummed over the werr;
oversize dense particles which collect on the screen, and dense fines or “hutch product® which pass
through the screen The oversize dense particle stream 1s not a continuously generated matenal, 1t1s
removed on a periodic basis Separstion 1s accomplished by the different settling rates of the particles
m a verticle pulse of water Figure 7.2-1 provides a sumple diagram for the components and streams of
a typical GS Figure 7.2-2 provides an actual size, visual representation of vanous particle sizes from
coarse to fine

The ability of a GS to achieve fractionation by particle density and particle mze 15 what provides '
an wolation of plutonium contamination Smce plutonium (PuO,) has a lugh specific gravity (Sp Gr =
11 5) and 15 associated with fines (DOE, 1982), 1t 15 expected that the plutonium contammation will be
concentrated pnmanly in the butch product stream

To enhance the performance of the TRUclean Process GS, several feed preparation steps have
been added. These steps include an mmitial wet screening of the sosl by a trommel screen, attntion
scrubbing to promote separation of plutomum particulates from the soil aggregate, and particle mze
frachonation by hydrocyclones The hydrocyclones are optional and will be used if improvement 1s
neoded m effectng particle mze cuts. Also, unit operations have been added to "polish® the tmiling
stream of the GS 1 an effort to further 1s0late the plutomum contamunation. These umit operations
include. particle size fractionation by spiral classifier and gravimetnic separation by centrifugal
concentrator.

Figure 7.2-3 presents a general flow diagram showing the typical arrangement of umt operations
making up the TRUclean Process A detatled descnption of the operational procedures and equipment
for the test process (with modifications to the general TRUclean Process flow) as applied to the RFP
plutomum-contaminated so1l 15 mncluded 1n Section 7 3 4 of thus work plan
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AWCwill conduct a treatability test on RFP plutonium-contamnated soils The goal of the
expenmental procedures 1s to select the bench-scale process equipment (Phase I)and place that
equipment 1n the most effective sequence (Phase II)to separate clean (less than 0 9 pCi/g Plutomum
239 plus Plutomum 240) soils from plutonium-contamunated soils

There are at least esght pieces or types of process equipment that will be tested There are at
least five additional types of support equipment that will be used in comjunction wiath the process
equpment. AWC has provided the following SOPs. The SOPs are included m Attachment 2

Process Equipment SOP No,

' Gravimetric Separator SOP NTS 101

Centnfugal Gravimetric Separator SOP NTS 102
Mult:-Gravity Separator SOP NTS 104
Trommel SOP NTS 201
Attnition Scrubber SOP NTS 203
Spiral Clasaifier SOP NTS 301
Hydrocyclone Test Unit SOP NTS 302
Thickener

Support Equipment SOP No.

Feed Auger SOP NTS 202
Pump(s)

Hopper(s)

Tank(s)

Homogenizer

Agitator(s)

7 3.1 Expenimental Design

The expenmental design for the AWC TRUclean Process and its expanded pieces of equipment,
will be based upon two phases of tests Phase Iwll consmist of tesing individual pieces of process
equpment selected by AWCm order to determine the following
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° Effectiveness 1n separating clean sois from plutomum-contammated soils
L4 Opumum mze fraction(s) cleaned in the mndividual pieces of process equipment

® Optimum settings for the various physical vanables for each piece of process equipment
( e.g , mcline angle and rpm)

® Optimum settings for the process vanables for each piece of process equpment (e g,
gallons per munute (gpm) of wash water, pulp density, and feed mate)

In order to determune the opumum conditions, AWCwill select for their equpment, a 22 to 23
kilogram (approximately 50 Ib ) sample of contammated souls which will be charged 10 to 15 times to
the piece of equpment to determine the optimum physical and operating parameters for s particular umit
operation. There will be flexibility 1n the procedures to make adjustments for optmzng performance
results For example

L Ifoptimum conditions can be achieved with fewer tests on a particular piece of process
equipment, a smaller number of tests will be conducted If more tests are required,
they will be conducted

o If 22 to 23 klograms 1s insufficient for optimization tests on a particular piece of
equipment, more contanunated soils will be added to the test run If 22 to 23
kilograms 1s sn excess quantity, a smaller quantity will be used.

Once the Phase Idata results are evaluated and the optmum design developed, EG&G-RF or its
designated contractor will approve the design, the Phase IIportion of testing will begin  As part of
Phase II, the process equipment umts will be placed, based upon the Phase Ievaluation, m the most
effecive sequence to separate clean soils from plutomum-contaminated soils The expenmental design
for Phase II'will consist of three runs (the Final Record Runs) Each of these runs will test 90 to 91
kilograms (spproximately 200 Ib.) of contaminated sous to effect the separation of clean soils from
plutonum-contamnated  souls.
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7.3.2 Testing Faciity

The TRUclean Process treatabiity tests will include testing of both the TRUclean Process and
additional physical separation equipment. Tests will be performed at NTS near Mercury, Nevada, within
Ares 25 st the ETL Facility, Building 3124

7.3.3 Charactenization of Test Soil

The RFP contammnated soils will be sphit at the sample collechon site (Attachment 1) One
sample will be sphit for the RFP, which will conduct chemical and radiological testng RFP
charactenization dats will be compared with AWC charactenization dats The charactenzation
procedures discussed 1n this section are subject to change or modification based upon the final
recommended protocols of the Protocol Commuttee for Soil Charactenzation These protocols are beng
developed as part of the Plutomum 1n Sod Integrated Demonstration

AWC will generate a charactenzation sample from the RFP contaminated soils sent to them in
four 55-gallon Department of Transportation (DOT) 17H drums. AWC will place the contsmunated soil
from the four drums, approximately 1450 kilograms (3200 Ib ) mnto a 10-foot long by 10-foot wide tray
“bomogemizer®. The contaminated soils will be mixed thoroughly by manual means

Once the RFP contaminated soils are thoroughly mixed, the mass will be split using the
standard “cone and quartering” (Tyler, 1989) techmique descnbed below and shown m Figure 7.3-1°

The sample willbe piled 1n a cone, each shovelful going
to the center of the cone and allowed to run down
equally in all directions - this will mix the sample.
Spread the pile out 1n a circle and walk around the pile
gradually widemng the circle with a shovel until the
matenal 1s spread out to a uniform thickness.



FIGURE 7.3-1
CONE AND QUARTERING
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Divide the flat pile mnto quarsters and reject two opposite
quarters Mixagain by shoveling the matenal into a
conical pile, taking alternate shovelfuls from the two
quarters saved Coantinue the process of piling,
flattening, and rejecting two quarters until the sample 1s
reduced to the required mze

Surveys have shown that the greatest cause of
mconsistencies 1o testing results have come from
improper selection of & sample which 1s not truly
representative of the entire lot of matenial Therefore,
every care should be taken in the proper selection of

the sample

This procedure will be repeated five times to reduce the mitial 1450 kilograms to approximately 91
kalograms (200 1b) Aferthe fifthrepeat, the flattened pile wall consist of four quarters of 22 to 23
kilograms Opposite quarters will be combined resulting 1n two samples One approximately 45
kilogram (100 Ib ) sample, wall be the AWC charactenization sample (AWC-CS) The other,
approximately the same weight, will be the RFP check sample The RFP sample wall be placed into a
mmmum 6 nul plastic bag, tie sealed, labeled, and placed nto a 30-galion DOT 17H drum. Ths drum
will be used to send all RFP splits from the AWC treatability tests to the RFP

The approximate 45 kilogram AWC-CS will be characterized with the following tests The
sample will be ar dned after the bulk density determination sample 15 taken and prior to the other
charactenzation tests.

L Bulk deasity determination
Air-dry ssmple prior to performing the remaining tests

pH determunstion

Particle mze analyms

Air-dry moisture determination

Gross alpha determmation

Gross beta deternunation

Plutomum 239 plus 240 deternmunation
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7.3.3.1 Bulk Deasity Determunation

The bulk density will be obtuned in accordance with Analytical Procedures AWC, AP No AWC
2, Bulk Density Determunation, Rev 0, 05/02/91 The “volume filling” alternate should be used. The
sample will be taken from the approximate 45 kilogram AWC-CS The bulk deamity sample wallthen be
returned to the fullsample The AWC Analytical Procedures are mncluded in Attachment 2

7.3.3 2 Air Drying

The approximate 45 kilogram AWC-CS will be air dned prior to the remmning charactenization
tests being conducted The air drying procedure will be that descnibed n Analytical Procedures, AWC,
AP No AWCS, AirDry Moisture Determunation, Rev 0, 05/02/91, Section S 4, Sample Drymng

7.3 3 3 pH Determunation

The pH determmmation will be obtmned 1n accordance with Analytical Procedures, AWC, AP No
AWC4, pH Determination, Rev. 0, 05/02/91. The sample wiil be a grab sample from the air dned AWC-
Cs

7.3 3 4 Particle Size Analysis
The RFP contamunated soul sample could contain O to S percent plus 3-inch size cobbles. In
order to be prepared to properly handle these larger particle mzes, the Particle Size Analymis will consist

of three discrete screemng ranges plus 125 mm (+5-inch) to plus 19 mm (+3/4-mnch), ounus 19 mm (-
3/4-1nch) to plus 300 mucron (+U S No 50), and mmnus 300 micron to mmnus 45 mucron (-U.S. No 325)

125mm - 19mm

A Gilson Rocker Screen Set, SS-35, or equivalent, will be used to screen the entire AWC-CS,
approxumately 45 kilograms The screen (sieve) sizes to be used are as follows
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millimeters U.S. Sieve No,
125 S-n.
100 4-n
75 3-an
50 2410
37.5 11/2-m
25 14n
19 3/4-m

First, the 125 mm opening screen will be used in the Rocker Screen Set. The AWC-CS will be
placed onto the screen, and the box rocked to pass the minus 125 mm soils through the screen
Obvious clumps which are not coarse solid matenial will be manually broken to pass through the
screen. The plus 125 mm material will be removed from the screen, weighed, and retamned separately
The volume of the Rocker Screen Set box may require three repeats in order to screen/mize the

spproximate 45 kafogram sample

Second, the 100 mm opeming screen will replace the 125 mm opeming screen and the cycle will
be repeated  The plus 100 mm matenal will be removed, weighed, and retamned separately The munus
100 mm matenial will be feed matenial to repeat the cycle using the 75 mm screen

Once all of the AWC-CS bhas been dry screened through the sequence of meve sizes to the 19
mm screen, the minus 19 mm contaminated sois will be set aside for later screeming 1n the 19 mm to

300 mucron sequence.

The separately retained size fractions, up to seven fractions ifall sizes are present, will be
subjected to wet screening 1n order to remove fine adhenng particles The procedure to be followed will
be that outlined 1n Analytical Procedures, AWC, AP No AWC 3, Particle Size Analyms, Rev. 0, 05/02/91,
Section 5.5, Wet Sieving Method The screen oversize will be dned, weighed, and retamned separately

Those matenials separately retamned m mizes plus 125 mm, plus 100 mm, plus 75 mm, and plus
50 mm will be sphit using the following sequence, by mze
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1)
2)

3)

4

5

Place the matenal on a roll cloth and roll
Cone and quarter the matenial as described earhier

Select a grab sample from one quadrant for chemical testing (Sections 7.336,7337,
and 7.3.3 8)

Select the entire oppomite quadrant for the RFP sample
Retain all the remaining sample from all cone and quarter splits

Those matenals separately retained 1n sizes punus S0 mm will be split using the following
sequence, by mize

n
2)

3)

4

Place the matenial mnto a Gilson Model SP-1 sample splitter or equivalent

Adjust the chute opeming width to a mumumum of twice the particle size, preferably three
times (e g, for munus S0 mm use a 4-inch wide seting and for mnus 37.5 mm use a 3-

mch wide setting)
Each pass through the sphtter will reduce the sample in half

Reduce the sample to the size required by AWC’snternal laboratory procedures for
chemical testing

5) When the final spht size 1s selected, the other pan spht in the sampler will be the RFP
sample
6) Retain all the remaining samples from the pan sphits
19mm - 300 micron

The munus 19 mm (-3/4-inch) contamunated soil from the dry screening and the oven dned fines
from the wet screening will be combined These soils will then be spht in a Gilson Model SP-1 Sample
Sphtter or equal, down to approximately 4 kilograms (8.8 Ib ). The sample will be split once more with
half retained for the particle size analyms and half for the RFP sample Retamn all the remaming sample
from the pan splits.
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The approximate 2 kilograms (4 4 Ib ) of AWC-CS particle mize analysis sample fraction will be
screened using the following meve sizes

milimeters(micronsg) _______ U.S Sieve No,
95 3/8-n
63 1/4-1n.
4.0 5
20 10
(850) 20
(425) 40
(300) 50
PAN

The particle size analysis will be obtained 1n accordance with Analytical Procedures, AWC, AP
No. AWC3, Particle Size Analysis, Rev 0, 05/02/91, except that the above meve mzes will be used
Both dry and wet mieving will be conducted

The munus 300 mucron (-U S No 50) contaminated soil mn the pan and the dned washed fines
from wet sieving will be the feed matenal to the next set of meve mzes The following sizes will be

used.
microng U.S. Sieve No,

212 7
150 100
106 140
75 200
45 325

PAN

The particle s1ze analysis will be obtained m accordance with AWC AP, No AWC 3, except that

the above mieve mzes will be used
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7.3 3.5 Air-DryMoisture Determmation

The moisture determination will be obtamned in accordance with Analytical Procedures, AWC, AP
No AWCS, Air-DryMosture Determination, Rev 0, 05/02/91 The sample will be obtamned from the
retamned portion of the munus 19 mm, plus 300 micron sphit. This sample will be reduced to the desired
size required by AWC, AP No AWCS by reducing the sample m the Gilson Model SP-1 Sample Splitter

or equal
7.3.3.6 Gross Alpha Determunation

A gross alpha determination will be made on a sample of soil retained on every fraction (plus
s1ze) generated in the Particle Size Analysis as well as on the munus 45 micron sample This will be 20
determunations if particles are preseat n every sieve size

The gross alpha determination will be made according to the AWC mtemal laboratory
procedures 1n a manner sufficient to meet the requrements outlined in Section 5 2

7 3 37 Gross Beta Determunation

A gross bets determination will be made on a sample of soil retained on every fraction (plus
mze) generated 1n the Particle Size Analysis as well as on the minus 45 micron sample Thus will be 20
determinations 1f particles are present in every mieve mize

The gross beta determunation will be made according to the AWC internal laboratory
procedures 1 & manner sufficient to meet the requirements outlined mn Section 5.2
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7.3.3.8 Plutonmum 239 plus 240 Determination

A plutonium 239 plus 240 determination will be made on a sample of soil retamned on every
fraction (plus mze) generated 1in the Particle Size Analysis as well as on the munus 45 micron sample
Thus will be 20 determunations 1f particles are present n every meve size

The plutomum 239 plus 240 determunation will be made according to the AWC mternal
laboratory procedures 1n a manner sufficient to meet the requirements outhined in Section 5 2

7.34 Test Process

The TRUclean Process was specifically onented to separate heavy contaminants from hghter
non-contamunants  The mmtial development effort centered around the GS Since the mitial work, the

TRUclean Process has grown into an assembly of physical scrubbing/classifying/separating  pieces of
equpment for segregating heavy contaminants from Lighter non-contamunants

Once the RFP sample has been received (four S5-gallon DOT 17H drums), bomogemized, and
the AWC-CS removed, the treatability tests will begin The treatability tests to be conducted on the RFP
plutomium-contamunated soils will utilize many, ifnot all, of the process equipment listed m the
mtroduction to Section 7.3. The steps 1n the treatability study are as follows

1. Characterize the sample
2 Test mndividual pieces of process equipment using water as the hiquid medum.
3. Optumuze the settings of the vanables on the individual prieces of process equipment.

4. Test individual pieces of process equipment at the optimum settings using a sodium
hydroxide solution at s pH of 120 to 12 § as the hqud medium

5 Evaluate the performance results from the mndividual pieces of process equipment.

6 Assemble the selected pieces of process equipment into a sequential flow system that
provides an expected optumum performance
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7. Test the optimum sequence system with water as the hquid medium.

L 8 Test the opumum sequence system with a sodium hydroxide solution at a pH of 120 to
12.5

The mmtial parts of the test process are depicted on Figure 7.3-2, Feed Blending and Trommel
Scrub/Screen.  Several of the more important pieces of support equipment are shown on thus figure
homogemizer, scale, and contamners Once the AWC-CS has been removed as described 1 Section
7.3 3, the remaining sample, approximately 1360 kilograms (3000 1b ) will be coned and flattened once
(Section 7 3 3,Figure 7 3-1) Samples for testing will be withdrawn from thus disc shaped pile as
required. Using a hoe or sumilar rabbling tool, a segment of contanunated soil will be withdrawn from
the disc weighing approximately 23 kilograms (50 Ib) The sample will be withdrawn by placing the hoe
at the center of the circle and withdrawing a thin segment. Additional samples for 23 kilogram tests will
be withdrawn by selecting random radu and withdrawing soil from the center to the outer edge along the
radu For Phase testing (Section 7 3 1), the sample mze will be generally 23 kilograms, however, the
sample mze can be vaned For example, the trommel feed sample may need to be increased to 34
kilograms (75 1b.) in order to generate a 23 kilogram product for follow-on process equipment tests

Pnor to beginning the Phase IItesting (Section 7 3 1), the remaimng sample will be coned,
flattened and ' either quartered or divided mnto thirds This choice will depend on the amount of sample
left. Phase II,the Final Record Runs, will consist of three runs, each consmsting of approximately 90
kilograms of contaminated so1l The sample could be increased up to 114 kilograms (250 b )if a
greater quantity of fine matenal 1s needed

7.3 4.1 Support Equipment

There are several pieces of support equipment which will be used 1n association with most of
the preces of process equipment These items include, but are not necessanly hmuted to the following
bomogenizer (Section 7.3 3), scale(s), feed hopper(s) with 3/4-inch opemung screen deck, feed auger,
collection contamners, tank(s), and pump(s)
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DRUMS DS55-1,055-2,055-3,0554

1445 Kg (3188 ibs) @ = SAMPLE POINT

e |-

23 - 34 Kg (50 - 75 Ibs ) UNIT PROCESS TESTS
90 - 114 Kg (200 - 250 ibs ) RECORD RUN TESTS

SCALE
+3/4°
HOPPER
FEED AUGER
A |
+1/e°
TROMMEL CONTAINER .—-—@
A4 +3/4°
@—— CONTAINER . CONTAINER ——@
FIGURE 7.3-2
FEED BLEEDING AND
TROMMEL SCRUB/SCREEN
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Scale(s)

Allsamples will be weighed prior to being tested and all products of the tests wall be
weighed A small portion of every fifth feed sample wall have its mosture content deternuned
(AP No AWCS, Air-Dry Mosture Determunation)

Feed Hopper(s) with Screen Deck

The RFP plutomium-contaminated soil sample 1s expected to contan particles larger than
3/44nch In order to protect the feed auger, the 3/4-inch matenal will be removed and saved
a contuner (Figure 7 3-2) The hopper’s capacity 1s approxumately five gallons (0 67 ft %)

Feed Auger:

The feed auger will be used to control the rate (kg/hr, Ib/hr) at which the sample 1s
added to the process equipmeant The feed auger will be operated 1n accordance with AWC’s
Standard Operating Procedure, SOP NTS 202, Operation of feed auger, Rev 1, 7/1/91 The
Auger Feed Rate table, page 7 of 7, 15 based upon a density of 2 65 g/cm® The rheostat setting
calibration will need to be recalculated based upon the AWC-CS bulk density deternunation In
general, the feed rate will be set to deliver a 23 kilogram sample to the process equipment 1 10
mnutes This 15 equivalent to 138 kilograms (300 Ib ) per hour The feed rate will be adjusted
higher or lower as the test results indicate 1t 1s appropniate

Container(s).

Contaners will be used to collect and accumulate the vanous products of each process
equpment test during Phase I Dunng Phase II,process equipment umits will be assembled 1n
sequence Contamners will then be used for products at the end of the sequence

Products whuch are collected can be dry solids (+3/4-inch matenal from the bopper
screen), wet sohids (screw classifier underflow), or slurnes (hydrocyclone overflow) The
containers will be tared prior to use and they will be weighed after use

7.3 42 Process Equipment

The pieces of process equipment that will be tested as part of the treatability study program
mclude the following trommel, spiral classifier, GS, attntion scrubber, ceantrifugal gravity separator,
multi-gravity separator (MGS), hydrocyclone test unmits, thickener, and filter(s)

AWCwill have considerable flexibility 1n executing the treatability studies within the parameters
of the TRUclean Process Tlus flexibility wall include AWC’s ability to choose items such as
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° Number of tests 1 each piece of process equipment
® Weaght of so1l for each test

L Setting of process equipment vanables

L Sequence of tesing process equipment
L Choice of process equipment to receive products from earlier tests

AWCwill be required in the performance of the treatability tests to meet specific cnitena,
mcluding but not necessanly hnuted to the following

L Use water as the liquid medium to establish optumum operating conditions on each
piece of process equipment to be tested

° Use a sodium hydroxide solution at a pH range of 12 0 to 12.5 to test the process
equipment at the opumum settings

L Develop a plan for arranging the process equipment in sequence (o generate the largest
volume of clean (less than 0 9 pCi/g Plutomum 239 plus 240, Section 4.2) souls
obtanable

L Obtain acceptance of the plan from EG&G-RF or its designated subcontractor

L Execute the plan at least three times using & mmmum 91 kilograms (200 Ib ) of
contamunated soil and using a sodium hydroxide solution at a pH range of 120to0 125
at least once.

o Collect, record, analyze and report all data in accordance with the requirements outlined
m Section 5.2

® Conduct the six physical and chemical tests particle size analyms, pH determination,
air-dry moisture determunation, gross alpha determunation, gross beta determination, and
plutomium 239 plus 240 determunation, on every sieve mize of every product generated

L Conduct screen and meve mzing to include mullimeters - 125, 100, 75, 50, 37 §, 25, 19,
9.5,63,40,and 2.0 (U.S No 5°,4°,3%,2°,1-112°, 1°,3/4", 3/8", 1/4°, §, and 10),
microns - 850, 425, 300, 212, 150, 106, 75, 45, and 45 (U S No 20, 40, 50, 70, 100,
140, 200, 325, and -325) on every product geanerated as appropnate for the particle mzes
present.
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Descriptions of parameters for the process equipment of the TRUclean Process follow
Tromme!

The trommel 15 an inchined rotating cylinder with internal spray bars and a perforated
(1/4-mnch openings) discharge tube The rotation causes the larger soil particles to roll and
tumble Ths action removes fine particles adhening to larger ones. The water sprays wash the
fines off the coarser particles (+ 1/4-nch, 6 3 mm) The trommel 1s shown on Figure 7.3-2 and
its operation 1s covered by Standard Operating Procedure, AWC,SOP NTS 201, Rev 1, 7/01/91
The tromme! has four vaniables which can be adjusted to affect its operation angle of tilt, feed
rate, spray bar water flow, discharge screen opeming size The mitial settings will be

Angle of tiit- The trommel will begin at zero setting which 18 approximately minus 10
degrees slope from honizontal To obtain greater retention tume, which wall increase the
scrubbing/washing time, rmse the discharge end of the trommel (decrease the munus 10
degree slope to a lower negative slope)

Feed rate The feed rate will be controlled by the feed suger (Secion 7 3 42) The
mtial feed rate will always be set to deliver a 23 kilogram (50 Ib.) test sample 1n 10
munutes Adjustments for ensuing tests will be made as required

For plus 3/4-inch contaminated soils the feed auger will be by-passed The feed rate
will be controlled by the smize of test sample and frequency of addition whea by-passing
the feed auger

Spray bar water flow. The nstial spray bar water flow will always be set to deliver five
gpm water Adjustments for ensuing tests will be made as required In general, the
target pulp density mside the trommel 1s five to ten percent sohds

Discharge screen opening size The discharge screen wath the 1/4-mnch (6 3 mm)
opeaings will be used for all trommel tests

Spiral Classifier.

Based upon the precept that the soil contamunants are small, heavy particles mixed with
or adhening to larger clean soil particles, the spiral classifier 13 anticipated to be the optumum
second step m the contarmnated soil cleaning sequence  The spiral classifier can sepamte
coarse particles (+150 micron, U S No 100) particles from finer particles (-150 mucron) by
controlling spiral rpm, weir depth, and pulp density. The spiral classifier 18 shown on Figure 7 3-
3 and 1ts operation 18 covered by Standard Operating Procedure, AWC,SOP NTS 301, Operation
of the Spiral Classifier, Rev 1, 7/01/91. The spiral classifier has four vanables which can be
adjusted to affect its operation: auger speed (screw rpm), feed rate, pulp density, and werr
beight. The mmtial settings will be set to achieve a split of munus 1/4-mnch, plus 70 U S No
sieve (-6 3mm, +212 microns) in the underflow Thus size sphit 1s chosen as the mmtial starting
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point because 1:fthe particles do not meet the “clean® requirements, they are mn the preferred mze
range for the GS and/or the attntion scrubber

Auger speed: the auger speed will be set at 25 rpm for the mitial test. Adjustments
will be made to achieve a split between underflow and overflow at U S Sieve No 70

Feed rate: The feed rate will be controlled to deliver a 23 knlogram test sample m 10
munutes. Adjustments for ensuing tests will be made as required.

Pulp density. The pulp density will be adjusted as required to achieve the desired split
at US Sieve No 70 Water sprays will be used to wash fine particles off of the coarse
particles being raised by the spiral (underflow) Thus volume of water will impact the

pulp deasity

Weir height The mitial weir height will be set at the maximum height. Adjustments wall
be made as required to achieve the desired mze sphit

The spiral classifier underflow, Figure 7 3-3, item 6 will be sampled 1n order to conduct
the six physical and chemical tests discussed 1n Section 73 6 These tests will indicate the
effeciveness of the separation of contamunants from the clean soil Ifthe spiral classifier
underflow 18 not “clean®, further treatment and/or adjustments to the spht size will be required
The underflow can be further treated by the GS or attntion scrubber

Attrition Scrubber:

The attntion scrubber 1s shown on Figure 7 3-3 and its operation 15 covered by Standard
Openating Procedure, AWC,SOP NTS 203, Rev 1, 7/01/91. The attrition scrubber 15 an
agitation device in which particles continually abrade each other Tius removes fine (-150
micron) particles from larger (500 to 150 mucrons) particles The attntion scrubber has four
vanables which can be adjusted to affect its operation pulp density, impeller speed, feed rate,
and resdence time The attnition scrubber 15 a two cell umt consisting of two approximately
1 ft.%cells The attntion scrubber operates in senes with the first cell, discharging to the second
AWCmay have available a new two cell umt for the treatability tests The new umt’s cells will
operate 1n senes and be smaller, approximately 0 33 ft.°to0 0.5 ft.* cells

Pulp density: The pulp density will be set for 70 perceat sohds for the mnitial test.
Adjustments will be made as required to effect better scrubbing

impeller speed The mtial impeller speed will be set according to the manufacturer’s
recommendation

Feed rate The feed rate will be controlled to deliver a 23 kulogram test sample m 10
munutes. Adjustments for ensuing tests will be made as requred. Feed rate affects

retention tume
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Residence time* The longer the residence time, the greater the scrubbing contact
Residence tumes are adjustable from 3 munutes to 30 punutes Afier the 1mtial feed rate
setting, adjustments ¢o residence time will be made as requured

A sample, Figure 7 3-3, stem 8, will be obtamned from the attrition scrubber in a manner
sumilar to that descnbed for the munus 1/4-inch fraction (<6.3 mm) in Section 7.3 6 The results
of the mx phymical and chemical tests will indicate the effectivenecss of the scrubbing and the
sieve size to achieve & separation of “clean® and contaminated soils Itis anticipated that the
sttntion scrubber product will be treated best by a return to the spiral classifier

Gravimetric Separator

The GS 15 shown on Figure 7.3-3 and 1ts operation 15 covered by Standard Operating
Procedure, AWC, SOP NTS 101, Rev 1, 7/01/91 The GS separates heavy (>7.0Sp Gr)
particles from highter particles due to the faster settling rate of the heavy particles m a pulse of
water The GS has six vanables which can be adjusted to affect its operation  stroke length,
stroke frequency, bedding matenal, water flow rate, feed dilution water and feed rate The GS
operates best 1n the particle size range of munus 3/8-inch, plus US No 200 (9.5 mm, +75

micron)

Stroke length- Stroke length will be set at 1/2-inch for the imtial test. Adjustments will
be made as requred

Stroke frequency The stroke frequency will be set 8 125 strokes per munute for the
mitial test  Adjustments will be made as required

Bedding material. The imtial bedding matenal will consist of 3/16-inch steel balls
placed to a thickness of 1-inch on the support screen The support screen openings are
fixed at 1/8-inch

Water flow rate The mutial water flow rate will be set at S gpm Adjustments will be
made as requured,

Feed dilution water. The mtial feed dilution water will be set to produce a 30 percent
solids by weight pulp density Adjustments will be made as required.

Feod rate The feed rate will be controlled to deliver a 23 kilogram test sample m 10
minutes Adjustments for ensuing tests will be made as required

Samples to determune the effectiveness of the GS will be taken from both the
snticipated “clean” contamer (overflow) and the contaminated soil contmmner(s) (hutch and bed)
Samples will be obtained and analyzed as discussed mn Section 7.3 6. As wath all AWC
analyses, a split sample will be taken for RFP
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Multi-Gravity Separator.

The MGS 15 shown on Figure 7 3-3 and 1its operation 18 covered by Standard Operating
Procedure, AWC,SOP NTS 104, Rev 1, 7/01/91. The MGS separates beavy (>4 0Sp Gr)
particles from hghter particles via a combimation of ceatnfugal and velocity forces, (e g ,
rotational speed and shaking frequency) The MGS has seven vanables which can be adjusted
to affect its operation  rotational speed, shake frequency, amplitude, washwater flow rate, angle
of tilt, feed rate, and pulp density The MGS operates best on liberated contaminants m the
minus 250 micron (<60 U.S No ), plus 1 mucron range. The spiral classifier overflow will be
targeted to be minus 250 microns which makes the MGS an appropnate piece of process
equipment to test on spiral classifier overflow

Rotationsl speed The rotational speed wall be set 8 200 rpm for the mtial test.
Adjustments will be made as required Rotational speed settings are 160, 200, or 240

pm

Shake frequency The shake frequency wll be set at 4 8 cycles per second (cps) for
the mtialtest Adjustments will be made as required. Shake frequency settings are
40,48,0r57cps

Amplitude The amplitude will be set at 19 0 mm for the mtial test Adjustments will
be made as requred Amplitude setings are 12 7, 19.0, or 25 4 mm.

Washwater flow rate The washwater flow rate will be set at S liters per munute (Ipm)
for the mtialtest Adjustments will be made as required Flow rates are adjustable
from O to 10 Ipm

Angle of tiit The titangle will be set at 2 5 degrees for the mitial test. Adjustments
will be made as required Tilt angles are adjustable from O to 5 degrees

Feed rate the feed rate will be controlled to deliver a 23 kilogram test sample n 10
munutes. Adjustments for ensuing tests will be made as required.

Pulp density: The pulp deasity will be set at 30 percent solids by weight for the iitial
test. Adjustments will be made as requred Pulp density 1s adjustable from 15 to 50

percent.

Samples to determune the effectiveness of the MGS will be taken from three locations,
tems 7, 11, and 12 as shown on Figure 7 3-3 Samples wall be obtained and analyzed as
discussed 1n Section 7.3 6 As with all samples taken for AWC analyses, a sphit will be taken for
mu |
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Hydrocyclone.

The hydrocyclone 1s shown on Figure 7 3-4 and its operation is covered by Standard
Operating Procedure, AWC,SOP NTS 302, Rev 1, 7/01/91 The hydrocyclone separates
different particle sizes 1nto a plus and punus size frachons Hydrocyclones can make good
separations over wide particle size ranges For example, hydrocyclones can separate particles
at plus and minus 1 mullimeter or plus and minus 75 mucrons The hydrocyclone has four
vanables which can be adjusted to affect its operation pulp demsmty, inlet pressure, vortex
diameters, and umit mze. The bydrocyclone has the capability to spht the very fine particles
sway from the more coarse particles The hydrocyclone will be tested to determune two stems

1) capability to separate contamunated sotls from “clean® souls, items 13 and 14, respectively on
Figure 7.3-4, and 2) capability to provide improved mzed feed to the centrifugal gravity separstor
snd the MGS

Pulp density The pulp density will be set at the optumum spiral classifier pulp deasity
for the 1mtial test. Adjustments will be made as required

inlet pressure The inlet pressure will be set at 75 ps1 for the mtial test  Adjustments
will be made as requred Inlet pressure 1s adjustable from 50 to 100 ps

Vortex dismeter: The vortex diameter for the immtial test will be selected based upon
the hydrocyclone manufacturer’s recommendation to control the underflow at sunus 70
US No,plus 200 US No with 5 percent or less (preferred) munus 200 U S No
particles 1n the underflow

Unit size For the particle size separations discussed, the 10 mm hydrocyclone(s) wall
be used

The hydrocyclone overflow and underflow will be sampled and analyzed, items 13 and
14, Figure 7 3-4 Tests will be conducted to try to achieve a "clean” underflow Ifa clean
underflow 15 not achieved, the underflow will be tested in the centnfugal gravity separator. In
aither case the hydrocyclone overflow will be tested in the MGS as descnibed for treating spiral
clasufier Overflow.

Centrifugal Gravity Separator:

The centnfugal gravity sepsrator (CGS) 15 shown on Figure 7.3-4 and its operation 1s
covered by Standard Operating Procedure, AWC,SOP NTS 102, Rev 1, 7/01/91 The OGS
separates heavy (>4 0Sp Gr.) particles from highter particles via a combination of centrifugal
and velocity forces. The CGS works better on particles smaller than 212 mucrons. The OGS has
five vanables which can be adjusted to affect its operation® feed dilution, feed mze, feed rate,

bowl back pressure, and shaking screen vibration (frequency and amplitude)



NOLLYHVd3S ALIAVHO GNV
ONIZIS ANOTOAD0HAAH

HINIVINOD

@i HINIVANOD Wos
WUOS NYI1D QALYNIWVINOGD
002- 002:
HOLYUVJ3S
ALAVHOLLW
HINIVINOD -
MOIHINO ooz

t-£°L 3HNOId

HINIVINOD
()7 e
GILVNINVINOD
002+ ‘0L+ 00z + 0L+
HOLVUVA3S
ALAVHO
VONIHINGD
3NIVINCO
002+ ‘02 MOTISH3ONN

INIOd TdWVS = @

HIAWNN 3A3IS SN = 002 ‘02

INOTOADOHAAH

HINIVINOD
TWOS NYITO

HINIVINGD
MOTHHINO

®



EG&G ROCKY FLATS PLANT Manual —_ 21100-W0-0U 02,6
Section 10 Rev. #0
Page 46 of _93
Effective Date
Organization RPD

Feed dilution. The feed dilution will be set at 40 percent solids by weight for the mtial
test. Adjustments will be made as requred The mummum feed dilution 15 30 percent
solids

Feed size. The feed size will be set at munus 70 U.S No., plus 200 U.S No (-212, +75
sucrons) for the mitial test Adjustments will be made ss required

Feed rate° The feed rate will be controlied to deliver a 23 kulogram test sample m 10
munutes. Adjustments for ensuing tests will be made as required

Bowl back pressure: The bowl back pressure will be set at 9 ps1 for the 1mtial test
Adjustments will be made as required The bowl back pressure s adjustable from O to
30 pst For mnus 100 U.S No (-150 mucron), normal pressures are n the 4 to 6 ps:

range
Shaking screen vibration The shaking screen vibration, frequency and amplitude, wall
be set at the nud-range setting for each one for the mutial test  Adjustments will be
made as required

Samples to determune the effectiveness of CGS will be taken from three locations, items
14, 15 and 16 as shown on Figure 7.3-4. Samples wll be obtained and analyzed as discussed
m Section 736 As with all samples taken for AWC analyses, a split will be taken for RFP.

Thickener-

A ceater-well feed thickener will be used to test the recovery of scrub/wash/dilution
water for recycle Flocculants and pH adjustments will be tested to obtan the cleanest possible
thickener overflow Itis critical that recycle water contan low enough levels of radionuclides so
that they contnbute less than half, :deally one-tenth, the radionuclide levels set 1n the “clean”
defimtion before being recycled

7.3 5 Equipment, Matenals and Reagents

The major pieces of equipment that will be utilized are 1n three areas Process Equipmeat,
Support Equipment, and Sampling/Analytical Equipment.

7.3 51 Process Equipment

° Trommel
o Spiral Classifier
L] Attntion Scrubber(s)
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® Grsvimetnic Separator
° Hydrocyclones
o Centnfugal Gravity Separator
® Multi-Gravity Separator
® Thickener

7.3.5.2 Support Equipment

Feed Auger(s)

Hopper(s) with screen
Containers tanks, drums
Pumps

Agitators

Falter(s)

Scale(s)

7.3 5.3 Sampling/Analytical Equipment

L Homogeauzer
o Gilson, Rocker Screen Set, SS-35 or equivalent, U.S No Screens §-, 4-,3-,2-,1 1/2-,
1-,and 3/4-nch
° Gilson Model SP-1, Sample Splitter or equal with three pans, brushes
L Tyler Sample Reducer (16 1) or equivalent with three pans, brushes
° Hoe or rabble
L Laboratory sieve screen sets to cover sizes US No (mm or microns)
3/8-nch (9 5 mm)
1/4-mnch (6 3 mm)

US No$§ (4 0 mm)
US No 10 (20 mm)
US No 20 (850 mucron)
US No 40 (425 mcron)
US No 50 (300 mucron)
US No 70 (212 nucron)
US No 100 (150 micron)
US No 140 (106 micron)
US No.200 (75 mucron)
US No.325 (45 mucron)
PANS

L Analytical equipment for pH, gross alpha, gross beta, and plutontum 239 plus 240
(gamma/alpha  spectrometer)
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7.3.5 4 Reagents

The only reagent that willbe used as a treatability testing media will be sodium hydroxide
Sodjum hydroxide willbe added to the water to achieve a solution pH of 12.0 to 12 5 which will be used
m the process equipment for scrubbing, washing, and pulp deasity control Flocculants may be tested
m the thickener to improve settling and filtening charactenstics

7.3 6 Measurements and Sampling Requiremeats

As discussed 1n Section 7.3 4 1,contamners will be used o collect and accumulate the vanous
products of each process equipment test Each of these products will be mzed according to the sizes
descnibed 1n Section 7.3 3 4,Particle Size Analysis Depending on the weight of the product, the
product will be split to obtain a representative sample of less weight for physical and chemucal testing to
determine the effectiveness of the separation of contaminants from soil For example, the plus 3/4-inch
(+19 mm) product material will be placed into a Gilson Rocker Screen set, SS-35 or equal contaning a
50 mm (US No 2-inch) screen The plus 50 mm matenal and the munus 50 mm will be split as
described 1 Section 7 3 3 4,125 - 19 mm Ifall size fractions are present, there will be seven fractions
for which physical and chemical data will be collected In general, these are shown oo Figure 7 3-2 as
ttem 2 when the matenal 15 dry and as item 5 when the matenal 15 wet. The data to be collected wall

include.

o Moisture content 1f sample 18 from wet solids (Section 7 3 3 5)
o Particle mize analymis (Section 73 3 4)

° pH determination (Section 7.3 3 3)

L Gross alpha determination (Section 7.3 3 6)

° Gross beta determination (Section 7.3.3 7)

L Plutommum 239 plus 240 determunation (Section 7.3.3 8)
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The munus 3/4-nch (-19 mm), plus 1/4-inch (+6 3 mm) fraction (Figure 7.3-2, Item 3) wall be
split down to the AWCstandard sample size n the same manner as referred to above for the munus
50mm (-2-inch U S No ) and descnibed 1 Section 7 3 34 This product of the trommel will be wet. The
sbove mix physical and chemical tests will be performed on each mze fraction present consmstent with
the screen and meve designations 1n Section 7.3 3 4

Duning treatability testing observation and judgement will be required 1n the handling of the
munus 1/4-4nch (-6 3mm) soils (Figure 7 3-2, Item 4) In general, 1fthe munus 1/4-inch fraction 18 coarse,
settling will occur quickly and the scrubbing/wash solutions will become clear enough to decant
Whea this occurs, the sample will be sphit down to the AWCstandard sample size by use of a Tyler
Sample Reducer (16 1 sample reducer) or equvalent The Tyler Sample Reducer will be especially
helpful m splitting samples from the spiral classifier underflow (Figure 7 3-3, Item 6) The sample reducer
18 hmuted to a maximum particle size of 1/2-inch (12 Smm) Once the proper sample 18 obtamned, the
above mentioned mix physical and chemucal tests will be performed on each meve fraction present
consisteat with Section 7.3.3 4

Ifthe munus 1/4-mnch fraction 1s pnmanly fine soils, then setthing will be slow In order to collect
the sample n this circumstance the contaner contents will be highly agitated with a portable agitator for
at least 15 minutes. The agitated contmner contents then will be poured mto the 16 1 sample reducer
to obtam the sample. The sample will be subjected to the six physical and chemical tests descrnibed
sbove and consistent with the sieve separations 1 Section 733 4

Decant solutions and suspensions of fine sohids will be put mto the thickener for setting
charactenstic testing A split of all samples will be taken and retamned for RFP analysis

All measurements and deternunations will be made as outhned in Section 7.3 subsections and
according to AWC mnternal laboratory procedures 1na manner sufficient to meet the requirements
outlined m Secion 52 Where AWC internal procedures and work plan directions conflict, the work plan
will take precedence unless resolved 1n wnting by EG&G-RF or its designated subcontractor
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Management of the QA Records and data generated n support of the TRUclean treatability test
1s addressed 1n the Quality Assurance Project Plan for Land Surface Cleanup of Plutonium Projec
(AWC)and AWC SOPs included in Attachment 2 Records of the operating conditions for the test
equipment dunng treatability testing include project logbooks and equipment specific run sheets

AWC deliverables at the completion of the treatability tests mnclude the following

° performance evaluation report

- project logbook contamning results of physical and chemical tests, weights,
temperatures, and other pertinent information
- process equipment run sheets

L ongmals (or legible copies) of all QA Records produced throughout the treatability
tesing, organized by test run number (e g, 1 through §)

o test parameters and analytical results in either Lotus or dBase format, orgamzed by test
run number

The EG&G-RF project manager will receive the deliverables supporting the treatability test from
the test subcontractor. The project manager will manage these data according to the EM data
management procedures which are presently being developed Itis noted that some techmical data
specifications and documeats are considered propnetary to AWCand will be handled accordingly.
EG&G-RF will provide the test data and results to their feasibility study subcontractor for interpretation
and analyms. The subcontractor 1s required to manage these data in accordance with s standardized
document mventory and fiingsystem. Data interpretation and analysis resuits will be documented to
allow independent venfication of the conclusions drawn

7.5 Data Evaluation

Data evaluation will be a cntical component of the TRUclean Process treatability test program.
Data evalustion will be performed on the physical and chemical results from three areas AWC-CS,
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mdividual process equipment tests (Phase I),and sequential process equipmeat tests (Phase II) After
all the treatability tests are complete and the data evaluated, an overall project data evalustion will be
made

7.5.1 AWC Charactennzation Sample

Prior to individual process equipment testing being undertaken, the AWC-CS data will be
reviewed and evaluated Since the objective of the treatability test program 1s the separation of
contamunated soils mto clean (less than 0.9 pCi/g plutomum 239 plus 240, Section 4 2) and
contamunated soils, evaluation of the contaminated soil starting matenal 1s a key element

The items to be evaluated willinclude, but are not necessanily linuted to, bulk denmty, moisture
content, pH, particle size analysis, gross alpha, gross beta, and plutomum 239 plus 240 Each plus
screen fraction and the minus 45 micron (-325 U § No ) fraction data willbe reviewed Ifall particle
mzes are present (Section 7.3 3 4) there willbe 20 fractions to evaluste Data willbe preseated ma
tabular format (e g, tests as column titles and screen fractions as the vertical column items)

The data willbe reviewed with the pnme effort being expended on the alphs, beta, and
plutomum concentrations of each mze frachon Compansons willbe made between activities of dry
screened soils and wet screened soils These differences willbe mndicative of the adherence of fine
contammated particles to larger clean soil particles Evaluations will determine whether the “clean”
condition 18 achieved.

These evaluations willbe starting pownt for the individual process equipment tests For example,

evaluation of the data willindicate whether the plus 3/4-inch soils willbe clean and not need to be
treatability tested, or whether they willbe contaminated and willneed to be treatability tested.
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7.5.2 Individual Process Equipment Tests

Individual pieces of process equipment will be tested to determune the equipment’s
effectivences 1n separating clean sois from contamunated soils In addition to the stems to be evaluated
as described for the AWC-CS, a matenal balance around each piece of process equipment will be
required. To accomphish the matenal balance, weights and moisture contents become mportant data
along with the alpha, beta, and piutonium determinations

The trommel feed willbe based upon the AWC-CS results Ifthe matenial balance sround the
trommel (feed +3/4-nch, +1/4-mch, and -1/4-nch products) does not balance, i1t willbe necessary to
select a larger trommel feed quantity, split out a representative sample, and charactenze the sample

In general, the tromme! products, plus 1/4-inch soils and munus 1/4-inch soils will be
charactenized sufficiently well to use that charactenzation data as the feed data for the next piece of
process equipment. For each piece of process equipment, data on that prece of equipment’s vanables
will be collected, recorded, tabulated, and compared to see the impact on the physical and chemical
data For example, 1fthe mitial trommel setings do not produce a clean plus 1/4-mnch soil, the data will
be evalusted by reviewing the screen fractions to determune

1 Plus 1/4-1nch particles that are still contaminated

2. Plus 1/44nch particles that are contaminated by munus 1/4-mmch carry-over with the plus
1/4-nch soils

Based upon thus type of data evaluation it may be deterrmned that trommel vanables should be
changed, one at a ime For example, the incline angle may be reduced to provide longer retention time
m the perforated discharge tube to allow better washing of the plus 1/4-inch particles to remove fines

Evaluations willbe made for each piece of process equipment by tabulating the charactenzation
type data. and companng it agunst different vanable settings for that piece of process equpment. A
written description willbe provided to record the interpretation of the data the rationale for the change mn
the process equipment vanable(s), and the results of the change
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When the best results are achieved using a water media, then one or more tests will be run
using a water/sodium hydroxide solution at pH 12 0 to 12.5 The high pH solution results will be
compared to the water only results

Once all the preces of process equpment chosen by AWC for treatability testing have been
tested and evaluated, AWCwilldevelop a plan for the sequence testing of process equipment, Phase II
The Phase IIplan willbe supported by summanzing collected data from individual tests The plan willbe
presented to EG&G-RF or their designated subcontractor for approval

753 Sequential Process Equipment Tests

Once the sequence of process equipment has been spproved, this portion of testing can begn
Dunng this Phase IIportion of the treatability testing, the process equipment vanables will not be
changed Their opumum setting willbave been determined by Phase I testing

The data collected willbe as delineated 1n the previous two sections This data will encompass
the trommel feed and the final products of the TRUclean Process umit operations Thus data will be
evaluated to provide input for the overall TRUclean Process evaluation For example, spiral classifier
underflow, which 18 expected to be clean, would be a final product Spiral classifier overflow, whuch will
be contaminated 1s not a final product. The overflow 1s fed to another piece of process equipment, as
such, its charactenzation will not be part of the sequential process equipment evaluation

Samples will be collected and charactenzed at all process equipment discharge pomts. The
data from those intermediate discharge ponts, although not part of the final data evaluation, will be
retamned to interpret what occurred ifthe sequential systems cannot produce either clean s01l or &
sufficient quantity of clean soil
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71.5.4 Ovenall Dats Evaluation

The overall data evalustion willfollow the same procedures as described earher Figure 7.5-11s
presented as a hypothetical example of the data evaluashon procedure which 1s the mput to the decision
process.

7 6 Regulatory Requirements

Off-mte treatability studies on RFP plutomum-contarmnated soil require conformance to
spplicable DOT regulations. These regulations address the handling snd shupping requirements for
radioactive matenals Itis expected that the soil will be exempt from the requirements of 40 CFR 261 -
Identification and Listing of Hazardous Waste, therefore, the soil will not be subject to the requirements
of 40 CFR 262 - Standards Applicable to Generators of Hazardous Waste

The TRUclean Process tests on RFP plutonmum-contanunated soil will be performed at the NTS
Soil samples will be shipped to the NTS as normal form radicactive matenal (49 CFR 173 401) and will
be packaged 1n Type A (or equivalent) contmners. The sampling methodology and specifications for
contamners are mcluded as Attachment 1, d g P g F

umm Theweught Lhimitation of untreated soil for each Typeprhge duppad to the NTS 1s
besed on the normal form (A,) hnut for plutonium 239 and 240 (Note The A, Linuts for plutomum 239
and plutomsum 240 are each equal to 0.002 Curne as per 49 CFR 173), and the expectation that the total
plutonium concentration 1 the soil to be sampled 1s spproxumsately 10 pCi/g  Thus, the estimated
peckage weight lumitis calculated as follows

Plutomum Concentration 1 Soil 10 pCi/g
A; Linut for Plutomsum 239 and 240. 0 002 Cune (C1)

Weight Limut = 0.002 C1 Pu x um_‘l‘_e&m x mx __*mﬂ- 2 x 10° kg Soil
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Based on a typical DOT 17H 55-galion drum, which exceeds Type A package requirements, and an
assumed soil deasity of 100 Ib/R® (1 6 g/cm®), the estimated soil sample weight per package to be
shipped to the NTS is approximately

S5gallon x 3785cm’ x L60gSol x lkgSol = 333 kg Soil
gl cm® 1000g Soal

Thus 18 well below the weight hmut calculated for the untreated soil

The weight limutation of treated soil for Type A packages returming to the RFP from the NTS 1s
ecstimated under the assumption that the TRUclean Process produces a “clean” soil streem that meets
the meets the cleanup goal of 0 9 pCi/g plutomum and compnises 90 percent of the onginal feed mass
for the entire RFP bulk soil sample This assumption leads to a matenal balance around the TRUclean
Process as represented 1w Figure 7 6-1 The plutonium concentration 1n the "contamnated matenal”
stream provides a conservative basis for eshmating the Type A package weight hmut. This estimate 18
calculated as follows

Plutonium Conceatration 1n Contamunated Matenial (CM) 92 pCi/g
A; Limut for Plutonium 239 and 240 0002 Cs

Weight Limut = 0002 CiPu x 1310 pCi1Pu x 1 gCM  x _1kgCM = 2x10'kgCM
1GP 92 pC1 Pu 1000g CM

As previously estimated, the weight of a soil-filled 55-gallon drum will be approximately 333 kg, whuch 18
well below the weight hmut calculated for a package with contaminated materal

7.7 Remiduals Management

It 13 anticipated that at the end of the test program there will be the following residuals

1 RFP soils, unused




FEED .
Mass 1450 kg soil (145X 10 g)
Plutonium Concentration 10 pCi/g
Total pCi 145X 10

TRUclean Process

CONTAMINATED MATERIAL

Mass 145 kg (145X 10°g)
Plutonium Concentration 81 7 pCi/g
Total pCi 133X 10

.

FIGURE 7.6-1

CLEAN SOIL .

Mass 1300 kp (130X 10 Q)
Piutonium Concentration 08 pCl/g
Total pCi 117X 10

ASSUMED OVERALL MATERIAL BALANCE

TRUclean PROCESS



EG&G ROCKY FLATS PLANT Manual —21100-WO-OU 02.6

Section 2.0 Rev, #0

Page* 58 of _93

Etfective Date

Organization RPD

2) Dry solids including a) “clean” soils (Pu 239 plus 240 less than 0 9 pCi/g), b)
contaminated soils with Pu 239 and 240 in concentrations equal to or less than the
ongnal RFP soils, and c) contaminated soils with Pu 239 and 240 in concentrations
lugher than the ongmnal RFP soils

3) Wet solids including a) “clean” soils (Pu 239 plus 240 less than 0 9 pCu/g), b)
contaminated soils with Pu 239 and 240 1n concentrations equal to or less than the
ongnal RFP soils, and c) contamunated soils with Pu 239 and 240 m concentrations
higher than the ongmal RFP soils

4) Sludges/slurnes including a) "clean” soils (Pu 239 plus 240 less than O 9 pCi/g), b)
contaminated soils with Pu 239 and 240 in concentrations equal to or less than the
ongmnal RFP soils, and c) contamunated soils with Pu 239 and 240 1n concentrations
higher than the ongwnal RFP soils

5) Water solutions including a) solutions sufficiently clean to be disposed of within AWC's
permit for non-hazardous/non-radioactive  liquud disposal, b) contarmnated solution not
requinng radicactive placarding for shupment under DOT 49 CFR regulations, ¢)
contamunated solutions requinng placarding under DOT 49 CFR

6) Sodium Hydroxide solutions mncluding a) solutions "radioactively” clean and meutralized
to be disposed of within AWC’s permut for non-bazardous/non-radioactive  hqud
disposal, b) contamunated solutions not requinng radioactive placarding and peutralized
for shipment under DOT 49 CFR, c) contaminated solutions requinng radioactive
placarding and high pH classification under DOT 49 CFR

Allmatenals and solutions, except items 5 a and 6.a, will be returned to the RFP. Allmatenals
and solutions mn1tems 1,28,2b,3.2,3b,42,4b,5b,and 6 b will be retumed to the RFP mn DOT 17H
55-gallon drums Allmatenials and solutions 1 items 2¢,3 ¢, 4c, 5c, and 6.c will be returned to RFP
m DOT-specified and approved drums based upon the cntena set forth mn 49 CFR

AWCwill be responsible for prepanng all residuals for return shupment to RFP. EG&G-RF will
be responsible for the handiing and disposition of residuals upon receipt at RFP.

7.8 Hoalth aod Sefety

Activities conducted at the AWC facility will be performed in accordance wath the Environment
ind_Health Plan for the Land Surface Clean-Up of Plutonium Project (LSCOPP) dated Apnil22,
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1991. Specific procedures have been established for noaradiological and radiological hazards These
procedures, as referenced sbove, have been wnitten 1 accordance with the applicable DOE Orders

A complete set of the applicable EG&G-RF/EM procedures should be reviewed by the
operators  Particular attention should be applied to the following areas

Radioactive Airborne Contamination Momtonng

Contamuination Surveys - Personne! and Equipment

Internal/External Dosimetry Requirements

Decontamnation and Equipment Release Surveys

Personne]l Traimng 1in Radiation Safety and Contamination Reduction Techmiques
Nonradiological Hazards, 1 e ,electrical, mechsnical, fire

The pnmary bazard 1s from the low levels of plutonium that will be concentrated, mcreasing the
exposure potential to the worker Through the proper execution of the procedures lhisted in the ES&H
LSCOPP Plan no additional exposure 1s anticipated

79 Schedule for TRUclean Tests

Abar chart schedule of the TRUclean treatability tests 1s included as Figure 7 9-1
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TITLE

Plutonium in Sofls - Treatability

Studies Work Plan L[
Name Date)

8 0 MAGNETIC SEPARATION

8.1 Tvype of Treatability Study

The magnetic separation treatability study will provide a “laboratory” level of screening for this
technology The equipment for conducting magnetic separation tests 15 jocated at LANL. LANL
operators will attempt to optimze the performance of the magnetic separator (Model PEM 1°
Crossfield Separator) with untreated RFP soil A detaled description of the magnetic separation process
and 3ts associated test procedures are ncluded 1n following sections of this work plan

82 Technology Description

Magnetic separation was selected for laboratory treatability testing dunng the development of
the TSP as a result of a screening process designed to identify candidate technologies for use m
corrective/remedial  actions at the RFP

Magnetic separation segregates sohid matenals based on differences 1n magnetic susceptibility
Solids may be classified as diamagnetic or paramagnetic  Diamagnetic solids have a negative (-)
magnetic susceptibility and repel a magnetic field Paramagnetic solids have a positive magnetic
susceptibility and are attracted by a magnetic field Paramagnetic solids are typically categonized mto
one of the following groups:

L Strongly magnetic (ferromagnetic)
L Weakly magnetic
L Non-magnetic
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Plutonium and plutonmium compounds, such as PuO,, exhibit paramagnetic properties and could be
considered strongly magnetic (magnetic susceptibility of 730 x 10 cgs umts - CRC, 1982) relative to
other componeats of RFP soil Magnetic susceptibility 18 the basis for evaluating the poteatial
effectivences of magnetic sepsration

On a large scale, several types of magnetic separators are available for the concentration and/or
punfication of solids It 1s anticipated that the application of magnetic separation to the plutomwum-
contamunated soils at RFP will be a punfication process (i e ,the general goal 1s to remove small
amounts of magnetic plutonium particles from the bulk non-magnetic soils) Magnetic separators are
available to accommodate punfication needs on either wet (slurned) solids or dry sohds.

Atthe current level of technology screening, a laboratory scale system s appropnate for testing
the apphicability of magnetic separation to RFP soils Figure 8 2-1 provides a sumple flow diagram that
represeats typical magnetic separation processes Details on the specific application of magnetic
separstion to RFP soils are included in Section 83

The magnetic separation treatability study will focus on high gradient magnetic separation,
which will mvolve processing samples of RFP plutonium-contamunated soil through a high gradient
magnetic separator (HGMS) model PEM 1" Crossfield Separator (or equivalent) The following
procedures and descriptions are mtended to provide the methodology by which the treatability tests with
magnetic separation (herewmnafter referred to as HGMS) will be conducted

8 31 Expenmental Design

The HGMS treatability test 1s designed to provide performance dats that enables EG&G-RF to
evaluste HGMS as a treatment technology for possible integration into feasibility studies as an alternative
for treatment of plutonium-contamunated soils Key elements of the expenmental design include the
following:
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L Adjustment and optmuzation of process control and configuration parameters
® Replication
L Mass of contamunated soi to be tested

The HGMS treatability test will be structured as represented m Figure 8 3-1 Ths figure shows a
progression that includes process optimuzation through surrogate tests, model runs, and final tests Itis
important to note that the procedures associated with the HGMS process optumization are mtended tfo
be general (1 ¢ provide a baseine methodology for conducting optimuzation of HGMS). Minor vanations
of or changes to the procedures are expected Cntical parameters of the HGMS to be optimized include
the followng*

° Magnetic field strength
° Flowrate of slurmed soil through the HGMS

® Sohd/Liquud ratio
L] Matnix type

Magnetic field strength 15 & function of the amperage setting for the HGMS Increases in field
strength lead to a greater removal efficiency of particles that are susceptible to magnetic fields Ideally,
an optimum field strength wall 1solate plutonium wathout affecting other magnetically susceptible
constituents mn the RFP soil The flowrate through the HGMS determines the soil’s remdence tume within
the matnix. The solid/hiquud ratio will be optimuzed to allow for uninterrupted flow through the matnx
The matnx refers to the area where magnetically susceptible particles collect. A typical matnx 1s very
porous and 1s made of stainless steel, namely steel wool

A preliminary optumization of the above parameters will be accomphshed through HGMS tests
performed on RFP soul spiked with a surrogate contamunant such as copper oxide, mickel oxide, or
palladium. The surrogate matenals exlubit paramagnetic susceptibiliies that are sumilar to plutomum
oxide, the domunant form of plutomum contamunation found 1n RFP soil These paramagnetic ,
susceptibilities are hsted in Table 8-1 (Weast, 1982)
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COMPOUND

Magnetic Susceptibilities

MAGNETIC SUSCEPTIBILITY
110 cgs)

plutonium oxide (PuQ,)

copper oxide (CuO)

| nickel oxide (N10)

| palledium )

CuO 15 the preferred surrogate

because of its availability, cost, and ease to detect Also, having

the lowest magnetic susceptibility relative to the PuO, and the other surrogates, CuO should provide
conservative data regarding performance of the HGMS (1 ¢ ,1t 15 expected that the optimuzed parameters
of the HGMS wall lead to an equivalent or greater performance on PuO, with regard to its removal from

soil)

The HGMS optimization procedure will be supplemented through the use of a LANL-developed
computer model This procedure for the CuO surrogate will incorporate the following sequence of
general steps, and will mvolve reviews by the sppropriate LANL technical mansgers and the designated

EG&G-RF technical manager:

1) Based on properties of the surrogate contaminant (assumed to be CuO beremnafter) and
the soil matnx, performance of the HGMS shall be predicted with the computer model at
vanous levels of the cntical parameters.

2) Performance predictions will be checked against actual tests with the HGMS using the
same levels of critical parameters as modelled

3) The model predictions

and the actual performance data will be compared. The

computer model will be adjusted to match actual performance data.

4) The adjusted model will be used to opimuze the HGMS system by deternumng optimum
levels of the cntical parameters  Also, as part of this optimization stage, the cnitical
parameters having the greatest impact on performance will be ideatified.
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5) The predicted optumum conditions will be checked with the magnetic separstor using
the same levels of cnitical parameters as modelled

6) The model predictions and the actual performance data will be compared The
computer model will be adjusted to match actual performance data.

Once the cnitical parameters have been optimized based on CuO and ranked in terms of their
mmpact on the HGMS performance, s phased testing program will be implemented with the focus bemng
on PuO,. The phased approach wall involve testing the HGMS with three to five settings of each of the
four cntical parameters, one parameter at a tume, beginning with the critical parameter determined to
have the greatest impact on performance dunng the optimization procedure The remamung cntical
parameters will be mamtamned at prescnbed opumum levels Of the three to five settings tested, the
setting that produces an optimum performance becomes the new optimum level for that parameter This
type of adjustment to the optimum levels will be repeated for each parameter

8.3 2 Tesing Facility

The magnetic treatability tests will be performed at LANL in Los Alamos, New Mexico
Specifically, the tests will be conducted within area TA-46 at Building 25 or at a building or area deemed
more appropriate for the HGMS treatability work

8 33 Chanactenzation of Test Soul

Prior to performing treatability tests with the HGMS, chemical and madiological assays will be
performed on the bulk soil sample from RFP The assay procedure will require that the received sample
be completely homogemized before a subsample 1s taken. Chemical analymis will be for EPA TAL
metals; radiological analyses will be for plutonsum 239 plus 240, gross alpha, and gross beta. The
required analytical levels and associated types of analyses are discussed 1n Section S5.2. The reported
values for TAL metals and the radionuclides will be based on dry soil This imtial characterization of
the test 301l will serve as a bass for evaluating the performance of the HGMS throughout the treatability
study. Itis important to note that the RFP bulk soil sample must be mamntained as a homogenous
source from which all subsamples will be taken to support the treatability study efforts
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8.3 4 Test Process

Utihzing results of imtial HGMS opumuzation testing of RFP soil with surrogate CuO
contarunation (Section 8 3 1), testing will shift to focus on removal of plutonsum from the RFP soil
Imitial characterization of the plutomium-contaminated 01l as received at LANL 15 descnbed n Section
8.3.3. Afier charactenzation, HGMS testing will proceed with the following elements.

L Sieving and prepared sample slurrying
® Phased HGMS testing 1n plutommum removal

L Processing of treated slurry

These three stages are depicted on Figure 8 3-2 and descnibed 1n the following subsections
along with examples to demonstrate expected matenal flow

83 4.1 Sieving and Prepared Sample Slurrying

Becsuse the bulk plutonium-contamunated soil sample will be homogenized, the wet meving
process should produce consistent results throughout the treatability program and thus mot require any
particular attention or charactenzation work while the HGMS tests are underway However, mutial
evaluation of the sieving process 1s needed to allow for an accurate cune-balance on the eatire
treatment process and determune the fraction of the SO0 gram whole soil sample passing the meve for
slurry preparation  Thus mutial charactenization will be replicated at least once dunng the course of the
phased HGMS testing to venfy the matenal split on the sieve and the plutomum activity of the oversize
reject stream.

Sieving procedures and example calculations where pertinent include the following

1) Remove more than 500 grams of homogemized plutonsum-contamunated soil from
storage drum, dry and weight out 500 grams + 5 grams and place on the mieve
assembly, return excess soil to the storage drum.
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2

3)

4)

Measure out up to 1.0 hter of desonized water using a graduated cyhinder for use m
sieving

Conduct wet meving on the 100 or 200 mesh mieve i accordance with ASTM D422 and
record the volume of water used (Vsw-100 and Vsw-200, respectively)

Transfer oversize/reject fraction to & tare-weighed dish, weigh wet, dry the matenial and
reweigh

Using. ORD-100 - Mass of Oversize/Reject - 100 mesh, g (dry)
ORD-200 = Mass of Oversize/Reject - 200 mesh, g (dry)
ORW-100 - Mass of Oversize/Reject - 100 mesh, g (wet)
ORW-200 - Mass of Oversize/Reject - 200 mesh, g (wet)
Vorw-100 = Volume of Water 1n ORW-100, ml
Vorw-200 - Volume of Water 1n ORW-200, ml
MC - Mossture Content, percent

Assume Oversize/reject on 100 mesh = 5 percent by weight

Oversize/reject on 200 mesh = 15 percent by weight
ORD - 100 = .05 x 500 grams = 25 grams
ORD -200 = 15 x 500 grams = 75 grams
Mousture content (MC) = 50 percent after wet sieving

From the above assumptions, 1t follows that

MC = W- - x 100 = 50 percent

Weight of water in ORW-100 = 0.5 x 25 grams = 12.5 grams

Volume of water (Vorw-100) = 12.5 ml
Simularly,
vw.zm L 3105 mlo

Retain dnied oversize/reject matenals for activity analysis.
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6) Process the materials passing meve (known as Prepared Sample PS) as described 1n
Section 8.3.4 3 for activity analysis

PS-100 = 500 - 25 = 475 grams
PS-200 = 500 - 75 = 425 grams

7 Replicate steps 1 -6 at least once dunng the phased HGMS testing program om both
100 and 200 mesh meves immediately after the bulk sample has been rehomogemized

After the mutial sieving runs on 100 and 200 mesh meves, the data on actusl prepared sample
weghts (PS-100 and PS-200) together with the recorded smeving water volumes (Vsw-100 and Vsw-200)
and oversize reject water volumes (Vorw-100 and Vorw-200) will be used to prepare HGMS test slurnes
as discussed m Section 8 31 The slurry solids fractions (SSF) whuch will be used range from 0.2t0 03
(20 to 30 percent sohds, by weight) The volumes of water which must be added to the prepared
samples to make up the test slurnes for HGMS testing are calculated using the following equations

SSE = s

where, Vt = total volume, ml (= weight 1n grams), of water needed to make desired
slurry)

and, Vt= Vsw-Vorw + Va
or, Va = Vt- (Vsw - Vorw)

where, Va = Volume (1n ml) which must be added to prepared sample after meving to
make demired slurry

Using the examples mmtiated in the sieving procedures, above, the following deiomzed water
volumes omst be added to make test slurnes having 20 and 30 percent sohds.

PS-100

Assume the volume of sieving water, Vsw = 1000 ml
To achieve a 20 percent slurry (SSF = 0.2)
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02 - gﬁm
grams + Vt

vt - 475 - 475 = 1900 grams (or ml)
02

Va = 1900 m! - (1000 ml - 13 ml)
= 913 m!

Therefore, add 913 ml of deionized water to PS-100 to make up a 20 percent slurry

To achieve a 30 percent slurry (SSF = 0 3),

03 - gl:m
grams + Vt

vt - 5&% - 475 = 1108 grams (or ml)

Va = 1108 ml - (1000 ml - 13 ml)
- 121 ml
Therefore, add 121 ml of deiomized water to PS-100 to make up a 30 percent slurry
PS-200
Assume the volume of sieving water, Vsw-200 = 700 ml

To achieve a 20 percent slurry (SSF = 0 2),

02 - zzﬁi_ms_v
grams + Vt

vVt = ﬁ - 425 = 1700 grams (or ml)

Va - 1700 ml - (700 ml - 38 ml)
= 1038 ml

Therefore, add 1038 ml of deiomized water to PS-200 to make up a 20 percent slurry

To aclueve a 30 percent slurry (SSF = 0 3),

03 -~ lziﬁ_mm_v
grams + Vt
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vt - 32;-425-992:nms(0tm1)

Va = 992 ml - (700 ml - 38 ml)
- 330 ml

Therefore, add 330 ml of deiomzed water to PS-200 to make up s 30 percent slurry

Figures 8 3-3 and 8 34 summanze the matenal balance for the Sieving and Sampling Process
for the PS-100 and PS-200 samples

For the accuracy needed in the HGMS testing analysis and data evalustion, ORD-100, ORD-200,
Vorw-100 and Vorw-200 can be determuined imitially(and replicated) per the above procedures and used
m slurry make-up calculations throughout the HGMS testing, while Vsw-100 and Vsw-200 should be
recorded each time a SO0 gram sample 18 sieved for a HGMS run

8 3 4.2 Phased HGMS Testing - Plutomum Removal

Aphased program of HGMS testing will be conducted on the meved, slumned, prepared
samples The phased program will include a test series run mn which the cntical process control and
configuration parameters will be evaluated with a peniod of treated sample processing (Section 8 3 4.3),
sctivity analysis, and data evaluation (Section 8 5)

Cnitical process parameters will have been determined by surrogate contamunant testing and
vaned m accordance wath their influence on HGMS efficiency In addition to the four parameters
wdentified 1n 8 3.1, slurry pH may nfluence separation efficiency for plutonium mn the RFP s01l, especially
m view of the high clay content of the soil More alkaline slurry pH, as opposed to the expected near
natural pH (6.0 to 8 0) of the soil-deionized water slumnes, may improve dispersion of plutonium particles
snd increase plutomum removal. After the cntical parameters have been determined by the surrogate
testing and are evaluated, an additional phase of tesung may be conducted using s more alkahine slurry
pH in the 10 to 12 range The HGMS equipment manufacturer will be consulted to 1dentify equipment
hmtations on pH.
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The hugh slurry pH will be achieved by adding a measured volume of 50 percent sodium
hydroxide (NaOH) solution to the slurry The slurry will be continuously rapid muxed duning NaOH
addition to dispermon  The slurry pH will be momtored using a pH meter (cahibrated for the alkaline pH
range) during NaOH addition and for a8 mummum of 15 minutes afier the prescnibed pH (+ 0.2 umits) 18
achieved and mamntained.

The phased program will genenally be configured as follows

° Phase I Prepared Samples, PS-100 and PS-200
L Phase 1 HGMS Testing - Furst Rank Process Parameter (see Section 8 3 1)

- Three to five first parameter settings
- Other parameters set to prescnbed optmum levels
- Two replicates at each setting, PS-100 and PS-200, and at each pH (assumed to

be two levels)

L Process 24 to 40 Treated Phase I Samples for Analysis

. Laboratory Analysis (Section 5 2)

L Phase I- Data Evaluation (Section 8 5)
- Compare to select optimum setting(s) first parameter

® Prepared Samples, PS-100 and PS-200
- Replicate meving charactenization (Section 83 4 1)

L Phase II- HGMS Testing - Second Rank Process Parameter

Three to five second parameter settings

First parameter at ophmum settng

Other parameters set to prescnbed optimum levels

Two replicates at each setting, PS-100 and PS-200, and at each pH (assumed to
be two levels)

L Process 24 to 40 Treated Phase II Samples for Analyms

° Laboratory Analyms (Section 5 2)

o Phase II- Data Evaluation (Section 8 5)
- Select optimum setting(s) - second parameter
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Thus phased testing program will be continued for additional critical process control parameters
sdentified m surrogate testing (Section 8 3 1) Additional replication of the mieving and overmizing-reject
charactenzation procedures of Section 8 3 4 1 will be optional in the later phases with the need for
additional rephicates dependent on vanation in results of the first two replicates

Specific procedures and protocols for mmtiation, operation, and momtonng of HGMS test runs wll
be based on the operaion and maintenance manual for the PEM 1° Crossfield Separator (Attachment 3)
and the standard protocols developed by the LANL treatability team dunng the surrogate testing

8 3 4 3 Processing of Treated Slurry

Treated slurnes generated by HGMS testing of RFP plutomum-contaminated soils will be
processed to facilitate a cune balance n the sieving and treatment processes, allow estimation of soil
mass deposition on the separation matnx in the HGMS camster, and separate the slurry water for
storage and eventual disposal.

Procedures for treated slurry processing are the following

1) Discharge the treated slurry into a 2-liter beaker and allow time for setthing of the soil
particles

2) Decant free water using a vacuum flask and transfer soil layer to dish for drymng, use a
spray bottle filled with deionized water to sluice visible solids into the dish

3) Umng a spray bottle filled with pH 12 NaOH solution, the 2-hiter beaker walls and base
will be washed and the wash solution combined with the free water using & vacuum.
Additional NaOH solution will be used to nnse the vacvum flask and tubing

4) Vacuum or pressure filterthe decanted water through a 0 45 micron membrane filter and
nnse down the walls of the filter chamber with NaOH solution at the end of the filter
process, filterthe NaOH solution

5) Retain the loaded filter paper for laboratory analysis (Section 8 3.6)
6) Dry and weigh the soil for laboratory analysis (Secthon 8.3 6)

m




EG&G ROCKY FLATS PLANT Manual —21100-WP-0U-02.6

Section 8.0 Rev, #0

Page 78 _ of _93

Effective Date

Orgenization® RPD

8 35 Equpment, Matenals, and Reagents

The major pieces of equipment, matenals and reagents needed to conduct the HGMS tests
mclude

L PEM (Pacific Electric Motor) 1° Crossfield Separator

o Solids (soil) homogenizer

L Laboratory smieve screens to cover US Numbers 100 and 200, 150 and 75 mucron,
respectively

° Analytical equipment for pH, gross alpha, gross beta and plutomum 239 and 240
(gamma/alphs  spectrometer)

L 0 45 mucron filterpaper and filtenng apparatus to filterup to two liters of solution (low

suspended  solids)

Miscellaneous glass beakers (one and two liter)

Containers. six mul plastic bags, 30-gallon DOT 17H drums (2)

Deionized water, 50 percent Sodium Hydroxide (approximately 4 liter), copper oxide

(Cu0)

8 3 6 Documentation of Critical Parameters and Sampling Requirements

This section addresses the documentation of cntical test parameters and the sampling
requirements for tests performed with the HGMS after completion of the optimization procedure by LANL

personnel

The cntical test parameters of the magnetic separator mnclude the following

L4 Magnetic field strength

. Flowrate of slurned soil through the HGMS
o Solid/Liqud ratio

L Matnix type

These parameters will be documented 1n the Magnetic Separstion Run Sheet (Figure 8 3-5) for each test
run  The format for the test run number will be AA-BBB - CC - D, where:
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AA = Cntical parameter being vaned Use the following abbreviations  Sohids Percentage
(SP), Faeld Streagth (FS), Flowrate (FR), and Matnix Type (MT)

BBB = Particle size fraction (i.e., 100 or 200)
CC = pH value (e g, 08, 12, etc)

D = replicate number (¢ g, 1,2,3,.)

As an example, a test run number for a field strength replicate at a pH of 8 on the -100 particle
mize fraction 18 FS - 100 - 08 - 1. Each magnetic separation run sheet should only mclude data for runs
completed on one of the cntical parameters using the two particle sizes and two pH levels (assumed)

Samples from the effluent streams of both the sieving and prepared sample slurrying and the
phased HGMS tesing will be required in order to evaluate the performance of each There are five

J l sample locations 1dentified 1n Figure 8 3-2 and are descnbed below

Sample Location 1- A sample will be taken penodically at thus location to determine the activity
(plutontum 239 and 240, gross alpba, and gross beta) concentration m the
particle size fraction rejected by wet meving at a particular pH The mize fraction
will be esther +100 or +200 mesh The concentration sghould be relatively
constant for a particular pH and smize fraction for all tests performed on the
homogemazed RFP soil sample.

Sample Location 2 A sample will be taken penodically at this location for each pH level and size
fraction 1n order to provide an activity balance around the sieving process This
also provides a venfication of the level of activity present 1n the soil being fed to
the HGMS.

Sample Location 3 A sample will be taken from this location for each test run to deternune the
activity in the effluent (so1l portion) of the HGMS.

Sample Location 4: Thus sample consists of the 0 45 ym filter paper used to filter water decanted
from the magnetic separator’s efflueat slurry. The filter paper will be taken as a
sample for each test run Loose solids that may collect on the filter paper and
affect an activity screeming of the paper should be carefully removed and
combined (muxed) with the effiuent solids of the HGMS pnor to samphng at
Location 3.
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Sample Location 5 A water sample will be taken penriodically to momitor activity in wastewsater
generated as part of the HGMS separation treatability study

Note Samples taken at locations 3 and 4 will be labelled with the appropriate test run
number as described for the Magnetic Separation Run Sheet

Sotl samples will be analyzed m accordance with the requirements outhimed m Sechion 5.2.
Water will be analyzed for plutonsum 239 plus 240, gross alpha and gross beta i accordance with

LANL procedures
84 Kicld and Laboratory Dats Management

Dats generated from implementation of the magnetic separation laboratory screemng will be
documented as descnbed 1n Section 8 36 The data produced from the tests will pnmanly be recorded
on the Magnetic Separation Run Sheet Analytical data will be recorded and managed according to
LANL APs. Deliverables for the magnetic separation test are the following

L Performance evaluation report which wncludes at a munimum

- Magnetic Separation run sheets
- Analytical logs for optimization and performance tests, including activity

analyses results, temperatures, pH, etc
- Sieving/Prepared Sample procedure notes

L Ongmnals (or legible copies) of all QA Records produced throughout the treatability
testing, organized by test run number

° Test parameters and analytical results in either Lotus or dBase format, organized by test
run number

The EG&G-RF project manager will receive the deliverables supporting ﬂ:e&uhb;htyufromﬂum
subcontractor. EG&G-RF will manage these data according to the EM data management procedures
EG&G-RFwill provide the test dats and results to its feasibility study subcontractor for interpretation
and analyns The subcontractor 18 required to manage these data in accordance with a standardized
document inveatory and filingsystem Data interpretation and analysis results will be documented to
allow independent verification of the conclusions
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85 Data Evaluation

Data evaluation will be conducted 1n stages coupled with surrogate contamunation tests,
plutonium-contaminated soil sieving, and the vanous phases of HGMS testing of plutonsum-contanunated
soil. Calculations and statistical analyses will be produced, checked, and coded for inclusion m
trestability study report appendices 1n accordance with good engineering practices and standard
procedures for RFP Evaluation of laboratory reports and related QA/QC information 1s addressed 1
Section 6 2

8 5.1 Surrogate Testing Data

The LANL treatability laboratory team will evaluate the surrogate test data, and the RFP
plutomium-contaminated 01l treatability team will review them pror to immtiation of the treatability testing

program on RFP plutomum-contaminated soil
Surrogate testing data evaluation will include the following components
L The separation process smumulation model developed at LANL will be calibrated using

data on copper oxide (CuO) removal

L Cnitical process control and configuration parameters will be identified and ranked
according to their degree of influence on CuO removal efficiency

® A standard protocol will be developed for use m the RFP soil testing program.
L Opumum ranges of the cntical parameters will be determuned.

8.5 2 Sample Charactenzation and Preparation

Data from mitial charactenzation of the bulk RFP plutonium-contamunated so1l sample (Section
8 3 3)and from preparation for HGMS testing by wet sieving (Section 8 3 4 1) will be evaluated pnior to
mtiation of the phased HGMS testing (Section 8 3 4.2) Gran mze distnbution data for the bulk sample
will be compared with the 100- to 200-mesh sieving results for mass in the prepared (-100 and -200
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mesh) samples Also activity (plutomum 239 plus 240, gross alpha, and gross beta) in the oversize-
reject matenial will be compared wath the clean soil cntena (Secion 4 2) Mass and Cune balances will
be prepared for 100- to 200-mesh sieving using data on feed soil, oversize-reject, and prepared sample
charactenistics  Replicates wall be compared to evaluate test procedure reproductivity and to confirm
sverage and extreme values for soil sample particle mze gradations and activity levels

853 Phase HGMS Testing

Data evaluation for the HGMS testing program (including processing of treated samples) on
plutomum-contamnated  soils will mclude intennm data reviews by the LANL treatability lsboratory team
and the RFP plutonium-contaminated so1l team to establish test run configurations for succeeding
phases of testing (Section 8 3 4 2) These interim reviews will begin the evaluation of data which 1s later
completed 1n evaluation of the entire data set at the end of the test program, including the following

componeats

o Companson of plutonium-removal efficiencies for the vanous sample preparations and
setings of process control parameters

- Assegs effects of grain smize by companng results from PS-100 runs aganst PS-
200 runs

- Assess effects of the vanous cntical parameters by companng results for each
phase agmnst the other phases in terms of average and peak removal
efficiences.

- Evaluate which parameters generate the greatest seamtivity m plutomum-removal
efficiency by companng results for runs with the same phase of testing

- Identify optimum settings for each parameter and evaluate whether additional
test yuns are needed to explore optimum combinations for the process

parameters

- Compare plutonlum-removal 1n pH neutral slurry test runs agamnst high pH slurry
test runs having the same settings for cnitical process parameters
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L4 Compare replicated test results

- Reproducibility of results
- Average and 15 percent confidence hmuts on achievable efficiency

L Achievement of test objectives
- calculation of cune and mass balances for most efficient configurations
- compare clean 301l critena with optumum efficiency results
- Estimate HGMS average and range of residuals including matnx and slurry
water

° Assess Technical Feambility of HGMS
Efficiency, ability to meet objectives
Practical himitations on efficiency
Technical operating problems

Residuals generation and reagent usage

8.6 Regulatory Requirements

Off-site treatability studies on RFP plutonium-contarmnated soil will require conformance to
spplicable DOT regulations These regulations address the handling and shipping requrements for
ndioactive matenals Itis expected that the soil will be exempt from the requrements of 40 CFR 261 -
Identification and Listing of Hazardous Waste, therefore, the soil wall not be subject to the requirements
of 40 CRF 262 - Standards Applicable to Generation of Hazardous Waste

RFP so1l samples will be shipped to LANL as normal form radioactive matenial (49 CFR
173.401) and will be packsged in Type A (or equivalent) contamners The samphing methodology and
specifications for containers are included as Attachment 1 - Field Sampling Procedure for Sampling

FAOMIUM-L ONtAIDAISC WS U 100,000 L 3t le LY _DISGICS #1 3IN BALS <4 0 S0 AR LSS

The weight limitation of untreated soul for each Type A package shipped to the NTS 1s based on
the normal form (A,) hnut for plutonjum 239 and 240 (Note the A, hmuts for plutonmium 239 and 240 are
each equal to 0 002 cune as per 49 CFR 173), and the expectation that the total plutomum concentration
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m the soil to be sampled 15 no greater than approximately 10 pCi/g Thus, the esumated package
weight himt s calculated as follows

Plutonium Concentration 1n Soil. 10 pCi/g
A; Lamut for Plutonsum 239. 0.002 Cunie (C1)

Werght Lumt = 0.002 C1 Pu x %ﬁ_pg x _m“x __ml- 2 x 10° kg Sail

Based om a typical DOT 17H 30-gallon drum, which exceeds Type A package requirements, and an
assumed soil density of 100 lbs/fR* (1.6 g/cm®), the estimated so1l sample weight per package to be
shipped $o LANL 18 approximately

30 gallon x z'%gj_m’_x 160 Sall x mﬂ - 180 kg Soil

Ths 15 well below the weight hmut calculated for untreated soil

The weight hmitstion of treated soil for Type A packages returmng to RFP from LANL 15
estimated under the assumption that the HGMS process produces a "clean” soil stream (meets clean-up
goal of 0.9 pCi/g plutonium) that comprises spproximately 95 percent of the onginal feed mass. Ths
assumption leads to a matenal balance around the HGMS process as represented n Figure 8 6-1 A
bams of 100 g of feed was chosen because of uncertanty associated with the pumber of test runs that
will be made throughout the optimization and performance tests The plutonium concentration in the
“matnx/contamuinated matenal® (MCM)stream provides a conservative basis for estimating the Type A
package weaght hrmut. This esumate 15 calculated as follows

Plutonsum Concentration 1o Soil 10 pCi/g

A; Lamut for Plutomium 239 0002 G

Weight Lt =~ 0002 CiPux  1x10pCy x _1gMCM x __1kg MCM = 1 x 10* kg MCM
1G 183 pCy 1000g MCM

As previously calculated, the expected weight of a 30-galion package of matenial will be
approximately 180 kilograms, therefore, the weight himit will not be exceeded
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HGMS Process

FEED
Mass 100g soil

Putonium Concentration 10 pCi/g

Total pCi 1000

MATRIX/CONTAMINATED MATERIAL
Mass Sg

Phutonium Concentration 183 pCi/g
Total pCi 814

FIGURE 8.6-1

CLEAN SOIL

Mass 959
Piutonium Concentration 08 pCi/g
Total pCi 86

ASSUMED OVERALL MATERIAL BALANCE

HGMS PROCESS
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87 Remduals Management

There will be four residuals generated as a result of the meving/sample preparation and HGMS
processes for both the optimization tests and the tests to be conducted to evaluate HGMS performance

m removing plutomum. Each of the test’s residuals are summanzed m Table 8-1.

Table 8-1
Residuals with Expected Amounts

| __ Residual _Expscted Mass {volume)

Magnetic separation effluent 170 kg

| Sieve reject matenal 30 kg
| Matrix matenal <10g
| Wastewater (<1001)

The solid residuals generated from the optimization tests will be combined and packaged mto
one DOT 17H 30-gallon drum Wastewater generated durning the optimization tests will be collected 1n a
drum, sampled, and analyzed for activity (plutomum 239 plus 240, gross alphs, and gross beta) The
measured activity levels will be compared to the de yumimus levels for plutonium, gross alpha, and
gross beta. Ifthe de_mummus values are exceeded, the wastewater will undergo processing at LANL
Water that meets de mummus values will be discharged according to LANL procedures

Solid residuals generated dunng the HGMS performance tests will be kept segregated The
magnetic separation effluent and filter paper for each test run will be packaged 1n an unbreakable
contamner which 1s labeled with the appropnate test run number (Section 8.3 6) All test run packages
will then be combined m a Type A contaner such as a DOT 17H 30-gallon drum. The meve reject and
matrix matenial will be consolidated into one Type A contaner.

Wastewater generated during the HGMS performance tests will be handled as discussed above
for optinnzation test wastewater
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LANL personnel will be responsible for prepaning all resduals for return shipment to RFP
EG&G-RF will be responsible for the handing and dispostion of residuals upon recespt at RFP

88 Health and Safety

When energized, a magnetic field exists around the HGMS exerting a pull on all magnetic
objects  All personnel working mn the vicimty should have removed wrist watches, magnetically
umprinted credit cards, and other magnetically susceptible items prior to energizing Personnel not
mvolved with the treatability tests should not be permutted 1n the field, especially those who may be
equipped with any type of medical equipment that may be affected by a magnetic field (e g suture
staples, aneunism chps, prostheses, etc.)

According to Amencan Conference of Governmental Industrial Hygiemsts (ACGIH) Biological
Exposure Indices (ACGIH, 1990) routine occupational exposures should not exceed 60 mulliteslas (600
Gauss) whole body or 600 mulliteslas (6000 Gauss) to the extremities on a daily, ime weighted average
basis. A flux density of 2 Teslas 15 recommended as a ceiling value. Safety hazards may exist from the
mechanical forces exerted by the magnetic field upon ferromagnetic tools and medical implants
Workers bhaving implanted cardiac pacemakers should not be exposed above 1 O mullitesla (10 Gauss)
Perceptible or adverse effects may also be produced at hugher flux densmities resulting from forces upon
other implanted ferromagnetic medical devices

The radiological concerns regarding the operation of the magnetic separator are similar to other
radioactive material handling procedures  Specific Health and Safety Plans (HSPs) are m existence at
LANL which include SOPs for handling, stonng and momitoring environmental and employee exposures
These HSPs include SOPs which fulfill the requurements of DOE Orders Some of the more relevant
DOE Orders which have been incorporated into the HSP development include the following

5480 11 Radiation Protection for Occupational Workers
5480 4 Environmental Protection, Safety and Health Protection Standards
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5483.1 Occupational Safety and Health for Government Owned Contractor Operated
Facilities
5400 § Radiation Protection of the Public and the Environment

The specific protocols required for radiation protection dunng the magnetic separation wall
focus on the following:

Radicactive Airbormne Contapunation Momtonng

Contamuination Surveys - Personnel and Equpment

Internal/External Dosimetry Requiremeats

Decontamination and Equipment Release Surveys

Personnel Traming in Radiation Safety and Contamunation Reduction Techniques

8.9 Schedule for HGMS Tests

A bar chart schedule of the HGMS treatability tests 1s included as Figure 8 9-1
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9 0 SOIL CHAIN-OF-CUSTODY

Responsibility for RFP plutonium-contaminated soil samples will vary as mdicated by Figure
9 0-1 From samphng at RFP, the soil samples will be transported to three locations an EG&G-RF
designated laboratory for charactenzation, the AWC facility at NTS for TRUclean tests, and LANL for
HGMS tests Upon completion of the charactenzation and treatability tests, residual matenals will be
returned to RFP for final disposition
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FIELD SAMPLING PROCEDURE FOR SAMPLING PLUTONIUM-CONTAMINATED
SOILS TO SUPPORT TREATABILITY TESTS
AT NEVADA TEST SITE AND LOS ALAMOS NATIONAL LABORATORY

10 SAMPLE PROGRAM

The Final Field Samphng Plan for Samphing Plutommum-Contaminated Soils from Operable Umit 2. Rocky

Flats Plant (see Volume II of this work plan) locates the soul sampling areas within Operable Unit 2 that will

support plutonmuum mn soil treatability studies Figure 1-1 of this procedure 1dentifies the four sampling areas
The southeast sampling area will provide the soil to support the TRUclean and magnetic separation treatability
tests at the Nevada Test Site and Los Alamos National Laboratory This samphng procedure delineates where 10
take the sample n that area and the procedure for taking the sample The sample procedure will result in a
sample of approximately 1660 kilograms (3660 1bs) that will be divided between Nevada Test Site (87 5%), Los
Alamos National Laboratory (6 25%), and Rocky Flats Plant (6 25%)

The sample procedure will require sphitting the collected souls, therefore, the soils should not be wet or
muddy A soil moisture content less than 10 percent, preferably 4 to 6 percent, should be satisfactory This
requirement will need to be considered when scheduling the sample hme A portable moisture analyzer could be

used 1o correlate the soil moisture content with the sphitting ease of the so} sample

11 Sample Plan

The area to be sampled will be 60 feet long by 60 feet wide (183 m x 18 3 m) and will be divided into 10-
foot by 10-foot (3 05 m x 3 05 m) squares, resuling in 36 gnds Each gnid comer will be 1dentified with a
flagged stake The grids will be numbered numencally as shown on Figure 1-2, with number 1 1n the northwest

comer

A 10-foot by 10-foot gnd pattern will be made out of rope. The gnd pattern will be subdivided mto six
equal rectangles (sample blocks) with each rectangle or sample block being 3 feet, 4 inches wide by 5 feet high
(102m x 152 m) Each rectangle sample block will be considered to have a number, 1 through 6, as shown on
the Figure 1-2 detail Number 1 will begin in the northwest comer There will be one sample taken from one of
the sample blocks in each gnd This wall result in 36 discrete random samples being taken to provide the bulk

sample
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12 Documentation

To document and track sampling activities and resultant data, the following record keeping procedures will
be followed

121 Field Log

Each sampling team will keep a log of all sampling activiies  The information will be recorded 1n a bound,
page-numbered journal This journal should contan a description of all activities related to sampling (equipment,
decontamination, field tests, etc ), as well as sample locations, sample identification, dates, times, weather

conditions, and identification of individuals present

122 Sampling Record Form

To avord incomplete field logs and to aid in sample source tracking, a samphing form requining specific
information on sample collection, field conditions, and sample distribution will be completed for each sampling
event (Figure 1-3) At the end of each sampling day, the sampling forms will be compared with information
recorded n the field log, orgamzed sequentially by gnd number, and placed 1n a three-nng binder Samples will
be referenced by gnd number (two digits), block number (one digit), month (two digits), day (two digits), and
year (two digits) e g 21-5-09-11-91

A separate, bound journal will be kept for logging and tracking the samples This log will record the sample
location by the project sample identification number  An example of the sample log format 1s shown 1n Figure
1-4



SOLID SUBSTANCES SAMPLING FORM

Date
Project Tme
Tash No Sampling Team Members
Site Location
Sample ID Quantity

SUBSTANCE DESCRIPTION

Sample Type [ ] Soils
[ ] Sediments
[ 1 Other

Sampling Procedures/Methods (descnibe)

Sample Contamners Comments

General Comments

FIGURE 1-3



SAMPLE LOG
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Page of

—

Time

Sample Collection Location
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20 SAMPLING PROCEDURE

A modified, stratified random sampling method will be utilized to provide a representative composite sample for a

samphing site  The procedurc mvolves the division of the site into 36 equal gnd areas Each area will then be subdivided
nio six subarea rectangles to form samphng blocks (Figure 1-2) Within each gnid area, a subarea block will be selected
randomly for sample collection The following procedures will be utilized

1.

2

Define and mark the site as described in Section 11, Sample Plan

Starting with gnd number 1, roll a die and record the result next to the gnid number in the block number column of
the sample log (Figure 1-3) In this manner, 2 random number 1 to 6 will be generated for each of the 36 gnd areas

Gnd Number Die Roll Result, Block Number
1 3
2 2
3 5

Take the 10-foot by 10-foot rope pattern (Section 1 1) to the gnd area to be sampled Spread the pattem using the
four comer stakes

Go to the gnd block selected by the die roll In the approximate center of the block, excavate a 12-inch wide, 18-
inch long, 8-inch deep (1 cubic foot, 30 5 cm x 457 cm x 20 3 cm, 0 0283 m®) section of soul with a stainless steel
shovel Shift the sample location to avoid heavy vegetation, such as small bushes, tumbleweeds, etc  Grass-type
vegetation 1s to go with the sample

Once the so1l sampie 1s removed, the small excavation will be filled by using the shovel to grade the sides down nto
the excavation This wall result in a small depression with native soils to enhance revegetation

Place the soil nto a portable sieve box with a 2-inch opening screen  Using the stainless steel shovel, break clumps
such that only rocks larger than 2 inches (>50 mm) remain on the screen

Put the minus 2-inch (<50 mm) matenal into one of two 8-gallon DOT 17H drums and the plus 2-inch rock (>50
mm) nto a third 8-gallon DOT 17H drum  After each 8-gallon drum of minus 2-inch contains about 22 to 23
kilograms (50 Ibs), take 1t to the sphtters for sample sphtung

An overview of the sample sphitting procedure 1s shown on Figure 2-1 The overview follows one block sample from
excavation through division into matenal for the Nevada Test Site (NTS) TRUclean test, the Los Alamos National
Laboratory (LANL) Magnetic Separation test, and the Rocky Flats Plant (RFP) chemical and radiological tests The
procedure to accomphsh the sample sphitting 1s as follows

Note After every use of the sphiting equipment, the pans used 1o collect the sample sphts and the drums containing
the samples will be brushed clean The particulate from the equipment will be brushed into the next item
downstream (e g , splitter particles are brushed into the pans before dumping the pans)
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81 The two 8-gallon drums (Drums 8-1, 8-2), contamning about 22-23 kilograms (48-50 1b) are placed into
the hopper of a Gilson Model SP-O Mass Splitter or equal, splitter #1, as shown on Figure 2-2 Sphtter
chute width setangs are chosen to be two or three tmes the largest particle size, € g for minus 2-inch
matenal vse exher a 4-inch or 6-inch setting The soil 1s leveled 1n the hopper, then released nto the
splitter, stem @, on Figure 2-2

8.2 The sample 1s split 1n half with each half falling into two separate pans, one-half flows into pan #1 and
pan #2 and the other half nto pan #3 and pan #4 Each half (two pans) must be split agan to provide
sdentical matenal for each of the four 55-gallon DOT 17H drums (Drums 55-1, §5-2, 55-3, 55-4) for
NTS and matenal for LANL and RFP, tem @) Note The §5.gallon drums for NTS are optional,
however, the type of contammers used must meet the requirements of a type A contamer as
described i 49 CFR 173

83 The sphtting 1s done 1n sequence Pans #1 and #2 are combined 1n the sphtter #1 hopper, Jeveled, and
released into four other, clean pans (#5, #6, #7, and #8) Pan #5 matenal goes to Drum 55-1, #7 to 55-
2, and the remaining two (#6, #8) to an 8-gation, DOT 17H drum (Drum 8-4), item @ The cycle 1s
repeated with pans #3 and #4 This time pan #5 matenal goes to Drum 55-3, #7 to 55-4, and the other
two (#6,#8) are added to Drum 8-4

84 At this pomnt there are five drums (55-1 55-2, 55-3, 55-4, 8-4) contaiming basically 1dentical sample
matenial The materal m Drum 84, item (@, must be sphit into smaller quantines as shown on Figure 2-
3,1item @ The Drum 8-4 so1l sample 1s placed nto the hopper of a Gilson Model SP-1 Sample Spliitcr
or equal, sphtter #2 Sphtter chute width setings are chosen as described in 71, e g 3-inch, 4-inch, or
6-inch  Sphtter #2 sphts the sample 1n half and discharges into pans #9 and #10

8.5 Pan #9 soil 1s put nto an 8-galion, DOT 17H Drum (Drum 8-5), and pan #10 soil 1s split in half using
sphitter #2 a second time, item & Pan #9 soil 1s again put into Drum 8-5

86 Pan #10 soil 1s split a third time, ttem @, 1n sphitter #2 Pan #9’s contents are placed nto a 30-gallon
DOT 17H drum (Drum 30-1) for collection of the LANL magnetic test matenals Pan #10°s contents
are placed in another 30-gallon, DOT 17H drum (Drum 30-2) for collection of the RFP chemical and
radiological test matenials Note The 30-gallon drums for LANL and RFP are optional, however
the type of container used must meet the requirements of a type A contamer as described in 49
CFR 173

87 Soil samples collected 1n Drum 8-5 are rejects from the LANL and RFP soil samples In order to
properly divide this material (and to have virtually identical matenal 1n all four 55-gallon NTS drums)
additional sphining 1s required, stem @

88 The Reject Return Sphit Pattern, Figure 2-4, shows the method to divide the rejects into four 55-gallon
drums Drum 8-5 soils are placed mnto the hopper of sphitter #1, leveled, then released, item () The
contents of pans #1 and #2 are combined i the hopper of sphtter #2, item ® The soils are leveled
released, and sphit in half Pan #9’s contents are added to Drum 55-1, and pan #10’s contents are added
to Drum 55-2 The contents of pans #3 and #4, istem @, are sphit in the same manner, stem ® This
time pan #9's contents are added to Drum 55-3 and pan #10°s to 55-4

89 Plus 2-inch matenal collected in Drum 8-3 will be treated 1dentical to the minus 2-inch matenal
descnbed above with sample splits going to NTS, LANL, and RFP

The above procedures delineate in detal the distribution of a so1l sample from one selected block 1n a one
gnd area  Exira 8-gallon DOT 17H drums will be provided This will allow field personnel to accumulate
larger samples before sphitung if they choose to do so  For example, Figure 2-3, item (), Pan #10 contents
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could be accomulated m an 8-gallon drum  Then sphtter #2, item ®, could be fed 22 kilograms rather than
5 5 hlograms four times

10 A sample 1s required for volatile organic compounds (VOCs) using EPA Method 8240 Six samples will be
taken for VOCs 1n the following manner

101

102

103

104

The sample area 1s divided into 36 10-foot by 10-foot gnds There are six gnds in a
row and six rows, Figure 1-1

Each gnid row will be considered to have numbers from 1 to 6 counting left to nght

A die will be cast and one gnd block will be selected for a VOC sample mn each row
The selected grid wall be marked with an astensk on Figure 1-3

When the soil sample 1s taken from the selected sample block a portion of the sample
will be placed 1n a 40-milhiliter vial  The vial will be numbered as described 1n
Section 12 2 and placed 1n a cooler at 4°C

11 The Final Sample Split Pattern, Figure 2-3, shows the generation of the final samples to be sent to LANL
(Drum 30-1) for magnetic tests and to RFP (Drum 30-2) for physical and chemical tests The contents of
each of these drums must be thoroughly mixed before any samples are taken The RFP drum should be hept

cool (4°C)

Standard laboratory mixing, size reduction, and sphtting procedures should be followed Mixing would best
take place 1n a cube blender Spreading the sample out on a stamnless steel plate and manually mixing the
drum contents followed by cone and quartenng 1s acceptable The RFP will need to extract an "as 1s"sample
for determmning a total particle size distribution before any s1ze reduction 1s made to obtain analytical

samples

13
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30 EQUIPMENT REQUIREMENTS
The equipment requirements to execute the Section 2 0, Sampling Procedure, include the following items

One flat-bed truch, mmmum 5-ton capacity, 1-ton b hoist, and bed levelers
One Gilson Company, Inc , Model SP-O Mass Sphtter or equal with nine pans
One Gilson Company, Inc , Model SP-1 Sample Splitter or equal with four pans
One Gilson Company, Inc, Rocker Screen Set or equal with 1-inch, 2-inch, and 3-inch wire cloth squares
Drums, DOT 17H
51 Five 55-gallon
g2 Two 30-gallon
3 Eight 8-gallon

10-foot by 10-foot t h tt 1 be ed les, 3-
;l;\glo 4_8} cggs%))/’ 10 feg? rope gnd pattems Each rope pattern wi subdivided into six equal rectangles, 3

Four shovels with stainless steel pointed blades
Two 25-foot tape measures
Four brushes to clean the sphtters and pans after each use

14



40 SAMPLE SHIPMENT

41 Analytcal and Radiological Screening Requirements

Each sample drum will require a radiological screeming per RFP procedures (Environmental Management -
Standard Operating Procedure No 1 13) pnor to shipment offsite  The packages must meet the requirements of
49 CFR 173 for shipment of normal form radioactive material 1n a type A contamner The pnmary contaminant
of concemn 1s plutomum which has a normal form himit (A, value) of 0002 C

42 Shipping Destinations

At least four 55-gallon drums (drums 55-1, 55-2, 55-3, and 55-4) will be shipped to the Nevada Test Site
near Las Vegas, Nevada Chuck Rosenberry should be contacted at 702-295-7090 pnior to shipping drums to
the Nevada Test Sste  The actual shipping address 1s

Attenpon (G‘huck Rosenberry

Buidin Radioactive Malen'lls Control
Nevada est née
Mercury, NV

One 30-gallon drum (drum 30-1) will be shipped to the Los Alamos Nationa) Laboratory, Los Alamos, New
Mexico Larry Avens should be contacted at 505-667-2320 pnior to shipping drums to the Los Alamos National
Laboratory The actual shipping address 1s

Samples - Attn Avens MSE-510
B ang Denanment. Road

Ul
B N LYy

15



50 ANALYTICAL RECOMMENDATIONS

Each DOE laboratory will have specific analytical procedures for evaluating radicactive and hazardous
constituents It 1s suggested that these procedures comncide with the EPA methodology An example would be
radionuchde anlysis of plutonium, the EPA recommneded methods are radiochemistry Alpha Spectrometry
using electro disposition techmques or by coprecipitation on a very small amount of camer, such as laitranium
fluroide - ALPHA - 605(2), ASTM-D-3972(13)

16



60 HEALTH AND SAFETY REQUIREMENTS

The following EMAD field procedures are to be followed in executing this SOP

SOP 38 Surface Soil Samphing
SOP 113 Containenzing, Preserving, Handling, and Shipping of Soil and Water Samples
SOP116 Field Radiological Measurements

In addition to the specific requirements of each of the procedures listed above, particular attention should be
made 1in equipment decontamination and container surveys prior to leaving an operable unit in order to prevent
madvertent spreading of contamination

17



70 REFERENCES

EG&G Rocky Flats, Inc , Final Field Sampling Plan for Sampling Plutomum-Contaminated Soils from Operable
Unit 2, Rochy Flats Plant, U S Department of Energy, Golden, Colorado, July, 1991
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1.0  Purpose and Scope
11 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

operation of the Gravimetnc Separator (GS)

12  The following procedure was developed to standardize testing of different soil types and
optimize gravimetric separator settings to obtain the highest level of soil decontamination.

20  Applicabliity
21 This SOP is appilicable to all AWC, inc personne! when performing tests to optimize GS
settings

22 The Gravimetric Separator operates most effectively on feed material less than 3/8 inch
and separates heavy contaminants with particle sizes above 75 microns The Gravimetric
Separator accepts feed rates up to 0.25 cubic yards per hour

30  Defintions
None
40  Responsibilities

41 The Laboratory Supervisor is responsibie for assuring that all personnel assigned the task
of GS operation are familiar with this SOP, that they have been trained in this SOP, and
that a controlied copy of this SOP is available to them.

information in this document is considered Propristary to AWC, inc and shall not be copied, photooopied, reproduced, or disclosed
in any manner or distributed o any party without axpress permission of an AWC, inc corporate offioer
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42 Al personnel operating the G S on soil samples are responsible for following this SOP.

50  Procedure

51 Equipment and Supplies
Gravimetric Separator
35 gpm Centrifugal Pump
2 - concentrate containers
Receiver tank
Water supply tank
Feed Auger
Miscellaneous piping and fittings
Stop watch
Ruler
Concentrate receiver tank

© O N OO A DN -

-h
o

NOTE Some expenments may require other pieces of equipment to size the tails
or scrub the feed Experiment configuration will be determined by the

{aboratory supervisor

8.2  Gravimetric Separator Opersations
1 A description of the operational theory and operating variables is found in

Attachment 10 1

2 Refer to G S Run Sheet (Attachment 10 2) and position G S in the experiment
configuration. The G S Run Sheet contains supervisory instructions on system
configuration and all G S settings to be used in the test run.

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any parly without express permission of an AWC, inc corporats officer
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3 Position remaining system components as specified in the Run Sheet and
connect system piping and fittings The operator will verify system configuration
and settings by initialing G.S Run Sheet.

4 Set G.S stroke length as specified on G.S. Run Sheet. The stroke length is
measured from the minimum and maximum travel of the rocker arm at the center

of the hutch.

5 Set GS stroke frequency as specified on the Run Sheet by adjusting motor
rheostat. The stroke speed is measured by counting the rocker arm cycles, using
a stop watch,

6 install bedding material of specified size and thickness

7 Add water to water supply tank

8 Start water supply pump and set Cell 1, Cell 2, hutch water, and dilution water

to specified values on Run Sheet. The cell flows can be observed on the
flowmeters or by collecting GS discharge in a measuring container

9 Position concentrate coliection container under hutch discharge vaives and open

each valve to allow small trickie of water from the discharge vaive ( = 1/4 gpm)
This verifies discharge lines and hutch core is free of solids.

10 Stop water supply pump.

11" Weigh specified quantity of feed material and place in feed hopper

Information in this document is considersd Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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Note The laboratory supervisor may elect to place feed in a feed supply tank
and mix to a specified pulp density
12, Start GS
13 Start water supply tank (or feed supply pump)
14 Start feed at specified rate and record time on G S Run Sheet and dilution water.
15 Watch coliection of water and concentrate in colliection container and change
comtainers as required While second container is filling, carefully decant water
from first container into recewver tank Continue altemating procedure for the two
containers unti! run is complete
16. When feed material is depleted, stop feed auger (or feed supply pump) and
record tme on GS Run Sheet.
17. Continue G S operation until hutch water is ciear.
18 Close hutch valves. Stop dilution water
19 Stop Cell 1 and Celi 2 water flow by tuming off pump Cilose cell water vaives.
20 Determine volumes, weights, and pulp density of concentrate and G S talls and
enter results on Run Sheet.
21. Remove bed material and steel balis Following removal of the bed material and

stee! balls, the balls are separated from the bed material using a magnet. The

information in this document is considersd Propristary to AWC, inc and shall not be copled, photocopisd, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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steel balls are placed on a cloth bag or equivalent and allowed to air dry prior to
next run. Determine volume, weight, and moisture content and enter results on

Run Sheet.

2 Drain water from G $ following each run and fiush vaives with clean water.

23. Prepare samples of bed matenal, concentrate, talls, and feed streams for
radioactive assay Record results of assay on Run Sheet

53 Maintenance Procedures
The routine maintenance schedule for the G S is hsted below
1. Grease the six (6) piliow blocks on the rocker arm weekly during operation

2 Grease the three (3) pillow blocks on the eccentric shaft weekly during operation
k< inspect the two (2) diaphragms monthly for cracks and deteriation

4 Record maintenance activities in the maintenance section of the project logbook

60  Quality Controls

None

7.0  Environment, Safety and Health
71 Caution should be used when working around rocker arm. The up and down motion can

cause potential pinch points

72  Lab coats or Anti-C coveralls shall be wom when processing contaminated soils.

Information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed 1o any party without express permission of an AWC, inc corporate offioer
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8.0

80

100

73 See Special Precaution on Run Sheet for additional requirements specified by Safety

Becords
The foliowing documents will be maintained as Quality Records.

e @S RunSheet
. Project Logbook

Beferences

None

Attachments
Attachment 10 1 Principles of Operation of the Gravimetric Separator

Attachment 102 ‘G S Run Sheet* form

Information in this document js considered Proprisiary 1o AWC, Inc and shall not be copied, photocopied, reproduced, or disciossd
h.nymmmrordhulbmodbmypmymmoxprmpmnbdondmch.hc corporate officer




A 4
A N
AWC
A Lockhaed Gompany Attachment _10 1
SOP No _NTS 101
STANDARD OPERATING PROCEDURES Revision__1
PERATION OF THE GRA ) R Page_7_of 10

PRINCIPLES OF OPERATION OF THE GRAVIMETRIC SEPARATOR

The Gravimetric Separator is designed to cause a separation of materials with different specific gravities
This is accomplished by flowing a stream of liquid-suspended material over a screen and subjecting the
screen beds to a vertica! hydraulic puisation This pulsation momentarily expands the beds and aliows
the heavier materials to work toward the bottom of the bed and lighter materials to the top of the bed
Heavier material, or concentrate, that is finer than the screen opening will gradually pass down through
the beds and the screen into the hutch, or lower compartment, from which it is usually discharged
continuously [If the concentrate is coarser than the screen, it will work down to the top of the shot bed,
and can be withdrawn intermittently or at the end of each run. The lighter material, or tailing, will flow over
the top of the beds and be rejected over the end of the Gravimetric Separator.

The G S has several variables which effect the recovery of contaminated heavy material and thus the
amourt of contamination remaining in the tail or decontaminated soil Each of these variables is

discussed below

Feed Dilution
For proper operation It is essential that the pulp be delivered to the G.S in such a form as to flow easily

over the bed and permit the heavy particies to settlie The pulp shouid not be so thick that the hutch
water added to the G S will have the burden of disintegrating fumps The minimum dilution of the feed
will vary between the limits of 30 to 40 percent solids by weight, depending on the viscosity of the puip.
if the puip density of the material in the G.S Is too low there will be no crowding of the light material and
the result will be a larger volume of light material passing into the hutch concentrate

Bedding
The G S requires a certain amount of bedding material onthe G § screen. This bedding consists of stee!

shot of a size slightly larger than the aperture of the screen. The depth of steel shot on the screen will

Information In this document is considered Propristary to AWC, Inc and shall not be copied, photocopled, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, in¢c corporate officer
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vary between 1* and 2* depending on the soil characteristics The optimum depth of steel shot is
determined through experimentation. In general, with finer feeds the shot bed should be deeper As the
depth of the shot is increased, the hutch concentrate produced will be decreased in amount and is higher
in concentration During extended operations a natural bed of heavy minerals may develop above the
artificial bed and therefore impact the operation of the G S by creating a bed with an increased apparent

thickness

Hutch Water
The hutch water adjustment is made by means of the valve in the hutch water line  The amount of hutch

water used will determine the amount of concentrate made, and also the bed conditiononthe GS The
greater the amount of water used, the less suction will be felt on the bed, the smaller will be the amount
of concentrate in the hutch, and the higher will be the concentration of the concentrate. The amount of
hutch water required is usually between 3 and 8 gallons per minute per square foot of G S screen area.

Stroke Length
The eccentnc hub on the GS provides variability of the stroke settings from 1/4" to 1 1/2°. The length

of stroke is measured at the center of the hutches by rotating the drive and measuring the length of
rocker arm travel. In general, the coarser and heavier feeds require longer strokes (between 3/8° and 5/8°)
and the finer feeds require shorter strokes (between 1/4° and 3/8°)

Speed of Stroke
The stroke speed can be varied between 50 and 350 strokes per minute Typical stroke frequencies are

around 125 strokes per minute with higher frequencies required for finer feed sizes The hutch water
adjustment, length of stroke, and speed of stroke are all, to a certain extent, interdependent. When the
length of stroke is diminished, the speed can be increased and the hutch water reduced Generally,
slower speeds are used with longer strokes since more settling time is required between strokes.

Information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any mannaer or distributed to any party without express permission of an AWC, Inc. corporate officer
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Making G S Adjustments

As noted above, the several GS adjustments are more or less interdependent, and in obtaining the
proper activation of the G.S & is customary to follow a general schedule of adjustment. The speed of the
Q.S is the more independent of the variables, and 80 Is selected in the range of the speeds

recommended for the particular duty A length of stroke is selected that is appropriate for the size of the
feed particles, and the G S then runs while making the hutch water adjustment.

No standard criteria can be established for judging the bed condition of the G S, this is a matter of
personal judgement exercised by the operator, who must leamn to recognize what constitutes a property
activated bed and the nght amount of suction. In general, it may be said in the way of helpful guidance
that when the bed is properly activated, it feels loose on the pulsation stroke and is not raised in lumps
or masses at any spot. When the bed feels lumpy in spots, & is the first indication that the bed condition
is not right, because of either insufficient activation or partial biinding of the screens

To judge the proper amount of suction, place several fingers below the top water and in the top layer of
the sand bed. In this upper layer of sand particies an alternate lifting of the individual particles (not of a
mass or crust) should be felt on the pulsation stroke, and a definite tightening up of the particles should
be felt on the suction stroke When the fingers are immersed below the top layer of the bed, the suction
stroke should actually draw the fingers down into the bed

information In thie document is considered Proprietary to AWC, Inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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= P AVC
Date
G.$ RUN SHEET Laboratory Supervisor,
Run¢
System Configuration
System Configuration by Ce!l 1 Flow Um by
GS Stroke Length om by Celi 2 Flow Vm by
G S Stroke Frequency em by Dilution Water Vm by

{ Bedding Sge__ ______em' by Food Rate kgmr by

em by ________ Time Feed Started by

Bedding Thickness
FeedWaight ____ ms.by ________Time Feed Stopped L S
Volume | Molsture
$tream Waeight (kp) (cc) %) (pClgm) 8y

GS RunShestReviewsdby ___ __________Dae__________

e NON v S

information In this documnent is considered Propristary to AWC, Inc and shafl not be copied, photocopied, reproduced, or disciossd
in any manner or distributed 1o any party without sxpress permission of an AWC, Inc corporate officer
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Purpose and Scope
11 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

operation of the vertical Centrifugal Gravimetric Separator (CGS)

12  This procedure was developed to standardize operations of the CGS and to optimize
operating parameters of the unit.

licabil
21 This SOP is applicable to all AWC, inc personnel when performing tests to optimize CGS

settings

22 The CGS operates most effectively on feed material sized to minus 1/4* (6 mm) and
containing heavy particles between § and 6000 microns

Definitions

None

Responsibiities

41 The laboratory supervisor is responsible for assuring that all personnel assigned the task
of operating the CGS are familiar with this SOP, that they have been trained in this SOP,
and that a controlled copy of this SOP is available to them.

information in this document is coneidered Proprietary 0 AWC, Inc and shall not be copied, phetocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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42 Al personnel performing CGS operations are responsibie for following this SOP

50 Procedure

§1  Equipment and Supplies
Centrifugal Gravimetric Separator
Centrifugal pump 35 gpm
Receiver tank
Mwxer
Feed auger or feed tank
Miscellaneous piping and fittings
Concentrate container
Stop watch
Scale (0-100 ibs) or equivalent
Decantation cylinder
Miscellaneous tools

© ® N OO AN -

ed b
- O

NOTE Some experiments may require the pieces of equipment to size the tails
or scrub the feed Expenment configuration will be determined by the

supervisor

§2  Centrifugal Gravimetric Separator Operation
1 A description of the operational theory and operationa! variables is found in
Attachment 10 1.

2 Refer to the CGS Run Sheet (Attachment 10.2) and position CGS in the
experimental configuration. The CGS Run Sheet contains supervisory instructions
on system configuration and all CGS settings to be used in the test run.

information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or discicsed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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3. Position remaining system components as specified in the CGS Run Sheet and

connect system piping and fittings The operator will verify system configuration
and settings by initialing CGS Run Sheet

4 Set shaker screen frequency and amplitude as specified on CGS Run Sheet.

5. Measure specified quantity of feed material and place in feed hopper or dilute to
specified pulp density (% by weight) in feed tank i feed tank is used, start mixer
and feed pump and adjust flow to Run Sheet specifications by measuring volume
transferred to a measuring container returning the material to the feed tank
When fiow has been established, tum off feed pump and sieve discharge line to

CGS inlet
6 Start pump and set bowl back pressure as specified in CGS Run Sheet
7 Start feed and record time on CGS Run Sheet.
8 When feed material is depleted, add 10 galions of clean rinse water to the feed

tank or continue dilution water flow
9. Redute back pressure by 6 psi, however, do not set to less than 5 psi
10 Shut off feed pump or dilution water flow

1" Reduce back pressure to 5 psi

12 Shut off power to the bowi motor and watch the unit as rotation decreases

Information in this dooument is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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13

14

15

16

17

18

19

21

Once the bowl has siowed to about one half its operating speed, begin to ciose
the pressure control vaive Complete closure of valve should correspond

simultaneously with, or just prior to stop of bowl rotation
Remove bowl lid

Engage pulley lock

Using spanner wrench, remove locking ring from top of inner bowl (to remove,
rotate clockwise)

Remove inner bow! and position over concentrate container

Flush concentrate thoroughly from bowi into concentrate container.

Verify holes at the bottom of the riffies in the bowl are clear

Place inner bow! back into water chamber

Lock bowl in piace by rotating lock ring counter-clockwise using spanner wrench.

Disengage pulley fock

Transfer contents of concentrate container into decant cyiinder. Rinse
concentrate container thoroughly into decant cylinder

information in this document is considered Propristary to AWC, inc and shall not be copled, photocopied, reproduced, or disclosed
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NOTE. The small particles recovered by the CGS will settie slowly in the decant
cylinder For example, a 5 micron plutonium oxide particie settles at a
rate of 05 cm per minute Let concentrate settle until soil interfaces
appear before starting decantation

24 Decant water to area just above solids starting with the top decant spigot.

NOTE During setthng and decantation, the decantation cylinder must not be
moved or agitated

25 Repeat decantation procedure for tailings as indicated in steps 22 and 23

26, Determine volumes, weights, and moisture content of concentrate and CGS taiis
and enter results on CGS Run Sheet.

27 Prepare samples of each stream for radioactivity assay Record results of assay
on CGS Run Sheet.

28 Return complieted CGS Run Sheet to the laboratory supervisor The laboratory
supervisor will review the results and sign/date the CGS Run Sheet

§3  Maintenance
The routine maintenance schedule for the CGS is listed below

1. Grease shaft bearings and rotating union grease fitting weekly during operation.

2 Grease electric motor nipples once every three months of operation.

information in this document is considered Propnetary to AWC, inc and shall not be copied, photocopled, reproduced, er disclosed
in any manner or distributed to any party without express permission of an AWC, Inc corporate officer



8.0

8.0

—————
-—
AWC
A Logkheed Company
SOP No NTS 102
STANDARD OPERATING PROCEDURES Revision___1
N OF NTRIF IMETR! P, Page _6_of _10
3 Check belt tension once per week Hand pressure on the belt halfway between
the sheaves should deflect the belt about one half inch
4 if the CGS is stored for periods of one month or more, i is advisable to remove
the rotating union, allow & to dry out, and store i in a cool, dry place
8. Store bow! upside down in a dry location when not in use
6 Record maintenance activities in the maintenance section of the project logbook
60  Quality Controls
None
70  Environment, Safety and Health

71 Verify all guards are in place before operating equipment.
7.2  Lab coats or Anti-C coveralls shall be worn when processing contaminated soils

73 See "Special Precautions® on Run Sheet for additional requirements specified by Safety.

Records
The foliowing documents are maintained as Quality Records.

® CGS Run Sheets
'y Project logbook

Beferences
None

Information in this document is considered Propristary to AWC, inc and shall not be copisd, photocopled, reproduced, or disclosed
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100  Attachments
Attachment 10 1 Principles of Operation of the Centrifugal Gravity Separator
Attachment 10.2 *CGS Run Sheet *
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PRINCIPLES OF OPERATION OF THE CENTRIFUGAL GRAVITY SEPARATOR

The CGS is a gravity separation device which separates heavy particies from lighter host soils utilizing
centrifugal force to enhance the separation process. The feed material is fed to the bottom of a revolving
bowi which rotates at sufficient speed to produce a force of up to 60 Gs. A back pressure on the cavity
behind the bowi is siowly bled through 1/16" holes in the bowi to maintain the bed on the inner surface
of the bowl in a semi-fluid state As the feed material slowly works its way up the side of the bowl the
heavy materials sink to the bottom of the bed and are caught in the bowi riffies The lighter tails continue
to work their way up the inside of the bowl surface and exit the CGS The concentrate which coliects on
the inner bowi riffles can be removed by removing the bowl and cleaning the bowl riffles

Several operating parameters effect the operation of the CGS, the grade or concentration of concentrate
produced and the residual contamination present inthe tails Each of these variables is discussed below

Eeed Dilution
The quantity of water added or present in the feed must be sufficient to aliow movement of the feed

material across the riffles of the inner bowi Typically, a slurry of 30% solids (by weight) is a good starting
point for first test runs with adjustment to higher solids content if the feed material contains fine particles

Feed and Feed Rate

Feed material must be minus 1/4* (6 mm) If feed material is fine, the addition of some coarser material
will be beneficial in estabilishing the bow! bed and increasing recovery of finer particie sizes Feed rates
to the CGS can vary from zero to the maximum feed rate of 1000 ibs./hour

information in this document is considered Propnetary to AWC, inc and shall not be copied, photocopled, reproduced, or disclosed
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Bowl Back Pregsure

The most critical operating parameter to producing a high grade of concentrate and minimizing
contamination in the tail is the back pressure maintained on the bowl. The bowl back pressure is variable
from 0 to 30 psi. The general approach to optimizing the back pressure is to start with the higher settings
and reduce the pressure until the maximum recovery or minimum contamination in the tail is observed
Fine feed material (below 100 mesh) may require a pressure as low as 4 or 6 psi to maximize recovery.
Coarse materials will require pressures of 12to 20 psi The back pressure settings are particularly critical
for recovery of fine particles since setting rates of a 5-10 micron dense particle is on the order of only
a few cm per minute at a force of 1G

{ lon

Adjustment of the frequency of vibrations of the shaking screen can be made by first loosening the set
screw on the variable sheave on the motor, and then by tuming the outer half of the sheave Tuming the
sheave in a clockwise direction increases the frequency of vibrations The amplitude of the vibrations
can be adjusted by loosening the set screws on the counter weights undemeath the shaking pan and
tuming the counter weights Tuming the off set counter weights to oppose each other lessens the
amplitude of the vibration and aligning them increases the ampiitude All adjustments should be made
in small increments Always retighten the set screws after each adjustment.

tnformation in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
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Date
C.G.8. RUN SHEET Laborsatory Supervisor,
Run #
Systemn Configuration”
System Configuration by
Shaker Screen Frequency om by Dilution Fiow Ym by
Shaker Screen Amplitude em by Pulp Density % by
Feed Weight kg by - Timea Feed Startad by
| Bl LIS, 1 S Time Foed Stopped - &Y |
Volume Moisture Activity
Stream Weight (kg) {ce) (%) (pCligm) 8y
Special instructions’
CG.S Run Shaet Reviewed by Date
M
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Project Manager Date afety Officer Date
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1.0  Purpose and Scope

11

12

21

The purpose of this Standard Operating Procedure (SOP) is to instruct personne! in the
operation of the Multi-Gravity Separator (MGS)

This SOP provides a standard method for testing of different soil types and determines
optimal MGS settings to obtain the highest level of soil decontamination

This SOP is applicabie to all AWC, Inc personnel when performing tests to optimize MGS
settings

The MGS operates most effectively on feed materials less than 250 microns which contain
liberated contaminant particies between 1 and 250 microns

30  Definitions

40  Responsibilties

41

42

The laboratory supervisor is responsible for assuring that all personnel assigned the task
of MGS operation are familiar with this SOP, that they have been trained in this SOP, and
that a controlied copy of this SOP is avallable to them.

All personnel operating the MGS on soil sampies are responsible for following this SOP.

Information in this document is considered Propristary to AWC, Inc and shall not be copied, phetocopiled, reproduced, or disclosed
in any manner er distributed to any party without express parmission of an AWC, Inc corporate offioer
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50 Procedure
51  Equipment and Supplies
Muli-Gravity Separator
Two 0-10 gpm centrifugal pumps
Two concentrate containers
Two tailings containers
Water supply tank
Feed supply tank
Decantation cylinder
Mixer
Miscellaneous piping and fittings
Stop watch
Ruler
Level
Scale (0-100 ibs) or equivalent
Miscellaneous tools
Concentrate receiver tank
Middlings receiver tank

© O NSO O?E PN

SAEBR 2B

§2  MGS Operations
1. A description of the operational theory and operating variables is found in

Attachment 10 1

2 Refer to the MGS Run Sheet (Attachment 10 2) and position the MGS in the
experiment configuration. The MGS Run Sheet contains supervisory instructions
on system configuration and all MGS settings to be used in the test run.

information In this document is considered Propristary 1o AWC, inc and shall net be copisd, photocopied, reproduced, or disclosed
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3. Position remaining system components as specified on the Run Sheet and
connect system piping and fittings The operator will verify system configuration
and settings by initialing MGS Run Sheet.

4 Set angle of tit as specified on Run Sheet. The tilt angle is adjusted by screwing
the two front feet boits up or down. The angie of tilt can be determined by
placing a straight edge on the horizontal frame of the MGS and determining tift
angle with a level, or by using tilt angle indicator on the MGS

5 Set rotational speed of drum to specifications on Run Sheet. To change
rotational speed first remove tension on the drive “V* beit by slackening clamp
bolt on motor mounting plate  Remove *V* belt from motor pulley Siacken taper-
lock fitting secunng drive pulley and remove puliey from motor shaft. Slide
required pulley onto motor shaft

160 tpm = 75 mm pulley

200 rpm = 90 mm pulley

240 rpm = 112 mm puliey
Replace *V* beit Turn large shake drive puliey until shake is at center stroke
Adijust position of motor pulley on shaft until “V* belt is correctly lined up Tighten
taper lock fitting Re-tension *V* belt by pressing down on motor and tightening
motor mounting plate clamp bolt.

6 Set shake frequency as specified on Run Sheet. To change shake speed, first
remove tension on the drive "V* belt by slackening clamp bolt on motor mounting
plate. Reposition belt on stepped pulley, as required (moving to & larger
diameter pulley will reduce shake speed and vice-versa) Reposition belt on large
upper driver pulley so that it is lined up Retention “V* belt by pressing down on
motor and tighten motor mounting plate clamp boit.

information in this document is considered Propnetary to AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
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10

1

12

13.

14

15,

Set shake ampiitude as specified on Run Sheet. To change amplitude, first
slacken crank pin in the eccentric Partially withdraw pin to disconnect yoke from
eccentric. Care must be taken not to lose the washer/spacer in between. Having
disconnected the two components, the three pin positions are visible on the
eccentric block. Reassembie with pin position which gives required amplitude
Ensure that washer/spacer is in position between yoke and eccentric block.

Measure specified quantity of feed material and mix in feed tank to pulp density
indicated on Run Sheet

Start mixer to keep solids suspended

Start feed pump and adjust feed rate to flow specified on Run Sheet The feed
rate is determined by coliecting feed in a calibrated container and returning it to

the feed tank.

Stop feed pump when specified flow has been established.

Position concentrate and tailings containers under their respective MGS positions
Start MGS

Set wash water flow rate as specified on Run Sheet. The wash water flow is set
by the value directly below the rotameter

Start feed pump and record time on Run Sheet.

Information in this document is considered Propristary to AWC, Inc and shall not be copied, photocopied, reproduced, or disclossd
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16

17.

18

19

21

Carefully watch the two collection containers under the MGS and switch
containers, as required, emptying the full retrieved containers into their respective

receiver tanks

When feed supply is exhausted, record time on Run Sheet and continue
operations for 1 minute by adding water to feed tank. This purges the MGS feed
fine Wash concentrate from MGS by adding several siushes of wash water,
observing concentrate collection container carry over for solids

Shut off feed pump and wash water

Shut off MGS

Transter remaining collection containers to their respective receiver tanks Rinse
containers thoroughly to ensure transfer of contents

Transfer concentrate receiver tank into the decantation cylinder

NOTE The MGS is capable of recovenng particies as smail as 1 micron.
Since the settling time for a 1 micron particie of piutonium oxide
is 2 cm per hour &t is necessary to aliow sufficient time for
particles to settle before decantation of liquid phase During
settling period the decantation cylinder must not be disturbed,

moved, or aghtated

Calculate settiing time for the 1 micron particie to reach the solid phase of the
decantation cylinder Observe solil interface and start decantation after settling

information in this document is considered Proprisiary 10 AWC, inc and shall not be copied, photocopled, reproduced, or disciossd
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is complete The decantation process is started with the top spigot and
progresses to just above the solid phase/water intetface

<] Repeat decantation procedures for tailings and middings stream as indicated in
Steps 21 and 22,

24 Determine volumes, weights, and moisture content of the three MGS streams and
record on the MGS Run Sheet.

25. Prepare samples of each stream for radioactive assay Record results of assay
on Run Sheet.

26 Return the completed MGS Run Sheet to the supervisor The supervisor will
review results and sign/date the MGS Run Sheet.

53  Maintenance Procedures
1. Tension on V" belts are checked every week

2 Pillow blocks are greased every 40 hours of operation

3. Record maintenance activities in maintenance section of project logbook.

6.0  Quality Control
None

7.0  Environment. Safety and Health
71 Verify all guards are in place before operating equipment.

information in this document is considered Propristary to AWC, inc and shall not be copisd, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer



N
-—
A
A Latihesd Compary
SOP No
STANDARD OPERATING PROCEDURES Revision 1
P F UL R Page _7 of _12

8.0

100

7.2 Lab coats or anti-C overalis shall be wom when processing contaminated soils

7.3  See "Special Precautions' on Run Sheet for additional requirements specified by safety

Becords
The following documents are maintained as Quality Records

[ MGS Run Sheet
. Project Logbook

References

None

Attachments
Attachment 10 1 Principles of Operation of the Muki-Gravity Separator

Attachment 10.2 MGS Run Sheet
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PRINCIPLES OF OPERATION OF THE MULTI-GRAVITY SEPARATOR

The MGS is a gravity separation device which separates heavy particies from lighter host soils utilizing
centrifugal force and shaking motion to enhance the separation process. The MGS may be visualized
as rofing the horizontal surface of a conventional shaking table into a drum, then rotating it so that many
times the normal gravitational pull can be exerted on the heavy particies as they fiow in the water layer
across the surface. This concept enables the recovery of considerably finer particles

Feed slurty is introduced continuously midway onto the internal surface of the drum via an accelerator
launder, the purpose of which is to reduce turbulence caused by the introduction of the feed. Wash water
is introduced via a similar accelerator launder close to the outer end of the drum. Observation indicates
that the slurry follows a spiralling pattern on the revolving drum surface. Heavier parnticies, or particles
of higher SG, penetrate the slurry and are pinned to the surface of the drum as a result of the centrifugal
forces 1o form a semi-solid base layer An intermediate layer forms above this consisting of a relatively
dilute suspension of lower SG particles and slime particies The top layer consists of relatively clear water
The shake provides an addhtional shearing force on the particles in the flowing film, resulting in improved
separation, while the specially designed scrapers moving across the drum surtface continually re-grade
the settled particies, thus minimizing entranment of gangue.

The high density particles which are pinned to the surface of the drum are continuously swept up the
siope by the scrapers to discharge at the open end as the concentrate The lower density minerals (or
gangue) along with the majority of the wash water flow down-stream to discharge as tailings through slots
at the inner end of the drum. Both products are collected in circumferencial launders which discharge

below the machine

information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
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The most important variables goveming the operation of the MGS are the rotational speed of the drum,
the shake intensity, the wash water flow rate, the angle of tift, the pulp density, and the flow rate of the
feed shury Each of these operating parameters are discussed below

Rotational Speed

The rotational speed of the drum affects the operation of the MGS in two ways An increase in speed
results first in an increase in the fiowrate of the siurty in an axial direction towards the tailings end of the
drum Secondly, it increases the inertial mass of the particles, reinforcing their tendency to pin to the

drum wall and form a solid layer

An increase is the rotational speed of the drum (all other variabies constant) therefore, increases the total
weight and weight of heavy mineral recovered to concentrate and reduces concentrate grade

Drum speed is adjustable to 160, 200, and 240 rpm. The lower rpm (*g® forces) are suitable for the
separation of high density parameters from low density gangue Higher rpm (*g® forces) are required for
separating minerals with a smalier density differential

Shake intensity
Shake frequency is adjustable to 4 0, 4 8, and 5 7 cycles per second Ampilitude is adjustable to 12.7,

190, and 254 mm Shake is applied in an axial direction with a sinusoidal wave form Experience has
shown that a high shake frequency is best used with a small amplitude, whereas at lower frequencies,

larger amplitudes are preferable

The effect of shake is to impart an additional shearing action on the particies which aids the separation
process. With increased shake intensity concentrate concentration increases, however, concentrate carry

over into the tails will probably be higher

information in this document is considered Proprietary to AWC, inc and shall not be copled, photocopled, reproduced, or disclosed
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Washwater Fiowrste

Washwater is added close to the concentrate discharge end of the drum It washes over and cleans the
concentrate by carrying away particles of gangue (lower density mineral) released by the ploughing action
of the scrapers Washwater flowrate is an important factor governing concentrate grade It should be
noted that washwater requirement will also depend on feed pulp density A higher fiowrate will be
required where feed pulp density is high

Washwater flowrate is adjustable between zero and 10 liters per minute by means of the valve below the
rotameter. The quantity of washwater required is normally similar to the feed flowrate

Increased washwater gives a cleaner concentrate (dense fraction), but also results in increased loss of
dense material to tailings (low density fraction) Solids of lower specific gravity usually require less
washwater than materials with higher specific gravity or coarse solids

Angle of Tit

The angle between the drum axis and the horizontal (angle of tiit) may be adjusted between O and 5
degrees The angle used will depend on the nature of the material treated, fine low density mineral will
require a shallow angle, coarse or high density mineral will require a larger angle increasing tilt angle
will increase throughput a littie, but too large an increase will tend to reduce heavy particle recovery

Eeed Rate
Depending on the nature and particle size of the feed solids, throughput may be between 50 and 200 kg

per hour of dry solids. For finer solids (minus 75 microns) a throughput of 100 kg per hour is usually
found to give an acceptably clean concentrate with good recovery

information in this document is considersd Proprietary %o AWC, Inc and shall not be copied, photocopied, reproduced, or disclosed
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Feed Pulp Density

Feed pulp density may be between 15% and 50% solids w/w The higher pulp density feeds will require
additional washwater

Small particie sizes will require higher rotational speeds and vice-versa.
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MGS RUN SHEET Laboratory Supervisor
Run ¢
System Configuration.
System Configuration bym Feed Weight ._....-..._L‘9 by i V.
W o Th c/m * by Putp Densty ===.“__b.z.=====__
| Rotation Speed Rim by Foed Rate kMt by
Shake Frequency ________tm by Time Feed Started by
| Shake Amplitude em by Time Feed Stopped by
Volume Molsture Activity
Stream Weight (kg) (ce) %) (pClgm) By

Special instructions:
M G.S. Run Sheet Reviewsd by Date_______
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1.0  Purpose gnd Scope
11 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

operation of the trommel

1.2  This SOP provides a standard method for testing of different soil types and determines
optimal settings to obtain the highest level of soif decontamination

20  Applicabilty
21 This SOP is applicable to all AWC, inc personnel when performing tests to optimize
tromme! settings

22 The trommel operates most effectively on feed materials less than 2 inches containing
contaminant particles less than 1/8 inches

30 General
3.1 Equipment and Supplies
1. Trommel
2 35 gpm centrifugal pump
S. Water supply tank
4 Miscellaneous piping and fittings
8. Recelver tank
6 Stop watch
7. Level

fnformation in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclossd
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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8. Straight edge
Ruler
10 Feed auger
11 Oversize receiver tank
12 Tit angle shims
13. Discharge receiver tank
14 Scale (0-100 ibs) or equivalent
NOTE Some expenments require other pieces of equipment to treat the tails
Experimental configurations will be determined by the supervisor

40 fiti
41 The laboratory supervisor is responsible for assuring that all personnel assigned the tasks
related to trommel operation are familiar with this SOP, that they are trained in this SOP,

and that a controlied copy of this SOP is available to them

42  The laboratory supervisor is responsible for determining experimental configuration and
establishes all run parameters

43  Thelaboratory supervisor or his designee reviews and initials all Run Sheets and logbook
entries at least on a weekly basis.

44 Al personnel operating the trommel on soil samples are responsible for foliowing this
SOP.

8.0 Procedure

51  Trommel Operation
1 A description of the operational theory and operating variables are found in

Attachment 10.1.

information in this document is considered Propristary to AWC, inc and shall not be copied, photooopied, reproduced, or disclosed
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2 Refer to the Trommel Run Sheet (Attachment 10 2) and position the trommel in
the experiment configuration The Trommel Run Sheet contains {aboratory
supervisory instructions on system configuration and all trommel settings to be
used in the test run.

3 Posltion remaining system components as specified on the Run Sheet and
connect system piping and fittings The operator will verify system configuration
and settings by initialing Trommel Run Sheet

4 Set angle of tit as specified on Run Sheet The tilt angle is adjusted by elevating
the two feet on the discharge side of the trommel The angle of tit can be
measured by placing a straight edge on the horizontal bracing bar of the trommel
and determining the titt angle with a level and ruler.

5. Place receiver tank at discharge of tromme! and oversize receiver tank at oversize
discharge

6 Start water supply pump and adjust water fiow to value specified on Run Sheet.
The filow rate is determined by measuring the trommel discharge volume in a
measuring container or using flowmeter reading on water inlet fine

7. When specified flow rate has been set, shut off water supply pump

8. Position feed hopper at trommel opening

-] Waeigh feed material as specified on Run Sheet and load in hopper

10 Reconfigure additional test equipment as specified on Run Sheet, If required

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
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11", Start water supply pump and tromme!
12 Start feed auger Record time on Run Sheet.
13 Continue operations until feed is exhausted Record time feed is exhausted on
Run Sheet.
14 Continue water supply and tromme! operation until trommel discharge water
clears
15 Stop trommel and water supply
16 Determine volumes, weights, and moisture content of the two streams and record
on the Trommel Run Sheet
17 Prepare samples of each stream for radioactive assay Record results of assay
on Run Sheet
18 Return completed Run Sheet to laboratory supervisor
52  Maintenance

1. The four tromme! drum roliers require grease every 40 hours of operation.

2 Check oil level in gear box every three months Fill with manufacturer
recommended oil, as required.

3 Lubricate chain idier with light oil every 40 hours of operation.
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in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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4 Record maintenance activities in the maintenance section of the project logbook
6.0 Quality Control
None

7.0  Environment, Safety and Health
71 Verify all guards are in place before operating equipment.

72 Keep clear of rotating trommel drum during operation
73 Lab coats or anti-C clothing shall be wom when processing contaminated soils

74 See *Special Precautions’ on Run Sheet for additional requirements specified by Safety

80 Records
The following documents are maintained as Quality Records

. Tromme! Run Sheet
. Project Logbook

90 References
None

100 Attachments
Attachment 10 1 Principles of Operation of Trommel

Atachment 10.2 Trommel Run Sheet* form

information in this document is considered Proprietary 1o AWC, inc and shall not be copled, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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PRINCIPLES OF OPERATION OF TROMMEL

The trommel is a screening/scrubbing device which is used to scrub soil and divide the soil into two size
fractions (+ 1/8 inch and - 1/8 inch) The trommel! contains a rotating drum which Is divided into two
sections consisting of an enclosed scrubbing drum and a cylindrical screen. A spray bar is located inside
the entire length of the tromme! drum to wash the soil as it traverses the length of the drum The soil is
introduced in the end of the scrubbing section of the trommel drum where i is subjected to a continuous
water spray The rotation of the drum mixes the soil and breaks up soll clods As the golil travels down
the trommel drum incline it passes into the screening section where the minus 1/8 inch soll particles fall
through the screen and are collected in the discharge chute The pius 1/8 inch soll particles continue
through the screen section and are directed into the oversize chute for coliection

The most important variables governing the operation of the trommel are the water flow through the spray
bar, feed rate, and the titt angle of the tromme! Each of these operating parameters are discussed below

Water Flow
An increase in the water flow increases the pressure at which the water is delivered against the soll

particles in the trommel drum and increases the suspension and separation of the finer goil particies from
the coarser particles in general, a flow which sufficiently scrubs the finer parts from the coarse particies
and results in a desired pulp denslity of the minus 1/8 inch fraction is the ideal flow

Angle of Tit
The angle of tilt on the tromme! determines the residence time of the soil in the trommel drum. Raising

the discharge end of the trommel increases residence time and increases scrubbing action.

Feed Rate
The feed rate determines the cleaniiness of the oversize discharge An excessive feed rate may

overcrowd and blind the screen by trapping fines with the oversize

Information in this document is considered Proprietary to AWC, Inc and shal! not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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System Configurstion
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WaterFlow ______ ¥m by
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Time Feed Stoppei______====_gy______
wﬂ—gmm!!i——-—

Volume | Molsture

Activity
o) | wcugm | By

Stream {kg) {cc)

Special Precautions

ﬂ_—#w__ﬂmm
Ome __________

Trommel Run Sheet Reviewesd by

v

|
. System Configuration by

(
i
]
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10  Purpose and Scope
i1 The purpose of this Standard Operating Procedure (SOP) is to instruct personnei in the

operation of the attrition scrubber

1.2 This SOP provides a standard method for testing of different soil types and determines
optimal settings to obtain the highest level of soil decontamination by hberation of

contarminant particles from larger soil grains

2.1 This SOP is applicable to all AWC, Inc. personnel when performing tests to optimize

attrition scrubber settings
3.0 Geperal

31  Equipment and Supphes
1 Attrition scrubber
2 35 gpm centrifugal pump
3. Feed supply tank
4 Miscellaneous piping and fittings
5. Receiver tank
6. Stop watch
7. Drain container

\ 8. Scale (0-100 Ibs) or equivalent

9 Mixer

information in this document is considered Proprietary to AWC, Inc and shall not be copied, photooopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc. corporate officer
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40 s ibiliti

41 The laboratory supervisor is responsible for assunng that all parsonnel assigned the tasks
related to attrition scrubber operations are familiar with this SOP, that they are trained in
this SOP, and that a controlled copy of this SOP is available to them.

42  The laboratory supervisor is responsibie for determining experiment configuration and
establishes all run parameters

43  The laboratory supervisor or his designee reviews all run sheets and iogbook entries on
at least a weekly basis

44  Allpersonnel operating the attrition scrubber on soit samples are responsible for foliowing
this SOP

50 Procedure

§1  Attrition Scrubber Operation
1 A description of the operational theory and operating vanables are found in

Attachment 10 1

2 Refer to the Attriton Scrubber Run Sheet (Attachment 10.2) and position the
attriion scrubber in the expenmental configuration The Attrition Scrubber Run
Sheet contains laboratory supervisory instructions on system configuration and
all attrition scrubber settings to be used in the test run.

3. Position remaining system components as specified on the Run Sheet and
connect system piping and fittings Verify system configuration and settings by
initialing Attrition Scrubber Run Sheet

information in this document is considered Propristary to AWC, inc and shalf not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer



R
-—
AWC
A Lockwed Company
SOP No _203
STANDARD OPERATING PROCEDURES Revision _1
OPERATION OF THE ATTRITION SCRUBBER Page 3 of_8

10

1

12

13

Set impelier speed to value specified on Run Sheet. The speed is adjusted using
the van-pitch motor sheaves Increasing sheave size increases propeller speed

Weigh feed matenal as specified on Run Sheet, add to feed supply tank, and
adjust to pulp density to indicated value on Run Sheet.

Start mixer

Start feed pump and adjust flow to Run Sheet specifications by measunng
volume transferred to a measured container and return to feed tank When Run
Sheet flow has been established, tum off pump and secure discharge ine to
attrition scrubber inlet

Start attrition scrubber

Start feed pump and record time on Run Sheet

Continue attrition scrubber operations until feed supply is exhausted Add water
to feed tank to fiush feed material through attrition scrubber Continue fiushing
until water starts to clear at discharge

Stop feed pump Record stop time on Run Sheet.

Stop attrition scrubber

Drain remaining volume in attrition scrubber and transfer to receiver tank.

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed 1o any party without express permission of an AWC, inc oorporate officer
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14 Determine volumes, weights, and moisture content of the discharge stream and
record results on the Attrition Scrubber Run Sheet.
15 Prepare samples of the discharge stream for radioactive assay Record results
of assay on Run Sheet.
NOTE Laboratory supervisory instructions may require sieve analysis of discharge
stream or retention for further treatment before analysis in steps 14 & 15 (see
*Special Instructions®)
16 Return completed Run Sheet to laboratory supervisor
52 Maintenance ‘

1 After initial 85 hours of operation, drain and flush the reducer When draining,
inspect for metal deposits, sludge, water, and other foreign material (Refill with
Mobilgear 636 or equivalent.)

2 Repeat draining, flushing, and inspection every 1000 hours of operation

3 Periodically check oil level when reducer is stopped Oil level should be
maintained at center of oil level gauge Do not overfill Overfilling interrupts
pumping action of worm and gear and causes overheating

4. Periodically check tightness of hoid-down bolts.

5 Grease elements on upper housing every 40 hours of operation

6 Record maintenance activities in the maintenance section of the project logbook.

Information in this document is considered Propristary to AWC, inc and shall not be copled, photocopled, reproduced, or discioeed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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60 Quaity Control
None

nvironment, Saf nd Health
74 Verity all guards are in place before operating equipment.

72 Lab coats or anti-C clothing shall be wom when processing contaminated solis

73 See *Special Precautions' on Run Sheet for additional requirements specified by Safety

Records
The foliowing documents are maintained as Quality Records

. Attriton Scrubber Run Sheet
® Project Logbook

References

None

Attachments

Attachment 10 1 Principies of Operation of Attrition Scrubber
Attachment 10 2 *Attriton Scrubber Run Sheet* form

Iinformation in this document is considered Propristary o AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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PRINCIPLES OF OPERATION OF ATTRITION SCRUBBER

The attrition scrubber is designed to remove surface films or coatings from individual soil grains, breaking
up clays and cementations This is accomplished by introducing the soil in a siurry form and submitting
it to sheer forces generated by opposing pitch impellers The resulting currents of the slurry cause soil
grains to collide against each other, breaking up softer materials and removing coating from harder grains

The attrition scrubber has several vanables which effect the scrubbing action of the attrition scrubber
Each of these vanables are described below

Buip Density
Adjustment of the pulp density is made by addition of water to the attrition scrubber feed There is a point

at which the fiow characteristics of the siurry in the machine changes markediy over a short range of pulp
density This range is known as the *control range® At densities above this control range, the pulp
appears to have viscous qualities and takes the form of smooth waves, starting from the comners of the
tank, which overturn as they enter the impelier zone or vortex. There is very littie turbulence or irregularity
evident on the surface

Below this *control range® the fiow is turbuient, there may be considerable spiashing, the siurry may spin
rapidly in the space between the impelier tips and the tank walls Circulation of puip through the impeliers
is erratic and not positive Typically, the control range for clean silica sand with a size range of 500 to
150 microns is about 70% solids by weight, while sand with a large percentage of clays will be around

5% solids by weight.

Information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclossd
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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ller
|
impeller speed does not change the flow characteristics of the slurry once &t is in the control range
increasing the speed of the impelier will, however, cause increase scrubbing action per unit time the slurry
is in the attrition scrubber

F ate
The rate at which the slurry is fed to the attrition scrubber determines the length of time the material will
be submitted to the scrubbing action. The optimum feed rate is determined by experimentation

information in this document is considered Proprietary 1o AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
in any manner ot distributed to any party without express permission of an AWC, inc corporate officsr
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ATTRIMION SCRUEEER RUN SHEET Lab
Eaperviso
Run o
§,stem Coiguration
§,siem Configraudn by
FeeJRae kgh' b
tmpelier Speed RPM by
Tine Foed Staned b
Puip Denshy % by
Time Feed Stopped by
Weight Volume Nolsture | Activity
Stream () {cc) ™) {pClgm) | B,

Specia! instructions

Specia! Precautions

Satety

Anrdiion Scrubber Run Shee Reviewed by Date
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Project Manager Date ety Officer Date
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r Date . nator Date

10  Purpose and Scope
11 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

operation of the spiral classifier

1.2 This SOP was developed to standardize testing of different soil types and optimize
settings to achieve dewatering and decontamination of the larger size soil fractions

20  Applicabliity
21 This SOP is applicable to all AWC, inc personnel when performing tests to optimize spiral
classifier settings.

22  The spiral classifier operates most effectively on soils with particle sizes up to 3/8 inch.

30 Genersl
31  Equipment and Supplies
Spiral classifier
35 gpm centrifugal pump
Feed supply tank
Miscellaneous piping and fittings
Oversize receiver tank
Undersize receiver tank
Stop watch
Flush container (5 galion capacity)

® N O BN -
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40  Responsibilties

41 The laboratory supervisor is responsible for assuring that all personnel assigned the tasks
related to spiral classifier operations are familiar with this SOP, that they are trained in this
SOP, and that a controlled copy of this SOP is avallable to them

4.2  The laboratory supervisor is responsible for determining expenmental configurations and
establishing all run parameters

43 The laboratory supervisor or his designee reviews all run sheet and logbook entries at
least on a weekly basis

44 Al personnel operating the spiral classifier on soil samples are responsible for following
this SOP

5.0 Procedures
51 { ifier ion

1 A description of the operating theory and operating variables are found in
Attachment 10 1

2 Refer to the Spiral Classifier Run Sheet (Attachment 10 2) and position the spiral
classifier in the experiment configuration. The Spiral Ciassifier Run Sheet
contains laboratory supervisory instructions on system configuration and all spiral
classifier settings to be used in the test run.

3 Position remaining system components as specified on the Run Sheet and
connect system piping and fittings. The operator will verify system configuration
and settings by initialing Spiral Classification Run Sheet.

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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10.

1

12

13

Set spiral classifier speed to value specified on Run Sheet. The speed is
adjusted using the rheostat control located under the top leg of the spiral
classifier. increasing the rheostat setting increases the speed of the classifier
Refer to Attachment 10 3 *Spiral Classifier Speed® to determine proper setting

Set weir height to value specified on Run Sheet The weir height is set by
removing or adding wood weir blocks to the discharge of the spiral classifier

pool

Weigh specified quantity of feed material, place in feed tank, and mix to pulp
density indicated on Run Sheet.

Start mixer to keep solids suspended

Start feed pump and adjust feed rate to flow specified on Run Sheet. The feed
rate is determined by collecting feed in a measured container and retumning it to

the feed tank

Stop feed pump when specified fiow has been established
Position feed line to spiral classifier injet.

Start spiral classifier

Start feed pump and note time on Run Sheet.

Continue operations until feed supply is exhausted Add two galions of water to
feed tank to flush feed line to spiral classifier

Information In this document is considersd Propristary to AWC, Inc and shall not be copied, photocopled, reproduced, or disciosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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14

18.

16

17

18

19

20

Stop feed pump and record time on Run Sheet

Stop spiral classifier Secure power supply with safety tag

CAUTION Before washing or cleaning out spiral classifier by hand, unpiug
power supply to spiral classifier and secure plug with safety tag
&t spiral classifier top leg

Drain spiral classffier pool into a flush container by removing weir blocks followed
by drain plug

Clean remaining solids from bottom of spiral classifier and transter to oversize
receiver tank.

Determine volumes, weights, and moisture content of the streams and record on
Spiral Classifier Run Sheet

Prepare samples of each stream for radioactive assay Record results of assay
on Run Sheet.

Retumn the completed Spiral Classifier Run Sheet to the laboratory supervisor

52  Maintenance Procedures

1.

Grease bearing fittings at base and top of classifier screw every 40 hours of
operation.

Check gear box oil ievel every three months and add Mobll 636 gear box oil or
equivalent, as required

Information in this documnent is considered Proprietary to AWC, inc and shall not be copled, photocopled, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc. corporate officer
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3 Record maintenance activities in maintenance section of project logbook
60 Qualty Control
None
70  Environment, Safety and Health

71 Verify all guards are in place before operating equipment.
7.2  Lab coats or Anti-C coveralis shall be worn when processing contaminated soils

73 Before washing or cleaning out spiral classifier by hand, unpiug power supply to spiral
classifier and secure plug with safety tag at spiral classifier top leg

Becords
The following documents are maintained as Quality Records
° Spiral Classifier Run Sheet

e Project Logbook

References
None

Attachments
Attachment 10.1 Principles of Operation of Spiral Classifier

Attachment 10 2 *Spiral Classifier Run Sheet® form

Attachment 103 *Spiral Classifier Speed" table

information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
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PRINCIPLES OF OPERATION OF THE SPIRAL CLASSIFIER

The spiral classifier is a device which separates soil particies according to size The spiral classifier
consists of an inclined tank in which a spiral, mounted parallel to the tank bottom, rotates without
contacting the sides or bottom of the tank. The spiral structure provides the necessary pool agitation and
conveys the settied solids to the discharge The feed slunty is introduced at the pool level through the
side wall The pool level is maintained by adjusting the height of the overfiow weir

The pool area permits particles larger than the separation size to settie depending on the denstty, shape
of the particle, turbulence, density, and viscosity of the siurry within the pool. The smaller particies travel
with the undersize over the weir, while the oversize particies which sink to the bottom of the pool are
elevated to the discharge by the auger

The spiral classifier has several variables which determine the separation size achieved by the classifier
These variables are discussed below

Auger Speed
The speed of the auger in the ciassifier determines the amount of agitation in the pool This action

kberates the entrapped water and undersize particies which rise in the pool and report to the undersize
stream. Increasing the speed of the raking mechanism increases agitation, and thus increases the size
of the particles reporting in the undersize flow over the pool weir.

Feed Rate
The feed rate also determines (to a lesser extent) the size of particies which report to the undersize and

oversize streams. Higher flow rates cause more turbulence in the pool which in tum causes larger
particies to report to the undersize flow.

information in this document s considered Propristary 40 AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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Pulp Denstty

The pulp density of the feed determines the fraction of undersize remaining with the oversize flow In
general, high pulp densities will have more undersize reporting to the oversize flow and vice versa.

information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disciosed
in any manner or distributed 1o any party without express permission of an AWC, inc corporate officer
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Date
SPIRAL CLASSIFIER RUN SHEET Ltad
Supervisor,
Run #
System Configuration.
System Configuration by |
Feed Weight kg by
Puip Density % by
Feed Rate kghr by
Time Fesd Stopped by
Weight Volume Moisture | Activity
Stream &9) (cc) (%) (pCi/gm) | By
Special Precautions
Spiral Classifier Run Sheet Reviewsd by Date
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SPIRAL CLASSIFIER SPEED
STAT AUGER RPM
20 5
30 12
40 19
50 25
60 31
70 37
80 44
90 48
100 49 -
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1.0  Pumose and Scope
1 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

use of the hydrocycione test unit

12  Thefollowing procedure was developed to standardize testing of different soil types and
optimize soll feed sizing for the TRUclean systems

20  Applicability
21 This SOP is applicable to all AWC, Inc personnel when performing tests on the
hydrocycione test unit |

22  The hydrocycione test untt will perform dg, cut points from 2 to 5 microns, 3 to 6
microns, § to 10 microns, and 15 to 40 microns

30 General

31 Equipment and Supplies
1 Hydrocyclone test unit
2 Underfiow containers (2)
3 Overfiow containers (2)
4. Underflow tank
5. Overflow tank
6. Stop watch
7 Feed supply tank

information in this document is considered Propristary 1o AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc. corporate officer
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8 Mixer

9 35 gpm centrifugal pump or hydrocycione test unit pump
10 Miscellaneous piping and fittings

40  Responsibilties

41 The laboratory supervisor is responsible for assuring that all personnel assigned the tasks
related to hydrocycione test unit operations are famikar with this SOP, that they are

trained in this SOP, and that a controlied copy of this SOP is available to them

42  The laboratory supervisor is responsibie for determining experimental configuration and

establishing all run parameters

43  The laboratory supervisor or his designee reviews all run sheets and logbook entries at

least on a weekly basis

44 All personnel operating the hydrocycione test unit on soil samples are responsible for

following this SOP.

5.0 Procedures
51 I Ti it

1 A description of the operational theory and operating variables are found in

Attachment 10 1

2 Refer to the Hydrocycione Test Unit (HTU) Run Sheet and position the HTU in the
experiment configuration. The HTU Run Sheet contains supervisory instructions

on system configuration and all HTU settings to be used in the test run.

information in this document is considered Proprietary fo AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
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3 Postition remaining system components as specified on the Run Sheet. The
operator will verify system configuration and settings by initialing the HTU Run
Sheet
4 Attach required size cycione to the HTU as specified on Run Sheet.
1 Weigh specified quantity of feed matenal and mix in feed tank to pulp density
indicated on Run Sheet.

NOTE Feed material must be screened to less than 300 microns when using the
10mm hydrocycione or less than 1000 microns ¥ using the one inch and
two inch hydrocycione

6 if feed material is already in slurry form adjust pulp density to Run Sheet
specifications by adding or removing water from the feed mix.

NOTE The minimum volume of slurry required for a test is 5 galions (20 liters)
However, higher volumes can be accommodated by transterring material,
as required, from the feed tank to the HTU to maintain the 5 gallon
minimum volume

7. Open drain vaive and drain pump, sump and flush with ciean water. This step
should be carried out with pump running As soon as the sump is empty stop
the pump and close drain valve. Check that the 6mm sump strainer and vibration
damping tube are clear of solids

8. Open by-pass vaive and close feed vaive on HTU.

Information in this document is considered Proprietary to AWC, inc and shall not be oopied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc oorporate officer
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10.

1"

12

13

14

15

Start mixer in feed supply tank.

Add feed slurry to sump and start HTU pump immediately to prevent solid
particles from settiing out. The amount of feed siurty which is added to the tank
must be above 5 galions, however, the HTU sump may be filled to within 2 inches
of the top of the sump

Continue to recycle test volume in HTU through the by-pass for a few minutes to
remove any trash from the feed pulp

Open hydrocyclone feed valve and partially shut by-pass valve until hydrocyclone
pressure gauge registers operating pressure indicated on Run Sheet. Note time

on Run Sheet.

Simuttaneously start coliecting overfiow and underfiow into coliection containers

NOTE The overflow from the hydrocyclone can be diverted directly to the
overfiow receiver tank The underflow is coliected in the underfiow

container

When the first underfiow container is full, simultaneously collect underflow and
overfiow from hydrocycione in tared glass beakers and retain for further analysis
in Step 19 Note collection of beakers on Run Sheet.

Continue collection of overflow in overflow recelver tank and altemnate underfiow
receiver containers, as required, emptying full containers into underfiow receiver
tanks.

Information in this document is considered Proprietary 1o AWC, inc and shall not be copled, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc corporste officer
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16 Add slurry from feed tank to HTU sump, as required, untii feed supply is
exhausted Shut off mixer just before transferring last batch of feed to HTU
sump
17. As feed supply in HTU sump is exhausted, add one galion of water to sump to
flush HTU lines
18 Stop HTU pump
19 Weigh beakers of slurry collected in Step 14 and record weight on Run Sheet.
Allow solids in beaker to settle and record volume of solids and volume of water
on Run Sheet.
20 Determine volumes, weight, and moisture content of the underflow and overflow
streams and record on HTU Run Sheet
21 Prepare samples of each stream for radioactive assay Record results of assay
on Run Sheet.
22 Retumn the completed Run Sheet to the faboratory supervisor. The iaboratory
supervisor will review results and sign/date the HTU Run Sheet.
52  Maintenance

Before each run, check trash screen in sump to verify no coarse particles or
fibrous materials are present on screen.

information in this document is considered Propristary to AWC, Inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed fo any party without express permission of an AWC, inc corporate officer
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60

70

8.0

2 Before each test, check the vibration damping tube to verify it is not blocked with
solids f it is blocked, remove the 16mm nuts on each end, remove tube, and
flush with water

3. Check tension on drive belts every 40 hours of operation

4, Check gland packing on pump every 40 hours of operation and adjust, as

required
5 Record all maintenance activities in maintenance section of project logbook
Qualty Control
None
ronm Health

71 Verlfy all guards are in place before operating equipment.
7.2 Lab coats or anti-C clothing shall be worn when processing contaminated soils

7.3  See *Special Precautions’ on Run Sheet for additional requirements specified by Safety.

Becords
The foliowing documents are maintained as Quality Records.

. Hydrocycione Test Unit Run Sheet
° Project Logbook

Information in this document is considered Propristary 1o AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, inc oorporate officer
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Attachment 10 2 *Hydrocyclone Test Unit Run Sheet® form
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90 References
1 Operating Manual C 700 Hydrocycione Test Reg
2 Operating Manual C 124 Two inch Hydrocycione
3 Operating Manual C 155 One inch Hydrocycione
4 Operating Manual C1009 1 x 10 mm Hydrocyclone Assembly
100 Attachments
Attachment 10 1 Principles of Operation of Hydrocycione Test Unit

in any manner or distributed to any party without express permission of an AWC, Inc. corporate officer
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PRINCIPLES OF OPERATION OF HYDROCYCLONE TEST UNIT

The hydrocycione test unit is a device used to size feed material for TRUclean equipment. The HTU
consists of a sump for the test siurry, a recycling system to retain solids in suspension, a hydrocycione
pressure gauge, and a test stand to evaluate different cyciones

The following discussion describes the theory of a hydrocycione to obtain a *cut point® which is defined
as a point where 50% of a particular size above the cut point will report to the underfiow and 50% of a
particle size will report to the overflow Feed slurry enters the hydrocycione tangentially under pressure.
As a result of the high centrifugal forces, particles coarser than the *cut point® migrate into a primary
vortex adjacent to the wall and move down toward the discharge spigot with a small volume of water
Particles finer than the *cut point* migrate into a secondary upward moving vortex in the center of the
hydrocycione and exit into the vortex finder into the overflow spout.

The cut point size is govemned by many factors, most important of which are hydrocycione intemnal
diameter, hydrocycione length, core angle, vortex finder diameter, underfiow apex diameter, feed pulp
density, and inlet pressure Since the physical dimensions of the hydrocycione used in the test unit are
fixed, the three variables governing the hydrocycione cut point will be feed pulp denslity, inlet pressure,
apex diameter, and vortex diameters. Each of these variables are discussed below

Feed Puip Density

The single most important factor affecting hydrocycione operation is the feed pulp density the higher
the water content in the slurry results in a finer and sharper separation. The lower the water content of
the feed results in a coarser (larger) size separation.

information in this document is considersd Propristary to AWC, inc and shall not be copled, photocopied, reproduced, or discicssd
in any manner or distributed to sny party without express parmission of an AWC, inc corporate officer
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inlet Pressure

The inlet pressure measures the pressure drop across the hydrocyclone. An increase in operating
pressure will lead to higher throughput, a finer cut point, a sharper cut, a decrease in volume splitt, an
increase in the recovery of solids to the underflow, a denser underfiow, and a less dense overfiow The
maximum operating pressure on the one and two inch hydrocycione should not exceed 50 psi. The
recommended pressure drop for the 10 mm hydrocycione is between 50 and 100 psi

Yortex Diameters
The most obvious effect of changing outiet diameters is to vary the volume split A reduction in overflow

outiet diameter feads to a finer cut point, a slightly less sharp cut, a lower underfiow density, and an
increase in volume split and solids recovery to underfiow

information in this document is considered Propristaty to AWC, inc. and shall not be copled, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express psrmission of an AWC, inc corporate officer
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Date
HYDROCYCLONE TEST UNIT RUN SHEET Lab
. Supervisor
Run #

System Configuration
Systsm Configuration by
Hydrocycione Size by
Underflow Beaker Weight by
Foed Weight kp by
w..f vm mm =======.—.=.—_-'_.b_v.====
Pulp Density % by
Water Volume Overfiow ! by |
Time Feed Started by ,
Solids Volume Undertiow I J— ;

I Time Foed Stopped by !
Sofids Volume Overfiow kg ﬂ
Hydrocycione Pressure psi_by

Welght Volume | Moisture | Activity
Stream o) (ee) ) (pClgm) | By

Special Precautions

1 -mm h
Fyarmcyunrs Yout Unkt un Bhast Aoviowsd by om =.J

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed 10 any party without sxpress parmission of an AWC, inc corporste officer
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Approvals

T bdniand _ 7/:/21 Demttadtic_ iy \

Project'‘Manager Date Safety Officer Date

Gpfldse 2y s Al ‘
r Date S inator Date

1.0 Purpose and Scope
11 The purpose of this Standard Operating Procedure (SOP) is to instruct personnel in the

operation of the feed auger

1.2  This SOP provides a standard method for metenng soil into the TRUclean components
at specified rates

21 This SOP is applicable to all AWC, Inc personnel when performing tests using the feed
auger

30 General <
31  Equipment and Supplies
1 Feed auger
2 Stop watch
3 Scale (0-100 Ibs) or equivalent

40  Responsibilities
41 The laboratory supervisor is responsible for assuring that all personnel assigned tasks
related to feed auger operation are familiar with this SOP, that they are trained in this
SOP, and that a controlied copy of this procedure is available to them

Information in this document is considered Propristary to AWC, Inc and shail not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without sxpress permission of an AWC, inc. corporate offiosr
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42 The laboratory supervisor is responsible for determining expenment configuration and
establishing all run parameters

43 The laboratory supervisor or his designee reviews all run sheets and logbook entries at
jeast on a weekly basis

44 All personne! operating the feed auger are responsible for following this SOP

45  The Project Health Physicist will evaluate airborne contamination hazards and advise
special precautions required

50 Procedure
51 r ion
1. A description of the operational characteristics of the feed auger are found in

Attachment 10 1.

2 Refer to Feed Auger Run Sheet and position feed auger in the experiment
configuration. The Feed Auger Run Sheet contains laboratory supervisory
instructions on system configuration and all feed auger settings to be used in the
test run

3. Position remaining components as specified in the Run Sheet. The operator will
verify system configuration by inltialing the Feed Auger Run Sheet.

4, Weigh specified quantity of feed material and slowly transfer material into feed
hopper The feed hopper contains a screen to remove pius 3/4° rocks from feed
material.

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, Inc corporate officer
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CAUTION The Project Health Physicist will evaluate the potential airbome
contamination resulting from the transfer operation and advise
special precautions, f required, on the Run Sheet.

s Retain material which does not pass through the 3/4° screen on the hopper.

Determine volume, weight, and moisture content (it applicable) and record as +

3/4" on Feed Auger Run Sheet

] Prepare sample of + 3/4° for radioactive assay Record resuits of assay on Run

Sheet.

7 Set rheostat for desired feed rate Refer to Attachment 10.3 (Auger Feed Rate)
to obtain required setting for feed rate specified on Run Sheet.
8 Start feed auger and record time on Run Sheet.

NOTE Watch delivery of feed material from feed auger If feed supply
is interrupted use a wood dowel to break cavity formed from
material bridging in feed hopper

9 When feed has been depleted, shut off fesd auger and record time on Run

Sheet.

10. Return completed Run Sheet to laboratory supervisor.
60  Quality Control
None

information in this document is considered Propristary to AWC, inc and shaii not be copled, photocopied, reproduced, or disciosed
in any manner or distributed to any party without express permission of an AWC, inc corporate officer
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7.0 nvironme h
7.1 The feed discharge auger must be positioned in Its operating condition before operating
equipment.

72  Lab coats or anti-C coveralls shall be worn when processing contaminated soils.

7.3  See "Special Precautions’ on Run Sheet for additional requirements specified by Safety

Records
The following documents are maintained as Quality Records
° Feed Auger Run Sheet

e  Project Logbook

Beferences

None

Attachments
Attachment 10 1 Principles of Operating Feed Auger

Attachment 102 *Feed Auger Run Sheet* form

Attachment 103 *Auger Feed Rate* table

information in this document is considered Propristary to AWC, inc and shall not be copied, photocopied, reproduced, or disclossd
in any manner or distributed 1o any party without express permission of an AWC, inc corporate officer
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PRINCIPLES OF OPERATING FEED AUGER

The feed auger is designed to deliver soil samples to the TRUclean equipment at a specified rate Soil
is transferring into the feed hopper and screened to less than 3/4 inch. The 3/4 inch screen prevents
clogging the feed screw at the bottom of the hopper A rheostat control on the side of the feed hopper
regulates the rate of feed flow delivered by the auger The rheostat setting for various feed rates is shown

in Attachment 3 (Auger Feed Rate)

information in this document is considered Proprietary to AWC, inc and shall not be copied, photocopied, reproduced, or disciosed

in any manner or distributed 10 any party without express permission of an AWC, inc corporate officer
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Date
FEED AUGER RUN SHEET Lab
Supervisor
Run #
System Configuration.
System Configuration by
%m:!ﬂ.ﬂm
Angle of Titt * by
m F"d St‘n'd ======_Ey_=====
Time Fesd Stopped by -
mMmtwﬂ
Welght Volume Molsture | Activity
Stream &) (ee) (%) (pCligm) | By
Specia) Precauttions
jSatety e Oste o e
Feed Auger Run Shest Reviewsd by Ogte __________

information in this document je considered Propristary to AWC, inc and shall not be copied, photocopled, reproduced, or disclosed
in any manner or distributed to any party without express permission of an AWC, Inc corporate officer
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AUGER FEED RATE
RHEOSTAT SETTING Komr yds 3 mr
100 752 0371
90 684 0343
8o 564 0279
70 311 0154
60 273 0135
50 226 0111
40 158 0078
30 75 0037
*Based on density of 2.65 gm/cm®

information in this documant is considered Propristary to AWC, inc and shall not be copied, photocopied, teproduced, or disciosed
in any manner or distributed to any party without express permission of an AWC, inc corporate effioer
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10  PURPOSE AND SCOPE
The purpose of this analytical procedure (AP) Is to instruct laboratory personnel in the methods
used for determining the bulk density of soll samples
20  APPLICABILITY
This AP applies to iaboratory personnel invoived in soil analysis activities in which the bulk denshy
must be determined.
30  DEFINMONS
a1 Ik De
Weight of dry soil per unit volume including the pore space.
32 Clod
A self-adhering piece of earth collected away from any digging shear face
CAUTION impermeable rubber gioves must be worn during all procedures involving solis
suspeacted to contain radionuclides.
40 RESPONSIBILITIES

The laboratory supervisor is responsible for assuring that all personnel assigned tasks related to
this AP are familiar with this AP, that they have besn trained in this AP, and that a controlled copy

of this AP is avalilable to them.

All personnel performing bulk density determination are responsible for foflowing this AP.
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5.0 RO E
Discussion

Density is defined as weight per unit volume and is expressed in units of g/cm®. The bulk density
of a soll is defined as the weight of dry soil per unit volume including the pore space For mineral
solis, bulk density generally ranges from 0.6 to 2.0 g/cm®. With increasing organic matter content,
solis generally exhiblt a decrease in bulk density because organic matter has higher porosity and
lower density than mineral particles of the same diameter.

The clod method is the primary method for determining bulk density. Where possible, three
replicate clod samples are extracted from each horizon. The average bulk density of the
replicates is assumed to be the bulk density of that particular horizon. Analysis of the clods Is
based on the method described in the USDA/SCS (1984), Kem and Lee (1989), and Kem et al.
(in preparation).

Two altemate methods are also presented for soll horizons that fail to yield satisfactory clods.
One method is volume replacement (VR), a method similar to one described by Flint and Childs
(1984), which utilizes a known volume of small foam beads packed into a cylinder to repiace a
selected volume of soll excavated from a given horizon Subtracting the initial from the final
volume yields the estimated volume of sampie collected The other method is a volume filling (VF)
method that is used ¥ the clod or VR methods do not produce representative samples. The
volume of this type of sample is based on the absolute volume of a 250-mL beaker, which is a

constant 300 cm® The known volume samples are processed in a manner similar to the method
described in Biake (19685) Whenever possibie, use the clod method.

Interferences
Evaporating dishes used in the clod method must be thoroughly cleaned after each use, as their
weights are pre-determined and used in the caiculation of results. If soils are suspected to

contain radionuclides impermeable gloves must be used when transferring the dishes from one
location to another.
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Clod samples are fist-sized, structurally intact, bulk densty samples taken from
designated horizons in the field, each clod is wrapped in a haimet and dipped briefty
in a 1'5 Saran-acetone solution to help maintain the ciod structure and reduce moisture
loss from the clod during transport and storage. Each clod is labeled, covered by a small
plastic bag, and placed in a divided box. Clods must be collected away from shear
faces

Known volume bulk density samples are taken from horizons where clods are
unobtainable There are two types of known volume samples, volume replacement and
volume filling samples These bulk density samples are packaged in small, pre-labeled
plastic bags.

Samples are stored at 4 °C = 2* C until analysis If the analysis is for only radionuclides
this temperate control can be ignored

Equipment and Supplies
§2.1 Apparatys
The following items are used in both the clod and volume methods
1. Drying oven or convection oven, if available .
2. Desiccator and desiccant.

3 Brass sieve, squared-holed, 2 mm,

4, Forceps.
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The following additional apparatus is needed for the clod method'

1.

2

10

1.

12

13.

14

15.

Fume hood

Balance, capable of weighing to 0.1 g.

Beakers, 1000-mL and 2000-mL.

Ring stand or similar apparatus.

Test tube clip, adjustable, or similar apparatus.

Evaporating dishes, pre-numbered, tolerance to 450 °C

Furnace gloves (optional)

Furmnace tongs

Mutfle fumace

One-galion metal cans with airtight lids (paint cans).

Magnetic stirrer and stir bars, or long stir sticks.

Showaer curtain rod or similar apparatus.

Stop watch.

Thermometer

Balance calibration weights, 3-5 weights covering expected range.

’
-
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16 Class “P* balance weight, 500 g

The only tem needed for the volume methods in addition to the four listed

previously is
° Balance, accurate to 001 g
522 Reagents
NOTE. All reagents listed are for the clod method. The volume methods do not
require any reagents
1. Acetone, industrial grade.
2 Saran acetone clod dipping mbdure, approximately 1:5 by weight.

NOTE The clod dipping solution must be mixed only under a properly
operating vented fume hood The operator must wear a
{aboratory coat while mixing the dipping solution

The Saran powder is prepackaged in 840-g aliotments. One
packet mixed with approximately 3400 mL of acetone provides &
nearly 1'5 by weight mixture resembling light syrup. If possible,
use a magnetic stimer and a stir bar to mix the ingredients in a
beaker until well blended, then transfer mixture to paint container
for storage. One-galion paint containers are used for mixing and
storing the solution. Slowly add the contents of each packet to
the acetone while stirring. Continue stirring to ensure thorough
dissolution of the powder. The solution normally is well mixed
when it has the color and consistency of amber syrup and there
is no gummy Saran residue on the edges or bottom of the
container |f the solution is a milky color, additional mixing is

’
’
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required The powder has a tendency to precipitate and clump
around a container's lower rim when mixed with acetone. To
prevent this, use a long stir stick and thoroughly scrape the inner
rims
After mixing the soiution, the container should be capped as
tightly as possible to prevent leakage of the solution or
evaporation of the acetone
3 Water ~ Tap grade or better water may be used Allow the water to
reach room tempsrature before using
523 Consumable Materials

Consumable items required for the clod method are.

1 Paper bags, pre-labeled
2 Plastic bags, large.
3 Clod bulk density raw data form (Attachment 10.1).

Consumable items required for the known volume methods are:

1. Paper bags, pre-labeled.

2 Known volume bulk density raw data forms (Attachment 10 2).

3 Known volume fog book (known volume method).

4. Volume data from sample receipt log book (known volume method).
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54

Calibrat Standardization
Standardization ot the balance is detailed in AP No 1, General laboratory Procedures

Check thermometers monthly against an NBS Traceable Standard thermometer to ensure
that they are measuring temperature accurately if a thermometer varies by more than
2° C from the NBS Traceable Standard, it will be removed from service.

Clod Method
NOTE Al raw data obtained from the clod analysis are recorded on the clod bulk

density raw data form (see Attachment 10 1). For each clod to be analyzed,
record the set 1D, sample code, and the replicate number on the form. Examine
the label attached to the clod and record the number of field dips performed by
the sampling crew under *FIELD_DP* on the form. Weigh the clod, without
removing the label, to the nearest 01 g and record this weight under
*FIELD_WT/MOIST

1 Suspend the clod in a convection oven and dry for at least 12 hours or ovemnight

at 105 °C for mineral samples, or 60 °C for organic samples. After drying,
transfer the ciod into a desiccator and allow it to cool for 30 minutes. Weigh the
sample to the nearest 0 1 g and record this weight under *FIELD_WT/DRY".

2 Hang the clod on a suspended rod within an operating vented fume hood. Dip

the clod into a contalner of 1:5 by weight Saran-acetone mixture (see Section
5.2.2, Step 2) for three seconds and then allow the coating to dry for
approximately 15 minutes Do not allow the mixture to impregnate that portion
of the haimet hanging above the top of a clod.

NOTE: Atternately, the clod may be sprayed with water just prior to dipping in
the Saran‘acetone solution. The water reduces the penetration of Saran
into the ciod and produces a frost appearance, indicating the solution
has coated the outside of the clod Whichever altemative is chosen, it is
important that the same technique be used on all samples

4
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Apply additional dips as necessary until the clod does not produce excessive
bubbles and a coating of Saran Is obtained that appears to be impervious to
water. Usually three to six dips is sufficient for most clods. Record the total
number of dips made in the laboratory under LAB_DP*, then reweigh the clod to
the nearest 0 1 g and record this weight under ‘LAB_WT". Also perform and
record the dry-weight quality control check (Section 6.0).

Add approximately 1600 mL of delonized water to a 2000-mL. beaker. Place the
beaker of water on a balance and tare Record the temperature of the water
under “TEMP"* so that the density of the water can be calculated. Also perform
and record the submerged weight quality controt check (Section 6 0)

Suspend the clod over the beaker by attaching the top of the hairnet to the test
tube clip, then lower the ciod gently into the water until the top of the ciod is
entirely submerged Record the weight displayed on the balance to the nearest
01 g under *CLOD_H20". If the clod floats, forcibly submerge it by pushing
down with forceps and record the weight. Note on the raw data form, with a *Y*
under *FLOAT", that the clod floated. Retare the balance before proceeding with
other clods

NOTE. When submerging, ensure that the clod is not touching the edge of the
beaker and that the clod label hangs freely. Occasionally, air bubbles
may rise from the clod and the weight reading on the balance does not
stabilize but steadily decreases. This occasionally occurs in clods
sampled from relatively porous surface horizons and simply indicates that
all of the primary macropores along the exterior of the clod were not
thoroughly water-sealed By reading the weight immediately after
submersion, error from this source of instability is minimized. Note the
bubbling on the raw data form under *COMMENTS"®. Also note any other
problem, such as a broken ciod, under "COMMENTS".

’
-
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6 After submersion, place the clod in a pre-numbered evaporating dish and record
the dish number on the raw data form under *CRUC_NO’. Remove as much of
the clod iabel and haimet as possible and place in a large plastic bag with others
from the same run,

7. Place the evaporating dish pius clod in a muffie fumace equilibrated at 400 °C.
The muiffle fumace must be within an operating vented fume hood Aliow the
Saran coating to be burned off the clod surface for two hours. Allow the fumace
to cool, then carefully remove the evaporating dish from the muffle fumace Afer
the clod has cooled thoroughly, place it in a pre-labeled paper bag If the soil is
suspected to contain radionuclides place the paper bag containing the clod into
a plastic bag

8. Disaggregate the clod through a 2-mm sieve. Weigh any rock fragments retained
on the sieve to the nearest 0.01 g and record this weight under *R_FRAG". Place
the rock fragments into the paper bag and archive all such bags

CAUTION if the soil is suspected to contain radionuclides perform this
operation in an approved fume hood.

Atternatively, the clods may be soaked in water and dispersing agent to aid in
disaggregation foliowed by drying of coarse fragments at 105°C.

§5  Known Volume Method
NOTE. Known volume bulk density samples are shipped from the field in smali, piastic
bags. Upon passing the sample receipt verification, these samplies can be
placed out to air dry in the drying area (see Section 5.5.1). The drying faciiitates
the transfer of the entire sample from its plastic bag into a pre-labeled paper bag.
if sample is suspected to contain radionuciides, this drying area must be in an
approved fume hood. Do not remove any material from the bag, even I the
materialis thoughtto be morphologically different from the type of horizon sampled.

’,
r
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NOTE. Record the set ID and sample code of the VR or VF sample on the known volume

5.5.1

5§52

bulk density raw data form (see Attachment 10.2)

Me: ns

When clods cannot be obtained, the volume-replacement method is used. A
level step is prepared in the soil pit at least large enough to dig two circular holes
approximately 10 cm in diameter and 10 cm deep, or to the boundary of the next
lowest horizon. Larger diameter holes must be used for thin horizons. When a
level step cannot be obtained a metal frame is used to provide a reference point
for calibrating the surface roughness (see Section 5.5.1.1). All material (including
roots) excavated from the small holes is placed into separate sampie bags,
paying careful attention to retain all of the sample. Label each sample bag.

The volume of each hole is determined by lining the hole with cheesecioth by
carefully pushing the material into all the lrregularities of the hole Fill a plastic
graduated cylinder with beads Record notes in a field logbook indicating which
sample is being measured (ie, 1/2 for the first of two) Read the initial volume
of the beads in the cylinder by placing the circular block into the cylinder and
tapping the side twenty times (or more until large voids not visibie) with a trowel
handle Record the initial volume in a field logbook as V|, Fill the tabric lined
hole with beads, tamping and then levelling them. Use a straight-edge to heip
judge when the hole is full. Record the final volume of beads in the cylinder as
V; Remove the beads and repeat for the second hole.

Seal the plastic bags as instructed for routine samples and place all the volume-
replacement samples for one horizon in a canvas bag that is labelled with
“Volume-Replacement,* date sampled, crew ID, site 1D, and set ID.

Volume-Replacement Sampli
in cases where a fevel step cannot be obtained due to rock fragments or
abundant roots the volume-repiacement method must be used with a metal

’
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frame When the metal frame is used with this method, only one replicate is
required, instead of the usual two, because it is more time consuming The
volume measurements are recorded in the field logbook.

Two volume measurements are to be made when using this method The firstis
to calibrate the voiume from the top of the frame to the soil surface The second
measurement is made after a hole has been excavated within the area enclosed
by the frame The prep lab will subtract the second measurement from the first
to obtain the volume of soil excavated

Prepare a level step, as best possible, then position the metal frame and secure
it with nails. Line the inside of the frame with cheesecloth and tamp 1 into all
comers Place beads into the graduated cylinder and tamp i as described
above Fill the frame with beads, tamping them gently while filiing. Record the
amount of beads used in the field logbook. It may take more than one cylinder
of beads to fill the frame, in which case, record in the *V;® space the total volume
in the first cylinder and write the volume in the second cylinder before pouring
beads into the frame For *V,’ write the volume in the last cylinder after filling the
frame to the rim  For example, If 1,900 cm? of beads were placed in the frame
and then the cylinder was filled back up to 1,800 cm?, the entry for *V;’ calibration
would be *1,900 + 1,800° If after filling the frame to the rim, striking it off with a
straight-edge and returning the excess beads to the cylinder, the volume in the
cylinder was 1,500, then the entry for *V," is 1,500

Remove the beads from the frame used for calibration and place in a plastic bag.
Excavate a sample, as described above, from a hole within the frame and label
k. Une the hole and frame with cheesecioth. Pour all the beads used for
calibration into the cheesecioth and write in the “V;* section for final volume
*calibration beads + * Fill a graduated cylinder with beads and record the volume
in *V for initial volume Pour beads from the cylinder untii the frame Is filled.
Strike off the top surface of the frame wmg a straight-edge and retum the excess
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beads to the cylinder Record the final volume in the cylinder in the space for

v,

Weigh the paper bag plus sampie to the nearest 0.01 g and record this
weight under "AIR_WT"

Place the bag in a drying oven equilibrated at 105 °C = §* C for mineral
soils and 60 °C + §° C for organic soils Allow the sample to oven dry
overnight.

The foliowing moming, remove the sampie from the oven and allow to
cool for 30 minutes Weigh the sample to the nearest 0 01 g and record
this weight under *OD_WT*

Sieve the contents of the bag through a 2-mm sieve to remove any rock
fragments Waeigh the rock fragments to the nearest 0.01 g and record
this weight under *‘R_FRAG". Place the rock fragments in the paper bag
and archive all such bags.

Transcribe the computed volume (V, minus V) for a VR sample from the
sample receipt log book to the *VOL* column on the raw data form. For
a VF sample, 300 cm® can be entered under "VOL.*

553 Sample Drying

1.

Label a bulk sample processing raw data form (see attachment 3) for
each sample to be air dried.

Place two fresh sheets of kraft paper, approximately 1m x 1m in area, on
the mesh partition of the drying table With gloved hands, siowly spread
the sample on top of the sheets of paper, taking care not to fose any soll
off the paper or contaminate any adjacent samples. if a sample is

’
’
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suspected to contain radionuciides, it must be dried in an approved fume
hood

NOTE' in some cases, samples may be received from the fieid in more than one
sample container (bag) Combine the contents of all containers
comprising a single sample

3 Disaggregate any large clumps that impede the spreading of the sample
over the entire area of the paper. Place an additional sheet of kraft paper

loosely over the sample

4 identify the sample by attaching the sample's processing raw data form
to a hook attached to the drying table or other mechanism. The original
canvas and plastic sampling bags should be kept on the floor beneath
the sample as a second check on sampie identity

5 Daily, stir the soil sample with gioved hands to facilitate drying

6 For the first few days that a wet sample is spread, the bottom sheet ot
paper may need to be changed dally in order to alleviate excessive
moisture accumulation. Any observations of fungal or algal growth should
be noted on the bulk sample processing raw data form.

NOTE: Soils high in clay may harden nearly irreversibly I allowed to dry without
a preliminary disaggregation of medium and coarse aggregates. An effort
shouid be made during the air-drying procedure to disaggregate these
pedons by physical manipulation with gloved hands while still somewhat
moist or friable, before reaching an air-dry state

-
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7 Allow the sample to air dry until &t is believed to be at or below the
specified moisture content. This process generally takes about two days,
although drying time may vary from one day to a week or more
554 V il Ik mplin

When the previous two bulk density methods do not work, the volume-filling
method is used This method is reserved for material such as loose sand, which
cannot maintain an excavation, or iregular surface horizons. Sampilers fill plastic
beakers cylinders of known volume as best they can to recreate the same
packing as naturally found in the soil Fili the container compietely and strike off
with a straight-edge The material is carefully transferred to a plastic bag and
labeled. Two samples will be taken each time this method is used

Seal the plastic bags as instructed for routine samples and place all the volume-
filing samples for one horizon in a canvas bag that is labelled with *Volume-
Filling,* date sampled, crew (D, site ID, and set ID.

ations

Clod Method

It is assumed that the weight of each two-second Saran coating applied in the
field is equal to the weight of each three-second coating applied in the laboratory,
as some of the dipping solution normally is absorbed into the clod when it is
applied in the field.

it is assumed that the specific gravity of air-dry Saran is 1.30 g/cm® and that the
coating loses 15 percent of its weight upon oven-drying. It is assumed that the
particie density of the rock fragments is 2.47 g/cm®.
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it is assumed that the average gross weight of the haimet and ciod label is
1 88 g and the net weight of the submerged portion of the haimet is 0.20 g.

The following calculations may be performed by computer siter the raw bulk
density data are entered If so, it is advantageous to manually check a few
sampies using these calculations to understand the procedure and to test the
accuracy of the computer program. A list of temperature-corrected water density
values is provided in Table 5-1.

Table 5-1 Density of Pure Water®

Temp °C Water Density
130 0.9992
140 0 9991
150 0 8980
160 0 9988
170 09987
180 0.9986
18.0 0.9984
200 09982
210 09980
220 09978
230 09976
240 0.9973
25.0 09971
260 09968
27.0 0.9965
280 0.9963
290 0.9960
300 0.9957
310 09954
32.0 0 9951
330 0.9847
340 0.9944
350 0.9941

® Adapted from List (1984)
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Use the following calculations to derive the weights and volume of the air-dry and oven-dry Saran
coatings:

[(FIELD_DP + LAB_DF) x (LAB_WT — FIELD_WT/DRY)]
LAB_DP

SARAN_WT () =
OD SARAN_WT (g) = SARAN_WT x 085

SARAN_WT
SARAN VOL (cm®) =

130

Use the following calculations to derive the volumes of rock fragments, water displacement, and soil/pore
fraction.

R_FRAG

R_FRAG VOL (cm®) =
247

CLOD_H20
WATER VOL (cm®) =
DENSITY OF WATER

SOIL/PORES VOL (cm®) = WATER VOL *__* (R_FRAG VOL + SARAN VOL)

Finally, use the following calculation to derive the oven-dry bulk density (BD_CLD) for the individual clod:

LAB_WT *_* (R_FRAG + OD SARAN_WT + 1.89)

BD_CLD (g/em®) =
SOIL/PORES VOL *__* 0.20

8682 Known Volume Method
The patticle density for rock fragments in a VR bulk density sample is derived
individually by a submersion technique similar to that used in the clod analysis.
It is assumed that the particle density for rock fragments in a VF bulk density
sample is 2.65, unless specific particle density measurements are made of
different classes of rock fragment types.

.
-
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6.0

70

The following calculations for known volume bulk density (BD_KV) may be
performed by computer. It is advantageous to manually check a few samples
using these calculations to understand the procedure and to test the computer
program.

FINES WT (g) = OD_WT"_*R_FRAG

BD_KV (g/cm®) =

FINES_WT

VOL*_* (R_FRAG + particle density)

UALITY CONTROLS
NOTE. This applies only to the ciod method.

Record the dry weight and suspended submerged weight of a 500-g balance weight
immediately before and after a run of samples These weights are used to verify proper
balance operation and should be charted on a dally basis whenever bulk density
determinations are made

NVIRONMENT, SAFETY AND H

71

Clod Method
Laboratory personnel should use caution when working around the muffle fumace

because temperatures of up to 450 °C are common The fumace shouid be activated
only in an operable fume hood or other approved ventilation area. Heat resistant or
fumace gloves may be needed when placing samples in the fumace. The fumace must
be adequately vented and protected from incidental human contact and no
combustible/flammable materials should be placed in or near the fumace.

Extra precaution must be taken in the use of the Saran powder and acetone solution (see
Section 53 2, Step 2). When mixed, the resulting solution has a tendency to volatilize
hydrogen chioride gas which can cause deleterious health effects. The solution should
be used only in an operating vented fume hood. Half mask with appropriate cantridge

’
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80

9.0

respiratory protection, gloves, and faboratory coat should be wom as specified in the
Laboratory Run Sheet.

in the field, exposure to Saran solution through inhalation and skin contact must be
minimized. Gloves and respiratory protection are recommended and will be specified in
the Laboratory Run Sheet. Use solution only in a well-ventilated area which is downwind
of the sampling site

72  Volume Methods
The safety concemns cited above do not apply to the VR or VF methods Protective ‘

clothing (laboratory coat and gloves), safety glasses, and dust masks should be wom

RECORDS
The following documents will be maintained as Quality Records.

. Clod bulk density raw data

° Known volume bulk density data

L Bulk sample raw data

. Field logbook
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ATTACHMENTS
Attachment 10 1 *Clod bulk density raw data® form

Attachment 10.2 *Known volume bulk density data® form
Attachment 10.3 *‘Bulk sample raw data* form
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BULK SAMPLE RAW DATA
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SETID PROCESSSTART __J___/ __
BATCH 1D PROCESSCOMPLETE.___ /[
SOLTYPE M/ O FIELD pH
s, g
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Date % Molisture inkials
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Approvals

1.0

20

3.0

40

PURPOSE AND SCOPE
The purpose of this anatytical procedure (AP) is to instruct laboratory personnel in the methods

used in particle size analysis

Particle size analysis is determined on the less than 1.25-cm fraction for mineral and activity
horizons The sieve/pipet/gravimetric method described in Methods of Soll Analysis (ASA/SSSA,
1986) is used with adaptions for activity analysis.

The soil sample is first dry sieved and then each of the seven fractions weighed and assayed for
radioactivity The soll tractions are retumed to their respective screens and wet sieved tollowed
by drying, weighing, and assaying for radioactivity The soll fraction collected in the pan is
suspended in water; aliquots taken from the suspension under specific conditions are dried,
werghed, and assayed for rachoactivity

APPLICABILITY
This AP applies to iaboratory personnel invoived in particie size analysis of soil samples.

DEFINMONS
SRCC - Standard Radiological Counting Can

PONSI
The laboratory supervisor is responsible for assuring that all personnel assigned tasks related to

this AP are familiar with this AP, that they have been trained in this AP, and that a controlied copy
of this AP is available to them.
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5.0

Al personnel performing particle size analysis of soll samples are responsible for following this
AP,

EROCEDURE
Interferences

While the soil in suspension is settling, the graduated cylinders containing the suspension cannot
be disturbed, nor can the temperature vary. Foam insulation, a constant tempersature water bath,
or temperature-controlied room may be used to maintain constant temperature When handling
weighing bottles, use forceps, finger cots, cotton gioves, or vinyl gioves to avoid adding weight
from moisture and from body saits and ofis,

51 a | i
The subsamples for particie size analysis are taken from the bulk soll sample after it has
been air dried and homogenized

52 ipment Suppl
§21 Apparatus

1. Sedimentation cylinders (1-L graduated cylinders, optional)

2 Stirrer, hand—Fasten a circular plece of perforated plastic to one end of
a brass rod

3 Shaw pipet rack or equivalent (preferred).

4 Pipets, 25-mL, automatic (Lowry with overflow bulb or equivalent).

5 Sleve shaker, 1.25-cm vertical and lateral movement, and 500 oscillations
per minute, or equivaient. Unit must accommodate a nest of sieves.
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6. Weighing pans, 20-cm diameter by 5 cm deep, or equivalent, (tare to
+0 1 mg), capable of withstanding intermittent heating to 110 °C and
coofing to room temperature

7. Balance, top-ioading, capable of weighing to 0.01 g

8 Balance, analytical, capable of weighing to 0 0001 g.

9 Set of sieves, square-mesh, woven phosphor-bronze or stainiess steel
wire cloth, U.S. Series and Tyler Screen Scale equivalent designations as
foliows,

Nominal u.s.
Opening (mm) No

20 10

085 20

0.30 50

0.15 100

0.075 200

0045 325

10. Receiving pan, used with sieves

11 Hot plate (block digester, optional)

12 Thermometer, range 10 to 50 °C.

13. Evaporating dishes, or equivalent, 125- or 250-mL.

14 Desiccator and desiccant

15 Planchets,
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18 Standard Radioactivity Counting Cans (SRCC)
17 Drying oven or Convection oven.
18 Clamp and ring stand or equivalent.
19 Stoppers (optional)
20 Stop watch or other timer.
§22 Reagents and Consumable Materials
1 Sodium carbonate (Na,CO,).
2 Sodium hexametaphosphate [(NaPO,),], dispersing agent--Dissolve 35 7

grams of (NaPO,), and 7.94 grams of Na,CO, in deionized (D) water
and dilte to 1 L.

3. Water-Commercial DI water is suitable for these procedures,
4 Kimwipes or equivalent.
5. Forms-Form 2 particle size parameters raw data, Form 3 particle size

parameters calculated data, Form QC-2, and Form QC-3 (Attachments
10.1 through 4, respectively).

83 Calibration and Standardization
Check thermometers monthly against an NBS traceable standard thermometer to ensure

that they are measuring temperature accurately.
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If a thermometer varies by more than 2 *C from the NBS standard it will be removed from
service Temperatures of the suspensions used in these procedures should vary no more
than =1 °C,
Standardization the balance is described in AP No. 1, General Laboratoty Procedures.
54 8i et
CAUTION Wear impermeable rubber gioves when handling any sampile suspected
to contain radionuclides
1 Set up sieve shaker in hood with #10, #20, #50, #100, #200, #325 sieves and
recelving pan.
2. Waeigh approximately 1000 grams of sampie and record weight on dry sieve data
gheet (Attachment 10 1)
3 Place sample in drying oven at = 10°C for 1 hour beyond apparent dryness.
4 Cool sample to room temperature.
8. Remove sample from oven and weigh, recording weight on dry sieve data sheet.
6. Place sampie in top sieve (#10), place cover over #10 sieve and secure in
shaker.
7. Start sieve shaker and shake for 10 minutes.
8. Remove #10 screen and transfer soil fraction into a tared SRCC Weigh SRCC,

subtracting tare weight and record on dry sieve data sheet.
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: Repeat step 8 for each sleve and receiving pan.
NOTE if the sieve fraction will not fit into one SRCC, place remaining soil fraction
into second SRCC
10. Count each SRCC containing a sampie for radioactivity and record results on dry
sieve data sheet using the appropriate calibrated radiological detection system.
11 Compiete mass and activity balance on dry sieve data sheet.

55  Wet Sieving Method
1. Replace soil fractions removed from dry sieving procedure back into their
respective pans starting with the #325 sieve
NOTE Do not replace material from receiving pan

2 Afer all material has been replaced into their respective pans, wash #10 sieve
with a squirt bottie whiie agitating soil with a rubber policeman. Wash until the
water coming through the sieve is nearly clear. Large samples can be more
eflectively processed by slurrying in a pan and then pouring into the sieve.
Repeat until the effluent is nearly clear.

3 Following washing of #10 sleve, transfer sieve contents to a tared drying pan and
dry in oven at 110°C = 5 *C for 1 hour beyond apparent dryness.

4, Repeat step 3 for the remaining sieve fractions working from the #20 sieve to the
#325 gleve.

8. Each dried sieve fraction is transferred to a tared SRCC and the sample weight
recorded on the wet sieve data form.
NOTE: if the sieve fraction will not fit into one SRCC place remaining soil fraction
into second SRCC
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6 The material collected in the pan is dried in a drying oven until a thin film of water
remains over sample Do not aliow any dry areas to form in siurry.

Combine dried material from receiving pan with material retained from receiving
pan in dry sieving and mix to obtain homogeneous sample Transfer material to
tared tuna fish can for weight determination and radioactivity assay Record
weight and radioactive assay results on wet sieve data sheet.

7. Count each SRCC for radioactivity and record resuits on wet sieve data sheet.
8. Complete mass and activity balance on wet sieve data sheet.

5.7  Pipetting Method
CAUTION ' Waear impermeable rubber gloves when handling sampies suspected to
contain radionuclides.

All pipetting must be performed in a location free from drafts and temperature
fiuctuations A temperature-controlled room, constant-temperature water bath, or foam
insulation may be used

1. Add 10 mi of 0.5 g/L. Na - hexametaphosphate (HMP) solution to a 1 liter
sedimentation cylinder. Dilute to 1000 m! with DI water.

2 Weigh 100 grams of soll from the receiving pan (combined wet & dry sieve
receiving pan sampie) and add to the sedimentation cylinder. Shake cylinder or
stir to release trapped gasses from the soil. The 100 grams of soil shouid not
inciude the moisture content of the soils. The moisture content can be
determined by drying a small subsampie of pan fraction.
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Allow 12 to 24 hours for the temperature of suspension to equilibrate to room
temperature Iif water is stored at room temperature, one to two hours is

adequate

Stir the material in the sedimentation cylinder for 6 minutes with the motor-driven
stirrer. Stir 8 minutes if suspension has been standing for more than 16 hours.

NOTE" i stoppers of adequate size are available, it is preferable to stopper the
cylinder, invert, and swirl. Care must be taken to ensure that the stopper
is held tightly in the cylinder. Repeat this procedure at least six times.
inspect the bottom and sides of the cylinder to ensure that fine particles
are not adhering to the glass walis of the cylinder.

Remove the stirrer and either (1) cover the cylinder with a length of polyurethane
foam pipe-insulation, (2) immerse the cylinder in a constant-temperature water
bath, or (3) place the cylinder in a temperature-controlied room

Stir the suspension for 30 seconds with a hand stirrer; use an up-and-down
motion. Record the time when the stiming is complete Do not move, stir, or
otherwise disturb the cylinder from this point until all pipetting has been
completed

Take the temperature of the solution in the cylinder by gently lowering a
thermometer § cm into the suspension. Support the thermometer with a clamp
to reduce disturbance to the suspension.

Use the temperature and Table 5-1 to determine the settling time required for the
20 micron fraction, e g, at 22 °C allow 4 minutes, 35 seconds.
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Table 5-1. Sedimentation Times for Fine Siit and Clay Particies Settiing Through Water to a Depth of Ten Centimeters

TR R MR

ling Time with | Particl
Temperature g2microns 5 microns 20 microns
] hrmin min‘'sec min sec

20 800 6818 4:48
21 748 66 42 4°41

2 7:38 8508 435
23 7:27 63 36 428
24 717 62.08 422
25 7.07 60 42 4:16
26 657 §9'18 4:10
27 6.48 §8'00 4:04
28 639 §6.48 4 00
29 6.31 §5'36 385
0 6:22 5424 349

*Values caiculated from Stokes’ equations, assuming a particle density of 2.65 g/cm®. This figure for
particle density is arbitrary and has been chosen to satisfy simultaneously the two definitions of the clay
fraction, i e, particles that have an effective diameter of 0002 mm or less and particles that have a
settiing velocity of 10 cm in 8 hours at 20 *C,

] Approximately 60 seconds before the sedimentation time has elapsed, siowly
lower the Lowry automatic pipet 10 cm into the suspension. (A 25-mL volumetric
pipet premarked for a 10-cm depth and clamped firmly in place on a stand may
be used)

10. At the appropriate time, siowly (aliow about 12 seconds) fill the pipet. Carefully
remove it from the suspension
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1. Wipe clean the outside of the pipet and empty the contents into a glass
container, such as a 80-mL widemouth bottle. Rinse the pipet into the bottle
once with Dl water (add the rinse water to the contents of the bottle). Transfer
contents of glass container into tared planchet in 10 mi increments Evaporate
the water slowly with heat lamp or on hot plate (no splattering or boiling). Rinse
empty glass container with DI water and transfer rinsed soiutions to pianchet.

12 Cool planchet in desiccator and weigh to nearest 0 1 mg and record net weight
on wet sieve data sheet.

13 Repeat steps 7 through 12 for the 5 um and 2 ym clay fraction The <2-um
fraction may be pipetted at a time between § and 8 hours depending on the
temperature and the table used The use of Table 5-1 and a depth of 10 cm is
strongly recommended and is the easiest method

60 QUALITY CONTROLS
Reagent Blanks-A 25-mL aliquot of the diluted dispersion solution (100 mbL of the
hexametaphosphate dispersion solution diluted to 1 L), dried and weighed, is used as the clay
reagent biank. One blank shouid be analyzed with each batch of ten samples or weekly if fewer
than ten samples are run in that week

Replicates--One sample from each batch of ten samples should be analyzed in duplicate.

70 ENVIRONMENT, SAFETY AND HEALTH
Forceps, tongs, or heat-resistant gloves should be used to handie weighing bottles after removal
from the oven. Wear protective clothing and/or safety glasses when handling reagents or
materials known to contain radionuclides
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The following documents will be maintained as Quality Records
° Fleld logbook

L Dry Sieve Data Sheet form

* Wet Sieve Data Sheet form

° Pipette Method Data Sheet form

REFERENCES

American Society for Testing and Materials. 1984 Annual Book of ASTM Standard Specification

for Reagent Water, D-1193-77 (reapproved 1983) ASTM, Philadeiphia, Pennsyivania.

U S Department of Agriculture/Soll Conservation Service. 1984, Soil Survey Laboratory Methods
and Procedures for Collecting Soil Samples Soll Survey Investigations Report No. 1, U.S.

Govemnment Printing Office, Washington, D.C.

ATTACHMENTS

Attachment 10 1 *Dry Sieve Data Sheet' form
Attachment 102 *Wet Sieve Data Sheet* form
Attachment 103 ‘Pipette Method Data Sheet* form
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DRY SIEVE DATA SHEET
DATE SAMPLE ID
TECHNICIAN AS RECEIVED WEIGNT
ORIED WEIGHT
1SOTOPE
PERCENT
NET SIEVE SIEVE SIEVE PERCENT TOTAL
SAMPLE ACTVITY ACTIVITY TOTAL WEIGHT ACTIVITY
SIEVE SIZE WEIGHT (9m) (pClgm) (pCh %) (%)
10
(2000 y)
#20
(@30 )
#50
(300 y)
#100
(150 9)
#200
75 p)
328
(48 p)
PAN
(<aSy)
TOTAL
Supervisor K
D'. 4
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WET BIEVE DATA SHEET
DATE SAMPLE ID
TECHNICIAN DRIED WEIGHT
1SOTOPE
PERCENT
NET SIEVE SIEVE SIEVE PERCENT TOTAL
SAMPLE ACTIVITY ACTIVITY TOTAL WEIGHT ACTIVITY
SEVESZE | WEIGHT (gm) (pCligm) ) (o) )
10
(2000 )
220
(850 ¢)
#8580
(300 p)
#100
{150 p)
#200
(5 )
#3258
“sy)
PAN
(<a3p)
TOTAL
Supervisor
Dete
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PIPETTE METHOD SAMPLE [D
DRIED WEIGHT
180TOPE
DATE

- o CORRECTED CORRECTED PERCENT | PERCE

SAMPLE SAMPLE SAMPLE | SAMPLE SAMPLE TOTAL | TOTA

WEIGHT WEIGHT PAN actviry | ActviTy ACTIVITY AN WEGHT | AcTVr

om) tom weaHT | (pCugm) wen e AcTviTY %) s
45 ¢
20p
sn
20

TOTAL
AR
Supervisor Date
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3.0

PO ND SCOPE
The purpose of this analytical procedure (AP) is to instruct laboratory personnel in the method
used to determine the pH of soil samples

The pH is defined as the negative loganthm of the activity of hydrogen ions (H*). The H *activity
is a measure of the “effective® concentration of hydrogen ions in solution; it is aiways equal to or
less than the true concentration of hydrogen ions in solution Values range from pH 1 to pH 14,
with pH 1 most acidic, pH 7 neutral (at 25 °C), and pH 14 most alkaline Each pH unit represents
a tenfold change in H"'actMty (ie, a pH 4 solution is 10 times more acidic than a pH § solution)

When the pH of a sample soiution is measured, the hydrogen ions come into equilibrium with the
ion exchange surface (glass) of a calibrated pH electrode, which creates an electrical potential.

This voltage difference is measured by the pH meter in millivolts (mv), which is then converted
and displayed as pH units

APPLICABILITY
The following procedure was developed to standardize the measurement of pH in soils.

The applicable pH range for soil solutions is 3.0to 110
This AP applies to laboratory personnel tasked to determine the pH of soil samples

INITI
None
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40 RESPONSIBILITIES

50

The laboratory supervisor is responsible for assuring that all personnel assigned the task of pH
determination are familiar with this AP, that they have been trained on the AP, and that a
controlied copy of the AP is available to them.

All personnel performing pH determination of soil samples are responsible for following this AP.

PROCEDURE

Discussion

Two suspensions of each soll sample are prepared, one in delonized (D!) water and one in 0.01
M calcium chloride (CaClp) The pH of each suspension is measured with a pH meter and a
combination electrode This method Is modified from USDA/SCS (1884) The Dl water pH is
generally higher than the pH of the 0 01 M CaCl>

Interferences

Factors that normally affect the measurement of pH are (1) electrolyte content of the extractant;
(2) soil-to-solution ratio; (3) temperature and COocontent of the extractant; (4) errors that occur
with instrument calibration, standard preparation, and liquid junction potential; (5) organic and
inorganic constituents, (6) length of time the soil and solution stand before they are measured;
and (7) technique used in reading the sample suspension.

Solis high in salts, especially sodium, may interfere with the pH reading and the electrode
response time Clay particles may clog the liquid junction of the pH reference eiectrode, slowing
the electrode response time; thoroughly rinse the electrode with DI water between sample
readings to avoid this problem. Wiping the electrode dry with cloth, laboratory tissue, or similar
materials or removing the electrode from solution when the meter is not on standby may cause
electrode polarization
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The initial pH of a nonalkaline soil will usually be as much as 0.5 pH unit greater than the pH
taken after the sample has set for 30 minutes or fonger The pH can vary as much as 1.0 pH unit
between the supemnatant and soil sediment. Always place the electrode junction at the same
distance (approximately 3 mm) above the surface of the soll sediment to maintain uniformity in

pH readings.

NOTE The figures in the square brackets, { ], represent the column of the appropriate form

51

§2

where the data are recorded

a lection, Preservation, and S

The subsamples for pH measurement are taken from the bulk soil sample after it has
been air dried and homogenized Sampies should be stored at 4 °C + 2 *Cuntil ready
for analysis Preparation of the soll suspensions for pH measurement is described in
Section 54

Eaquipment and Suppiies
521 uipment i
1 Digital pH/mV meter, capable of measuring pH to +£0.01 pH unk,
potential to £1 mV, and temperature to 05 ‘C. The meter must aiso
have automatic temperature compensation capabilliity (Orion Mode! 611
or equivalent)

2 A combination pH electrode, made of high quality, low-sodium glass. At
least two electrodes, one as a backup, should be available. Gel-type
reference electrodes must not be used; an Orion Ross combination pH
electrode or equivalent with a retractable sieeve is recommended.

3 Balance, accurate to +0001 Q.

4 Balance calibration weights, 3-5 weights covering expected range.

3
-

’
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522 Reagents
1. pH Calibration Butfers (pH 4 0, 7.0, and 10 0)~Commerciaily available pH
calibration buffers (National Bureau of Standards {[NBS]-traceable) at pH
values of 4 0, 7 0, and 10 0 (two sets from different sources for calibration
and quality control checks).

2 Bufter of pH 7 0 for quality control check standard (QCCS)-The QCCS
can be purchased or it can be prepared from 005 M potassium
hydrogen phthalate (KHCgH4040r KHP) This buffer must be from a
different container or lot than the NBS-traceable standards used for
electrode calibration. Dry KHP for 2 hours at 110 °C, cool to room
temperature in a desiccator. Weigh 1021 g of KHP, dissolve it in DI
water, and dilute the solution to 1.00 L. To preserve the KHP solution,
add 1.0 mL of chioroform or one crystal (about 10 mm in diameter) of
thymol per liter of the buffer solution. This solution has the following pH
values at the temperatures given 3.99 at 15 °C; 4 002 at 20 °C; 4 008
at 25 °C, and 4 015 at 30 °C.

3. Water-Commercial DI water

4, Caiclum hydroxide-Dissoive 0.185 g Ca(OH)2in DI water and dilute to 1
L

S. Hydrochloric acid (HCI)--Dilute 1 mL concentrated HCI to 1 L with DI
water.

6. Stock caicium chloride solution (CaClp), 1.0 M-Dissolve 55.49 g of

anhydrous CaClaor 73 51 g of CaCla« 2H20 in DI water and dilute to
500 mL
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7. Calcium chioride, 0 01 M CaClo-Dilute20 mL of stock 1.0 M CaCizto 2.0
L with Dl water if the pH of this solution is not between 5 and 6 5, adjust
the pH by addition of dilute Ca(OH)20r HCI, as needed
8 Potassium chioride (3 M)-Dissoive 224 g KCI in DI water and dilute to 1
L
9. Potassium chloride (0 1 M)
10. Sodium hydroxide (NaOH) pellets.
523 ble Material
1 Beakers, plastic, or paper containers, 50-mL.
2 Glass stirring rods or disposable stirrers, one per sampile
3 Weighing pans, disposable
4, Forms—Form 4 pH in water, Form 5§ pH in 0.01 M calcium chloride, Form
QC-4, and Form QC-5 (Attachments 10 1 through 4, respectively).
53 Calibration and Standardization

NOTE For storage and readings, the electrode need only be immersed to cover the
liquid junction of the reference electrode (typically about 3 mm). Rinse the
electrode with DI water between each sample and each buffer to prevent solution
carryover. Do not rub or biot electrode dry because this may produce a static
electric charge and thereby polarize the electrode Electrodes are stored in im
KCL
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53.1 Instrument Preparation

1.

Plug in the instrument and verify that the control knob is on "STD BY."

NOTE. If instrument is used frequently, leave on and in "STD BY* mode
between uses

Connect the combination electrode to the meter. Consult the pH
electrode manual for the proper procedure,

Verify that the level of reference filling solution (3 M KCI) in the electrode
is just below the fill hole and that the fill hole is uncovered during
measuremert (slide the plastic sieeve down).

532 U] h ers for n

1.

Check the meter temperature calibration daily with a beaker of room
temperature DI water and an NBS-traceable thermometer. If the display
differs from the NBS-traceable thermometer by more than 1.0 °C,
complete adjustments as described in manufacturer’s manual

Pour fresh pH 7.00 and pH 4.00, buffer solutions into labeled S0-mL
beakers (one ‘RINSE®, one *“CALIBRATION®, and one *CHECK" beaker
filled with each buffer). Rinse all beakers three times with butfer solutions
and fill with the appropriate buffer solutions.

Rinse the electrode with DI water. Place the electrode into the pH 7.00
*RINSE* beaker and swirl for 40 seconds. Place the electrode into the
*CALIBRATION* beaker, tum the knob to *pH*, swirl for 30 to 60 seconds
(or until the pH reading is stable), and read the value on the display.
Consult the pH-temperature chart, Table 5-1. Use the *CALIBRATE" knob
to adjust the pH reading on the meter to the thaoretical pH of the bufter
solution at the appropriate temperature.

.
-



—————
Awe
A Lodkhesd Company
AP No _AWC 4
ANALYTICAL PROCEDURES Revision___0
H NATION Page _7_ofi7
4, Repeat Step 3 for pH 4 00 buffer using the *% SLOPE® knob to adjust the

pH reading

8. Repeat steps 3 and 4 until both the pH 7.00 and the pH 4 00 buffers
agree with the theoretical pH of the buffer solution at the appropriate
temperature.

6. Check the standardization using the buffer solutions in the *CHECK"
beakers. If the values differ by more than +0.03 units from the
theoretical value, repeat the standardization process. When the meter
standardization is acceptable, record the pH and temperature readings
for each butfer solution in the pH logbook

533 alibration fi ers f Measurements Greater th
Proceed as in Section § 32 but substitute pH 7.0 buffer for pH 4 0 buffer and
substitute pH 10 0 buffer for pH 7 0 buffer.

534 Maintenance
® Check the level of the 3 M KClI filling solution in the electrode If k is

more than 1 cm below the filling hole, replenish the solution from a bottle
of electrode filling solution.

835 pH Meter Electronic Checkout
This procedure should be performed in accordance with the manufacturer's

manual whenever a new pH meter is set up or when calibration problems occur
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Table 5-1. pH Values of Butfers at Various Temperstures
Temperature
25°C 0°C 5°C 10 °C 20 °C 30°C 40 °C
168 1.67 167 167 1.67 1.68 1.69
378 386 384 3.82 3.79 3.7 3.75
4,01 4.00 4.00 400 4.00 4.02 403
6.86 698 695 682 687 8.85 684
7.00 7.11 708 708 7.01 6.98 8.97
7.41 7.53 7.50 747 7.43 7.40 7.38
9.18 846 940 933 923 9.14 907
1001 1032 10.25 10.18 10.08 9.97 9.89
5.3.6 Electrode Etching Procedure
NOTE 1: Use caution when using the NaOH pellets. Wear gioves, eye
protection, and a lab coat.
NOTE 2. if the electrode response Is sluggish or If the instrument cannot

be standardized, the foliowing procedure is recommended for
cleaning the ceramic junction of the electrode and improving the
electrode response time,

1
-

PRSI - —
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NOTE 3 Etch electrodes in groups of three when possible Prepare a

fresh NaOH solution for each group of electrodes.

1.

2

10.

11",

Drain the filling solution from the electrode.
Rinse the filling chamber with DI water and drain it
Refill the chamber with DI water.

Prepare a 50 percent (w/v) NaOH solution by slowly
adding 30 g of NaOH to 30 mL of DI

water.

Gently stir the soiution with up to three electrodes to
dissoive the NaOH. The soiution will be very hot and may

boil and splatter; caution must be used.

Stir the soiution an additional 2 minutes with the
electrodes.

Rinse the electrodes in DI water.

Rinse the electrodes in pH 7.00 buffer for 2 minutes.

Drain the D! water from the filling chambers,

Refil each electrode with 3 M KCL, aghate the
electrodes, and drain the chambers.

Refill the chambers once more with 3 M KCL and spin
each electrode from the leader to remove
air bubbles.
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54 oll i
1. Weigh 20 0 + 1 gram of air-dry mineral soil into a beaker and add 20 0 mL of DI
water; for organic soils, use 50 g of soil and 25.0 mL of DI water. Log exact
sample weight {4-B] and volume [4-C].
2 Allow soll to absorb the liquid without stirring
3 Stir the mixture for 10 seconds and aliow mbdure to sit for 15 minutes.
4 Repeat Step 3 three times
8 Repeat steps 1 through 4, replacing the DI water with 0 01 M CaCl,. Log sample

weight {5-B] and volume of 0 01 M CaCl, [5-C].

541 pH Measurements
1. After the final stirring, allow the suspension to settle for at least 1 minute.

Place the pH electrode in the supematant of the soil suspension.

For mineral soils, the reference junction should be below the solution
surface and above the soil-solution interface.

Some organic soils swell upon wetting, so there is no free water
available As long as the reference junction is below the surface of the
organic material, an acceptable, repeatable reading generally is attained.
When the reading is stable, record pH to the nearest 0.01 pH unk.

2 Report the pH of the soil DI water suspension, {4-D] and the 80il.0.01 M
CaCl, suspension (5-D], for each sample.
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6.0

3. After measurements are completed, store the electrode in 01 M KCi
storage solution. Do not let the sensing element and reference junction
dry out. The leve! of the storage solution should be one inch below the
filing solution level to prevent influx of the storage solution. Check
periodically that the electrode reservoir is full of filling solution.

55  Calculations
No calculations are required to obtain pH values. Replicate measurements of the same
sample or of duplicate samples should not be averaged.

QUALITY CONTROLS
Log all quality control (QC) data on appropriate form (Attachments 103 and 10 4).

Reagent Blanks--Analyze one blank of each suspension soiution. The blank used for each pH
method is the reagent used: DI water or 0.01 M CaCl, The measured pH of each blank should
fall between 4.5 and 7 5§ pH units

Replicates~-One sample from each batch of ten sampies should bs anatyzed in triplicate for pH
in each of the Dl water and 0 01 M CaCl, solutions. The standard deviation for each set of three
replicates should be 0 10 pH units or less If fewer than ten samples are run in one day, then one
sample processed that day should be analyzed in triplicate

Quality Control Check Sample (QCCS)-A pH 7.00 standard from a different preparation source
or lot number than that used for the calibration is used as the QCCS. Analyze a QCCS before
beginning analysis of routine samples, st specified intervals thereafter, e.g., after every ten
samples and after completion of routine sample analysis for the day. Measured vaiues of each
QCCS should be 7 00 + 0.05. if the QCCS does not meet this criterion, recalibrate the electrode
and repeat the QCCS measurement using a fresh QCCS. If acceptable results still cannot be
obtained' check electrode for clean reference junction, check wiring straps into meter, check for
static electricity, and check to see if enough filling solution is contained within the electrode. If
a problem still persists, replace electrode or meter, or both.

-
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7.0

80

80

QC Audit Sample (QCAS)-The QCAS (provided by the quallty assurance {QA] manager) shouid
fall within the = 0.05 unit accuracy window

ENVIRONMENT, SAFETY AND HEALTH

Wear protective ciothing (laboratory coat and gioves) and safety glasses when preparing
reagents, especially when concentrated acids and bases are used The use of concentrated
acids should be restricted to a fume hood. Always add acid to water.

RECORDS
The following documents will be maintained as Quality Records.

. Fleld logbook

. *‘Parameter - pH_H,0, pH in water* form

. *Parameter - pH_01M, pH in 0.01M Calcium Chioride® form

. *Parameter - pH_H20, pH in water* QC form

. *Parameter - pH_01M, pH in 0 01M Calcium Chloride* QC form

BREFERENCES

American Soclety for Testing and Materials. 1984. Annual Book of ASTM Standards Vol. 1101,
Standard Specification for Reagent Water, D-1183-77 (reapproved 1983). ASTM, Philadeiphia,
Pennsyivania.

Orion Research incorporated. 1983 Institutional Manuel - Model 811 pHmillivolt meter.
Qrion, Cambridge Massachusetts.

U S Department of Agriculture/Soil Conservation Service. 1984. Soll Survey Laboratory
Maethods and Procedures for Collecting Soll Samples Soll Survey Investigations Report
No. 1, U S. Department of Agriculture, U S Govemment Printing Office, Washington, D.C.

rd
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100 JTTACHMENTS

Attachment 10 1 *Parameter - pH_H20, pH in water* form

Attachment 10 2 *Parameter - pH_01M, pH in 0 01M Calcium Chloride* form
Attachment 10 3 *Parameter - pH_H20, pH in water* QC form

Attachment 10 4 *Parameter - pH_01M, pH in 0 01M Calcium Chioride* QC form
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Parameter - PH _H0 Batch #
pH In Water Lab Code,
Submission # Date Analysis Started /. /
Orig Analysis Date Analysis Completed ) ] e
Re-Analysis Date Form Compieted f o
ReSubmission _____ Lab Manager inltials _____
Operator inttials ______
A 8 (o] D
Samp Sample Welght Solution Volume Resutt
o ] (ml) (PH)
AKX b e & 4 XXX
1
2
3
4
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7
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Parameter - PH_OIM Batch #
PH in 0 01M Calclumn Chioride Lab Code
Submission # Date Analysis Started /. /
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Operator inflials ______ Lab Manager intials ____
A 8. C D
Samp Sample Welght Solution Volume Result
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Parameter - PH Batch ¢
pH in Water Lab Code
Submission # Dete Analysis Started [
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. Oate Form ed
Operstor inkisis Lab Manager inkials
REPLICATES
A 8 c D
Samp Sample W1 Solution Result 8D
» Vol.
Used {0 (mLy (PH)
xxX XXX 00X 200 0000
i \
{pH)
oces X0
True
High
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aces 3
oces 4
oces s
Qaces ¢
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ST Parameter - PH_ O1IM Batch #
pH In 001M Calcium Chioride  Lab Code
Submission # Date AnalysisStated ___/___ /.
Run # Date Analysis Completed /A
Re-Analysis Date Form Compieted ___/___/
Operator initials _______ Lab Manager iriuals
REPLICATES
A 1l c 5 £
Samp Sampie Wi Solution Result 80
Vol
Used s {mb) oH)
X xxx XX XXX 00000
i :
(PH)
accs X000
True
High
Low
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Approvals

Project Manager Date d ety Officer Date
S

W‘ 5/,
Mafa Date

s —
nator Date

10

20

3.0

40

PURPOSE AND SCOPE
The purpose of this analytical procedure (AP) is to instruct laboratory personnel! in the methods
used for determining the moisture content of soil samples

APPLICABILITY
This AP applies to laboratory personnel involved in soil analysis activities in which the moisture

content of soil samples must be determined

Air-dry moisture determination Is accomplished at the analytical laboratory. The procedure for
assessing air-dry moisture is not to be performed, however, until the soil is believed to be air dry
(see section 5 4) Initially, the process is used to ensure that each sample is at an acceptable
moisture level for further processing, after which, the air-dry moisture is determined on all samples
to convert all results to an oven-dry basis, and if specified in a procedure, to calculate the weight
of sample equivalent to a given weight of oven-dry soil (Brady, 1974).

A subsample of the air-dried bulk soil sample is weighed, oven-dried for approximately 24 hours,
and reweighed. The initial and final weights are used to calculate a percent weight loss.

EFI N
RESPONSIBILITIES

The laboratory supervisor is responsible for assuring that all personnel assigned a task related
to this AP are familiar with this AP, that they have been trained in the AP, and that they have a
controlled copy of this AP
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All laboratory personnel are responsible for following this AP

PROCEDURE

nterf

Sample weights can be affected by salts, oils, and moisture present on skin. Losses of fine silt
and clay, caused by excessive movement of the samples, will cause erroneously calculated
moisture values

CAUTION. If a sample is suspected to contain radionuclides, workers must wear
impermeable rubber gloves when handiing the sample

51 Sample Collection, Preservation, and Storage and Aliquot Preparation
A subsample is taken from the bulk soil sample after it is believed to be fully air-dried.

Analysis takes place immediately thereafter; no preservation or storage is required

52 Equipment and Supplies
521 aratu

1. Balance, capable of weighing to 001 g
2 Drying or Convection oven

3 Desiccator oven

4, Forceps or impermeable rubber gloves.
5 Thermometer, 0° C to 200° C range

6. Weighing containers capable of withstanding intermittent heating to
110°Cand cooling to room temperature

7. Balance calibration weights, 3-5 weights covering expected range.

- ¢

’
¢
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5§22 Consumable Materials
' 1. Aluminum weighing dishes, pre-numbered
. 2. Aluminum weighing pans, disposable
. 3 Gloves, powdered
l 4, Alr-dry moisture raw data forms (Attachment 10.2) and air-dry moisture
log book
l 5 Form 1, air-dry moisture percent, and form QC-1 (Attachment 103 and
10.4, respectively)
N

53 Calibration and Standardization
The standardization of the balance is described in AP 1, General Laboratory Procedures.

The thermometers should be checked monthly against an NBS traceable standard
thermometer to ensure that they are measuring temperature accurately The oven should
be monitored to ensure that temperature fluctuation does not exceed + 10°C

54 Sample in

1. Label a bulk sample processing raw data form (see Attachment 10.1) for each
sample to be air dried

r
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2 Place two fresh sheets of kraft paper, approximately 1m x 1m in area, on the

mesh partition of the drying table With gloved hands, slowly spread the sample
on top of the sheets of paper, taking care not to lose any soil off the paper or
contaminate any adjacent samples

CAUTION Any sample suspected to contain radionuclides must be
processed in an approved, ventilated area such as a fume hood

NOTE In some cases, samples may be received from the field in more than one
sample contaner (bag) Combine the contents of all containers
comprising a single sample

Desegregate any large aggregates that impede the spreading of the sample over
the entire area of the paper Place an additional sheet of kraft paper loosely over
the sample

identify the sample by attaching the sample’s processing raw data form to a hook
attached to the drying table or other mechanism The original canvas and plastic
sampling bags should be kept on the floor beneath the sample as a second
check on sample identity.

NOTE* Immediately after a sample is spread to dry, field-moist pH is determined
(see AP 4).

Dally, stir the soil sample to facilitate drying

For the first few days that a wet sample Is spread, the bottom sheet of paper may
need to be changed dalily in order to alleviate excessive moisture accumuiation.

Any observation of fungal or algal growth should be noted on the bulk sample
processing raw data form.
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NOTE Soils high in clay may harden nearly irreversibly if allowed to dry without
a preliminary disaggregation of medium and coarse pedons. An effort
should be made during the air-drying procedure to desegregate these
pedons by physical manipulation with gloved hands while still somewhat
moist or friable, before reaching an air-dry state

7. Allow the sample to air dry until it is believed to be at or below the specified
moisture content. This process generally takes about two days, although drying
time may vary from one day to a week or more.

8 Subsample an ahquot for the air-dry moisture determination

55  Laboratory
NOTE* Data for this procedure are recorded on the air-dry moisture raw data form (see
Attachment 10 2) Once a soil sample is determined to be air dry, the information

is also entered on the bulk sample processing raw data form (Attachment 10 1),

—

-l

Thoroughly mix the air-dry sample. Transfer a subsample of
approximately 15 g into a pre-numbered aluminum weighing dish of
known weight. Enter the dish number on the air-dry moisture raw data
form under *TIN_NO.* Carefully handie the weighing dish by its edges or
with forceps It the sample is suspected to contain radionuclides wear
impermeable rubber gloves when handling the dish directly

NOTE: Because the aluminum weighing dishes or equivalent are manufactured to be a
nearly constant weight, the average weight of ten labeled aluminum weighing
dishes may be used

~
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2 Weigh the dish plus sample to the nearest 0 01 g and record this initial
weight under “INIT_WT.* Place the dish in a convection oven which has
equilibrated at 105° C for mineral samples or 60° C for organic samples.
Allow the sample to oven dry ovemight at this temperature

3 The following morming, remove the sample from the oven and allow to
cool for 30 minutes in desiccator Weigh the dish plus sample to the
nearest 0 01 g and record this oven dry weight under *OD_WT.*

NOTE Data for this procedure are recorded on form 1 oven dried moisture percent
(Atachment 10 3) Figures within the square brackets, [ ], represent the form
number and column in which the data are recorded

P

4 Remove weighing pan from oven, allow soil to cool in a desiccator
Weigh each sample to = 0 01 g and record oven-dry weight [1-C]

56  Calculations
The following calculations may be performed by computer It is advantageous to manually
check a few samples using these calculations to understand the procedure and to test
the accuracy of the computer program.

PERCENT AIR-DRY MOISTURE (MOIST P) = 'g”; w”;," - gg x,'r" X 100

if the calculated moisture content is above 2.5 percent for mineral soils or above 60
percent for organic soils, allow the bulk sample to continue alr-drying and repeat the
procedure at a later time Howaever, if the sample is below the cutoff percent moisture
content for the soil type, then the air-dry sample may be rebagged and placed in cold
storage or it may immediately undergo the next stage of processing

4
’

r

[
’
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NOTE Designations within the square brackets, [], represent the form number and
column in which the data are recorded on Form 1 (Attachment 10.3).
Percent moisture = ([Air-dry wt. - Oven-dry wt.] + Oven-dry wt)) x 100
OR
MOIST [1-D] = ([1-B] - [1-C}) + [1-C] x 100
60 QUALITY CONTROLS

NOTE Analytical laboratory quality control (QC) results are recorded on Form QC-1
(Attachment 10 4)

Replicates—-One sample from each batch of ten samples or less per day shoulkd be analyzed in
duplicate The percent relative percent difference (%RPD) shouid be 15 percent or less

QC Audt Sample (QCAS)-Tha QCAS should fall within the accuracy window provided by the
qualty assurance (QA) manager

ENVIRONMENT, HEALTH AND SAFETY

Forceps or heat-resistant gloves should be used to handle weighing dishes after removal from
the oven. |f samples are suspected to contain radionuclides impermeable rubber gioves must be
worn when directly handling the weighing dishes

BECORDS

The following documents will be maintained as Quality Assurance records.
° Bulk sample raw data

J Soil sample air dry determination

° Parameter moist air dry moisture percent

° QC Form parameter moist air dry moisture percent
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° Field logbook
. *Bulk Sample Raw Data® form
° *Soil Sample Air Dry Determination’ form
] *Parameter-Moist, Air Dry Moisture Percent® form
° *Parameter-Moist, Air Dry Moisture Percent* form
90 REFERENCES
Brady, NC (ed) 1974 The Nature and Property of Soils Eighth Edion MacMillan Publishing

Co, Inc, New York, New York

100 ATTACHMENTS
Attachment 10 1 *Bulk Sample Raw Data* form
Attachment 10 2 *Soil Sample Air Dry Determination® form
Attachment 10 3 *Parameter-Moist, Air Dry Moisture Percent® form
Attachment 10 4 *Parameter-Moist, Air Dry Moisture Percent* QC form
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BULK SBAMPLE RAW DATA
SAMPLE 1D DATESAMPLED ___ [ __J
SMTED DATE RECEVED S
SETID PROCESSSTART __/___J
BATCH ID PROCESSCOMPLETE ___ [ J
SOILTYPE M/O FIELD pH
inkials inltiats
AIR SAMPLE DRYING
Date % Moisture Inkials
S S
SN S .
S e
TOTAL BULK WT .
Date ). / 9 inkials
ROCK FRAGMENT WT

4751020 mm —_—

ENTERED IN COMPUTER. Date ——
COMMENTS

i ——————————
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SECTION 1. GENERAL INSTALLATION

ELECTRICAL POWER

The crossfield magnetic segarator is close-coupled to a 20KW, 40VDC,

450amp direct current regulated power supply. This power supply requires
an electrical input of 4B0VAC, 3 phase, 3W, 60HZ, and a grounding
conductor. The electrical power should be supplied from a nearby wall-
mounted circuit breaker - minimum 50amp. The electrical input and gounding
terminals are located on the back of the power supply. (Note: The
electrical installation and grounding must be performed in accordance with
the National Electric Code and all other pertinent codes.)

* For additional power supply information, see the EMHP power supply
service manual. Model No. 40-450-41214-0683.

COOLING SYSTEM

The magnet open loop cooling system requires approximately 10-15 gpm of
water at 65 degrees F. with an unfouled pressure loss of 10 psi. One inch
NPT connections have been provided on the open loop manifalds for field
installation.
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SECTION 2. START-UP INSTRUCTIONS

NOTE: The crossfield magnetic separator has been shipped without water in
the closed loop cooling system.

Step 1. -- Fi11 the closed loop cooling system with cool, clean water,
referably de-ionized. The system holds approximately 20 gal-
ons of water. Open the de-fonizer gate valves and tank valve.

Step 2. -- Energize the power supply feeder. (NOTE: The 3 phase indicator
Tights on the front of the power supply should be °*ON')

Step 3. -- Start the water pump. Let the water circulate for at least 30
minutes. Add water as necessary to maintain the proper opera-
ting level. The site glass on the side of the air expansion
tank should always be completely filled with water.

Step 4. -- With the pump ‘OFF', open the gate valve on the side of the air
expansion tank and drain off the excess water, then close the
valve.

Step 5. -- Start the water pump. Check the water level and inspect for
system leaks before continuing. (NOTE: Monitor the site glass
regularly to insure proper system water level.)

Step 6. -- Set the current and voltage control knobs on the power supply to
their lowest (counter clock-wise) position.

Step 7. -- With the water pump operating, close the 50 amp power supply
circuit breaker on the front of the power supply. The power
indicator 1ight should be on and the cooling fans should be
operating. No power should be delivered to the load. The
panel meters should be indicating zero volts and amperes.

Step 8. -- Depress the “START" control button on the front of the control

anel. The panel meter indicator lights may be 1lluminated,

ut the meters should be indicating zero. Slowly advance the
voltage control to about 1/2 the maximum setting or 20V DC.
Next, slowly advance the current control to about 1/2 the maxi-
mum setting or 200 amps. Oscillating conditions may be encoun-
tered during this period, but should stabilize quickly. Final-
ly, adjust the voltage and current controls to obtain the
desired output current. (Note: The red current indicator must
be 11luminated to operate in the current regulated mode.)

Step 9. -~ After setting the desired operating current, the power supply
can be switched ON and OFF by depressing efther stop or start
buttons. For remote stop and start operation, refer to power
supply manual for additional information.
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SECTION 3. SAFETY AND MAINTENANCE INSTRUCTIONS

ELECTROMAGNET

The electromagnet consists of water cooled electrical coils and a steel
magnetic return circuit. The magnet 1s not suitable for frequent or
prolonged exposure to 1iquids and will not withstand acids or caustic
liquids.

The coils are water-cooled and the operating temperatures of these coils
must be kept to values consistent with the original factory conditions.

The water fittings to the coils and manifolds should be maintained to avoid
leaks. The water hoses also must not leak, and should be replaced when the
rubber becomes stiff or brittle.

When the magnet is energized, a portion of the ma?netic field is not
contained within the steel. A stray magnetic field exists completely
around the magnet and this field will exert a pull on all magnetic objects
in the vicinity. Therefore, it is necessary to remove all unsecured
magnetic objects near the magnet before the magnet is energized. It is
also advisable for personnel to have removed wrist watches and magnetically
imprinted credit cards, and other magnetically susceptible items from the
items from the vicinity of the magnet before the magnet is energized.
Personnel should not be permitted in the stray field, especially those who

may be equipped with any type of electrical or other medical equipment.

POWER SUPPLY

The power supply should never be exposed to water, acids, or caustics, and
is not suitable for frequent or prolonged exposure to airborne acids,
caustics, or high moisture.

SAFETY DEVICES

The power to the magnet will automatically de-energize if the equipment
overheats or {f there is an inadequate flow of cooling water. The normally
closed contacts of the water flow and temperature sensors are connected in
series between terminals TB2-4 & 5 of the power supply. If a

safety contact opens, power to the magnet will be de-energized.

POWER SUPPLY AIR INTAKE FILTER

The plastic mesh air intake filters should be inspected at intervals
determined by operating and environmental conditions. For access to the
filter for cleaning, remove the filter holder frame and side covers.
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CAUTION: Disconnect all gower to the power supply before removing any
panels. The filter material may be washed with detergent, not
solvent. Material which has deteriorated or cannot be adequately
cleaned should be replaced. With clean, dry air, carefully blow
the dust from the power supply. Delicate electronic components
can be easily damaged by high pressure air. Contact wit
internal components may result in electrical Shock trom energy
stored 1n the electrical system.

WATER TO WATER HEAT EXCHANGER

The water to water heat exchanger must be maintatned in a clean (unfouled)
condition on both the open loop and closed loop sides. It is also
necessary to maintain the copper conductor inside diameter in a clean and
unfouled condition for effective heat transfer to the cooling water.
Excessive temperature on the closed loop side is detrimental to the magnet
coils, insulation, and the power supply. Maintain the heat exchangers,
manifolds, and pumps in a good, clean condition.

WATER DE-IONIZER

The de-ionizer must be on-line and maintained in operating order at all
times. If the de-ionizer water indicating light fails to light, replace
the de-ionizer bottle. The water resistance should not be allowed to drop
below 200,000 ohm's per cm.

GENERAL

Electrically ground (with proper size electrical conductor) the magnet,
power supply, operator's panel, and slurry control piping in accordance
with the provisions of the National Electrical Code, state, county, city,
and/or any other applicable codes.

Maintain all of the equipment safety devices in an operational condition.
Maintain and observe all the warning name plates on the equipment.
Periodically test the equipment safety devices.

Periodically inspect for water lezks and for the proper system water level.

NOTE: ONLY PROPERLY TRAINED PERSONNEL SHOULD BE ALLOWED ACCESS TO THIS
EQUIPMENT.
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FIGURE A

The front panel surface contains all the controls and indicators necessary
to operate the supply in 1ts normal mode. (see Figure A),

(1) on/off switch

(3) voltage control

(4) DC voltmeter

(5) voltage indicator

(6) current control

(7) current {ndicator

(8) 0OC ammeter

(9) over voltage adjustment
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SECTION 6. PARTS LIST

SPARE PARTS

].

3.

4.

Water Flow Switch
Shure Flo Model #2600-1911
Manufacturer: Hays Company

Temperature Switch
Klixon Model
Manufacturer: Texas Instruments

Water Pump
Price Pump 3/4 HP 50 psi

Heat Exchange
Paul Mueller Plate and Frame

Power Supply
EMHP (Modified by PEM)



