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§ ACM- 5601 Calcium Nitrate in Cement
ACM-5704 Waste Classifica. .. of Processed Decontaminated Supernatant Drums
WVDP-010 Radiological Controls Manual
f WV.987 Oceurrence Investigation and Reporting

WVNS-TPL-009 Toxicity Characteristic leaching Procedure for Cement Waste Form
WVNS-TP-053 Test Procedure for Verification Cubes for 20% TDS Sludge Wash

Cement-Waste
SAR Volume IV Safety Analysis Report for the Cement $olidificati.n System
§9P 00-1 Documents fo. Work Instructions
SOF 9.2 Solid Radicactive Waste Handling
SCP 70-1 Waste Transfer to CS§
| S0P 70-3 Automatic Solidification Operation
~ S0 70-4 CSS Menual Solidification with the Process lLogic Controller
| Operational
SOP 70-5 GCravimetric Feeder Operation
SOP 70-6 Bulk Cement Transfer to Dry Bin
' S0P 70.7 Cement Truck Unloading
, SOP 0.8 Clean Drum Handling for Cf35
; SOF 70-9 Automatic Drum Operations for Cement Solidiflcation Systen
SOP 7N.12 CS8 Mixer System Flush Opeéeration
SOP 70-14 01-14 Building Ventilation System
| SOP 70-15 01-14 Building H&V Filter Change
- SOP 7016 Filter Change Room F{lter Change
SOP 70-17 Manual Drum Operations for CS$S
SOP 70-18 Alarm Procedure for CSS$
SOP 70-19 C8S Emergency Power Outage Shut Down
SOP 70-25 Calibration of Critical €SS Equipment
SOP 70-131 C85 Drum Conveyor Alarm Responses
SOP 70-32 Operation of the CSE Silo Afr Dryer
SOP 70-33 Data Acquisition System Operation
SOy 70-34 Operation of the 01-14/CSS Pru ss Room &-Ton Biidge Crane
SOP 70-35 Operation of the Maintenance 2-Ton Bridge Crane
SOP 70-37 Smear Robot Operation
SOP 70-40 CS5 Drum Sampling Staton Operatisn
SOP 70-41 CSS Preventive Maintenance Progranm
SOP 70-45 VWaste Certification

3.0 SYSTEM DESCRIPTION
3.1 Process Description

The Cement Solidification System (CSS) includes all piping, valves,
instruments, controls. tanks, and equipment required to solidify waste i(n
cement, place it into drums, and remotely 5 ve the drums onto a shielded
truck for transport to the storage facility Attachment A (the Run Plan)
- contains a graphic flow diagram describing che solidifizaticn system and irs
functions, controls and procedures.

The 88 utlilizes a high-shear mixer to blend waste cement and additives
into a homogeneous slurry. The impeller located at the bottom of the mixer
causes the contents to be drawn to the center of the mixer housing and
forces the fluid between the impeller and the casing. This method of mixing
ensures thorough and homogeneous blending of all components.

PCP: 0001279 . RM .2
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The CSS performs the following functions:

© Waste Solidification - mixing decontaminated sludge wash waste with
Portland Type 1 cement and chemical additives, and packaging the
resuliing mixture into 269-L square drums.

© Process Control - monitoring and controlling recipe constituent addiv.on,

equipment functions and safety interlocks.

© Cement Storage 4 Transfer - bulk storage of dry Portland Type ! cement
powder Llended wi. nominally 5.7 1.7 (minimum of 4.0, maximum of 7 4)
v/o Ca(NO;); and transfer of batch quantities to the mixers,

© Materials Handling - remote handling of empty and filled drums within the

facility and loading filled drums onto vehicles for tiansport tu the RTS
Drum Cell.

The CSS i{s composed of the following subsystems:

3.1.1 Waste Storage and Dispensing Subsystem

3.1.2

PCP: 0001279 RM

The Waste Storage and Dispensing Subsystem is the beginning of the

treatment process and is composed of the Waste Dispensing Vessel and
the Waste Dispensing Pump. The waste liquid is collected and stored
here before being mixed with cement; recirculation through the Waste

Dispensing Pump maintains homogeneity of the waste while it is stored

within the Waste Dispensing Vessel.

Feeds to the Waste Dispensing Vessel are sampled at the final tank
feeding the vessel (typically $D-15A1 and -15A2 for decontaminated
sludge wash solution). Other waste streams will not be added to the
Waste Dispensing Vessel during sludge wash processing. The waste
feed solids concentration is controlled by the 'WT§ evaporator at 20
¥/o total solids. The allowable renge is 19 to 21 w/o. (Product
Requirement) The effect of this range is a variance in water-to-
cement ratio within the allowable range of 0 64 to 0 .68 If
necessary, the feed can be diluted to nominally 20 w/o. The method
of analysis and tests performed on the samples are discussed in
Section 4.0, "Requirements for Sample Verification"

Mixer Flush Subsystem

Whenever the CS8S is shutdown for maintenance, when the buildup in the
mixer veaches 22 pounds, or at the end of each operating day, the
High-Shear Mixers wiil be flushed to prevent residual cement /waste
mixture from hardening inside the mixing vessel.

This process is controlled by the operator at the Kas-CSS Panel When
flushing is required, 30 gallons of utility water is transferred to
the mixer through a spray nozzle with the mixers shut down the
amount transferred is controlled by weight. The mixer is then
started on high speed (2000 RPM) creating a highly turbulent
transient wave which provides good flushing action. After two or
three minutes of agitation at high speed, the flush solutien is
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periodic quality assurance of the supplier’s blending operation and
chemical analysis of the blend to assure humogeneity.

Cement Transfer and Storage Subsystem

The Cement Stotnfc and Transfer Sy. 1 provides a bulk stor.ge
capacity of 70 o' (about 100 tons) tu. the dry cement/calcium nitrate
blend and transfers it to tne Cement Metering Subsystem. The blend
is delivered from off-site by truck and transferred pneunatically to
the Bulk Jtorage Sllo. The transfer air exits thr silo through a
dugt filter at the top. A blower i{s used to prneumatically transfer
the blend to the Acrison day bin in the Cement Metering Subsystem on
demand. The transport air is vented back to t“e Bulk Storage Silo
vhere it vents through a dust filter.

The Cement Metering Subsystem (Product Requirement)

This subsystem ises a gravimetric (loss-in-weight) fe.der to
accurately dispense the Portland Type 1| dry cement/calcium nitrate
blend from the Acrison day bin in%o the mixers. A bulk dry cement
storage silo is located near the CS5 to facilitsate the £{lling of the
day bin and minimize dust inside the facility.

The High-Shear “ixing Subsystem

Batch controi for the High-Shear Mixer is automatic, the operator
sets the :..21 controls for the recipe to be processed and inftiates
the procesr The process parameters are controlled asutomatically by
the HS-CSS programmable logic controller (see Section 3.6). 1%«
waste feed, cement/ca'cium nitrate blend, and additives are metered
into the mixer, which runs continuously during operation., The bevch
is mixed to assure homogeneity and {s discharged Into the waste drum
(typically 269L square drums). Two (2) mixer batches are added re
each 259L square drum. The process is controlled to assure the
recipe is followed ana the container is filled to greater than

85 percent capa~ity.

Drum Feed, Positicning and Transfer Subsystem

A remotely cperable conveyor system is installed at CS8§ to.

© Move empty drums into the Process Cell,

© Place drums {n porition for filling,

© Read drum dose rates and bar code labels for drum ldentification.

o Manipulate filled drums to the smear station for surface
contamination measurements and to the overpack station {f
required,

o Install and crimp lids on filled drums,

o Provide for storage of drums prior to load-out from the facility

= PR SIS Tl ICEIe e | IO B RSN - LR b bkl
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o Transfer filled drums onto the shielded truck for transport to the
drum cell, and

© Periodically test drums for percent fill, trse water and
penetration resistance,

3.2 Pxocess Chemistry Formulation for Decontaminated Sludge Wash

3.

3

Portland Type 1 cement and waste alone do not produce an acceptable pruduct
because of the delay in gelu ion and ultimately the set time. It is
necessary to urilize admixtures of constituents normally present in both the
waste -“tream and the Portland cement to - .elerate gelation assuring proper
dispersai of wasre in the matrix by preventing cement particle settling and
setting of the final product i{n a reasonable time period following
productio.. Early gelation ‘s required to permit timely transport of drums
to the storage area,

Prior to transferring waste from LWTS to the Waste Dispensing Vessel, the
concentrates collection tank (either 5D-15A1 or $D-15A2) i{s sam, =d.
Sufficient sample volume is collected for radiochemical analysis and
vreparation of & verification sample for solidification. Due to its larger
operating volume, tank 5D-15A1 is sampled prior to solidification and also
at 50 percent %10 percent level as an in-process check. The in-process
check sample (second sample) of 5D-15A1 is intended only to demonstrate the
uniform nature of the waste, with no change in the ':quid density as tle
tank is emptied. Only the first scmple will be for presolidificatian
testing. The purpose of these samyles is to assure that the batch of waste
to be transferred can be properly solidified using the reference qualified
recipe and to provide isotopic analysis for waste classification. The
results of the isotecpic analysis can be ~orrelated with the waste solution
composition. The requirements for sample verification are cortained in
Section 4.0. The process control systems and logic used o assure thar the
product !'s produced in accordance with the qualified formulation is
described in Section 3.6, Process Control System.

Handling Flush Drums and Drums Suspected to be in Noncompliance

As described in Section 3.1, mixers may be periodically flurhed tou maintsin
them free of excessive cement buildup., The residual flush water will be
decanted from the drums leaving bei.'nd a relatively dry cement product The
residual cement following decanting will be cappad with a cement ana witac
mix specified in a flush recipe to provide a means of soildifying any small
amount of free water that may remain on the surface of the decanted cement
Since the cement remaining after decanting consists of residuals f-om
several batches, its qualification and classification are uncertain. These
drums will not be processed for immediate disposal, but will be transferred
to a storage area where the cement will be allowed to set. The drums will
be classified and transferred into a high-integrity container (Lf recessary)
prior to uitimate disposal. Those flush drums which qualify as Class A
wvaste will be stored for later disposal in the Class A disposal facility

Even though the process is well controlled to produce a product meeting th
qualified product characteristics, it may be possitle through process upsers
to produce materiul which {s outside the gualified region. These corrtainers
are referred to as "suspect drums" and could be “out-of-specification”

PCP: 0001279 . RM <6+
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result of variations in PRODUCT REQUIREMENTS or PROCESS REQUIREMENTS.
PRODUCT REQUIREMENTS will be those necessary to produce an acceptable waste
form per 10CFR61. PROCESS REQUIREMENTS will be those riecessary for smooth
operation of the Cement Solidification System.

FRODUCT REQUIREMENTS include: Water-to-cement ratio, percent solids in the
waste, sulfate percent of total solids, drum percent full, free water in the
drum, verification (cube) compressive strength, and addition of recipe
admixtures.

PROCESS REQUIREMENTS include: mix time, gel time of presolidification
verification (cube) sample and data base updates, such as automatic data
vhich would not be recorded in the =vent of a computer malfunction. In this
case, the drum data would be reconstructed from manual data.

All “"suspect drums" resviting from process upsets will be evaluated on a
case-by-case basis, and documented on a Nonconformance Report. Upsets in
PRODUCT REQUIREMENTS will be set aside for further evaluation, including
compressive strength and leachability testing. A critique will be held ro
investigate the cause o the upset, and prevent rccurrence. Upsets in
PROCL:S REQUIREMENTS will be set aside until a technical evaluation can be
completed to determine product acceptability.

Drums originally considered "suspect” that are found to be acceptable after
technical evaluation or testing will be placed in the Drum Cell stack. For
upsets in PRODUCT REQUIRFMENTS, the Nonconformance Report will be referenced
on the drum data base, documenting the upset condition, evaluaticn or rest
results, and corrective actions(s).

These containers which a~e unacceptable for disposal will be removed from
storage and will be placed in high-integrity containers prior to disposal

3.4 Drum Fill ifroduct Requirement)

Drums producad for disposal must be at least 85 percent full of qualified
cemert product or other suitable inert backfill which meets the LOCFR&1
requirements. The drum fill {s controlled through the volume of waste,
admixtures, and cement prepared for additlon to the drum by each mixer and
may be verified by load cell weight indication. A repreeentative sample of
Tank 5D-15A1 or 5D-15A2 is analyzed for cesium, strontium, plutonium. and
sulfate and total solids. Once this data is known, the data in tables Al-l
through Al-6 is used to determine both waste and cement addition criteria
Table usage is based on determination of total solids concentration in the
wvaste combined vith recipe batch size (e.g., 20 gallon batches) to achieve
the desired drum fill. Waste and cement (with calcium nitrate) additions
are preprogrammcd into the HSCSS and acrison control panels such that feed
to the mixers is controlled and moniiored

One drum per each process Tank 5D-15A1 or 35D-15A2 is physically inspected
for freeboard determination, free liquid presence and penetrometer
resistance. The sludge wash solution to be processed is very hemogeneous so
it is unlikely that modification of the recipe wili be required during the
processing period for either tamk (usually 2-4 davs) The drum that is
physically inspected is considered to be representative of the entire bsro
of drums from either 5D-15A1 or 5D-15A2

PCP:0001279 . RM -7
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Tables Al-1 through Al-6 show the calculated range of drum fills produced,
acceptable recipe variations, the amount of each conetituent to be added,
and the water to cement ratio, Percent fill is verified by the Data
Acquisition System based on the weight of constituents added to the mixer
within the acceptable fill range.

Sxystem Operation

Before beginning any process.ng of decontaminated waste from the LWTS
storage tanks, a successful sumple verification must be completed in
acco:dance with the Sample Veriflcation Procedure of Section 5.0. The
successful sample solidification parameters are recorded on the
Solidification Data Sheet. These parameters are used to verify that the
reference recipe i{s either acceptable as specified or to specify miner
changes to the recipe within the qualified region.

Actual full-scale solidification is then conducted in accordance with the
Cement Solidification System Run Plan (attachment A).

The sequence of operations is as follows:

(] A present volume of liquid decontaminated weste is added batchwise to
the mixers from the recivculation line of the Waste Dispensing Vessel
using the Waste Dispensing Pump.

o The recipe quantity ot Antifoam (GE AF-9020) is added to the mixer
and the solution mixed at 2,000 rpm for 10 seconds.

o The mixer speed i{s reduced to 1,000 rpm and cement/calcium nitrate
addition {s initiaved. Metering of the proper amount of dry mixture
into the mixer requires between 2 and 4 minutes.

o At the end of the cement feed step, sodium silicate is added in a
water based solution. The feed is accomplished with the mixer
continuing to run at 1,000 rpm. Mixer speed is monitored. The
addition requires less than 30 seconds. A nixing time of 60 seconds
is counted from the end of the sodium feed to *he opening of the dump
valve, which is held open for 40 seconds to discharge the batch into
the drum.

Process .ontxol System

The HS-CSS PLC (Programmable logic Controller) controls the automaric
solidification process. Three independent subprograms exist within the main
program, one controlling mixer No. 1, one controlling mixer No 2. the third
controlling the fill nczzle and lid handler/turner with checks for proper
drum positioning. This allows single ¢r 2 mixer operation with no reducticn
in processing rate,

The programs are arranged to nermit only the correct operating sequences to
occur. Events called for must take place In step or programs are irhibited
and addition of any ingredient prevented

The PLC contvrols the additions of waste, Antifoam, and sodlum silicate and
mix time as specified by operator-controlled sertings on the contrel panel

PCP: 0001279 . RM 8.
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The DAS (Data Acquisition System) records weights at the direction of the PLC
at appropriate program steps. The mixer programs allow repetition of waste
and cement feeds in incremental amounts should the weight of the charge
transferred be low, as checked by DAS for recipe correlation during the
process.

Valve V-2 which discharges liquid waste into the mixers in the automatic mode
has been tested and shown to provide a 99 percent confidence factor for the
volume. The statistical interval was provided by a regression analysis. The
HS5-CSS controller provides checks to maintain this accuracy. Among these
checks are:

© Before any V-2 operation (s allowed, its position indications of "open"
and "closed" are checked for nonsimultaneous location,

© To allow V-2 operation, recirculation loop flow must be equal to or
greater than 97 percent of expected nominal flow,

© When called upon to open or close, valve response time is monitored and if
not proper, the Waste Dispensing Pump is stopped and the program is
terminated,

o If valve V-14 i{s not directed to mixer 1 and 2 as called for, the program
is inhibited, preventing double batching of one mixer,

o Timing of valve opening is controlle ' to within 0,1 second. Typical time
settings are in range of 12 to 14 seconds.

© The cement mix time sequence is not a variable. It {s ser and not changed
during processing.

The addition of the sodium silica%e additive is controlled by an air-operated
piston pump; the total volume charged to a mixer is controlled by counts of
pump strokes by the FLC  Settings are made by the operators on the control
panel based on the recipe requirements. The pumps have been calibrared for a
specific discharge per stroke. Out-of-range charging will be alarmed by the
DAS, based on mixer weight increase measured vy load cells.

A control logic dlagram for the HS-CSS control system is shown in Figure 1
£35S Data Acquisition Systen

The CSS Data Acquisition System (DAS) is used to document the processing of
each waste drum and of each mixer batch that went into the waste drums. The
DAS accepts signals from the mixer load cells, the dry cement metering
system, drum dose rate monitor, and bar code reader. The DAS also accepts
digital signals from the HSCSS control syscem tu record weight readings for
waste and cement at the proper time in the process. Note that back-up data
is wmanually taken as part of the WVNS Standard Operating Procedures

PCP: 0001279 .RM ~G.
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The Dara Acquisition System also is used to insure that each mixer batch is
within acceptable limits, as determined by the qualified recipe parameters
for min/max waste weight and min/max water to cement ratio. If any one of
these parameters is outside the acceptable limits for the mixer batch, the
DAS will alarm and alert the vperator. At this point, mil stream manual
corrections for such conditions as low waste weight or high water-to-cement
ratio may be made, while maintaining automatic control, thus assuring that
each mixer batch and each waste drum conforms with the qualified recipe.
Final drum weight {s calculated and recorded by the DAS as the sum of the
recipe constituents,

A real time display and printout of all major process steps and alarm
conditions is generated using the DAS (an IBM Industrial AT microcomputer
system). In additfon, the DAS maintains files for all drums made during the
course of produccion. An online display exists to allow instant display of
drum/mixer weights, water-to-cement ratios, overpacks and dose rates of any
drum monitored by the DAS. A weekly activity file is maintained on disk in
order to identify drums made during an operational period. These ASCI]
formatted drum records may be copied to diskette during nonoperational
periods and placed in spreadsheet form for further off-line analysis

The following i{s a brief summary of the DAS accuracy in calculating drum
weight:

1. The DAS retains the empty*! mixer weight reading from the previously
weighed batch.

VARIANCE: Accuracy of mixer load cell (+/- 3 pounds )

2. The DAS first calculates the weight of the added waste. 1r takes
the mixer reading after the waste has been added, and subtracts rhe
empty mixer weight (from step No. 1.)

VARIANCE: Accuracy of mixer load cell (+/- 3 pounds ) .

3. The DAS then chtains the weight of the added cement/calcium nirrare
from the Acrison System (direct loss-in-weight reading from rhe
cement day bin).

VARIANCE: Accuracy of Acrison (+/- 2 po.nds).

4. The Antifoam agent is then added. The weight for this addizive is
not computed, as only 10 to 15 millilitres per batch is used

VARIANCE: Minor

5. The weight of sodium silicate added is calculated from {ts densicy
and the velume added as determined by HS-CSS pump stroke data

* Empty mixer weight plus any remaining mix

PCP:0G0O1273 RM
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VARIANCE: Accuracy of pump stroke times the number of
strokes + 4 of a stroke (¢ 1 pounds)

NOTE: 0.15 litre/stroke and 5 litres required
per batch,

Periodic calibration of these pumps is performed as well as
trending analysis.

6. After mixing is complete and the batch is dumped from the mixer to
a drum, the empty*’ mixer weight is read.

VARIANCE: Accuracy of mixer load cell (+/- 3 pounds) .

7. DAS calculates the bitch weight as follows:
BEGINWNING EMPTY MIXER WEIGHT (step 1) + TOTAL WASTE WEIGHT (step 2)
+ TOTAL CEMENT WEIGHT (step 3) + ADMIXTURE (step 5) (<) ENDINC
EMPTY MIXER WEICHT (step 6),

8. After both batches have been added to the drum, the DAS calculates
the total drum weight as follows:

BATCH #1 WEIGHT + BATCH #2 WEIGHT + TARE DRUM WEIGHT (CONSTANT}

A potential variance of 9 pounds per batch is possible:

Load cell reading two times 2x3 = &
Acrison reading one time lx2 e« 2
Admixture one time l1x1le= 1

A potential variance of pounds per toral drum weight is possible:

Two batch readings per drum 2 x99« 18
Variance in empty drum weight « 5§

Based on 20 gallons of waste/batih, average net mix would be abour %00
pounds. Using highest drum weight variance (23 pounds), percentage of
error is 2.6 percent.

NCTES: 1. Mixer being read has no movement - variance of scale is + -
3 pounds

2. Effect of mixer 1 (mixing) on reading of mixer 2 (no
movement of mixer 2) is +/. 3 pounds.

3. Variarce if reading scale while mixer is mixing is +/-
4 pounds

P

- * Empty mixer weight plus any remaining mix.

PCP:0001279 . RM
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4. Accuracy and reliability of the dry cement metering system
(Acrisen feeder) and Waste Metering Valve (V-2) was
experimentally determined to be > 99 percent.

5. Empty drum weight has a potential variance of +/- 5 pounds

4.0 REQUIREMENTS FOR SAMPLE VERIFICATION

The tanks which feed the waste dispensing vessel are sampled using an installed
sampling system designed to provide a representative sample of the tanks. The
samples are delivered to the Analytical Laboratory where they are analyzed for:

Total dissolved solid content per ACM-2501

Specific radionuclide analysis for waste classificatlon,
pH per ACM-2601

Sulfate per ACM-1501

Density per ACM-1801

02000

Thes: measurements are used to ensure that the waste to be processed at the C3S is
compatible with the reference formulation. In addition to these analyses, a
sample of the waste (s solidified using the reference recipe and ACM-4801, to
assure that a dry, solid final waste form can be produced i1 the full-scale
system. The sample sol{dification verification requirements and procedures used
are discussed ia sections 4.0 and 5.0, respectively.

4.1 Laboratory Safety

4.1.1 Ali safety precautions outlined in Analytical Chemistry Frocedure
(ACP) 7.2 "Laborato.y Safety" must be followed.

4.1.2 Wwhile working with radicactive material, ACP 7.4 "Handling
Radicactive Materials" must be followed.

4.2 Prerequisites

4.2.1 Representative samples of the decontaminated sludge wash, one sample
per nominal 5,000 gallons of waste to be processed is required. Two
samples are obtained from 5D-15Al, one when the tank {s full and cne
at half capacity, and one sample is obtained from 5D-15A2 when it is
full, after the tanks have been sufficiently niaeu to ensure a
homogeneous mixture.

4.2.2 Chemical and radiochemical analyses are performed to inclide the
following:

Gross alpha and hera by ACM-1201

Tamma scan by ACM-3101

Total solids (TS) by ACM-2502

Density (P) by ACM-2401

pH by ACM-2601

Radiochemical analyses for nuclides listed in 10CFR6}
Sulfate by ACM-1501

OmmoOm»

The analyses will be compared to ensure that all parameters are
within the allowable ranges, and that the results are consistent wirzt

PCP: 0001279 .RM »13s
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other related analyses. For example, total solids will be
proportional to density.

4.2.3 Equipment required for test specimen preparations.

A. Sample curing oven, thermostatical.y controllable {n the range of
85°C ¢ 2°C equipped with a calibratsd temperature sensing de.ice
(Thermocouple) .

B. Calibrated Metler top loading balance sensitive to the nearest
0,01 grar.

C. "Lighting Lab Mixer" equipped with variable speed controi, watt
loading, automatic timer, and high-shear mixing blade.

D. ASTM certified 2-inch cube cement molds.

E. Various containers and glassware as requirea.

F. Calibrated compressive strength testing instrument.
G. Chemicals

1. Portland Type | cement/calcium nitrate mixture obtained from
operations.

2. Antifoam agent SE AF 9020,

3. Sodium silicate solution

Silica to soda ratio 3.13 £ .05 by weight
Water 62 t 3% vy weight

Nay0 9.0 £ 0.1% by weight
$10, 29.0 ¢ 0.2% by weight

4.3 (Cube Acceptance Criteria

To ensure that an acceptable solidified waste form has beeu produced, the
technician shall verify that all acceptance criteria are met as fnllows:

4.3.1

4.3.2

4.3.3

PCP10001279 .RM

Visual inspection of the samplc efter pouring into the mold to look
for any separation of liquid on the surfsce. 1f separation occurs
estimate how much and when the bleedwater scparated. Observe the
liquid and check for readsorption. If readsorbed, record when.
(Product Requirement)

Visual inspecticn of the 2-inc', cube after the I4-hour cure period
shows that a firm dry monolith has formed, and tnat no degradation
{cracking or spalling) has occurred.

Compressive strength ‘ASTM C-109) of the 2-inch cube exceeds TBD psi
[This value will be determined by testing under WVNS-TP-0%3 and will
be equal to the mean compre:sive strength minus 2 standard d.viations]
(Product Requirement)
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Pourability of the mixer is such that retention of product in the
mixing container is minimal (<5 percent of consti{tuents) The weight
of retaincd material (4{f any) is recorded on the data sheet .

Gelation is controlled to occur not more than 90 minutes following the
pour. (Product Requirement) This range of gel times allows a
sufficient amount of gelation priov to transporting the drums of
encapsulated waste to the drum cell.

In the event that presolidification cannot be achieved within the
qualified recipe range, the process will be stopped. At this point,
further testing would be required prior to proceeding.

4.4 Requirements for Sample Verificatjion

4.4.1

4.4.2

Verify that all materials and equipment listed in Section &.2.3 are
ready and available to use in the Radiochemistry Laboratory

Refer to Section 5.0 as applicable when conducting sample
verification. Use the Solidification Data Sheet, Figure 1, for all
sample solidifications,

Sample Requirements

A. A sample shall be solidified prior to full-scale solidification of
waste.,

B. 1If no additional material has been added to the hold rank (5D-1%il
or -15A2) after the sample was taken, solidified test specimen is
considered representative of tank contents. Note: An additionsl
sample will be removed from 5D-15Al at 50 #10 percent level and
used as an in-process check for an additional cube sample
verification,

C. Test specimen sample solidification will be performed, thereafter.
on each new hold-tank batch of waste to be processed.

D. The samplas used for the 2-inch cube specimens are representarive
of the homogereous waste samples obtained from the sparged 5D-13Al
or 5D-15A2 hold tanks.

5.0 SAMPLE VERIFICATION PROCEDURE

5.1 Operations group will provide the laboratory with 150 mL representative
sample of decontaminated sludge wash from either of the feed tanks SD-15Al1 or
5D-1542.

5.2 Upon receipt of sample, visually inspect sample for precipitates, insoluble
phases or nondissolved suspensions., and record observations on worksheet
(figure 3) Tn the event that undissolved solids ar» found, the process will
be stopped.

PCP: 0001279 . RM
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NOTE:
THIS METHODOLOGY WILL BE USED UNTIL SUFFICIENT EXPERIENCE AND DATA ARE
AVAILABLE TO ESTABLISH WASTE CLASSIFICATION BY KEY 1SOTOPE RATIOS. THE
DECISION TO UTILIZE RATIOS VERSUS SPECIFIC ISOTOPIC ANALYSIS WILL BE MADE BY
THE MANAGER, ANALYTICAL AND PROCESS CHEMISTRY.
5.2.1 Measure gross alpha and beta by ACM-Gross-1201
5.2.2 Measure $b-125, Cs-137, Am-241 aud Co-60 by ACM-Gamma-3101
5.2.3 Measure Tc-99 by ACM-Tc-99-4001
5.2.4 Measure H-3 by ACM-Trit{um-Dist-490.i and EM-13
5.2.5 Measurc total Alpha Plutenium by ACM-2701
5.2,6 Measure S:-90 by ACM-Sr-23001
5.2.7 Measure TS by ACM-2501
5.2.8 Measure density by ACM.1801
5 2,9 Measure pH by ACM-pH-2601
5.2.11 Measure Sulfate by ACM-1501

5.2.11 Measure Pu-241 by ACM-Pu-241.2702

5.3 Ratio the following radionuclides according to the best data available for

5.

5

ratioing (Ractios arigirally estabiished by Ryiken, DOE/NE/44139-14
(DEB7005887| “High Level Waste Characterization of West Valley", dated
June 2, 1986.)

5.3.1 1.129 ratio to Tc-99

5.3.2 Ni-59 and 63 ratio to Co-60
5.3.3 Cm-242 ratio Alpha Pu

5.3.4 C-14 ratio to Tc-9%

Prepare a lab scale sample of sufficient size to make a two-inch cube using
the cement/calcium nitrate mixture, antifoam emulsion and sodium silicate
used in the plant.

The lab scale recipe must be rigorously scaled down from the plant recipe for
producing the waste form

The cement is to be prepared per ACM-4801, Cement lest Cube Freparation
Method.

PCP:0001279. RM ~16-



Copied for file

Copied for requestors

Approved on computer

entered

Results

WUNS-PCP~002
WEST VALLEY DEMONSTRATION PROJECT Rev. 0

ANALYTICAL REQUEST Page | of

T e

Sample Name:_ _ “D-15Al% Charge No.: WHS250090 Log No.
Results Reported To:__ [WTS S/S, A. J. Howell LO18 Phone ' 4836/4504
Sampled by: Date: Time: __ Location:

a.) WU'NS NYSDOH Certification: 10474 b.) NYSPDES Sample Type:

w

wO# SOP#: OPDR# : Other: wNS-pPCP-002 !

! R
A. Is =his sample suspected to contain radiocactive material? ( ) yes | (I
B. Is the gross activity suspected to be > SE-03 uCl/aL? ( ) yes ( ) no
C. If gross activity is suspected to be > SE-03 uCi/ml, R/S Rep. to record

dose rate (mR/hr at 2 inches WC) R/S Rep.: Date:
D. Specific Hazards (ie. HF, Strong Base, Cd, etc.) { ) ves ( no
1f ves, list

. —

[

|

{

. |

B, Specific requirements (circle): EPA NRC DOE N/A SPDES Other ?
i

Process Control EPTOX Waste Classification
F. Discard sample upon approval of anal' ~ical request: ( ) ves ( ) no
If no, state reason and proposed .isposal date |
G. Comments: {
|
|

fupervisor or Manager Signature Date: |
M——-—__._—-— =

To be filled in when sample delivered to laboratory personnel:

Delivered: . Time: Date. Received: Time: Dare

i REQUESTED DUE DATE: (Month/Day/Year): ‘

SUB-SAMPLE IDENTIFICATION

“ Analysis
Requested

Dose Rate

3
n
1

L
!
=
b
1

i
EEEEERERERDN

Data Approved Date Time




VEST VALLEY DEMONSTRATION PROJECT Rev. 0

AMLYTICAL szm Page __ of

Sample Name: 5D-15A14 Caarge No,: WH5250090 Log lo. :

SUB-SAMPLE IDENTIFICATION

' I [ |
Analysis Units | D] ‘
Requested — '1‘
Gross Beta |uCi/mL | f '

L | l

Slurry =) I - - i

Density g /mL : , |

] L ] -y |

Gel Time min., *' f

Bleed YES/NC .j r__I U ._.. 1
Vater 1f yes |

aty., '—7 -

I

L —

| ] L - i

. i

-] L L L |

.| L] ] . h |

!

1 L -

| T s

1

L L L 1]
!
] [ 1 J nj |
] ] o
| !
L] r—l | b

Data Approved: Date: Tine _

wv-1113 Rev. 5
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Results

WNE=PCP-002
VEST VALLEY DEMONSTRATION PROJECT i

MYTICAL REQ“EST Page 1 of

m_;ﬂ
i

Sample Name:  5D-15Al# Charge No.: WH52500%0 Log No.: ‘

) ‘ N |
Results Reported To: WIS S/S, A. J. Howell /018 Phone: 4836/¢504
Sampled by: Date: Time: Location.

M
a,) WUNS NYSDOH Certification: 1047¢ b.) NYSPDES Sample Type:
P e e e e e o 2

|
|
'.
|
{
|
!

Wog: SOP#: 71-10 QPDR#: Cther: wuNs-pCP-002 }

A. 1s this sample suspec.zd to contain radiocactive material? ( ) yes ( ) no

B. Is the gross activity suspected to be > SE-03 uCi/mL? ( ) yes no |

€. 1f gross activity is suspected to L> > SE-03 uCi/mlL, R/S Kep. tc record |
dose rate (mR/hr at 2 inches WC) R/S Rep.: Date - '

D. Specific Hazards (ie. HF, Strong Base, Cd, etc.) () yes ( no

If yes, list
E. Specific requirements (circle): EPA NRC DOE N/A SPDES Other
Process Control EPTOX Waste Classification |

F. Discard sample upon approval of analytical request: ( ) yes ( ) no |

If no, state reason and proposed disposal date |
G. Comments: Sample for Waste Classification I
Supervisor or Manager Signature Date: ﬁ

M

To be filled in when sample delivered to laboratory personnel:

Delivered: Time: Date: Received: Time Date

REQUESTED DUE DATE: (Month/Day/Year):

—r . ==
Analysis ¢ D! |
Requested Pt
T -
Dose Rate ok /hr p— —
] T : e A e
Sb-125 Cifml p - f—j .
— .
Cs=137 uCi /L bl f—-‘ - L
™7 ;
i Am-241 uCi/mL el r—J L b
| ‘ !
Co=~6l ucCi/mL -J [——-I P—J P’ '
Te=99 | uCi/mL ..J —I .—I ".-— :
H-1 ir.xﬁ“.: mL ,._J r-J ._Ar ot
= = — - — T e ]
Data Approved: Date: Time -

wv+11132, Rev. §
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WEST VALLFY DEMONSTRATION PROJECT

AMLYTICAL REWEST Page ___ of

Sample Name: “D-15Al# Charge No,: WH5250090

SUB-SAMPLE IDENTIFICATION

Analysis Iil Ci ID]
Requested | 11*—"
| e - J
1
it Alpha Pu ' uC1/mL f | |
| pd | = - |
I sr-90 Ci /mL ‘ J
— - ey i
! = - | - l
Wi=24 1 1 mi. !
| - - - bt ’
1-129 | Ul /mi. f | ;
0 ] m - '1
Ni-59 1C1 /ml . i
.l | L et |
- 242 uCi /mi |
. ]
{ -14 Ci/mL ’
] | ] -
vl |
| ot (_J L] T
| | |
| T ] - |
| I
| T - T -
!
. o L ]
‘ |
| |
| = » = NI
' |
{ |
e == SR —-—m;'
Data Approved: Date: L o SR

WV-1113, Rev. §
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EICURE J
Solidification Data Sheet
Sample Log No, Time and Date Sample Taken:
.onk Sampled
Cross alpha uCi /mL TS %
Gross beta uC1/mL Deasity g/mL
Cs-137 uCi/mL pH suU
50, ug/g
Decontaminated Supernatant Volume mL
Weight of Cement /Calcium Nitrate mixture — Brams
Antifoam Volume ml
Sodium Silicate mL
Water to Cement Ratio L
Time Sample I'roduced
Cure Oven Temperature T
Cure Time hours
Solidification Results:
Free Liquid Volume A mL
Gel Time 1= minutes
Physical defects present: ies No
Compressive Strength - 24 hour cure psi

Observations:
detected, )

Sample prepared by:

Results Approved:

Date:

PCP:0001279 . RM
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(Including pourability, gel time, visual inspection and others as

Date:

, Manager Analytical Laboratorwy
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INSERT FIGURE 4
PRESOLIDIFICATION VERIFICATION FLOWCHART
SAMPLE CONCENTRATES
TANKS 5D-15A1/A2
-21 |
19315 w0 RE-EVAPORTATE
OR DILUTE
1 CuBe
RADIONUCLIDE
EVALUATION GEL NO
PER 10CFR61 COMP STOP
YES
24 HR lst CUBE
COMPRESSIVE (NO) | pepEAT CuBE
STRENGTH
PS
{NO) SECTND CUBE
-—*— € 1
CRITIQUE . ONFORMANCE
YES ottt | REPORT ’
NABSORB YES —
BLEEDWATER (CRITIQUE TECENICAL RECONDITI¢
b ' EVALUATION WASTE
. .
0K TO - # N
PROCES STOP )
YES
| ESTABLISH 1
| CPERATING RECIPE/WATER-TO-CEMENT RAL10/ALDITIVES
’ PARAMETERS l
GEL
STOP \
MAKE x;:/:t::\~ .
1 DRUM[ TS MINUTES \S:Sfffflzg)

s e e ————

|
! MONITOR ‘

| | PROCESS ING
| DATA ,

l COLLECTION, HSC3S/CAS

1
/ WASTE \

CERTIFICATION |

PCP:0001279 .RM
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»TIGCHMENT & TO_SOP 70-33
% vopias La: QA u, - completion of campaign
; i
GEMENT SOLIDIFTCATION RECIPE INPUT DATA —_OSR/TR-IRIS-2

Concentrates Tank /5D-15A1 »r 5D-15%A2)

Lab Analysis Log Number (attached)

; Batch Size (Gallons)

Minimum Mixer Liquid Weight (lbs}

Maximu.a Mixer Liquid Weight (lbs)

Minimum Sodium Silicate Weight (ibs)

Nominal Scdium Silicate Weight (lbs)

Maximum Sodium Silicate Weight (1lbs)

Percent Water In Waste

Slurry Specific Gravity

Minimum Mix Time (secs.)

Minimum Water/Cement Ratio

; Nominal Water/Cement Ratio

r V-2 Timer Setting *

: Acrison Set Point

1 Antifoam Pump Timer Setting

NaS{ Pump Setting (strokes)

PROCESS CONTROL ENGINEER/DATE

VERIFIED BY

88/PCE

* - If V-2 setting is changed tc accommodate processing, denote new setting and
! initial drum affected

f PCP: 0001279 .RM 23
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[k 5.6 Place the 2-inch cube mold and sample into cure oven; record oven temperature
and time on the solidification data sheet.

5.7 Cure the sample for a mirimum of 24 hours.

5.8 Visually inspect the sample after the cure period in the oven. The sanple
must be a firm solid cube with no physical desradation and with a compressive
strength of greater than TBD psi. ([This value will be determined by testing
under WVN5-TP-053].

Sl S S——

| 5.9 The CSS Shift Supervisor will be given a copy of the analytical request lorm
[ showing the performance of the waste form to this point, whish will allow
' processing of the batch of waste

| 3.9.1 Shift Engineer revicws all daca including gel time, and the following
- Technical Requirements:

a, TR-TRTS:7' (Cs-137 concentration less than 2.3 uCi/ul
b. TR-IRTS-8: Completion of presolidification testing to ensure
compressive strength greate: than TBD psi.
¢. TR-IRTS-2: (8§ Cement Recipe
d. Total Pu: less than 0.767 uCi/gram salt
| e. Sulfate 50,: less than 0.14 gram/gram salt
| £. TuS: 20 £ 1 percent (by weight)

5.9.2 1f satisfactory, the Shift Engineer completes the Reciye Input Data
Sheet (S0P 70-33).

NOTE:

IF THE COMPRESSIVE STRENGTH OF A CUBE SAMPLE IS BELOW TBD PSI, IHEN .
VIOLATION OF WVNS TECHNICAL REQUIREMENT OSR/TR-IRTS-8 OCCURS. PROCESSING
. WILL NOT PROCEED, THE TEST WILL 3F REPEATED, IF THE SECOND CUBE FAILS, A
! CRITIQUE WILL BE HELD TO INVESTICATE THE CAUSE OF THE LOW COMPRESSIVE

! STRENGT:l. A NONCONFORMANCE REPORT MAY BE ISSUED

Ry a —

ALL DRUMS FOUND TO BE OUT-OF-SPECIFICATION WILL BE HANDLED IN ACCORDANCE WITH
SECTION 3.3 OF THIS PROCEDURE.

5.10 The gzl time of the first full-scale drum from each lot will be verified by
visual inspection. If the gel time of che full-scale product is Less -han U
minutes, processing may proceed.

If the gel time of a full-scale drum {s greater than 90 minu. :s, the process
will be stopped, and an Occurrence Report will be completed per WV-987
Processing may or may not be resumed, based on a technical evaluarion of
processing variables, including, bur not limited to: water-to-cement ra:le
source of cement/CaNO, blend, CaNO; content in the blend, NaSi adtizion, et

e e s e ey St ey = e el B o S

PCP 0001279 . RM 2% -
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6.0 FULL-SCALE SOLIDIFICATION
6.1 Calculation of Full-Scale Formulation

)

6.

3

The constituents for the full-scule recipe on & unit bas® are identified in
Section 6.2 for decontaminated sludge wash. fThe recipe (s verified for each
batch of waste collected following evaporatisn in 5D-15Al or -15A2 as
described in fection 4.0 and $.0. The decontaminated sludge wash solution
has been demonstrated te be homogeneous during preoperational testing and the
need for recipe changes {s considered unlikely. Note that the CS$ Waste
Dispensing Vess:! (400 gallon nominal capacity) is recirculated at B0 CPM.
Homogeneity is, however, verified by chemical and radiochemical anzivses in
conducting routine verification of solidification. Following verification in
the laboratory, the Shift Engineer selects a full-scale recipe depending on
the batch eize to be processed from Tables 10a through 10F, These recipas
are all based on the standard recipe varying in percent of drum fill only

The recipe utilized is documented in the shift log and during processing,
process limits are controlled within the perwitced variarze stated in the
recipe.

in the event that the sample cannot be solicified using constrituents within
the allowed recipe variance, full-scale processing is secured and the
Operations Manager {s notified. Full-scale solidification is not permiteed
until the recipe is resolved.

Ta: following full-scale reference formula will produce a dry solid monolith
capable of performing in accordance with the 10 CFR 61 requirement for
stabilized LLW. The data are provided for one gallon of waste:

o Decontaminated supernatant 1.0 galleon
(at 20 w/o nominal total dissolved solids)

o Portland Type 1 cement with nominally 5.7 w/e 10.1 pounds
Ca (NO;), preblended

6 Silicone Based Antifoam 8.17 ta 1.14& al
additive GE AF.-9020

o Liquid Sodium Silicate 0.83 pounds
Eull:Scale Formulation Control

Laboratory verification of the full-scale formulation is described for each
batch of waste to be processed in Section 4.0. Calculation of the recipe
based on the laboratory verification is discussed in Section 6.1 and the run
plan, attachment A, Process control and full-scale recipe darca recording are
discussed in Section 3.6 Waste classification is based on the isotopic
cantent of the decontaminated sludge wash as deteimined by the analytical
methods described in Section 5.0 and the total drum weight as recorded in the
Data Acquisition System (Section 3.6)

PCP:0001279.RM I8
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Disposal™. A complete data package for each drum will be maintained In accordance
with SOF 70-45.

8.0 FULL-SCALE DRUM TESTING

In addition to the sample verification described in Section 4.0 and 5.0. full-
scale verification of solidification is also planned. One drum per prucess tank

t (based on the observed consistency of the process) will be sampled at random co
verlfy predicted fill as calculated frum recipe constituents (see Tables Al-1 -
Al-5) absence of any free liquid and penetration resistance following a 3-day
cure. The objective of these tests is to confirm successful solidificarion iv ~he
full-scale waste form, confirming the sample solidification results. Deficie:.tes

| observed in the full-scale waste will prompt further investigation of drums
produced from a given waste batch.

During production of the full-sca 2 waste form, ore drum per production process
tank is placed into a test fixture located in the Process Cell. The drum is
allowed to cure and is inspected for fill height, free liquid and penetration
resistance. An Inspectlon Data Sheet Is prepared in accordance with SOP 70-40
inspection procedure and forwarded to Operations in accordance with SOP 00-1.
attachment B-1, The testing will be done in accordance with the run plan

PCP ;0001279 RN .27
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ATTACHMENT A

CEMENT SOLIDIFICATION SYSTEM RUN PLAN FOR
SLUDGE WASH LIQUID

| TABLE OF CONTENTS
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ATTACHMENT A
~EMENT SOLIDIFICATION SYSTEM RUN PLAN
1.0 INTRODUCTION

¥ This Ru.. Plan addresses the procedures, equipment, and controls necessary
for proper operation of the Cement Solidification System (CSS).

2.0 QOBJECTIVES

The objective of the CSS is to solidify decontaminated sludge wash
solution processed by the LWTS with cement to produce a waste form
meeting the requirements of 10CFR6],

3.0 SAFETY
3.1 Industrial Safety
Safe vperation of this system is the responsibilicy of the ($§

operating personnel. Concrol will be effe:ted through the use
approved S0P's.

]
e

3.2 Radiation Safety

I

All operations will be performed in accordance with the latest
revision of the WVNS Radiologic:l Controls Manual, WVDP-010 and
operatiug procedures.

3.3 QSR's

Operation will also be conducted within limits and conditions set by

the Operational Safety Requirements (0OSRs) OSR’s are

: PCP:0001279 RM Al
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ATTACHMENT A (centinued)

indicated in the SOP's  shift log data sheets and the Run Plan
Graphic (attachment A2) which is posted in the control room.

4.0 EQUIPHENT

F

{ The following equipment shall be available in the area during CS§
; operations:
\
4
1
|
)

A Tool box with assorted hand tools
B. Drum pallets

i €. Anti-C clothing

o

Respirators

5.0 REFERENCES

A, Process Control Plan, WVNS-PCP-002

B. Cement Solidification System Safety Analysis Report, SAR Volume IV

__r.f_-ﬁ..f._g_4.;.—..7._4_1_‘.‘7.._.‘_—._
Gl e ‘o r - 5t el ]

=]

G, Design Criteria

D. Standard Operating Procedutres indicated in the fo! wing listing:

SOr 701 WVaste Transfer to CS$

SOP 70-3  Automatic Solidification Operation

SOP 70-4  CS8S Manual Solidification with the Process Logic
Controller Operational

SOP 70-2 Gravimetric Feeder Operation

SOP 70-6 Bulk Cement Transfer ta Dry Bin

PCP. 0001275 .RM 4-2
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ATTACHMENT A (continued)

5.0 REFSRENCES (contlinued)

SOP
SOP
el

SOP
S0P

SOP
SQOP
SOP
SOop
SOP
SCP
SOP
sop
SoP

SOP
SOP
Sop
SOP
SOP

Run

PCP.O001279 . RM

70-7
70-8
70-9

70-12
70-14

70-16
70-17
70-18
70-19
70-25
70-31
70-32
70-33
70-34

70-35
70-37
70-40
70-41
70-45

Cement Truck Unloading

Clean Drum Handling for CSS

Automatic Drum Operations for Cement Solidification
System

CS5 Mixer Systea Flush Operation

01-14 Building Ventilation SystemSOP 70-1501-14 Building
H&V Filter Change

Filter Change Room Filter Change

Manual Drum Operations for ($$S

Alarm P.ocedure for CSS

CSS Emergency Procedure Power Tailure

Calibration of Critical CSS Equipment

C85 Drum Conveyor Alarm Responses

Operation of the CSS Silo Air Dryer

Data Acquisition System Operation

Operation of the 01-14/CSS Process Room 4-Ton Bridge
Crane

Operation of the Maintenance 2-Ton Bridge Crane
Smear Robot Operation

CSS Drum Sampling Station Operation

CSS Preventive Maintenance Program

Waste Certification

Plan Craphic Drawings 900D-2198, Sheets 1 and 2
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ATTACHMENT A (continued)

WASTE TRANSFERS

Waste transfers to the CS5 will be made #s required using SOP 70.1. The
batch size transferred to the Waste Dispensing Vessel will be
approximately 400 gallons, which {s enough to produce about ten (10)
drums of solidified waste. The waste will be sampled prior to the first
transler at 5D-15A1 or 5D-15A2 in accordance with the Process Control
Plan. The sample will be assigned a sample log number when it is
re-eived at the Analytical Laboratory and will be analyzed for its
chemical and radiochemical composition in accordance with the Process
Control Plan. A portion of the sample will be solidified to verify that
us* of the reference recipe will result in a sclid dry menolith with
appropriate compressive strength. The analysis results and
Solidification Data Sheet will be sent to the CS55 shift office: using the
solidification sample verification data sheet, the shift engineer will
select an approved full scale recipe from attachr.nt Al and document the
calculation in the shifc log book. Full scale solidification will not be
initiated without acceptable verification of solidification in the

laboratory. Two (2) mixer bat.hes will be discharged into each drim

Due to its larger operating volume, tank 5D-15Al is sampled prior teo

solidification and at 50 percent &+ 10 percent level as an ir-process
check.

€SS OPERATIONS
7.1 General Svstem Operations

Prior to initiating transfers to the Waste Dispensing Vessel,
verification of solidification for a sample of waste to be
transferred and recipe calculation for the full scale preduct must

be completed

PCP: 0001279 . RM Avih
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ATTACHMENT A (continued)

level, ete., will be cross referenced to this bar ¢cde se ‘ial
number and recorded by the Data Acquisition System (DAS®
Drum production records as recorded by the DAS will be
transmitted to MRC in accordance with S0P 00-1. Irdividual
drum dats sheets are transmitted to Waste Operations in
accordance with SOP 9.2,

7.1.6 All drum records including processing data, waste
classification data sheets, and DAS data will be compiled

into & waste certification package ir accordance with
SOP 70-45.

7.2 W¥aste Recipe

The decontaminated sludge wash solution will be solidified in the
C8S in accordance with CSS SOP's. The approved recipes are shown in
Tavle 1. Recipe verification is digcussed {n Section 6.0 As an
operator aid, a graphic is included In cttachment A2 showing the
process flow, process procedures, operationsl safety requirements,
product quality requirements and process requirements.

7.3 Mixer Flushing snd Flush Processing
Flush operations will be conducted using SOP 70-12
7.4 $ystem Flushing
If necessary for maintenance, the s,stem may be flushed
7.4.1 The Waste Dispensing Vessel is sampled, flushed, and drained
in accordance with individual work orders for the Infrequent

event .

7.4.2 The mixers are flushed in accordance with SOF 70.12

PCP:0001279.8M A-6
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7.5 Conduct of Operations

A Shift Engineer and a CSS Shift Supervisor will be on each shift to
assure safe and technically correct operation of the Cement
Solidification System. Technical direction of the work is the
responsibility of the Shift Engineer, all direction provided to the
operators or Maintenance personnel i1l be made through the C$§
Shift Superviser.

In the event of any casualty or emergency situation, the 258 Shift
Supervisor, by virtue of training and experience, 1is solely
responsible to direct any actions necessary to stop and recover from
such situations,

Full recovery from any casualty or emergency situation will be
performed in accordance with established emergency procedures.

8.0 RESPONSE T0 EMERGENCIES

Should a fire, or other emergency requiring evacuation sccur dur ing

processing operations, *he operating personnel should take the following
steps:

8.1 Waste Transfer

Immediately stop the operatlon in accordance with SOP 70.1 and
follow plant emergency procedures.

8 2 Waste Processing in Automatic

Allow the bateh to continue i{n accordance with SOP 70-3. The svstem
will finish the batch and stop when an empty drum is not transferred
to the Fill Station. Follow plant emergency procedures.

PCP: 0001279 .RN A-7
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Waste Processing in Manusl

Discharge mixers to drum in accordance with SOP 70.4, follew plant
emergency procedures.

Elushing or Flush Processing

I="«diately stop the operation in accordance with SOP 70-12 and
wile plant emergency procedures.

Drum Smesring and Loadout

Immediately stop the operation in accordance with S0P 70-37 and
follow plant emergency procedures. Note that if the Drum Loadout
Shield Door is QPEN, any drums should be indexed clear of the shield
donr, the truck dravbridge should be raised, and the shield door

should be ZLOSED.
LOSS OF VENTILATION

Allow the batch to complete per SOP 70-3 (Automatic) or SOP 70-4
(Manual). Do not resume operation until ventilation has been
restored in accordance with SOP 70.14, Evacuation of the CSS§

Control Room {s not required

LOSS OF ELECTRIC POVER

Complete the batch and initiate flush in accordance with SOP 70-19

Evacuation of the CSS Control Room uis not required.

PCP. 0001279 . RM A-8
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9.0 QUALITY ASSURANCE AND RECORDS MANACEMENT

91 Sample Verif..ation Data Sheets

Sample verification is performed for es=h tank volume SD-15A1 or

50-15A2 feeding to the CSS Vaste Dispensing Vessel to assure proper
solidification of the waste using the reference recipe. Coples of

the sollaification sample data sheets «re scent to Process Control

Engineering. Data sheets are approved in accordance with Analytical

Chemistry Procedure ..CP-5.1.

9.2 Leg Book Records

A daily log book, one set of uniquely numbered entry pages per day,

is malutained at the CS5S shift office. The log book is used fo.
data recording required by procedure and for documentation of the
recipe used. The log beok contains the sample solidification

verification log number assigned for each feed tank of waste to be

processed 50-15A1 or 3D-135A2 by the Analytical Laboratory as a
reference. Log book entries are reviewed and approved by the CS§
shift supervisor and when completed for an operating vear, are
submitted to the Master Record Center for retention,

9.3 Waste Certification

DAS output contains production data for each drum processed at CS§.

The DAS weekly activity file is maintained on disk. Drum records
may be copled to diskette during nonoperational periods.

Manual data recorded on S0P 70.-4, attachment B, and DAS Real Time

Printout are reviswed by Operitions Teéchnical Support and forwarded

to Records Management with transmittal sheet, SOP 70-33,

attachment B.

PCP: 0001279 .RM A-9
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10,0 PREVENTIVE MAINTENANCE AND CALIJRATIONS
10.1 Preventive Maintensnce
Perlodic preventive maintenance required for the CSS is described

in SOP 70-41, periodic preventive maintenance {tems are scheduled
in the maintenance recall system.

| 10.2 Galibratiens

Instruments requiring periodic calibration are identified in the
appropricte maintenance recall lists.

PCP: 0001279 .RM A-11
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Summary of CSS Waste Stream Formulations

Al-1 -+ 18.0 Gallons/Mixer Batch
Al-2 - 18.5 Gallons/Mixer Batch
Al:3 - 19.0 Gallons/Mixer Batch
Al<4 -« 19.5 Gallons/Mixer Batch
Al-5 - 20,0 %allons/Mixer Batch
Al-6 - 20.5 Gallons/Mixer Batch

|
| Notes for Table Al-1 through sl-6

| 1. Drum volume acceunts for plastic liner.

e B - R

PCP:0001279 . %M

Caleium nitrate tetrahydrate based on 5.7 w/o nominal of
cement .

38% w/o sodium silicate solution addition based on 12.4 w/o of
water in sludge wash solution

Antifoam emulsion added at 0.57 to 0.76 mL/gallon of sludge
wash solution

The Supsrvisor or Shift Engineer may authorize use of any of
the available recipes, basing his selection on the desired
volume of wasie to be processed per mixer batch.

A-12




T
F

R R ae—

bt R« |

- g

0§

TABLE Al-1

WVNS - PCP-002
Rev., 0

18.0 GALLONS PER MIXER BATCH

REFFRENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUDGE VASH ~IQuIb

Sp. Cr. (g/mL)
Gallons of Waste

Nom .
NaSi

¥in,
Max.

Vater/Cement Ratio
(1hs)

AF9020
AF9020

# Waste (lkg)
V.2 Timer (sec.)
# Cement Blend (lbs)

Min,
Max

Min,
Max
Drum

Waste (ibs)

Weste (lbs)
Water/Cement Ratio
Water/Cement Ratio
% Full

Slurry Density (gm/mL)

PCP:00C1279 M

19%
1.15
18.0
0.686

7.2 teo
8.8

.07 mL
20.5 nL
173
12.6
225.1
166

177
0,64
0.68
85%
1.70

Al-1

20%

1.16
18.0
0.66

7.2 to
28 .8

3.07 mL
20.5 mlL
174
12.%
223.7
170

178
0.64
0.68
853
1.70

1%
1.166
18.0
0.66

7.2 %o
28.8

3.07 mL
20.5 mL
175
12.6
222.1
171

179
0.64
0.68
85%
1.70




TDS

Nom,
NaS!

Min.
Max.
¢ Was

|
;

| Max .

Min.

r
h # Bat
r Drum
|

i‘

‘

|
K
E
f
{ o PCP: 0001279 .RM
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F' Slurry Density (gm/m')
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18.5 GALLONS PER MIXER BATCH

REFERENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUSGE WASH LIQUID

8p. CGr, (g/mL)
Callsne of Vaste

Water/Cement Raitio
(1bs)

AF3020
AF9020
te (lbs)

V:2 Timer (sec¢.)
ff Cemen: Blend (lbs)

Vaste (lbs)
Waste (1lbs)

. Water /Cement Ratio
. Water/Cemnent Ratio

ch/Miver (1bs)
1 Full

191
1.154
1.5
0.66

7.4 to
29.6

3.16 mL
21.1 mL
178
13.0
211.7
174

182
0.64
0.68
“25.7
B87%
1,70

AL-2

PiW |
1.16
8.5
0.66

7.4 to
9.6

3.16 mL
¢l.1 mL
+79
13.0
230.0
175

183

0 64
0.68
425.0
872
170

21%
1.166
18.5
0.66

7.4 to
2%.6

3.16 mbL
1.1 mlL
180
13.0
228.5
176

184
0.64
0.68
4264.5
87%
1.70
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19.0 GALLONS PER MIXER BATCH

REFERENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUDGE WASH LIQUID

TS

Sp. Or. (g/ml)
Gallonsof Waste

Nom. Water/Cement Ratio
NaS{ (1bs)

Min. AF9020

Max. AF9020

ff Vaste (1bs)

V.2 Timer (sec.)

# Cement Blend (lbs)
Min. Waste (lbs)

Max . Waste (lbs)

Min. Water/lement Ratio
Max. Vater/Cement Ratio
f# Batch/Mixer (lbs)
Drum ¥ Full

Slurry Density (gm/ml)

FCP: 0001279 .RM

19%
1.15
19.0
0.66

1.6 to
0.4

31.25 L
21.7 mL
183
13.4
238.2
179

187
0.62
0.70
437

B9%
1.70

Al-3

20%

1.16
19.0
0.66

7.6 to
0.4

3.25 mlL
21.7 mL
184
13,4
236.5
180

188
0.62
0.70
432.5
89%

21X
1.166
190
0.66

7.6 to
30.4

3.25 oL
21.7 al
185
13.4
234.8
181

189
0.62
0.70
432

89%
1.70
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19.5 GALLONS PER MIXER BATC:

REFERENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUDGE WASH LIQUID

Sp. Gr, (g/ml)
Gallons of Waste

Nom.
!' “I“.

Min.
| Max.

Water/Cement Ratic
{1bs)

AFS020
AF9020

## Waste (lbs)
V-2 Timer (sec.)
¥ Cement Blend (lbs)

Min.
Max .
| Min,
| Max .
# Bat
Drum

PCP: 0001279 .RM

i _

Waste (lbs)

Waste (lbs)
Water/Cement Ratio
Water/Cement Ratio
ch/Mixer (1bs)

1 Full

Slurry Density (gm/mL)

T = N

9%
1.154
19.%
0.66

7.8 to
31.2

2,33 nmlL
22.2 L
188
13.2
263.5
184

192
0.64
0.68
447.5
91x
1.70

Al-4

L s Tm——

20

1.16
19.5
0.66

7.8 to
31.2

3.3 aL
22.2 ml
189
13.7
261.7
185

193
0.64
0.68
446 .7
91y

1 .

212
1.166
19.5
0.66

7.8 to
31.2

3.33 mL
22.2 ml
1%0
13.7
260.0
186

194

0. 64
0,68
446

921%
1.70
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<0.0 GALLONE PER MIXER BATCH

REFERENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUDGE WASH LIQUID

TDS
Sp. Cr. (g/mL)
Gallons of Waste

Nom. Water/Cement Ratio

NaS{ (lbs)

Min. AF9020

Max. AF?020

# Waste (lbs)

V-2 Timer (eec.)

# Cenent Blend (1lbs)
Min. Waste (lbs)
Max. Waste (lbs)

Min., Water /Cement Ratie
Max Water/Cement Ratio

# Batch/Mixer (lbs)
Drum X Full

Slurry Density (gm/mL)

PCP: 0001279 .Y

19%
1.154
20.0
0.66

8 to
32

2.42 L
22.8 mlL
192
14.0
247 .0
188

196

0. .64
0.68
458

941
1.70

1%
1.166
20.0
0.66

8 to
32

3.42 L
22.8 al
194
1.0
265.0
190

198

0 64
(.68
456

4%
1.70
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20.5 GALLONS PER MIXER BATCH

REFERENCE RECIPE FOR CEMENT SOLIDIFICATION OF SLUDGE WASH LIQUID

TDS

Sp. Gr. (g/ml)

Callons of Waste

Nom. Water/Cement Ratio
. 81 (ibs)

Min. AF9020

Max. AF9020

# Vaste (lbs)

V-2 Timer (sec.)

¢ Cement Blend (it

Min. Waste (lbs)

Max., Waste (lbs)

Min. Water/Cement Ratio
Max Water/Cement Ratio
# Batch/Mixer (1lbs)
Drum ¥ Full

Slurry Density (gm/mlL)

PCP:0001279 .RM

" = L T U T WU W ¥ [ Sqepp—

19%
1.154
20.5
0.66

8.2 to
2.8

3.5 nL
23.3 oL
197
14.5
256 .4
193
201
0.64
0.68
469
96Y%
1.70

21%

1.66
20.5
0.66

8.2 to
2.8

3.5 mlL
23.3 nlL
199
4.5
252.6
195
203
0.64
0.68
468
96%
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Properties of Cemented Low-Level Liquid Waste at West Valley

* Garrett A. Smith

* Presenter

West Valley Nuclear Services Co., Inc.
P. 0. Box 1%1

West Valley, New York 14171

(716) 942-4325

WORK PERFORMED UNDER CONTRACT DE-ACO7-B1NE44139

April 1992

To be presented at the Second Engineering and Technology Conference
on Waste Management and Environmental Restoration being held in San
Juan, Puerto Rico, April 9, through April 12, 1992,

C023DAL.LET



PROPERTIES OF CEMENTED LOW-LEVEL LIQUID WASTE AT
WEST VALLEY

ABSTRACT

The West Valley Demonstration Project (WVDP) is an environmental
remediation effort focused on demonstrating technologies to
solidify liquid High Level Waste (HLW). T~ prepare for HLW
goliGéification, the WVDP is actively pretreating the waste Dy
removing 1liguid HLW from an underground tank, extracting
radicactive cesium from the ligquid using an ion-exchange system,
and stabilizing the resulting Low-Level Waste (LLW) ir., an NRC
endorsed cement waste form, In May 1988, the tank contained
600,000 gallons of liquid high-level nuclear waste left from the
only commercial spent fuel reprocessing operation in the United
States. Since May 1988, WVDP has successfully prctreated over
420,000 gallons of high-level radicactive waste, resulting in over
10,000 Class C cement drums with an average surface dose rate of 35
mR/hr. Prior to pretreatment, WVDP has developed an extensive
process contrel and testing plan to ensure an acceptaple waste form
with respect to the NRC Branch Technical Position. Furthermore,
WVDP has gone beyond that requirement by continually testing the
cemented waste form. Based on testing performed at WVDP and
independent private laboratories, the cemented waste form has met
or exceeded &ll criteria developed during laboratory-scale
qualification testing prior to full-scale operation. For example,
results include actual compressive strength data ranging from 80C
psi (a 6 month cure time) to 1500 psi (a 3-year cure time) for
cemented waste in the full scale product drums compared to the
minimum required compressive strength of 186 psi.

INTRODUCTION

The pretreatment of the liguid portion of the high-level waste is
accomplished in an Integrated Radwaste Treatment System (IRTS) [see
figure 1). The IRTS starts with a gsupernatant treatment system,
that uses a natural zeolite ion-exchange material to remove 99.9%
of the radioactive Cesium 137 from the waste stream. 1In the next
step of the process the decontaminated supernatant is concentrated
to a nominal 39 % Total Dissolved Solids (TDS). This 39 percent
TDS concentrated waste liguid is then ready for cementation. The
waste is mixed with sodium silicate, an anti-foam emulsion, and
Portland Type 1 cement blended wita 5 percent calcium nitrate. The

O023DAL.LET 2
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The Long-Term Test Plan provides informaticn on long-term cement
compressive strength and evaluates effects of aging over a five-
year period. The testing ccnsists of performing compressive
strength and visual inspections of core bores obtained from full~-
scale product drums. Core boring and inspections are performed on
a different drum approximately every six months over a period of
five years. To date, WVDP has tested nine drums having a cure time
of up to three and a half years.

SUMMARY OF RESULTS
Pre-Bolidification and In Process Testing

To date 106 pre-solidification samples have been taken from the
concentrated decontaminated liquid waste before it was cemented.
The sanples have been analyzed and the average compressive strength
of the samples is shown in figure 2. This testing has shown an
average compressive strength of 775 psi. All of the results from
this testing are greater than the minimum allowable compressive
strength of 186 psi defined in the Process Control Plan.
Additionally, every drum tested for the full scale "tipper test"
has exceeded 700 psi penetration resistance, with no reported free
liguid. Furthermore, every drum tested had a fill factor greater
than 85%, which is the minimum allowed.

Bhort Term Test Plan

puring the Short Term Test Plan a drum was core bored after
nominally 70 days cure time. A total of thirteen core bore samples
were obtained from this drum; nine were subjected to compressive
strength testing and four to Cs-~137 leach testing. The failed
fragments from the compressive strength test were analyzed for Cs-
137 radionuclide distribution. The Short Term Test Plan
compre’ iive strength results are shown in table 1. The short term
testing also indicated a homogenous mixture throughout the
production drum and an acceptable leaching criteria for selected
radionuclides.

Long Term Test Plan

To date nine drums have been cored and analyzed per the Long Term
Test Plan. Three cores were taken and crushed from each of these
drums (one from the middle, one from the top and one from the
bottom). The average compressive strength value of three cores
from each drum is calculated and the mean compressive strength
versus time is given in figure 3. This data shows that after
three and a half years of testing the compressive strength of the
full-scale production. drums is still increasing.

0023DAL.LET 5






Figure 2
Pre-Solidification Te  Results
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