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1.0 SCOPE
1.1  Purrosk
THe purpose OF THE Process ConTroL Procram For CNSI Cement SoLip-
IFICATION UNITS IS TG ESTABLISH A SET OF PROCESS PARAMETERS WHICH
PROVIDE REASONABLE ASSURANCE OF COMPLETE SOLIDIFICATION OF LOW™
LEVEL RADIOCACTIVE LIQUID WASTE.
1.2 AppLICABILITY
THis Process ConTrRoL PROGRAM SHALL BE USED BY ALL PERSONNEL
oPERATING THE CNSI Cement SoLIDIFICATION UNIT.
2.U  REFERENCES
Z+ 1 WA-AD-001, CNSI QuaLiTY AssurANCE PROGRAM
2ed CN-AD-C1S, CNSI ALAKA PoLicy
2.5  EN-AD-00Z, CNS! Desien ControL
e CNSI OperaTing Procepureé FOR CEMENT SOLIDIFICATION UNITS, AS
APPLICABLE
23 gUﬁEG (472, RapioLuGicAL EFFLUENT TECHNICAL SPECIFICATIONS FOR
WK
Z+b  NUREG (473, RapioLogicaL EFFLUENT TECHNICAL SPECIFICATIONS FOR
BWK
2.7 BrancH TecunicaL PosiTion—tSTE 11-3, Desieh GUIDANCE FOR SoLlID
RADIOACTIVE WaSTE MANAGEMENT SysTEMS INSTALLED IN LIGHT-WATER-
CooLeD NucLEAR Powek ReEACTOR PLANTS
4:8 ANSI 199, Liquip RADIOACTIVE WAsT: PRGCESSING SYSTEMS FOR Pres-
SURIZED WATER REACTOR PLANTS
2.9 ANSI 197, Lieuip KADIOACTIVE WASTE ProcessinG SysTeMs For BoiLinG
WATER REACTOR PLANTS
2.10  NRC Recutatory Guipe 1.145, Desion GuiDes FOR RADIOACTIVE WASTE
MANAGEMENT ~ SYSTEMS, STRUCTURES, AND CoMPONENTS INSTALLED In
LieitHarerCooLrn NUcLEAR Power PLANTS
5.0 SYSTEM DESCRIPTION
5.1 Process DESCRIPTION
THe CHNS! Cement SoLIDIFICATION UNIT 1S SPECIFICALLY DESIGNED TO
OPTIMIZE SOLIDIFICATION OF RADIOACTIVE WASTES, EVAPORATOR BOT-
TOMS, ION EXCHANGE RESIN SLURRIES AND SLUDGES-
DOCUMENT REV. SHEET
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THE CEMENT PROCESS MAKES USE OF THE READILY AVAILABLE PorTLAND |
CEMENT AND WYDRATED LIME (CA(OH)2) TO SOLIDIFY LIQUID WASTES.
THE PROCESS 1S INITIATED BY TRANSFERRING LIQUID WASTE INTO THE
CHE1 DISPOSASLE LINER. THE WASTE 1S THEN CONDITIONED BY DE-
WATERING OR ADDING CONDITIONING CHEMICALS AS REQUIRED.  (Con-
DITIONING CHEMICALS MAY ALSO BE PRELOADED INTO THE LINER). WITH
CONTINUQUS AGITATION PROVIDED BY THE INSTALLED MIXER BLADES,
CEMENT 1S ADDED TO DEVELOP A THICK PASTE LIKE SLURRY WHICH WILL
SOLIDIFY TO A HARD, WATER™FREE END PRODUCT.

3.2 PROCESS PARAMETERS

CEMENT UNDERGOES FOUR SEPARATE REACTIONS DURING ITS CURING TIME
WHICH PEKMANENTLY COMBINES CEMENT, WATER AND A VARIETY OF IONS
FGUND IN WASTE STREAMS TO FORM A STABLE, SOLID CONCRETE END PRO™
DUCT. LERTAIN CHEMICALS AND METALLIC IONS PRESENT IN THE WASTE
ACT AS ACCELERATORS UR RETARDANTS TO THESE REACTiONS- By PRe-
TREATING THE WASTE WITH CHEMICALS DESIGNED TO LIMIT OR NEUTRALIZE
THESE EFFECTS, A CONTROLLED, ACCEPTABLE CURE TIME CAY BE ACHIEVED
AND THE WASTE-TO™ADDITIVE RATIO WILL BE SIG.IFICANTLY IMPROVED-
EACH OF THE REACTIONS 1S EXOTHERMIC AND BY CONTROLLING THE SPEED
OF REACTION AND MINIMIZING THE TOTAL CEMENT ADDITION BY THE USE
OF CERTAIN ADDITIVES, THE HEAT DEVELOPED BY LARGE VOLUME SOLIDI™
FICATIONS WILL ALSO BE MINIMIZED-

Tie SAMPLE VERIFICATION PROCEDURE WILL SERVE TO VERIFY THE EXACT
PRETREATMENT REQUIRED TO ACHIEVE THE OPTIMUM WASTE-TO"ALDITIVE
RATIO- SOLIDIFICATION RATIOS HAVE BEEN DEVELOPED THROUGH A CNSI
RESEARCH AND UEVELOPMENT PROGRAM.  HOWEVER, WASTE MAKE™UP AND
DENSITY VARIES WIDELY FROM ONE WASTE STREAM TO ANOTHER MAKING
THIS VERIFICATION A NECESSARY GUALITY ASSURANCE STEP IN THE EN~
TIRE SOLIDIFICATION PROGKAM. THE AMOUNT OF ADDITIVES AND CEMENT
TO BE USED FOR SAMPLE AND FULL SCALE SOLIDIFICATIONS ARE PROVIDED
BY FIGURES < THROUGH 5, AS APPROPRIATE.

3.3 MomiLg UniT UESCRIPTION

3.3.1 THe CNSI Cement SoLIDIFICATION UNIT IS A PORTABLE SYSTEM
CONTAINING ALL PIF!NG, SUPPORT, CONTROL AND MONITGRING
EQUIPMENT NECESSARY TO SOLIDIFY RADIOACTIVE LIQUID WASTE
US!NG THE CEMENT PROCESS.

3.3.2 THE UNIT 1S COMPOSED OF SEVERAL PROCESSING SUBSYSTEMS,
EA"M CONTROLLING A SPECIFIC FUNCTION OF THE CEMENT PRO~
CESS+ THEsc SUBSYSTEMS INCLUDE WASTE TRANSHER, CHEMICAL
ADL [TION, CEMENT CONVEYOR, VENT, AND DEWATER SYSTEMS-.
CONTROL FUNCTIONS FOR THE UNI'« ARE INCORPORATED INTO THE
[ WEUMATIC AND MAIN CONTROL PAI'ELS. SERVICE SUPPLIES ARE
PROVIDED BY THE UTILITY AND DISTRIBUTED THROUGH THE
SErvICe AIR, WATER, AND ELECTRICAL DISTRIBUTION
SYSTEMS»

[oocum NT
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3.4

3.3.3

3.5.4

S.4.1

5.4.2

3.4.5

3.4.5

5.4.0

MOST OF THE MOBILE UNIT COMPONENTS ARE ARRANGED ON POR™
TABLE FRAMEWORKS (SKIDS) TO PROVIDE FLEXIBILITY OF OP-
ERATIONS FOR EITHER INDOOR OR OUTDOOR USE. THE CEMENT
CONVEYOR, CONTROL PANEL, PUMP SKID, HYDRAULIC SKID AND
FILLHEAD CONTAIN MOST OF THE MAJOR ELEMENTS OF THE
MOBILE UNIT.

A CLOSED"CIRCUJT TELEVISION SYSTEM IS AN INTEGRAL PART
OF THE MOBILE UNIT AND ALLOWS THE OPERATOR TO MONITOR
THE SOLIDIFICATION PROCESS-

SYSTEM OPERATION

BEFORE BEGINNING ANY WASTE PROCESSING WITH THE CEMENT
SoLiDIFICATION UNiT, THE CNSI OPERATOR SHALL COMPLETE A
SUCCESSFUL SAMPLE VERIFICATION IN ACCORDANCE WITH THE
SAMPLE VERIFICATION PROCEDURE OF SECTION 5.0.

THE SUCCESSFUL SAMPLE SOLIDIFICATION PARAMETERS ARE
RECORDED ON A SoLiDiFicaTion WorksHeeT (Ficure 1).
THESE PARAMETERS ARE AMPLIFIED FOR FULL SCALE SOLIDIFI-
CATION VALUES TAKEN FROM FIGURES Z THROUGH 5, As
APPROPRIATE -

ACTUAL FULL SCALE SOLIIFICATION SHALL THEN BE CONDUCTED
IN ACCORDANCE WITH THE MSU OperatinG Procepure (REF.
2.4) USING THE PARAMETERS CALCULATED ON THE BATCH
SoLIDIFICATION FORM ON THE BOTTOM OF FIGUuRE 1.

N OPERAT ION

THE CONDITIONING CHEMICALS MAY BE PRELOADED INTO THE
LINER OR ADDED TO THE WASTE WHILE MIXING. [HE ADDITION
OF CHEMICALS OR WASTE MAY BE INTERRUPTED AT ANY TIME.
VAHE MIXER MAY ALSO BE SECURED DURING WASTE OR CHEMICAL
ADDITION WITH NO EFFECT ON THE PROCESS, HOWEVER, IT MUST
REMAIN IN OPERATION DURING THE CEMENT ADDITION. AFTER
CEMENT ADDITION, THE MIXER 1S SECURED AND THE PROCESS IS
COMPLETE-

MIXER SPEED

IHE MIXER SPEED SHOULD BE 41GH ENOUGK TO ALLOW COMPLETE
MIXING OF WASTE CONDITIONER AND CEMENT. OENERALLY, THE
SPEED WILL BE SET AT 4U RPM WMILE ADDING CONDITIONING
CHEMICALS AND 4U 10 75 RPM WHEN STARTING CEMENT ADDI™
TION. THE SPEED WILL BE INCREASED To 100 RPM AFTER Two~
THIRDS OF THE CEMENT HAS BEEN ADDED-

WasTe-10-Cerent RATIO (BY VOLUME.

THE NORMAL WASTE=TO-CEMENT/CONDITIONER RATIO (BY )
WiL. Be APPROXIMATELY 2 70 1 FOR BOFIC WASTF AND »
2.5 70 1 FOR RESINS, POWDEX AND UTHEK SOLIDS.

SU-UP-CO3-NP
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IF NORMAL RAT'OS ARE EXCTEDED, CURE TIME MAY BE DELAYED
AND THE SOLIDIFIED PRODLCT MAY HAVE FREETSTANDING WATER
ON ITS SURFACE-

Cure_TimME

CURE TIME WILL USUALLY BE 24 10 72 HOUi:S AND THE TEMPER™
ATURES MAY RISE DURING THIS TIME To 2000 F. THE LINER
SHOLLD BE VENTILATED UNTIL TEMPERATURE STARTS DECREASING
INDICATING A COMPLETED REACTION.

4.0 REQUIRTMENTS FOR_SAMPLE VERIFICATION
4.1  GeneraL PrecauTIONs

NOTE: IF DIFFICULTIES ARE ENCOUNTERED WITH ANY PART OF THIS VER-
IFICATION PROCEDURE OR UNEXPECTED RESULTS ARE OBTAINED, CON-
gnu% IIHE SOLIDIFICATION MANAGER, PROJECT ENGINEER OR

4.1.1 THE CHEMICALS AND CEMENT USED ARE CONSIDERED NON-TOXIC
AND SAFE TO HANDLE, HOWEVER, CARE SHOULD BE USED TO
AVOID BREATHING DUST. IF A LIQUID CAUSTIC IS USED FOR
SPECIAL APPLICATIONS, FOLLOW THE SAFETY PRECAUTIONS OUT-
LINED IN THE APPROPRIATE OPERATING PROCEDURE, REF. 2.4.

RADIOLOGICAL PRECAUTIONS

4.2.1 The CNS] OPERATOR SHALL BE SUBJECT 70 THE APPLICABLE
HEALTH PHYSICS AND SAFETY PRECAUTIONS OF THE FACILITY
PROVIDING THE RADIOACTIVE WASTE.

4.2.2 LABORATORY GLOVES, FACE SHIELD AND AN APRON SHALL BE
WORN WHILE HANDLING, COLLECTING AND TESTING OF ALL
SAMPLES-

4.2.3 Tve CNSI OPERATOR SHALL ESTABLISH RADIOLOGICALLY CLEAN
AND CONTAMINATED ZONES IN THE SAMPLE PROCESS AREA TO
PREVENT THE POSSIBLE SPREAD OF CONTAMINATION.

PREREQUISITES
4.3.1 WASTE RECIRCULATION

4.3.1.1 DUE TO THE IMPORTANCE OF OBTAINING A REPRE™
SENTATIVE SAMPLE FOR USE IN THE VERIFICATION
PROCEDURE, THE WASTE GENERATING "ACILITY PER™
SONNEL SHALL CONFIRM THAT THE CONTENTS OF THE
WASTE STORAGE TANK HAVE EITHER BEEN RECIRCU™
LATED FOR A MINIMUM OF THREE VOLUME TURNOVERS
OR ARE ADEQUATELY MIXED TO ACHIEVE A HOMO™
GENEUUS MIXTURE.

ANY NUMBER OF MZCHANICAL OPERATIONS OF THE
WASTE STORAGE TANK MAY NEGATE THE EFFECTS OF
PREVIOUS RECIRCULAT ION/AGITATION PERIOD-
THESE OPERATIONS WOULD INCLUDE THE FOLLOWING:

REV. SHEET
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buU-1000U ML Contariners wiTH Lips (B)

4.3.1.2.1 INTRODUCTION OF ADDITiONAL WASTE
INTO THE STORAGE TANK AFTER
RECIRCULATION HAS COMMENCED-

§.3.1.2.2 SECURING OF RECIRCULATION WHILE
DRAWING THE VERIF ICATION
SAMPLE .

§.3.1.2.3 SHIF.ING FROM A RECIRCULATION
MODE TO A TRANSFER MODE-

4.3.1.5 IF ANY OF THE SITUATIONS LISTED ABOVE OCCUR,
IT WILL BE NECESSARY TO REPEAT THE RECIRCU™
LATION PROCESS AND SAMPLE VERIFICATION PRO™
CEDURE OF SECTION 5.0 IN ORDER TO RE-ESTAB-
LISH THE SOLIDIFICATION PROCESS PARAMETERS.

THE ACTIVITY SUPPLYING WASTE SHALL IDENTIFY THE WASTE
PROPERTIES AS FAR AS PRACTICABLE, I+E; OIL CONTENT, DEN-
SITY, TYPE, ESTIMATED ACTIVITY, DETERGENT CONTENT, ETC.
WASTE CONTAINING OIL ABOVE ONE PERCENT BY VOLUME SHALL
NOT BE SOLIDIFIED BY THis PCP.

EQuiPMENT

EQUIPMENT REQUIRED TO USE DURING THE SAMPLE VERIFICATION
PROCEDURE 1S LISTED IN TABLE 1. THE TABLE INDICATES THE
MINIMUM QUANTITY REQUIRED TO BEGIN A VERIFICATION
PROCEDURE »

THE CNSI OPERATOR SHALL ENSURE THAT ALL NECESSARY EQUIP™-
MENT IS AVAILABLE OR ADEQUATE SUBSTITUTES ARE
AVAILABLE .

THE CNSI OPERATOR SHALL ENSURE THAT ADDITIVES RECEIVED
COMPLY WITH THE CHEMICAL COMPOSITION NECESSARY FOR THIS
PROCESS -

TABLE 1
EGUIPMENT_REQUIRED FOR_TESTING_SAMPLES

STIRRING LEViCces (5)

PIPETTES
PIPETTOR

(2)

U=2120F THERMOMETE®

P PAPER:

BURET

CHEMICALS TO BE USED SHOULD BE
TAKEN FROM THE FULL SCALE
SOLIDIFICATION CHEMICALS AND ARE
LISTED ON THE RESPECTIVE FIGURE
FOR EACH WASTE FORM-

wiDe Rance (1.0 1o 11.0)

Narrow Rance (6.0 10 12.0)
U=blbU or U~100U M Te-pLE Beam Barance
If Lieuir CausTiC 1S UseD:
50 ML Burer (2)
RING STAND

Ceare (2)

Mark N6 PEN
SampLE HeATING Uven, TreErMosTATICALLY ConTroLLED From 1000 F 1o 1800 F.
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L.4 AMPLE ACCEPTAN RITERIA
IN ORDER TO ENSURE ACCEPTABLE SOLILIFICATION HAS OCCURRED, THE
CNS] OPERATOR SHALL CONFIRM THAT ALL ACCEPTANCE CRITERIA ARE MET
AS FOLLOWS:
4.4.1 VISUAL INSPECTION OF THE MIXTURE AFTER CEMENT ADDITION
WILL CONFIRM THAT THE MIXTURE 1S HOMOGENEOUS WITH NO
FREE WATER ON THE SURFACE.
4.4.2 VISUAL INSPECTION OF THE END PRODUCT AFTER HARDENING IS
A UNIFORM, LIQUID FREE, FREE STANDING MONOLITH.
4.4.5 THE END PRODUCT RESISTS PENETRATION WHEN PROBED WITH A
PENCIL SI1ZE PROBE-.
4.5 REQUIREMENTS FOR SAMPLE VERIFICATION
4.5.1 VERIFY THAT ALL MATERIAL LISTED IN TABLE 1 IS AVAILABLE
AND READY TO USE IN THE AREA SELECTED BY THE UTILITY FOR
SOLIDIFICATION SAMPLING.
4.5.2 ReFer TO FIGURES 2 THROUGH 5, AS APPLICABLE, WHEN
CONDUCTING SAMPLE VERIFICATION- Use THE SOLIDIFICATION
Work SHEET, FIGURE 1, FOR ALL SAMPLE SOLIDIFICATIONS.
+9.3 SampLE REQUIREMENTS
4.5.3.1 A SAMPLE SHALL BE SOLIDIFIED PRIOR TO FULL
SCALE SOLIDIFICATION OF WASTE. IF THERE IS
NO CHANGE IN THE CHEMICAL COMPOSITION OF THE
WASTE AS VERIFIED BY THE UTILITY, TEST RE”
SULTS AND FULL SCALE SOLIDIFICATIONS WILL BE
CONSIDERED REPRODUCIBLE. THEREAFTER, A SAM™
PLE SOLIDIFICATION WILL BE CONDUCTED PRIOR TO
THE TENTH BATCH SOLIDIFIED FROM THE SAME
SOURCE OF WASTE-
4.5.3.2 THE CNS! OPERATOR SHALL ENSURE THAT THE SAM™
PLE IS REPRESENTATIVE (1.E; THOROUGHLY MIXED)
AND THAT THE SAMPLE LINE IS PROPERLY PURGED
PRIOR TO DRAWING THE PCP sAMPLE.
9.U SANPLE VERIFICATION
5.1 CALCULATE AND RECORD THE AVAILABLE INFORMATION ON Fieure 1 FoR
ALL WASTE TYPE SAMPLE VERIFICATIONS.
5.4 USE THE APPROPRIATE FIGURE (FIGURES 2 THROUGH 5) FOR THE SAMPLE
AND FULL SCALE CALCULATIONS.
DOCUMENT — REV. SHEET
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NOTE: WASTE SOLlDlFlED A SMALL SCALE WILL CURE MUCH SLOWER
BECAUSE OF THE EXCESSIVE SURFACE TO VOLUME RATIO FOR T
TRANSFER SAMPLE STORAGE IN Ak APPROVED CONSTANT TEMPE
TURE OVEN WILL ENABLE A MORE MEANINGFUL EVALUATION ON AN
OVERNIGHT BASIS.
6.0  ALMINISTRATIVE PROCEDURES
Ded HainTeNANCE OF RECORDS
b.1.1 Tue CNS|1 OPERATOR SHALL FORWARD A COPY OF ALL COMPLETED
SAMPLE VERIFICATION FORMS TO THE MANAGER, SOLIDIFICATION
SERVICES FOR REVIEW FOLLOWING COMPLETION OF LINER
SOLIDIF 1CAT 1ON-
6.1.2 FiGURE 1 SHOULD BE USED AS A COVER SHEET WHEN FORWARDING
RECORDS «
DOCUMENT REV. SHEET
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SOLIDIFICATION WORKSHEET

UPERATOR DaTE

UTILITY

WasTe Type/LESCRIPTION:

(CONCENTRATION, RESIN TYPE, DENSITY, ETC.)

SAMPLE SOLIDIFICATION

SamMPLE VoLume ML

Cement (PortLAnD 1)

SamPLE EvaLuATION: (TIME, DESCRIPTION, ACCEPTABLE, ETC.)

BATCH_SOLIDIFICATION

WASTE VoLuME WASTE ALARM

CEMENT HicH Lever*

CEMENT ALARM

*Hien LEVEL ALARM SET Z INCHES
BeLow Liner Top

Note: THE CEMENT LEVEL ALARM I3
A REDUNDANT PROTECTIVE LEVICE.
THE EXACT AMOUNTS OF CEMENT

ADDED MILL BE MONITORLD BY THE
LOAD CEE_COHPUTE

DOCUMENT

REV. SN!ET
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EIGURE 5
Liner Anp Cask CALCULATIONS
I
LineR 21-300  U4-195 L4170 18-120 U-100 L6-80
UIAMETER 62" 76" 74" 61" 74.5" 58"
HE 1GHT 104.5" 75.5" 69.37* 71.5" 37" o4
VoLuMe 517 156 174 120 93 82
UseABLE VoLuMe 511 190 165 116 8 79
(2" Sarety FACTOR)
Fro/1n 5.05 2.62  2.52 1.6 2.5  1.53
WE1GHT 2400 1850 1550 1250 1500 1100
Cask PAyLOAD 27250 17700 14000 20000 13000 7500
DOCUMENT REV. SHEET
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