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This topical report describes the system design and operation of the Bartlett
Nuclear modified portland cement solidification process. The unit was develop-
ed to provide a simple, economical, and reliable method for solidification of
radicactive liquids, resins, and sludges for purposes of later transportation
and disposal.

The modified portland cement is a cambination of portland cement type 1 and
additives to produce a finely ground, ronflammable powder. The resultant
solidified product is campatible with existing storage and solidification equip-
ment throughout the industry.

The modified portland cement (MPC-1) is readily dispersible in an aqueous solu~
tion for a homogeneous mix immobilizing tne radiocactive nuclides into a dry
free standing monolith. The MPC-1 can be used to solidify oils, evaporator
bottoms, various filters/ion exchange media, and sludges. Each product to be
solidified has its own special characteristics, which may inhibit or accelerate
the set. The MPC-1 plus additives is used to adjust each waste stream for

optimum efficiency and product campressability.

Laboratory testing process control procedures simulate the effects of

a full scale solidification and verify the formulas for optimum product. The
equipment used for the solidification is simple and easily transported, assembled
and interfaces with existing plant equipment. The normal containers for the

‘ solidification process are 17H 55 gallon drums, which are readily available and

econcmical .



INTRODUCTION

Bartlett Nuclear, Inc. has designed and built the portable mixing station to
aﬂdyﬂnmdsaﬂrqﬂrmuofﬂnn\nlmmhﬂgsuy. The waste
products are solidified using the comonly available portland I cement modified
with particular additives to optimize the waste to cement ratio while at the
same time forming a product which exceeds the requirements for low level waste

disposal by burial.
The portable mixing station system was designed with ALARA and simplicity of
operation i. mind. Due to its size, it is quite flexible for use within existing

.sf:uctma at nuclear facilities.

This report addresses the ability of MPC-1 to meet the standards for low level

waste stabilization as required by 10 CFR 61.




2.0 PROCESS DESCRIPTION

2.1 General Process Description

The Bartlett Nuclear, Inc. portable mixing station is designed to solidify all
radiocactive wastes to include: boric acid, evaporator bottoms, resins, sludges,
oils, and various solids for immobilization. The station equipment is used to
blend the MPC-1 binder and waste stream into a hamogenous mix in the final
burial container. Any solids (i.e. resins or diatomaceous earth) are precondi-
tioned and once placed into the final solidification container are dewatered as
necessary to provide the correct ratios of ligquid to MPC-1 binder for formation
of a free standing monolith with no free standing water.

Prior to transferring the waste to the drum, the process control procedure is
used to verify the quantities of additives and cement necessary for proper
solidification. A typical process amtrol procedure is provided as appendix 1.

The equipment of the system is designed with built-in interlocks to provide for
trouble-free operation. The control panel is simple, small and portable; and
through use of various length power cables (25 feet is standard) the control
panel is remote from the solification operation.

Installed plant piping, alarms, and ventilation; either temporary for infrequent

use or permanent for more consistent use; are utilized within the established

solidification area to prevent or minimize the spread of contamination. The
.agitat:or is hydraulically raised, lowered and operated from the remote panel.

2



Flushing capabilities are provided by installed plant systems. The mixing
station is designed for portable application to ensure ease of transportation

and set up.

It can be moved anywhere within the facility, or if desired,

installed as a permanent mixing station.

2.2 Subsystem Description

2.2.1

2.2.2

2.2.3

2.2.4

2.2.5

Operators Panel
The panel is equipped with pushbuttons for manual operation.

Waste Transfer

Waste transfer into the drum is supplied by the utility, but can
be provided through an optional fill head built into the station
for facilities which have sufficient volumes to be solidified

to justify an installed station.

Dewatering System
The dewatering system is supplied by the utility.

Cement Tr-nsfer

The cament transfer system is variable from use of palletized
bags with manual transfer to bulk storage with automated transfer
to the solificiation container through an optional fill head.

Radiation Monitoring

Radiation monitoring is provided by the utility and the station
itself is usually standard portable remote radiation monitoring
equigment.



2.3

System Operation

2.3.1

2.3.2

2.3.3

2.3.4

2.3.5

Assembly

The assembly and operation of the portable solidification panel
and mixing station are conducted in accordance with written
procedures,

Waste Sampling and Conditioning

A sample of the waste is taken by the utility for use in the process
control procedure to verify cement and additive quantities. After
the campletion of PCP, the required amount of waste is transferred
to the 55 gallon drum. By remote operation the drum is placed on
the mixing station. The proper amounts of cement and additives
are placed in the container as the mixing station is operated. A
typical PCP is provided as Appendix 1.

Cament Addition
Cement and additives are transferred to the waste by means of plant
equipment, either insc._alled or temporary.

Flushing
Flushing is accomplished by use of plant installed systems.

Post Solification
After completion of the cure time for the cemented waste the
barrel is capped (remotely or manually depending upon activity).



3.0 EQUIPMENT DESCRIPTION

3.1 The mixing station and components are painted for ease of decontamination
should this be necessary.

3.2 Ventilation, radiation alarms, and transfer equipment are all supplied by
the utility. These may be a combination of installed plant area systems
and portable equipment dedicated to just the solidification process.




4.0 QUALITY ASSURANCZS

4.1 Quality Assurance for the processes and products is provided through the
Bartlett Nuclear, Inc. Quality Assurance Program as set forth in the
Quality Assurance Manual Attachment 4.



5.0 TESTING .

5.1 Cement Tests
Bartlett Nuclear has done <xtensive testing on the solidification media
to determine the reliability and regulatory compliance of the product.
The testing resul+s are attached in Appendix 2 and Appendix 3.

5.2 Mixing Station
5.2.1 The mixing station has been field tested and demonstrated. This
system provides a low cost and simple operation for mixirg of

the cement.




6.0

6.1

DRAWINGS

A drawing of a typical mixing station is provided as Appendix 5.
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1.0

SCOPE

1.1

1.2

2.0

PURPOSE

The purpose of the Process Control Program is to establish
procesging parameters to insure a safe and effective
solidification of all Jlow-level radioactive waste liquids,
slurries and solids.

APPLICABILITY

This Process Control Program shall be used by all personnel
operating the Bartlett Nuclear, Inc. portable mixing stations,
cement solidification units. This is not to be wused as an

operating procedure,

REFERENCES

2.1

2.2

2.3

2.4

2.5

MI/Misc.#2

Bartlett Nuclear, Inc. Operating Procedures for Cement
Solidification Units, as applicable,

NUREG 0472, "Radiological Effluent Technical Specification for
PWRs" .,

Branch technical position - ESTB 11-3, "Design Guidance for Solid
Radioactive Waste Management System Installed in Light-Water
Cioled Nuclear Power Reactor Plants”.

ANSI NI99, “Liquid Radioactive Waste Processing System for
Prassurized Water Reactor Plants”,

NRC Regulatory Guide 1.143, "Design Guides for Radioactive Waste
Management System, Structure, and Components Installed in

Light-Water-Cool Nuclear Power Plants",

- Page !




2.6 NUREG-0133, "“Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants",

2.7 NRC Regulatory Guide 8.8, “Information Relevant to Ensuring that
Occupational Radiation Exposures at Nuclear Power Stations will be
As Low As is Reasonably Achievable",.

2.8 ANSI Standard 55.1, "Solid Radioactive Waste Processing Systems
for Light-Water-Cool Reactor Plants”,

3.0 REQUIREMENTS

- 1 | Prerequisites

3.1.1 It is the intent of this document to be used in conjunction with
the Utility Operating Procedures which govern the direct operation
of the necessary equipment used to perform sampling, testing,
recirculating of tank volumes, valve line-ups and safety
precautions,

7 The utility operating procedure shall cover as a minimum:

3.1.2.1 Equipment Operation
Interlock for alarms, monitors, and valves,

3.1.2.2 Radiation Protection.

3.1.2.3 Administrative Controls.

3.1.2.4 Reporting documents,

3.1.3 Communication shall be established between the waste processing
technicians and the utility operation via telephone or radio prior
to processing any form of waste.

3.2 Contamination Releases

3.2.1 Gases

MI/Misc.#2 - Page 2 -



3.2.1.1

3.2.2

4.0

Accidental radioactive gases released during sampling and full
scale solidification shall make wuse of the utility control
negative pressure off-gas ventilation system,

The release of liquids, either accidental or control type, are
confined by the utility physical boundry as planned under the

auxiliary building design basis.

SYSTEM DESCRIPTION

4.1

4.2

PROCESS DESCRIPTION

The Bartlett Nuclear, Inc. portable mixing station is designed to
solidify all radioactive waste to include: Boric acid waste,
evaporator bottoms, ion exchange resin slurries, sludges, oils and
various solids for encapsulation and immobilization., The waste
products are solidified using the commonly available Portiand I
Cement modified in conjunction with particular process additives,
The Modified Portland Cement (MPC-1) and additives can be
transformed to varying degrees to optimize the waste to cement
ratio or to perform in a specified manner, (i.e. slow cure, fast
set, minimize heat generation.)

PROCESS PARAMETERS

MI/Misc.#2

The reactions from cement and waste form very stable hydrates from
the chemical combination of calcium, silicon, and aluminum with
oxides. The reactions are exothermic and are not readily produced
unless strong alkalines are present in a pH of 11 to 14.

Other chemicals in the waste stream may inhibit or accelerate the

set. These chemicals must be controlled by modifying the

- Page 3 -



4.3

additives to ensure a controlled, free-standing monolith, dry, and
with the final product able to resist penetration when probed with
a spatula or similar firm object.

Bartlett Nuclear, Inc. has researched and developed the basic
Modifyied Portland Cement (MPC-1) and additives to solidify radio-
active waste to produce homogeneous, free-standing monolith solids
with no free water. The research performed by Bartlett Nuclear,
Inc. recognizes that all waste streams are not ihe same and the
composition, density and temperature may vary from each lot of
waste, This problem is addressed in Appendix 1.

CEMENT SOLIDIFICATIGN UNIT DESCRIPTION

4.3.1

4.4

The Bartlett Nuclear, Inc. portable mixing station contains all
piping, controls, and monitoring equipment to suppcrt the
solidification of radioactive waste using the MPC-1 cement
process. The unit is a portable 55 gallon drum mixing unit.

SYSTEM OPERATION

4.4.1

4.4,2

4.43

MI/Misc.#2

Cement Solidification shall be performed only upon a successful
sample solidification and shall be performed once for every ten
full scale solidifications using a representative sample of the
waste stream,

Sample solidification information shall »e recorded on the P.C.P.
Sample Test Worksheet (Appendix 2). This data shall be used to
calculate the full scale values.

Full scale solidification shall be completed in accordance with
full scale Operating Procedures (S0-0P-002) by using the formulas

as defined by this procedure and the worksheet in Appendix 2.

- Page 4 -



4.4.4

Full Scale Operation General Description

4.4.5

The waste stream is metered into the receiving 55 gailon drum
while the mixer is in operation. Any pretreatment chemical may be
added to conform to the P.C.P. requirement for proper
solidification. The modified Portland cement (MPC-1) i5 added to
the waste until the required volume is reached per the P.C.P.
requirement, The actual sequence of additions may vary per the
P.C.P.

Waste-to-Cement Ration (by volume)

4.4.6

5.0

The waste-to-cement ratio will vary due to the chemistry of the
waste stream, However, the expected ratios are approximately 2:
1 to 3: 1 for Boric Acid concentrates and other liquids to include

oils, resins, powders, and other solids.

Cure Time

The initial cure time for P.C.P. sample is approximately 30
minutes to 4  hours; /and, for full scale solidification
aoproximately 6 hours to 24 hours. The drum shall be vented at
all times until the initial curing process is completed. The
completion of the solidification process may be verified by
monitoring the initial curing process temperature rise and fall;

thus indicating a safe, capavsle product.

PRECAUTIONS AND LIMITATIONS

5.1

RADIOLOGICAL PRECAUTIONS

5.1.1

MI/Misc.#2

The Bartlett Nuclear, Inc. technician's activities shall be
governed by the Nuclear Plant's Health Physics and safety

precautions.

- Page 5 -



5.1.2

S.l.3

5.1.4
5.1.4.1

5.1.4.2

5.1.4.3

6.0

The technician shall, as required, secure a Radiological Work

Permit (RWP) bnfore handling Radioactive Waste.

Laboratory safety requirements per the Nuclear Plant's procedures
shall be adhered to at all times.

The technicians shall:

Use all safety precautions necessary to eliminate hazards and
injury to self and others,

Perform test with utmost care to prevent the spillage of chemicals
to surrounding area.

Clean-up the area immediately upon completion of testing,

NOTE: Materials used in solidifications as described by this
procedure have been regarded as safe and non-toxic to
handle, however, care should be taken to minimize skin
contact, inhalation, or ingestion of any chemicals used.
If caustics, acids, and emulsifiers are handled, follow the
safety precautions as outlined in the Safety Data Sheet in

Appendix 3,

CHEMISTRY OF WASTE

MI/Misc.#2

The utility supplying waste snaii provide waste ~omposition and
properties necessary to accurately identify the waste to be
solidified, See Appendix 4 for a detailed list of properties

needed for identification of the waste,.

- Page 6 -




The technician shall obtain an approved current Radiation Work

The technician shall have on hand necessary chemicals and

The waste sample to be solidified must be representative of the

Waste Recirculation of batch tank (waste storage tank) shall be

confirmed by utility as having been recirculated at a minimum

During the recirculation oeriods, if for any reasons the
recirculation is stopped, the waste generating facility shall
restart the recirculation period from the beginning and

recirculate the volume inside the tank at least three (3) volume

If any of these conditions occur, it will be necessary to restart
the recirculation process from the beginning until at least three

(3) volume turnovers or more to insure a homogeneous mixture, and

7.0 SAMPLE TESTING SOLIDIFICATION PROCEDURE
7.1 PREREQUISITES
7.1.1
Permit (RWP) prior to entering the work area,
7.1.2
equipment to perform sample testing. (Table 1)
7.1.3
waste to be solidified,
7.2 WASTE RECIRCULATION
7.2.1
three (3) volumes or more to insure a homogeneous mixture.
7.2.2
turnovers or more to insure a homogeneous mixture,
7:8:3 If during the recirculaion periods:
7.2.3.1 Additional waste is added to the tank,
7.2.3.2 Additional chemical is added to the tank,
7.2.3.3 Additional water is added to the tank,
7.2.3.4
resample the batch tank.
MI/Misc.#2 - Page 7 -




7.3

DESCRIPTION OF TEST SAMPLE PROCEDURE

7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

7'3.6

1.3.7

7.3.8

7.3.9

7.3.10

MI/Misc.#2

Verify the chemistry parameter of cunstituent, and prepare sample
for solidification,

Measure additives and Modified Portland Cement (MPC-1) volumes and
record volumes on P,C.P, sample test worksheet (Appendix 2).
Dispense 100 ml of the heated waste sample into a 600 ml beaker,
Record pH and temperature,

Add the predescribed additive to adjust the pH to a 10,5 to 11.5
pH range. Record results,

Add the predescribed Modified Portland Cement (MPC-1) to the
pretreated waste sample and mix for one (1) minute., Allow sample
to cure unsealed undisturbed for 30 minutes minimum, longer if
necessary.

Check sample for Free Standing Water (FSW) and hardness. Record
observation on P.C.P. sample test worksheet (Appendix 2)., Check
sample as often as practical to record data necessary to verify
sample under tre Acceptance Criteria 6.4, Record results on
sample evaluation sheet Appendix 5.

Perform several samples on the same waste stream varying the
additive and MPC-1, Record the results in Appendix 2 and Appendix
S,

Select the sample that demonstrates the best: waste to binder
ratios, with no free standing water and with the maximum hardness.
Repeat P.C.P. test sample solidification selected for
repeatability.

Use the data sheet (Appendix 6) to scale-up the P,C.P., test sample

solidification to the planned full scale solidification.

- Page 8 -



7.4

SAMPLE ACCEPTANCE CRITERIA

7.4.1

7.4.2

7.4.3

7.4.4

7.4.5

7.5

The verification of sample for acceptance is confirmed by the use
of actual waste material used in full scale solidification plus
the additives and cement to produce a homogeneous, free-standing

monolithic structure, The acceptance criteria is:

Visually inspect for defects in  structure, uniformity,
free-standing water, and the free-standing monolith, Use Appendix
5 for quality assurance of the final product to be used on the
full scale solidification.

The final cured end-product shall resist penetration when probed
by hand with a spatula or a firm object, using normal limited
force,

One representative sample shall be tested from each tenth batch of
each type of wet radioactive waste to be solidified.

[f any test samples fail to pass the acceptance criteria per
Section 7.4,1 and 7.4.,2, then full scale solidification of the
failed batch shall be suspended until the parameters are
Jdetermined and a successful test sample has met the acceptance
criteria,

[f the initial test sample from batch of waste fails tc pass the
acceptance criteria, then testing shall be perfr-med untii at
least three (3) consecutive initial test samples have demonstrated
solidification and meet Section 6.4,1 and 6.4,2 acceptance
criteria.

SAMPLE REQUIREMENTS

MI/Misc.#2

- Page 9 -



7.5.1

7.5.2

7.8.3

8.0

A representative test sample of waste material shall be solidified
prior to full scale solidification and meet the sample acceptance
criteria (6.4).

The waste sample shall have necessary chemistry (Appendix 4)
performed by the waste generating facility to adequately evaluate
the parameters for test sample solidification.

The technician shall wuse the acquired skills in sampling
technique, volume calculation, the number of times the volume has
turned over, tank level changes and temperature changes to insure

a representative homogeneous sample is received for the P.C.P.

TEST SAMPLE SOLIDIFICATION DOCUMENTATION

8‘1

8.2

9.0

Using the P.C.P, sample test worksheet (Appendix 2) calculate and
record the required test information for all test samples
performed,

Appendix 7 Solidification Data Sheet

ADMINISTRATIVE, RECORDS AND PROCEDURES

9.1

9.2

MI/Misc.#2

Copies of all documentation shall be forwarded to Bartlett
Nuclear, Inc. Project Manager or his designee immedi.tely after
full scale solidification,

A copy of all documentation shall be retained and maintained by
the technician in charge. This record is auditable and shall be
kept on file for a period of six months, After six months these
records shall be forwarded to the Bartlett Nuclear, Irc. Project

Manager for final disposition,

- Page 10 -



9.3

9.4

MI/Misc.#2

A copy of all documentation shall be forwarded to the utility
Radwaste Supervisor or his designee upon completion of the solidi-
fication process.

The Bartlett Nuclear, Inc. worksheets and related documents are
considered proprietary information and are not to be distributed.
All documents shall be maintained in a control file by the

technician, and the project manager and the utility,

- Page 11 -



- TABLE 1 -

Recommended equipment for test sample solidification

Thermometer 0-212°F

pH paper Range 0.0 to 14.0
Triple beam balance 0 to 1000 grams
Stirrer/hot plate - variable temperature control 0° to 600°
Graduate Cylinder 150 ml

Plastic disposable containers with lids
Spatula - wooden or metal

Pyrex beakers 60U to 1000 ml

MPC-1 2000 gm

NaOH 1000 ml

Ca(OH), 1000 gm

Emulsifier 500 ml

Acceleration 500gm

MI/Misc.#2 - Page 12 -



APPENDIX 1

The following is a description of tests pe~formed on the Bartlett Nuclear,

Inc, radioactive liquid waste solidification cement,

TEST ¢

1-1
1-2
1-3

1-9

1-10

1-11

2-1

MI/Misc.#2

COMPOSITION
50% EHC oil, 50% water (H20)
25% EHC oil, 75% water (Hj0)
75% EHC oil, 25% water (Hp0)
6% Boric acid (H3B03) in
water (Hy0)

24% Boric acid (H3B803) in
water (Hp0)

12% Boric acid (H3B03) with
10% EHC oil, 90% water (Hy0)

30ml detergent, 30ml EHC oil,

30m1 of chlorox (NaOCL) in 150ml

of water (Hy0)

15m1 mineral spirits, 15mi
EHC o0il, 36% Boric acid (H3B03)
in 150ml of water (H0)

57ml baking soda (NaHCO3) in
150m] of water (Hp0)

60ml vinegar in (CH3COOH)
in 150mi of water (HpU)

Baking soda (NaHCO3) in EHC oil
and water (H»0)

28.34gm salt (NaCL) in 60ml of
water (Hy0)

- Page 13 -

RESULTS
solidified hard, no liquid
solidified hard, no liquid

did not solidify completely,
but no free liquids present

solidified, no liquid

solidified, no 1iquid

solidified, no liquid

solidified, no liquid

solidified, no 1iquid

startad foaming in about 3
minutes, and continued to foam
for about 1/2 hour; volume
increased to about  300%
original volume. Tested for
Hydrogen - none present,
Eventually solidified, very
porous, alot of voids in the
solid,

solidified, no 1iquid

the mixture foamed as in 1-9
but the volume increased only
about 40%; then solidified
very porous, solid after about
1 hour.

solidified, no liquid



APPENDIX 1

TEST # COMPOSITION RESULTS
2-2 15m]1 caustic soda (NaOH 50%) solidified, no 1iguid

in 150m1 of water (Hy0)

2-3 Carbon dust (C) and saw dust solidified, no liquid
(wood particale) in 150ml of
water (H0)

2-4 Carbon dust (C) and water (Hp0) solidified, no liquid

2-5 60m] alcohol (C3H;0H) solidified, no 1iquid however,
solids crumbled.

A 1 gallon container containing; floor sweepings, wax, alcohol,

EHC oil, motor oil, mineral spirits, water, lye, baking soda,
detergent, etc. - solidified, no liquid

MI/Misc.#2 - Page 14 -



APPENDIX 2
ate: PCP Sample Code:

e lank:

P.C.P. SAMPLE TEST PCP_# USED
T WORKSHEET

ron
cific
2

TWASTE T ADDITIVE #4
SAMPLE {VOLUME | CEMENT ADDITIVE #1 | ADDITIVE #2 ADDITIVE #3 pH-adj
w m_

mL (T° |gm jpH |T° | gm pH [ s gm pH T° | gm pH T® | mL { pH | T®

.ravisxf

"’Omwmmbuw-— -

éAHPL;
ONDITION
Time 1 1 P = Pourable
¥ |Start hr hr hr hr oT = P S dhans
e - e ——— = Pourable c
KEY ] 7° JFOW KEY | T° IFSW IKEY | T° IFSW IKEY | T° JFSH -
) NP = Non-pourable/stirable
2 FS = Firm soft/cure begins
MH = MED hard/can be probed
3 with resistance
B FH = Firm hard/probe with
. resistance
P HH = Hard hard/not probe
. FSW = Free standing water
8
9
10

]

MI/Misc.#2 - Page 15 -



ITIAIENIAL JRTEL ] Vi Vil APPENDIX 3

EFFECTIVE DATE: _March 31, 1981

PRODUCT NAME: NONIONIC SURFACTANT
CHEMICAL NAME: Alkyloxypolyethylenoxyethanol CHEMICAL FAMILTY Polyethylene g"ycgl ether
FO—;JCJG - C12.14M28.290(CH2CH7 01, CHaCH, OM MOLECULAR WEIGHT ~ 5396
SYNONYMS Nonionic Surfactant
DEPARTMENT OF HAZARD CLASSIFICATION None -
TRANSPORTATION ' gsHIPPING NAME None
CAS » 68131408 CAS NAME Alcohols, Cy, .| ssecondary, ethoxyldsted
Yt T
BOILING POINT, 760 mm Hg >280°C(>482°F) Dec. |} POURPOINT 6°C(43°F)
——————— ——————————— ———— — — 5 EETI—— n — — ""-"71- ——— sy
SPECIFIC GRAVITY (H:Q = 1) 1.006 at 20/20°C VAPOR PRESSURE at 20°C o 5“"3 kga;
e T TR S ILITY IN .
JAPOR DENSITY (air = 1 > WOALTUE??_L“‘.'Dy wl Miscible
SER CENT VOLATILES | EVAPORATION RATE o o
gY VOLUME o (Buty! Acetate = 1) 31

APPEARANCE AND CDOR Essentially coloriess: miid and characterstic odor

MATERIAL % TLV (Units) HAZARD

. Nurion:c Surtfactant 100

Noni: established Cor-os.ve 10 eye

FLASH POINT 380 °F. Pensky-Marten: closed cup ASTM D 63

test methodis)| 470 °F, Cleveiand open cup ASTM D 92

FLAMWMABLE LIMITS IN AIR. *; by volume Not determined (nonvolatile mater:ial)
EXTINGUISHING Use water spray . carbon dioxide, dry chemical, alcohol type or universal-type
MEDIA foams applied by manufacturers’ r ommended technique

SPECIAL FIRE FIGHTING

Don't spray pool fires directiy. A solid itream of water
PROCEDURES

directed into hot, burning liqu:d could cause frothing

JNUSUAL FIRE AND
EXPLOSION HAZARDS

—ywr
Wmaﬁ'ﬁ_
304/744.3487

This number 1 avadabie days, Mghts, weexendy a0d NoLdave

None

“O - XN AON DR wves Mal (P8 Jald L ONMBORD NIEA 48 e lust 0D (NG LONHOM U ENIRd MR RO e 00 S:0eN 1SN nyg (Ne ragiy O IRe (eI
B yo~ DO RN R e T e 0N o mhe ™ ON (& Dude *nah LT Y V9N AUV v AR " e W ey
Y o or Any yir PO 310 470 NI 0N MYl D Q@ g Ly e - o - JINCR wih aguin dlve ) rie g aw oo .

UNION CARBIDE CORPORATION *» ETHYLENE OXIDE DERIVATIVES DIVISION
OLD RIDGEBURY ROAD, DANBURY, CT 06817



APPENDIX 3

TLV AND SOURCE: None established by ACGIH or OSHA

- ——

ACUTE EFFECTS OF OVEREXPOSURE

SWALLOWING May cause nausea and vomiting.

= - — —
SKIN ABSOHPTION Cavy or prolonged exposure may result in the
INHALATION None currently known.

L absorption of harmtul amounts of material.
W |
{

SKIN CONTACT

— — o — ——— — —— C— — —— ————— - —

Trace of transient reddening of skin.

|

EYE CONTACT | Causes severe corneal njury.

L ———— . — — . — ——— ———————  —— - ———— . . - -

CHRONIC EFFECTS |
OF OVEREXPOSURE

None currently known.

OTHER HEALTH ?

@

None currently known

EMERGENCY AND FIRST AID PROCEDURES

Orink 2 glasses of water and induce vomiting by
putting finger down throat. Call a physician.

- - - ——— o ——— . ——— . . ) —

SWALLOWING

SKIN Flush with water.

- —— . s e - — . — . ———p—

INHALATION ' No problems anticipated.

| Immediately flush e #s with plenty of water.
EYES ’ Call a physician.

NOTES TO PHYSICIAN

This nonionic surfactant has a relatively low order of toxicity.
Treatment would be that for any mild surfactant and is primanly
Jdirected at control of symptoms. No specific antidotes are known.



STABILUTY
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UNSTABLE

STABLE CONDITIONS

|
|
TO AVQOID i None
v |

INCCMPATIBILITY
(matenais o avoid)

None

HAZARDOUS COMBUSTION OR
CECOMPOSITION PRODUCTS

Burning can produce carbon moncxide and/or carbon dioxide.

HAZARDOUS POLYMERIZATION f

May Occur Will not Occur CONDITIONS |
TO AVOID ‘ Nese

ey v i

. @l
b2
- :

STEPS TO BE TAKEN

B L L e T ET R R

| Wear suitable protective equipment, especially eye protection.

| | fl
\F MATERIAL IS RELEASED _ Small spills could be flushed to a chemical sewer with large amounts of water.

OR SPILLED

Larger spilis should be collected for disposal.
Toxic To Fish —avoid discharge to natural waters

WASTE DISPOSAL METHOD

Incinerate in a furnace where permitted under appropriate
Federal, State, and local reguiations.

SPELARERT

RESPIRATORY PROTECTION

None required

specify type)
- DO S o s - S o . S s e S
VENTILATION Generul room ventilation is satisfactory

PROTECTIVE GLOVES

Plastic PROTECTION Manogoggies

OTHER PROTECTIVE
EQUIPMENT

L <y Py .
.4'0' th:; .,4

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING

Eye bath and safety shower

R R A - L T - F AL IO S e

Do not get in gyes, on skin, on clothing
Keep container closed

Use with adequate ventiiation.

Wash thoroughly after handling

FOR INDUSTRY USE ONLY

QOTHER PRECAUTIONS

F435308
381 25m

None

Printed 'n U.S
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Q L SAFETY DATA Si EieRag | N — 2
—u‘ (o -
CORPORATE RESEARCH & DEVELOPMENT S (,*’:;}3 ’
.  SCHENECTADY, N. Y. 12303 LI mDG |
Phone: (513) 185-4C8S DIAL C2i0¢ 89235-4085 BTN LU N

SECTION . MATZRIAL [DENTIFICATION
PUATZRIAL NAME: CALCIUM EYDROXIDE . .
OTHER DESICNATIONS: Hydraced Lime, High Calcium Hydraced Lize, Causeic Line, Calcium

Hydrace, Slaked Lize, Ca(CH)2, ASTﬂ C259, CS53, etc, GE Macerial D483, CAS? OOL 30S 620
FANUFACTURIR: Macerial available fros many sources, including:

Harshav Chemical Company Warner Co., Ind. .41 T
1545 £ 97th Screet Ielechone ?0 3ox 443 L DLv1§‘2:°n°n'
Cleveland, OH 44106 (218) 721-3300 Bellefonce, PA 14823 (717) 385-aibl
SECTION [, INGREZDIENTS AND HAZARDS 4 HAZARD DATA
Tvaical Comsosizisn:” =
Calcium hydroxide, Ca (CH)2 >80 | 8-hr TWA S a3/=3
Calcium cardonace, Cally . <4
.Magnesiua cxade, MzO <3
Qther oxides (Al203, Tez03, Si02, ece.) <3
0 .
*Commercial macerial prepared by hydracion of lize. Fl Rac, oral L3go
B 7340 =3/%g
**The current level reco=mended by ACCTE (1978). .

SSCTICN I1I1. PHYSICAL DATA |

Decasposicion poias, deg € = 580 Specific gravizy (HzC=l) - 3 - B A
sater solubilicy, g/100 sac. soluczion: BR of saturaced soluziocnat iSC - 12.5§
ac 0 C 0..285 Molecular weighs Ca(CH)y 74.1
at 25 C 0.139
ac 100 C c.071
pppearance & Ndor: Cryscals or sofs, vhize powder ar gracules, Cdorcless.
SECTION [V, FI3E AND EX2L0SION DATA .cw23| 2323 |
s.380 f01a% an: “etnce AUSSLIIni2:30 Te=s, flasiman: ity Lawssg 18 Ace|
|
Exsingsisaing Mecia: This zacer:ial Ls nonflazszasle. Usc exIimguiasning =esid waiia is

appropriate for the surrcunding fire.

rhen heated above 580 C, mater‘al can decompose to praduce Ca0. “hen this zacertal (s
involved in a fire situacisn, firefighcters should vear full procective clathing, and use
eye procaciion and self-conzained breaching apparacus.

3ECTION V. REACTIVITY DATA - !

This Ls a scable solid ia 3 scaled concainer 3¢ roem temserazure. when exposed 3 the a.sf
t¢ will absord cardon dioxide and for= calcium carsonsze, Whcn heaced at temperatures

l

above 580 C, it loses wacter 2o form calcium oxida ar lisme. '
Calciua hydroxide Ls a stranzly alkaline =acerial whizh i1s incomsaziSle with acidic =a-

terials. s forms salts vich nizsoparaffing (n cthe sresence of “Ites s S22 AT exals— 4

sive when dried. [: cam zause the cxplasive daccmsosizisn of =alais 4n~vdrxdc Soil.n s

\
elezencal ohosphorus 1a & c3lclum hiydroxide soluzisa can Liserace ssoncanecusly fla=- -
"acle pnosphines. }

CENEAAL DD BLECTRIC  commnsmiom oy Gumms Sinvme Comamer
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Na. 33

SECTION VI. HEALJH HAZARD I[INFORMATION TLY b

S me/m

This alkaline macerial in the presence of moiscure, is irrizacing and caa be dazmaging to
human ctissue. Excessive skin contacc will irritace the skin and produce dermacicis.
Eye conctact gives a burning sensacion wich irricacion and possible injury. Innalatiaon
in dusc form is irricacing and can be damaging to the mucous membranes of the upper
respiracory ctract. Do noc {agesc, ”
FIRST AID: i .
Eve contacc: Prompcly flush wich pleacy of running vater, including under eyelids, for
ac leasc LS =inuctes; then, get prompt medical actention.

Skin concac:: Wash exposed skin with plency of wacer. Rerove contaminated clothing
proapely. Cet medical help L{f exposed area (s large or Lf {rricacion persiscs,

Inhalacion: Remove to fresh air. Contact physician izmediacely.

Ingescica: Ciluce by giving 2 glisses of wacer or =ilk to drink, folloved by frut:
juice or diluted vinegar to neutralize the alkali; chen, consul: physiciaa.

SECTION VvII. SPILL, LZAK, AND DISPOSAL PROCZIURES

"

These invelved in clean up of spills should use procective equipmeat (See Secc. VIII).
{2k up spilled povder avoidinz duscing concicisns and place Lo a cleaa steel conzaiser

for disposal. Safecy recscnnel should be invslved when lirga spills occur. Traces of
residue can be flushed to cthe sewer, but neurralizaticn before flushizg may be requiced

DIS?35AL: Follow FTederal, Stace and local regulacicas for disposal. . Consider cthe fol-
lowing mechods of disposizg of scrap macerial: Use to seutralize wasce acid; or spread
oa surface of ground ia an isolaced, protected area to react wich CO; from the air to
fora CaCly (limescone); or discerse in vater, neutralize with hydrocnloric acid, pre=-
cipicacte witlr soda ash. and {lusn co sewver with auch wacer zo keep below 250 =g
waCl/licer.

SCTION VIII. SPECIAL PRCTECTION INFORMATION

?zovide general vencilacion and local exhaust ventilactioa for dust contral (or =isc con-
trol Lf used 13 a vater dispersion) co meet TLV requirements. Provide approved dust or
aist respiracayTs or self-coactained respiracors for non-routine or ezergeacy
use above the TLV. '

wear rusber gloves, pratec:iive clothing, apron, safaty glasses or goggles, face shield.
ets. Co prevent skin or eye coniact with chis macteiial as requiced for the condicions
under vhich ic is used. An eyewasnh scation and safacy shower must e readily availe

Able where this macerial, or its wvacer dispersions, are used,

SECTICON IX. SPECIAL PRECAUTICMS AND COMMENTS -~

Store in cool, dry area in ctignily closed concaincr., Procecs container irom physical
damage. Keep awvay from acidic macerials and othar i{ncompacidles (Sce Sect. V).

Prevene contact wvith the dbody or tnhalacion of dust or misc. Use due caution in sixing
with water and handling the alkaline vater dispersions of this macarial (ailk ef lime).
Follow good personal hygicne practices.

C . _|arrmeuans: 33 O,{U_gW‘

A= "eArrere PART . 4 % L.2 Y N H ]

gz SOURCE £S) CO0%= 4.2, . Yol sOSLSITISL vSlans ; J‘IW
- W - -GS S . S - B g it s e e Y= T afae /‘7/ / ’u’A:J
SR — T— 0 — — TR —— 1 .. — ~ /

(SR —— @ ah o G wn | ot ae—— ‘:Js‘ﬁOrJ:. Megical
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SECTION .

MATERIAL I[CENTIFICATION

-

PATERIAL NAME: SODIUM HYDROXIDE )
OTHER DESICNATIONS: Causcic Soda, Soda Lye, NaQH, CE Macerial DL34, ASTM D436,
OESCRIPTION: This macerial is an anhydrous solid (flaka, pcll.:. ecc.) CAS? 001 313 722
MANUFACTURE®?: Available from =many suppliers.
SECTION [l. INGREDIENTS AND HAZARDS | = | MAZARD oata |
Typical content: Ceiline Limie
Sodium Hydroxide (NaOH) ' . 96 2 2g/29
Impuricies:
Sodium Carbonate (Na2CQ3) -~ 0.5=2.5
Sodiua Chloride (NaCl) 0.01-2.1} _ °
Sodius Sulface (Na2s04) 0.02-0.1
Pozassiuz, Calcium and Magnesium 0.1
Silicon Dioxide (Si0Q2) 0.03
Other mecals (zocal) - ' 0.01
- ' ' ¢ “

SECTION [Il. PHYSICAL DATA

3eiliag poinc, | axn, deg C — 1328 Vapor pressuce, == Eg @ 1000 C e o2 |
Srecific gravizy (20/4 C) = 2,13 Q@ 1200 C = 222 |
Volaciles noa-volaczile Viscssizy ac 350 C, cps “d
at room Wacer solubilizy, 2, @ 0 C e~ 17.%
tcemperacure @ 100 ¢C 7.8
Malciag poisc, deg C 318 - -
Appeararce & odor: White or off-white, hygroscsapic solid; =o adar.
SECTICN [V, FIRZ AND 2/PL0S!ON DATA Lovga| o822
rL4a%) P12 and “etnce AUSSIgALEtIOR Te=g., | F.2®=mss._ .27 L .= .23 (8 A.2} '
None = noz csmaustible N/A R | N
Alchough 4t i3 not combustible, L& can bde hazazdsus Lf prasent in 3 fice az.a. Tha
folloving should be known for fire figncing: (1) I2 canm =el: and £law vhen heaced

(2.p. 318 C). (2) !loc or molien macerial can react violeasly wizh watser (splazzsring).
(3) Can react with certain =:ecals, such as alusinusz, ¢35 Zenaracze Zla_=asie nydrsgea jas.
(See also Reactivity Daca, Seccion V)

3ECT

-

ION V., REACTIVITY DATA

[ec L8 & stadle cacerial unuat A0r=aL concisians of staT3za. o jest-poliymerilatisn. N
hazardous decomposition products. Slowly L2 can pick up =oiscure frsa the air and reas
vith carton dioxide from cthe air 2o form sodiua cardona:ze.

A

Sodius hydroxide can react vialently with sgrong acids and wish =any arganic che=icla.s,

expecially with aisrocarsons and chlorocarsens., (WLll reazs wizit srizilsroethylere I3

- far= sponcaneousty fliz=asle dicnlaroacesy,ane.) [z
- . s

solvas in vacer. '

Avoid contact with leacher and wool ard wilh aluzinus,
these secals.

S T N R

geterates =ush heas when il sise

GENERAL £ ELECTAIC

Conrngni D w 1110 0s Goreal Lo vie S amaany
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NO._ 3
¢ ﬁecnou V1. HEALTH HAZARD INFORMATION TLv (Ceiling Value) 2 mg/md

5odium hydcoxide Ls 3 scrong alkali and 1s dangerous wnen izpraperly hancled. [t can be
destrucsive to all huzaa tissue it contaces, producing severe burns. Zye contact can prmL
duce severe or perzangnt injury. Dust or mist inhalacioa can injure the encire respira-
tory tracc. i FIRST AID -

Cye contact =~ Wash eyes immediacelvy with piency of running vacer for no less than 15 sin-
uctes, including uncer tThe eyeli.as and all surfaces. Speed in rinsing out the eyes wich
wvacer after conzact is extremely imporcanc if permanent i{njury is to be avoided. Contace

physician as soon as possible. . .

{ngescion - Iomediately dilute cheamical *y drinking large amounts of wvater or ailk, thea
neutralize wich 2ilyce vizegar or fruiz juize. Vomizing may occcur sponcanecusly, buz do
nsl luduce {t. Conract a physician proapcly,
Iahalacion - Remove from exposure to mist or dusc and get prompc medical help.
- PBkin contact = Wash conzact area prempsly wizh large quanzizies of wvacer. (Diluse acetis
acid, vinegar, can be used tO neuctralize.) Remove conzaminaced cioching under the
showver. Prolong washing {o serious cases until zedical help arrives - even for an ﬂ

hour or longer. Physiciaa should see all cases ocher tran =mircr exposures o s=all area

al atiidw

SECTICN VII. SPILL, LEAK, AND D!SPQSAL PROCZDURES

[Anen $3..3 $0Ciu3 NYEISXIZE LS 5PL--€3 L0 4 QY CONSLtLon, Lt Can 5S¢ PIOCpCLy snoveiea up
for tecoversy or disposal. (CAUTION! Aveoid dusting. Aveid contact with the skin.) Cencrsl
the disposal of the waste solid. (Delay in clean up may allow absorption of moiscure
from che ar=ospnere and =ay increase the difficulzies of =lean up.) Flush comta=iraced
surfaces wizh vater and ceutralicze with diiuce acid, preferatly acecic acid, %o re=ove
£inal craces. (Sodium bicarbornate =ay alsc be used zo partially neutralize.) Fizally,
rinse wiih wacer. I
Discosal of wasce is greaczly dependent on local condizisns and requirements. Pre-ezergenc;
p-ans shoulld se z=aie 0 =eet legal and tecmizal Teqlizezen:s. Wasce caustic should never
Se deliseraczely cischarged Jirec:ly into sewvers or surface wacers. (Fizss, conver: o
seucsral sal:s and dilute well wvich wvacer.)

-

SECTION VIIl. SPICIAL PROTICTION [NFORMATION g

Tovide acequate veniilacioa o zeez TLY regquireamencs, espec_ally wnere dustisg or =istizg
}| comdizions can exist. Use filier-cype respirator for =ist azd dust protecsion where
Needed.
'se cre=zical safetv goezles! A plascic face shield canm also Se used.
[Jse tusscer glcves, cTusser aprom or pratective clochizg, rubber boots where needed to Fre=
vent c3alact wilh sodiuzm hydroxide, especially wnen solutisns are prepared.
Eve vash foumziins and s3fazv showess =us:s Se i=—eciacelv availasle!

SECTION IX, PIC.AL PRECAUTICNS AND COMMENTS

'-'O!Ll!l SNOULd NCS Je JeT=illea 0 nancle SALS =acorial WALAOUD pToper ITAaLNINg OF 0 worH
with (¢ withou? ’Totective equipmenc.

Store fa wvell-sealed containers. Avoid handling conditions cha: =may lead to spills and
leaks, or to for=acion of =istc or duse.

“lierever this =acterial {3 scored, unloaded, handled or used abundanc wacer (preferably”
funning wvater) should be available for emergency use.

Drains for scorage or use areas for this macterial should have retenzion basias for pH ade

justaent and dilucion of spills and flushings before discharge.
This cacerial s classified as a CCRROSIVE b5y the Departzent of Transoorcacion.

The pellet fora (s prasasly zhe safest solid fors for/momer —
{s prabacly ¢! PPROVALS: MT 2 W, VoAb
Randlinz and dispensing. . wraLs: MIS, CRO Y y
- - s & [ P —— Chnaes § 5
-~ .--'.-‘-‘.""-:QO - -o-_. --—-.--o:: "—"":“-‘s-.-Qa.L' Q;'/".er:eé’?.//
- s e S e | d— an2 Safernv . [ lar
et S — -
. - - T ——— . —— —— -,y oI s s s ——— e
- - e e L SRl D T, ¢ S SO . A — . " -
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( . n
MATERIAL SAFETY DATA SHEET §'-;§‘=83 Na.
- mb. . »
" CORPORATE RESEARCH & DEVELOPMENT &5 G"Tlé SOOILY YYIRCNXIDE
T SCHENECTADY,N.Y. ... b 93'7" s0z QU
| INFORMATION
. ) Dace October 1377

SECTION I. MATERIAL [DENTIFICATION

MATERIAL NAME: SOOIUM HYDROXIDE, SCGZ LIQUID

DESCRIPTION: A 50X soluction of sodium hydroxide in wvater

= OTHER DISCRIPTIONS: Liquid Causcic Soda, Lye Solution, GE Material D4Z4Al
MANUTACTURE: Availadle from zuny sources

SECTION [I. INGREDIENTS AND HAZARDS z HAZARD SATa
Sodiunm Hydroxide (NaCH) i >48.5 |TLV 2 ag/a’ (9)"
Tvotzal Maior Izsuricies:
Carsonace (as NayCly) . <0,25 ol
Ciloride (as NaCl) <1.15 - ]
Ciorace (as NaClldjy) - ) . €n. 2% =2 s°l“--::‘
Sulfate (as NapS04) = v <0,03 "“:::‘- 7§“ Lt
Silica (as $102) , <0.01 e
Water ¢ : 3alance
- *ACCIE recom=ends no exvosure above this ceiling level
' (C). CSEA has cthe same TLV but no ceiling level ac chis cise.
{ ‘ SECTION (I[, PHYSICAL DATA i
Inizial boiling pe, 1 acm, deg C — ca 140 Wacer solubilicy Co=pleze
Vapor pressure (vater), smig: Spec. grav., 15.6/15.6 C 18
ac 80 C ca 13 Viscesity at 20 C, cps == 50
ac 82 C ca 60
Appearance & Qdor: A clear liguid, ano odor
SECTICN [V, FIRS AND EXPLOSION DATA |Lawga|_s2z2 |
$ad87 f910C 3ng “eI=o3 dutorzatcion Tems. | Flias=asi_.2v Li=i:s :n ALrr
Nome = not sa=huscible ' '

Use wacter spray to ccol containers of this zazerial v izh are involved iz a Zice
situacicn 2o help prevent rupcture. _

Sodiua hydroxide will react with =etals such as alusinua, 2ia, and zinc 2o generate
flaczable and explosive hydrogen gas.

SECTICN V, REACTIVITY DATA

This =:acerial (s scable under nor=al storage condiczions in a seales concainer. .o
polymerizacion will occur; theres are not hazardous decomposizion products.

It will reacet wvicth COy in the air (vhen exposed) 2o fara sodius carcdonate.

Iz vill react violencly with acids and with m=any organic chez=icals, especially
nitTocardons,—amed Ralocasdons. '.':‘.:“t,oroc:hyluc will react 22 farm spontanecus.y

. - flam=adle dichlarsacezylene). e —

Aveid contags wizh _leatner_and M n-g__z_r;:b =iz in, 2inme, and alleys waicn
L C3TYin taee se=wis. —

GENERAL D ELECTAIC

Convngni D « 1179 By Gonerns (loe v C vy
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No. A -

-

SECTION VI, HEALTH HAZARD [NFORMATION TLv2 mg/a’ (ceiling for NaOH)

“hen improperly handled this sctrong alkali L{s dangerous. It is de .ccuct-.ve of all
human tissue it concacts, giving severc bumms. Lye co.tact will produce severe
:r permaneat injury. Iohalacion of misc or spray cam iniure cthe-encira respiracofry

r“‘ - s

FIRST AID: .

Eve concacs: Wash eves izmediacely wizh plency of running water for 1S xinuces,
including under eyelids and all surfaces. Speed i(n rinsing out eyes is Lzporzaac
Lf persanent injury is o be avo.ded. Cet medical help i=sediacely.

Skin contacs: Promptly vash erposed area with lossg of vacer, (Diluce acesic acid
Or vinegar can be used O neutralize,) Remove contaminaced clocthing uiser rhe
shover. Prolong washing in sericus cases uncil doctor arrives - ever i5t 35—
hour or longer.. Cet medical help for sericus exposure.

Insescion: Imzmediacely diluce by drinking wvater or =ilk and chen aencralizs vith

giiu:@ vinegar or fruiz ijuize Conzact physician prom . ¥ is ¥
Sponilnecuscy., Bui 35 asf I3duce 182 y Prompely. Vemizing may eccus
Inrslgeiaa: %empye fraw evacerre 23 TisSt and ges arorac medical hels.

| Futa ™89

SECTION VII. SPILL, LEAK, AND DISPOSAL PROCZSURES . {

]
?lanning anead essencial for hancling spills. ~Persoanel <49TALNg On ciedd ud 3usT |
use proteciive cloching and equipment 0 prevent hoay contacs wiz: che “dquid,
Abundant ruaning wacer snould be availadle for energency use.
Pick up spill with vacuuzs equicment (alkali resiscanc) for disposal or flush co
holding area with wacer. Neu:tralize residues wizh 'diluce acid and rinsewithwvacesl
Disacsal - Dispose of scrap ia acsarcance wich pre-emerzency plaaning aad local,
Stace and Federal regulacions., Waste caustic zust never Se discharged dizeczl
Co sewers or surface wacers. Firsc coavers %o neutral salcs aod diluce well wizh

vater. Ianfsra legal auchorities of unconzrolled spills.

SECTION VIIl. SPECIAL PRCTICTION INFORAMATICN

Provide adequate general venzilacion and exnaust venszilacian o =eet TLV require-
2encs, especially vhere possidilizy of =zis: formacice exiscs. Coasider alse of
=ist respiracors. ‘

Use chemical safecy goggles for eye protection, and, {n addizion, use a face shield
{f splashing is probable.

Use cudber zloves, apron or procective cleshizg, and rubber Scots (z2ps covered by

. apron or cloching to prevent eancrance of causcie).. ’

Sve sash stuacisns and safecv sh~sers must be ir—edizzalv availasla’

SECTION IX. SPESCIAL PRECAUTIONS AND CCMMENTS . »

Do not permit vorkers £o handle chis macerial wichout proper zralaing or vitnout

proper equipwent,

Store in vell-sealed containers, vhich are procected from phvsical dazage. Avoid
handling conditions which can lead to spills or =isc for=acion.

Have abundant running vater available where scored, unloaded or handled. Drains
must have recention basins for pH adjuscment and neutralizacion of spilled =a=-

terials and flushings before discharge.

. '
00T classificacisn - CORROSIVE LIGUT! APPROVALS: M1s, cap w7, Vil
_fu-n'ﬁm'~~“--'-~c'~ﬁ~~-' - -
S 9.8 . - » . o Tomm g mms ] S a3
B 0 4 e P 5 vt moren S rane Comeen | LNCSSETIAL hygiene 2
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APPENNIX 3

Calcium Chloride

CHARACTERISTICS:

Caicium chioride is a powder or course granular
("Make”) product which. is hygroscopic (absorbs
moisture from the atmcsphere) and highly

PRODUCT MARKETS AND USES:

it jon when
dissoived in water. It forms a eutectic (lowest
freezing point) with water at a concentration of
about 30% CaCl, that has a freezing point of
about -65°F. it arasticaily lowers the meiting
tsmpersture of ice.

Construction

Porttang cement manufacture
volatiize akalles

Stesl and pig 1ron menutacture

*

ey @ Use
Buwiding munenance Freezeurooting water in firepais
Chemical manutacture Proguction of calcium saits

Cold-weather concrwte aaditive

Soil solditicauon Sclidifies loose. sandy soils when
Injected wgether with sodium silicate
Tractor tire wenghting Freazsproofs weter put in tires ta im=
Prove rastion Dy ncreamny wegnt
Drying mir and gases Direct arying compound Aemoves mcisiure by hygroscopicity

Highway construction Shoulder and base stadiization
compaction of soil
Highwey maintenance Oustiaying Meisture atsorded from the air pre=
vents dust formauon
Snow and ica controt Merts ice
Mimng Oustproofing and freezsproafing Retains moisture: lowers freezing
ore and coal point of resscdusl water
Peper manufacture Increases wed strengm of Prowides artificial water hardness that
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PROPERTIES:
SUPER
Flake FLAKE
Formula CaCly » 24,0 CaCl,y
Moiecular weight ., 147.02 110.99
Solubility See Graph
Heat of solution
(spprox.), Btu1% 130 292
o
(approx.) 103 103
% Caicium Chioride
10 30 40 %0 S0 70 %0
360
. 7
140 l
120 '[ -250
o 100 >
s 8 —-——180 ¢
3 | /Il 3
s 80 140 S
b . I3, 8
100
- +20 / 2 -
i e Rs
0 —
7 -1028
-20 : -20
-30 -
-0

-50
0 'J 20 30 40 S0 S0 70,80
% Calcium Cmonco‘,"’

Solutility of Pure Caicium Chicride in Water

METHOD OF MANUFACTURE:

Calcium chiorice is a co-product of the
smmonia-soda process for the manufacture of
soda ash. A process liquor containing calcium
chioride is purified, concantrated and solidified
on water-chilled rolis to produce the flake
product. This is then further processed in a
dehydrator to produce SUPER FLAKE™
Anhydrous Caicium Chicrice.

GRADES AND FORMS:
Powdered, 77-80%

Flake 77-30%
SUPER FLAKE, 94-87%
Liquar, 40-45%
Not for food or drug use

TYPICAL ANALYSES:
SUPER
Flgke FLAKE
% Caicium chicride
(CaCly) I7a 840
% Alkali chilorides
(as NaCl) 24 28
Screen analyses '
(cumuiative % on):
US No. 4 24 9.
20 87.0 84.0
30 99.0 955

PACKAGES AND SHIPPING CONTAINERS:

Grade Container Net WL
Powdered Paper bag 100 ibs
Flake Papetr bag 25 Ibs; 100 Ihs
Bulk truck
“opper car
Sparger car
SUPER FLAKE Paper bag 80 Ibs
Buik truck
Hopper car
Sparger car
Liquor Tank truck
Tank car
SHIPMENTS:

FOB Syracuse, N.Y.

SHIPPING REGULATIONS:
None

ADDITIONAL INFORMATION AVAILABLE:

Technical and Engineenng Service Bulletin
No. 16, “Calcium Chioride”, Form No. 75-36.

~Better Concrete with SOLVAY Caicium
Chioride”, Form No. 7522

PRODUZT SAFETY INFORMATION:

As with any chemical, calcium chioride requires
care in handling. Anyone responsible for the
piocurement, use, or disposai of the product or its
container should familiarize himseif and thoss
handling the product with the appropnate safety
and handling precautions invoived. Suet,
information may be obtained by wrtting to:

Technical Service :
Industrial Chemicals Division

. Allied Chemical Corporation

'PO.Box 6

_Solvay New York 13209
in the event of an emergenCy with this product,
call the 24-hour Allied Chemical emergency
aumber: 201-455-2000.
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APPENDIX 4
WASTE STREAM CHEMIS

TRY

Date: Time Sampled:

Tank Sampled:

Chemistry Tech:

Chlorides

ppm

mg/1

*—

other

Boron as (H3 BO3)

Ammonia

Soap/Detergents

Oils

.ganic solvents

Decontamination solutions

Neutralized waste
(Name of neutralizer)

Other

@

MI/Misc.#2

- Page 16 -



SAMPLE EVALUATIUN FUR QUALITY ASSURANCE APPENUIX 5

_ | SAMPLE NUMBER: DATE:
WASTE STREAM: INITIAL 0 F
) TEMP : c
ppm Boron:
0 F
INITIAL pH: TEMP: C
0 F
ADJUSTED pH: TEMP: C
pH adjusted with:
APPEARANCE
AMOUNTS TEMP, Thick, thin pH
gm/ml °F lumps, separation|Before(After

PORTLAND TYPE I

MPC-1/0S-1

L IME

SODIUM HYDROX IDE

EMULSIFIER
ACCELATOR
W
VQLUME: START ML END ML {RATIOS: Lliquid Vol , contain = Waste
Tnal Vol . vol vol

LV . NOTE : See Appendix
FV cv = Wy 6 for detail

{COMPLETE PRODUCT ACCEPTANCE CRITERIA:

TN STRUCTURE:

1. CRACKS: 2. LUMPS:

3. FOAM: T, DRY 3SPOTS:

UNIFORMITY :

{1. COLOR: 2. GRAININESS:

3, TEXTURE: 3,

MOISTURE:

1., DRY APPEARANCE: 2. VOL. M
MONOLITH:

1, RESISTANCE TO PENETRATION:
2. FREE STANDING:

NOTES:
nmo
UCT BY:

MI/Misc.#2 ' - Page 17 -

Technician Date
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To convert the P.C.P. sample formulas to full scale solidification use the following
calculation,

SUMMARY :

A

The volume of P.C.P. liquid additives, to include total volumes of waste, NaOH and
other liquid used.

B = The total volume after completed mixing of liquids and dry additive,

C = The VOLUME OF SOLIDIFICATION CONTAINER LESS the freeboard volume. I.E.,, 55 gal
drums contain 54 gal of liquid at 31" height less freeboard height of 1" = 31"-1"
= 30" x 1.74 gallon per inch = 52.25 gallons of liquid volume.

D = The volume of accelerator used in test,

E = Total grams of MPC-1, dry product.

F = A+ B x C = The total allow waste volume per 55 gallon container 100ml + 144m] x
52.25 gal = 36.28 gal of waste,

WASTE VOLUME
Waste Liquid + Liquid Additives A: ML
Final Mixtur2 Volume B: ML
Container Volume £ gal
Accelerator D: grams
MPC-1 £ grams

FORMULAS
A: m o, C: gal = F: gal of waste
F: 36.28 gal , E: 260 gr 4+ A: 100 ml , 8,33 conversion = G:

factor Total pounds
of MPC-1
0: _gm x 1,70 ) 1b/gm = H: 1b of Accelerator

Full Scaie Volume and Weight

gallons of waste = F:

MPC-1 pounds = G

Accelerator Pound = H:

MI/Misc.#2 - Page 18 -




APPENDIX 7

SOLIDIFICATION DATA SHEET
TINER DRUM # DATE OF REQUEST
LINER/DRUM SERIAL #
PCP DATA
TANK PCP DATE
OF
BATCH # PCP SAMPLE CODE
OTHER SAMPLE # USED
* CHEMISTRY DATA
°C/F
TANK SAMPLED TEMP OF TANK
°C/F
DATE/TIME SAMPLE PLACED IN REC. PH (TEMP CORRECTED)
___PPM
BORIC ACID CONC
SPECIFIC GRAVITY
ADDITIVE DATA
VOL. OF WASTE WT OF MPC-1
WT OF WASTE WT OF ADDITIVE
WT OF LINER W A VE #
WY OF ADDITIVE #
YOTALC WEIGHT
DATE WASTE RECEIVED DATE SOLIDIFIED

* CHEMISTRY DEPT. ANALYSIS DATA

MI/Misc.#2

- Page 19 -



APPENDIX II

‘Lr—;anklln Institute Research Laboratory, Inc.

A Subsidiary of The Franklin Institute

21 December

Bartlett Nuclear, Inc.
P.0. Box 810

10 Aldrin Rd.

Plymouth Industrial Pk.
Plymouth, MA 02360

Attn: Mr. Bruce Bartlett
Dear Mr. Bartlett

Enclosed please find Technical Report on Concrete Analysis for
use as a Matrix for Solidification of Low-Level Radiocactive Waste.
The four tests indicated that in all cases, the concrete samples
supplied by your organization met or far surpassed the criteria
boundaries set by the U.S. Nuclear Regulatory Commission.

It is unfortunate that time would not allow us to conduct the
remaining three *ests required. It is my understanding that the radiation
resistance test is to be conducted by a university. Franklin Research
Institute Laboratories would like to submit a quote for the remaining
two tests, Leachability and Free Liquid Tests. Under separate cover
we will propose testing the remainder of the requirements. Thank you
for allowing FIRL to be of service to you and hopefully to be able to
be of service in the future.

Please accept our holiday greetings for all members
and their families

Sincerely,

v

[?-‘u’LELU— :f‘Cja”*zﬁii

Andrew Cassell

]
Sr. Staff Scientist
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SECTION A

INTRODUCTION

In accordance with the U.S. Nuclear Regulatory Commission (NRC) technical
position (TP) with regard to waste classification and waste form, and the
implementation of 10CFR Part 61, solidification of class B and C, wastes may
be deemed acceptable by test methods outlined by the NRC.

The seven tests denoted in the notice supplied by the NRC include

1) compression test in accordance with ASTM C39(1)

or D621 test methods,
2) radiation stability in the presence of 108 rads, 3) biodegradation in
accordance with ASTM 621(2) and 622(3), 4) Leachability in accordance with
ANS section 16.1, 5) immersion test for a 90 day test and compression
stability, 6) thermal cycling in accordance with ASTM 3553(“) test method,

and 7) free liquid in accordance with ANS 55.1.

’ In accordance with the TP issued by the NRC, the Bartlett Nuclear Corp.

f Plymouth, Mass. and Columbia, $.C. approached FIRL, Inc. of Philadelphia,
PA to undertake the testing of special concrete material to be used as the
matrix for solidifying class A, B and C low level rad waste which will be
acceptable for near-surface disposal. Discussion of the test samples of the
concrete matrix will be covered in the section of this report titled
Procedure. It is the intention of this testing to report om the final results

of each test performed and in no way issue a certification of acceptance.

Of the total of seven tests recommended by the Nuclear Regulatory
Commission, Franklin Research Laboratory, Inc. has undertaken the analysis of
fou of these tests. The -“maining three, #2-Radiation stability,
#4-Leachability and #7 Free Liquid ¢ould not be performed in the allotted time
period required by Bartlett Nuclear. It is recommended that these three tests

be conducted some time in the near future under the guidance of FIRL, Inc.

The report is divided into three sectionms, (A) Introduction, (B)

Procedures and (C) Results for the following examinations:
. 1) Compression Test per ASTM=C19
2) Biodegradation - Resistance of concrete to fungi per ASTM-G2l

2A) Biodegradation - Resistance of concrete to bacterial growth

per ASTM-G22 .

1li==hln , Resesrch Laboratory, Inc..
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3) lmmersion Test - Compression after 90 days immersion
(Procedure provided per FIRL, Inc.)

4) Thermal Cycling - per ASTM B553

Appendix A of this report contains copies of each of the ASTM recommended
practices utilized in the testing of concrete samples. Photographs taken of

each test performed are located at the end of each section, (C) Results.

(1), (2), (3), (4) Recommended practices outlined in ASTM Publications

are located in Appendix A, of this report.
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SECTION B
PROCEDURE :

1) Compression test for the concrete matrix was performed in accordance with
AST™ C39-79. Three molded cylinders were prepared by Bartlett Nuclear. Each
cylinder measured 6" dia. x 12" long and were aged for not less than 10 days
prior to testing. Specimens were identified as l-1, '-2 and 1-3. Accurate
measurements of the specimens were determined by micrometric method. Average
values of the three spec.umens are stated in results section. A copy of ASTM
specification C~39 appears in Appendix A. Two of the three specimens were
moisture cured for a period of 72 hours prior to the compression test,
specimens l-1 and 1-2. Following the curing period the two specimens were
then tested for compression capabilities. The third specimen wa: maintained
as control (1=3). During the compression testing, the relative humidity,
surrounding the specimens, was maintained between 75-85X. Each specimen
dergoing compression test was tested with a load of 50 psi (0.3MPa) and
visual examination conducted. Additional loading on each specimen was made
and the point where failure occurred was noted in the section on results. The
type of failure and general appearance of the concrete has been noted. A copy

of ASTM specificiation C~39 appears in Appendix A.

2) Determination of the resistance of concrete material to fungi according
to ASTM G21. A total of twenty (20) specimens were selected for this tesc.
Each of the specimens are rectangular casts, 7" long x 1" wide x 3/8" high.
All twenty sample are conditioned in ar ethylene oxide atmosphere for 2
hours, to remove any inhibited fungi which may be present during manufacturing

of the cemen..

Five of the specimens are set aside as control (in air) for comparison of
the final test specimens. Fifteen of the specimens are then placed in contact
wvith agar solution which were obtained from a biological supply house and was
prepared according to the formula in ASTM G-21. The agar is placed in a glass
dich ard allowed to solidify. Following solidification of the agar, place $
.ocinnl onto the surface of the agar and inoculate the surface of the
specimens with the composite spore suspension which was purchased from the

American Type Culture Collection, Wash., D.C., and prepared, according to

3o
'1ii!=;Ihi1=!======hI‘il-lnhht.
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procedures in ASTM G21, 2 days prior to fungi testing and held in
refrigeration. Inoculation of the test specimens, in contact with the agar,
is obtained by spraying the spore suspension onto the exposed surface of the

specimens, assuring that all surfaces are moistened with the fungi spores.

The glass dish is then covered and the five inoculated test specimens are
allowved to incubate at 28°-30°C, and relative humidity not less than 853, for
a period not less than 21 davs. Recording of any growth shall be reported
weekly. Since this is a go-no go growth determination, recorded growth
observation shall be ra ed from "0", no growth to "4", heavy growth, as

described in the results.

Results shall include, a) organisms used, time of incubation, visual
rating of fungus growth, description of any physical changes, and the number
of observations and the time of observation from the onset of the test. Five
specimens are placed on a solidified surface with no inoculation with the
fungus spores. These 5 specimens are a control lot to assure that a
non-growth of the specimen, while in comtact with the agar, does not take
place. A copy of ASTM specification GIl is located in Appendix A of this

report.

2A) Determination of the resistance . f concrete to bacteria in accordance
with ASTM-G22.

Five specimens are sel.cted at random for testing of resistance to
bacteria. Five additional samples are selected as control specimens. Each of
the specimens used is a rectangular casted piece, with dimensions of 7" long x
1" wide by 3/8" high. Test specimens and control specimens are placed in a
siitable lesiccator and the air evacuated. A cylinder of ethylene oxide is
attached to the desiccator and the gas allowed to fill the volume occupied by
the evacuated air. The specimens are allowed to be exposed to the ethylene
oxide for two hours in order to destroy any residual bacteria that may have
been present under normal conditions. Preparation of agar solution shall be
the same as test No. 2 for fungi resistance test.ng. The bacterial cell
suspension was prepared by obtaining the required organism from a suitable
biological supply house and prepared according to required culture media in

ASTM G-22. The bacteriazl specimens and control test specimens are placed in
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sterile glass dishes which have sufficient seeded agar layers (1/4" to 1/2"
thick) that has been allowed to solidify. The uninoculated control specimens
are placed in an environmental chamber along with the glass dish containing

the inoculated specimens. A volume of bacterial cell suspension sufficient to

yield agproximately 50,000 viable cells/ml. constitutes the culture

inoculant. The culture dishes are covered and incubated at 35°C (98°F) in a
relative humidity atmosphere of not less than 851 for a minimum of twenty-one
days. Observations are made during the incubation period. Results shall
include organism used, time of incubation, visual rating of bacterial growth
(judged as growth or no growth), number of observations made during incubation
period, and any observed changes other than bacterial growth by ccmparison to
control specimens. (A copy of ASTM-G22 is located in Appendix A of this

rwport).

3) Immersion - Six specimens of the precasted concrete, in rectangular form,
e selected for this test and examination. The specimens are carefully
Qi;hcd within 0.001 grm accuracy. The six specimens are then cut in half
representing six immersion test specimens to be tested and six control
specimens. The pieces are identified and reweighed again. The test specimens
are placed in a glass dish which will accommodate the 6 specimens. Water is
added to the dish to a level where the water covers the specimens to a point

not less than 1/4" above the specimens.

The glass dish is covered and allowed to stand, maintaining surveillance
so that the water level does not go below the 1/4" coverage. The specimens
are allowed to be immersed for a period of not less than 90 days. At the end
of the 90 day imme sion, the specimens are removed, stood on one end for
period of 2 hours and then measured for final weight. Comparison of dry
weight and final weight, against control specimens, will give a value of
absorptivity. A compression test is then conducted to assure the specimens
will wichstand 50 psi (0.3MPa). Apply load to the specimens until failure
occurs noting the type of failure and appearance of the concrete, if failure

occurs.

. Thermal Cycling = Three specimens were precasted by Bartlett Nuclear
Corp. The specimens shall be 6" right cylinders which have been allowed to

age for a period of 10 days. Accurate measurements are taken of the three

5=
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specimens including average diameter and average height. Existing conditions

of the three cylinders shall be made and any preexisting conditions shall be

noted.

The thermocouples to be used in the environmental chambers shall Se
calibrated prior to starting thermal tests. Each thermocouple shall be
immersed in boiling water and ice water for 100°C and 0°C calibration. The
environmental chamber shall be calibrated during one complete cycle. An
accurate precalibrated centigrade thermometer is placed in the chamber and

readings taken at +22°C, +60°C and -40°C for accuracy determination.

Two of the three cement test specimens shall be identified for visual
identification during the test cycles and introduced into the environmental
chamber and allowed to rest on a stainless steel meshed plate. The chamber
temperature is then increased to 60°C and maintained at this temperature for
1 hour. Allow the test chamber to return to ZZ;C, as quickly as possible and

hold at this temperature for 1 hour. Reduce the specimen temperature to -40°C ‘

and hold for one hour. This procedure constitutes one (1) full thermal
cycle. The test for this evaluation shall consist of 30 full cycles. At the
end of the 30 cycle period remove the samples from the environmental chamber
and remeasure the physical size of each specimen. Following this step in the
evaluation, prepare the three samples for compression testing. Determination
shall be made that the test specimens maintain integrity under compression of
50 psi (0.3MPa). Results of this test shall include, the number of cycles
performed, chamber loading calibration of controller and recorder, and
physical distortions following comptission test (Copy of ASTM B553 may be

found in Appendix A of this report).
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SECTION C
C. RESULTS

1.0 Test #1 - Compression Strength of Cylindrical Concrete Specimens

1.1 The test performed on concrete specimens supplied by Bartlect Nuclear
Corporation was conducted in accordance with American National Standards

Institute/American Society for Testing and Materials (ANSI/ASTM) 39-72.

1.2 The three specimens were identified and physical measurements taken as

follows:

#1 (Test Specimen) #2 (Test Specimen) #3 (Control)

Bottom Dia. = 6.10" (15.49 cm) Bottom Dia. = 6.01"(15.26 cm) Bottom Dia. = 6.05" (15.37 cm)
Middle Dia. = 6.13" (15.57 cm) ..iddle Dia. = 6.01"(15.26 cm) Middle Dia. = 6.03" (15.32 cm)
Top Dia. = 6.09" (15.46) Top Dia. = 6.04" (15.34 cm) Top Dia. = 6.02" (15.29 cm)

1.3 Cylinder length = Avg. of ten readings per specimen = 11.98 inches (30.43 cm) control
. 11.92 inches (30.28 cm) #2
11.90 inches (30.23 cm) #3

1.4 Cross—-sectional Area -

# #2 #3
2 2 2 2 2 Lo
Top = 29.2 in“"(188.4 cm™) Top = 28.27 in"(182.4 cm") Top - 23.27 in"(182.29cm™)
Bottom -29.2 in2(188.4ca’) Bottom -28.65 in°(184.8¢n>) Bot tor28. 75in2(192. s1cm?)

1.5 Compression load for USNRC acceptance:

#1 #2
1460 lbs. 1425.5 lbs.
(equivalent to 50 psi) (equivalent tc 50 psi)

Results: Neither specimen, #1 nor #2, failed at 50 psi. Compression was

continued until physical defects were observed:

Specimen #1 Specimen #2 Specimen #3
lst crack indication 34,000 lbs. (1164 psi) 1lst crack indication 36,000 lbs. (1264 psi)
‘Splllin; 41,000 1bs. (1404 psi) Spalling 49,000 lbs. (1721 psi)

Total Failure 74,600 lbs. (2555 psi) Total failure 69,800 Lbs. (2453 psi)
1.6 Specimens were aged 18 days prior to compression test.
-7-
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2.0

2.1

2.2

2.4

C. RESULTS

Test #2 - Determination of resistance of concrete to fungi.

The tests performed on concrete specimens supplied by Bartlett Nuclear
Corp. was conducted in accordance with American Society of Testing and
Materials (ASTM) G21-70.

Preconditioning - twenty specimens were gfpolod to ethylene oxide gas for
J days. The preconditioning was conduc.ed in a chemical dessicator by
evacuating the dessicator and introducing the ethylene oxide which was
allowed to react on any natural fungi which may have been present during

casting and solidification of the concrete specimens.

The following test fungi were ordered from the American Type Culture

Collection, Washington, D.C.:

Nomenclature ATCC No.
1. ASPERGILLUS NIGER 9642
2. PENICILLIUM FUNICULOSUM 9644
3. CHAETOMIUM GLOBOSUM 6205
4. TRICHODERMA SP 9645
5. PULLULARIA PULLULANS 9348

Preparation of Nutrient-salts agar was made according to the following

chemical compound formula:

Potassium dihydrogen orthophosphate (KHZPO“) 0.7 grm
Potassium monohydrogen phosphate (KHPOQ) 0.7 grm
Magnesium Sulfate (ngso“.7azo) 0.7 grm
Ammonium Nitrate (NH“N03) 1.0 grm
Sodium Chloride (NaCl) 0.005 grm
Ferrous Sulfate (FQSO‘.7HZO 0.002 grm
Zinc Sulfate . 7H20 0.002 grm
Manganous Sulfate (Hn504.7H20) 0.001 grm
Agar 15.000 grms

pH adjusted to 6.35

Sufficient Nutrient-Salt agar prepared for both fungi and bacterial resistance

tests.

1ﬁﬁaﬁhlnh~lu-lhnnuhlah-mnnuh&.
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Each test fungli was prepared according to ASTM~G2l procedures and spore
suspension content measured for concentration. The five spore solutions

averaged 1.02 x 106 +£ 0.2 x 106 spores/ml.

Five -ontrol fungi dishes were prepared for viable control observation.
Hardened nutrient-salts agar were inoculated with the mixed spores
solution and incubated at 30°C (86°F) at a relative humidity of not less
than 85%. Control specimen dishes were observed after l4 days incubation
period. Fungi growth was observed in all cases. (See photo at end of

this result analysis).

A single specimen test dish was prepared for the test specimens.
Solidified nutrient-salts agar was prepared and 5 concrete specimens
positioned on the hardened agar surface. Each specimen was inoculated
with the mixed spore suspension, assuring that all surfaces including

nutrient-salts agar were adequately covered with mixed spore suspension.

Observaction:

Sample Tray #1 (control) Sample Tray #2 (test specimens)
2 No growth No growth

8 No growth No growth

15 No growth No growth

21 No growth No growth

-l1-
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Fig. 2-1 Viable Fungus Spore Slants
Spores Nos. 1, 2 and J

Fig. 2=2 Viable Fungus Spore Slants

Spore Nos. 1, 4 and 5
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Fig. 2=3 Incubation Dish with Viable
Fungus Growth in Separate Dishes
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#1, #2 and #3 sample dishes were covered with place glass, taped.
Closed and maintained at 35 to 37°C (95 to 98.6°F) for a period of
twenty-one days. Required humidity, not less than 85Z, should be
present in the elevated temperature while the sample dishes are

maintained with a sealed cover.

Observation:

Tray #1 (Control) Tray No. 3 (Test Specimens)

No growth No growth

Slight growth No growth

Moderate growth Very slight growth (on agar base only)
No growth
No growth
No growth

Observations were taken on surfaces and beneath specimens. The major
observation was made at the contact point between specimens and the
nutrienc-salts agar gel. Observation of the potential effected area
in the test specimens dish was made with a 10X magnification.

Observation of the control dish was made with no magnification.
Conclusion:

The concrete test specimens did not support bacterial
growth under the recommended conditions. Control dish
assured that bacterial suspension was active and

supported growth.

-~
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Fig. 2A-1 Humidity Chamber for Bacterial Degradation Test

Fig. 2A-2 Nutrient Agar Salt - Media for Bacterial Growth
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One Week Bacterial Culture Growth on Test Specimens

Two Week Bacterial Culture Growth on Test Specimens
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Fig. 2A-5 Viable Growth Slant Sample with Test Specimen Trays

i g e

Fig. 2A-6 Three Week Bacterial Culture Growth on Test Specimens
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Fig. 2A-7 Sterilizationm of Test Specimens = Ethylene Oxide Treatment
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C. RESULTS
3.0 Test #3 Immersion Test

Since USNRC does not provide guidance for immersion testing in their
technical position for implementation of 10CFR Part 61, FIRL, Inc. has
conducted this test according to previous recommended tests performed on other

cement matrix for immersion testing.

3.1 Test specimens .6 total) were identified from #1 thru #6.

Control specimens were identified as A thru F.

Wt. of Control Specimens Wt. of Test Specimens
A. 34.656 grms 1. 34.624 ¢
B. 34.915 grums 2. 34.957 g
C. 34.424 grms 3. 34.393 g
D. 33.905 grms 4. 33.873 g
E. 39.259 grms 5. 39.227 g
F. 39.505 grms 6. 39.534 g

3.2 Observation during immersion testing

Sept. 9 lst week - small particulates floating on water surface
Sept.l6 2nd week - slight increase in particulate matter
Oct. 7 5th week

filtered water solution and collected particulate matter.

Immersion bath, 10CZ new supply of water

Oct.20 7th week

Nov. 4 9th week - no obvious change in immersion bath

very small particle suspension on water surface

Nov.17 1llth week -no obvious change

Dec. 2 13th week -no obvicus change

3.3 pH measurement during immersion testing:
lst week = pH = 7.6
5th week - pH = 7.85
10th week - pH = 7,95
13th week - pH = 7.90
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3.4 Particulate matter removed from immersion bath during 5th week visual

examination, filtered, dried and weighed:

wt. of particulate matter = 1.43 grus

%2 loss of total mass of concrete in immersion bath = 0.67%
ll1th week = Particulate matter removed during visual examination:

wt. of particulate matter = 0.255 grms

total % loss of mass of concrete after 11 weeks
immersion testing = 0.1l + 0.67 = 0.78%

loss during 5 weeks immersiom = 0.67%

loss after 11 weeks immersiom = 0.11%

Total loss after 1l weeks = 0.782

Calculated weight after 1l weeks immersion (accounting for avg. loss)

‘ Test Samples Loss Final Wt.
1. 34.624 x 0.0078 = 0.270 grm = 34.354 grms
2 34.957 x 0.0078 = 0.273 grm = 34,684 grms
3. 34.393 x 0.0078 = 0.286 grm = 34.107 grms
4. 33.873 x 0.0078 = 0.264 grm = 33.609 grms
5. 39.227 x 0.0078 = 0.306 grm = 38.921 grms
6. 39.534 x 0.0078 = 0.308 grm = 39.226 grms

3.5 Wt of specimens after 90 days immersion test.

(Test Specimens) (Control)
1 35.067 grams \. 34.657
2 35.7¢. gms. . B, 36915
3 35.302 gms. C. 34.425
4 34.580 gms. D. 33.906
5 40.145 gms. E. 38.259
6 40.391 gms. F. 39.505

.Observa:ion: All specimens were unchanged in their physical appearance. No
swelling, no deformity of size, no surface changes; only obvious
change was coloration. Specimens appeared to be slightly darker

in gray color than previously observed prior to immersion in

water.
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3.6 Moisture Retention after 72 hrs. AIR drying:

Final Wt. Calculated Avg. Wt. Water Retention % Retention
cums. (with particulate loss) (gms.)
1. 35.067 34.354 0.7137 2.08
2. 35.750 34.684 1.071 3.08
3. 35.302 34.107 1.195 3.50
4. 34.580 33.609 0.971 2.89
b 18 40.145 38.921 1.224 3.14
6. 40.391 39.226 1.155 2.97

3.7 Compression test on 90 day immersion specimens

Surface Area of Specimen (50 psi)

1 3.591" x 0.981" = 3.523 in> 176.2 1bs. load
2 3.464" x 0.987" = 3.419 in? 171.0 1bs. load
3 3.497" x 0.980" = 3.427 in° 171.4 1bs. load
4  3.502" x 0.989" = 3.463 in’ 173.2 1bs. load
5  3.526" x 0.985" = 3.473 in> 173.7 1bs. load
6  3.500" x 0.989" = 3.462 in> 173.1 1bs. load

All specimens passed the compression test at 50 psi (0.3MPa)

-22-
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Fig. 3-1 Immersion Bath After Fifth Week

Fig. 3-2 Immersion Bath After Eleventh Week
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C. RESULTS

4,0 Test #4 Thermal Cycling Test for Evaluation of Cylindrical Cement

Specimens

4.1 The tests performed on concrete specimens supplied by Bartlett Nuclear
Corp. was conducted in accordance with the American Society for Testing

and Materials (ASTM B553-71).
4,2 Physical size of test specimens:

#1 (Control) #2 (Test) #3 (Test)

o~

Dia - Rt. Cylinder Dia - Rt. Cylinder Dia. Rt. Cylinder

Top - 6.12 in (15.54 cm) Top - 6.13 in (15.57 cm) Top - 6.11 in (15.52 cm)

Middle - 6.11 in (15.52 cm) Middle - 6.14 in (15.49 cm) Middle - 6.09 in (15.47 cm)

Bottom - 6.13 in (15.57 cm) Bottom - 6.16 in (15.65 cm) Bottom - 6.13 in (15.57 cm)
ngch = 6.03 in (15.22 cm) Length - 6.01 in (15.24 cm) Length - 5.98 in (15.19 cm)

4.3 Chamber Calibration: (Calibrated thermometer inside environmental chamber

Calibrated Thermometer (°C) Chamber Chart Recorder
+ 20°C (+ 68°F) + 20.5°C 68.2°F (20.1°C)
+ 60°C (+ 140°F) + 60.75°C 141.5°F (60.8°C)
- 40°C (=40°F) - 39.8°C -39°F (=39.4°C)

The envirommental chamber was then measured for temperature comparison to

chart recorder:

Environmental Chamber Chart Recorder
+ 20.5%°C + 20.2°C
+ 60°C + 60.75°C
- 40°C - 39.5°C

4.4 Two test specimens, #2 and #3, were placed on a stainless steel fine mesh
screen within the environmental chamber in order to allow the temperature
change to effect all surfaces of the concrete cylindrs. The two

‘ specimens were then exposed to 30 cycles of temperature change from

+ 60°C to - 40°C, in accordance with procedures, 2 cycles per day were

performed for a total of 15 days.

ﬁ“ -25-
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4.5 At the end of cycling period, the two specimens were removed and visually

examined for defects.
Visual Examination

#2 #3

No physical changes One slight fine crack on bottom

observed surface of specimen #3, Cracking

occurred at the indent formation of
the cylinder and appeared to be

approximately 3/8" long.
4.6 Posr reasurement following temperature cycle and precompression testing:

a) rnysical Size:
#2 #3

Dia: Dia:

Top: = 6.08 in. (15.44 cm)

Middle - 6.06 in. (15.39 cm)

Boctom - 6.10 in. (15.49 ca)
Length = 5.96 in. (15.14 cm)

Top = 6.09 in. (15.47 cm)

Middle - 6.11 in. (15.52 cm)

Bottom - 6.14 in. (15.60 cm)
Length = 6.00 in. (15.24 cm)

4.7 Compression Test:

Surface Area:

#2 #3
6.11/2 = N 6.09/2 = r
A= N = (3.055)° A= 2= (3.045)
A= (9.33) A= (9.27)
A = 29.31 in® A= 29.12 in’
Compression required for 50 psi
#2 #3

1465.5 lbs. Load 1456 1lbs. Load

Results: Neither specimen, #2 and #3, failed at 50 psi (0.3MPa)

-26-
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4,8 Failure Indication

#2 Specimen #3 Specimen

lst crack indication 15,225 1bs.(519.6 psi) lst crack indication 14,790 lbs. (505 psi)
Failure Load 47,760 1bs.(1630 psi) Failure Load 52,200 1bs.(1782 psi)

4.9 Because specimens were less than 12" or D/L ratio less than 1, correction
factor of 0.87 had to be applied in accordance with ASTM C42-79, Part 14
titled "Obtaining and Testing Drilled Cores and Sawed Beams of Concrete",

page 32. Compression tests were conducted on specimens with no previous

humidity conditions being applied (Dry comdition).
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4.8 Failure Indication
#2 Specimen #3 Specimen

lst crack indication 15,225 1bs.(519.6 psi) lst crack indication 14,790 lbs. (505 psi)
Failure Load 47,760 1bs.(1630 psi) Failure Load 52,200 1bs.(1782 psi)

4.9 Because specimens were less than 12" or D/L ratio less than 1, correction
factor of 0.87 had to be applied in accordance with ASTM C42-79, Part 14
titled "Obtaining and Testing Drilled Cores and Sawed Beams of Concrete",
page 32. Compression tests were conducted on specimens with no previous

humidity conditions being applied (Dry cendition).
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Fig. 4-3 Positioning of Test Specimens in Environmental Chamber

Fig. 4-4 Test Specimen #1 with 50 PSI
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Fig. 4-5 Test Specimen #1 Bursting Failure
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Fig. 4~7 Test Specimen #2 Bursting Failure
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APPENDIX A
ASTM REQUIREMENTS
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TEST # 1| - COMPRESSION TEST

El» QLSRN NAION AL ANSI/ASTM C 22 - 72 Amencan AsSoc i 5131
qun STANOARC (Reapproved 1 979) Migrrwey ana Transponaton O 2 S130s° 3

Standard Test Method for

COMPRESSIVE STREMGTH OF CYLINDRICAL
CONCRETE SPECIMENS'

This Standird i ivwued under the fived dewcnation C 19: the number immediaiety (ollowne the deuenauwn indicain the
cgdm' LLOPLOM vr. 1n INe cave of fevimon, Lhe year of lust revivon. A aumber m parentheses indiCales (he vear of
reapproval.

i. Scope
1.1 This method covers determination of
compressive sirength of cylindrical concrete
specimens such as moldead cyhinders and
drilled cores.
NoTE |—For methods of molding concrets spec-
imens se: ASTM Menou C 192 Muhing and
Concrute Test Specimess in e Ladoraton -
and ASTM ‘lahod C 31, Makwe and Cunaz
Concrete Tast Srccimens in the Field . For methods
of obtamiag dilizg cores sze ASTM Method C 37,
Obtaiming imi Testny Dniizu Corzs and Sawed

e e N AL

1 Apparates

2.) The twsting machine may be of any
type of suificient capacity, and shall he ca-
pable of providing the rate of loading ore-
scribed in 4.2 It must be power uperated and
must 2ppiy this load cont:nuously ruther than
intermiitently, and widiout shock

22 It saall contorm to the reguirements of
Sections 16, |7, 20d {8 of ASTN Mcthods E
4, Venficauon of Testing Machines.? (f it has
only one inading rite (mecting the regquire-
ments of 4. 23, it must be provided with u sup-
plemental mcans for foading at 4 rate suitabie
for calinruion This suppiementai means of
loading may Le power ur aana uperated. The
space provided for test spevimens shall be
large enouch to Jccommodats, in readibie
position. an clasiic calibration dovice wiuch s
of sufficien: capacity 19 cover the loadine
rangs of the wsting machine aad which com-
plies with the requirements of ASTM
Methods E 73, Calibrution of Force-Meus-unne
Instruments tor Veni~inz the Luad ladication
of Testiag Muchines.’

Nore 1=The tiie of slasic walibration devwe
most generaliy cvailadie cnd most commoelt vaad

=

for this purpuse is the Gecular proving ring.

23 The testing machine shall be eguiprzd
with two sieel heanng blocks with hardencu
faces (Note ). one of which is 3 sphencaliy
seated block that will bear on the upper sur-
face of the soecimen. and the other 2 sclid
hlock or which the specimen shull rest.
Scunng faces of the ‘blocks shail have a min-
imum dimension at feast 3 percemt ygreater
than the diameter of he speuimen w Lo
iested. Cocepd 10f Lhe cvaceanc crrcles de-
scribed below, the bearme luues shall nut de-
part from a plane by more than Q001 in
(0.02S mm) in any 6 in. (152 mm of Plocks &
in. in diameter or larger. or by more thun 0.1
in. in the diameter of ary smaller bleck: ang
new dlocks shall be manufactureg withia *nc
half of this tolerance. When the diumeter ot
the beanng face of the . shencalls ~~ztee bock
exceeds the diameter of the specimen 6% "0
(13 mm) or morc, conceENtNC Groies Aol more
than ‘. in. (0.5 mm) deer .ad aot mare than
v,in. (1.2 mm) wade shail be 1nscribed 10 (-
litate proper centerme.

NATE 1t is deserable that the bearne races of

slocks used [Or comoDression 1eMINg o Cunkrety
5a0¢ 4 Rucawetl naniness o out wss taan H]U 05,
2.4 Bottom beanag blocks shail conform to
the following requirements.
2.4.1 The bottom bearing bluca is speuifica

This method s under the rammdicanm of ANTY O
critge U9 on Concocte sl ( oncrete  \memew e g2
- et PEvewseeis o Sabcommcetge (INOVED oy
Sleinods ot Fevtime Concmere tor Strensh

Curent edition anproved Sert 9 9T Pubieiied O
rober 1971 Orenaily puilishad oo C 3% JIT. Lowt 2ve-
mwossedonC 0 N .

Y dmnual Booh ot ASTY Stacdurds. Part 13

YA Bouk of ASTM Scumduras. ¥ 41,
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TEST # 1 - (Cont.)

il

for the purpose of providing a readily machin-
able surface for maintenance of the specified
surface conditions (Note 4). The top and
bottom surfaces shall be paraliel to each
other. T e block may be fastened to the
platen of the testing machine. [ts least non-
zontal dimension shal! be at least J percent
g.-ater than the diameter of the specimen to
be tested. Concentnc circies as descnbed 1n
2.3 above are vpuionul on the hottnm block.

2.4.2 When the lower beanng block 1s used
to assist in centenng the specimen. the center
of the concentric nngs. when provided. or the
center of the block itselfl must be directly
below the center of the sphencal head. Provi-
sion shall be made on the platen of the ma-
chine to assure such 3 position.

2.4.3 The bottom beanngz block shall be at
least | in. (25 mm) thick when new, and at
least 0.9 in. (22.5 mm) thick after any resur-
facing operations.

NOTE 4—If the testing machine 1s so designed
that the platen wsell can be readilv mantained n

the speciiied surface cundition, « bottom biock is
a0t required.

25 The spherically seated bearing block
shail conform 10 the following requirements:

235.1 The maximum diumeter of the bear-
ing face of the suspended sphericaily seated
block shall not exceed the values given be-
low:

Drameter of Mazximum Duameter
Test Specamens., of Beanag Face.
@ (mm) m. (mm)

215 4 (102)
J(7e) S an
40102y 6% (16%)
6 (152) 10 (254
§20)) "n am

Note 5—Square Seanng faces are permussible,
provded the diameter of the lurgest pussidle -
scnibed circle does not evceed the anove diameter.

252 The center of the sphere shall coin-
cide with the surfuce of the beanng face
within a tolerance of =3 percent of the radius
of the sphere. The diameter oi the sphere
shall be a1 least 75 percent of the diameter of
the specimen to be testea.

NOTE 6~The preferred comtact arez s in the
form of 3 rmg (described us nreferrsd “beanne
area) as shown on Fiz. | The oall and the sxaet
mast S 30 dewgned by the manutyciurer that tne
steed in the conts | area Jues nut cermanentts de-
form under repeaicd use. win loads un 10 3L psi
(35.2 MP1) on the test spesimen.

KPR AV e B 4 AV

c3s

2.5.3 The curved surfaces of the socket and
of the sphencal poruon shall be kept clean
and shall be lubncated with a petroleum (vpe
oti such as conventional motor oil. not with a
pressure tvpe grease. Allsr conmtacung the
specimen and application of smail mtial load.
further tilting of the spnencally scated hlock
1S not intended and is unaesirable.

2.5.4 If the radius of the sphere i1s smaller
than the radius of the largest specimen 10 be
tested. the poruon of the beanng face ex-
tending beyond the sprere shall have a thick-
ness not less than the difference between the
radius of the sphere and radius of the spec-
imen. The least dimension of the beanng face
shall be at least as great as the diameter of
the sphere (see Fig. 1)

2.5.5 The movable portion of the beanng
block shall be heid closeiy in the spnencal
seat, but the desien shail be such that tne
bearing fuce can be rotated freciv and Qlted at
least 4 deg in any direction.

2.6 If the load of a compression macmne
werd in concrete (ests 1s remisiered on 3 dual,
the diai shall be provided with 2 gracuatea
scule that can be read 10 at least the nearest
250 Ibf (1110 N) of load (Note 7). The dial
shall be readabie within | percent of the indi-
cated load at anv given load ievel within the
loading range. In no case shall the loading
range of a dial be considered t0 :nclude loads
below the value which s 100 times the
smallest change of Inad which can be reag on
the scale. The sca.e shail be providzd with a
graduation line eyual to Zero and so num-
bered. The dial puinter snall be of sufficizat
length to reach the graduauon marks. ine
width of the end of the pomnter shall not ex-
ceex! the clear distance between the smallest
graduations. Ezch dial shall be equipped »in
4 zero adjustment which 1s easily accessidie
from the outside of the cial case. and with a
maximum load indicator

NOTE T—=As close as can reasonadly be read i

conudered to be v+ in. 10.8 mm) along the arc de-
wnbey by (ne end of the punter.

3. Test Specimens

3.1 Compression tests of moist-cured spec:-
mens shall be made as soon as pructicarie
atter removal from the curing room. Newhsr
end of compressive test speciumens when testad
shail depant from perpendiculanty 1o 182 ixi
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by more than 0.5 deg (approximately equiva-
lent to ‘s i tw 12 m. (3 mm in 300 mm)). The
ends of comoressiun test specimens that are not
plane within 0002 in. (0.050 mm) shall be
capped (Note ¥). Test spec:mens shall be kept
moist by any convenient method dunng the
penod between r- moval from moist sierage and
testing. They shall be tested in 2 moist condi-
uon. The diameter of the test specimen shall be
determined to the nearest 0.01 in. (0.25 mm)
by sveraging two diameters measured at right
angles to each other at about midheight of the
specimen. This average diameter shall be used
for calcutating the cross-sectional area. When
the length of the specimen 1s less than 1.8D. or
more than 22D, the length shall be measured
10 the nearest 0.050.
Nore 8-For methods of capping

compression
specamens see ASTM Mahod C 617, Capping Cy-
lndncal Concreie Specamens. *

4. Procedure

4.1 Placing e Specimen—Place the plain
Mlvwer) hoonne hicck, with iz hardemed ‘o0
up, vn the table or platen of the testing ma-
chine directly under the sphencally sested
(upper) beanng bicck. Wipe clean the beanng
faces of the upper and lower beanng olocks
and of the test specimen and place the test
spec:men on the lower beanneg block. Care-
fully align the axs of the specimen with the
center of thrust of the sphencally scatea
block. As the sphencally seated block 1s
brougiht 1o bear on the specimen, rotate 'ts
movable portion gemiy by hand so that umi-
form seaung 1s obtained.

42 Rare of Loading—Apply the load con-
tinuously and without shock. in testing ma-
chines of the screw tvpe the moving head shall
travel at a rate of approximately 0.05 in. (1.3

cas

mm)/min when the machine is running idle.
In hyvdraulically operated machines appiy the
load at 2 constamt rate within the range 20 to
50 psi/s (0.14 to 0.33 MPa/s). Dunng the
apphication of the first half of the anticipated
toad a higner rate of loading shall be per-
mutted. Make no adjustment in the controis of
the testing machine while a specimen is
vieiding rapidly immediatety before failure.
4.3 Apniv the load unuil the specimen fails,
and record the maximum ioad carned by the
specimen dunng the tesi. Note the type of
failure and the appearance of the cancicte.

5. Calculation

5.1 Calculate the compressive sirength of
the specimen by dividing the maximum load
carned by the specimen dunng the test by the
average cross-secucnal area determined as
described in Section 3 and express the result
to the nearest 10 psi (69 kPa).

6. Revort

6.1 The report shall includs the following:

6.1.1 Idenuficaticn number,

6.1.2 Diameter (and length, if outside the
range of 1.80 o 2.2D), in inches (or mlli-
meters),

6.1.3 Cross-sectional area, in sGuare
inches (Or squars certimeters),

6.1.4 Maximum load, in pounds-iorce (or
newions),

6.1.5 Compressive sirength calculated to
the nearest 10 psi (69 kPa),

6.1.6 Type oi fracture. il oth - than the
usuzl cone,

6.1.7 Defects in either specimen or caps,
and.

6.1.8 Age of specimen.
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Standard Recommended Practice -‘or
DETERMINING RESISTANCE OF
SYNTHETIC PCLYMERIC MATERIALS TO FUNGI'

m&mummmruumczn;m-mmmmmmumm
year of orginul adoouon ur mt.cuﬂmll.yﬂﬂhﬂm.A-mmwmwqu

of last reapproval

1. Scope

.1 This recommended practice covers de-
termination of the effect of fungi on the prop-
erties of synthetic polvmeric matenals in the
form of moided and tfabncated arucies. tubes.
rods, sheets, and film materiais. Changes in
opucal. mechanical, and ciecinical properues
may be determined by the applicabie ASTM
methods.

Noms 2 Th, vate:s =amd in UUR TMuSms~
units are to be regarded as the siandard.

1. Semmary of Method :

21 The procedure described herein consists
of (1) selection of suitable specimens for de-
termination of pertinent properties. (2) inocu-
lation of the specimens with suitabie vrea-
misms, (J) exposure of inoculated specimens
under conditions favorable to growth, (4)
examination and raung for visual growth. and
(5) removal of the specimens and observations
or testing, either berore clearing or after
cleaning and reconditioning.

Note 2—Since the procedure involves anding
and working with fungi. u i recommendea that
personnel trained in MISTObWLNY pertorm the por-

uon of the procedure invoiving rooghing of erga-
nrms and inoculated specimens,

3. Significance

3.1 The resin portion of these matenals is
usually fungpus-resistant in that it does not
serve as a carbon source for the growth of
fungi. It is generally the uther components,
such as plasucizers, cetulosics, lubricams
stabilizers, and colorants. that ure responsible
for fungus auack on plastic materials. It s

IMPOrtant tu estadush the reuistance 10 micro-

bial attack usder cordinors tavoranie for
such attack, mamely. 3 tenperature of 2 1o

38 C (35 t0 120 F) and 2 refative numidity of

60 w 100 perzcat. »

751
e

32 The effects 10 be expected are as foi-
lows:

3.2.1 Surface auack. discoloration, loss of
transmission (opticai).

3.2.2 Removal of suscepuble plastizizers.
modifiers. and lubricants. resulting in in-
creased modulus (suiffness). changes in weight,
dimens.ons. and other physical properties. and
deteriorauion of eiectrical properties such as
insulation resistance. dielectric consiant
power factor, and diclectric sirength.

3.3 Often the changes in electrica: proper-
tics are due principally (0 surface growth and
ts associated moisture and to oH changes
caused by excreted metabolic products. Other
effects include preferenual growths caused by
nonunmorm dispersion of plasticizers. lubri-
cants. and other processing additives. Attack
on these materials often leaves wnized con-
ducung paths. Pronounced physical changes
are observed on products in film form or as
cuatings, where the rauo of surface to volume
is high, and where nutrien. materials such as
plasticizers and lubricants continue to diffuse
i0 the surface as they are utilized by the orga-
nisms.

3.4 Since attack by organisms involves a
large element of chance due to local acceiera-
tions and inhibitions. the order of reproduc-
oility may be rather low. To assure that est-
mates ot benavior are not 10O uptiMistic, tae
greatesi observed degree of deteriorativn
shouid oe repurted.

3.5 Conditioning of the specimens. such as
exposure 1o leaching, weuthening, heat treat-
ment, etc.. may have sigminicant cilecis un the

This tear ded pra

s under the e Jdwinen of
ASTM _umzutier G ) oo Dereroraiwm of N\onmetane
Materals
Cursmt sthuos stfocmme \peyt 11 Jam Orgmally w
‘G.‘ﬁ “M.,;D W23 Reaaxd U 1924 o} Redesgnated
-1 m ¥
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resistance to fung:. Determination of these
effects is rot covered in this recommended
pracuce.

4. Apparatus

4.1 Glassware—Glass vessels are suilable
for holding specimens when laid flat. Depend-
g on (e size of Lhe specimens, the follow:ng
are suggested:

4.1.1 For specimens up to 76 mm (3 in.) in
diameter, [52-mm (6-in.) covered Petri
dishes.

4.1.2 For 76-mm (3-in.) and larger speci-
mens, such as tensiie and stiffness strips. large
Petri dishes. travs of borosilicate glass. or
baking dishes up to 408 by 508 mm (16 by 20
in.) in size. covered with squares of window

4.2 Incubator—Incubdating equipment for
all test methods shall maintain a2 temperature
of 28 10 30 C (52.4 to 86 F) and a relative
bumidity not less than 85 percent. Automatic
recnrding of wer. and Ary-puldb temperaturs i
recommended.

S. Reagents and Materials

5.1 Purity of Reczenis—Reagent grade
chemicals shall be used 0 uli tests. Uniess
otherwise indicated. it is intended that ali
reagents shali conform o the specificaticns
of the Commuitze on Anaivtical Reagems of
the Amencan Chemical Society, where such
specifications are uvailable.* Other grades
may de used. provided it is first ascertained
that the reagent s of sufficiertly high purniy
to permut its use without lesseming the ac-
wraa of the determination.

2 Purity of Water-—Unless otherwise in-
dluled references to water shall be undar-
stood 19 mean disulled water ar water of
equal pugity.

53 ‘\um:ol'du Agar’—Prepare  this
medium b, dissolvirg in | liter of water the
designated amounts of the following reagents:

huu-. d:hvdrogen orthoghosphate (KH, PO 07

Polaraium MmonoIdrIgen urinnpRO~pRaLE dig
INHPO,
Mugnesum sulfate (M 9 mm 07g
Ammonam surate (N 10¢
Nn.Mt\uCh 0M0s g
Ferrous suifate 1Fe30. - TH.O) 0002 ¢
dme swif ve (2050, - TH O1 200 g
Mangzauo: wilate (Ma50, - TH.O) ol g
Agar 150¢

Sterilize the test medium by autoclaving at
121 C (250 F) for 20 min. Adjust the pH of

G221

the medium by the addition of 0.01 .V NaOH
selution 50 that after sterilization the pH is
between o0 and 6.5. Preparc sufficient me-
dium fcr the required tests.

5.4 Mixed Funeus Spore Suspersion:

Nore 3—Since 2 number of other organisms
may be of speafic interest lor certaun final assem-
bikes or cumponents, such otner pure cultures of
orgamsms mas ne used if agreed upun by the pur-
chuser and the manuiacturer of the plasucs. Reter-
ence 1) dlual. ates such a3 chowce.

54.1 Use the following test fungi in pre-
paring the cultures:

Fungi AlCE QM
aspereriius miger LM 388
Pemiculium funicuussum ::; ‘”J
Chaeromiym eiodbusem 8
Trichnderma 37 e 3%
Putinlana puiiuians 9348 e

Amencar Tvpe Culiuse Collecuca, 2112 M SL. N
W, Washiagion 7. D. C.

Quasiermaver Cuitwre Collection, QMR & E Jom-
mand. Nauck. Mass.
wiatntain vunuies of these rungi separaterv on
an appropriate medium such as putato dex-
trose agar. The stock cultures may be kept for
not more than 4 months at approximateiv J 1o
10 C (374 10 50 F). Use subcultures incu-
bated at 28 to 30 C (82.3 10 86 F) for 710 20
davs in preparing the spore suspension.

5.4.2 Prepare a spore suspension of each of
the «ix fune: by pouring into one subculture of
cach fungus a stertie 10-mi portion of water or
of a stertie solution contaiming 0.07 g/liter of
2 nontoxic wetling agent such 2. sodium dioc-
iyl wulfosuccinate. Use 2 steniz platinum or
nicnrome inoculating wire  scrape gently the
surface growth from the culture of the test
organism

343 Pour the spore charge into a sterile
125-mi glass-stoppered Erienmever flask con-
taining 45 mi of sienie water and 10 0 |3
soh1d giass beads. 5 mm in diameter. Shake
the ilask vigorousiy to hiberate the spores from
the (ruiting bodies and to break the spore
clumps.

$.4.4 Filter the shaken suspension through

"“Peagent Coermcals. Amencan Chemmcal Socsery
Soecificatinns.™ Am  Chemwal Soc. Washmmon D C.
For suezeitions an (he teshing of rourems Aot Laled by the
Amer.cin Chermcal Son sty see “Reavent Chemicals and
Stan arda. " By Jowen Romz, D Van Nowrand Co. Inc.,
New Yora. N V.. and tne "Umed Stace. Pharmacooens.

“ARar and nutrient-sails agar are obtamnable (rom bis-

logical aboratcry supply sowron.
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a thin layer of sterile glass wool in a glass
funnel into a steriie flask 1n order o remove
mycelial fragments.

5.4.5 Centrifuge the filtered spore suspen-
sion asepuically, and discard the supernatant
liquid. Resuspend the residue in SO ml of ster-
ile water and centnifuge.

5.4.6 Wash the sporss obtained from each
of the fungi in this manner three times. Dilute
the final washed residue with steriie nutrient-
salts solution {Note <) in such 2 manner that
the resultant spore suspension shail contain
1,000.000 = 200.000 spores/mi as determined
with a counting chamber.

5.4.7 Repeat this cperation for each orga-
nism used in the test and blend equal volumes
of the resuitant spore suspension to obtain the
final mixed spore suspension.

Note 4—Nutrient saits solution 1s identical with
the composition (or nulnent sdits Jgar given n 3.3
except that the agar 1s omitted.

548 The spore suspension may be pre-
pared fresh cach dav or may be heid in the
refrigerator at 3 t0 10 C (37.4 to 50 F) for not
more than 4 davs.

& Vighiliey Coanemnd

6.1 With each daily group of tests place
cach of three pieces of sterilized filter paper.
254 mm (1 in.) square, on hardened nutrient-
salts agar in separate Petri dishes. inoculate
these with the spore suspension by spraying
the suspension from a sterthized atomizer' so
that the entire surface is moistened with the
spore suspension. Incubute these at 2§ 10 J0C
(82.4 to 86 F) at a relative humidity not less
than 85 percent and examine them afier |4
days” incubation. There snail be copious
growth on all three of the filter puper control
specimens. Absence oi such growth requires
repetition of the test.

7. Test Specimens
7.1 The simpiest specimer. may be a 5! by
Slemm (2 by 2-in) piece. & Sl-mm (2-in)
diameter piece, or a piece (rod or tubmg) at
least 76 mm (3 in.) long zut from the matenal
to be tesied. Compictely iusbricated parts or
- sections cul from fabricated parts mav be
nsed as test specimens. On such specimens.,
observation of eifect s limited 0 uppearance,
ity of growth, opucal refieciion ur trans-

G 21 . -

mission, or manual evaluation of change in
physical properties such as suffness.

7.2 Film-forming materials such as coat-
ings may be tested in the form of films at least
51 by.25.4 mm (2 by | in.) in size. Such fims
may be prepared by casting on glass and strip-
ping after cure. or by impregnating
(compietely covering) filter paper or ignited
glass fabric.

7.3 For visual evaluation, three specimens
shail be inoculated. If the specimen 1s differ-
ent on two sides. 'hres specimens of each, face
up and face down. shall be tested.

NoTE 5—In devising a test program intended to
reveal guanutative changes occurriag durng and
after tungal atack, an adeguate numober of soeck
mens shuuid be cvaluated to establish a vahd vaiue
for the orgmnai properts. If five rephcate specimens
are required 10 estaolsh 3 tensile strensth of a Rl
material. the same number of soccimens shall be
removed and tesied for each exposure oerod. It 1s
n be expeuied that vilees of physcal properties 4t
vasious stages of fungal attack will be varabie: the

.¢s indicauing the greatest degradation are ihe
most sigmincant (see 340 The ASTM Vanual oa

Quatity Conwrol of Materwals, STP !3-C, may be
used as a gusde,

8. Procedure )

0L Imorrlssine  Pogr epticienr nuceiant.
saits agar into suitable sterile dishes (see 4 1)
o provide a solidified agar laver from 3.2 to
6.4 mm (/s t0 /. in.) in depth. After the agar
3 sohdified. pluce the specimens on the sur-
face of the agar. Inoculate the surtace, includ-
ine the surface of the test spevimens, wilth the
cOmpOsite spore suspension by spraving the
suspension from a sterilized atomuzer' with
110 kP2 (16-psi) air pressure so that the entire
surface 1s moistened witn the spore suspension.

8.2 Incubation—Cover the inoculated test
spevimens and incubate at 28 to 30 C (824 10
§6 F) and not less than 85 percent relative
bumidity for 2 minimum of 21 days, recording
the growth each week. )

NoTe 6—~Co cred dishes containing autrient
3r are considered (o have the desired Rumeduy
Covers on large dishes ma) be sealed with muasaing
1are. - o - q

%3 Observation for Visibie Effects—If the
1est iy for visible effects only. remove the
three specimens frum the tncubutor and judge

—— i ———

"De'itbiss No. 194 Jtomuzer or susvalent hus been
B At ATy B LD DUTDRNE.

» S P e 38 TV 1
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them as follows:
Obrerved Growih on Specimens Raung

Nowe

Traves o rowth tiess than 10 percent)

Ligk: growih ¢ 10 10 30 percent)

Maodrum rrowth + M) 10 MO percent)

Heavs growih © 6 pervent (0 compiete coverage)

e —-C

Note T—Traces of growth may be defined 2s
scattered. sparse fungus erowth such 4. mrght de-
veinp (rom (/) 3 mass of spores m the viimmal
moceium, or () eUraneuus CUNIIMINILIOA sen as
nngermarks, nsect feces. eic. Conunuous cob-
weobs growih cxtenaing uver the eatire specimen,
even ihougn MOt obscuring Lhe specimen. should
be rated as L

Nory 5--Convderable physical change in plas
tes may occur without much visual growth, nence
sume measure of change 1 physical property se-
kexted frum those cited in the Appendix 1s recum-
mended.

8.4 Effect on Phvrical. Opuical. or Electr-
cal Properties —Wash the specimens free of
growth, immerse in an aqueous soiution of
mercunic chloride (1 +1000) for § min. rinse
in tap water. 3ir dry overnight at room tem-
perature. and recondition at the standard lab-
oratory conditions defined in ASTM Methods

G2

D 618, Conditioning Plastics and Electrical
Insulating Materials for Tesung.' 23 = 1.1 C
(734 = 2 F) and S0 = 2 percent relative
humidity. and test according to the respective
methods used on control specimens {(see (he
Appendin).

Norve 9 -For certain electrical tests, such as in-
sulation resivance and Jrc resislance.  specimens
may be lested 10 the unwashed. hurndified conds-

ton. Test values will be atfecied by surface growih
4nd 1s associated moisture.

9. Report

9.1 The report shall include the following:

9.1.1 Organisms or organism used.

9.1.2 Time of incubauion (if progressive),

9.1.3 Visual raung of fungus growth ac-
cording 10 8.3, and

9.1.4 Tabuiauion of progressive change in
physical. opucal, or electricai property against
tume of incubation. Give the number of obser-
vations., the mean. and (he maximum ob-
served change.

' 1974 Annwal Book of ASTM Siandards, Pant 35,

KEFERENCES

(4 Basdon. V). Miluary Specification Mil-P-
43018 CE). “Plastic Sheets Polvethviere Tere-

e. Dratung. Coated.™ June 1], 1961,
(¥ 1] aim. A Do aad Rapiaa. A, M. “Midew
Rewstance of Vimvl-Coated Fabrics,™ dpplied
Microbwiogy. APMBA. Vol 4, No. 6. Novem-

crzed Pohvviny| Chionide Fums,” ASTA Bulies
tn. ASTBA. No. 168, September 1950, p. 31
(TP 181y

4 Berk. S.. Ebert, ., and Tenell. L. "Unlzanon

of Plasticizers and Related Organic Compound.
by Funer” Industral and Encincering Chemis-
v, IECHA. Vol 49, No. 7, July 1957, pp. 1118
1124

1% Brown. A E.. "Problem of Fungal Growth on
svathetw Rewins, Plasucs, and Flasucizers,”
Modern Plasucs. MOPLA. Vol 13, 1546, o
189,

10 I s S, H. "Bwades for a Stnippable Vinui
Flastic Barmer Mawenal,” Report PS-151-119,
L. S. Depaiimenmt of Commerce, Office of
Technical Services.
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APPENDIX _ '

Al. TEST METHODS FOR EvALLATION NF EFFECT OF FUNGI ON SYNTHETIC
POLYMERIC MATERIALS

Al.l For evaluauon of the effect of fungi on mechamcal. ooucal. and clecincal properties, the follow-
ing ASTM and ather test methods are recommenaed.

Property Methods
Teasie sirength D 638, D 882, D 1708
SulTness D4
TAPP! Test Method T 451.M45
Federal Specificavon

CCC-T-191b Method 204
(Qark Sullocss Tew)
Federal Specificauon
Texule Test Methods
CCC-T-191b Metnod 5206

(Cantilever Bend Method)

Hardness D 785
Opucal ransmisson D ™
Ham D 1003*
Water vapor transmuson E 9%

Dweiecine srengin D14
Drelecine constant -power (actor D 150
lesuiation resiscance D™
Are revistance D &y

*These desgnanions refer 10 the (ollowme AST™M methods:

D 149, Tests for Dreiecine Breakdown Voltage and Drstecine Sirenpth of Elecincal Insulating Matenals 3t Commerciai
Power Freguencies’

o;xtﬁnu.xcmmumc”(mndwmm

3tenals 4

D 257, Tewts for D-C Resustance or Conductance of Insulating Matenals®

D 495, Test for High-Voitage. | owurremt Are Remstance of Sold Electncal Insulating Matersals*

D 638, Test for Tenvie Properies of Plasucs’

D 747, Test for StilTness of Plastcs by AMeans of 2 Cantiiever Beam*

D 785, Test for Rockwell Hurdness of Plasucs and Elettncal Insutaine Muenals®

D 791, Test for Lummous Retiectance. Transmutance. 3nd L olor of Maienals®

D 100}, Tewt for Haze and Luminous Transmittance of Transoaremt Plasucs®

D 1708, Test for Tensie Properues of Plastics by Use of Misrotensiie Soecimens®

E 96, Test for Water Vapor Transmusson of Matenials in Sheet Form*

Y 1974 Anmual Book of ASTM Siandards, Pan 41,

By publscavion of thu stanaard #o Potiion & taken with respect 10 the valsdiuy of ans paient mehis i comnection ihere
with. and the dmemcan Socwery for Tevnry g Maienals 2060 M01 WAZeMahe 10 MIwre unvone widizing tne siandand
agonst labuity jor mtnarement of unvy Letien Paient aor asiume any twch abuny.




TEST # 2A - BIODECRADATION - BACTERIA RESISTANCE

qs.lb Designatien: G 22 - 87 ¢

Tentative Recommended Practice for
DETERMINING RESISTANCE OF PLASTICS

TO BACTERIA

This Temauve Recommended Pracuce has neen approved by o

spomonng committes and accepted by the Sovety

WCOMdINCE Wil evadh ey MrOCTIures. (Of use PENGINE «UPLILA. SUEEnons (0f revisem shoud be addressed (0 (he

Soaety a1 1916 Race St Phusdcipma. Pa. 19105,

1. Scop:

1.1 This recommended practice covers (wo
procecures. A and B. for deterriming the
effect of basteria on the properties of plastics
in the furm of molded und fabricated arucles.
tubes. rods. sheets. and film matenais Pro-
cedure B provides @ more extensive contact
between the test bactena and the specimens
than does Procedure A. Changes in opucal.
mechamcal. and electncal properties may be
determined by the appiicable ASTM me
ods.

Nure | =The vaiues stated in US. customan
umits are 19 be regarded a» the standard.

2. Summary cf Method

2.1 The procedure described herem con-
sists of the following steps:

2.1.1 Selection of suitable spr amens for
determination of pertinent properties.

2.1.2 Inoculauon of specimens with suita-
ble crganisms,

2.1.3 Exposure of incculated specymens
under conditions {avorable 10 growih,

214 Examination and raung for veual
growth, and

1.5 Removal. stenlizaticn. and evalua-
tion of specimens.

Norte 2—Since the procedure involves handline
ané working with bacteria that muas be capabic of
afecung man, it s evential that peronnet trained
dure tavaivng honing o Lonenol eoptamets aat
nocuiaied mu‘

3. Significance
3.1 The resin portion of plastic matenals
s usually resistamt 1o bacteria, :n that it does

not serve as a carbon source for the grow:h of
bacterta. It s generallv the other compo-
nents. such as plasucizers. lubncants, stabi-
lizers. and colorants that are responsible for
bacterial attack on glastic materials. It 1s 1m-
poriant to establish the resistance of plasucs
to microbal attack when plastics are used un-
der conditions of high temperature and hu-
mudity favorable for such attack.

1.2 The effects 10 be expected are:

3.2.1 Surface attack. discoloration. and loss
nf trynemisgion (oneesi)

322 Removal of suscepuble olasticizers.
modifiers, and lubncants, resulling in in-
creased modulus  (stiffness), changes ir
weight. dimensions, and other physicai prop-
erties. and detenorauon of electnical proper-
ues such as insulation resistance. dielectric
constant. power fact v, and dielectnc strength

3.3 Often the changes in electrical proper-
ties are due principaily 10 surface growth ana
associaied  oisture. and to pH changes
caused by products of bacternial metabolism.
Other effects include preferential growths
caused by nonumform dispersion of plast-
cizers. lubricants. and other procasssing addi-
tives. Pronounced physicai changes may he
observed on products in film form or as coa:-
ings where the rauo of surface 10 volume 1s
high. and wnere nutnient materials such as
plasuc.cers and luencants conunue to diffuse

"Thee recommended practice n under the erndiction
of ANT™ Commmize G-i un Detenoration of Nonmetak
Matens -

Lurreet e effective Nov | 1947 Onginal’s neses
10 207 Radewgrated U 2w 1970
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to the surface as they are utilized by the or-
ganisms.

3.4 Since atack by orgamisms involves a
large element of change due to local accelera-
tons and inhibitions, the order of reproduci-
bility mavy be ruther low. To ussure that esti-
mates of behavior are not too opumistic, the
greatest observed dJegree of deteriorauon
should be reported.

3.5 Conditioning of specimens such as ex-
posure to leuching, weathering. heat treat-
ment, etc.. may have significant etferts on the
resistance of plasucs to bactena. Determina-
uon of these etfects i1s not covered in this doc-
ument,

4. Apparatus

4.1 Glassware—Glass vessels are suitable
for holding specimens when laid fat. De-
pending on the size of the specimens. the fol-
lowing are suggested:

4.1.1 For specimens up 10 75 mm (3 in.)
o diameter. [50-mm (6-in.) covered petn
dishes.

4.12 For 7S-mm (3-in.) and larger speci-
mens, such as tensie and stiffness sirips.
large petn dishes. travs of borosilicate elass:
OF Daking disiies v wind wiili SQuarss of wis
dow giass or cther suitavle cuvenng.

4.2 Incubazor—Incubaung eguipment for
all test methods saull maintain 4 temperature
of 35 10 37 C (95 10 98.6 F) and a refative
humidity of not less than 85 percent. Auto-
matic recording of wet and dry buib tem-
perature is ;‘ecommerded.

S. Reagents and Materials

5.1 Purity of Reagents—Reagent grade
chermicals sha!l be used in 4l tests. Uniess
otherwise indicated. it is intended that ail
reagents shall conivrm to ihe specifications
of the Committee un Anaivtical R eagents of the
American Chemiczl Society, where such
speaiiicatiors are available. ¢ Other grades may
be used. provided it is first uscertamned tnat
the reagent is of wificiently nigh puruy to
permit its use without lessening the accuracy
of the determinatien.

52 Puriry of Water—Unless otherwise in-
dicated, references 1o water shail be under-
stood to mean distilled water.

8.3 Nuirient-Salis Avar' ~This is 2 zar-
bon-free culture medium used n ASTM

. - 757
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Recommended Practice G 21, for Determining
Resistance of Synthetic Poiymeric Materials
to Fung.' Although intended for the cultiva-
uon of fungi. nutrient-salts agar will support
growth of the test bacteria when carbon re-
Qquirements are supplied by suscepuble plastc
materials. Prepare this medium by dissolving in
I liter ol water the designated amounts of the
following reagents:

Potassium dibvdrogen urthophosohate 07g
{KH PO
Potaswum manorvdrocen urthopnosonate 07¢g
‘N HPO
Mugnesium suilate 1 MeSO."H O) 07g
Ammonium aurate INH . NO ) 10g
Sodum chivrwde ( NaCh 0005 ¢
Ferrous sullaic 1FeSO, - "H Oy 0002 ¢
Zine sulfate (Zns6), - "H O) 0002 ¢
Manganesc sulfaie (MaSO. - H.O) 0.001 g
Agar 150¢
Disulled waier 1000.0 mi

Sterilize the test medium by autoclaving at
121 C (250 F) for 20 min. Prepare surficient
medium for the required tests including un-
inoculated controls.

Norr J--Nutnent-saits agar reacily supports
growth of fung: which mav be prescat on the rest
wweamens. Fungal comtaminanon can de controilea
By euher (/) the addison of 0.13 pereent ovelo-
heximide 10 nuinent-salts agar or 1)) stentizazion
Wi s IPECIMaiic oY mstere SUHADN (oemes uit

exposure 10 ethylene onide.

5.4 Bacterial Ceil Suspension:

541 The following test organism shall be
used. or a suitable bacterum uas agreed
upon ameng partes concerned: Preudomonas
aeruginosa ATCC 13388 QM B 1468,

5.4.2 Cultures of the crganism shall be
maintained on slamts of rutriert agar. To
prepare nutirent Jzar slaats suspend 0.3 per-
cent bewt extrict, 0.5 percent peptons, and
1.5 percent agar in disuiied water and heat
until dissolved. Tube, piug. and autociave for

"“Reuvent Chemicals. Amencan Chemical S ey
Specnicatons.” Am Chemucal Suc.. Washington D C. For
WERESLIONS on (he lesting Of reagents not isted by the
\mencan Caentcal Souiets, we “Heagent L hemicals and
Seandands. " My Jusern Rosn. D. Van Nowirsed Lo Inc.,
New Yorn, N Y. und the “United Stites Pharmacopes.”

\gar. nutrentosulis Je3r. and Tuinest Peath are ube
Wnaole rom dolewal LOVrIWN SuPPh wurces.

Y1974 dmnual Bouk of ASTM Siandurcs. Paris )3 and

4

St ¢ or equivalent 10 ~ \ctidne.” 3 nroduct o the

L'q.f-!! Co

Ame=can Tipe Culture Collevuon. 12331 Parkluwse
Drve. BoAviile. My JONS2,

SLASS Culture Codlection OML US ‘rmy Mauck
Laburatores, Natwk, Mass.
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45 min at 103 kPa (15 psi) steam pressure
at 121 C. The tubed and stenlized media
shall be allowed 10 cool and gel in & slanted
position to afford an aporopnate surface on
which the bacter:a mas be cultured.

£3.1 The inoculum shail he prepared from
not less than two successive transiers in nu-
tneat broth.’ To prepare nutrnient broth dis-
solve 0.3 percent bee! extract and 0.5 per-
cent peprone n distilled water and dispense
in suitabie test tubes or fusks. Plug and au-
tociave at 103 kPa (15 psi) steam pressure
at 121 C. Transfer the bacteria with a flame-
sterilized needle from the nutnient agar slant
to nutrient broth. Incubate for 24 h. Transfer
this broth culture 10 the steriie nutrient broth
medium and cuiture as before. Ceninfuge
the broth culture. Decant the broth and re-
suspend the bactena cells in stenie normul
saline soluton (0.8 percent NaCll. Cemin-
fuge. decant the saline <olution. and re-
suspend the bactena ce.s n fresh normal
saline., Detzrmine the bacterial ceil concen-
tration.

544 The concenmtration of the bactenai
cells may be esumated turbidimetnically us-
g 4 Phuinichad 1€ COIONMERT. THE Ll
metnc stardard 1s obtained by concurrent
plate counts and turbidimetric measurements
of a serially diluted bactenal cell suspension.
Reference to a calibration curve of ceil count
versus absorption will give 3 measure of cun-

sntration. The cell count aeed be done 2niv
once to establish the calibration curve.

$.5 Viability Comtroi—Stireak onto sterile
nutrient agar poured into a sterr  petr: dish
a loop-full ¢f the bactenal suspension_at the
start and end of the bactenai inoculauon pro-
cedure. Contamination of this inocuium musi
be avoided. lacubate the viabihity culture at
35 t0 37 C (95 10 98.6 F) 2t 2 rejatuive hum:d-
ity not less than 83 percent for 48 10 72 h. The
incculum shall be reporied as viable oniv if
typical growth occurs ir this culture with ro
contaminauon. Absence of growth or the
presence of atypical growth requires repeu-
tion of the tes.

6. Test Specimens

6.1 The simplest specimen mav be 2 50 by
$0-mm (2 by 2-in.) prece. 2 SO-mm (2-in.) di-
ameter piece. or a piece (rod. tubing) at least

G 22

75 mm (3 in.) long cut from the material to
be tested. Compietely fabncated parts or
sections cut frem fabncated parts may be
used as test specimens. On such specimens,
observation of eifect is limited 10 appearance,
density of growth, opticai reflection or trans-
mission. or manual evaluation of change in
phvsizal properues such as stifness.

0.2 Fiilm-forming matenals such as coat-
ings mav be tested in the form of films. at
ieast S0 by 50 mm (2 by 2 n.) in size. Such
films may be preparsd by casting on glass
and stnpping after cure. or by impregnaung
ignited glass fabnc.

6.3 For visual evaiuation, thres specimens
shall be inoculated. If the specimen is dif-
ferent on two sides. three specimens of each.
face up and face down, shail be testea.

NoTr 4—In devivng 3 test program iatended (o
reveal jeanutauve changes occurnng dunng and
after bactenal auack. an adeyuale number o1 spec-
imens should be evaluated (0 estabhish a vald
value for the onginal properts. If five replicuie

s are required 10 establish 2 tensiiec
strength of a film matenal. the same number oi
specimens shall be removed and ‘ested for ecach
cxpusure senod [t 1s 10 be expected that values of
phyvical preperties at vanous stages of bactenal

2tiask el he cnevahfe: the vabuae imdimniing the

imw degradation are the most significant (see
4

7. Procedure A

7.1 Inoculanion—Melt sufficient sterile nu-
trient salts agar and cool to about 45 C. Pipet
into the meited and cooled agar a volume of
bacterial ceil susoensior sufficient 10 yield a
conceatration of abcut 30.000 viable ceils/m!
of agar. The zell concentrauon does not 2p-
mear t0 be critical. and sausfactory results
have been cbtainec over ihe range [rom
20.000 to 150000 ceils/mi. Pour sufficient
<esdea agar ino suntaoie sterile dishes to
provide an agar laver irom 6 to 12 mm (',
to '/, in.) 1 depth and ailow to harden. Af-
ler the agar is solidified. place the specimens
on the surface of the agar.

=2 Unnoculated Controls—Prepare umn-
oculated control specimens as above using
uminoculated nutnent saits agar. This is im-
perative if measurements of phvsical or elec-
trical properucs are 10 be used in assessing

P USTM Menual om Quality Comwol of Maverals.
sTrisc.

758



TEST # 2A - (Cont.)

ig
changes in the exposed specimens.

1.3 Incubation—Cover the culture d'shes
and incubate at 35 w0 37 C (95 10 98.6 F) and
not less than 85 percemt refauve humidity
for a minimum of 21 days.

Note S—Covered dishes contuning nutnent

are considerea v have the dgesired humditsy.
Covers on lurge dishes may be scaled with masa~

tape.
NOTE 6—~Since the tevt orzanism may be 3 path-
ogen, standard buctenciogical procedures must be
observed 10 ensure agunst intection.

8. Procedure B

8.1 This procedure provides more intimate
contict bhetween bactenna and specunens
when the geometry of the specunens will
permit. Prepare the required voiume of nu-
trient-salts agar in two equal lots. Inoculate
each as in 7.1 just prior to using. Pour one
lot of seeded agar into the cuiture dish. zllow
to solidify, and position specimens on the
agar suriace. Pour the second lot of seeded
agar over the specimens and allow to gel
Prepare uninoculated control specimens as
in 7.2 and incubate as in 7.3.

NoTE / —Specimens of low density matertal mav
tend to flcat in the suil-liqud zgar. This can be
controlled mechamealiv unul the Jear has solidified
using suilabie dsepuc techmigues.

9. Observations

9.1 Observation for Visible Effecis—Bac-
tertal aitack is not visible in the form of ap-
parent growth on the speaimen surface.

G 22

However. in Procedure A visible bacteriul
growth occurs beneuth suscepuible samoles
on the agar surface. With Procedure B bac-
terial zrowth ona all surfaces of suscepuble
specumens may be observed. Judge as growth
or no zrowth.

Nore X—Considerable phyvsical change in plas
UCS May OCCur without mach visual growth: herce,
some meouasure of change :n physical property 1y
recommenced. Sec  \ppenadia of Recommended
Practice G 21.

9.2 Effect on Phvsical. Opucal and Electri-
cal Properties—Wash the specimens free of
growth in an uqueous solution of mercuric
chlonde (1+10G0) for at least 5 min before
handling, rinse in tap water. awr-dry over-
aeght at room temperature. and recomdit.on
at the standard laboratory conditions dennea
in ASTM Mecthods D 618, Conditioning Plas-
tucs and Eilectrical Insulating Materals tor
Testing." in accordance with the respective
methods used on control specimens.

10. Report
10.1 The report shali include the following:
10.1.1 Procedure used.
10.1.2 Organism used. identirod to strain,
19.1.3 Time of incubzuion i preersssiver,
10.1.34 Visual rating of bactenal growtr
according to 9.1, and
10.1.5 Tabulaton of change mn physical,
optical or eiectrical property. Give aumber of
observations. the mean. and maximum uob-
served change.

”'-vua-.uuu./asrxsm.muu

Bv publicanion of this siandard me POTIION 15 iahen win respeci 19 1he voudity of GRY patent nvALs in conmection there-
with, and the Amencun Sociery ivr Tesune end Maienals does mot waceriohe 10 inture gnvone widing the siandurd
apaunst habdsty for iminr pement of any Lewzars Pairns nor aisume ony swm @ty .
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TEST # 4 - THERMAL CYCLING

qmb Designation: 8 553 = 71

Amarcan Nawone! Standard G511 42.1972
Agorovea Aprw 10, 1972
By Amencan Nabons! Slanciras Insmuie

Standard Recommended Practice for
THERMAL CYCLING TEST FOR EVALUATION OF
ELECTROPLATED PLASTICS!

This Standard is issued under the fived dewenzuon B 551 ‘he numiver immediatel: followsne the devienation indicates the
vear of ongmal Jdopuion or. 1 the case of revn.on. the vear of Ly revison. A Aumber 10 parentheses indicaies (he year of

1. Scope

.1 This recommended practice covers the
thermal cvcling procedure and apparatus used
10 test electroplated plastics for evaluation of
serviceabiliiy. The thermal cvcie test covers
four service conditions which simulate the
environmental extremes to which such pans
may be subjected, either in shipping or use.

Notr |=This document is not intended as 2
standard method of test which can be used 10 pre-
dict serviceatwlity of cleciropiated plastics. Rather,

W 15 3 recommended Draclice 107 lesune pans for
such cvaivation.

2. Apparatus

2.1 The 2pparatus shall consist of 3 circu-
lating air heating chamber and cooling
chamber suiliciently powered. insulated. and
controilcd s0 4s 10 mamtain closely the presct
temperature. The two chambers may be sepa-
rate, or may be buiit s0 as to constitute 4
singie piece of upparatus. The controlier 2
recurder used tor chamber control. calibra-

tion, and records shall be accurate to =1 C. °

All points within the working area of the test
chamber shall remain within =3 C of the se:
temperature when tested by the procedures
described below. The rate of air circuiation
shall be centrolled £0 as to permit 2 consistent
rate of heating ur cooiing of the pans under
test.
2.1.1 Instail 24-eage (0.511-mm) thermo-
couples 25 mm from cach comner of the test
chamber.

2.1.2 Each thermocouple should be pre-
viously calibrated 10 boiling water (100 C)
and in ice water (0 C).

Note 2—-Funher details mav be found in ASTM
Method E 220, Calibratwa of Thermocouples by

Companson Techmiques.’
3. Sampling

3.1 Draw the samples randomly from the
purts under evaluation.

J.1.1 Test methods are time-consuming
and often desiructive: therefore. 100 percent
nspection is usually impracticai. The pur-
chaser should seicct a suitable sampling plan
for the acceptance testing of lots of coated
items. In order that the manufaciurer know
the quaiity standard he is expected to meet.
the pian seiected shoula be made 3 pan of tne
purchase contract.

3.1.2 General information on sampling
procedures is given in ASTM Recommended
Pracuice E 105, for Probability Sampling of
Matenals.” and ASTM Recommended Prac-
tice E 122, for Choice of Sampie Size to Esu-
m..e the Aver'ee Quaiity 0. a Lot or
Process.* Standard samoling plans are sug-
gested in Miluary Standrrds MIL-STD 103,
Samphing rocedures ana Tables for Inspec-
tion by Attnbutes, ard MIL-STD 314, Sam-
piing Procedures and Tables for-Inspection by
\anables for Per Cemt Defecuve.

4. Elapsed Time Alter Plnting

4.1 The elapsed time between completion

o! the plaung operation and thermal cycling

affects test resuits obtained. The eiapsed time
shall be 24 = 2 h, unless otherwise agreed

* This recummended practice 1« under the junsdiction of
ASTM Commutier 8-% on tlectrodeposded Metalhic Coai-
nes and Related Finnbes.

Effeciive Aue. JO. 1971

“ 1974 Annui Bowk of ASTM Siandards. Pant |7, 2nd

1971 Anmuai Book of 4STM S.andards. Pant 3O,
Y1974 Annuai Bouk nt ASTM Siandards, Parts 15 and
41, and 1973 dnnual Book of ASTM Siandaras. Pant )4
* 1974 Annuai Book vl ASTM Siendards. Pars 15 and
18
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upon between purchaser and seiler.

5. Procedure

5.1 The parts mav be introduced into the
chamber unmounted. or mounted in 3 manner
simulating assembly, if so agreed upon be-
tween purchaser and seiler.

5.2 Load the chamber with the desired
Quanuity and type of parts 1o be tested.

5.3 Record the locaton of parts within the
chamber, the loading. and the size of the parts
being tested.

5.4 Subject the sampie (o a thermal cycle
procedure as foilows:

Service High Low
Condition Limn Limnt
I (rmid) ®0C -JcC
2 (moderate) 5C -3C
J (severe) 5C -JocC
4 (very severe) 5C -40 C

Each thermai cycle begins with either placing
the samples in 2 room-temperature chamber
and heating the chamber up to the high limut
or placing the sampies directly 1nto a chamoer
at o= high limu,

5.4.1 Expose the-parts for | h at the high
limit.

542 Allow the pans to return (7 B S
C. as quickly as possible and marntam at this

B 5§53

temperature for a total cooling period of 1 k.
This is frequently dccomphished by removing
the parts from the chamber, however, some
types of apparatus are so constructed that the
pars need not be removed during this step.

5.4.3 Expose the part for | h at the lower
limit.

544 Repeat 5.4.2. This constitutes one full
thermal cycle.

6. Recording of Test Results

6.1 Pans submitted for this test shall be
subjected to the following requiremems for
reportuing of test data;

6.1.1 A statement thar this recommended
practice was followed. Regarding 5.2.4. the
number of cycles. as ugreed upon between the
purchaser and the seiler.

6.1.2 The tray construction Of a tray is
used) and chamber loading.

6.1.3 The particular temperature limits
specified in 5.4. The time required for the
specified heating and cooling of the pans for
the particular lozding and type of pans se-
lected.

6.1.4 The last calibration date of the con-
troller and recorder.

6.1.5 Upon the completion of the test. the
part shall be examined and a record made of
the extent, nature. and location of any defect.

NOTE 4—The interpretation of & 1.5 is bevond
the scope of (s recommenaed oracuice.

APPENDIX

Al. DESCRIPYION OF SERVICE CONDITIONS

ALl Service Condition | (mild)y—indoor =2 D0-
sure in aormally warm. dry atmospheres with
plated coating subjevied to a minimum of wear or
abrasion -

Al2 Service Condition 2 {moderate —!ndoor
exposure in places where condensation ot muist ire
may occur, for examole. kitchens und dSuthrooms.

ALJ Service Condition § (severe r—Exposcre
likely to include vucasivnal or frequent weiling by

£3in or dew or possibly strong cleaners and saline
Solutions: !0/ evampie. outdoor furniture wng hard-
Ware compensnts. micycle parts. aad hosgital fixe
tures.

Al 4 Service Condition 4 (very severe) —Out-
door exposure likelv 10 include the reyuirements of
SC 3. slone with damoge from denting. seratching,
and abrasive wear: lor exammic, eenus compo-
neats of auterobrles and buat fittings.

B publication of this sranderd RO POtIiion it 1al em with respect 10 the vaiie v nfany patent mehts in conmection there-

wuh. and the Amencan Socien tor Testine ana Matemais

apwnsi liabiists 107 infnmgement o1 any Letters Puent nor assume any sucn laal ity
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F-A5959

1. SUMMARY OF PERTINENT FACTS

FIRL Report No. Report Title:
F-AS5959 Qualification of Cement Matrix Used
for Low-Level Radioactive Waste
Solidification
Conducted and Reported by: Conducted for:
Franklin Institute Research Bartlett Nuclear Corporation
Laboratory, Inc. 10 Aldrin Rd.
Twentieth and Race Streats Plymouth Industrial Park
Philadelphia, PA 19103 Plymouth, MA 02360
Report Date: Period of Program:
May 23, 1984 March 1 through April 25, 1984
Objective:

To demonstrate the capability of a specific solidification matrix to comply
with the requirements of 10CFR6l for leachability and radiation stability.

Material Tested:

Cement identified as MP~l, modified Portland cement.

Elements of Program:

Raw MP-1 cement, supplied by Bartlett Nuclear Corp., was used to solidify
simulated borated waste and ion exchange resin beads by interposing radioactive
material in the matrix mix. A leachability index number was determined by
laboratory means for comparison to the accepted value. The cement matrix was
also subjected to 108 rads (100 megarads) gamma radiation, when formed into a
solid mass containing the two waste streams: borc:ce and ion exchange resin
beads. Compression tests were conducted to determine the comparison of values
established by implementation of 10CFR61 (Dr~ft).

Summary of Test Results:

a. Leachability index: For each of the two different isotopes used to simulate
waste streams, the cement matrix produced a leachability index numerically
higher than the minimum value stated in 10CFR61 (Draft).

b. Radiation stability: For each of the two different isotopes used to
simulate waste streams, the compression test demonstrated values
considerably higher than the minimum value stated in 10CFR61 (Draft) .

c. Pree-standing liquid: During preparation of all eight specimens, there was
no free-standing liquid either 5 minutes after specimen molding or 48 hours
after curing specimens.

-1=-
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2. OBJECTIVE AND ACCEPTANCE CRITERIA

2.1 OBJECTIVE

The objective of this program was twofold: (1) to determine the
leachability index of a specific cement material used as a solidification
agent in the permanent in-ground storage of low-level radioactive waste and
(2) to demonstrate the stability of the same cement material when exposed to a
high radiation dose over a short period of time. The radiation accumulated
dose of 108 rads is based on the upper limits of current routinely generaﬁed

waste. These objectives are based on the implementation of 10CFR Part 61.

2.2 ACCEPTANCE CRITERIA FOR STABILITY

The leachability index is calculated using the method described in the
American Nuclear Society publication ANS 16.1, entitled "Measurement of the
Leachability of Solidified Low-Level Radioactive Waste," Third Draft of a
Standard, dated November 16, 1982. A value of 6 is the minimum acceptable

value.

The compression strength, following high dose exposure, is based on an
abstract pubiished by the U.S. Nuclear Regulatory Commission titled
"Implementation of 10CFR Part 61 Abstract” and authored by T. C. Johnson,

P. H. Lottaus, and G. W. Roles (no date). A subtitle included in the abstract
is "Waste Classification and Waste Form Requirements.” The criterion for this

test is a compression resistance, following dose »xposure, of not less than

0.3 MPa (50 psi).

2.3 PERFORMANCE OF QUALITY ASSURANCE

The performance of quality assurance was in accordance with the FIRL
Quality Assurance Manual, dated April 5, 1982 and inspected by the U.S.
Nuclear Regulatory Commission via a site visit (dated August 8-12, 1983), and
the NRC acceptance letter dated December 6, 1983.

“ﬁ?
.nlulns==unRUn-mhL‘uwunquhc.
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3. DESCRIPTION OF CEMENT MATRIX

3.1 LEACHING STABILITY

The specimen materials used in the leachability index number determina-
tion are described as follows. The solidification matrix contained modified
Portland cement, ion exchange resin beads, and sufficient water to make a
slurry. OSpecimens were also prepared with borate solution and an accelerator
for quick setting time. Eight specimens were molded; two contained resin
beads with cesium-137 isotope, two used the cobalt-60 isotope, two contained
borate material with a cesium-137 isotope, and two had borate material and the
cobalt-60 isotope. Duplicate specimens were run to verify test results. Each

specimen was a right cylinder measuring 2-cm diameter by 4-cm long.

3.2 RADIATION STABILITY

For radiation stabxliﬁy, two of each of the following mixtures were
prepared for stability test: cement matrix plus ion exchange resin beads and
cement matrix plus borate stream waste. Each of the four cylinders was cast
in Teflon-lined tubes giving an overall dimension of 6~-in diam by 6-in long.
The weighti and dimensions of each specimen were recorded prior to gamma
radiation exposure. Preparation of samples was according to applicable field

use instructions as supplied by Bartlett Nuclear Corp.
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4. TEST PROCEDURES

4.1 LEACHABILITY INDEX DETERMINATION

The leachability index determination wes conducted according to the
American Nuclear Society publication ANS 16.1, entitled "Measurement of the
Leachability of Solidified Low-Level Radioactive Waste," Third Draft of a
Standard, dated November 16, 1982. Each of the eight specimens prepared for
testing was submerged in denineraiized water for a specific period of time.
Seven leaching cycles were conducted over a period of 6 days for a set c¢f four
specimens and an additional 6 days for a secbnd set of four specimens. The
eight specimens were molded in specially designed molds made of Teflon. After
removal of cured solidification matrix, the specimens were rinsed and all
equipment used as mixing vesse's was rinsed. The specimens were placed in
dry, empty glass jars which were cap-sealed. The rinse solutions were then
tested for isotopic content. The difference between amounts detected in the
rinse and original activity received constituted Ao' the amount of isotope
contained in each specimen. Each specimen was then placed in 314 ml of
demineralized water for a cycle period of 2, 5, 17, 24, 24, and 24 hours (see
Figure 1). The leachant (fresh demineralized water) was replaced at the end
of eiach cycle with the same volume as originally used, 314 ml. The leachate
(water containing leached out isotope) was then tested for isotopic content
(see Appendix A for test data). At the completion of each cycle, three l-ml
aliquots were taken from each of the 314-ml leachate solutions and isotopically
counted using the Gamma 4000 counting system. ~“he data were analyzed, and the
leachability index numbers were determined (see Appendix A for test data).

The specimens were identified in the following manner:

Sample ID No. Waste Stream Isotopic Content Date Prepared
1Al Resin beads 200 uCi Cs~-137 3/15/84
1A2 Resin beads 200 uCi Cs-1137 3/15/84
1Bl Borate 200 uCi Cs-137 3/15/84
1B2 Borate 203 uCi Cs=-137 3/15/84




SPECIMEN (CUBE, CYLINDER, OR
SPHERE ) OF SOLIDIFIED NUCLEAR
WASTE (ACTUAL OR SIMULATED)

DEMINERALIZED WATER (VOLUME

OF WATER + SURFACE AREA OF
SPECIMEN +1020.2cm)

REPLACE LEACKHATE WITH
FRESH LEACHANT (DE~
MINERALIZED WATER)

REPLACE LEACHATE wWiTw
FRESH LEACHANT (DE-
MINERALIZED WATER)

REPLACE LEACHATE wiTw
FRESH LEACHANT (DE-
MINERALIZED WATER)

REPLACE LEACHATE wWiTw
FRESH LEACHANT (DE~-
MINERALIZED WATER)

REPLACE LEACHATE wWiTH
FRESH LEACHMANT (DE~
MINERALIZED WATER)

REPLACE LEACHATE wiTH
FRESH LEACHANT (DE-
MINERALIZED WATER)

® L+ LEACHABILITY INDEX
A MIGH | FOR o, INDICATES
GOOD RESISTANCE TO
LEACHING OF ELEMENT o,

F-A5959

—
Pt ANALYZE REMOVED LEACHATE
Rl FOR ELEMENTS g,,34--
S——
&1+ 2 M
Tre2m
Mt ANALYZES REMOVED LEACHATE
@ —= FOR ELEMENTS o,,8,
e’
Ar*Snr
Ttre?ne
e ANALYZE REMOVED LEACMATE
™ ——— FOR ELEMENTS g,,05 -
| —
Are{Twm
Lre24m
SIS o
— ANALYZE REMOVED LEACMATE
&= T FOR ELEMENTSq,, 0,
N
Are24m
T 48 nr

ANALYZE REMOVED LEACHATE

= FOR ELEMENTS 9,,0,

At e 24N
Sie72m
LT
= ANALYZE REMOVED LEACHATE
== — FOR ELEMENTS o, 9,
i’
At 24N
L1e96M

ANALYZE REMOVED LEACHATE

(THEN USE ALL RESULTS TO

ot
= i FOR ELEMENTS o,,9,
——

CALCULATE | FOR oy, . FOR og..]

Ate 24 nr
I1*120m

PERMISSIBLE
TEMPERATURE
RANGE
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Figure 1. Schematic of the Standard Leach Test
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Sample ID No. Waste Stream Isotopic Content Date Prepared
2A1 Resin beads 202 uCi Co=-60 3/29/84
2A2 Resin beads 205 uCi Co-60 3/29/84
2B1 Borate 202 uCi Co-60 3/29/84
2B2 Borate 199 uCi Co-60 3/29/84

Included in this test was the visual determination of free-standing
liquid after solidification had taken place. Observations were conducted
immediately after each specimen was poured in the Teflon molds, at the
conclusion of the 48-hour curing period, and during the dry storage of the

specimens prior to leach tests.

4.2 RADIATION STABILITY

Each of the two selected waste streams, ion exchange resin and borate
solution, was homogeneously mixed and solidified in the cement matrix (MP-1) .
Six specimens cof 6~in right cylinders were molded, three containing ion
exchange resin beads and three containing borate solutions. Preparation of
the solidification matrix is illustrated in Appendix B, which contains
photographs of test apparatus. Two specimens of each simulated waste were
selected and packaged for shipment to Neutron Products, Dickenson, MD, which
performed the gamma dose exposure. Specimens 1 and 3 each contained 22.5% by
weight of ion exchange resin beads. Specimens 6 and 7 contained borated
compound as boric acid in a 10.3% solution to simulate the borate waste stream
at a utility site. The total amount of boron in the solidified waste form was
4.74% by weight. Certification of radiation exposure is found in Appendix A,
page A-l, as supplied by Neutron Products, Inc. Following the required

radiation dose exposure of 10e rads, the four specimens were returned to

FIRL, and compression tests were conducted on all four specimens. Results of
these tests are found in Section 5 of this report. Photographs of the
solidified matrix and the compression testing are presented in Appendix B,
Figures B-9 through B-15.
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5. TEST RESULTS

5.1 LEACH TEST RESULTS

The test results for leaching stability contained in Section 5, pages 8
through 31, were prepared in accordance with recommendations made in ANS 16.1,
"Measurements of the Leachability of Solidified Low-Level Racdioactive Waste,"
dated November 16, 1982, and requested by Bartlett Nuclear Corp. A summary of
test results, page 32, demonstrates that the average of seven leaching cycles'
leacﬁability index numbers (LIX) for all of the eight specimens tested
exceeded the minimum value of 6 as stated in "Implementation of 1O0CFR Part
61." Leach test results are based on pertinent data sheets which are
presented in Appendix A of this report. Test data sheets are numbered in
accordance with actual laboratory notebook numbered pages.

5.2 RADIATION STABILITY RESULTS

Test results for radiation stability are summarized on page 34 of this
report. The results demonstrate that the matrix supplied by Bartlett Nuclear
Corp. exceeds the minimum pressure load of 50 psi, as stated in
"Implementation of 10CFR Part 61," by a factor of between 7.5 and 21.7 times

the minimum value.

5.3 PRESENCE OF FREE-STANDING LIQUIDS

Test results for determination of the presence of free-standing liquids
were based on visual observations made during test proceedings. No test data
erxist., Therefore, conclusions made in Section 6 of this report are based

solely on observations.

nmﬁFhltﬁnhdnunluu-thLdundnnuhm.
A Subsuiary of The Frannie. inestse
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LABORATORY WHERE TESTS PERFORMED _ Franklin Research Center
ANALYST A.J. Cassell

DATT RESULTS REPORTED 27 April 1984

Part A. Description of Leach Specimen

Specimen Idemtificatiom Number 1Al
Provorcion of Waste Ilncorporated in Mixture 38,7 wWeizat

4,49 eo Voluze
(3ased on inizial volumes)

it

i'pe of Waste, Chemical and Radicisotopic Compositiocn, and Specific Activicy
2 -ne Wasce __Jon exchange resin beads com:amins Cs~137 isotopne,

200 uCi of Cs-137 gives a specific activity of 11.68 uCi/gram of
—peloon

Type and Compesition of the Solidification Agest Solidification material is
—Dbasically Por-tland cement (modified) - MP-l,

Preparation of Specizmen Specimen was prepared accordinLo sponsor's

trial the correct volume of matrix was aecemne and used to completely
Shape aad Dimeansions of Specizes 511.1 the mold.

Sphere, diamecer, d (ca) =

Cylinder, diameter, d (cz) = 2 oo digmerer &
length, L (cm) = 4 cm long
Parallelepiped, leagth, 1 (c=) = ’
videh, v (c=) = : v &

heignt, h (c=) =

Other, Shace

Dizensions
tial Weight of s”mi w (g = 17.12 2rams
Valm of Specimen~, V (c=*) = s
Surface Area of Specizen, S* (em=) = —31.40 square centimeters

Storage Conditioms After solidifigg ;m, t g specimen was placed in
—an empry 2lass jar which was cap sealed,

Appearance

Ihe specimen was excelleor in shape and surface condizion Removal _
_of roe sample from the mold was accomplished by splircing rhe aold
Descristion of Leacnant
Leaca Iancerval Electrical Comductivily Voluze, vL
(n) (wano/cs) (al)
1 . & 314
2 Ll 314
J | 114
- ) T 3lé
b 2.3 314
a 1 ) ]l_v.
7 P 314
.:alculaud from dizensiocns of svecizen.
n-mwnmw Inc.. -8~

A Submaary of The
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L2A0H TEST ISTNTIFICATION "UMSER
ASC ATORV WHERE TESTS SSIFORMED Franklin Research Center

Nl E I g ll

SATE 'UL'S REPORTED 27 April 1984
Par+ 3. Description of Leach Test Procedure

Specimen Preparation*

Diagram of Leach Asparatus:
r

(See Photos on Page B-1)

Leachate Sampling Ptocccun Following each leaching cvcle, the specimen
w' ur" ﬂ"“g" P |
WW Eroc the lw
W&Lﬂh_wd in couating wials

ve cnuntlna,azn:ig"~:s

wichio acceptable standard deviacions

Analytical Technigues:
Coumtiag Lastrumeat l[dentific tica and Calidracion Gamma counting of the
% d hy useine a Gamma 4000 unir _magufacrured hy
ol monr C~, The unir coptains a three doch sodiuc Jfodids
Lhallium acsivatac . seinrillarion crystal,
Comstituent a;, Amalytical Procedure, Standard Deviaction of Method
Cs=137, 0.1 uCi, + 32, traceable to NBS Standard. was used Lo determine
< o v \ 14 digrrihurion was ysed
An Standard Deviation defiminacion

Conscituent aj, Analytical Procedure, Standard Deviacion of Mechod

tituest a,, Asalytizal Procedure, Standarc Deviatiocn of Method

-

'!2 different from "Preparation of Specimen’ ia Part A.

-9-
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o2ACH TEST- IQENTIFICATION NUMBER 1 A
~B0RATORY WHERZ TESTS PERFORMED _ Franklin Research Center
ANALYST A.J. Cassell .
CATE RESULTS REPORTED 27 April 1984
Fart A. Description of Leach Specimen
Specimen I[demcification Numoer : A2
Proportion of Waste lacorporatead iz “ixture 8 _7 weigsot =
4,49 Yolume %

(Based on .ni:c:ial voliumes)

Tvpe of Waste, Chemical and Radioisotopic Composition, and Specifiz Acsivisy
2 ctne Waste _Jon exchange resin beads containing Cs-137 isotope,
200 uCi of Cs-137 gives a specirfic activity of “11.68 UCL/2rm of
Specimen.

Type and Composition of the Solidificacion Agemt Solidification material is
basicallv Portland cement, MP-1. modified.

Preparaction of Specimea Specimen was prepared according to sponsor's

normal use in the field. Each component was weighed out and mixed in
" § 12 y 4 ¢ 3

was then poured in:o a terlon mold, £ cm dia. BY Drevious
trial the correct velume of the matrix was determined and used to
Shape and Dimeasions of Specizen completely fill the mold.

Sphere, diamecer, d (ca) =

Cylinder, diamecer, d (c=) = 2 cm a
length, L (c=) = 4 cm
Parallelesiped, lemgth, L (gc=) = N
vidth, v (¢z) = y &
heigat, h (c=) =
Qther, Shape
Dizensicus
Inizial Weight of Specizea, W (g) = 17.14
Volume of Specizen*, V (c=®) = 12 36
Surface Area of Specimen, S* (c==) = 31.40

Scorage Conditions _ Specimen was stored on a "eflon saddle inside of a
—adean dry jar and the jar cap sealed

Appearance

Ihe specimen was excellent dn shape and size Qur‘arg copndisrion oas
- - R o

from the mald

Descriotion of Leachant

Leach Incerval Zleccrical Conductivity Yolume, VL
(a) (y=no/e=) (al)
1 1.4 314
. l ; 114
2 1 114
- 1,1 1ls
3 1.2 314
) 1 1 114
7 ) jl4

.Qh:uhnd from dizensions of specimex.
-ll_

!;-‘ndlhh---
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LABORATORY WHERE TZSTS PERFORMED Franklin Research Center
ANALYST A.J. Cassell
SATZ RESULTS REPORTED 27 April 1984
Part 8. Description of Leach Test Procedure
Specizen Preparaciocun*

Diagram of Leach aApparactus:

(See Photos on Page B-1)

Leachace Sampling Procedure _ Following each leachin vcle pecimen
was removed from the 314 ml leachate solution. Tﬁe specimen was
Zinsed in 157 ml. of distilled water for 20-30 sec. From the leacnate.,
three(3) aliguoits of one(l) ml. each were placed in counting vials

S specimen number. The leachate was

pot discarded unless the three samples gave counting statistics
within acceptable standard deviations.

Analytical Tecnniques:
Counting lastrument [dencificacicn and Calibracicn

Constituent a;, Asalytizal Procedure, Standard Deviation of Mechod

Constituent 43, Analytical Procedure, Standard Deviaciom of Method

Constizuent a,, Apalycical Procedure, Standard Deviation of Metnod

B
If different from "Preparacicn of Specimen” ia Par: A.
_12_
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N SR

TeS19 PERFORMED Franklin Research

|-

Specizen Identification Number
Proportion of Waste Incerporatec in Mixture

-

rainino
ITRTEFSYFRIes

22 _uCi

mposition of the Solidificatis

modified Portland cement

component was

y

0 the teflon mold, which was 2
hapve and Dimensions of Specizen

Spnere, diamecer, d

Crlinder, dianeter, d

lengech, L (cm) =

Parallelepiped, length, .

c
videh, v (¢cm) =

heignt, h (cm) =

Jdther,

Dizmensicns

s

Iaicial Weight of Specizen, W (g) =

-

Volume of Specizen*, V (cm*) =

Surface Area of Specimen, S* (c==) =

mo

Storage Conditions Specimen was removed from
1 1».9.1

4

for 48 hours, The SReLiIen xas then D

ar to be held until
ra B De _hNeld unel l

ADpearance
The svecimen was

very good Snecimen

o7 Leachant

Leach Interval
(a)

=
mb Frankdin institute Research Laboratory, Inc.
S hbedary ot The J s v




4 TEST RESULTS

L 2A0H TIST SEMTIFICATION NUMBER 1B1 F-A5959
_ASORATORY WHERE TISTS PEAFORMED Franklin Research Center

ARALYST

A.J. Cassell

SATE RESULTS REPORTED 27 April 1984

2art 3.

Description of Leach Test Procedure
Specizmen Preparatioca*

Diagram of Leach Apparactus:

(See photos on Page B-1)

Leachate Samplizg Procedure Following each leaching cvcle, the specimen
was removed from the 213 =1. of leachare solution, The SRelinel LAl

=9

3)

rinsed in %/Ww
aliquoits o one(l) ml. each were placed 1n counting vials and eacn
12l id {fied T I The leachare was Dot

Wﬂmﬂx—ﬁmim withic

Apalytical Techniques:
Countiag lastrumeat Idemcilficatiom and Calidracics Camma counting was

[ hy uyeing a Gamma L4000 auromatic samplex sanufacrured Ly
by Becikman [nstrument Co. 1he¢e unit comtains a three inch sodium iodlde,
thallium acrivared ecinrillarion cryacal
Constituent a;, Asalytical Procedure, Standard Dcvxaexon of Mechod
Cs=-137, 0.1 uCi | 37 accuracx traceable to NBS Standard was used

jﬁuuggigﬂn_gggg;xbutxon was used in _the 3 " dev 0 rmlnacisn.
Constituent aj, Analytical Procedure, Standard Deviacion of Method

Coanscituent i, Apalytical ?rocedure, Standard Deviatiocn of Method

I' different from "Preparation of Specimen in Par: A.

-15-
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LEACH T=57 PasSULTs
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JIAE TIST IDENTIFICATION MUMIER 1 B i
. *3CRATORY WHERE TESTS PERFORMED Franklin Research Center
ANALYST A, Cassell
SATT RESULTS REPORTED 27 April 1984
7ar= A. Description of Leach Specimen
Specimen Identification Number 1 B 2
Proporcion of Waste lacorPoratec = Mixture 10, 4 weizst <
L | Tolume 3

(3ased 2n .nitia. velumes)

Tsoe of Waste, Chemical and Radioisotapic Cosositien, and Specific Acstivicy
¢ tne Waste Simulated borate waste stream consisting of boric

acid (10.4% ggnggn%;gg;on with 203 uCi of Cs-137 as tagged
contaminate. Specific activity Of Cs=lct was 1..7Y uCi/gram Of
the specimen.

Type and Composition of the Solidification Agent Solidification agent was
i ar (MP-1)

Preparation of Specizen Specimen was prepared according tc sponsor's
normal use in the field. Each component was weilgnec out and mixed
o a teflon cup, The radigactive Lxacex Ce-117, was added as tne next
To last ingredient. The accelerator was added Ladt. The slurry was Lien

-

added to teflon mold which I.D. was 2 cm. and &4 cm. long.
Shape and Dimensions of SoeciZen

Spnere, diagecer, d (c=) *

Cylizder, diamecer, d (c3) = s Cm s
lengeh, L (c=) * 4 cm
Parallelepived, lemgeth, L (e=) = 3
vidth, v (¢c2) = ; &
heigne, h (c=) =
Other, Shape
Dizensiocus
laizial Weight of Specizen, W () * kb.gq
Voluse of Specimen*, ¥ (ez°) = 12,00
Susface Area of Specizen, S* (e=*) = 1,40
Storage Comditioms Specimen uwas Lemouel from mald afrer courine at LI0 F
j&\_!’ " 3 + ~ » .ﬁ‘_ﬁ_nt"
Slarage Jar o he held uocil leachability £est SCALLSL,
Appeacance :
Specimen was in excelleat coneition and surface condition
was verv good, lhere were 0o COVAOUS voids from a visual 1ospeciion

Descriotion of Leacnant

Leach laterval tlectrical Condugtivity Volume, VL

(a) 4-.29/&;) (=al)
1 3isa 3l
2 J 114
3 5 114
d . 110
§ - 3164
2 ] 115
: 4

.CAJ.cuu:d from dimensions of Jpecizen.
-l7=
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{ TEST RESULTS
LEACH TEST ICENTIFICATION "UMSER 182
LASCRATORY WHERE TESTS PERFQRMED Franklin Research Center
ANALYST A.J. Cassell
OATE RESULTS REPORTED
Part 3. Description of Leach Test Procedure
Specizen Preparaticun®

F-A5959

Diagram of Leach Apparactus:

( See Photo on Page B~l)

Leachate § moliag Procedure Following
was removed fro -rm'nm

Counting lastrument u-:‘.:‘.a:xn and Calidracion _Camma
Oomp hed DY ' 3 amma OO0 3 Otud T

N whalh » ELimen i 1 - 1 " . )
W ~xaral
Constituent ay, Asalytic.l Procedure, Scandard Deviacion of Mathod
Cs-137, 0.1 uci, * 32 accuracy. tracsable o NAS Srandard uas.used...

o _dete ming Lhe JosStIument .:‘151lnﬁi' A Darmal o

A ' ] ic

Constituent aj, Analytical Procedure, Standard Deviacion of Mached

Constituent a,, Analyeizal Procedure, Standard Deviatiom of Mathod

'u differant from "Preparacion of Specimen” i3 Part A.

4 mm Inc..
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LEACA TEST AESULTS

_2ACH TEST- IOENTIFICATION MUMBER 2 A i
LABORATORY WHERE TESTS PEIFORMED Franklin Research Center
ANALYST A.J. Cassell
CATZ RESULTS REPORTED 27 April 1984
Pare A, Oescription of Leach Specimen
Specimen Idemtification Number 2Al
Proporzion of Waste lacorporates in ‘ixturse % weigot =
. Volume %

(3ased on iaitial volumes)

Tyoe of Waste, Chemical and Radioisotepic Composition, and Specific Activity
af the Waste y s head on ning Co=60
2

Type and Composition of the Solidificacion Agent The solidification matrix
was a modified Portland cement (MP-1) sugg[!ca BY %Ee Sponsor.

which inside measurements produced
Shape and Dimensions of Specizen

Sohere, diamecer, d (cm) *

Cylisder, diamecer, d (c=) * 2 o
lengeh, L (cm) = .

Parallelepiped, leagth, L (cm) = ’
videh, v (cm) = , b
height, h (c=m) =

Other, Shape

Dizensions

laitial Weight of !mzn’ wig =
Volume of Specimen*, V (em®)

Surface Area of Specisen, $* (c=?)
Followin

Leach laterval Clectrizal Conductivity Yolume, 'L
(a) Lumne/c) —iBh)
L 2.0 134
- .‘;“ A
2:4 134
5 ) Ll
) 0 L

':unucu from dimensions of u«uoa
-20=
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LEACH TEST RESULTS

LEiCH TEST [OENTIFICATION MUMSER 2 4 PRI
_ASORATORY WHERE TISTS PERFORMED Franklin Research Center

ANALYST Al Cassell

JATE RESULTS REPORTED 27 April 1984 :

pars 3. Description of Leach Test Procedure
Specinen Preparatiocn®

Diagram of Leacr Asparatus:

See Photos on Page B-1)

each leaching cvcle, the

Analytical Techalgues:
ting Lascrument Identification asd Calibracion A Gamma 4000, autor-tic

Md

PR BT
Constituent ay, Asalvtical Procedure, Standard Deviation of Mathod
£ & - V4 . :

s &

rian

comstituent a3, Analytical Procedure, Standard Deviacion of Macthod o

Comstituent a,, Asalytical Procedure, jtandard Deviation of Matbod

-
1f different from "Preparation of Specimen” ia Part A.
“2l=

Uﬂ_ Laborstory, Inc..
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LZAZH TEIT. IDENTIFICATION NUMBER 2 A P
_ASORATORY WHERE TESTS PEIFORMED Franklin Research Center

ARALYST A L, Cassell

SATZ RESULTS REPORTED 27 April 1984

Part A. Description of Leach Specimen

Specimen [demtificaticn Number 2 A2
Proporcicn of Waste lacororacec 2 Mixture Ty ~eignt <
4,49 Yolume %
(B3ased on .nitial volunes)

Troe of Waste, Chemical and 2acioisotopic Compositiion, aac Specifiz Activaty
af zhe wWaste _lom exchange resin beads containing Co=-60 isotope,

2035 uCi of Co-60 produ if yity of . of
tne specimen.

Type and Compositicn of the Solidificaction Agent The solidification matri¥_
was a modified Portland cement (MP-1) supplied bv the sponsor.

?reparation of Specizmen The specimen was prepared according to the
sponsor's normal use in the tield. Each component Was weighed out and
MMM‘MV - -

reflon mold, the iside measurements producing the required specimen size.
Shape and Dimemsions of Specizen

Spnere, diamecer, é (em) =
Cylinder, diamecer, d (em) =
lengeh, L (e=) =
®aralleiepiped, lemgth, 1 (em) = ’
videh, v (c3) = y &
heignt, h (c=) =

= Bl
- -

Otner, Shave

Dizensiocus
raisial Weight of Specizen, W (3) * 12,28
Voluse of Specizen*, ¥ (ca®) = 12,568
Surface Area of Specimen, §* (e=?) = 31,40

Storage Coanditions Following a 48 hour_curing period at
was removed f ' y

mi]n:ianﬁd g]:h i ﬁﬁilgd cap “n;;" the '|gac'nabilit~.‘ racr wae started

130°F, the specimen

iar

Appearance " =
The specimen appeared to be excellent in shape. The surface exhibited
4 YSLY smegoth homogenequs surlace
Jescription of Leacnant
Laach Iacerval tleccrical Comductivicy Yoliume, '~’L
(a) (y=po/e=) (ml)

1 b 114

- o 114

b | 1.2 1]

- 1 114

s l.ﬂg 1L~o

» 1.4 114

; 1.2 114

.m:u’.aud t{eom dimensions of specizen.
-23_
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‘ : LE3CH TEST RESULTS
LEACH TEST ISENTIFICATION NUMSER 2 A2 F-A5959
LABORATORY WHERE TTISTS PERFORMED Franklin Research Center
ANALYST A.J. Cassell
CATZ RESULTS REPORTED ________ 27 April 1984
Part 8. Description of Leach Test Procedure

Specizen Preparation*

Diagram of Laach Apparacus:

( see Photos on Page B~l)

Leacnate Sasplisg Procedure _Following the leaching cvcle, the specimen
= :

was mov

:Lafs ﬁentﬂ ed as to the specimen n

\

\

|

: |

discarded unless the thres samples gave counting statiscics wirhin
\

|

|

|

\

|°
3
1
—
e

<jo

Analytical Techaigques:
Counting lastrument l[demcificacion and Calibratiocn A Gamma 4000, automatic

- o

samples..

~0 . : ency A DO T .

was used in the standard deviation deferminacion. |

Comstituent a3, Analytical Procedure, Standard Deviacion of Mechod

Coastituent a,, Apaiytical Procedure, Standard Deviation of Mathod

H .l! different from "Preparation of Specimen” in Part A.
-24=
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LABORATORY WHERE TESTS PERFORMED _ Franklin Research Center
ANALYST __A.J. Cassell
DATE RESULTS REPORTED 27 AMil 1984

Part A, Description of Leach Specimen

Specizen I[dentificatiocn Number
Proportion of Waste Incorporated i Mixture 10.4 welizat
1,31 Voluze
(3ased on initial voiumes)

“tan

Trpe of Waste, Chemical and Radiocisotopic Composizion, and Specific Acsivicy

s the Waste Sjmnla:gd 'ngzaze Hwaste stream cnnsjs:inz Q! boric acid

(10, 4% 202 -6 i a
12, n
Type and Composition of the Solidificatican Agent _ The gg}jdjgjga;jgn agent
was modified Portland cement (MP-1) as supplied bv cthe spomsor,
Preparation of Specizen Specimen was prepared according to sponsor's
norma W

in a clean teflo D . e - W

’ teflon mold which measured 2 ecm. ID, and 4 cm. long.
. Shape and Dimensions of Specizen

Sphere, diamecter, d (cm) =
Cylinder, diamecer, d (cz) =
lengch, L (cm) =
Parallelepiped, leagth, L (cm=) = 5
videh, v (ca) = . &
heignt, h (c=) =

~po
- -

Qther, Shape

Dimensions
Izitial Weight of Spccxn-ns W ig = 16,46
Volume of Specizmen*, V (cm®) = 12,568
Surface Area of Specizmem, S* (cz?) = 31.40
Storage Conditioms wwmmmmmwm
curing ESIJQQ at 1309F, The specimen was placed ip a dry, empry glass
iar _and cap sealed until the leachabilifv test started,
Appearance

Specimen appeared in excellent shape. Surface condition
ex ted 2 v i -
the surface was completely homogeneous.
Descriotion of Leacnant

Leach Ipterval Elecsrical Conductivicy Volume, vL
(a) (usno/e=) (al)

1 1.4 314

2 b Ll

3 L. 3 314

- 314

S 1.25 314

) iy 14

2 L. RYTA

.Calculatod from iimensions of svecimen.
-26~
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L23CH TEST RESULTS

wmam rmpmimeme sy ﬂUHSE? 2 B1

T3T LDmiriATil - F-A5939
ASCRATORY WHERE TESTS PERFORMED Franklin Research Center

ANALYST A.J. Cassell

SATEZ RESULTS REPORTED 27 April 1984

2are 8. Description of Leach Test Procedure

Specizen Preparatica*

Diagram of Leach Apparatus:

( See Photos on Page B-1)

Leacnate Sampling Procedure

of one i ml., each were laced into individua vials and tne vials
identified as to the S ecimen numoer. eachate solution was not

iscarded unless the a 1quolit samp es gave counting statistics within

Analvtical Tecnnigues:

Coumtiag lastrusment I[deatification and Calibraticas _ A Gamma 4000, automatic
samp le changer, containing a three inch sodium lodide, thallium
activaced, scintillarion crvstal deteclol was used £o count Lhe

leacnate samples. .
Comstituent a), Asalytical Procedure, Stancard Deviacien of Method
Co=60, 0.4 uCi, = 2. raceable toO NBS standard, was used as tne

standard to determ.ne - QuUOCing etficiencv. A normal OF Maxwelliam
distribution was u.ed ‘n _the standard deviation determination.

Constituent a;, Analytical ®rocedure, Standard Deviacica of Mechod

Copscitueat a,, Analytical ?rocedure, Stancard Deviaticn of Machod

s
1f different from "Precaration of Sacciirr" ia Parc A.

Mﬁiﬂnﬂlﬂiﬁlﬂtn&--thL‘ha'hnnbxh
A Subesery of The Fransin nastse
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JZACH TEIT IDENTIFICATION NUMBER 2 B
LASORATORY WHERE TESTS PERFORMED Franklin Research Center
ANALYST A.J. Cassell

CATE FESULTS REPORTED 27 April 1984

Part A. Description of Leach Specimen

"o
w
o

Specimen Identification Number g
Provorzicn cf Waste Incorporatec in MixTure 5.10 weiznt <
1.31 Voluze &

(Based on a:tial voluines)

Tyoe of Waste, Chemical and Radioisotspic Cempositiom, and Specific Acstivicy
3¢ tne Waste _ Simulated borate waste stream consisting of boric acid,

_LL;:_ggnggn;;a;ignl_gigh,l°° uCi of Co=-60 rne t ed contaminate.
roduced a specific activity orf 12.1. uCi/gm Of the sbecimen.

Type and Compositicn of the Solidificacion Ageat The solidification agent
was modified Portland cement (MP-1) as supplied OV Cnhe Sponsor.

Preparation of Scecimen _ Specimen was prepared according to sponsor's

normal use in the field, Each component was weighec out and mixed

i ol £ : i isotope, Go-b60, was the next to last
_component added. The last component to be added was tne accelerator.
The slurry was poured into a clean teflon mold, 2 cm. X 4m. inside
Shape and Dimensions of Specizec measurements.

Sonere, diamecer, d (cm) =
Cylinder, diazecter, d (cz=) =
lengcth, £ (cm) =
Parallelepiped, length, L (c=) = .
videh, v (c=) = e
heigat, h (c=) =

o U
L |-
-] (e

QOther, Shape
Dizensions

Izicial Weight of Specizmen, W (3) = 16.42

Volume of Specimen*, V (cas) - 2,56

Surface Area of Specimen, S* (e=?) = 31,40

Storage Ccnditions Specimen was removed rrom the mold following

a 48 hour curing at 1 J00F . The specimen was placed in a dry, empty,

glass jar and cap sealed until tne start ol tne leachablilitVv test.

Appearance =
Specimen appeared in excellent shape . The suriace condition

naving a comp lete nomogeneous

of the specimen was also excellent,

condition.
Descriotion of Leacnant
Leach Iacerval £lectczizal Comcductivicy Voluxze, ?L
(a) (umno/c=) (ml)
1 A | 314
2 2.4 314
2 2.0 114
- I 3la
5 - B 314
] T 3 51«
7 2.7 314

-
Calculaced from dimensions of specizen.

W -29-
Franklin Institute Research Laboratory, Inc..



RESULTS

B

LEACH TIIT IDENTIFICATION MUMSER 2 B2 P=A39%9

LABORATORY WHERE TE3TS PERFORMID Franklin Research Center
ANALYST A.J. Cassell

DATZ RESULTS REPORTED 27 April 1984
Part 3. Description of Leach Test Procedure

Specimen Preparatiocn*

2iagram of Leach Apparactus:

( See Photos on PageB~-1 )

Leacaate Samoling Procedure Following each of v

the specimen was removed from the leachate and rinsec in 157 mi. of
resh demlneraIIzed water. From the EIL ml. of leachate

£ , three (J3)

" »
he vials id it = . —
was t di ss the aligquoi am
within acceptable standard deviations.
Analytical Technigues:
Counting lastrument l[demcificacicn and Calidbratios A Gamma 4000, automati
samplin amm te manuf d bv
and contaipnine a three inch sndium iodide. thallinm acrivared

scinrillarion crysral, was used for gamma counzing

Constituent a,, yrical Procedure, Stancard Deviacion of Method
Co-60, 0.4 uCi, % traceable to NBS Standard, was used to

etermine 2 v, A 1 -
was used in_the standard deviation determinacion.

Comstituent a;, Analytical Procedure, Stasdard Deviation of Mechod

Constituent a,, Asalytical Procedure, Standard Deviatica of Metnod

.II 44#ferens from "Preparation of Specizen” is Part A.
«30~
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5.2 RADIATION STABILITY RESULTS

Pre-gammﬁ'dose exposure:

Specimen‘No. 1 3 6 j ‘

Specimen Wt. 8.9(1bs) 9.03 8.79 §.80 !

Physical Size |
1. Length 5.99(in) 6.00 6.01 6.01
2.Diameter 6.00 6.00 6.00 6.00

Post-gamma dose exposure:

Specimen No. 1 3 6 7
Physical Size
Specimen Wt. (1lbs) 8.85 8.98 8.75 8.76
Physical Size(in.)
1. Length 5.99 6.00 6.01 6.01
2. Diameter 6.00 6.00 6.00 6.00

Compression Test:
Specimen No. 1 3 6 7
Break Load(lbs.) 25,200 30,600 11,500 10,600

Load Applied: 1413 1bs.="0 psi for minimum requirement

#l 25,200/1413 = 17.8 times minimum acceptable value
#3 30,60u/1413 = 21.7 times minimum acceptable value
#6 11,500/1413 = 8.1 times minimum acceptable value
#7 10,600/1413 = 7.5 times minimum acceptable value

Y-

“ﬁﬁ?ﬂd‘ﬁk‘.ﬁlﬂtﬂl&hLdumnwnknu
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6. CONCLUSIONS

6.1 LEACHABILITY INDEX NUMBER DETERMINATION

It can be concluded from the summary of test results in Section 5 of this

report that the solidification material, MP-1 cement, as supplied by Bartlett

Nuclear Corp., has met the requirements of the USNRC for implementing 10CFR

part 61 by exhibiting a leachability index number greater than 6.

6.2 RADIATION STABILITY
It can be concluded from the radiation stability test results in Section

5 of this report that the cement material MP-1, as supplied by Bartlett

Nuclear Corp., has met the requirements of the USNRC for implementing 10CFR

part 61 by exhibiting a compression stability greater than 0.3 MPa (50 ps1i)

after being subjected to a high gaama dose.

6.3 PRESENCE OF FREE-STANDING LIQUIDS

It is concluded that no free liquid was present in any of the 12

specimens tested following the solidification process. This conclusion is

based on observations made follcwing waste solidification in the cement

matrices.

e
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7. CERTIFICATION

The undersigned certifies that this report 1s a true account of the tests

conducted and the results obtained.

Omdrew Y. Casoetl /23 /84
Andrew J. Cas¥ell Date
Project Manager

Senior Staff Scientist
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TEST CERTIFICATION AND TEST DATA
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Franklin Institute Research Laboratory, Inc.

A Subsidiary of The Franklin Institute
20th and Race Streets. Phila.. Pa. 19103 (215) 448-1000



IRRADIATION DAIE April b-14, 1984

DICKERSON I
CERTIFICATION OF IRRADIATION

<Pl LOT NUMBER: 4N20194B

CUSTOMER

Franklin Research Center
20th and Race Streets
Pniladelphia, Pa. 19103

PURCHASE ORDER NO.:
372488

PRODUCT DESCRIPTION AND CUSTOMER LOT NUMBERS

Cement Cores (6" X 6")
Nos. 1, 3, 6 & 7

NUMBER OF PIECES IN NPI LOT
Four

IRRADIATION DOSE

MINIMUM 97.3  MEGARADS.
MAXIMUM 102.7  MEGARADS.
(X ] EXPOSED DOSE

( ] MINIMUM DOSE CORRECTED FOR % ESTIMATED ATTENUATION

( ] MINIMUM DOSE CORRECTED FOR % ATTENUATION BASED ON PROCESS VALIDATION DOSIMETRY
|X ] REPORTED DOSES CONFIRMED USING FAR WEST DOSIMETERS

COMMENTS

ﬁ‘(?,&bf f{k A ‘%&ku_,

Elizabeth ). Baker
Manager, croduct Testing
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Figure B-3. Specimens under Leachant for Leachability Test,
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Figure B~5. Specimens Containing Borate Waste Stream with Cobalt-60
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Figure B-7.
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Molds for Casting 6~inch Cylinders

Figure B-9.
Curing of Two Molded Specimens

Figure B-10. Molded Cylinders Following 48-hour Curing Cycle
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Figure B-1l. Four Cement Cylinders Packaged for Gamma Dose Exposure

Compression Test for Cement Matrix
Containing Ion-Exchange Resin Beads

Figure B~12.

B-6

/_}~
UHUU Franklin Institute Research Laboratory. Inc.
A Submdiary of The Frankin insshse



Breaking Point of Specimen

Figure B-13.
Containing lon-Exchange Resin Beads

Compression Test for Cement Matrix

Figure B-14.
Containing Borated Material

B-7

nummnﬂeunuhLuxxmoq,mQ
Awdmh-'_-

nqu.nkﬂnl
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Ccrporate Policy

It is the policy of Bartlect Muclear, Inc. to provide high qualicy
products and seriices CO OUr CUSTOmETS.

To assure our customers of sarisfactor - service the following Qualicy
Assurance program is set forth. The requirements of this program

meet or exceed all regulations and guide lines of the Nuclear Fezulacory
Commission and any other pertinent Federal, State, Local or Plant
specific requirements.

It is the responsibility of all Bartlett employees to strive for the
sighest standards of job performance as outlined in the Qualicy
Assurance Manual. Overall responsibility for the Quality Assurance
Progran is vested in the Quality Assurance Manager who has the res-
ponsibility and authority to enforce full compliance with all pertinent

regulacions.

~ N P f
[ K. [>otZ(C
pruce R. partlett
President

QUALITY ON-SITE DECONTAMINATION ¢ ELECTROPOLISHING, LAUNDRY, AND SUPPORT SERVICES
HEALTH PHYSICS. CONSULTING, AND ENGINEERING




POLICY

As a service organization,
highest standards for their

The Quality Assurance Manager has full responsibility and authority to
implement the Quality Assurance Program. Each

Representative, Coordinator and Supervisor has Quality

sibilities assigned by the Quality Assurance Manager as outlined in the
Quality Assurance Marual. Lines of responsibility and authority for
Quality Assurance are separated from general company administrative
functions as outlined on the appended Organizational Chart.

IMPLEMENTATION,
1. Contract Negotiations

Company representatives are kept informed of equipment and gcrlomgl's
reliabilicy and availability when negotiating contracts with the
customer.

Contracts

Proposed and/or issued contracts are carefully scrutinized by all
affected department Quality Assurance respresentatives to assure
the customer that all pertinent criteria are met,

Equipment

All equipment offered to the customer for lease or purchase is
carefully inspected and evaluated prior to delivery to the cu<tomer.
Records are maintained of equipment function and reliability.

Personnel

All employees are screened and categorized by the company. Qual-
ifications of selected personnel are submitted to the customer for
approval. Records of employee's qualifications are regularly updated.
Non-Compliance

If at any time services do not meet the appropriate Quality standards,
the Quality Assurance Manager will be immediately notified. The
Quality Assurance Mamager and the affected manager will take




TR BARTLETT
_ L' NUCLEAR INC.
Non-Campliance cont.

immadiate steps to rectify the non-campliance to the satisfaction
of the customer.

Audits

Audits of the Quality Assurance Program will be conducted on a
routine basis by the Quality Assurance Manager or his represent-
ative.

Custamers are welcame and encouraged to audit our Quality Assurance
Program. The Quality Assurance Manager will give prampt and courtec ‘s

service to all custamers.




C.

D.

G.

This manual provides a coherent, systematic approach to insure quality
and reliability of all services provided to the customer by Bartlett
Nuclear, Inc.

The Quality Assurance Manual addresses quality assurance functions,
responsibilities and forms of the campany's management and employees.

RESPONSIBILITY

The Quality Assurance Manager is responsible for the Quality Assurance
Manual and the administration of the program. Specific areas of
responsibility are outlined in the manual.

APPLICABILITY

This manual applies to all Bartlett Nuclear, Inc. activities, which

conformance to the rules, regulations, guidelines of the NRC
and any other applicable Federal, State, Local or custamer specific
requirements.

CONTROL

Cor ol Copies are normally maintained at the Bartlett office. Each
control copy of this manual has a control number affixed to the lower
right hand cover. Each control copy issued is recorded by number,

name of recipient and date of issue. Control copies are not issued to

custamers except upon request.

UPDAT..G

™e Quality Assurance Manual will be updated on a routine annual basis
and/or as needed. A confirmation of receipt will accampany all
revisions and be entered in the master file in the corporation office.

APPROVALS

The Quality Assurance Manual and all revisions thereto shall have the
expressed approval of the Quality Assurance Manager.

DISTRIBUTION

The Quality Assurance Manual of Bartlett Nuclear, Inc. shall be
distributed to all company personnel who have a quality assurance
function as designated by the quality assurance manager and to our
custamer's designated representatives, upon receipt of request.

- BARTLETT
' NUCLEAR INC.
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I. ADDNITION

The Quality Assurance Mamual and its contents ars to be privileged
informacion to Bartlect Nuclear, Inc. and customers.
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QUALITY ASSURANCE RESPONSIBILITIES

In order to assure continuing quality and reliability of equipment
and services as outlined in Corporate Policy the following responsi-
bilities and functions of control are

QUALITY ASSURANCE MANAGER

Has the prime responsibility of all aspects of Quality Assurance.
mwuiuuMmﬂmmmm
mwmwmﬂmmm&mdmofawwﬂm
contract, including, but not Limited to, final critique with customer

representative.
PERSONNEL DIRECTOR

mmmmuiqdmmmvwfuummm
qualifications, clearances, and performance evaluations as directed

by the Quality Assurance Manager.
HEALTH PHYSICS CONSULTANT
mlthemmibilitytominuinctmmwithdﬂmuinmmm-

of~the-art and inform the Quality Assurance Manager of all changes in
techniques and formats, which effect Quality Assurance
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d. SALES MANAGER

Must inform and coordinate with the Quality Assurance Manager all
new contracts and/or changes in existing contracts which have
quality specifications other tlan the NRC standards.

e. EQUIPMENT MANAGER

It is the responsibility of the Bjuipment Manager to inspect all equip-
ment purchased by Bartlett Nuclear, Inc. All components must be
tested and assembly tests of the camplete unit must be documented

the ered to the custamer. A file on each unit
will be maintained in which running time, repairs, and frequency of
repairs will be recorded. A master copy will be retained by the
Bquipment Manager and copy submitted to the Quality Assurance Manager.
These copies will be kept current on a monthly basis. Any problem
areas

£. INSTRUMENT MANAGER

Y
before the units is offered to the customer. A file on each unit will
be maintained in which rumning time, repairs, and frequency of repairs
will be recorded. A master copy will be retained by the Instrument
copy submitted to the Quality Assurance Manager. These
copies will be kept current on a monthly basis. Any problem areas will
to

g.  SITE COORDINATOR

The site coordinator shall maintain a file on each Bartlett emwployee
on site. This file shall include, but not limited to, a copy of the
agloyee's resume, radiation dose record, and employee performance
record.

The site coordinator shall maintain time sheets for all employees on
site and sulmit a copy to the customer representative for review and
approval . Time sheets shall be submitted on a weekly basis to the
custamer and Bartlett Nuclear, Inc.

Any irregularities in the aforementioned records shall be brought to the
attention of the Quality Assurance Manager immediately for resolution and
compliance to the appropriate standards and customer satisfaction.
QUALITY ASSURANCE MANAGER

The Quality Assurance Manager is responsible directly to the President for
the Quality of all products and services of Bartlett Nuclear, Inc.
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The Quality Assurance Manager has the responsibility and authority to
fornulate all Quality Assurance policies, records and mamuals necessary
in order to fulfill all of the standards and regulations set forth by

the Nuclear Regulatory Cammission, and all other applicable Federal, State,

Local and specific custamer requirements.
Section 3

PERSONNEL QUALIFICATIONS

1. Junior Technicians
a. Must be 19 years of age or older;
b. Must be a High School graduate;

c. Must demonstrate a basic aptitude and ability in the science

field by test or successfully campleting applicable undergradate
in the science field or have previous practical experience
in Health Physics or related fields;

d. Must successfully pass a test demonstrating emotional stability
such as the MMPI test;

e. Must be free of any criminal records other than minor offenses
which would preclude security clearance;

£. Must be able to pacs a physical examination which verifies the
be in good health and able to perform the duties
assigned to the technician. This physical must include appropriate
a registered physicians evaluation verifing the technician's
ability to use respiratory equipment;
Must

sign release of information forms which will allow the campany
to contact past employers, educators, and law enforcement agencies
to verify records.

- Senior Technicdans

a. Must be 21 years of age or older;

. b. Must have a minimm of 2 years of practical Health Physics
experience in a nuclear power plant or facility with
pmhlusimﬂumtrnuofamnlnrmpunton
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Have S years in practical applied Health Physics;

1
I% Be a certified Health Physics Technic ian by YRRFT;
I

Have an AA Degree in Health ics and 1 year of
practical experience or equi ;

IV Have a BS Degree in a related science and 6 months

B. ANSI 3.1-1978 and Reg. Guide 1980

Must have a minimum of 3 years of practical Health Physics
experience in a nuclear power plant.

One year of experience should be in related technical
training.

Must successfully complete a test for Senior Techmicians;

Demonstrate to the company and the customer the ability to
perform the duties required of a Senior Technician.

3. Health Physics Supervisor
Must meet all of the requirements of Senior Technicians and:

a. Must have a minimm of 5 years of Commercial Power Plant experience

or:
I
II
III
v

Be a certified technician by NRRPT or equivalent, and 2
ms of commercial power plant experience;
a BS Degree in the science field and 3 years cormercial

power plant experience;
Have a MS Degree in Health Physics and 1 year of commercial

power plant experience;
Have 7 years of applied Health Physics experience which
includes 2 years of coumercial power plant experience.

4, Site Coordinator

Must meet «ll of the requirement of Senicr Technicians and:

a. V st have a thorough knowledge of the comparv’'s policies and
procedures; )

b. Must have the ability to write concise, accurate and legible
reports and be familiar with standard administrative techniques;

e. Must be able to commmicate effectively with the company and
customer's representatives;

d. Must be able to conmmicate effectively with company employees
and enforce the high quality standards set forth by company

policy.
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PERSONNEL QUALIFICATIONS VERIFICATION

Al Bducation

Bmployment Questionnaire reveals education level and institution.
Education above high school is verified by phone to appropriate
registrar or campany if not supported by a diplama or reproduction
of diplama or certificate from a recognized educational institution
Oor campany.

B. BExperience

Employment Questionnaire reveals job experience and is verified by
contacting the last employer. Any irregularities are checked
further by the next one or two previous employers.

C. Quality & Reliability

The quality of work and reliability of job performance are verified
through previous employers, educators, and associates whichever is
most practicahle.

D. Security Clearance

A security check is made by Bguifax, Pinkertons, independent investi-
gative organizations, and/or company personnel in campliance with
NRC regulations.

E. Stability

Verified by recognized Psychologist and/or testing by the MPI or
equivalent psychological test. These test results are evaluated by
Dr. Al Fetitpas, associated with the Psychology Department of
Springfield College.

F. Testing

Theoretical

A test is administered to all new amployees to evaluate their qualifica-
tions for job held. Practical - New employees are carefully monitored
on the jobs to further evaluate their practical knowledge and applied

health physics techniques.
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PERSONNEL QUALIFICATIONS VERIFICATION

A.  Bducation

Employment Questionnaire reveals education level and institution.
Education above high school is verified by phone to appropriate
registrar or company if not supported by a diplama or reproduction
of diplama or certificate from a recognized educational institution
or camparny.

B. Experience

Employment Questionnaire reveals job experience and is verified by

contacting the last employer. Any irregularities are checked
further by the next one or two previous employers.

C. Quality & Reliability

The quality of work and reliability of job perfommance are verified
through previous employers, educators, and associates whichever is
most practicahble.

D. Security Clearance

A security check is made by Bguifax, Pinkertons, independent investi-

gative organizations, and/or company personnel in campliance with
NRC regulations.

E. Stability

Verified by recognized Psychologist and/or testing by the MVPI or
equivalent psychological test. These test results are evaluated by
Dr. Al Petitpas, associated with the Psychc Logy Department of
Springfield College.

F. Testing

Theoretical

A test is administered to all new emwployees to evaluate their qualifica-
tions for job held. Practical - New employees are carefully monitored
on the jobs to further evaluate their practical knowledge and applied
health physics techniques.
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T°SONAL PROFILE

Tas « TEONICIAK TEST
CLASSIFICATION DATE
DEGREES Y. (BT | reci | 4 1 i

MAJOR SURJECT,s

CEFTIFICAIES

YEARS COF APPLIED EEALTH PHYSICS EV
YEARS OF CQ2ZEPCLLAL FORER I

TOTTN CX."

ANT EFPERIENCT

SPECIFIC JOB FUNCTION EXPERIENCE

Smears & Surveys

oha - HI (50K dpm)
10 (50K coa)
HI (010 RAD)
10 .-10 RAD)
HI ¢5 RAD)
1O (<5 RAD)
Neucron HI (»5 REY)
1O (<5 RED

FUIICTION DATE FUICTION DATE
Decontamination Count Equip. Operator
Area o~ Counter
£ Counter
Equipment > Counter
on’ Counter
Persormal 3/ Spectrometer

A Spectrometer
L.quid Scincellater

Rad Waste

Compaction
Packaging
Storage
Shipping

Alr Samles

HI Vol
1o Veo!
Lapel
Cam

Respiratory Zquipment

Filter
Alr-Lire

SCEA

Test Equipment




SPECIFIC JOB FUNCTION EXPERIZNCE
FONCTION DATE FUNCTION DATE
Dnsimecry ! Hazard Evaluation
Self Peadirg : Air Sample Calc.
Chemical f MPC Calc.
TLD I Staytize Calc.
Filn Badge | Isotope Ident.
Whole Body Counc | Shielding “alc.
Bio-Assav ; Body 3urdern: Calc.
|
l SPECIFIC JOB EXPERIENCE (Commercial Power)
PWR DATE BWR DATE

| Contairment Power Entry

| Inizial Shutdown Encry
CRDM Removal
Ucper Guice Structure
ICI Reroval
Head Removal
| Upper Internals Removal
' Refuelin
| In Vessel Work

|

e —— - S — 2 —— —

Refuel Flcor

Drywell/Vessel Head Rm.

Drier/Moist. Seperator

e

Jet:PunpReoaJ.r

|
| Steam Generators

Eddy Current
Sluc;e Lancing

|
i Tube Plugging
1 Pipe Support Work

Drywell

Coolant Pumps
Relief Valves

Pipe & Valve Repair
CRIM Rermove

CRDM Repair

i Pressuzizer

Reliaf Valve Repair
Inst. Repair & Mod.
Pire & Support Work

Torus

Valve Repair
Support Mod.
Sand Blast

!Goolan: Pups

Seal Repair
Pup Repair/Replace

2 Motor Repair/Replace

—————————— . ———

Moisture Seperators

Hx Repair
Condensor Repair
Water Box Repair
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SFECIFIC JOB EPERIENCE (CRMERCIAL PONEK) (conc.) i
PR DATE ER DATE |
Heat Exchangers Turbine Floor
Turbine Repair
Regen. Control Valve Repair
Hx. Repair
Non-Regen. Feed Purp Repair
| SPECIAL JOB EXPERIEXCE
SPECIALTY DATE SPECLALTY DATE
Training Inst. Consultant
ALARA
Emloyee Indoct. Applied Health Physics
H.P. Jr. Tecnh. Reactor Chemistry
H.P. Sr. Tech. Rad Waste
Reaccor Oper. Plant H.P. Inst.
Emer. Response Respiratory Equipment

Basic Sciences

Technical Writing

| Eoployes Tr. Marmal
H.P. Tech. Marmual

| H.P. Prucedures

i Air Sampling Techniques
| Respiratory Training
Chemistry Procedures

! Decontarmination

Anti-C Laundry

Tool Decon

Resp. Deccn

Building Decon

Land Area Decon

Special Equipment Decon
Persormel Decen

————. ————

Portable Inst.
H.P. Procecures

Cotputer System Prcgran
Accident Control
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Porsormel Evaluation and PerZormence Record

The following are guide lines to promote a more uniform method of persormel
evaluaticns.

I. Gradients are based on a 4.0 being exceptional and the following
general categories.

1.

IT Individual Cz~agories general guice lines:
1. Reliabiliry

4.0 Emplovee is always on work station bafore the required
time and never leaves job site without auchorizzticn
before designated time.

0-1.0 [Ecplovee is late more than once a week or emplovee
leaves job site withour proper autiorization bezore
designated time.

2. Dependability

4.0 Employee is alwayvs at designated work station or
immediacely available if emplovee complietes all
designated tasks.

0-1.0 Employee frequently missing from work station without
authorization or wnavailable for coverage. Emloyvee
does not complete assigned tasks or ignores them
entirely.

3. Arttitude

4.0 Employee accepts all assigned tasks in a cheerful
r-mer. Emlovee performs tasks to the best of his/
her ability thoroughly, prompcly, anc correccly.

0-1.0 Erplovee constantly complains that tasks assigned are
beneath his/her am.h or more Gifficult than other
employee's tasks. Employee must be told repeatecly
before he/she commences assigned task. Emplovee
often fails to do task properly or task is incormpliete
or ignored entirely.

4. Apritude

4.0 Employee grasps new concepts readily. Employee often
develops r.=w techniques and is constanctly aware of
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of ALARA and good Health Favsics practices. Employess
deronstraces excellent mechanical, machematical, and
practical abiliries.

Employee canmot grasp rnew concepts, emplovee over/
under reacts to ALARA concepts, emplovee carmmot
grasp Healith Physics concepts, emmloyee cammor put
theoretical concepts to practical use.

Employvee Relations (Colleagues)

4.0

Emplovee has excellent relationships with his co-
workers and supervisors, erplovee has empatl. - for
the protlems and actitudes of his co-workers and
supervisors both on and off the job.

Erployee is a "'loner" and does mot associars with
co-workers, emmloyee feels he/she is better than
his/her co-workers and is constantly deridirg their
abilities and job performance. Empicyee often
lapses to vicious hositility and bitter arguments
with co-workers.

Public Relations (Customers and General Public)

4.0

0-1.0

Employee has excellent rapport with customer's crarts-
men, H.P.s and managemenc, emplovee realizes he/she
is responsible to aid and support the customer’'s
policies and persommel.

Emplovee is argumentative and often is in confiict wich
customer persormel, emplovee resents custcmer persomnel
and authority and is constantly trying to tell them
how to do their jobs, emloyee will perversely contirmue
to perform a task "in his/her-own-way" r iless of
customer's written and/or verbal procedures.

Professionalism

4.0

0-1.0

Emplovee alwavs reports to work alert, neat, clean, and
properly attired, ecplovee commmicates beth writts~ and
verbal in clear concise English, emplovee is always court-
eous and respectful in dealing with subordirates, collcagues,
and superiors, employee exhibits honesty and integrity in
discharging his assigrments to the company and the customer.

Ermlovee reports to work dirty, umshaven, and impropertly
at-ired; emplovee revorts to work under the influence of

alechol or drugs; emplovee appears illiterate and profane
in his/her commmications (rude and unccuth); employee is
dishonest and without scruples in dealing with others.
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Techmical Curpetence

4.0

0-1.0

Employee's teckmical ability far exceeds his iob
assigrment; emplovee often studies new manuals and
reports to increase his tecimical ccmpetence.

Employee lacks the techmical ability to perform his/
her assigned tasks propverly; emplovee makes no eifort
to improve his tectmical ability.

Progression

4.0

0-1.0

Summary

Emmlovee accepts criticism constructively and
acdresses problem areas aggresively; emlovee
concinues to irprove his/her performance in all
areas.

Employee reacts to constructive criticism with open
hostility and resenurent; employee's job perforzance
tends to continually cegenerate with time.

The final grade of the employee's evaluation and perZormance
record is the average of the 9 listed itams.

Extenuating circumstances can vary the final score a maximm
of 1 point at the discretion of the site ccordinator and
Quality Assuranca Manager.
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r PERSONNEL EVALUATION AND FERFORMANCE RECORD

™=k DATE SUPERVISOR

| T G. ITEM GR. ‘

|

Relizbilicy | Publiic Relations

Dependzbilicy | Professionaliem

Attituce I Technical Campentence

Aptiruds l Progression

Emplovee Relations | Sumary

Corments:
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Persomel Form S - 1

@

~ace EBired:

Date VeriZied b+:

CaNmw gy L AR 9
AT 16,17 Feocuirements

t. Acchorizaticn letter Zrocm employee

=. PResurne

- -
<

SR2SULTS

O
"

w

: vADT. Da=

- -

-. 3 ear baciiground check

. Ds=es o0 aill lettess

g s e ¢ Sl i -
e Dace ang n=ne ol ol chap- w8 .4l Teviewed Comant

Telephone conversacions - Date, name and title
of person spoken tc, and name of Earilett

eoloves who did backeround check. Sign full

5."‘:':::1 Cerzilicate Prasenc
*. T DO214 Present (if asplicadble)

-l - - . i &
Locacaon Verils

ce. Daze of good guv letter

2. Dare of final audic by Paul MclIsaac, Controller

wnsisous Eployment Yes Yo Quarrteri Audics
L€ noz insecrt now audit sheel)
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Reference check results

Persormel Form S - 3

Type of Confirmation
W=liritten

Nee of reference Excellent Good . Fair Poor V=Verbal
| | | |
R Bt
i 1
| ! i |

i ! '
! ‘ { :
| 1 | |
! { |

i

;
|
i .
| i
| :
é |
! i
: !
| |
] ‘
i 1



P.th: (617) 746-6464

2=t: Personnzl
we woulé agcreciate

ahove name= individual.

BARTLETT
NUCLEAR INC.

P.O. BOX 1800
MAIN OFFICE: 60 INDUSTRIAL PARK ROAD
PLYMOUTH INDUSTRIAL PARK
PLYMOUTH, MA 02360

Re:

1-800-226-088¢

- . &
ecurity #

Socizl
PRTE

if you would suszly s wila the elovment
Pleass indicate if ths indivicdual cic

carisfactory mannar and meet your e—lovment reguirements.

B ~ atten=-ion

N — &

A B e
enclcsed

- ———

for your r=ply.

recusst will be grsatly agprec:

thas t=2.

w0

Very truly youss,

Personnel Acministratl

location

on

infarmrazicn on the
not pericmm

ina

An envelcpe is

to location

From:
‘S‘r:r.‘.:

Position/Job Title:

Pezson for Terminatlion of

oolovment (please check)
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A Guids for Early Recogniticn of Psychological Stress in Elovees

As a field supervisor it is importanc for vou to be awzre of some -
cf the possible danger signs of psychological stress. Early recozmitic
of these wamning signals may help to avoid sitva-ions in waich =m eDloves
is experiencing a building of psychological sctress which may negariveiy
ipact on job perommance. The following is a brief list of thase "danger
signs". If you have serious ccncerns abous the behavior of a emlovee,
@ rot hesitzte to sesk professional consultzricn.

In additicn to seeking help in ths loezl arez, you should 2iso nocif::

Bruce R. Bartlert, President

Faul M, McIszac, Vice President or

Judy S. Grogman, Persomel Departeenr or
Dr. Al Peritpas, Menczl Health Consvltam-

1. Disourbances of E-prions

A. Amdery is shown as uneasiness, apprehension, or fearfulness
stexnng froa ancicipatad danger, the source of which is wmiden-
tiZizble.

1) agiration is a state of restlessness and wneasiness ofren
shown in physical manifescacions.

2) tension is tautress, motor and emptional restlessness:
dresad.

J) panic is an acute amxiety actack of overvhelming severity;
a loss of concrol

B. Derression is a feeling of sadness, lomeliness, dejection, or
Deiessnass, typically found in major depressive disorders.
It must be differentizred from grief, vhich is a scata of
sacness proportionate to a loss.

C. Eohoria is an ewaggerated semse of well beir mot consistent
with realiry,

D. ‘pathv is the lack of feeiings, emoticn, incersst, or ccncerm:;
1passive or unfeelingmess.

E. Insooroorizteness is an expticn opposite to what would be expected.

F. Adivalence is the coexistence of two opposing feelings toward
the same individual or object.

G. Fostility is anger, antagoniem, opposition, or resistance in
toougnt or behavior. Unexpressed and internalized hostility
msy &ppear in physiczl symptams. "

H. Deversonzlization is a pervasive feeling of unreality, strange-
ness, Cor alterea idemtiry,
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Discictances of Consciousness

A. Confucion is disoriermtaticnm in restect to time, place, or person
a&na 1s accompanied by perplevizy.

B. Dre=m State is also known as wwilight stace. It is a treznsienc
ciouaing or consciousnass of incrapsychic origin during which
the perscn is unzware of realiry and behaves violenclv or ooposice
to his or her usuzl pattewmn. ) 1

C. Deliziim is characterized by distirbance in affecs, = =y, and

consciousness. There are covicus chanzes in mood, thars are
illusicons, and therz are P llusinarions.

Disturbances of Orienczciocn

A. Disorientztion is loss of swarensss of one's ¢ lacionshis to
Coe, siwTownaings, or other persons.

Distixbances of Perceptiom

A. Hsllucinations zre fzlse sensocrv percepticns that are rot czused
by exterral stimali,

1) They may be auditory, visual, olfacrory, gustatery, taccile
(baotic), or kinesthetic (phanctom lixd is a kinestheric

xcination).

2) Fallecinarions ocaxr in substance-use disorder (caused by
alconol, ceccaine, or hallucimogenic drugs such as LSD,
peyota, or mescalire). Mav aliso be found in certsin ocher
psychotic conditicns such as schizopirenic and manic dis-
ordars.

Discizbances of ".hmkmg

A Fancasy, or phantasy, is £2bricated series of rmenrzl pictires
or sequances of events; daydreaming,

B. FPnchizs zre persic ==z, cbsessive fezrs of specific objec:s,
ectivities, or situarions. Examoles include fear of heizn:s,
closed spaces, cpen spaces, strangers, animals, dirt or schcol.
Certain fsars, as of harmiess bugs and snzkes, are extremely
ccaron, and not considered pachoiogical, bur phobias ars typiczlly
found in phobic disorders.

C. Obsessions, also called me=xinzticns, ars persistenc, recic—ing
igess or izpulses that remain censcicus despite their ir—zcion-
alicy.

D. Preoccamations are excessive cocncerts with one's own thoughts;
engrossment.

E. Delusions are fixed, fzlce beliefs that are not in keeping with
the individual's cultural or inrellectual level. .
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