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11 PURPOSE

( THE PURPOSE OF THE PROCESS CONTROL PROGRAM FOR CilSI CEMENT SOLID-
IFICATI0li UNITS IS TO ESTABLISH A SET OF PROCESS PARAMETERS WHICH
PROVIDE REASONABLE ASSURAf4CE OF COMPLETE SOLIDIFICATI0ff 0F LOW-
LEVEL RADIDACTIVE LIQUID WASTE.

1.2 APPLICABIL_ITY_

THIS PROCESS C0fnROL PROGRM1 SHALL BE USED BY ALL PERSONNEL
OPERAT!!iG THE C!lSI CEMENT SOLIDIFICATION UNIT.

2.0 REFERENCES
.

21 0A-AD-001, CllSI OUALITY ASSURAf4CE PROGRAM

2.2 Cil-AD-019, CllSI AIK A POLICY

2.3 Ell-AD-002, CilSI DESIGil CollTROL

2.4 CllSI OPERATlflG PROCEDURE FOR CEMEf4T SOLIDIFICATION UNITS, AS
APPLICABLE

25 .NUREG 0472, RADIOLOGICAL EFFLUENT TECHNICAL SPECIFICAT!0flS FOR
PWR

'2 6 11UREG 0473, RADIOLOGICAL EFFLUEffT IECHNICAL SPECIFICATIONS FOR

( BWR

27 BRAfiCH TECHNICAL POSITION-ESTB 11-3, DESIGli GUIDANCE FOR SOLID
RADICACTIVE WASTE liAf4AGEMEf4T SYSTEMS INSTALLED IN LIGHTilATER-
COOLED flUCLEAR POWEk REACTOR PLAf4TS

2.8 AljSI 199, L10ulD RADIDACTIVE WASrz PRCCESSif4G SYSTEMS FOR PRES-
'

'SURIZED WATER REACTOR PLAfRS
'

<

i.9 Al1S1 197, LIOulD RADIDACTIVE WASTE PROCESSif4G SYSTEMS FOR B0lLlf4G
WATER REACTOR PLANTS

|

, 2 10 NRC REGULATORY GUIDE 1.143, OESIGN GulDES FOR RADI0 ACTIVE WASTE
flANAGEMEllT SYSTEMS,' STRUCTURES, AflD COMP 0fiENTS If4 STALLED Ifl
LIGHTilATER-{00 LED NUCLEAR POWER PLAf4TS

,

3.0 SYSTEl1DESCRIPTIO!!-

3.1 PROCESS DESCRIPTION

i THE CljSl CEMENT SOLIDIFICATION UtilT IS SPECIFICALLY DESIGNED TO
OPTIMlZE SOLIDIFICATION OF RADIDACTIVE WASTES, EVAPORATOR BOT-'

TOMS, ION EXCHAfiGE RESlfi SLURRIES AfiD SLUDGES.

L
,
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. THE CEMENT PROCESS MAKES USE OF THE READILY AVAILABLE PORTLAND l
CEMENT AND HYDRATED LIME (CA(OH)2) TO SOLIDIFY LIQUID WASTES.
THE PROCESS IS INITIATED BY TRANSFERRING LIQUID WASTE If1TO THE
CUSl DISPOSASLE Lit!ER. .IHE WASTE IS THEN CONDITIONED BY DE-
WATERING OR ADDif4G C0f4DIT10NING CHEMICALS AS REQUIRED. (CON-
DITIONING CHEMICALS MAY ALSO BE PRELOADED INTO THE LINER). WITH
CONTINUOUS AGITAT10f4 PROVIDED BY THE INSTALLED MIXER BLADES,
CEMEt6 IS ADDED TJ DEVELOP A THICK PASTE LIKE SLURRY WHICH WILL
SOLIDIFY TO A HARD, WATER-FREE END PRODUCT.

32 PROCESSI'ARAMETERS

CEMENT UNDERGOES FOUR SEPARATE REACTIONS DURING ITS CURING TIME
WHICH PERMANENTLY COMBINES CEMENT, WATER AND A VARIETY OF IONS
FGUND IN WASTE STREAMS TO FORM A STABLE, SOLID CONCRETE END PRO- ,

DUCT. CERTAIN CHEMICALS AND METALLIC IONS PRESEl4T 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 CUrtE TIME CAP BE ACHIEVED
AND THE WASTE TO ADDITIVE RATIO WILL BE SIGSIFICANTLY IMPROVED.

,

EACH OF THE REACTIONS IS EXOTHERMIC AND BY CONTROLLING THE SPEED
OF REACT!cN AND MINIMIZING THE TOTAL CEMENT ADDITION BY THE USE
OF CERTAIN ADDITIVES, THE HEAT DEVELOPED BY LARGE VOLUME SOLIDI-
FICATIONS WILL ALSO BE MINIMIZED.

THE SAMPLE VERIFICATION PROCEDURE WILL SERVE TO VERIFY THE EXACT
PRETREATMENT REQUIRED TO ACHIEVE THE OPTIMUM WASTE-TO-ADITIVE
RATIO. SOLIDIFICATION RATIOS HAVE BEEN DEVELOPED THROUGH A CUSI
flESEARCH AND DEVELOPMENT PROGRAM. HOWEVER, WASTE MAKE UP AND

DENSITY VARIES WIDELY FROM ONE WASTE STREAM TO ANOTHER f% KING
THIS VERIFICATION A NECESSARY CUALITY ASSURANCE STEP IN THE EN-
TIRE SOLIDIFICATION PROGRAM. IHE AMOUNT OF ADDITIVES AND CEMENT
TO BE USED FOR SAMPLE AND FULL SCALE SOLIDIFICAT10!1S ARE PROVIDED
BY FIGURES 2 THROUGH 5, AS APPROPRIATE.

3.3 k 3 c UNIT DESCRIPTION

3 3.1 THE CNSI CEMENT SOLIDIFICATION UNIT IS A PORTABLE SYSTEM
CONTAINING ALL PIHNG, SUPPORT, CONTROL AND MONITORING
EQUIPMENT NECESSARY TO SOLIDIFY RADI0 ACTIVE LIQUID WASTE
USING THE CEMENT PROCESS.

3.3 2 THE UNIT IS COMPOSED OF SEVERAL PROCESSING SUBSYSTEMS,
EACH CONTROLLING A SPECIFIC FUNCTION OF THE CEMENT PRO-
CESS. THESE SUBSYSTEMS INCLUDE WASTE TRANSFER, CHEMICAL
ADD IT ION, CEMENT CONVEYOR, VENT, AND DEWATER SYSTEMS.
CONTROL FUNCTIONS FOR THE UN1Y ARE INCORPORATED INTO THE
PNEUMATIC AND MAIN CONTROL PACELS. SERVICE SUPPLIES ARE
PROVIDED BY THE UTIL11 Y AND DISTRIBUTED THROUGH THE
S ErtVICE AIR, WATER, AND ELECTRICAL DISTRIBUTION-

SYSTEMS.
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, 3.3.3 MOST OF THE NOBILE UNIT COMPONENTS ARE ARRANGED UN POR-
TABLE FRAMEWORKS (SKIDS) TO PROVIDE FLEXIBILITY OF OP-

'

ERATIONS FOR EITHER lilD00R OR OUTD0OR USE. THE CEMENT

(- CONVEYOR, CONTROL PANEL, PUMP SKID, HYDRAULIC SKID AND
FILLHEAD CONTAIN MOST OF THE MAJOR ELEMENTS OF THE
MOBILE UNIT.

3.3 4 A CLOSED CIRCUIT TELEVISION SYSTEM IS AN INTEGRAL PART
OF THE MOBILE UNIT AND ALLOWS THE OPERATOR TO MONITOR
THE SOLIDIFICATION PROCESS.

34 SYSTEM OPERATION

3.41 BEFORE BEGINNING ANY WASTE PROCESSif4G WITH THE CEMENT
SOLIDIFICATION UNIT, THE CNSI OPERATOR SHALL COPPLETE A

*

SUCCESSFUL SAMPLE VERIFICATION IN ACCORDANCE WITH THE
SAMPLE VERIFICATION PROCEDURE OF SECTION 5.0

342 THE SUCCESSFUL SAMPLE SOLIDIFICATION PARAMETERS ARE
RECORDED ON A SOLIDIFICATIOff WORKSHEET (flGURE 1).
IHESE PARAMETERS ARE AMPLIFIED FOR FULL SCALE SOLIDIF1-
CATION VALUES TAKEN FROM FI CURE.c 2 THROUGH 5, AS
APPROPRIATE.

3.4.3 ACTUAL FULL SCALE SOLI 2IFICATION SHALL THEN BE CONDUCTED
IN ACCORDAf4CE WITH THE MSU OPERATING PROCEDURE (REF.
2.4) USING THE PARAMETERS CALCULATED ON THE BATCH
SOLIDIFICATION FORM ON THE BOTTOM OF f!GURE 1

3.4.4 SEQUENCE OF OPERATION

THE CONDITIONING CHEMICALS MAY BE PRELOADED INTO THE
LINER OR ADDED TO THE WASTE WHILE MIXING. IHE ADDITION
OF CHEMICALS OR WASTE MAY BE INTERRUPTED AT ANY TIME.

HE MIXER MAY ALSO BE SECURED DURING WASTE OR CHEMICAL
ADDITION WITH NO EFFECT ON THE PROCESS, HOWEVER, IT f1JST
REMAIN IN OPERATION DURING THE CEMENT ADDITION. AFTER
CEMENT ADDITION, THE MIXER IS SECURED AND THE PROCESS IS
C0!PLETE.

3.4.5 NIXER SPEED

IHE MIXER SPEED SHOULD BE MIGH ENOUGH TO ALLOW C0f7LETE
MIXING OF WASTE CONDITIONER AND CEMENT. GENERALLY, THE

SPEED WILL BE SET AT 40 RRi WHILE ADDING CONDITIONING
CHEMICALS AND 40 TO 75 RRi WHEN STARTING CEMENT ADDI-
TIUN. IHE SPEED WILL BE INCREASED TO 100 RRi AFTER TWO-
THIRDS OF THE CEMENT HAS BEEN ADDED.

3.4.6 WASTE TO-CEMENT RATIO (BY VOLUMEl-

IHE f40RMAL WASTE TO CEMENT / CONDITIONER RATIO (BY I
WILL BE APPROXIMATELY 2 TO 1 FOR B0F IC WASTF AND ,-
2.5 TO 1 FOR RESlHS, POWDEX AND OTHER SOLIDS.
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IF NORMAL RAT.10S ARE EXCEEDED, CURE TIftE MAY BE DELAYED
,

'
AND THE SOLIDIFIED PRODLCT MAY HAVE FREE STANDING WATER

'

ON ITS SURFACE.

3.4 7 Cure Time
(~

CURE TIME WILL USUALLY BE 24 TO 72 HOURS AND THE TEMPER-
ATURES MAY RISE DURit4G THIS Tit 1E TO 2000 F. THE LINER
SHOLLD BE VENTILATED UNTIL TEMPERATURE STARTS DECREASING
ltJDICATING A COMPLETED REACTION.

4.0 REQUIRFEENTS FOR SAMPLE VERIFICATION

41 GENERAL PRECAUTIONS

NOTE: IF DIFFICULTIES ARE ENCOUNTERED WITH ANY PART OF THIS VER-

IFICATION PROCEDURE OR UNEXPECTED RESULTS ARE OBTAINED'R
CON- .

TACT THE SOLIDIFICATION MANAGER, PROJECT ENGINEf OR
SUPERVISOR.

411 THE CHEMICALS AND CEMENT USED ARE CONSIDERED NON T0XIC
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-
LlHED IN THE APPROPRIATE OPERATING PROCEDURE, REF. 2.4

42 RADJ0 LOGICAL PRECAUTIONS

4.2.1 THE CUSl OPERATOR SHALL BE SUBJECT TO THE APPLICABLE
HEALTH PHYSICS AND SAFETY PRECAUTIONS OF THE FACILITY( PROVIDING THE RADI0 ACTIVE WASTE.

4.2.2 LABORATORY GLOVES, FACE SHIELD AND AN APR0fl SHALL BE
WORf1 WHILE HANDLING, COLLECTitlG AND TESTING OF ALL
SAMPLES.

4 2.3 THE CNSI OPERATOR SHALL ESTABLISH RAD 10 LOGICALLY CLEAN
AND CONTAMillATED ZONES IN THE SAMPLE PROCESS AREA TO
PREVENT THE POSSIBLE SPREAD OF CONTAMINATION.

4.3 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 filXED TO ACHIEVE A HOMO-
GENEUUS MIXTURE.

4 3.1.2 ANY NUMBER OF MECHAhlCAL OPERATIONS OF THE
WASTE STORAGE TANK MAY NEGATE THE EFFECTS OF

{ PREVIOUS RECIRCULATION / AGITATION PERIOD.
THESE OPERATIONS WOULD INCLUDE THE FOLLOWING:

L
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F 4.3.1.2 1 INTRODUCTION OF ADDIT-IONAL. WASTE
*

If4TO THE STORAGE TANK AFTER
RECIRCULATION HAS C0fiMENCED.

*

4.3 1 2 2 SECURING OF RECIRCULATION WHILE( DRAWIf4G THE VERIFICATION
SAffLE.

4 3 1.2.3 SHIF4ING FROM A RECIRCULATION
MODE TO A TRANSFER MODE.

4.3 1.3 IF ANY OF THE SITUATIONS LISTED ABOVE OCCUR,
IT WILL BE NECESSARY TO REPEAT THE RECIRCU-
LATION PROCESS AND SAMPLE VERIFICATION PRO-
CEDURE OF SECTI0f4 5.0 IN ORDER TO RE ESTAB-
LISH THE SOLIDIFICATION PROCESS PARAMETERS.

.

4.3.2 THE ACTIVITY SUPPLYlhG WASTE SHALL IDENTIFY THE WASTE
PROPERTIES AS FAR AS PRACTICA.BLE, l.E ' OIL CONTENT, DErl-
SITY, TYPE, ESTIMATED ACTIVITY, DETERGENT C0f1 TENT, ETC.
WASTE C0f4TAINING OIL AB0VE ONE PERCENT BY VOLUME SHALL
NOT BE SOLIDIFIED BY T111S PCP.

4.3.3 EaulPMENT

EQUIPMENT REQUIRED TO USE DURING THE SAMPLE VERIFICATION
PROCEDURE IS LISTED IN IABLE 1 IHE TABLE INDICATES THE
MIN!?iUM QUANTITY REQUIRED TO BEGIN A VERIFICATION
PROCEDURE.

( IHE CllSI OPERATOR SHALL ENSURE THAT ALL NECESSARY EQUIP-
MENT IS AVAILASLE OR ADECUATE SUBSTITUTES ARE
AVAILABLE.

IHE CllSI OPERATOR SHALL ENSURE THAT ADDITIVES RECEIVED
C0fiPLY WITH THE CHEMICAL COMPOSITION NECESSARY FOR THIS
PROCESS.

TABLE 1
EQUIPMEliT REQUIRED FOR TESTIl|G SAMPLES

600-1000 ML CONTAINERS WITH LIDS (6) CHEMICALS TO BE USED SHOULD BE
STIRRING DEVICES (5) TAKEN FROM THE FULL SCALE
PIPETTES (2) SOLIDIFICATION CHEtilCALS AND ARE
PIPETTOR LISTED ON THE RESPECTIVE FIGURE
0-2120F THERMOMETER FOR EACH WASTE FORM.
Pfi PAPER: WIDE RAf1GE (1 0 TO 11.0)

llARROW RANGE (8.0 TO 12 0),

0-b00 OR 0-1000 cM Te:PLE BEAM UALANCE
IF LiculD CAUSTIC IS USED:

50 NL BURET (2)-

Rlr4G STAf4D
BURET CLAf1P (2)

MARK!fdG PEN

( SAMPLE IfEATING OVEN, IHERf10 STATICALLY CONTROLLED FROM 1000 F TO 1800 F-
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- 4.4 SAMPLE ACCEPTANCE _ CRITERIA
,

IN ORDER TO EtiSURE ACCEPTABLE SOLIDIFICATION HAS OCCURRED, THE
CNSI OPERATOR SHALL C0f4 FIRM THAT ALL ACCEPTANCE CRITERIA ARE MET

k AS FOLLOWS:

4.4.1 VISUAL If1SPECT10N OF THE MIXTURE AFTER CEMENT ADDITION
WILL CONFIRM THAT THE MIXTURE IS HOMOGENEOUS WITH NO
FREE WATER ON THE SURFACE.

4.4 2 VISUAL If4SPECT10N OF THE END PRODUCT AFTER HARDEN! fig IS
A UNIFORM, LIQUID FREE, FREE STANDING MONOLITH.

-4.4 3 THE Ef4D PRODUCT RESISTS PENETRAT10f4 WHEN PROBED WITH A
PENCIL SIZE PROBE.

.

4.5 REQUIREMENTS FOR SAMPLE VERIFICATI0ft

4 b.1 VERIFY THAT ALL f1ATERIAL LISTED IN IABLE 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.

4.5.3 SAMPLE REQUIREMEf1TS

4 5.3.1 A SAf?LE SHALL BE SOLIDIFIED PRIOR TO FULL( SCALE SOLIDIFICATION OF WASTE. IF THERE IS
fl0 CHANGE IN THE CHEMICAL C0ff0 SIT 10N 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 CUS! OPERATOR SHALL Ef1SURE THAT THE SAM-
PLE IS REPRESENTATIVE (1.EJ THOROUGHLY MIXED)
AND THAT THE SAMPLE LiliE IS PROPERLY PURGED
PRIOR TO DRAWING THc PCP SAMPLE.

S.O SAhPLE VERIFICATION

5.1 CALCULATE AND RECORD THE AVAILABLE If1 FORMAT 10N Oft flGURE 1 FOR
ALL WASTE TYPE SAMPLE VERIFICATIONS.

5.2 USE THE APPROPRI ATE FIGURE (FIGURES 2 THROUGH 5) FOR THE SAMPLE
AND FULL SCALE CALCULATIONS.

,

L
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NOTE: WASTE SOLIDIFIED ON A SMALL SCALE WILL CURE MUCH SLOWER .-

'

BECAUSE OF THE EXCESSIVE SURFACE TO VOLUME RATIO FOR HEAT
TRANSFER. SAMPLE STORAGE IN AN APPROVED CONSTANT TEMPERA-

(. TURE OVEN WILL ENABLE A MORE MEANINGFUL EVAL 11AT10N ON AN
OVERNIGHT BASIS.

6.0 AbMilllSTRATIVE PROCEDURES

6.1 MAlfiTENANCE OF RECORDS
_

611 THE CNSI OPERATOR SHALL FORWARD A COPY OF ALL COMPLETED
SAMPLE VERIFICATION FORMS TO THE MANAGER, SOLIDIFICATION
SERVICES FOR REVIEW FOLLOWING COMPLETION OF LINER
SOLIDIFICATION.

6.1.2 FIGURE 1 SHOULD BE USED AS A COVER SHEET WHEN FORWARDING
RECORDS.

.
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FIGURE 1 . -.

SOLIDIFICATION MORKSHEET

{
- -

OPERATOR DATE

UT I LITY__ _ _ _

NASTE TYPE /bESCRIPTIOft:_ _

(C0fiCEf4TRATION, RESiti TYPE, DEliSITY, ETC. )

'*

SAMPLE _ SOLIDIFICATION

SAffLE VOLUME _ _ ML

CEMEllT (PORTLAND l)

_ ___

_ - . _ _ _ _

SAMPLE EVALUATION: (TIME, DESCRIPTION, ACCEPTABLE, ETC.)

_ _ ._ _

BATCH SOLIDIFICATION

WASTE VOLuflE
__

WASTE ALARM

CEMEllT HIGH LEVEL *

CEMEf1T ALARf1

'lliGH LEVEL ALARM SET 2 IllCHES-

BELOW LIf1ER IOP

!!OTE: THE CEfiEllT LEVEL Al#'Ji 13
A REDutiDAllT PROTECTIVE LEVICE.-

k. Tile EXACT AFiOUNTS OF CEfiEllT
ADDED WILL EE l'i0tilTORED BY Tile
InAn rFit frf;PllTFP.
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FIGURE 5
.

Lif4ER AflD CASK CALCULATIOfis

C- |

LIr4ER L21-300 L14-195 L14-170 LB-120 L7-100 L6-80

UIN1ETER 82" 76" 74" 61" 74.5" 58"

IIEIGhT 104.5" 75.5" 69.37" 71.5' 37" 54"

Votums 317 156 174 120 93 82

USEABLE VOLUME 311 190 169 116 88 79 -

(2" SAFETY FACTOR)

FT / Ira 3 05 2.62 2 52 1.69 2.52 1 533

WEIGHT 2400 1850 1550 1250 1400 1100

CASK PAYLOAD 27250 17700 14000 20000 13000 7500

C

,

4

.

i
!

1
-

..

|

| -
.

|

k.
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