
\
\

1

o.

- , Dc.

bODIFIED PORITAND CDENT SOLIDIFICATICE -

SUBMITTED 'IO:

STANDARDIZATION AND SPECIAL PIDIECIS BRNOI
U.S. NUCLEAR REGUIA'IDIE 00 MISSION

NASEDUION, D.C. 20555

August,1984

By
BARILEIT NUCLEAR, INC.

60 Industrial Park Road
Plymouth Industrial Park

Plymouth, MA 02360

.

O
nrom :8%
B



. . . .. . - . - -

. .

Cdt

TABLE OF CJNTDTIS

,

Pages

Abstract i

Introduction 1

2.0 Process Description 2

3.0 Equipnent Description 5

4.0 Quality Assurance 6

5.0 Testing 7

6.0 Drawings 8

Canent 914dification Process
(t Control Program (P.C.P.) Appendix 1

Concrete Testing for Solidification
of Low Ievel PadimMve Waste Appendix 2

Stability of Canent Matrix Used for
Im-Level Padimetive Waste Solidification Appendix 3

Health Physics Quality Assurance Manual Appendix 4

Typical Mixing Station Appendix 5

|

|
!

\

\

s

; O
|

i

.- .--..--,.,-..~-,.---,,,.---,,,,_,_,,.-,,-,n .-_-.,-_n-,,.,-,--.,._,.,_..,-,n.,,. rnn,, .nnnn,,-,



'

.

.

A
V

msmcr

mis topimi report describes the system design and operation of the Bartlett

Nuclear modified portland cemmt an1idification pro ss. % e unit was develop-

ed to provide a simple, econmical, and reliable method for solidification of

r=dinactive liquids, resins, and sludges for purposes of later tranannr+ntion

and disposal.

We nodified portland cement is a cmbination of portland cement twe 1 and

additives to produce a finely ground, nonflan=ahle powder. % e resultant

solidified product is empatible with existirg storage and solidification equip-

ment throughout the industry.

O
me nodified portland cement (MPC-1) is readily dispersible in an aqueous solu-

tion for a homogeneous mix inmobilizing the radioactive nuclides into a dry

free standing monolith. W e MPC-1 can be used to solidify oils, evaporator

bottoms, various filters /im exd1ange nwHa, and sludges. Ehd1 product to be

solidified has its own special characteristics, whidt may inhibit or accelerate

the set. W e MPC-1 plus additives is used to adjust each waste stream for

optinun efficiency and product ompressability.

Laboratory testing process control procedures simulate the effects of -

a full scale solidification and verify the formulas for optinun product. 'Ihe

equipment used for the solidification is simple and easily transported, assabled

and interfaces with existirg plant equipment. We normal containers for the

solidification process are 17H 55 gallon druus, whidt are readily available and
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INPRODUCTION

Bartlett Nuclear, Inc. has daaignad arri built the portable mixing station to -

satisfy the needs and requirenents of the nuclear power industry. The waste

products are solidified using tle ocmmonly available portland I cement modified

with partimlar additives to optimize the waste to cenent ratio while at the

same time fnming a product whidi exceeds the requirenants for low level waste

disposal by burial.

'the portable mix 2ng station systan was designed with ALARA and simplicity of

operation 11. mind. Due to its size, it is quite flexible for use within existing

(pctructures at nuclear facilities.G

'311s report addresses the ability of MPC-1 to meet.the standards for low level

waste stabilization as required by 10 GR 61.

.
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2.0 PIOCESS DESCRIPTION

.2.1 Geeral Process Wntion

1he Bartlett Delaar, Inc. portable. mixing station is designed to solidify all

r=dia=<tive wastes to includes boric acid, evaporator bottrans, resins, sludges,

oils, arrl various solids for 4-hilization. She station equi = wit is used tot

blend the MEC-1 binder and waste stream into a hcznogenous mix in the final

burial container. Any solids (i.e. resins or diatcznaceous earth) are precondi-

tioned and once placed into the final solidification container are dewatered as

pana==ary to provide the correct ratios of liquid to MPC-1 binder for fonnaticn

of a free eaMing monolith with no free standing water.

O
Prior to transferring the waste to the drun, the process control svcalure is

used to verify the quantities of additives and canent necessary for rp

solidifimtion. A typical process acntrol y _-+3ure is provided as appendix 1.
.

The equipnent of the systen is designed with built-in interlodes to provide for

trouble-free operation. The control panel is simple, anall and portable; and

through use of various length power cables (25 feet is standard) the control

panel is runote fran the solifimtim operation.

Installed plant piping, alama, and ventilation; either tarporary for infrequent

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

solidification area to prevent or minimize the spread of contamination. The

agitator is hydraulically raised, lowered and operated fran the renote panel.

2
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Fl@ e=nah41ities are provided lyf installed plant systans. 'Ihe mixing

staticm 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 g-- ---d. mixirs station.

.

2.2 Subsystem Description

j 2.2.1 Operators Panel

me panel is equipped with pushbuttons for manual operation.

2.2.2 Waste Transfer

Waste transfer into the drum is stpplied 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.

2.2.3 Dewatering System

The dewatering systen is selied by the utility.
,

2.2.4 Canent Tr nsfer

te canent transfer systen is variable frtun use of palletized

bags with manual transfer to bulk storage with autcmated transfer

to the solificiation cantainer throtgh an optional fill head.

2.2.5 Radiation 2nitoring

Radiation monitorirq is provided by the utilityrand the station
,

:
' itself is usually standard portable remote radiation monitorirn ,

equipnent.

3
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2.3 System operation;.

2.3.1 Anas=hl y
' The a===hly ard operation of the ru.ioble anlirlification panel

ard mixirg staticm are conducted in a dance with written

:*- -4'1ts.:

:

i

2.3.2 Waste M1im ard Conditionirq

A sample of the waste is taken by the utility for use in the process<

;

control procedure to verify rwnant ard additive quantities. After
2

. the ocmpletion of PCP, the required mount of waste is transferred
'

to the 55 gallon drum. By remote operation the dna is placed on

the =4ving station. The proper mounts of canent ard additives .

are placed in the oor*ainer as the mixire station is operated. A

! typical PCP is provided as Appendix 1. ,

.

2.3.3 Canent Additiont

!

Canent and additives are transferred to the waste by means of plant

j equimant, either ins..;alled or t m a g.
.

i

2.3.4 Flushirq

Flushirg is acotmplished by use of plant installed systems.i

,

2.3.5 Post Solification

After atmpletion of the cure time for the cemented waste the

j barrel is <==d (renotely or manually dependirs upon activity) .
4

4
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3.0 EQUIPMENT DECRIPTION

.

3.1 The mixing station ard ww =it.s are painted for ease of decontaination

should this be necessary.

3.2 Ventilation, radiation alams, ard transfer equipnent are all supplied by

the utility. 'Ihese may be a otsubination of installed plant area systems

and portable equipnent dedimted to just the solidification process.

O
.

.
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4.0 Qup01TY N

4.1 Quality Assurance for the processes and products is provided through the

Bartlett Nuclear, Inc. Quality Assurance Frogmu as set forth in the

Quality Assurance Manual Attal .ad. 4. .

.

:
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5.0 TESTDG .

5.1 Canent Tests

Bartlett Nuclear has done ectensive testing on-the solidifimtion media

to deramina the raliability and regulatory cxxnpliance of the product.

We testing results are attached in Appendix 2 and Appendix 3.

5.2 Mixirg Station

5.2.1 he mixirg station has been field tested and demonstrated. Bis

systen provides a low cost and simple operation for mixire of

the cenet.

O
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6.0 DRMfINGS

6.1 A drawing of a typical mixiry station is provided as Appendix 5.
.
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9b 1.0 SCOPE

1.1 PURPOSE

The purpose of the Process Control Program is to establish

processing parameters to insure a safe and effective
'

solidification of all low-level radioactive waste liquids,

slurries and solids.

1.2 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 used as an

operating procedure.

'

2.0 REFERENCES

2.1 Bartlett Nuclear, Inc. Operating Procedures for Cement
'

i

Solidification Units, as applicable.

2.2 NUREG 0472, " Radiological Effluent Technical Specification for

PWRs".

2.3 Branch technical position - ESTB 11-3, " Design Guidance -for Solid

Radioactive Waste Management System " Install ed in Light-Water

Cooled Nuclear Power Reactor Plants".;

2.4 ANSI NI99, " Liquid Radioactive Waste Processing System for

Pressurized Water Reactor Plants".

2.5 NRC Regulatory Guide 1.143, " Design Guides for Radioactive Waste

Management System, Structure, and Components Installed in
*

i Light-Water-Cool Nuclear Power Plants".

O
t v
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O 2.8 NuacG-0133 ereParetien or -a dieio24cei errieent rechnicei-

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

3.1 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. '

3.1.2 The utility operating procedure shall cover as a minimum:

3.1.2.1 Equipment Operation

i Interlock for alanns, monitors, and valves.
|
! 3.1.2.2 Radiation Protection.

|
3.1.2.3 Ad:ninistrative 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 fonn of waste.
.

3.2 Contamination Releases

3.2.1 Gases

MI/ Misc.#2 - Page 2 -
4
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3.2.1.1 Accidental radioactive gases released during sampling and full

scale solidification shall make use of the utility control

negative pressure off-gas ventilation system.

3.2.2 The release of liquids, either accidental or control type, are

confined by the utility physical boundry as planned under the

auxiliary building design basis.

4.0 SYSTEM DESCRIPTION

4.1 _ 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 encaps.ulation and immobilization. The waste

O products are solidified using the commonly available Portland I

Cement modified in conjunction with particular process additives.

The Modi fied 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.)

4.2 PROCESS PARAMETERS

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 12.

Other chemicals in the waste stream may inhibit or accelerate the

set. These chemicals must be controlled by modifying the

O

MI/ Misc.#2 - Page 3 -
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additives to ens.ure 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 the same and the

! composition, density and temperature may vary from each lot of

waste. This problem is addressed in Appendix 1.-

| 4.3 CEMENT SOLIDIFICATIGN UNIT DESCRIPTION

4.3.1 The Bartlett Nuclear, Inc. portable mixing station contains all

piping, controls, and monitoring equipment to support the;

!

solidification of radioactive waste using the MPC-1 cement

process. The unit is a portable 55 gallon drum mixing unit.
.

4.4 SYSTEM OPERATION

4.4.1 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.

!
'

4'.4.2 Sample solidification information shall he recorded on the P.C.P.

I Sample Test Worksheet ( Appendix 2). This data shall be used to

calculate the full scale values.

'4.4.3 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.
; O
i
i

|

MI/ Misc.#2 - Page 4 -
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4.4.4 Full Scale Operation General Description

The waste stream is metered into the receiving 55 gallon 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) is 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.

4.4.5 Waste-to-Cement Ration (by volume)

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: I for Boric Acid concentrates and other liquids to include

oils, resins, powders, and other solids.

O 4.4.6 Cure Time

The initial cure time for P.C.P. sample is approximately 30

minutes to 4 hours; /and, for full scale solidification
.

approximately 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;
1
'

thus indicating a safe, capable product.

.

5.0 PRECAUTIONS AND LIMITATIONS
i

! 5.1 RADIOLOGICAL PRECAUTIONS
1

5.1.1 The Bartlett Nuclear, Inc. technician's activities shall be
|

governed by the Nuclear Plant's Health Physics and safety

precautions.

t

MI/ Misc.#2 - Page 5 -
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5.1.2 The technician shall, as required, secure a Radiological Work

Permit (RWP) before handling Radioactive Waste.
'

5.1.3 Laboratory safety requirements per the Nuclear Plant's procedures

shall be adhered to at all times.

5.1.4 The technicians shall:

5.1.4.1 Use all safety precautions necessary to eliminate hazards and

injury to self and others,

5.1.4.2 Perfonn test with utmost care to prevent the spillage of chemicals

to surrounding area.

5.1.4.3 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.
.

6.0 CHEMISTRY OF WASTE

The utility supplying waste snali provide waste composition 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.

O

MI/ Misc.#2 - Page 6 -
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7.0 SAMLE TESTING SOLIDIFICATION PROCEDURE
!

7.1 PREREQUISITES

: 7.1.1 The technician shall obtain an approved current Radiation Work

Permit (RWP) prior to entering the work. area.i

; 7.1.2 The technician shall have on hand necessary chemicals and
;

equipment to perform sample testing. (Table 1)

; 7.1.3 The waste sample to be solidified must be representative of the

waste to be solidified.
.

7.2 WASTE RECIRCULATION
!

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

confi rmed by utility as having been recirculated at a minimum

.three (3) volumes or more to insure a homogeneous mixture.

|
7.2.2 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
: turnovers or more to insure a homogeneous mixture.
.

7.2.3 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,g

1

|. 7.2.3.4 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

resample the batch tank.
<

|O
l

MI/ Misc.#2 - Page 7 -
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h 7.3 DESCRIPTION OF TEST SAP 9LE PROCEDURE _

7.3.1 Verify the chemistry parameter of constituent, and prepare sample
;_

for solidification.

7.3.2 Measure additives and Modified Portland Cement (MPC-1) volumes and

record volumes on P.C.P. sample test worksheet (Appendix 2).

7.3.3 Dispense 100 ml of the heated waste sample into a 600 ml beaker.

Record pH and temperature.

j 7.3.4 Add the predescribed additive to adjust the pH to a 10.5 to 11.5
*

'pH range. Record results.

7.3.5 Add the predescribed Modi fied 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.
'

7.3.6 Check sample for Free Standing Water (FSW) and hardness. Record
:

observation on P.C.P. sample test worksheet (Appendix 2). Check>

i sample as often as practical to record data necessary to verify

sample under the Acceptance Criteria 6.4. Record results on
~

sample evaluation sheet Appendix 5.

7.3.7 Perform several samples on the same waste stream varying the

additive and MPC-1. Record the results in Appendix 2 and Appendix

5.
i

7.3.8 Select the sample that demonstrates the best: waste to binder.

ratios, with no free standing water and with the maximum hardness.

7.3.9 Repeat P.C.P. test sample solidification selected for

repeatability.

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

: O solidification to the planned full scale solidification.

MI/ Misc.#2' - Page 8 -
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V 7.4 SAPPLE ACCEPTANCE CRITERIA

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:

7.4.1 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.

7.4.2 The final cured end-product shall resist penetration when probed

by hand with a spatula or a firm object, using normal limited

force.

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

7.4.4 If 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

determined and a successful test sample has met the acceptance

criteria.

7.4.5 If the initial test sample from batch of waste fails tc pass the

acceptance criteria, then testing shall be perfr med until at

least three (3) consecutive initial test samples have demonstrated

solidification and meet Section 6.4.1 and 6.4.2 acceptance

| criteria.

|

7.5 SAMPLE REQUIREENTS

'

O

MI/ Misc.f 2 - Page 9 -
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Os 7.5.1 A representative test sample of waste material shall be solidified

prior to full scale solidification and meet the sample acceptance J

criteria (6.4).
7.5.2 The waste sample shall have necessary chemistry (Appendix 4)

performed by the waste generating facility to adequately evaluate

the parameters for test sample solidification.

7.5.3 The technician shall use 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.

8.0 TEST SAMPLE SOLIDIFICATION DOCUMENTATION

8.1 Using the P.C.P. sample test worksheet ( Appendix 2) calculate and
'

record the required ~ test information for all test samples

performed.,

8.2 Appendix 7 Solidification Data Sheet
.

I 9.0 ADMINISTRATIVE, RECORDS AND PROCEDURES

9.1 Copies of all documentation shall be forwarded to Bartlett

,
Nuclear, Inc. Project Manager or his designee immedi.tely after

!

full scale solidification.
'

! 9.2 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,'Inc. Project

Manager for final disposition.,

i

MI/ Misc.#2 - Page 10 -
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.

9.3 A copy of all documentation shall be forwarded to the utility

Radwaste Supervisor or his designee upon completion of the solidi-

fication process.

9.4 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.

O
i

.

O
1
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- 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 600 to 1000 ml

MPC-1 2000 gm

Na0H 1000 ml

Ca(OH)2 1000 gm

Emul si fier 500 ml

Acceleration 500gm

.

O
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APPENDIX 1
.

,m The following is a description of tests pe-formed on the Bartlett Nuclear,
U Inc. radioactive liquid waste solidification cen.ent. '

TEST # COMPOSITION RESULTS

1-1 50% EHC oil, 50% water (H 0) solidified hard, no liquid2

1-2 25% EHC 011, 75% water (H 0) solidified hard, no liquid2

1-3 75% EHC oil, 25% water (H 0) did not solidify completely,2
but no free liquids present

1-4 6% Boric acid (H 80 ) in solidified, no liquid3 3
water (H O)2

1-5 24% Boric acid (H 80 ) in solidified, no liquid3 3
water (H O)2

1-6 12% Boric acid (H 80 ) with solidified, no liquid3 3
10% EHC oil, 90% water (H 0)2

1-7 30ml detergent, 30ml EHC oil, solidified, no liquid

30ml of chlorox (Na0CL) in 150ml
of water (H 0)2

1-8 15m1 mineral spirits,15ml solidified, no liquid

Os EHC oil, 36% Boric acid (H 80 )3 3
in 150ml of water (H 0)2

1-9 57ml baking soda (NaHCO ) in started foaming in about 33
150ml of water (H O) minutes, and continued to foam2

for about 1/2 hour; vol ume
increased to about 300%
original volume. Tested for
Hydrogen none present.-

Eventually solidi fied, very
porous, alot of voids in the
solid.

! 1-10 60ml vinegar in (CH C00H) solidified, no liquid3

in 150ml of water (H O)2

1-11 Baking soda (NaHCO ) in EHC oil the mixture foamed as in 1-93
and water (H 0) but the volume increased only2

about 40%; then solidified
; very porous, solid after about
' 1 hour.

2-1 28.34gm salt (NACL) in 60ml of solidified, no liquid

water (H O)2,

O
~
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TEST # COMPOSITION RESULTS

2-2 15ml caustic soda (Na0H 50%) solidified, no liquid

in 150ml of water (H 0)2

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

2-4 Carbon dust (C) and water (H 0) solidified, no liquid2

2-5 60ml alcohol (C H 0H) solidified, no liquid however,37
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

(

,

f

i

I

|

MI/ Misc.#2 - Page 14 -
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~

Dat7: PCP Sample Code:

P.C.P. SAMPLE TEST PCP # USED
Boron ppm: WORKSHEET

ific Gravity:

TEMP:

WASTE ADDITIVE #4
SAMPLE VOLUME CEMENT ADDITIVE #1 ADDITIVE #2 ADDITIVE #3 pH-adj

# mL ' T* gm pH ' T* gm pH T* gm pH T* gm pH T* mL pH T*
v

1

2

3

4

5

6

7

8

9
-

-

SAMPLE
CONDITION

Time P = Pourable
# Start hr hr hr hr

~ "
. KEY T ' FSW KEY T* ' FSW KEY T*' FSW KEY T* FSW

NP = Non-pourable /stirable
1 FS = Firm soft / cure begins

2
MH = MED hard/can be probed

3 with resistance
4 FH = Firm hard/ probe with

resi stance

HH = Hard hard/not probe
6

FSW = Free standing water
7

8

9

10

|

MI/ Misc.#2 - Page 15 -
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( *h 1J :.

h'll , .[T EFFECTIVE DATE: M 31,1981
1 i

.

A ii m t.U m M @ : -

, a

|

PRODUCT NAME: NONIONIC SUR FACTANT' ,

CHEMICAL FAMii (: Polyethylene hycol etherCHEMICAL NAME: Alkyloxypolyethylenoxyethanot
__

CH O).CH CH20H MOLECULAR WEIGHT; --596C r. H s.2,0(CH2FORMULA: 2 2i 2

SYNONYMS: Nonionic Surfactant

DEPARTMENT OF HAZARD CLASSIFICATION None

TRANSPORTATION SHIPPING NAME None

CAS # 68131-40-8 CAS NAME Alcohols, C11 1 s-secondary, ethoxylated

4M*)Mk 9AT-
BOILING POINT. 760 mm Hg | > 250 *C( > 482 * F) Dec. j POUR POINT 6 * C (43 * F)

! SPECIFIC GRAVITY (H,0 = 1) 1.006 at 20/20 *C I VAPOR PRESSURE at 20*C _ __ Tf~mm Hhal( < 0.13 k
_

' SOLUBILITY IN ,

VAPOR DENSITY (air = 1) ''> 1 ; 'WATER % Oy wl. i.
_ _ _

PER CENT VOLATILES EVAPORATION RATE.

Nil ; 0.1
By VOLUME (Butyl Acetate = 1)

,

__

APPE ARANCE AND CDOR i Essentially colorless: mild and characteristic odor

k

. ._ . .____.. . . _ _ _ . . . .
__ ,f ____%__| TLV (Units) | HAZARDMATERIAL

| Corros ve to eyeNornorne Surf actant | 100 ! None established

| Skir, ir rita n t
__ __. _ _ _ _ . . ._ . ___.. . _ _ . _ . _ . _ _ _ . ._

I I

ht)*

FLASH POINT ! 380 * F. Pensky Martens closed cuo ASTM O 93
[ test metnoctsd I 470 * F. Cleveland open cuo ASTM O 92

_ _ _

Not determined (nonvolatile material)FLAMM ABLE LIMITS IN AIR. ''. by volume
_

_ !
EXTINGUISHING Use water spray, c.arbon dioxide. dry enemical, alcohol-type or universal. type
MEDIA foams applied by manufacturers' r :ommended tecnnique.

SPECIAL FIRE FIGHTING Don't spray pool fires directly. A solid stream of water
PROCEDURES directed into hot, burning liquid could cause frothing.

UNUSUAL FIRE AND None
EXPLOSION HAZARDS

3
This numne, is ava.sacio days. n.e es. .=re.enos. mio n .. days.o

__ _

<. , u c . c m,. ..a . n ,~ u. #..- , . .. . - .. . , n, . ,%,. o. . . . . . s.. . ...m n.,

.-*..,. m, . . e. ........, .. . .. u. c c.,oo...c.. ...... o,. ~,e..,.e . . . . . - . .

.. .u.,,,,,,....,# ....,,,,.,..,,,,.,.i.....ie,..,.,...y.,.am...,,,..v..~i.v. . . . . . . . . . . . , ,
.

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

-. -. . . - -. . - - _ . - - - - - - -_ . - - _-- -_ - -
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~
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TLV AND SOURCE: None established by ACGlH or OSHA *

. . . _ .

|ACUTE EFFECTS OF OVEREXPOSURE
.

i
SWALLOWING May cause nausea and vomiting. !

I.

SAIN ABSORPTION Heavy or prolonged exposure may result in the *

absorption of harmful amounts of material.
_- __..

INHALATION None currently known. *

_

SKIN CONTACT Trace of transient reddening of skin. I

-_ . -- ,. .

EYE CONTACT Causes severe corness mjury.
... _ _ _ . - _ _ . . . -

|

CHAONIC EFFECTS
OF OVEREXPOSURE None currently known.

. . . . . . . . _ _ _

OTHER HEALTH
H A7^ flDS None currently known.

g

I ... f

t:MERGENCY AND FIRST A10 PROCEDURES.
. . . . . .

w
SWAT. LOWING Orink 2 glasses of water and induce vomiting by

puttmg finger down throat. Call a physician.

SKIN Flush with water.

IN H ALATION No problems anticipated.
,

| Immediately flush evas with plenty of water. '
EYES '

. i .

Call a physician.
_

. . . .

I
NOTES TO PHYSICIAN

9

This nonionic surfactant has a relatively low order of toxicity.
Treatment would be that for any mild surfactant and is primarily

| directed at control of symptoms. No specific antidotes are known.

.

I N
i i

. _ . . . _ _ . . . .. . ._. . _ . . _ . .._. .. ._. . . __i !
i
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_ _ _. ___ _ __ _ _ _ _

i

APPENDIX 3
. .

|
.

~ E '. )* I ( I- * 8h, b . '

I . f e.
'

UNSTABLE STABLE | CONDITIONS
a ' TO AVOID None

_- ,/ |
INCCMPATIBILITY

None(materials to avoid) )
I

DE MPOS T ON PR UdTS
Burning can produce carbon monoxide and/or carbon dioxide.

HAZ.ARDOUS POLYMERIZATION |
! May Occur Will not Occur | CONDITIONS I"'TO AVOID

-- ,
.,n. .

'

.

!, 4, ** i

STEPS TO BE TAKEN Wear suitable protective equipment. especially eye protection.
3**'' '"'II' * "Id D' ""*h'd * * Ch'*IC'' ** * ' **''''Larger spills should be collected for disposal. '' *i'" '''9' ** ""**IF MATERIAL IS RELEASED

OR SPILLED
Toxic To Fish-avoid dissharge to natural waters.

i WASTE DISPOSAL METHOD incinerate in a furnace where permitted under appropriate
Federal, State, and local regulations.

! I, h if f. d. M,| h ' [.[ ' 5;
''

' ''
' " g#,q sq. .j' , . g ) '5 A , ' M; ; ! ' '

,. . . ,

J! . E $f ,h

O RESPIRATORY PROTECTION

'

(SDecify type) None required

VENTILATION General room ventilation is satisfactory.

._
-

PROTECTIVE GLOVES Plastic
OTECTION 0" 9099I'S

OTHER PROTECTIVE Eye bath and safety shower
EQUIPMENT

;7 l e : "j . i ! r,3. '

). , ' t i n cII:h ' *)*l':(S 838,N (CM kc .; ' F! ' ; . % . h " T } ; + l ' ' < - '-. r

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING

Do not get in syes, on skin. on clothing.
Keep container closed.
Use with adequate ventilation.

'

Wash thoroughly after handling.

FOR INDUSTRY USE ONLY
,

OTHER PRECAUTIONS

'
None

O
'

.

. . . . . . . . . _ . _ . _ _ ._ . . - _ .. . . - - . -

F4JS308
J/ 81 2SM
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MATERIAL SAFETY DATA SHEET Pu50by " CALC::M HYORcxI:t-
'

-

(. CORPORATE RESEARCH & DEVELOPMENT
-

$
bgg g]h

.

*
SCHENECTADY, N. Y. 12305. ~ ^Phone: (513) 335-4055 DIAL C:MM 8*235-4085

Da oc-der D7
.

SECTION !. MATERIAL IDENTIFICATION
~

MATIRIAL twtEs CALCILM HYCEUXIDE ' *

3THER DESICNATIONS: Hydrated Lima, High Calcium Hydraced Lime. Caus cic , Lime. Calcium
Hydrace, Slaked Lima, Ca(OH)2, ASTM C259, C33, ecc. GE Material D483, CASF 001305 620

MANLTACIL*tIR: Nacerial available from many sources , including:
.

Marshaw Chemical Company elechene Wa rn e r Co . , Ind . Mineral Divigipn.

1945 E 97th Screec PO B o x 4 t.8
*

.e eenone
Cleveland. CH 44106 (215) 721-8300 Bellefence. PA 15823 (717) 355-4751

SECTION !!, INGREDIENTS AND HAZARDS | : | HAZARO QATA
Tveica t Comeosi:1en:"

Calcium hydroxide, Ca (CH)2 >90 8-hr TL'A 5 mg/m "3

Calcium carbonace, CACO 3 . <4
,

. Ma gn es ium o xide , Mzo <3
, ~(A1203, Te2 3, 5102, ecc.) ,other oxides O <3

'
. .

.

*Co==ercial material pre;ared by hydracion of li=e. '5 Rat, oral L350
-

7340 =g/kg
**The current level reco== ended by ACCIH (19 73) . .

SECTICN !!! . PHYSICAL DATA
Deco =pos t::.on poin:, deg C - 580 Specific gravi:y (H C=1) 2.3.Z.12
Jacer solubility, g/100 sac. solucion: 2,R of sa:uraced solu:tos at 25 C 12.5-

a: OC 0.135 Molecular weigh: Ca(CH) 2 74 1
at 25 C. 0.159
ac 100 C C.071 -

Appearance & Odor: C:/scals or sof t, whi:e powder or granules. Cdo rles s .

SECTION IV. FIRE AND EX8LOSION DATA l' Ow E= l @=Eo I
*

r ssa ?ota: an: re: oc Au:st-.:: ton -e e. t FLs 2 .::v L ::s :n Air'.

l
Ex:inguisning Med:.a: This =acerial is nonfla=r.aole. Use ex:inguissang =ec:1 unt:n :,s

" appropriate for the surrounding fire.
. hen heated above 580 C, mace: *al can decompose to produ=e Cao. %" hen this :acerial is

involved in a fire situacica, firefighters should wear full pro:ce:ive clothing, and use
eye procac:Lon and self-con:ained breaching apparseus.

*
.

3ECT.!ON V. REACTIVITY DATA *

This is a scable solid in a scaled container se room te-cersture. When exrosed to the ale
tc will absorh carbon dioxide and form csleium car:ons:e. b*acn heated at c e=p e ra tur es
above 580 C, 1: loses vacer to form calciu:s oxida or lime.

Calcium hydroxide is a strongly alkaline .scerial which is incer ca:ible with acidic ra-

cerisis. I.. for a sal:s with nt:roparaf fins in the presence of uste w"'rKr.21o- -

sive when dried. I: cart cause :he exzGshe decc=p si: ton of .alet: annydride. So tlia.;
~

o
elemental anosphorus in a c31ctun hydroxida solu:ica can liberste spon:aneously flan- .
able pnosphines.g

GENER AL h ELECTRICc, ,,,3.n.,c. ~ % e ,

.

- ----,,--a-,,e, , - . . - - - . , , , , - - - - - - - , ~~.. . , , - - n--- < - - , -,- - --w a
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SECTION VI. HEALIH HAZARD INFORMATION I Tt.v 5 nek3 .

* ;his alkaline macerial in the presence of moisture, is irritating and can be dasaging to
' huisan ' cissue. Ixcessive skin contacc will irricace che skin and produce der =acitis.
Eye contacc gives a burning sensacion with irricacion and possible injury. Inhala cion* in dust form is irritating and can he damaging to che mucous memoranes of the upper
respiratory tracc. Do no c inges t.

,TIRST AIDr
Eve contacc: Promptly flush with plancy of running vacer, including under eyelids, for
at least 15 minutes; then, get prompt medical accencion.

Skin eencace: 1.* ash exposed skin with plancy of vacer. Recove contaminated clo thing
''

promptly. Cec medical help if exposed area is large or if irricacion persists.
Inhalacion: Remove to fresh air. Contact physician i= mediately.

Inrescient Oiluce by giving 2 glasses of vacer or e. ilk to drink, followed by frui -

juice or diluted vinegar to neutralize che alkali; then, consule physician.
,

SECTION VI1. SPILL, LEAK, AND DISPOSAL PROCEDURES .

.

Those involved in clean up of spills should use procactive equip =ene (See Secc. VIII) .
Pick up spilled powder avoidinz duscine condicions and place in a clean steel container
for disposal. Safety pe:sennel should be inv:lved when 1:rga spills eccur. Traces of
residue can be flushed to cae sewer, but neutralicacion before flushi=g may be requa:ed

D:5?C5a;.: Follow Tederal. Scace and local regulations for di.sposal. . Consider che fol-
loveng mechads of disposing of scrap r.acerial: Use to neucrali:e .iasce acid; or spread
on surf ace of ground in an isolated, protected are.a to reacc vich CO2 f 08 Ch* *i 58
for n Cacc3 (licescone); or disperse in vacer, neutralice vich hydrochloric acid, pre-

| I cipecate victr soda ash, and flush to sever with much vace to keep b e.lov 250 =g
!!aC1/ Lit er.

SECTION VIII. SPECIAL PDOTECTION INFORMATION

?: ovide general vencilaci=n and local e.@.ause ventilacion for dust control (or =isc con-
crol if used as a vacer dispersio-) to meet TI.V require =ents. ?: ovide approved dust or

* =isc respirac1:s or self-contained respiracors for non-routine or e=argency
,

use above che !!.V.
*' ear rueber gloves, protective clothing, apron, saf e y glasses or goggles, face shield.a

ecc. to prevent skin or eye contact with this cacnial as required for the condicions
under which it is used. An eyevash stacion and saf acy shower nust be readily avail-

| able where this caterial, or its vacer dispersions,, are used. .

4

SECTION !X. SPECIAL PRECAUTICNS AND COMMENTS *--

Score in ecol, dry area in cigacly closed concaince. Procate concaence f rom physical

damage. Keep away f rom acedic macerials and other ince=pacebles (Sce Secc. V) .
Frevent contact with the body or inhalacion of dust or mise. Use due caution in mixing
with vacer and handling the alkaline vacer dispersions of this r.sterial (stik of 11:4) .

yollow good personal hygiene practices.
.

sH 0. m_<p
OATC 50'15.C! f S) C002- t. 2. c 2. tW
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MATERIAL SAFETY DATA SHEET EA]d. ard Od
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' *

SOcInt rrr:acx:3g
CORPORATE RESEARCH & DEVELOPMENT g'

N Revision A6 .D's- 4SeHEN ECTA DY, N. Y.
NFORMATION-

Da:e S ep ee h er 19 77- -

SECTION [. NATERIAL IDENTIFICATION "

?!ATERIAL NAME: 50DII|M HYDROXIDE
*

OTHER DESICNATICNS: Causcie Soda. Soda I.ye. NaOH, CE ttacerial D'434. ASTit D456,
DESCRIPTION: This material is an anhydrous solid (fl.aka, pellac, ecc.) CAS$ 001 310 732
MANUTACTURE7: Available from many suppliers. -

, ,
.

'.
..

SECTION [[. INGREDIENTS AND HAZARDS | : | nazano ca;a [

Typical contene:
*

*
Ceiline t.i=t:

Sodium Hydroxide (NaOH) 96 2 =g/sa '*-

Impurities:
Sodius Carbonate (Na2CO3) - 0.5-2.5

*

Sodius Chloride (Nacl) 0.01-2.1 ' , * *

Sodius Sulface (Na2504) 0.02-0.1 .
-

Po:assiu=, Calcit= and }tagnesius 0.1
Silicon Dioxide (510 ) 0.03 *

2 *
.
.

Other mecals (cocal) l 8 8 0.01 '

.

8 8 a .--
.

-
. ,

SECTION !!I. PHYSICAL DATA |

3 ailing poide, I aes, deg C - 138S Vapor pressure, =:2 Eg G 1000 C 4:
Specific gravi:7 (20/4 C) 2.13 - 9 1200 C **

Vola:1les non-vola:11e Vis:ssi:7 at 350 C cps !. 3
at room Wa:er solubili:y, I,'! OC 21.5
cespera ture G 100 C 77.5

P.el:1.sg pois:. deg C 313 - 4

Appearan=e & odor: Whi:e or off-white, hygroscopic solid; no odor.

SECTION IV. FIRE AND EX.3LOSION DATA lt0w cl;== : !
etasa Posn: ans se nec Au:ot:nteten Te 3. v L -.:s In At-------

Non e - no: combuscible N/A N/A N/A N/A

Although it is no: combustible, it can be ha:ardous if presen in a fire ar..a. ""h e

following should be kncvn for fire fighting: (1) I: can =el: and fisw when hea:sd
(s.p. 318 C). (2) !!ac or mol:en material can reac: violen:ly vi:5 wa:er (sp'a::ari: 3) .
(3) Can reac: vi:h certain =acals , such as alu=inus. :o geners:e fla =.2mle hydrogen gas.

(See also Reactivi:y Daca. See: ion V)
.

3ECTION V. REACTIVITY DATA |
*

Slowly Le can pick up =ois:ure fres :he air and rea:],
It is a scsole caterisi unuar nor:a1 conca:Lons of s:orsso. ::o selt-poiynerass: ton. M

hazardous deco = position products.

vich carbon dioxide from che sir :o form sodius carbons:e.
Sodium hydroxide can reae: violently vich strong acids and wt:h esny organic che=::als,

expecially vich ni:rocartons and chlorocartons. (WLil res:: vi:h :rie: Gero *: hylan * 'o

; - f o =- spontaneourty JI Tr -M e ,d tgnio roac acy' an e. ) I: geners:cs ..uch nea when.i dLS-
solv ~es in .va cer. -

- . |.

.. void centsc with lascher and voel and, vi:5 slu=anu=,' t in , _j::nha na :411 o e.'.'i:' ~ ~ ^ '3 M'

{chese metals. ~ ~ * - -

.

GEN!RAL EL!CTRIC c.,,,,,,_,,,,,,.-,,o.,c-
|
|

| .' -_. _ - - - - _ _

-
. .- . - _ - - _ - - - _ . - - - - . . - . . .- - . * - - - - - - -
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SECTION VI. HEALTH HAZARD INF0itMATION I TLv (Ceiling Value) 2 mg/m3
sodsu nyorortes 2.s a scrong alkali and is dangerous unen i= properly hand. led. It can be

destrue:ive to all hu=an cissue it contacts, producing severe burns. Eye contact can pro .

duce severe or per=arytat injury. Duse or misc inhalacios can injure che entire respira-
cory cract. FIRST AID-

-

ye contacc - Wash eyes immediatelv vich p Aency of running vacer for.no less than 15 min-
uses, including under cae eyerzas and all surf aces. Speed in rinsing out the eyes with
vacer af ter con: ace is extremely important if permanene injury is to be avoided. Contac:
physician as soon as possible. . ..

Ingestion - Immediately diluce chemical 'y drinking large amounts of vacer or =11k, then
neutralise with dilace vinegar or f ruit juice. Voalcing may occur spontaneously, but do
no: 1.4uce it. Contact a physician promptly.

Inhalacion - Reove from exposure to misc or dust and" get prospc ,nedical help.
Skin contact - W.sh con =act area promptly vich large quan:1cies of vacer. (Dilute. acacic.

rcid, vinegar, can be used to neutralize.) Remove con:asinated clothing under the
shower. Prolong washing in serious cases until =edical help arrives - even for an
ho,ur..o,.r longer. Phys:.cian should see all cases other than =1=or exposures to s all areas. .

SECTION Vll. S?!LL, LEAK, AND DISPOSAL PROCEDURES
'--nsa scal: socu 2 nyc:cx::a Aa sp _.es La a cry con:1:1on. L- can se procpc y snovesea up

for recovery or disposal. (CACTION! Avoid duscing. Avoid contact vtch the skin.) Control
che disposal of :he vasce solid. (Delay in clean up say allow absorption of moisture
fro = the a:=cspnere and =ay increase the dif ficul:ies of clesn up.) Flush conc 2=ina:ed
surf aces vi:h vacar and neu::ali:e vi:h dilu:e acid, preferably acetic acid, to re=ove
final :: aces. (Sodius bicarboca:e =ay also be used to par:1 ally neutralize.) Finally,

,rinse vi:h vacer.

31soo sal of va sce is grea:1y depen' dent on local condi:icas and require =ents. Pre-e=ergency
p*ans shouli se =ade :o =eet legal and technical'reqdire=en:s. Wasce caustic should neverbe deliberately dischaeged direc:ly in:o sewers or surface vacers. (Firs:, conver: :o
=eu::al sal:s and dilu:e well vich vacer.)

SECTION VI!!. SPECIAL PROTECTION INFORMATION .

trovide acequa:e ventilatics to ==== !!.7 requirements, espec:. ally vnere dusc1=g or =isci ;
I condi:icas can exis:. Use fil:er-cype respirator for =isc a:d dus: protec:ica where

n eed ed .
L'se che=ies t sa f e ty teetles! A plastic face shield can also be used.
'Jsa :usser gleves, rusoer apro: or protec:ive cloch1=g, rubber boots where needed to pre-

vent con:ac: vi:h sodiu= hydroxide, especially when solu:icns are prepared.
' Eve wa sh fou .: sins and saferv sheve s =ust be i==edia:elv available!

.

l .

1
*

SECTION IX. SPEC.AL PcECAUTICNS AND CCM.u.ENTS
'*orxers snould no: ce per= ::aa to nancia cnis =acortaA ws:nou: proper ::statng or ;o worw.

with ic vithout protec:ive equipment.

Score in vell-sealed con:ainers. Avoid handling conditions ch.2: =ay lead to spills and
leaks, or to for=acion of =1st or dusc.

'hrever this =acerial is scored, unloaded, handled or used abundanc uacer (preferably *.

running vacer) should be availsble for e=ergency use.
"Jeains for storage or uso steas for :his macerial should hsva recencica basins for pH ad-

1 jus:sent and dilu icn of spills and flushings before dischar;;
This =acerisi is classified .ss a CORACSIVE by the Depar::ene o:,e.Transoor:acion.
ho pellac form is probacly :he s.afest solid form for

A33ROVALS: MIS, CRDj,d,Vhandling and dispensing.
.=a.-==--~....---. Indus :r * a L. .H.y e n e- - . . .( . .-

_ . .. . . .. . . -
.a.--.

) ..:: ._... - . .. c ... - an f ,a a :. .etv -"
/ / /*

|
.-

_ . . .

. . . . . _ . - . s_ j. . . _ _ _ . . . _ . .. - .... ._. ._ _ _-_ . m . ._-. .m c,_o , y=. %.. % _..,_ . .
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MATERIAL SAFETY DATA SHEET p]

" ao. -=.

CORPOItATE RESEARCH & DEVELOPMENT jg 6]u
mr -

. .
* S0stt:1 EY:10 n ts -

,

i
~ SCHENECTADY, N. Y.

' k-
a~

") 50: LIQUID', .

4 NFORMATION-

Date October 1977
. .

! SECTION [. MATERIAL IDENTIFICATION
| MATIKIAL NAME: SODI'21 HYDROXIDE, 50: LIQUID
: DESCRIPTION: A 50% solucion of sodium hydroxide in vacer -

OTHER DISCII?TIONS: Liquid Causcie Soda, Lye Solucion, CI Material D4Z4A34 -

MANUTAC;URE: Available from many sources
; , ,

!
-

. .

SECTION [I. INGREDIENTS AND HAZARDS | z || gaga,o 3,7,

Sodiu: Hydroxide (NaCH) >43,3 ILv 2 ag/g (c)*1
,,

Tyeical Ma jor I=eurities: .

Caroonace (as Na2CO ) <0.253
>

..

Chloride (as NaC1) <l.15
*

*

*

Ctorace (as NaC10 ) <0.25-

3 .

I Sulfate (as Na,50 )
5 %

<0.03 Ra m t, ord W-4* - 500 mg/kgSilica (as jtiO2) <0.01
.,

Wa1:er Balance-

. *AC:;II reces= sends no exoosure above this ceiling level .

(C) . OSHA has the same !LV bu: no ceiling level at this cine. -

( 3ECTION !!! . PHYSICAL DATA

Initial boiling pe,1 acs, des C - ca 140 Water solubill:y Co:ple:e
1

~

Vapor pressure (vacer), nr.Eg: Spec. grav., 15.6/15.6 C 1.53
at 60 C ca 13 71scosity at 20 C, cps 50
ac 82 C ca 60 -)

Appearance & Cdor: A clear liquid, no oder

i

SECTICN IV. FIRE AND EXPLOSION DATA *

| t.0ws1|unors I
r asa estne sne :et :: Au t o t1s t e to_n Te-3. Fir-astu:v tt ::s in Asr
No.e - not co cus:thle;

Use vacer spray to cool contain,ers of this =a:erial vi 1:h are involved is a fire -

,

situa: ion to help prevent ru p ture.

j Sodium hydroxide vill reace with =ecals such as aluminum, tin, and zine to genera:e
. flammable and explosive hydrogen gas.
l

.

3ECTICN V, REACTIVITY DATA

This sacerial is scable under nor=41 storage conditions in a seales conta2.ner. No

polymerizacica vill occur; :hera are not hazardous decomposizion products .
I: vill reacc with CO2 in the air (when exposed) :o form sodium carbonate.
I: vill reac: violently with acids and vi:h many or;:nic che=icals, especially

nitrocarbons, ...; haloca: bons. - (Trip].oroachylene vill reme :o form spon:aneous'y.
fla==able dichlo roace:ylene) . *

, _
--.

, er-Win e. e< Lit.hlegrand ,.4et}. swtMg=is?.2,.-tin , ginc, and alloys vai nAvoid con:y :,-
-|

-

e :e n ts. -

G E N E R A t. ELECTRIC ,w,,,,,,,,,,,,_,,,,,_,
,

. .

: ~.
-

,,
o -

. _ _ _ _ , _ _ _ _ _ _ _ _ . _ . _ _ . _ __ _ _ .-.~ ..
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,,

j SECTION VI. HEALTH HAZARD INFORMATION | Tt v 2 m'g/a (ceiling f or NacH)8

! When taproperly handled chts strong alkali is dangerous. It is de.::uctive of all
human cissue it contacts. giving severc burns. Eye ca.ecace vill produce severe
or permanent injury. Inhalacion of stisc or spray can 1,nture che encire respirato y,

crace.
. '

TTRST AID *
| Eve conescet* Vash eyes immediacely vi:h plency of running vacer for.15 minutes,

.
.

including under eyelids and all surfaces. Speed in rinsing ouc eyes is important'

if permanent injury is to be a"oided. Cet medical help 1:=sediaccly.
j Skin concac:: Prospely wash exposed area vich lo:s of vacer. (Diluce acetic acid
i or vanegar can be used to neu::alize.) Remove contaminated clothing uncer .he
| shower. Prolong washing in serious cases until doc:or arrivea - ever. ser an
; hour or longer.. Cec medical help for serious exposure.
| Invescion: I:smediacely dilu:e by drinking vacer or milk and chan netteraliae with -

~

s pontaneous. gar or f rui:aziu:e vine fui:e Con:acc physician promptly. Vomicing may occu-r

f.. ouc co not induce tc.L

) T-4.'vetta. Re se 8 e e*?e.u e o -ise and eee ever-se medical hels.
! SECTION"VII. S'P!LL, LEAK, AND DISPOSAL PROCEDURES

{

,

.

Plann =g anead essencial f or hancLing sptils. Personnel wors.tng on casan ue =uss j! use protec:1ve clocntng and equi;=ent to prevene hocy centacc vt:h the '.1 quid.
Abundanc running vacer snould be available 'or emergency use. .

Pick up spill vi:h vacuum equipraenc (al*,:.ali resistanc) for disposal or f,1ush to
.

ho Eding area vich vacar. Neu::alize residues vi:h ' dilute acid and rinse with vacer.i

Diseesal - Dispose of scrap in accorcance with pre-umergency planning and local.
Scace and Federal regulacions. Vasce caustic mus: never be dischar;sd direc:1y
to severs or surface vacers. Firse converc to neutral sal:s and diluce well vi:h
vacer. Infors legal auchort:1es of uncon: rolled spills.

. .
;

-

SECT!ON VI!!. SPECIAL PRCTECTION INFORMATICN

Provide adequace general ven:1lation and exnause van:11acion co meet T!.7 require-
ments, especially where possibili:y of =is: for:acios exists. Consider also of
=isc respiraccrs. *

Use chemical safecy goggles for eye procec:ica, and, in addi: ion, use a face shield
if splashing is probable.

Use rubber gloves, apron or protec:ive cle:hi=g. and rubber boots (tops covered by
. apron or clothing to prevent encrance of causcie) .. *

Eve vash susti:ns a-d saf eev shmers must be 1-- edia:alv ssailable!
*

.
..

SECTION IX. SPECIAL PRECAUTICNS AND CCM."ENTS -*

Do not pernic workers to handle this sacerial vichout proper ::aining or witnouc
proper equipment.

Score in well-sealed containers. which are protected from physical damage. Avoid *

handling condicions which c:n lead to spills or misc for=acion.

Have abundant running vacce available where scored, unloaded or handled. Drains
must have recention basins for pH adjustmene and, neu::sli: scion of spilled ma-
cerials and flushings before discharge.

i

DOT classificacion - CCKKCSIV7. I. CU D A 3 ? ?.0VAI.S : 5 TIS. C?.D , F[,Y ,P_ _ . ~ ~ _ _ . . . _ . .
__ .: . . . . . . . . . . Incus::14L hygicne

.
. .. .. c . l. ...m.

,. m. s . -.. - s .- .|. .2*.d J J f c :Y I.
.a a - . . ..-

MICA' ?I'.*IE*4:,

G EN E A A1. Q El.!CTRIC

l'
._ _ _ ._. - _ _ m. . _ _ - - - ---- -
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Calcium Chloride ~-

I

CHARACTERISTICS:
It dndss eensidernhfe heat of solution when

Calcium chloride is a powder or costse granular . dissolved in water. It forms a eutectic (lowest
f' flake") product which.is hygroscopic (absorbs freezing point) with water at a concentration of
moisture from the atmosphere) and highjy about 30% CACI that has a freezing point of_

dmHqt2 ascent (dissolves in the water absorbedj about -65'F. It drastically lowers the melting
temperature of ice.

P_RODUCT MARKETS AND USES:

{uadree use Reanen for une '

Suilding masntenance Freezocroofing water in fire-parts Lowers freemng poet
Chemecas manufacture Production of casesum salts Source of caicrum
Construction Cold weether concrete additiv6 Accolorates set

j Scel sodidificauen Solidifies loose, sandy soils wnen
intected together wem sodium silicate

Tractor tire weghting F eezsoroofs weter put in tires to im-
prove traction ey increassng weight

Ocying ast and gasee Direct drying compound Removes mersture by hygroecopicity
Highway construccon Shoulder and base stabilization Retaans moisture whicri improves

compaction of sod
Higftway maentenance Quatlaying Moisture abootDod from the air pre.'

vents dust formacon
Snow and les control Merts ice

Mining Dustproonng and freersproofing Retains moisture: lowers freezitig
,

ore and coal point of reescual water
Paper manufacture Increases woe strengtn of Provideo artificias water hareness tnat

corrugating media allows wee to drain better
Petroleum Additive to oil weil completion fluids !ncreases density

Cementing f!rtlehod ed wotis Accelerates set of coment
Dril!Ing mud additive Reduces shale swo+81ng
Crymg petroseum fractions Abserte water

Port!and coment manufacture Additive to kJin feed or fuel to Reduce aika44 content of coment to
volantiza aikaales eliminate expansrve reactjens in fitt-

lahed concrete !'

Rassroad .%t Z ;;i masntenance Wee:Hellier medttive Prevents weed-killer from drying out I
"

*'and becoming flammatie -
Refngersdon Brine ingredient Calcium chloride brince have low

freemng points
Rubber manufacture Cosgulating lates emuissone Coagulant

,

,

l Stoos and pig iron manufacture Treatment of pesietized ore and Elimination of alkalies that stractm brast fumace additive furnace refractory
Weste water treetenont Removal of fluoftdes Precipitant

T, . or,to, w.stes . ,e . . ._, _ s ;
Removal of edicates Denseflee ffee j

- - - .~-----r.,= _..,,,-.-8,
W"ohWg $430pmgpeg gp gggggggggg gggggggggag ggggggag geg gf gtsp giggWgtg gpg funggg, engaggg _ _ _- _ _ gp ggrygqgy gtgg gggy gygR ggg g fPgGSf pgggRl gWMMggfUtsfg4 3Rd gig8%80 2 --

19 8888FWheS .88F 900t#EF rh8 Utet .A.hise 8tGB .gggfMS IRgg gg ggiggy gnggdbDFWG .89 eRWeets. er Inef getw deuse.asfee anBy 88 8 De M_ e ,w.a c- mn ,0c.1
.._ -_ _ _ _ _ - -
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TYPICAL ANALYSES:.

PROPERTIES:
SUPER supgg

Flake FLAKE fWie FLAKE

Formula CACI: * 2H O CACI, % Calcium chloridet 2

Molecular weight 147.02 110.99 (CaC!:) .ZZA %.9
% Alkallchlorides.

See Graph (as Nacl) 2.4 2.8Solubility .

Heat of solution Screen analyses
-

!
130 292 (cumulative % on):(approx.), Stu/lb

.nN af 10% eluffen- U.S. No. 4 2.4 9. <

!
(approx.) lQa. 10.3 20 97.0 94.0

30 99.0 95.5
% Calcium Chloride

0 10 20 3o 40 50 60 70 80 Grede Container Net Wt.
360.-

, /- 340 Powdered Paper bag 100lbs

Elake Paw W 25 lbs; 100 lbs[*
3oo.

. [ ,2
- Bulk truck' te

250 Hopper car-

Sparg car3g
i !/ i : no

# D SUPER FLAKE Paper bag 80lbs
? ; 1 - 1s0 i Bulk truck

i -

i 80
3 | / - | -! Hopper car-

-

ao : 'a i Sears- c=ri j ;I
E Liquor Tank truck

4g | '/
- 100E 40 4 Tank car' ' -

50f I '| SHIPMENTS:
-

-

( ) / -

0 +20| j j - 0 FOS Syracuse N.Y.- -

,

_g
|\ / |

- -20
SHIPPING REGULATIONS:,

-30f i ~ None
! -60

'

O d 20 30 40 50 60 70;30
% Calcium Catonce g/# ADDITIONAL INFORMATION AVAILA8l.E:

Technical and Engineering Service Bulletin
No.16. " Calcium Chloride". Form No. 75-36.

Solur,ility of Pure Calcium Chloride in Water "Better Concrete witn SOLVAY Calcium
Chloride", Form No. 75-22.

METHOD OF MANUFACTURE: PRODUCT SAFETY INFORMATION:
Cr.lcium chloride is a co-product of the
ammonia-soda process for the manufacture of As with any chemical, calcium chloride requires

soda ash. A process liquor containing calcium care in handling. Anyone responsible for the
piccurement, use, or disposal of the product or itschloride is purified, concentrated and solidified
container should familiarize himself and thoseon water-chilled rolls to produce the flake handling the product with the appropriate safety

product. This is then further processed in a and handling precautions involved. Such
dehydrator to produce SU.PER FLAKE' Information may be obtained by wnting to:
Anhydrous Calcium Chloride.

Technical Service |

GRADES AND FORMS: Industrial Chemicals Divisforsii Allied Chemical Corporation
| Powdered 77-40%

! P.O. Box 6N m 77-A0%
SUPER FLAKE. 94-97%

LScixayJew Yorte im
1.iouer, M% in the event of an emergern:y with this product.

i Not for food or drug use call the 24-hour Alliert Chemical emergency
'

number: 201-455-M40.

_ _. .__ ____ _ _ _ _ _ . _ _ ______-_-_-__E.---
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8 A Ta k 1 A L 5A F ETY D%TA 3H EE I PAGE: 1

Qua Cht*1 CAL d.S.s. NIDLAhD MICh1 GAD 4964U EHLPGENCY PHONE: 517-o3b-4400

EFFtCIist Da7E: ao UCT 40 PSUUUCT CODE: 1390b

PNGCUCI h A W F. : CALC 1JM CnLGPIDE 77-60%, CGnFLAFE (F) dULK HSD: 0517

,1sGBcult415 iiftICAL vaLUFS-4UT SPKC1FICAT10h5) : g :

*

CALC 1.w Cnteklut, (CACL2) : 76 :

- S cC 1 10 r4 1 PHiSICAL CATA

mu!LIS~ E01 N r : 3 41r , 115C : SQL. IN aATEF: vtP.Y SOLUBLE
VAF FrisS: 1.0 v e .- G 's 49C, osF : SP. GPAVITY: 6. DINS. 55LES/CU.FT.

: % VCLATILE et VCL: AHSDPBS '401 STOREVAP 0h:15111 (AIF=11: ----

Ar b Ubar: r.n1 T E TO OFF -n41TE , C00PLESS SOLIO FLAKE.APFLAFAc.Ct a

scc 110h 2 FI9E AhD EXPLUSidN HAZAeL CA[A

FLASr evist: stil a9PLICABLE : FLAM.vABLE LtPLIS (STP lh ATF)
: LF L: f.0T APPL. UFL: NUT APPf..

O :t A1 L t.G915:11hG vr u 1 A :
4tthuD LSLO: ----

i.u ri-C O M d O S Y l e L E .

SPECIAL FIFE F1Gaftr.G cCOIFPE.Nr AnD HAZARCS: N O f. E .
.

*

S tC I tC 4 ) PEACTIVIrf CATA

SIAo1 Lits: s e P. AruStU TC AIFUSPhERE C ALCIU4 CHLCHt0E NILL PICA
uP sACEF A .N O Fu-1 A SuLUf10N.

ti.CUMFAtle1L11'r: 4M.InLS alLL SLUwLt CCPHCCE IN ACl)EC liS SO LU T 10f!S .
NAZAkLGJS UtCOFEuSil1G1 PPuGUCTS: ----

na4AnCuuS PCLYMinL'4AiLON: NILL 40T UCCUR.*

S:tilbh : SPILL, LEAF, ANO DISPCSAL PPCCEChnES

ACTIGN fu Taaf FuF SFILLS (USE APPHCPFIATE SAFElf ECUIP*tF.r.11: NO SPECIAL
E9cCAuf10;S r.FCr.SSAN: - S*EEP UP A r4C kitUPN 10 COsTAir.LF 09 OISCAdC.,

DISELSAI. thT4CD: n45h *aAY *ITh LARGE t: ACESS CF -$ATEP GF F Fi. >EEF

UUI ur U E t N a J r.G ..AltF SOUFCES. C O.d P L't hlTM GCV r..Clut v l A L P EGUL A I IONS.*

StC11uh 5 MEALTH HAZARC DATA
'

-

13GcS110N: Lt:a S t ..G Lc UdSE DHAL 10X1 CITY. LOSO (9ATSJ 1300 .uG/KG..

tit CONIACI: plt *cnati IVd I T & T ION A%D POSS16L6 TFamSitier COPNEAL INJURY.
Sh i fJ CU>iACT: SieL L L - d1LU IFRITATIun uh OPY SFIN: SIA0!G SOLUTIONS

CAFA:Lt Of C AD s t..L P Ah> ED trP11 A TICli, Lv Eh A huPERFICIAL 6UPN.

L C O b t i ..i. t u u n 5 %:. 4 1
(HJ s t.u 1C A l c5 a t < - a c.* A r a UF Int Orj a C Htit ! C A f. CQ"F A.\ Y*

,

\ t
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: , a, e e t 4. L S' A > E ,1 Y 0& I A SM E F. T FAGLs 2
I* 004 CnL4gc g is.3.a. xtulAho 9tC81GA4 9to4G Erh>GEnct Ph0NE: ht7-e36-4400

C A It: 4. uCg 30 PNUDUC1 CODE: 1[9067''.()crFECIA'it'

pkov0Cr (CCPfel): C3LLLuw CbLGFIHL 17-404, OnktLnKE (R) huLM MSO: 0517 's.-
g

dcC11LN 5 hk' Al f H HAZArc OATA (CONTINUE 01*

*Snis ArSuaG11CH: aul L1*ELY TC si AESCK6EC INFOUGH IdL SKIN IN TUAIC
Adbd*lS.

LvbALAL10N: 004 1.~ G IC H:4/u 3 F0F cal,C I!JM CHLO&lDE SuLuTIONS.
cFrECad ut livEkdadudbnt: UUSf5 MAY eE IHAITAfinG.

dECTIOm 6 FIRST AIC--4CIE TC FnySICIA4
,

r1FSI =10 PFiiCh u 1-cS :

tYcS: t e r 1Ga t t.e * uF tee til IM4Eu!ATELI aIin AATLk Fun FIVE MINUTES.

16 Gul0 Sa>F11 'r n * C l l C E .
Skin: In Case ur CuhtACT, inMEDIATEL1 FLUSH SF1h difH PIENTY OF

A u t e.n FGF al LcASI 11 .M (.7 U T E S a h 1 L E EENOV IbG Cun1 Af4IN A TED CLuf MING.
CALL A FH SICLAi. aASH CLU1HING EefLFE FiUSE.

.

1sHAL-t Un: r r. e o v e fu FktSH Ala ir EFttCTS CCCUF. CunSbLI FE01C AL
s h n a un k k i. .

I r.GE S I I L.s : IF S*ALLCak.U, T *10t'C E Vu a l t it4G U"8 E 01 A TE L f BY GIVihG IWu
GL45sts OF v. e r. n AhC STICF1HG Fif.GE8 C0hn '!FFCAT. CALL A PHYSICIAN.

noni 1 PerdLClea
Ered: FAf CAusr CGe4EAL Li+JUPt OF bOEN. S1AIN 09 EVIDEiJCE OF

CUnntat i t.J u B Y . IF CURatA 15 EUP4EU, INSTILL Ar4T1810 TIC .

dTEWutu PFirn94110N t' F t su l t. T L Y . CCNSULT UPbrHALMULOGISI. ('s

AgiCUhTACTs e s .. : Fas C-9ac PcCdFATE IPA 11AfION. TFEAT a5 -'

C-ekatillS. li PUFS 15 PPESEN1, IFEAT AS a .1 Y THERMAL BUNN.
etartraTUkt: Nat CAUSE ."!LD IWRitaTLCN.
CH4L: LUs l '. I L 51Ci rY .
Ger.cr.aL: Cta.SuLI d s A;40 AP0 LITEP ATU6E . NC SPECIFLC Ar:T100TE.

! > r. a l v t r.1 6ASED Un IMc SUUht JUDG# TAT OF ThE PHYSIC 1Ak A r* U
IF- Ancidl0UAL PEACTIOt4S UF TH E F A 1 L F.t: T .

.

StCiluA 7 SFE,C I AL nii40 LING INF0FFATION*

WLiarlLallLn: St CU.* *r.nC COtt T80L Ut DUST IC C0vFCFT LEVtL l '1 *GRK AREA OP

bOLuttuN 'l 8 ) SUbb r.d L t u GUIDL.
h t SP 19 a l fsk Y F Pl 1 cC l 10:4: IF PEubinEU, USL AN APFPCVED LUST FhS'FIPATOR.
PM01EC a l V c C Lt'l'i vb: CLt 4N, snD -COVER 14G CLi)1NING. IN AUDIT 10h,

G Ld V r.S . e0is td , avouN OLF il4DIfJG UFON TriE EXTENT a t,0 SF./EA L T Y Ur
P. /. e C .% 8 b E L ine t :.

cft rot icCT iu* : sArcit OLASSES nIrH0 lit S10E SnLELUS. rilo SEVEFE
CrkelCaL ete6LFS GGGGLES.c A FI' R'r e -

seC11CA y d e* cC I A L PRECAUTIOwS Anu 4001T1UfsaL l t.F 0F M A 110N

PF LC au t sur S r s.' rt i n o c ia IA !! A.'.U L I N G A A l) 51CF4GE: a '.'C I C LfE AND F RQ f,0N G EO
sr1.. CutThcr. abasto bal COUL n A TEH (IF.MPEF410HE LiS6 IHAN 80F, 27C)
- vidsti.V1..t. C4LClui cuLoriUt.

O
..;ita

(t CL f. I l' ;ct- u t. F.9 J J
(n) t a v l C a l E S r. 1 - a u t v a .~ e. Of li E loa CnLN IC AL Cb!'P ANY

2.
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. A ; eeiAL 5 aft I Y Dat 4 5H LET Pact: J
's ou, en,1 IC AL is.s . A . f31uL200 mlCit1GA's vec40 EuhrGENC) PnuME: 517-e36-4400

( htfLC11'!L CATE: no uCI a0 PFuuuCT CODE: 13906
I e-OcuCl (CuhT'L*): CALCLU? CMLCFIl>E 71-90%, DurFL4h> (H) eULa f45D: 0517

stCTICa b SPtCIAL PhEC40T1uN5 Ahu ADDillu!AL I:FUFMATION (COhTIhuED)

Auu l i t u?.a L l t.F UF Aa l luh : OS UCT 90 PEVISICAS UF 31 Ma: 7a --
$LL i tut.S 1, s, Se e, A40 7.

L451 F5GL

th) IctulCatES A TdAOLMANK QF ThE 00* CnL*1 CAL CCNFAN1'.
.

Cun6Uti Int tre CHL.*'ICAL CU*PAaf i'IR FUFIELP 17. F i} d u A T I O.v .

THL livr e;>M A1 !Un nLFE th 15 Glvth IN GOOD F A 11 h , EUt <u .-ARNA.1ty,
tAebE84tu UP IFFLtc0, L5 F4bd
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(j APPENDIX 4.

WASTE STREAM CHEMISTRY

Date: Time Sampled: Tank Sampled: '

Chemistry Tech: ppm mg/l other j

Chlorides

Baron as (H3 B0 )3

Ammonia

Soap / Detergents

Oils

gganicsolvents

D: contamination solutions

Neutralized waste
. (Name of neutralizer)

..

Other
-

O
MI/ Misc.#2 - Page 16 -
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SAMPLE EVALUATION FOR QUALITY ASSURANCE APPENDIX 5
L

; SAMPLE NUMBER: DATE:

#
WASTE STREAM: INITIAL 0 F
( E) TEMP : C

--

ppm Baron:
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/OS-1

LIME

S0DIUM HYDR 0XIDE

EMULSIFIER

ACCELATOR

VQLUME: START ML END ML ' RATIOS: Liquid Vol contain Waste=xfinal Vol vol vol
'-'

LV NOTE:See Appendixx
FV cv == wv 6 for detail

COMPLETE PRODUCT ACCEPTANCE CRITERIA:
DEFECTS IN STRUCTURE:

1. CRACKS: 2. LUMPS:
3. FOAM: 4. DRY SPOTS:

UNIFORMITY: -

1. COLOR: 2. GRAININESS:
3. TEXTURE: 4.

MOISTURE:
1. DRY APPEARANCE: 2. VOL. ML

MONOLITH:
1. RESISTANCE TO PENETRATION:
2. FREE STANDING:

__

NOTES:

PTED
P UCT BY:

Tecnnician Date

MI/ Misc.#2 - Page 17 --
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APPENDIX 6
c
.

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

SUMMARY:

The volume of P.C.P. liquid additives, to include total volumes of waste, Na0H andA =

other liquid used.

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

The VOLUME OF SOLIDIFICATION CONTAINER LESS the freeboard volume. I.E., 55 galC =

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.

The volume of accelerator used in test.D =

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

A + B x C = The total allow waste volume per 55 gallon container 100ml + 144m1 xF =

52.25 gal = 36.28 gal of waste,
j

WASTE VOLUME

Waste Liquid + Liquid Additives A: ML

Final Mixture Volume B: ML

Container Volume C: gal

O Accelerator D: grams

MPC-1 E: grams

FORMULAS

A: m) C: gal F: gal of waste=x,

B: mi

F: 36.28 gal E: 260 gm + A: 100 ml 8.33 conversion = G:x x
factor Total pounds

of MPC-1
D: ,,gm x 1.70 3 lb/gm = H: lb of Accelerator

Full Sca'le Volume and Weight

gallons of waste F:=

MPC-1 pounds G:=

,

Accelerator Pound = H:
|

()
MI/ Misc.#2 - Page 18 -
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APPENDIX 7.-

'? SOLIDIFICATION DATA SHEET.

f. '

- LINER DRUM # DATE OF REQUEST

LINER / DRUM SERIAL #

PCP DATA

TANK PCP DATE

OF
8ATCH # PCP SAMPLE CODE

OTHER SAMPLE # USED

* CHEMISTRY DATA

'C/F
TANK SAMPLED TEMP OF TANK

'C/F
NO. OF VOL. TURNOVERS TEPP OF SAMPLE

DATE/ TIME SAMPLE PLACED IN REC. pH (TEMP CORRECTED)

O
DATE/ TIME OF SAMPLE

PPM
-

BORIC ACID CONC

SPECIFIC GRAVITY
'

,

ADDITIVE DATA

VOL. OF WASTE WT OF MPC-1

WT OF WASTE WT OF ADDITIVE

WT OF LINER WT OF ADDITIVE #

WT OF ADDITIVE #

IUIAL WEIGHT

O .

DATE WASTE RECEIVED DATE SOLIDIFIED

* CHEMISTRY DEPT. ANALYSIS DATA

MI/ Misc.#2 - Page 19 - i
L
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APPENDIX II

. Franklin Institute Research Laboratory, Inc.
A Subsidiary of The Franklin Institute .

.

21 December 1983

Bartlett Nuclear, Inc.

P.O. Box 810
10 Aldrin Rd.
Plymouth Industrial Pk.
Plymouth, MA 02360

!

| Attn: lir. Bruce Bartlett
|

Dear Mr. Bartlett:

Enclosed please find Technical Report on Concrete Analysis for
(m) use as a Matrix for Solidification of Low-Level Radioactive Waste.
f

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 of your staff
and their Smilies.

-

Sincerely,

0) Led -

Andrew J. Cassell
Sr. Staff Scientist

{
\m,/ Enc.

.

AJC:rm

.
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SECTION A

INTRODUCTION

In accordance with the U.S. Nuclear Regulatory Commission (NRC) technical

p aition (TP) with regard to waste classification and waste form, and the
implementation of 10CFR Part 61, solidification of class B and C, wastes may
b3 deemed acceptable by test methods outlined by the NRC.

The seven tests denoted in the notice supplied by the NRC include
in accordance with ASTM C39(1) or D621 test methods,1) compression test

2) radiation stability in the presence of 10 rads, 3) biodegradation in

cccordance with ASTM G21(and G22 , 4) Leachability in accordance with
ANS section 16.1, 5) immersion test for a 90 day test and compression
ctrbility, 6) thermal cycling in accordance with ASTM B553(') test method,
cnd 7) free liquid in accordance.with ANS 55.1.

[]4 In accordance with the TP issued by the NRC, the Bartlett Nuclear Corp.

Nf Plymouth, Mass. and Columbia, S.C. approached FIRL, Inc. of Philadelphia,
PA to undertake the testing of special concrete material to be used as the
matrix fcr solidifying class A, B and C low level rad waste which will be
cceeptable for near-surface disposal. Discussion of the test samples of the -

c:ncrete matrix will be covered in the section of this report titled

Pr:cedure. It is the intention of this testing to report on the final results
ef each test performed and in no way issue a certification of acceptance.

Of the total of seven tests recommended by the Nuclear Regulatory
C:mmission, Franklin Research Laboratory, Inc. has undertaken the analysis of
fru cf these tests. The -,maining three, #2-Radiation stability,
#4-Leachability and #7 Free Liquid could not be performed in the allotted time

p:riod required by Bartlett Nuclear. It is recommended that these three tests
'

b3 conducted some time in the near future under the guidance of FIRL, Inc.

The report is divided into three sections, (A) Introduction, (B)
Procedures and (C) Results for the following examinations:

O 1) Compression Test per ASTM-C39
G'

2) Biodegradation - Resistance of concrete to fungi per ASTM-C21

2A) Biodegradation - Resistance of concrete to bacterial growth
per ASTM-C22

t_
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3) Immersion 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 saeples. Photographs taken of

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

(1), (2), (3), (4) Recommended practices outlined in ASTM Publications
cre located in Appendix A, of this report.

O

;

{
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SECTION 5

PROCEDURE:

1) Compression test for the concrete matrix was performed in accordance with
ASTM 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 1-1,1-2 and 1-3. Accurate

measurements of the specimens were determined by micrometric method. Average

values of the three specimens are stated in results section. A copy of ASTM
sp:cification 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,
sp:cimena 1-1 and 1-2. Following the curing period the two specimens were
th:n tested for compression capabilities. The third specimen war maintained
es control (1-3). During the compression testing, the relative humidity,
surrounding the specimens, was maintained between 75-85%. 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
end 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 test.
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
h:urs, to remove any inhibited fungi which may be present during manufacturing
of the cement.

,

Tive of the specimens are set aside as control (in air) for comparison of
ths final test specimens. Fifteen of the specimens are then placed in contact
with agar solution which were obtained from a biological supply house and was
pr: pared according to the formula in ASTM G-21. The agar is placed in a glass
dich and allowed to solidify. Following solidification of the agar, place 5

ocimens onto the surface of the agar and inoculate the surface of the
sp:cimens with the composite spore suspension which was purchased from the
American Type Culture Collection, Wash., D.C., and prepared, according to

y Rossamh Labassessy,ine
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procedures in ASTM G21, 2 days prior to fungi testing and held in
refrigeration. Inoculation of the test specimens, in contr.ct 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
allowed to incubate at 28*-30*C, and relative humidity not less than 85::, for

a period not less than 21 days. 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 contact with the agar, does not take
place. A copy of ASTM specification G21 is located in Appendix A' of this
report.

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

Five specimens are selacted at random for testing of resistance to
bacteria. Five additional samples are selected .ns 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
saitable 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 testing. 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 bacterial specimens and control test specimens are placed in

-4-
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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
cro placed in an environmental chamber along with the glass dish containing
tha inoculated specimens. A volume of bacterial cell suspension sufficient to

yield aFProximately 50,000 viable cells /ml. constitutes the culture
inoculant. The culture dishes are covered and incubated at 35'c (98'F) in a
rotative humidity atmosphere of not less than 85% for a minimum of twenty-one
drys. 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
psriod, and any observed changes other than bacterial growth by comparison to
ccatrol-specimens. (A copy of ASTM-C22 is located in Appendix A of this
report).

3) Immersion - Six specimens of the precasted concrete, in rectangular form,
3 selected for this test and examination. The specimens are carefully

9aighed within 0.001 gra accuracy.The six specimens are then cut in half

r: presenting six immersion test specimens to be tested and six control
sp:cimens. The pieces are identified and reweighed again. The test specimens
cro placed in a glass dish which will accommodate the 6 specimens. Water is
cdded to the dish to a level where the water covers the specimens to a point

n:t less than 1/4" above the specimens.

The glass dish is covered and allowed to stand, maintaining surveillance

as that the water level does not go below the l'/4" coverage. The specimens
cro allowed to be immersed for a period of not less than 90 days. At the end

i of the 90 day innse sion, the specimens are removed, stood on one end for
p3riod of 2 hours and then measured'for final weight. Comparison of dry

| w3ight and final weight, against control specimens, will give a value of

absorptivity. A compression test is then conducted to assure the specimens

| will withstand 50 psi (0.3MPa). Apply load to the specimens until failure
cccurs noting the type of failure and appearance of the concrete, if failure

I occurs.

Thermal Cycling - Three specimens were precasted by Bartlett Nuclear
! Carp. The specimens shall be 6" right cylinders which have been allowed to
i

ess 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 be

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 22*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 compression test (Copy of ASTM B553 may be
found in Appendix A of this report).

,

.

O
.
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SECTION C
,

C. RESULTS

1.0 Test #1 - Compression Strength of cylindrical Concrete Specimens
I

1.1 The test performed on concrete specimens supplied by Bartlett Nuclear
Corporation was conducted in accordance with American National Standards
Institute /American Society for Testing and Ma'terials (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)

Bstcom 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) Laddle 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 -

#1 #2 #3 #

,

Top - 29.2 in (188.4 cm ) Top - 28.27 in (182.4'em ) Top - 23.27 in (182.39cm )
2 2 2

; Bottom -29.2 in (188.4cm ) Bottom -28.65 in (184.8cm ) Bottore28.75in (192.41cm )
;

| 1.5 Compression load for USNRC acceptance:

i #1 #2

1460 lbs. 1425.5 lbs.

(equivalent to 50 psi) (equivalent to 50 psi)
f Results: Neither specimen, #1 nor #2, failed at 50 psi.. Compression wasi

| continued until physical defects were observed:
t
1
'

Specimen #1 Specimen #2 Specimen #3

1

1st crack indication 34,000 lbs. (1164 psi) ist crack indication 36,000 lbs. (1264 psi)

! Spalling 41,000 lbs. (1404 psi) Spalling 49,000 lbs.,(1721 psi)

f Total Failure 74,600 lbs. (2555 psi) Total failure 69,800 lbs. (2453 psi)
f

1.6 Specimens were aged 18 days prior to compression test.
-7-
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C. RESULTS

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

2.1 The tests performed on concrete specimens supplied by Bartlett Nuclear
Corp. was conducted in accordance with American Society of Testing and
Materials (ASTM) C21-70.

2.2 Preconditioning - twenty specimens were exposed to ethylene oxide gas for
,

3 days. The preconditioning was c'onduci.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.

2.3 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 CLOBOSUM 6205

4. TRICH 0 DERMA SP 9645

5. PULLULARIA PULLULANS 9348

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

chemical compound formula:

Potassium dihydrogen orthophosphate (KH PO ) 0.7 grm2 4
Potassium monohydrogen phosphate (KHPO ) 0.7 grm

4
Magnesium Sulfate (HgSO .7H 0) 0.7 grm

4 y
Ammonium Nitrate (NH NO ) 1.0 grm4 3
Sodium Chloride (NaC1) 0.005 grm

Ferrous Sulfate (FeSO .7H O 0.002 grm4 2
Zine Sulfate . 7H O 0.002 grm '

2
Manganous Sulfate (MnSO .7H 0) 0.001 grm4 2
Agar 15.000 grms

pH adjusted to 6.35

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

p -10-
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2.5 Each test fungi was prepared according to ASTM-C21 procedures and spore

suspension concent measured for concentration. The five spore solutions
averaged 1.02 x 100 + 0.2 x 10 spores /ml.

2.6 Five control 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 14 days incubation
period. Fungi growth was observed in all cases. (See photo at end of
this result analysis).

2.7 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

r~'s nutrient-salts agar were adequately covered with mixed spore suspension.
N_)
2.8 Observation:

Sample Tray #1 (control) Sample Tray #2 (test specimens)

Dry 2 No growth No growth

D;y 8 No growth No growth
,

D:y 15 No growth No growth

Dry 21 No growth No growth

-

.
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-
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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 85%, should be
.present in the elevated temperature while the sample dishes are

maintained with a sealed cover.

A.4.4 Observation:

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

N;v. 8 No growth No growth

N:v. 10 Slight growth No growth

N:v. 12 Moderate growth Very slight growth (on agar base only)
No growthN;v. 18

*

No growth" icv. 25
No growth.1

4.5 Observations were taken on surfaces and beneath specimens. The major
observation was made at the contact point between specimens and the
nutrient-salts agar gel. Observation of the potential effected area
in the test specimens dish was made with a 10K magnification.
Observation of the control dish was made with no magnification.

2A.4.6 Conclusion:
The concrete test specimens did not support bacterial

Control dishgrowth under the recommended conditions.
assured that bacterial saspension was active and

supported growth.
-
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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 s6 total) were identified from #1 thru #6.
Control specimens were identified as A thru F.

Wt. of Control Specimens Wt. o f Te s t Soecimens

A. 34.656 grms 1. 34.624 g
B. 34.915 grms 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 1st week - small particulates floating on water surface
Sept.16 2nd week - slight increase in particulate matter
Oct. 7 Sth week - filtered water solution and collected particulate matter.

Immersion bath, 100% new supply of water
Oct.20 7th week - very small particle suspension on water surface
Nov. 4 9th week - no obvious change in immersion bath
Nov.17 lith week -no obvious change
Dec. 2 13th week no obvicus change

3.3 pH measurement during immersion testing:
! Ist week pH = 7.6

5th week pH = 7.85

10th week pH = 7.95

| 13th week pH = 7.90
|

0
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Particulate matter removed from immersion bath during 5th week visual
-

3.4
examination, filtered, dried and weighed:

we. of particulate matter - 1.43 grms
% loss of total n: ass of concrete in immersion bath - 0.67%

lith week - Particulate matter removed during visual examination:

we. of particulate matter - 0.255 grms
total % loss of mass of concrete after 11 weeks
immersion testing - 0.11 + 0.67 = 0.78%
loss during 5 weeks immersion - 0.67%

loss after 11 weeks immersion = 0.11%
Total loss after 11 weeks = 0.78%

Calculated weight after 11 weeks immersion (accounting for avg. Ipss)

Test Samples Loss Final Wt.

1. 34.624 x 0.0078 = 0.270 grm =_ 34.354 grms

2, 14.957 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 grus
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 We of specimens after 90 days immersion test.
(Test Specimens) (Control)

A. 34.657L 35.067 grams

B. 34.9152 35.76. gms. ,

C. 34.4253 35.302 gms.

D. 33.9064 34.580 gms.

E. 38.2595 40.145 gms.

F. 39.5056 40.391 gms.

No
c 0bservation: All specimens were unchanged in their physical appearance.

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.

- 21- .
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3.6 Moisture Retention af ter 72 hrs. AIR drying:

Final Wt. Calculated Avg. Wt. Water Retention % Retention

cms. (with particulate loss) (gms.)

1. 35.067 34.354 0.7137 2.08

2. 35.750 34.684 1.071 3.08
6

3. 35.302 34.107 1.195 3.50 -

4. 34.580 33.609 0.971 2.89

5. 40.145 38.921 1.224 3.14

6. 40.391 39.226 1.165 2.97

3.7 Compression test on 90 day immersion specimens

Surface Area of Specimen (50 psi)

2
1 3.591" x 0.981" = 3.523 in 176.2 lbs. load

2 3.464" x 0.987" = 3.419 in 171.0 lbs. load

3 3.497" x 0.980" = 3.427 in 171.4 lbs. load

4 3.502" x 0.989" = 3.463 in 173.2 lbs. load
! 2
1 5 3.526" x 0.985" = 3.473 in 173.7 lbs. load

6 3.500" x 0.989" = 3.462 in 173.1 lbs. load- .

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

i

|
|
|
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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 Phy,sical size of test specimens:

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

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

Tp- 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)

B:ccom - 6.13 in (15.57 cm) Bottom - 6.16 in (15.65 cm) Bottom - 6.13 in (15.57 cm)
ength - 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 Cha' t Recorderc

+ 20*C (+ 68'F) + 20.5'C 68.2*F (20.l*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)

Tha environmental chamber was then measured for temperature comparison to

chtre recorder:

Environmental Chamber Chart Recorder

+ 20.5*c + 20.2*C

+ 60*C + 60.75*C

39.5'c- 40*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
fb( ) 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.

-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 Poer reasurement following temperature cycle and precompression testing:

a) enysical Size:

#2 #3
.

Dia: Dia:

Top - 6.09 in. (15.47 cm) Top: - 6.08 in. (15.44 cm)
Middle - 6.11 in. (15.52.cm) Middle-- 6.06 in. (15.39 cm)
Bottom - 6.14 in. (15.60 cm) Bottom - 6.10 in. (15.49 cm)*

Length - 6.00 in. (15.24 cm) Length - 5.96 in. (15.14 cm)
.

4.7 Compression Test:

''~ Surface Area:

#2 #3

6.11/2 = N 6.09/2 = r
2= (3.045)2(3.055)2 A= rA= N =

A= (9.33) A= (9.27)
'

2 2
A = 29.31 in A = 29.12 in

Compression required for 50 psi

#2 #3

1465.5 lbs. Load 1456 lbs. Load

Results: Neither specimen, #2 and J3, failed at 50 psi (0.3MPa) h

.
.

'
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4.8 Failure Indication -

#2 Specimen #3 Specimen

1st crack indication 15,225 lbs.(519.6 psi) 1st crack indication 14,790 lbs. (505 psi)
Failure Load 47,760 lbs.(1630 psi) Failure Load 52,200 lbs.(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 Saved Beams of Concrete",

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

humidity conditions being applied (Dry condition).

O

,
.

i

1
'

i

|

l

~OG
.
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4.8 Failure Indication

#2 Specimen #3 Specimen

let crack indication 15,225 lbs.(519.6 psi) ist crack indication 14,790 lbs. (505 psi)
Feilure Load 47,760 lbs.(1630 psi) Failure Load 52,200 lbs.(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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TEST # 1 - COMPRESSION TEST
.

e

,

[Ar.?!RGA NAtaONat } (ANSI / ASTM C ::S - 72
a A u.a s'a>+

temaswcAncase Resoproved 1979) "'8"""'*"*T- ggyy-

. ..

Standard Test Method for
COMPRESSIVE STRENGTH OF CYLINDRICAL
CONCRETE SPECIMENS'

This Standasd i,i d under the fined dewcnatica C 39: the number esunedsaneh fonemine the druenaam,e indicasa she
re(ong .dopt:oa ca. is ene case of ruveuve. the par es last suvinen. A samter in pasentasses W=-= the par .4

1. Sempe . for shia pospese is she asemiar pnmns ring.

I.I This method covers determination of 2.3 The testing machine shall be equirrs.t
compressive strength of cylindncal cencrete with two steel bearine blocks with hardenco(g specimens such as molden cyhnders and faces (Note 3), one o'r which is a spheric =lls

f

drilled cores. seated block that will bear c,n the ueper wr-
, Nou 1-For methods of malding concrete spec. face of the soecimen, and the other a solid
miens see ASTM Metano C 19' Wkmg and block on which the specimen shall rest.
C.anns Coner6te Tru Soeismes* m tae t.aborator,.
and ASTM .tc. hod C 31. Makene and Curug Scanns faces of the'triocks shmil have a tam-
Concrete Tac Snecimens in the Fi.:Id.8 For meinnd$ imum dimension at least 3 percent greate.-
of obtsmiag dot:2.t entes see ASTM Metnod C C. than the diameter of the specimen to bc

,Ot:tsinme anet Test ng DnU.-u Cores and Saeed
L " C., .- tested. c.r.ceps sor the concentnc circles cc.

scribed below, the bearanc lacs shat! not de-
2 APParates part from a plane by more Inan 0 001 in.

2.1 The testing machine may be of any (0.025 mm)in any 6 in. I152 mmi ofIIoeke
type of susTicient espacity, and shall be ca. in. in diameter or Isreer. or by more than 0. Nil

puble of providine the rate of loadine pre. in. in the diameter of .tcy sm.nller b!c.ckt and
scribed in 4.2. It must be power operated and new Wcks shall be manufactured within :nc
must spply this load cont:nuoust;. ratner than half of this tolersace. When the diameter os
intermittently, and wi.hout shock the bearing face of the .,henes11.- - sted Wcx

2.2 It shs!! coniorm to the recurrements of exceeds the diameter of the snecimen ey ':in.

Sections 10.17. and 18 of ASTV Wthods E (13 mme or more. concentne circles not m. ire
4. Verification of Testmg Macnines.' If it has than 'et in. (0.8 mm) deer .nd r.ot nore th n
only one inading r.ite (meeting the' require. 6. in. (1.2 mm t = sic 4 tail be insenhed to (2
ments cf 4.21. It must be provided with a sup. clitate emper centenng.
plemental encans for toadir.it at a rate suitable Norr .t_tt is demerable that the beanne 6:es of
for calibrasion. This suppiemental means of Mccits used for cometeoeon newme of eor.erees

**'''"I""*'"""''****"**"Ab** '
loadin;; m) |,e pamer or hana operated. The
space provided for test specimens shall be 2.4 Bottom bearing bloi km sha:1 conform to

j large enouch to accommodste. in readr.bic the following requirements:
position. sa clastic calibration device .shich is 2.4.1 The bottom beanns block is seccafica
of sufficient capacity to coser tha: Iouding

-

-
'

range of the testir.g machine and wtuch com-
.,'. c.e,, c e ea< c,,,,,h method a der iti.n lici ( wru r,ph.es =sth the requirementn ..f ASTM

.

o..e. ., ,
.

Methods E 4. Cahbr:.ti.m of Fnece-Meas.unne :-e a.rcu rec.-.a*i 4 us -et<<8'aa"tes

Instrutr:ents for Venfyi i; the i.uad Indication "*[-ND*[h'**"*[Q",,,, ,% 3
of Testin t .Wehinca.' e6er son. or..,am m.:.t n.s . c :4 ;37. L.,4 m.

vienseda:oa c 39 71.
Nors 2-The tw.e ..f st.assie cmhbr.aion dence % s s,,,4 , 4snr 5 x t r.is. Pan I4

|
am. sencrahy avaitaoic and mmt cerrmcat3 uma! '.4a is.a sast.trs uas.ran4t.

e

- . - . - - . . . - . - . . - . . - _ - - -_ . - - _ . . . . ~., .
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' TEST # 1 - (Cont.)

h C 39 .

for the purpose of providing a readily machin. 2.5.3 The curved surfaces of the socket and
able surface for maintenance of the specified cf the sphermal portion shall be kept clean
surface conditions (Note 4). The top and and shall,be lubricated with a petroleum type
bottom surfaces shall be parallel to each oil such as conventional motor oil. not with a
other. T'e block may be fastened to the pressure type gresse. After contacting the
platen of the testing machine. Its least hon- specimen and application of small initialload.
zontal dimension shat! be at least 3 percent further tilting of the spherically scated block
g..: ster than the diameter of the soccamen to is not intended and is uncesirable.
be tested. Concentne circles as described in 2.5.4 if the radius of the sphere is smaller
2.3 above are optional on the bottnm block. than the radius of the largest specimen to be

2.4.2 When the lower beanns block ts used tested. the portion of the bearing face ex-
to assist in centenng the specimen, the center tending beyond the sphere shall have a thick. N
of the concentric rings, when provided. or the ness not less than the difference between the
center of the block itself must be directly radius of the sphere and radius of the spec.
below the center of the spherical head. Provi- imen. The least dimension of the bearingiace
sion shall be made on the pisten of the ma. shall be at least as great as the diameter of
chine to assure such a position. the sphere (see Fig.1).

2.4.3 The bottom bearing block shall be at 2.5.5 The movable portion of the bearing
least I in. (25 mm) thick when new and at block shall be held closeiy in the sphencal
least 0.9 in. (22.5 mm) thick after any resur. seat. but the desien shall be such that tne
facing operations. bearing face can be rotated freely and tilted at

Nors 4-If the testing machine is so designed least 4 deg in any direction.
that the platen itself can be resady masntaincd in 2.6 If the load of a compression macinne
the soecified surface condauca :s bottom block is owd in concrete tests as recistered on a dial." " * ' * the dial sha!! be provided with a graduatea

2.5 The spherically seated bearing block sesle that can be read to at least the nearest
shall conform to the following requirements: 250 lbf (1110 N) of load (Note 7). The dial

2.5.1 The maximum diameter of the bear- shall be readable within I percent of the indi-
ing face of the suspended spherically sested cated load at any given load leve! within the
block shall not exceed the values given be. loading range. In no esse shall the loading
low: range of a dial be considered to :nclude loads

below the value which is 100 times theoi.,,,,,,, .s u , g,,,,,,, oi,,,,,,

Tess soscim==s. et s.enas Face. smallest change ofload which can be resa on
^8""' *8*=' the scale. The ses.e sha!! be provided with a
2ISI) 4 (102) ersduation line equal to zero and so num-

h $', bered. The dial pointer shall be of sufficient
3

H 521 to c54: length to reach the grsduation marts. tne
s co31 It m95 width of the end of the pointer shall not ex.

Noru S--Square bearing faces are permissible. ceed the clear distance between the str allest
provided the diameter of the larvest po uble in- graduations. Each dial sha!! be equipped wita
scnbeicircle does not eweed the above daarneter.

a zero adjustment which is castly accessible
2.5.2 The center of the sphere shall coin- from the outside of the dial case, and with a

cide with the surface of the beanny face maximum load indicator.
withis a tolerance of =5 percent of the radius *

J is3ny, 7_4, ,,,,, as can reasonsely be re
of the sphere. The diameter ui the sphere considered to de N in. no.s mmi stong tne are c:.
sitall be at least 75 percent of the diameter of %:nben by tne end ot* the pointer.
the specimen to be tested. y .g.

Nort 6-The preferred centset ares is in the
Ione of a rmg idensnbed as nr:ferred "beanne - 3.1 Compression tests of moist-cured .<pect.
asualas.sheima on Fac.1. The esis and the madet mens shall be made as soon as practicacie
must Se w dewyned by the manufacturer that in* stier removal from the curing room. Neither
seses sa the conta t .srea does not cermanemn oc-
form under repeated use. una toaas un to auute ps, end of compressive test specimens when tested
(35.2 M Ps)on the tess spetsmes. . .i. . shall depart from perpendicularity to the axis

..c.p._2. - .- . - . . ~ : -

.. _
,

.

- . ,.

d., - .oCE.ME2 sw*tGia DC.t. aK. * *.T. tsJ !?Y W. :. . ' ')( . -- ' ~ * ' "' *
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1

by more than 0.5 der (approximately equiva- mml/ min when the machine is running idle. |

lent to 1e ist. iir 12 in. (3 mm in 300 mmi). The la hydraulically operated machines apply the'

ends of compression test specimens that are not load at a,, constant rate within the range 20 to
plane within 0.002 in. (0.050 mmt shall be 50 psi /s (0.14 to 0.34 MPa/s). Dunny the
capped Inose N). Test .pecimens shall be kept applicanon of the first half of the anticipated
moist by any convenient method during the load a higner. rate of loading shall be per-
pened between r-moval from moist stcrage and mitted. Make no adjustment in the controls of
testing. They shall be tested in a moist condi- the testing machine while a specimen is
tion.The diameter of the test specimen shall be yielding rapidly immediately before failure,
determined to the nearest 0.01 in.10.25 mmt 4.3 Apply the load until the specimen fails,
by sveraging two diameters measured at right - and record the maumum load carned by the
angles to each other at about midheight of the specimen dunny the test. Note the type of
specimen. This average diameter shall be used failure and the appearance of the concrete.
for calculatisy the cross.nectional area. When
the length of the specimen is less than 1.8D. or 5. Caleninden
more than 2.2D the length shan be measurai 5.1 Calculate the compressive strength of
to the nearest OM. the specimen by dividing the maxiraum load

Note 8-For muebeds of cappies comtwesseon carried by the specimen dunng the test by the
specimens see ASTM Method, C 617. Cappies C * average cross. sectional area determme'd as?

***'"* N desenbed in Section 3 and express the result
to the nearest 10 psi (69 kPa).; 4%

4.1 Maring she Speessees-Place the plain
6. Reeert in.M w:. h!cch. with i..: hard:-M Sa:

~

up, on the table or platen of the testing ma- 6.1 The report shallinclude the foHowing:
chine directly under the spherically seated 6.1.1 Identificatica number.

; lupperl beanns block. Wipe clean the bearing 6.1.2 Diameter land length, if outside the
faces of the upper and lower beanns olocks range of 1.3D to 2.2Dh in inches (or milli-

! # and of the test specimen and place the test metersk
specmten on the lower beanns block. Care- 6.1.3 Cross. sectional area, is square
fuuy align the axis of tne specimen with the incnes (or square cer.timeters),

3

f center of thrust of the sphericauy seated 6.l.4 Maximum load, in pounds-force t'or
block. As the sphencally seated block is newtons),
brought to bent on the specimen. rot, ate its 6.1.5 Compressive strength calculated to
movable pornon pensiv by hand so that uni- the nearest 10 psi (69 k Pa).

'
form seating is obtained. 6.1.6 Type of fracture, if oth - than the

4.2 Rare of Leading-Apply the load con- usual cone,
tinuously and without shock. In testing ma- 6.I.7 Defects in either specimen or caps,
chines of the screw type the moving head shall and.
travet at a rate of approximately 0.05 in. (1.3 6.1.8 Age of specimen.

.

.

O -

.

.

6

. 26
*

i
. , - , - - - - , , - - - , . - , - - . . - - - . . . . . . . , . - - . . . . _ . . . . . . . . . . , . . . _ . . , , . - . , - - - - . . , _ _ . . _ _ . _ _ _ _ - - _ - - _ _ _ ,-



.

. .

j TEST # 2 - BI0 DEGRADATION - FUNGI RESISTANCE

O

.

[ oesignation: G 21 - 70
,

Standard Recommended Practice for
DETERMINING RESISTANCE OF
SYNTHETIC POLYMERIC MATERIALS TO FUNGI l

This Standard is ensued innder the rimed dessenauon G 21: the number enmedaaaelv raisowine the desegnuson indicues the
year or orien;.5 acopuon er, na the case of revessoa. the year or Last revessoa. A numeer in parentheses anda;ates nne yearor insi reapprous.

1 Scope 3.2 The effects to be expected are as foi-
1.1 This recommended practice covers de. Iows:

termination of the effect of fungi on the proo. 3 2 I Surface attack, discoloration loss of
erties of synthetic polymenc materists in the transmission (optical).

.

form of molded and fabncated articles. tubes. 3.2.2 Removal of susceptab!c plasti:izers.''

rods, sheets, and tilm materiais. Changes in modifiers, and lubricants, resulting in in-
optical, mechanical, and electncal properties creased modulus istiffnessa. changes in weight.
may be determined by the applicable ASTM dimens;ons and other ch)sical oroperties, and
methods. deterioration of electrical properties such as
Nor: : O .22.: :t ted in U.S. :cstama insulation resistance. dielectric constant.

units are to be regarded as the standard. power factor, and diclectric strength.
3.3 Often the changes in electrical proper-2. Sesesmary of Method _ .

ties are due principally to surface growth and"j

2.1 The procedure described herein consists its associated moisture and to pH changes
of (f) selection of suitable specimens for de- caused b) excreted metabolic products. Other
termination of pertinent properties. O inocu- effects include preferential growths caused by
lation of the specimens with suitabla orga- nonuniform dispersion of plasticizers lubri-
nisms. (J) exposure of inoculated specimens cants, and other processing additives. Attack
under conditions favorable to growth. (4) on these materials often leaves ionized con-
examination and rating for visual growth, and ducting paths. Pronounced physical changes
(5) removal of the specimens and observations are observed on products in film form or as
or testing, either before clearing or after coatings, where the ratio of surface to volume
cleaning and reconditioning. is high, and where nutrien material 3 such as

Nore 2-Since the procedure involves .ansing plasticizers and lubricants continue to diffusc
and working math fungs. it i. recommendeo that to the surface as they are utilized by the orga-
personnel trained in mi rubiok'10 pertorm the cor- nisms,
tion of the prseuure invueveng n-acting of orga-
anms and snocut.ited specimens. 3.4 Since attack bY ofIanisms involves a
3. Significance ' larBe element of chance due to local accelers-

tions and inhibitions. the order of reproduci-
3.1 The resin portion of these matenals is bility may be rather low. Tu aneure snat esti-

usually fun:rus-resistant in that it does not mates ot' behavior are not too optimi. tic, tne
serve as a carbon <ource for the growth of greaten observed degree of deterioratien
fungi. It is generally the other components. should be reported.
such as plasticizers, cellutasics, lioncants. 3.5 Conditioning of the specimens such as
stabilizers and colorants. trtat are responsible expowre to leaching. weathenng. heat treat-
for fungus attack on plastic materials. It as ment. etc may have sigmricant e:Tects un the
important to estabmh the tvistance to micro .~ -

bial attack u: der conditiocs savors 9te t'or Tu eewan sed prasta,e i. .ader the n. lies or

'38 C (J$ to 130 I) and a relative numidity of (iYM""."htmnr.wesp.,#ii.mto,mais-
such attack, namely. .t temocrature of 2 to ''' " *" D' * "'*'"'* '' " "*"**"*

C= eat e
60 to 100 perceat. j '[,'.,ag W24. T L)1924 o). Reds gaaseJ

_
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~
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'

resistance to fungi. Determination of these the medium by the addition of 0.01 N NaOH
effects is not covered in this recommended solution so that after seerilization the pH is
practxx. between o.o and 6.5. Prepare sufficient me-

dium fcr the required tests.
4. Apparataa 5.4 Afterd Funeus Spore Suspension:

4.1 Glesswere-Glass vessels are suitable Nors 3-since a ammber of other organisms
for holding >pecimens when laid flat. Depend- may be of specific interest ser cs saan final as.em-
mg on tne size of the specimens, the following bises or cumcanects. such c:r.cr pure cultures of

organisms may be uel is agreed upon by the pur-
are suggested * chaser and tne manutacturer of the peasaacs. lleter-

4.1.1 For specimens up to 76 mm (3 in.) in ence ili ist t.aies suca a chows.
diameter. 152-mm (6-in.) covered Petri 5.4.1 Use the following test fungi in pre-
dishes. paring the cultures:

4.1.2 For 76.mm (3.in.) and larger speci-
mens, such as tensile and stiffness strips. large Feasi ATC.C OM Ne' -g
Petri dishes. trays of borosilicate glass, or

d=8 ** e tes: 3e6bakinE .ishes up to .308 by 508 mm (16 by 20d d'.*'stasse fe,"ansausumeProns 9Ae4 39: A
in.) .In saZe, covered with squares of window ( eteemmese 4 MIS e?* 5

. .

glass. Trwendre n sees 36s*

# *4.2 facabesor-lacubating equipment for
.e-a-- 23:2 M St. N.A "ria" T*pe Cahamall test methods shall maintain a temperstate

w w"einiasm 7. D. c.of 28 to 30 C iS2.4 to 86 F) and a relative w.wrmaier C.ame Cea ms.en. QMet & E Com-
lismidity not less than 85 percent. Automatic ma's. haaca. Mana-

rurardiar at wet. an 4 <*ry-bulb temperat::r- is ,;;,,,g,, m;suies of these (ungi scoaratesy on
recommended. an appropriate medium nasJt an potato des-

tense agar. The stocic cultures may be kept for -

5. w w .Masermis not more than 4 months at approsimately 3 to
5.I Furity of Reegents-Reagent grade 10 C (37.4 to 50 F). Use subcultures incu-

chemicals shall be used in all tests. Unless based at 23 to 30 C (82.4 to 86 F) for 7 to 20
otherwise indicated it is intended that all

, days in preparing the spose susocasion.,

j re.igenta shali conform to the specificaricas 5.4.2 Prepare a spore suspension of each of
of the Committee on Analytical Reagents of the sit funei by pounng into one subculture of,

tlw. Amencan Chemical Society. where such each fungus a sterile 10-ml portion of water or
specifications are available.' Other grades of a steriie soluti5n socitainmg 0.M g/ liter of

| may be used. provided it is first ascertained a nontonic wettir.g agent such am sodium dioc-
I that the reagent is of sufficiectly hiuh purity 431 su:fosucc:nate. Uae a sterile platinum or
j to penmt its use without lessening the ac- nicarome inoculating wire scrape gently the

curacy of tne determination. surface growth from the culture of the test
,

5.2 Furirr of Were~Unless othedeise in- organism.
dicated. references to mater shall be under- 5.4.3 Pour the spore charse into a sterile

f- stood to e can distilled mater or water of 125-mi glas.wstoppered Erlenmeyer flask con-
equal pupty. taining 45 ml of stenie water and 10 to 15

5.3 Nurirent Iolis Acar'-Prepare this 3,sid giass beads. 5 mm in diameter. Shake
: medium by dissolving in I liter of water the the !ask vigorousiv to liberate the spores from

designated amounts of the following reafents: the fruiting bodies and to break the sport
f Ps:as um e.hsdrosen onnochowhats IKH.PO.) 0.7 g clumps.

'fG,"n,"*"**'*'**'" """"'""*""* ''s 5.4.4 Filter the shaken suspension through|

.O. Masae===: w:raic 4M,so. 7H.On 0.7 s
4 mmh e une parate iN H.NO ) 1.0 e
hdsesecht edetNact) Ocoss *"peapsma Ceanicasa. Ammacan Chemsent 5 erase,
ferrous seefase t Fe50. 7H C) 0.o02 Sessifi ata.,es." Am. C hemm;as Soc w nhearios. D C.'.a
4me *u!rste tZn50.1H Oi 0.002 : For si.emte a. on the ie.img c( rinveis nos t. sand be shev
Mane aess self.ie(MnSO. 7H,Op e4718 p Asner.can (memicas 3 avses, ime Keaveni Chemwans and

,

i Ager 13.0 g Stavardal* h Jewpn etenen. D % am .%narand Co.. lac.,~' N**
''"'.m'"a n."or"w"e"i.was a

* ** d 8"'** """"""
. Sterilize the test medium bY autociavin8 at tes uaneratery s.,,s3 m s "*t = - --- trem s".o.4 ear

121 C (250 F) for 20 min. Adjust the pH of m.

| 752
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a thin layer of sterile glass wool in a glass mission, or manual evaluation of change in
funnel into a sterile flast in order to remove physical properties sucn as stiffness,
mycelial fragments. 7.2 Film-forming materials such as cost-

5.4.5 Centrifuge the filtered spore suspen- ings may be tested in the form of films at least
sion aseptically, and discard the supernstant 51 by.25.4 mm (2 by 1 in.) in size. Such films
liquid. Resuspend the residue in 50 ml of ster. may be prepared by casting on glass and strip.
ile water and centrifuge. ping after cure. or by impregnating

5.4.6 Wash the spores obtained from each (compictely covering) filter paper or ignited
of the fungi in this manner three times. Dilute glass fabric.
the final washed residue with sterile nutrient- 7.3 For visual evaluation. three specimens
salts solution (Note 4) m such a manner that shall be inocuisted. If the specimen is differ-
the resultant spare suspension shsil contain ent on two sides. three specimens of each. face
1.000.000 = 200.000 scores /ml as determined up and face down. shall be tested.
with a counting chamber. NoTr 5-In devisine a test prosram intended to

5.4.7 Repeat this cperation for each orgs- reveal cuantitauve cunges occdring durm; and
nism used in the test and blend equal volumes after tungal attack, an adecuate numoer of spect.

. mer.s .hould be ev.luated to establish a tahd sak.
of the resultant spore suspension to obtsm the for the or:gmal properts. If five rephcate soce mens.

final mixed spore suspension. are reo. sired to estaolhit a tensile stre rgth of a nkrr
material the same number of soccamens shall be

Note 4-Nutrient salts solution is identical with remove.d and tested for each exposure ocemd. It is
the composition for nutrient saits amar given in 3.3 to be expected that value of phpical properties at
except that the agar as omitted. ,3,sous stages of fungal attack will be variable: the

5.4.8 The spore suspension mav be pre- '"*5 '"d'*2""5 '"'

5"'. 'The AST.it .ttanual <we
''' d** '*d'''*" "'' ta'

- rnest signer. cant asce J.48
pared fresh each day or may be held m. the Nisr Consrod of .tfasenals. STP U-C. may be
refrigerator at 3 to 10 C 137.4 to 50 F) for not ==:d as a guide.

.__,__

more than 4 davs.

f
* 8. Procedure

' "2'''"*7 C"""*l !.! In::: 8:M-- Pe=rM Wt *-%.
6.1 With each daily group of testr place salts agar into suitable sterile dishes tsee 4.11

each of three pieces of sterilized filter paper. to provide a solidified ag:r !ayer from 3.2 to-

25.4 mm (1 in.) square, on hardened nutrient- 6.4 mm (*/. to '/. in.) in depth. After the agst
salts agar in separate Petri dishes. Inoculste is solidified, place the secc mens on the sur-
these with the spore suspension by spraying face of the syst. Inoculste the surisce, inclad-
the suspenseon from a steriltzed atomizer' so ing the surise: of the test specimens, with the
that the entire surface is moistened with the comoosite spore suspension by spraying the
spore suspension. Incubate these at 25 to 30 C suspension from a sterili4ed stomizer' with
(82.4 to 86 F) at a relative humidity not ! css 110 kPs (16-psi) air pressure so that the entire
than 85 percent and examine them after 14 surface is moistened witn the spore sumensoors.
days' incubation. There shsil be copious 3.2 Inc:sbarion-Cover the inoculsted test
growth on all three of the filter paper control seceirnens and incubste at 25 to 30 C (32.4 to
specimens. Absence of such Srowth requires 56 F) and not less than 85 percent relative
repetiusa of the test. humidity for a minimum of 21 days, recording

the growth each week.
""* NOTE 6-Coe tred dishes containing nutnent

7.1 The simplest specimen may be a 51 by scar are con idered to nave the desired humidav.
51 mm (2 bv 2-in. piece, a 51-mm (2-m.i C '''5 'a 12'3' di'h*5 ' .ar be scaled .ith maam;

%.... .. ~. diameter preEe. or a) piece (rod nr tubing) at** " ~ ~ ~ ' ' " " - ''

T.3 Obscharion"/' r Varible Effects if the.ff.j ), least 76 mm (3 in.) Inn;:ut from the matenst o
', to be tested. Completely fabricated parts or test in for visible etTects only. remove the

. . .. ;., ,- sections cut from fabri:sted parts may be three specimens from the incubator and judge, . ,
.

J. . .A ._ 3 ased as test specimens *. On such specimers. , , .
~ "

- .; " . , observation of effect is limited to uppearsnee. . %.g g g , , ,, , gg
density of growth. optical renceuon ut trans- 6 : una.a.n r so i.. .ur,. . , . , , , _ : :m : = '' .- a :m m r.n. m z u. w . - ....-..a -

.. n -
.

-. ' ' ,,'YY h ?,' [,,h[./.t. % . . , , ,pMshkM5;py.,. -- . 'E~1 * -
ms,,w.w - =m p. x..; . ;u. =.,. 2. g. .. . , --

.
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them as follows: D 618. Conditioning Plastics and Electrical
lating Materish M Tming.' D = 1.1 C

Oberved Gee.sh en Somemmens masseg
(73.4 * 2 F) and $0 = 2 percent reistne,

#

TYa s. h::midity, and test according to the respectise
r in sir inan so mecen,,

,

Lieti pr..in 4 to se .30 avecesis 2 methods used on control specimens (see the
mi a rr in e.io ne sins percenti 3 Agig*,

Hen} pre.nh iso percent is i:unnpleis severages 4
Norr 9 For eartain electrical tots, such as in.

Nou 7-Traces of granth mas be defined as sulation resistase and are resistance. <peciment
scattered. sparw funpus growth such a. mreht de. may he iested in the unmashed humidshed conds.
weiny from lit a ma>. of spores in the anginal tion. Test salues mill he asketeJ by arfam promah
inoculum. or t.'l eutaneous .;untaminauon s.;en as and its amm>eisted moisture.
hnpermarkn. inwct fei;cs, etc. Continuous cob. i

meetn prosth essenoeng over the entire specimen. I

even thougn not ohneJring the specisnan, should S. IW
h* '''*d 2* 1

. 9.1 The report shall include the following: .Non WConuderab6e phssical change in 14
ucs rnay oceur manous rauch visual promih. nence 9.1.1 Organnms or orcanism used,

9.l.2 Time ofincubanon (if progressiveLmane mea >ure of chanee in ptsucal propert) e.
w from thow ened in the Appendis i recom. 9.1.3 Visual rating of fungus growth ac.
'"'"d'd* cording to 8.3. and

8.4 E/Tect one phr. vical. Oprtcel, or Flectri- 9.1.4 Tabulation of progressive change in
est hoperries Wash the specimens free of phy sical opucal, or electrical property against
grtowth, immerse in an aqueous solution of time of incubation. Give the number of ooser.
mercuric chloride (1+1000) for 5 min, rinw votions. the mean, and the maximum ob.-

in tap water. air dry overnight at room tem. served change.
perature. and recondition at the standard lab.

# oratory conditions delined in ASTM Methods 'sen 4 st sosa .4sTu sandeses. Part 35. .

startahschs a
.

18: Baedon. V. J., Military Speci6catiosi Mil.P. of Plasticimers and Related Organic Compound.
430lstCEL "Pla us ' sheets: Polsethstece Tere. bs Fune " Inds.istent and Enessereesne Cheases.
phtmalas. Draiung. Coated." June 13.1961. rir. IECHA. 4ol 49. 50. 7. July 1957 pp. Ii15

t2s Basin. A. D and Kapias. A. M "Mildem 3124.
Reustana of Vensl.Ccated Fabrica." .4rpleed Se Bro =n. A E " Problem of Funsal Gro'eth on
#werhduer. APM BA. WI a. No. 6. .Novem. 5s nthet:6 Resins. Plasucs, and Plasucirers."
ber 19%. Modem plauws. MOPLA. Vol 23. 1946. p.

43i Iscrk. S. "EfIcci af rur:;rus Growth on Plvti. 1189

c' sad Polssinyl Chloride Films." .-tXT.tf &.Ile. ses r is. S. H " Biocides for a Stripoable Vinsi
rm. ASTRA. No.168. September 1950. p. 4J hasuc Barrier Material ** Meport PS-l$1 Il9.
(TP 1815. U. 5. Department of Commerce. OfRce of

tes Berh. S., Ebert.11 and TenellI "tJtilization Technical Services,

i
f

f
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APPENDIX , ,

Al. TEsr METHODS FOm EvAI.cATros nr ErrECT or Fcsca ox SETHETIC
Pot.vaara:C M ATERIAs.s

Al.1 For evaluauon of the effect of fungi on me:hanical. opucal. and elecincal properties, the folio..
ins ASTM and arher test methods are recommencett.

Propert7 Methods

Tenule strength D 638. D 882. D 17C8'
StHTassa D 74P

TAPPI Test Method T 451.M.43
Federal Specdecause
TeatdeTes Methods
CCC.T.19th Method $204.

*
(Cark Surfacss Teus
Federal Specir-

| Teatda Test Met %ods
i CCC.T.19th Mesnad $204

(Caetdever Bend Methedl
Hardness D 783*

| Optacat er- - D 79t*
Mame D 1003*
Waiar riper t. E 96*

Dwlecine coeuant. power facsor ,
D 149*Dwlectnc strength
D 150*

Iaseiaues re-a =- D 237*
Are rewstance D 49P

i

1

| 'Thans desarnauces refer to the followme ASTM methods-
D 149. Tens for Detectnc 8teakdows Voltage and Dissacanc Strearth of ElecincalinsidauntMasenais at Coimmercial

Power Freeuenc=s'
D 150. Tests for A.C Losa Charactenssus and Dislacine Constaar (Penniumsyl of Sea d Electrual lasalain's

M asenals* .

( D 237. Tests for D4 Resutuce na Conductance of Insulatine Maienais*
' D 493.Tess for Hie 4.Vostase, l.ow. Current Are Ressuance of Sohd Electrical lan-imag Maternals'
| D 613. Test for Teewie Proren:es of Pta ucs'

D 747. Test for Stiffnese n( Plasta:. b, Means of a Canuteser besm*
D 783. Test for Rock. ell Hareness of Plaurs ard Elecincal lasusaim, Alasenals'
D 791. Ten for Leminous Aedectance. Transantance. and tJotar we m:enals'

| D 8003. Test fee Hare and Luminoa. franaensuance of Transparrat Planics*
| D 1708.Tess for Tensde Presenus at Ptauscs bs U=e of uwroernsias noccunens*

E 96. Test for Water vaoor Transmissies of Matenals en Shee Form'

-

* I914 Anament seek of ASTM Soandards. Part 48.

89 pubiaceuan of rhu sennaani no peruanon er sahen muk resorrt se the saladser ofone pasent ovehrs se connernan shere.
ansk. end the .4me* wee 5nrerrr M* Tes*rer sad .tts;enals aae2 nas saaenake se sanawr ennsone anals:sar sne swussed
stesare dea 6eiasy for earneremens of mar Leatrav fatens mor assume ear sura Jambatur.

O
|
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TEST # 2A - BIODEGRADATION - BACTERIA RESISTANCE

:

Designatica: G 22 - 67 t

*

, .

Tentative Recommended Practice for

.
DETERMININ G RESISTANCE OF Pl.ASTICS
TO BACTERIA

h Tensaine Revocmended Pracuse has iieen apossied b the spenserine comisneuse and accessed bv ihe Saast, in
z

s;cordan;u meta ewat%hed firecrJuses, for une pendsee aduptswa. 5eggena one set ouveneman shouad be addressed Le Lne'

5eaei3 at l9th Ranas 5s. Ph" ^ - Ps.19103.

1. SeePr not serve as a carbon source for the grow.h of
bacteria. It is generally the other compo.1.1 This recommended practice covers two

Proceaures. A and B. for determinine the
pents. such as plasticizers, lubncants, stabi.

\ efect of ba:teria on the properties of plastics lizers, and colorants that are responsible for
~

in the form of molded and fabncated articles. bacternal attack on plastic materials. It is im.
j
: tubes, rode. sheets and film material Pro- portut to estabhsh the resistance of plastics

i cedure B provides a more extensive contact to microbial attack when plastics are used un-
betecen the test ba.;teria and the wmens der conditions of high temperature and hu.
than does Procedure A. Changes in optical medity fasorabic for such attack.

mechanical, and electrical propertien may be 3.2 The efects to be espected are-
3.2.1 Surface sttack. discoloration. and loss -

determined by the applicable ASTM me
ods. "' 'm'esda'' 5' *"

3.2. Remosal o susceptible plasticizers,
Note I-The veleen stated in U.S. i;untomers

- modifiers, and lubricants, resulting in in.units are tJ be regarded as the standard.
creased modulus (stiffnessL changes ic

2. Siummary c.f.Medied weight, dimensions, and other phpical prop.
2.1 The precethere hbed hemn con. erties. and detenoration of electncal proper.

ties such as insulation resistance, dielectne
sists of the following steps:

2.1.1 Selection of suitable spr -imens for constant. power fact,r. and dielectnc strength.
determination oipertinent properties. 3.3 Often the changes in electrical proper.

2.1.2 Inoculation of specimens with suita. ties are due principally to surface growth ano
associaed sisture, and to pH changesble organisms,

2.l.3 Esposure of inoculated sc,ecimens caused by products of bacterial metabolism.
Other effects include preferential growthsunder conditions favorable to growth.

2.1.4 Exarr.ination and raung for visual caused by nonuniform dispersion of plasti.
cizers, lubricants. and other procassing addi.growth, and

2.1.5 Removal. stenlizaticn. and evalua. tives. Pronounced physical changes may be
,

'

tion of specimens. observed on products in film form or as coad
ings where the ratio of surface to volume is

Nors 2-Since the procedure invokes handline
and wrLing .ah butena that mas he escabic of high and where nutnent materials such as
.nfectm3 man it n emnsial that rersonnet trained plasticuers and luimcants conunue to diffuse
in microbiulof) perts'r'n the poruca va the proce.
dure envolting handung of ba<tenal organs =ms mad
inoculaied bpecimens,

'h reconnnended pressere is under the temdectase
1 M. e( ASTM Coennatar G.) we Detenerauen v( Noemeta las

i

j

3.1 The resin portion of plastic materials Q**"g, 4,,,, ,g,, g,, , ,, ,g
,

is usuall} resistant to bactenu, to that it does 2.o ve.. ated es.a d u p m se7st

i .
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to the surface as they are utilized by the or- Recommended Practice G 21. for Determining
ganisms. Resistance of Synthetic Polymeric Matensis

3.4 Since attack by orgarnisms involves a to Fungi.' Although intended for the cultiva-
targe element of change due to local accelera. tion of fungi, nutrient-salts agst will support
tions and inhibitions, the order of reproduci- growth of the test bacteria when carbon re-
bility may be rather low. To assure that esti- quirements are supplied by susceptible plastic
mates of behavior are not too optimistic, the materials. Prepare this medium by dissolving in
greatest observed degree of deteriorstion I liter of water the designated amounts of the
should be reported. following resgents:

3.5 Conditioning of specimens such as ex. pois,,..m ein3ero,es ortnoonosonate . o.2 ,posure to teaching, westhenne. hest trest- pgPO
ment. etc may have significant effects on the i n H pO.,

resistance of plastics to bacteris. Determins- M*8a==* '*3fd'* 8 M*SO.* 05 078
tion of these effects is not covered in this doc- Ammemum nisrate sNH.SO 3 I.o e.

saamm cnioriae esacli omos ,
ument. Ferrous utfate iFesO..rH On o.002 g

Zine sultate (Za>O. rH Op Omo2 g ,
Mangaaew aalfate aMeSO. H.On . o. col g4. Apparatus Agar 15.0 g

,

Duuuud esser 1000.o mt4.I Glassware-Glass vessels are suitsbie
for holding specimens when laid !!st. De.
pending on the size of the specimens. the fol.
lowing are suggested: Sterilize the test medium by autocisting at

121 C (250 F) for 20 min. Prepare surficient4.t.I For specimens up to 75 mm (3 in.)
medium for the required tests inclading un-is diameter. 150.rtm (6-in.) covered petti inoculated controls,

dishes.
NoTF 3-Nutrient.ssits anar resciiv supports4.I.2 For 75.mm (3-in.) and larger speci-. - ~

,ro in or tung, hich may he pre.ent ori sne test
mens, such as tensite and stirTness strips. specirnens. l'unesi conisminsnon can de contmitea
large petti dishes, trs>s of borosilicate glass: D) *haas. i'h*'. all the .adduson of 0.I$ percent ersio-. mede to nutnent.natts seat or t.') sterihzsuosor baA , . ,

, w. h sq st 3 of win J .; .pe.2m 4 -. iubb! . ..J.
t

.

a
dow glass or cther suitsele covering.- exposure to eth3tene cande.

4.2 facubaror-Incubating equipment for
a!! test methods shall maintain a temocraturc

5.4 Bacterial Cell Suspension.

of 35 to 37 C (95 to 98.6 F) and a relative
5.4.1 The folloiring test oresnism shall be

'

, used. or a suitable bacterium as agreedhumidity of not less than 35 percent. Auto *
uport among parties concerned: Preudomonasmatic recording of wet and dry bulb tem-

| Perature is .ecommerded.
8eruginosa ATCC l3388" QM B l.'.63.'

5.4.2 Cultures of the orgamam sha!! be
5. Resgents and Materials maindned on slants of mitneret agar / To

|
prepare nutirent agar slants suspend 0.3 per.5.I Purity of Reagents-Resgent grade
cent beet' extt:ct. 0.5 percent peptone, andchemicals shs!! be used in .all tests. Unless

otherwise indicated. it is ,meended that all 1.5 percent spr in distilled water and heat '

ressents shall conform to the specifications until dissolved. Tube. plug. and autocisve for

of the Cummi: tee on Analytical R casents of the = --

sM*',',",' C,h',"''**f;,,a*Q"j'',*.' oky",,',American Chemical Society. where such
t ,,

spectilcatior.s are available.d Other grades may *verniiaas .a che inning of reatenis not ie ted he see
be used. provided it is first ascertamed inst sm,a,,,n t'a,,cmwat so.icn. are " Heavens t he,micaes and

- smenca
,. , j,,,,, ,c,,,,, o, y,, 3,,,,,, . i.e.,

the resgent is of eufficiently hign plenty to Se= Yers. M ana :Pe taned sseu rnirmasopeu."
permit its use without lessening the uc.:uracy 4 8' ""'" "' "" 8 * " ' " " " " " * " ' ' '

sainaoie ; rem ti.'.wewas'i.'2' 8"d '"r'r"is av.irses-
| of the determinatsen. sorasers u

' son Ane.at so r e.r AstSt saas.aants. Paris J5 san
5.2 rustrr of n'a:er-Unless otherwise in- 41

dicsted, references ta water shall be under. *""i "
t;pp>.s c o. '"*'"''''""* N'd"'"* ~ * """'**' ''' ''

stood to mean distilled water. Ame-an T pe c.here Ceuauon.12:35 Parua e
5.3 NusruntJa!u har'-This is a car- D"?';[g"[$1-$2,,, ,, g.,3,

bon-free culture medium used in ASTM t.acor m ne. san =2. m
3.,

.. _ .. ~.
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45 min at 103 kPa (15 psi) steam pressure 75 mm (3 in.) long cut from the material to
at 121 C. De tubed and ssertisaed media be tested. Completely fabricated parts or
sitall be allowed to cool and get in e slanted sections cut frcm fabricated parts may be
position to afford an sporopnate surface on used as test specimens. On such specimens.
stich the bacter:a may be cultured. observation of c Tect is limited to appearance.

* 4.3.The inoculum shail he prepared from density of growth. optical ref!cction or trans-.
'

not less than two successive transfers in nu- mission. or manual evaluation of change in
anent broth.' To prepare nutnent broth dis- physt:al propernes such as siitTness.i

* solve 0.3 percent beef extract and 0.5 per- e.2 Film. forming materials such as coat-J

cent peptone in distilled water and disoense ings may be tested in the form of films, at
in suitable test tubes or tlasks. Plug and au- Icast 50 by 50 mm (2 by 2 in.) in size. Such,

tociave at 103 kPa (15 psil steam pressure films may be prepared by casting on glass*

at 121 C. Transfer the bacteria with a flame- and stripping after cure, or by impregnaung
saarilized needic from the nutrient agar slant ignited glass fabric.
so nutrient broth. Incubate for 24 h. Transfer 6.3 For visual evaluation, three specimens

! this broth culture to the sterile nutrient broth shall It inoculated. if the specin.en is dir.
! medium and culture as before. Centnfuse ferent on two sides. three specimens of each.

| N the broth culture. Decant the broth and re- face up and face down, shall be tested.

| suspend the bacteria cells in startie normal Nott 4-In desi4ne a test program isisaded to
saline solution 10.8 percent NaCll. Centri- seveal quanutauve changes occumn, dunny onei

fuge, decant the saline 'solutiert. and re. after bactenal attA an adesquate num* os spec-
smens should be evaluaisd to establisis a valid

suspend the bacteria cc.is in fresh normal salue for the onginal prnoert). If five replicste
i saline. Det:rmine the bacterial cell concen- specimens are required to establish a tensiie

tration* strength of a film material. the same number of'

soecimens shall be removed and 'ested for cack
5.4.4 The comantration of the bacteria. exposm pened it n to be upected that values c.f

*.
! ta!!a may be esumated turbidimetrically us- phsscal preperties at various stages of bactenal

I . ph, i . . ic coiontr.e.a.r. The t.aLL;; aunt *t' W W''' th ''''"~~ i"'""""!
"''

metric standard is obtained by concurrent Q'''' d*8'*d*"**
"" 'h* '""'" N*#**"' #

plate counts and turbidimetric measurements
of a serial!y diluted bacterial cell suspension. 7. Procedure Ai

| Reference to a calibration curve of call count 7.1 Inoculation-Melt sufficient sterile nu.
wrsus absorpuon will give a measure of con * trient salts agar and cool to about 45 C. Pipet;

j ntration. The cell count need be done only into the melted and cooled scar a volume oi
~

once to establish the calibration curve. bacterial cell susoensior. sulticient to yield a;

5.5 Viabilirr Control-Streak onto stente concentration nf abcut 50.000 viable cells /m!
nutrient agar poured into a sten' petti dish of agar. The : ell concentrapon does not sp-

,

a loop. full cf the bactenal suspension.at th* rear to he critical. and satisfactory results'

start and end of the bactenai inoculation pro- have been obtainec, over the range from
adure. Contamination of this inoculum must 20.000 to 150.000 : ells /ml. Pour surficient

_ be avoided. Incubate the viability culture at seeden agar into suitaole sterile dishes to,

35 in 37 C 195 to 98.6 F) at a relative humid- provide an agar layer from 6 to 12 mm (Y.
ity not less than 85 percent for 48 to 72 h. The to '/, in.) in depth and allow to harden. Af-
inoculum shall be reported as viable only if ter the agar is soliditied. place the specimens

i typical growth occurs in this culture with no on the surface of the agar.
,

; contaminauos. Absence of growth or the .2 Unmocs/ared Co.irrols-Prepare unin-
presence of atypical growth requires repeu- oculated control specimens as above using
tion of the ter, uninoculated nutrient salts agar. This is im-

'

6. Tat ,". __
perative if taessarements of physical or elec.

_

i trical properties are to be used in assessing.

6.1 The simplest specimen may be a 50 by
30 mm (2 by 2.in.) piece. a 50.mm (2-in.) di. .agu w ,,, p, w g u,,,,,s,
someter piece or a piece (rod. tubing) at least nrnc.

.
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changes in the exposed specimens. However, in Procedure A visible bacterial

7.3 Incubation-Cover the culture d'shes growth occurs beneath susceptible samoles
and incubate at 35 to 37 C (95 to 98.6 F) and on the acar surface. With Procedure B bac.
not less than 85 percent relative humidity terial growth 'on all surfaces of susceptible
for a minimum of 21 days. specimens may' be observed. Judge as growth

Note 5-Covered dishes containing nutrient or no growth.
agar are considerca to have the ocured humidits. Nore M-Considerable phssiest chante in piss.Covers on large dadies ms) be aested math man. ucs mas occur maihout much visu.al crownh: hence.

* ** * *"'' "' ' '"'' i" P" > "'*i "# # #*'* } ''No 6-Since the test orpnism mm) be a path-
" " * * * ""#"ogen, standard bactenosoricsi procecure, ms>t be
Practice G 21.'observed to ensure against intecuan.

9.2 Efect on Phrsical. Optical and Electri-
col Properties-Wash the specimens free of

L Procedure B growth in an aqueous soluuon of mercuric
. chloride (I.5-1000) for at least 5 min before

8.1 This procedure provides more intimate handline, rmse in tap water, sir. dry over.
contact between bacteria and specimens fiveht at room temperature. and recondition

. when the geometry of the speciar.cas will gg the standard laboratory conditions dennes
~

permit. Prepare the required volume of nu* in ASTM Methods D 618'. Conditionine Pla>.
trient. salts agar m two equal lots. Inoculate tics and Electncal Insulatine Material, lor
each as in 7.1.iust prior to using. Pour one Testine.' in accordance witit the respective
lot of seeded agar into the culture dish. allow methods used on contros specimens.
to solidify, and position specimens on the
agar surface. Pour the wcond tot of seeded 10. Report
agar over the specimens and allow to gef. 10.1 The report shall include the following:
Prepare uninoculated control spec: mens as 10.1.1 Procedure used.
in 7.2 and incubate as in 7.3. 10.1.2 Organism uwd. identiied to strain.

. 10.1.3 Time of incubation oil ereerewives.
Nors 1-Specimens of low demity material may Io.g.4 Visual rating of bacterial growtntend to Mest :n the st:ll-liquid =est.. This can be

controlled meenameslis unut ine Just hus .oiaditied according to 9.I. and
,

using suitabis asepuc techniquc>. ' 10.1.5 Tabulation of change in ph)<ical.
optical or cacctriest property. Give number of

9. Observations. observations the mean, and maximum ob.

[ 9.1 Obserration for Fnsible Effects-Bac. sermi change.

| terial attack is not visible in the form of ap- , .g g ,,,,,y,,
| parent growth on the specimen surface. p.
,

I
|

Br publicanon ofshss seanaiani no resuaan as saken one orspers as she sein. lour ofans patens rrrkss an connertson sherr.|

| ensk. and she Ament.us Sorrest ror Tennne enas Masereais .a.ws nos enner*raAr so nasear anwne enaicane she seanaterd
I .ngensa laabaturfer anme rrnrant os snr Ersrsrs feares nor assume ser siscn tasassar.

I *

|
|

.

O
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4 Designation: 8 553 - 71 a mese,. s- osi er.isr2
/ ase.o.ee a 20.isr2

'' Sy ^ meeenes Stonesses anweiess

1.

.

.

Standard Recommended Practice for
THERMAL CYCLING TEST FOR EVALUATION OF
ELECTROPLATED PLASTICS 5

This Standasd is iewed under alte fised deveau see 8 $!A the neml= r einmediassiv rone ne the deseenasion indicanes the
west e(engmal .idepsius or, re the case of seen.ue.the year of tas sevnsan. A nemeer se parenthe en endecanes the year el
les ,=,,re.

1. Scope Comparissa Techniques.' .

1.1 This recommended practice covers the 3. Sampling
thermal cycling procedure and apparatus used 3.1 Draw the samples randomly from the
to test electroplated plastics for evaluation of parts under evaluation.

s serviceability. The thermal cycle test covers 3.1.1 Test methods are time consuming
four service conditions which simulate the and often destructive: therefore.100 percent
environmental extremes to which such parts inspect on is usually impractical. The pur-
may be subjected, either in shipping or use. chaser should select a suitable sampling plan

Norr I-This document is not intended an a for the acceptance testing of lots of coated
standard method of test which can be awd to pre- items. In order that the manufacturer knowdsca serviceability of electroplated plastics. Rather. -

a as a recommended. practice Ipr tentaaet parts for the quality standard he .is expected to meet.
'

sech evaivauus.
*

the ptsn sesacted shoukt be made a part of tne
purchase contract. .

2. ?" w 3.1.2 General information on sampling |-

procedures is given in ASTM Recommended
2.1 The apparatus shall consist of a circu- Practice E 105. for Probability Sampling of

lating air heating chamber and cooling Materials.8 and ASTM Recommended Prac- -

chamber suiliciently powered. insulated. and tice E 122. for Choice of Samrie Size to Esti. '

controlled so .ts to maintain closely the preset mae the Aver ge Quality o. a Lot or
temperature. The two chambers may be sepa- Process.* Standard samoling plans are sus-
rate. or may be built so as to constitute . yested in Military Stand.'rds MIL-STD 105.
smgie piece of appa stus. The controller a Samr. ling ?rocedures ano Tables for inspec-

'

recorder used for chamber control calibra-I

tion and records shall be accurate to :al C. ' tien by Attnbutes. ard MIL-STD 414. Sam-
| phng Procedures and Tables for Inspection by

All points within the working area of the test Variables for Per Cent Defective.
chamber shall remain within m3 C nf the set

4. TW Aftee mingtemperature when tested by the procedures
described below. The rate of air circulation 1.1 The elapsed time bet =cen completion
shall be centrolled so as to permit a consistent of the plating operation and thermal cycling
rate of heating or cooling of the parts under affects test results obtained. The elapsed time<

test. shall be 24 m 2 h. unless otherwise agreed
2.1.1 Install 24-gace (0. Sit-mm) thermo-

' N' ''c="'**aded r"=ct ce '5 =ad* 'h' i=8"dic'*"fcouples 25 mm from each corner of the test %T\t Comantiew B-s on u'm:trodeou.'. sed Metaahc Cosa.( chamber. e,e.a net ies r ne

2.1.2 Each thermocouple should be pre. Encarve Ame.Jo.197s.
. *1974 Annamd so.A of ASTM Stende,ets. Pan 81.and

viously calibrated in boiling water (100 C) I,n a ,,, so.4 o/ Asru s.eede,vt. ran 30.

and in ice water (O C). *l'?d daa=a' 8a4 at Asru s, de wr. Paris is and
48. and 1973 Annwei Boa 4 el AsrM .Sn.anderes. Part 24.

Nors 2-Farther details may be ioend in ASTM * leis Anamed seen es AS7m sammeneurs. Pans :S and
Method E 220. Cahbratius of Thermocompics by 68.

*
360 .

.
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upon between purchaserand seller.

, temperature for a total cooling period of I h.
5. Procedure This is frequently accomplished by removmg

5.1 The parts may be introduced into the the parts from the chamber. however. some

chamber unmotanted, or mounted in a manner types of apparatus are so constructed that the

simulating assembly, if so agreed upon be. parts need not be removed during this step.
tween purchaser and seller. 5.4.3 Expose the pan for I h at the lower

limit.
5.2 Load the chamber with the desired -

5.4.4 Recent 5.4.2. This constitutes one fullquantity and type of parts to be tested. thermal cycle.
5.3 Record the location of pans within the

chamber, the loading, and the size of the parts 6. Recording of Test Results
being tested.

6.1 Parts submitted for this test shall be5.4 Subject the sample to a thermal cycle subjected to the following requtrements forprocedure as follows:
reporting of test data:se,,,c n; n t.o. 6.I.1 A statement that this recommendedCandamn Lima Lima practice was followed. Regarding 5.2.4. theI inskil 60 C -3oC number of cycles. as agreed upon between the2 temdemes 73 C -Jo C

3 larvere 85 C -Jo C purchaser and the seller.
4 s, cy u eral ss C -ao C 6.I The tray construction (if a tray is.

Each thermal cycle begins with either placing used) and chamber loadine.
the samples m a room.temocrature chamber 6.1.3 The particular temperature limits
and heating the chamber up to the high limit specified in 5.4. The time reouired for the
or placin5 the sampics directly into a chamoer specified heatine and cooling of the parts for
at the high hmit. the particular loading and type of parts se-
, Nora 3-sug tected.

ter*ns a;' pear :n,resaco cennanctis of service condi.
6.l.4 The last cahbration date of the con.the Appendst. .t!tematsve*y the

definition may be une aerced upon between the pur- troller and recorder.
chaser and setter.

~

6.1.5 Upon the completion of the test. the
5.4.1 Expose the parts for I h 'at the high part shall be eumined and a record made of

g
the extent. nature, and location ot any detect.

*

5.4.2 Allow the parts to return to 22 = 3 '

C as quickly at possible and maintain at this 3,m 4-The inierpretation of 6.l.5 is beyond
the scope of this recommenoed cracuce.

APPENDIX

1 AI. DESCRIPTION OF SERVICE CONDITIONS
,

AI.I Service Condition 1 (meld)-Indoor e.too-
sure in normally warm. dry atmospheres with rain or dew or possibly strong cleaners and sahne
plated coating sub ected to a minimum of near or wtutions: ter esample. outdoor furnsture :.nd hard-f
abrasion. ware components. nicycle carts and ho pital fia-:

tures.,

A1.2 Serdre Condisson 2 (moderate %-Indoorl

exposure in places where condensation of mont tre A|.4 Serr:ce Cortdition 4 Lverr severch-Out-
may occur. for esample. kitchens and bathrooms. door exposure likets to include the reuusrcments of

AI.3 Service Condstwn J Imererre-- Esooscre SC 3. along uth d.imge from dennng. eratchine.
lacly to incluie u6ussonal or (reuuent wetting Oy and abruseve wear: for examtwe. esteno* compo-

nents of autiochetes and boat littings.

mesh, and she Amencen horsets car festene and Matenats does nos awowrw to enwor .aneane aerais: sag sheSe publicassen of this standard no pon: son as la L en with restmect les the valud tv afans parent regkrs sa tonnerrst>n ehere.
agernts isabalnerfor snfnetement alans Letters As, ens nor assanner ont sanen is amev. scendad

.

,. . . . .- '
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1. SUMMARY OF PERTINENT FACTS

|
'

i

FIRL Report No. Report Title: j

F-A5959 Qualification of Cement Matrix Used
for Low-Level Radioactive Waste
Solidification

Conducted and Reported by: Conducted for:

Franklin Institute Research Bartlett Nucl' ear Corporation

Laboratory, Inc. 10 Aldrin Rd.

Twentieth and Race Streets Plymouth Industrial Park

Philadelphia, PA 19103 Plymouth, MA 02360

1
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 10CFR61 for leachability and radiation stability.
\v

Material Tested:

Cement identified as MP-1, 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
8 rads (100 megarads) gamma radiation, when formed into aalso subjected to 10

solid mass containing the two waste streams: borace and ion exchange resin
beads. Compression tests were conducted to determine the comparison of values
established by implementation of 10CFR61 (Dref t) .

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 (Draf t) .

Le
c. Free-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 10 rads is based on the upper limits of current routinely generated

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

Imachability of Solidified Iow-tevel Radioactive Waste," Third Draft of a
1
' 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 published 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 exposure, 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

i the NRC acceptance letter dated December 6, 1983.

v

~~
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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. Specimens were also prepared with borate solution and an accelerator

for quick settir.g 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 stability, 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
J

in Teflon-lined tubes giving an overall dimension of 6-in diam by 6-in long.

The weights' and dimensions of each specimen were recorded prior to gamma

radiation exposure. Preparation of samples was according to applicable field

use instructions as suppli'ed by Bartlett Nuclear Corp.

r

O
1%J

7
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4. TEST PROCEDURES

4.1 LEACHABILITY INDEX DETERMINATION

The leachability index determination was conducted according to the

American Nuclear Society publication ANS 16.1, entitled " Measurement of the*

Leachability of Solidified Low-Level Radioactive Waste," Third Draf t of a

|
Standard, dated November 16, 1982. Each of the eight specimens prepared for

,

testing was submerged in demineralized water for a specific period of time.

Seven leaching cycles were conducted over a period of 6 days for a set cf four,

specimens and an additional 6 days for a second 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
i

dry, empty glass jars which were cap-sealed. The rinse solutions were then

{]1 tested for isotopic content. We difference between amounts detected in the
-

H rinse and original activity received constituted A , the amount or 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). We leachant (fresh demineralized water) was replaced at the end

of esch 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 1-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 manners

|

Sample TD No. Waste Stream Isotopic Content Date Prepared
|

1A1 Resin beads 200 uCi Cs-137 3/15/84
1A2 Resin beads 200 uCi Cs-137 3/15/84;

j 1B1 Borate 200 uCi Cs-137 3/15/84
1B2 Borate 203 uCi Cs-137 3/15/84

O.

-4-
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SPECIMEN (CUSE. CYLINCER. OR F-A5959
SPMERE) 0F SQLlDIFIED NUCLEAR j
WASTE I ACTUAL OR SIMULATED)

~i .

O
CEMINER ALIZED WATER tv0LUME Q ANALYZE REMOVED LEACHATEOF WATER + 5URFACE AREA 0F M FO R ELE M E N TS o,,og..-
SPECIMEN e to 2 0.2 cm 3 v

at e Z ee
It e 2 ne

s

REPLACE LE ACH ATE WITH ANALYZE REMOVED LE ACH ATE
FRESH LEACHANT E DE- .C FOR ELEMENTS o,,o g .~ '""*

MINERALIZED WATERI Q3

3

a t e S he
'

I t . T ar

m
9 AN ALYZE REMOVED LEACH ATE

REPLACF LE ACH ATE WITH'

j FOR EL EMENTS e,,o g .'
'

FRESM LEACHANT (CE= '

-

MIN ER ALIZED WATER )
A t e 4 7 ne

It a 24 nr

C
AN ALYZE REMOVED LE ACH ATE

,.

D R EPL ACE L E A CH ATE W IT H
*

FOR ELEMENTS e,, og.
i FRESH LEACHANT ( CE= {Vk- MINERALIZED WATER )

1 a t, e 24 hr
It .4s ne

.

m
C

gg,ALYZE REMOVED LE ACHATE
AN

REPLACE LE ACHATE WITM gygg- . _

FRESH LEACHANT (CE-
MINERALIZED WATER),

At e 24 hr
Il e Tt he

O
REPLACE LE ACH ATE WITH M ANALYZE REMOVED LE ACHATI
rRESH LEACHANT (CE- p r0R ELE M ENr$ .,, e,-

MINERALIZED WATER)
At = 24 hr

Z i e ts ke

AN ALYZE R EMOVED LEACHATEREPLACE LE ACH ATE WITH " FOR E LE M ENTS o,, e t
FRESH LEACHANT (CE- M, e

(THEN USE ALL RESULTS TO
MINER ALIZE D WATER) CALCULATE 6 FOR es,6 FOR et I*

at e 24 hr
It e 120 nr

PERutS$ ISLE
TE M DE R ATURE

RANGE
* L.LE ACH Asiufv INoExI A MicH L FOR e,1NDIC ATES ff.S * 27.5 'C

C000 RESISTANCE TO
LE ACHING OF ELEMENT e, g g g., ,, . ,o u m

m

C Figure 1. Schematic of the Standard Leach Test

i

i
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Sample ID No. Waste Stream Isotopic Content Date Prepared

2Al 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) .

gg Six specimens of 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

b 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

3 4.74% by weight. Certification of radiation exposure is found in Appendix A, -

page A-1, as supplied by Neutron Products, Inc. Following the required

radiation dose exposure of 10 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.

!

O
,
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5. TEST RESULTS

J 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*l,

" Measurements of the Leachability of Solidified Low-Level Radioactive 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'

leachability index numbers (LIX) for all of the eight specimens tested

exceeded the minimum value of 6 as stated in " Implementation of 10CFR 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.

r- )'
5.2 RADIATION STABILITY RESULTS

s-

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
1

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

exist. Therefore, conclusions made in Section 6 of this report are based

solely on observations.a

I

b\
\J-

~~
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LIACM TEST *CE !TI.:ICATIC'l |W.3ER 1A

lac 0RATCRY ancac scois PERF0FF.ED Franklin Research Center
A;;Atys7 A.J. Cassell

DATE REEULTS RE?ORTED 27 April 1984

Part A. Description of Leach Soecimen
i

I .

1A1Specimen Identification Nu=ber
P;cporzion of Wasce Incorporated is .m :ure 35.7 Wet;ct :

4.40 cc Vol=a %
(3ased on a.~.a~.aal volu=es)

I:pe of Wasce, Che=ical and Radioisotopic Coc=osition, and Specific Ac:1vi:7;

{ cf rae Waste Ion exchance resin beads containine Cs-137 isotooe. '

200 uCi of Cs-137 eives a specific activity of 11.68 uC1/eram or'

snneran

,

Type and Cc=pesition of the Solidification Agent Solidification material is |
MD-1. ihn si c,11 ** Pc-r i nn d cement (modified) -

i

Prepara:1on of Spec 1=en Specimen was prepared accordine to soonsor's
nor-91 *tse in *he Fip'd. vnch cornenent was weiched out and nives in
refler cuos. Rndicactive tracer was added as last incredient. Slurry
was then ocured into reflon mold. 2 cm diad. and 4 cm hich. Bv orevious
trial the correct volume of matrix was determined and useo to completely

(
Shape and Di=ensions of Spec 1=en fill the mold.

Y/ Sphere, dia=ecer, d (c=) =

2 c- di,-erar &Cylinder, dia=ecer, d (c=)i =

length, t (c=) = 4 cm lona
?arallelepiped, length, I (c=) = ,

,&vidth, v (c=) ='

heign:, h (c=) =
Other, Shape

Di=ensions

17.12 erams
V (c=5)W=(g) =

Initial Weight of Speri an
12.56 cubic centirerereVolu=a of Spec 1=ena,

Surface Area of Specimen Sa (c==) = 31.40 square centimeters

Storage Conditions After solidification, tne specinen was placed in

an ernev ~1nss inr which vne enn samlad.

Appearance
tha enga4-ne uns ovcallan* in chnna ,nA e,,rseco annd4-in, Renoval
of *ha e,-nla 8vn= the -ald ung , car-nlinhad hv snlierina Pha -nld.

Descriction of Leacnant
Laach Interval Flect:1 cal Condue:1vi:7 Voice V g

(n) h:=no / e=) (a11

1 1.4 314
2 1.2 114
3 1.2 114
a 1.1 314

O) $ l.3 314
!

e 1.4 111'"

7 1.2 314

e
Calculated f;c= di=ensions of spect=en.

nklin institute Research Laboratory. Inc -8-
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LEACH TEST RESULTS y_x3939

' IACM TEIT !:I CI~ICATIC'1 ML:?SER 1A1
.

LA50RATORY '4HERE TEIT3 PERFORMED Franklin Research Center

ANALYST A.J. Cassell

:ATI R~51JLTS REPORTED 27 Acril 1984

Part S. Description of Leach Test Procedure j

Specimen Preparation *

Diagram of Leaca Apparatus:
i

. -

.

!
(See Photos on Page B-1)'

:
a

.O
iV
u.

i

Leachace Sampling Procedure Followine each leachine evcle. the soecimen
was renoved from the 314 nl. leachant solution. Tha snead-aa *ne
rinced in 157 nl. of distilled water f or 20-30 =ec. Frn- cha lenahnte,
three(3) 31toucits of one(1) ml. ench were ninced in ca tarina ofi,1e

'
nnd e,ch *fi n 1 idna*484pd ,e en eba encai-on ni,-boe Tba in,rk,en e ., e

ner dieranrdad im l aen the ehrea en-nlae a ''f a e ntm e i n a mes*4e*da*e
.fi thin 1ccanenbla ceandnrd d p*fi n r i nn s .

Analytical Techniques:
Councing Instru=ent Idencific. tion and Calibracion Gamma countine of the
lanah,*a y,= nern-nlinud kv tc4na , nn--, 4000 emi- -,-ts -r2.*ad kv

Beckmmr In e t rit-a n t ca. Tha * ta i e aan*aias n ehraa 4n-h c a A i'?- 4ndide

t h N I l i'!N N c t i9f N t e d sci"t411Ne40n f* **? c E n l .

Constituent at, Analytical Procedure Standard Deviation of Machod
Cs-137. 0.1 uCi. + 3* traceable to NES Senndard. vne etebd ta deter-ine
countine efficienav. A normal or M'vvellinn dic*riburian v ' <- uced
in Standard Deviation deer-ination
Consti:uent ag, Analytical Procedure Standard Deviation of Mathod

cons:1:uent a , Analytical Procenure, Standard Deviation of Macnodg
fm?
V

* If different from " Preparation of SpeM m " in Par: A.

-9-
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.IACM ~IIT DE'iT!?! CAT *Cil t.1Jtd.SER 1A

LABORATORY '4HERE TESTS PERFORMED Franklin Research Center

AtiALYST A.J. Cassell a

::ATI RESULTS REFORTED 27 April 1984

Part A. Description of Leach Specimen

Specimen Identifica ics Nu=ber 1A2
Propor: ion of Waste Incorporated i= .*.1=:ure 35.7 Weigne ::

4.4o Volu=e .~.
(3ased on :=a~.1a1 vol:,:mes)

Type of Wasce, Che=ical and Radioisotopic Cc=:osi: en, and Specifin Ac:ivity
of tse Wasca Ion exchsnee resin beads containine Cs-137 isotooe.
200 uCi of Cs-137 eives a soeciric activity of 11.6o uCi/erm or
cenc4-ne

Type and Co= position of .he Solidificacion Agent Solidification material is
basically Portland cement. MP-1. modified.

Preparation of Speci=en Specimen was prepared according to sponsor's
normal use in the field. Each component was veiched out and mixec in
raflon etm . 9ndinnrriva trncer une ndded as lamt incredient. Slurry
was then coured inra a teflon mold, i cm dia. X 4 cm lone. By previous

trial the correct volume of the matrix was determined and used to
Shape and Di=ensions of Speci=en completely fill the mold.

Sphere, dia=ecer, d (c=) =

Cylinder, dia=ecer, d (c=) 2 cm &=

lengch, L (c=) = 4 cm
Parallelepiped, leng:h, I (c=) -

,

vidth, v (c=) = e,

heigne, h (c=) =
Other, Shape

Di=ensions

Ini:ial Weight of Spec 1=en V (g) = 17.14
Volu=a of Spec 1=an*, 7 (c=;) = 19 ; f,-

Surface Area of Speci=an, S* (c=I) = 31,40

Storage Conditions Soecimen was stored on a e flon saddle inside of a
e1aan dry inr nea *ua <ne e,n eenToA

Appearance
Tha sna-4-aa une avratlan* 4e eb,ma nad ei n. %*f,cn enad4*4c- ,e

ve ra- coed. due er eba nbi!ita o+ re-ovinine neari-an fen- *ha -ald

Descristion of Leacnant
I.aach Interval T.lectrical Conductivity Volu=e, 7

(a) (t=mo /c=) (mi)

1 1.3 31&
2 1.5 116
3 1_9 114

1.1 116.

(-~) 5 1.2 314
e !_, ,it

7 1.4 314

e
Calculated fre= di=ensions of soeci=e=.

e.a.nl.en.ineesute Re.neerch Laboratory,Inc.,. n.,- -
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g LEACH TEST RESULTS

LEACM TEIT ICE'iTIFICATIO!! 7."JMSER 1A2 F-A5959

LA50RATORY '4HERE TEIT3 FERFORMIO Franklin Research Center
ANALYST A.J. Cassell

OATE RESULTS REFORTED 27 Aoril 1984

Part 3. Descriction of Leach Test Procedure
Spec 1=en Preparation *

_.-

Diagram of Laach Apparatus:
,

(See Photos on Page B-1)

O)sv

Leachace Sa=pling Procedure __ Followine each leachine evele . the coecimen
wa9 removed from the 314 m1 leacnate solution. The soecimen was
rinsed in 157 nl. of distilled water tor 20-30 sec. From the leacnate,
three(3) alicuoits of ene(1) ml. nach were placed in countine vials
and each vial identified as to the specimen number. The leachate was
not discarded unless the three samoles gave countine statistics

,

within acceptable stancard deviations.j
!

Analytical Tecnniques:
Councing Instru=ent Identificacion and Calibracion

I

i
,

Conscicuent at. Analytical Procedure. Standard Deviacion of Method

C nscicuent d2, Analytical Procedure. Standard Deviacion of Mathod

Censcicuene a , Analytical Procedure Standard Deviation of Mactedg,

/
v

e
If different from "Preparacien of Spec 1=en" in Part A.
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V F-A5959
LEACH TEST-IDEUTIFICATION .'UyaER 1B
LAoGRATORY 'd'riERE TESTS PERFORP.ED Franklin Research Center

.

ANALYST A.J. Cassell

DATE RESULTS REPORTED 27 April 1984

Part A. Description of Leacn Specimen

Spec 1=en Identification Num'er 1B1o
Proportion of Waste Inecrporacec in .w.ixture 10.& Weigne :.

1. 31 Volume :
(Based cn .u.aal vol:: mesi

Type of Vasta Chemical and Radioisotopic Cc==osition, and Specific Activit/
of the Waste Simulated borate stream consisted of boric acid

| (10.4% concentration) containinc 200 uCi of Cs-137. Specific
|

activity of Ce-137 was 11. 59 uCi/eram of the specimen,

Type and Composition of the Solidificati n Agent Solidification agent
is basica11v modified Portland cement (Tvoe MP-1)

Preparation of Specimen Specimen was prepared according to sponsor's
* normal use in the field. Each component was weighed out and mixed

in a teflon cuo. Radioactive tracer, Cs-137 was added as the next to
iner 4~~reA4ent_ The neeaternror une ndSee ynne. 91,,r7 , une eye, ,eged
to the teflon mold, which was 2 cm. dia. X 4 cm. long.
Shape and Dimensions of Spec 1=en

* -
Spnere, diameter, d (c=) =

~

Cylinder, diameter, d (es) = 2 cm. &
length, 1 (es) = 4 cm.

Parallelepiped, length, 1 (es) =
,

width, w (es) = ,&
heigne, h (c=) -

Other, Shape
Dimensions

Initial Weight of Specimen W (g) = 16.47IVolume of Specimen *, V (cz ) = 12. %
Surface Area of Specimen, S* (c=2) = 31.40
Storage Conditions Soecimen was removed from mold af ter curine at 1300F

for 4ft hou rs . The snec4-an uns eben ninrad in n dev .-ncr eene,na

inr. to be held until lenchsbiliev test senrted.
Appearance

The soecimen was in excellent shaoe and surface condition
was very coed. soeri-aa menenrad '' _ v6 c- _ nera- rn~nent f-n-

d
Feserio: ion of teacnant

teach Interval Electrical Conductivity Volume, V
(n) (t=noles) (nl)

1 4.0 314
2 3.8 314
3 7.8 11&
6 4.1 lli

5 4.0 31aG 6 4.2 114
7 1.0 114

.
r'*1 t =ted from di.nensions of specimes.

-14-
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LEAG TEST RESULTS
( F-A5959.

t .ITIFICATIC'!'.W SER 1B1* : w.- i :. ..

* A50RATORY WERE TESTS PERFORMED Franklin Research Center
.

A;ALYST A.J. Cassell

ATE RESULT 5 REPORTED 27 April 1984

Part S. Description of Leach Test Procedure

Specinen Preparation *

Diagran of teacn Apparatus:

i,

.i

!

I

(See photos on Page B-1)

.

.

.

..

Followine each leachine cvele. the soecimenLeachata Sacpling Procedure
was removed from tha 314 ~1. of lenchnre seinrin . Thn can-4-n- v , .-

rinsed in 157 ml. of fresh distilled water. From the lanrhnra_ thrne(3)~f
' alicuoits or one(l) ml. each were olaced in ceuntine vials and each

vin 1 idanrifind nn *n *ka snari-na en-ha* Tha lo,chnen uns nn-

discarded unless tha threa =,-nlan anna ennneina se,*4erice .sichia

acceotable standard deviations.
t

|

Analytical Techniques: Gamma countine unsCounting Instru=ent Identification and Calibracien
c',--, 4nno ,nen-,*4c en-ein. -, ens,renens by

acccmolished hv nsina ,

bv Beckman Instrument Co. The unit contains a enree inen socium iocide,
eh,114n- necie,*nd erin *411n*ina --vnt,1.

Constituent an. Analytical Procedure. Scandard Deviation of Method
Cs-137. 0.1 uCi. t 3% accuraev. traceable to NBS Standard was useu
as tha source f or determininc in9truront erficiencv. A norml or
M nve111an distribution was u9ed in tha s t an d a rd daviation determination.
Conscicuent a1. Analytical Procedure. Standard Deviation of Method

Constituent a . Analytical Procedure. Standard Deviation of Method
g

If different fres "Preparaticu of Spec 1=en" in Part A..

-15- ''
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UcCRATORY '4HERE TESTS PERFCPp.ED Franklin Research Center

A:iALYST A.J. Cassell
ATI RESULTS REFORTED

27 April 1984

Part A. Descriction of Leaca Sce:imen

1B2Speci=en Identificatien Nu=ber
Pr por:1cn of Wasta Incorporate: 1: :*.1:cture 10,4 iiesgn: . ,

*

t.31 Volu=e .
(2 asea on :=: 1a; vcLumes)

Type of Vaste, Che=ical and hdicisotopic Cc=:ositics, and Specific Activity
of ene Waste Simulated borate waste stream consistinc of boric

acid (10.4% concentration ) with 203 uCi or Cs-137 as taeced
. contaminate. Saecific activitv or Cs-let was 12. W uCi/eram or
tne specimen.

Solidification acent wasType and Co= position of the Solidificati:n Agent
-ndisfod pnve13na en-ont (sm_t).

Specimen was prepared accordinn to sponsor'sPreparation of Speci=en
normal use in the field. h.acn component was weiened out and nixed

A in , refinn run. rb a *ndin,criva r*"ra . re 117. was acced as tne next
to last in-redient. The accelerator une added last. Tha alitrr" wae then!,a) added to teflon mold which I.D. was 2 cm. and 4 cm. long.
Shape and Simensions of Spec 1=en

*

Sphere, dia=eter, d (c=) =

2 cm 4Cylinder, diameter, d (c=1 =
4 n-length, 1 (c=) =

Parallelepiped 1engen, I (c=) = .
,&vidth, v (c=) =

height, h (c=) =

Other, Shape
Dimensions

16. %
volu=a of Specimen =, 7 (c=I)V (g) =
I=itial Veight of Speci=en

12,in=

31.40'

Surf ace Area of Spec 1=en. S* (c= ) = 11n"y
Storage Conditions Sneci-en w,e rn--vad frn- -nia nern . . 4 e ,. ,,

in a ale,n dry a-ney
f,0,r 4R hours. The speci-en wa* niaced
et,vn-a 4ne- en kn bald n-~<T lanchabiliev test startad.
Appearance Specimen was in excellent concition and surface condition
was varv eend. Thara vere nn chuinua voida frc- , vi<o,1 4.,enorefon.,

Descriction of Leacnant
volume, 7

t.each Interval Electrical Conductivity 1.(21)
(n) (t=no/e=1

3.2 314
t 3143.o,

11A.

3
nu

G 1 1 '.3,oS

2.7 314
$ l i '.5, ie 11i
7

1,o

.Calculated fece di=ensions of speci=en. ,
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L) L:3.G TEST TdstlLTS
~^

LEACH TEI IDE'iTIF*"ATIC!! *.'UPSE*. 1B2

LA30RATORY )HERE TEIT! PEEFORMEO Franklin Research Center

A!ALYST A.J. Cassell
*

OATI REIULT5 REPORTED

Part S. Description of Leach Test Procedure

Specinan Preparation *

Diagras of Leach Apparatus:

( See Photo on Page B-1)
.

j

\ )
</

Leachate $ egling Procedure Following each leachine evele, the aneciren
was removed from the 114 ml. leachate solution. The 99ect-ea 939
rinsed in 154 ml. of frach do-ilinnenli-na unene. From the lechate.
three(3) aliquotes of ena (11 m1. ench vere n1ncaA inen e n un e i n .- vints
and the vials identified as to tha 9peci~en numbar. Tha In,chnre une
not discarded unle99 the three samples enve countinc senti 9 rice within
acceptable standard deviations.

Analytical Tecnniquest .

Cama countinawanCounting Instrunent Identification and Calibration
accomolished hv usinc a Ca-ma 4000 automatic sn-nler. -,nnfnceuraa
bv nack-an in--rn-ner en_ The unit contains a threa -inch medin- todide,
thnllin- na*4vnend - eain*411meine --nern1
Constituent at. Analytic.1 Procedure. Standard Deviation of Method
C=-l'37. 0.1 uf*f. * 1* na-nence evnc ,hio en *f o.e Me,nAnvA one nens

as tna 96urce en dete mina che innern-nne ordi cinnc -
t nne-,1 ne

Mawellian dist ributinn wa9 used in the standard devintion deter-inatic
Constituent a2, Analytical Procedura, Standard Deviation of Mathed

Constituent a , Analytical Procedure. Standard Deviation of Machod
g.~7

i
j

. If different from " Preparation of Specimen" in Part A.
-18-
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LEACH TEST EESULTS

i >
F-A5959

1 2A' EA05 TEST 10E:;T!FICATICM )MSER
.

Franklin Research Center
LABORATORY WHERE TESTS PERFORMED

ANALYST A.J. Cassell
CATE RESULTS REPORTED

27 April 1984

Par: A. Description of Leacn Specimen

2A1Specimen Identificacion Nu=ber
Preportion of Waste Incorporates is F.1=ture 35.7 weigne :

4.49 Volu=a :
taased on a.u .asi volumes)

Type of Vaste. Chemical and itadioisottpic Cc= position, and Specific Activity
of the Waste Ion exchnnee resin heads containine Co-60 isotooe.
202 uCi of Co-60 oroouced a soecitic activity or ll.e5 uCi/em or
the encei-on.

Type and Composition of the Solidification Agent The solidification matrix
was a modified Portland cement (MP-1) supplied by tne sponsor.

Preparation of Spec 1=en Specimen was prepared according to sponsor's
nnr-,1 nea in *ha Fin 1d. Ench cernenent vam weiched out and mixed in
a c le an r e f len cup. The radioactive tracer. Co-nO. was added am the

j
last component. sne slurry was tnen poureo into a c.iean telion motu.
which inside measurements produced the desired specimen size.

Ih Shape and Di=ensions of Spect=en
Sphere, diame.ter, d (cs) =

2.0 &Cylinder dia=ecer, d (es) =

length, 1 (es) = 4.0

Parallelepiped. length. 1 (cm) = .

.&vidth V (es) =

heigns, h (es) =
Cther. Shape

Dimensions

W (g) = 17.05Initial Weight of SpecimenI
volu=e of Speci=ena. V (es ) = ll.5n

Surface Area of Specimen. 5* (c=I) = 11.40

Storage Conditions Following a 48 hour curina period at 1300E. tne
specimen was removed tron the mold and placed in a dry. emotv. elass
iar ind mnintnined with n eenied ann une41 cha le nch nh 414 *.. eaa,

y_ap__s t a r_t e d .

Appearance
The specimen anneared excellent in ahnne nnd sendition. Thera vara nn

void determined while visual in90ection was beinc conqueted..nefern

Cescriotion of Leacnant
leach Interval Electrical Conductivity Volume. Vg,

(c) D.=no/e5) (31)

2.0 134
i

1.8 1 34

3 2.1 fl4

..O l34'.

6

2.2 134
' 5

8 2.o ! u.

7 'n 1li
.

eCalculated from dimensicas of specimen.
-20-
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LEACH TEST RESULTS-

F-A5959
e ij

' EJCM IEE* ICE *lTIFICATID?! ?.*JI'3ER. Franklin Research Center
*A50RATORY ''HERE TEST 3 PERFORMED.

A!:ALYST A.J. Cassell
.

27 April 1984
"ATI RESULTS REFORTED

Par B. Description of Leach Test Procedure

Specimen Preparation *

Diagram of Laace A;paratus:

I
i

.

See Photos on Page B-1)

.

Following each leaching evele. the
teachate Sampling Procedure
soecimen was remove from tne 314 ml. or leachate. Tha snaci en wasFrom the leachate,
rinsed in 157 al. of f*gsh An-fanentiend unear.

three (3) alir1uoits of one(1) el. were olaced inen ennernen enone4na
vials and the vials identified as to the soecimen number. Tha lenchstecountinc statistice
was not discarded unless the three samDie9 Rave
within necocenblo **nnanra anvinrinne.

A Camma 4000, autor tje
.

Analytical Techniques:
Counting Instrumant Idantification and Calibration
samoler, containine a three (1) inch sodium iodido. chn111"- nc*iv,ted
n-4-e111n*4rn --..n e ,1 a n e n n * n. vaa used f or entmeina *ha 1on-ha a
ce-,1an.

Constituent at. Analytical Procedure. Standard Deviation of Mathedto NBS 9tandard. vna used to determine
Co-60, 0.4 oci. ? 3%. traceableA normal or Maxwellian distribution wasused
countine etticiencv.

9tnndard davin* inn data mian* inn-in

Constituant ag, Analytical Procedure. Standard Deviation of Mathod

Constituent a Analytical Procedure. Standard Deviatica of Macaod
g

A.If different fren "? reparation of specisan" in Pare

-21-
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F-A5959

2A
.EA:~.4 TEET ICET|T!.:ICATIO:t :U?SER

Franklin Research Center
'.AoGRATORY WHERE TESTS PERFORMED

AMLYST A.3. enannil

ATE REEULTS RE.:0RTED
27 Aoril 1984

Part A. Descriotten of Leach Scecimen
2A2Spec 1=en Identificacion Nu=ber

P.1x ure 35.7 Weigns *.
Proportion of Wasce incorporated 1: 4.40 - Volume *

(Based on .~.:~. 41 volumes)

Type of Wasca Chemical and ?.adioisotopic Cc=cosit:.:n. and Specific ActivityIon exchange resin beads containing Co-60 isotooe.of the Wasca of 11.86 uC1/cm of205 uCi of co-60 oroduced a soecific activity
tne specimen.

The solidification matriF'-Type and Composi: ion of the Solidificacion Agent(MP-1) sucolied by tne sconsor.
was a modified Portland cement

The specimen was prepared according to the
?ceparation of Spec 1=en
sponsor's normal use in the field. Eacn comoonent was weicned out and
-ivad da n .- 10,n enfine .- o n . Tha vndine-eive tynnar. cc 60. tr * e added
ne the lner ccrocnant. The entriv slurry was Doured into a clean.
teflon mold, the iside measurements producing the required specimen size.

Shape and Dimensions of Spec 1=en '

Sphere dia=ecer, d (c=) = &0.0Cylinder dia=ecer, d (c=) =

4.0length. 1 (cm) =
,

?arallelepiped, length. 1 (en) = ,&
vidth v (c=) =

height, h (cm) =

Other. Shane
Di=ensicas

17.2AW (g) =Ini:ial Weight of Spec 1=enI 12.5Avolu== of Spect=en*. 7 (en ) = 31.40Surface Area of Specimen. $* (c=2) = 130VF. the snecimenFollowine a 48 hour curine ceriod atStorage Conditions empty cines inr ,nd
was removed from the mold and placed in a drv. "nm er***ad

sealed e-m until the lenchnbilire ene*_ maintained with i

in shace. The surface evhibitedAppearance
The specimen acoeared to be excellent

enefnna -a verv smooth h =naaneous

Descriction of Leacnant volu=e. VElectrical Conduccivity g
Leach Interval (cli(t=mo/es)(n)

3141.4
i 3141.2
2 11'

1.'
3 lli

1.1
.

3141.25
5 116

1.4a e 114
1.9

7

Calculated from dimensions of speci=en.*

-23-
y

enMnine h Laboretary,Inc
- _-_eue Researc ' ~ -- ' -- _ _ . __ _ _ _ . _ _



n LEACH TEST RESULTS
s
'"

LEACH TE3 !"E.'iTIFICATIC!! .'.TSER 2A2 F-A5959

LAEORATORY .WEEE TESTS FERF0FF.ED Franklin Research Center
AftALYST A.J. Cassell

" ATE RESULTS REFORTED 27 April 1984

Part S. Description of Leach Test Procedure

Specimen Preparation *

.

Diagram of Laach Apparatus:

.

.

( see Photos on Page B-1 )
i

?

in
( )v .

Leacnate Sampling Procedure Following the leachine evele, the snecimen
was removed from the 314 ml. of leachate. The see-1-n- *2, e -iannd ia 15

of fresh demineralized water. From the leachate. three (1) niinunire
of one(l) ml. each were placed into senarnea conneiaa vinle ,na che
vials identified as to tne specimen number. The leachate was not
discarded unless the three en-nlae envp ennnainc men *1ce4re virhia
accentable standard deviations.

Analytical Techniques:
Coun:ing Instrunent Identificacion and Calibration A Gamma 4000, automatic
samoler, containinc a three inch sodin ,fodide_ thn114n , r r i ._. , e a a

19 , r k ., . .seinaill,*ine enfern1 ancocent une ,.ena sne e nnn 4,, - -wn

nn-alen. -

Constituent at. Analytical Procedure, Standard Deviation of Metnod
Co-60. t l' arncanh19 e n NM ernndard u,e uend ,e ebn er, Anra

f or determinine countinc ef ficiency. A nornn! or Mn-evn114,a afMeributic
was used in the standard deviation determination.
Consci uent a2 Analytical Procedure, Standard Deviacion of Machod

Constituent a , Analytical Procedure, Standard Deviation of Machod
g.

h

* If different from ''Preparacion of Specimen" in Part A.
-24-
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LEACH TEST RESULTS I

O ;

LIACM TEIT EENTI.:ICATIC?l f.'U #.8ER 2B F-A5959

lac 0RATORY '4HERE TESTS PERFORMED Franklin Research Center
'

AllALYST A.J. Cassell

DATE RESULTS RECORTED 27 A&ril 19R4

Par *. A. Description of Leach Scecimen

Specimen Identification Nu=her 2B 1
Proportion of Wasca Inc=rporaces in .w.1xture 10.4 Weigcc -

1.31 Volume :
(2ased on in:~.aal volumes)

Type of Wasca, Che_ical and Radioisocepic Co=posi:1ca, and Specific Ac:1.-1:/
of the Waste gi-ni, red hornea unsee seven- cnnsineina nf kr,4- ,-4d_.

(10.4% concentration) with 202 uCi of Co-60 as the ranced cent,-ia**e
12. 2 7 uC1/ cm. of the specimen

Type and Composition of the Solidifica:1on Agent The solidification acent
was modified Portland cement (MP-li as sunolied hv the soensor.

Preparacion of Speci=en Specimen was prepared according to sponsor's
~

normal use in the field. Each componenet was veiched out and mixed
in a clean teflon cuo. The isotone. Co-60. was added next to last.
and the accelernter was added Inst. The slurry was then neured inte n

, teflon mold which measured 2 cm. ID, and 4 cm. long.
Shape and Dimensions of Specimen'

i Sphere, diameter, d (cm) =
Cyli= der, diamecer, d (c=) = 2.0 &

length, 1 (cm) = 4.0
Parallelepiped, length, 1 (cm) =

,

vidth, v (cm) &= ,

height, h (cm) -

Other, Shape

Dimensions _ _

Initial Weight of Specimen W (g) = 16.46
Volume of Specimen *, 7 (cm ) = 17. %

| 2
! Surface Area of Specimen, S* (cm ) . 31,49

Scarage Condicious Specimen was removed from the mnid f nl i nuf w , 49 E n-
i curine neriod at 1300F. The speci~en was placed in n dn. perv al,sq

iar and cad sealed until the leachabiliev test started.

Appearance
Specimen appeared in excellent shape. Surface condition

exhibited 2 verv sna11 conical indentations in the surfnca. ctherwise
the surface was completely homogeneous.

Descr1otten of Leacnant
Leach Interval T.lectrical Condue:ivity Volume, 7

(n) (t.:=ho / e=) (~l)

1 1.4 314
2 1.4 114
3 1.3 114
s !.1 114: r"^
5 1.25 lia

| 6 1.L *s14
7 1,4 41 4

~ .
Calculated from finansions of snecimen.

-26-
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2B1 F-A5959
:E*iTIFICATIO,l f.'LPSER'

'. :.w.- . :.2 .

* *ECRATCRY .'a",dERE TEETE PERFORP.ED Franklin Fesearch Center
-

EALYST A.J. Cassell
OATE RESULTS REFORTED

27 April 1984

Part 3. Description of Leach Tes: Procedure

Specines ? reparation *

Diagran of Leaca Apparatus:

( See Photos on Page B-1)

:an

.

Leacnate Sa=pling Procedure Followinc each of the seven leachine eveles,
the soecimen was removed frem the leachate and rinsed in 157 el.orfresh demineralized water. From the lechate, three(3) altaucits oftne vialseach were niaced into individual vials andof one (1) ml. The leachate solution was notidentified as to the soecimen number.discarced unless tne aliquoit sacoles gave counting statistics witnin
accentable standard deviations.

Analytical Techniques: A Gamma 4000 automaticIdentification and CalibrationCouncing Instru=ent tnalliumsample chaneer, centainine a three inch sodium iodide.
activated. arintillation crystal detector was used to count the
leachate sa-olos.

at Analytical Procedure, Stancard Deviation of MethodConstituentCo-60. 0.4 uC1 T 3kyraceable to NBS standard, was used as theA norma.1 or Maxwelliamstandard to determ,ine countine erriciencv.deviation cetermination.distribution was u g tn the standard
Constituent al, Analytical Procedure. Standard Devincion of Method

Constituent a , Analytical Procedure, Standard Devtatics of Method
g

If different from "?renaration of Soec1=en" in Part A.
e ,

-27-
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LEACH TEST ?.ESi'LTS

4 l

F-A5959
LI.*G TEIT ICE!!TIFICATIC:11.' UMBER 2B

LA50RATORY *ah.s i n iS PERFORMED Franklin Research Center

AtiALYST A.J. Cassell |

;

CATE REIULTS REPORTED
27 April 1984

Part A. Description of Leach Scecimen
|_

Specimen Identification Nu=ber 2B2
Proportion of Waste Incorporated := '.1=ture 5.10 ;;et;=g :

1.31 Volu=e *.
| (sased on :n:~.:al volumess

Type of Vaste, Chemical and Radioisot:pic Cc=cosition, and Specific Actiritf
of the Waste Simulated borate waste stream consisting of boric acid,
(1s* cnncoerencinM uieb 100 uct of Co-60 as tne taeced contaminate.
This produced a specific activity or 12.12 uCi/em or the soecimen.
Type and Co= position of the Solidification Agent The solidification agent
was modified Portland cement (MP-1) as suppilea oy tne sponsor.

Specimen was prepared according to sponsor'sPreparation of Specimen
n n r- ,1 tse in the field. Each component was weiened out and mixec
ia n elena refinn cun. The taeRed isotooe, Co-60, was tne next to last
cornnnent added. The last component to be aadea was the accelerator.. )

insideThe slurry was poured into a clean teflon mold, 2 cm. X 4m.
measurements.

-
Shape and Di=ensions of Specimen

,

Sphere, dia=eter, d (es) =
2.0 &Cylinder, dia=eter, d (c=) =

length, 1 (c~) = 4.0

Parallelepiped, length, 1 (c=) = ,

&width, v (c..) =.

,

height, h (c=) =
.

Other, Shape
Dimensions

W (g) = 16.42
Initial Weight of Spec 1=en5 12.56Volume of Spec 1=en*, V (es ) =
Surface Area of Spec 1=en S* (c=2) . 31,gg

Storage Creditions Soecimen was removed Irom the mold rollowine,

a 48 hour curing at 1300F. The specimen was placea in a arv. enoty,i

f
|

elass i ar and can sealed until tne start or tne leachaoility test.,

|

|

Specimen appeared in excellent shape The surface condition| . Appearance
.

"
j

I
of the specimen was also excellent. navine a complete nomogeneous
condition.

Descriotion of LeacnantI

Laach Interval Electrical Conductivity Volu=e, V

(n) 0.: no / c=) (=.1)

2.1 314
i

2 2.4 314
lia

3 '.O
314

a 2.2

22 31'
5 3142.3e
7 2.2 314

*
Calculated from di=ensions of soeci=en.

*
nklin instnute Research Laboratory. Inc

A 5.masesry of The Freneen buense
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A LEACH TEST RESUi.TS
,

V F-A5959
LEACH TE.~~ CE.*iTIFICATIO.'! .'.WER 2B2

LABORATORY .'Aca: issia et..rv d U Franklin Research Center

ANALYST A.J. Cassell

DATE RESULTS REPORTED 27 Acril 1984

Part S. Description of Leach Test Procedure

Specinen Preps. ration *

01agras of Leach Apparatus:

( See Photos on PageB-1 )

.

h

Leachate Sa= cling Procedure Followine each of the seven leachina -vcl.
the specimen was removed trom the teachate and rinsed in 157 mi. or
tresh demineralized water. From the 314 ml. or leachate, three (31
alioucits of one(1) nl. each were placed it,to individn,l'vinle nnd
the vials identified as to the snecimen number. The leachate solutt
was not discarded unless the alicuoit samoles enve countine statist
within acceotable standard deviations.
Analytical. Techniques: A Gamma 4000, automatiCounting Instrunest Identification and Calibration
samoline camma detector manufactured bv Beckman Instruments.
, ,, A ,- e ., * , 4 , 4 , o n * bra. 4-ch. enain~ inaida *h,114n- ,r-4",*ad

.

e ,- i n - f l l , * i nn cryme,1. v,e used be e,~, - ane * 4 '' a

ag, Analytical Procedure. Standard Deviation of MethodCons tituentCo-60. 0.4 uC1. t 37., traceable to NBS Standard, was used to
determine the countine efficiencv. A normal or Mawellinn dietribut
was used in the standard deviation determination.
Constituent a2, Analytical Procedure. Standard Deviation of Method

constituent a , Analytical Procedure, Standard Deviation of Method
g,

k h-

. If different fron " Preparation of Spec 1=en" in Part A.
,

-30-
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SUMMARY OF TEST RESUt.TS

.

6 7
4 5Specimen f.D. - lAl 2 3

18.4 46.4 43.2 25 6 16.0 6.88 4.96i
n

0.092 0.232 0.216 0.128 0.080 0.C34 0.025a
n

"O.807a,/A,
0.092 0.324 0.540 0.668 0.748 0.782

-
-

-

-
- -6 -7 3.08xiG > 9.80xip * 5.76miO(tta /A ))

t i.nzio * 8.99xio + 2.47xt0 7.36xiO"

5.23 5.20 5.60 6.20 6.80 7.50 7.90,i ut,iia,

5 8x10'' 6.9x10'' 2.6x10'* 6.4x10'# l.6x10'# 3 1x10' t.2x10'
L11

D

5pecimen f.D. - IA2

14.72 36.80 33.60 20.80 12.80 5.44 4.00
n

0.074 0.184 0.168 0.104 0.064 0.027 0.020a,

0.074 0.258 0.426 0.530 0.594 0.621 0.641a /Am o
*# -8

1.88xto'' 5.98x10'# 2.46x10 7.78x10 4.6tato
(E(a,/A,)) -6

1.01st0' 7.13x10

5.30 5.30 5.75 6.30 6.90 7.60 8.10
la,/A,Hl/t,) -8

5 48x10' 1.99x10''- 5.16x10~ 1.30x10~ 2.46x10 9.65x10
t11

4.80x10
0-

Specinen 1.D. - 181

! 12.00 32.64 26.40 13.92 6.40 2.72 1.6(
x

0.060 0.163 0.132 0.073 0.032 0.014 0.001
%,/ a,

0.060 0.223 0.355 0.425 0.457 0.471 0.47a,/A

(t(a,/A,)) 1.50x10'' 4.00x10'# 1.23 10' 4.03x10'8 1.84al

8.00x10' 6.30x10 7.90 8.4
(a,/A,Ill/t,)

5.40 5.30 5.80 6.40 7.20
-8 1.3x10'' 3 9xl

L11 1.6x10'' 3.8x10 6.6xt0
3. 8 x 10' 4.8x10

D

specimen 1.0.- 182

16.4. 38.52 34.50 24.86 14.44 4.82 4.8

0.081 0.190 0.170 0.!!! 0.071 0.024 0.0:

0.081 0.271 0.448 0.570 0.641 0.665 0.6a /An c

la,/A )(1/t l 1.08x10' 7. 36 s t0'* 1.95x10' 7.0tzt0' 2.73x10' 6.92x10'8 4.6tx
(I(a,/A ))

5.30 5.25 5.67 6.22 6.83 7.66 S.0

5.66xt0'' 2.15x10' 6.06x10'' l.47xto' 2.18:10'" 9.66:o a

Lt! -6
5.11x10

D

& 3 h
Specimen 1.D. - 2Al

t 2 3 6.

4.00 22.44 27.26 20.04 16.84 8.00
,

0.039 0.III 0.135 0.099 0.083 0.039 0.C
,

n,?

0.039 0.150 0.285 0.384 0.467 0.506a /An o

-6 4.16x 10' 1.52x10' 5.62x10'# 3 16x10'# I.lix10'# 7.41:
Itta ,/A ,))

5.91 5.82 5.98 6.43 6.70 7.28 74.813g0
(8,/A ,Ill/t ,)
LIX 1.03x10' 3.69x10' t.99xto' 5.18x10' 2.65

1.22x!O h.52xia
D

e

O
~
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SteetARY OF TEST RESI!.TS ternt.)

. esaea 1.D. - 2A2
--

I 2 3 4 5 6 7 A*.**.

*

4.00 17.68 20.90 15.28 10.44 6.44 4.00

e,

0.020 0.086 0.102 0.074 0.051 0.031 0.020
ej A,

0.020 0.105 0.207 0.281 0.332 0.363 0.383
~8 4.59x10'''Its,eA ,il

~

3.21:10 1.15x10 ' 4.20x10-6 ~ ~I 1.94xt0"I 8.86x10
e,.A,ll!/t,) 2.47x10

6.20 5.93 6.11 6.53 6.91 7.39 7.78 6.7

~ ~# ~# *I ~8ua
~

1.18:10 ' 7.79x10 2 9tx10 1.22x10 4.12x10 1.65x10~
6.25x10'>

teece=en t.D. - 281
4

6.42 20.84 24.84 18.44 12.82 10.42 5.62
a,

0.032 0.103 0.123 0.091 0.063 0.052 0.028
m,dA,

'Ilm,/A,)) 0.032 0.135 0.258 0.349 0.412 0 464 0.492

is,lA,lll/t,) 4.00x10 3.86xt0' t.39x10'' 5.17 x10'# 2.40x10'# l.48x10'# 6.05x10'8-6

UI 6.00 5.90 6.10 6.40 6.80 ' 7.20 7.60 6.6

-6 8.83xto'I 3.64x10'I t.5tx10'I 6.91x10'" 2.32xt0'"
1.00x10-6 g,43,gn

D

specimen .I.D. - 282
m

4.00 15.18 17.58 12.00 7.20 3.20 1.A0

s,
0.020 0.076 0.088 0.060 0.336 0.016 0.008

e,/A ,

12(a,/A )) 0.020 0.096 0.184 0.244 0.280 0.296 0.304

4.57x10 * I.83x10 '* ~*#

( a, / A, H l h,) 2.47x10~ 2.85xt0~ 9.94x10' 3.4tml0'I 1.37x10o

7.70 8.2C 6.9
LIZ 6.20 6.00 6.20 6.60 7.10 .

6.25x10~ 1.04x10 6.72x10~ 2.40x10~ 8.62x10~ 2.12x10" 6.62x10-6
D

6.

c.5

'b

d
i

t
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5.2 RADIATION STABILITY RESULTS

~

Pre-gamma dose exposure:
'

Specimen No. 1 3 6 7

Specimen Wt. 8.9(1bs) 9.03 8.79 8.80

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 We.(1bs) 8.85 8.98 8.75 8.76

| k 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 (1bs.) 25,200 30,600 11,500 10.600

Load Applied: 1413 lbs.=~0 psi for minimum requirement

#1 2'5,200/1413 = 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

.

g
|
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6. CONCLUSIONS

"

6.1 LEACHABILITY It:DEX 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 psi)
af ter being subjected to a high gamma dose.

.

6.3 PRESENCE OF FREE-STANDING LIQUIDS .

It is concluded that no free liquid was present in any of the 12
| This con'clusion isspecimens tested following the solidification process.

based on observations made following waste solidification in the cement

matrices.

|

|
.
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7. CERTIFICATION

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

conducted and the results obtained.

Cimaeur% Caaoen chsM+
Andrew J. CasWell Date

Project Manager
Senior Staff Scientist-
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APPENDIX A

l

TEST CERTIFICATION AND TEST DATA

.

.

'

:

i

|

-u %
\

.
J Franklin Institute Research Laboratory, Inc.,

A Subsidiary of The Franklin Institute

20th and Race Streets. Phila.. Pa. 19103 (215) 448 1000
.
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IRRADIATION DAIE April b-14, 1984

DICKERSON I
| CERTIFICATION OF IRRADIATION

.
...

,

.NPL LOT NUMBER: 4N20194B,

CUSTOMER

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

- FURCHASE ORDER NO.: .

372486

PRODUCT DESCRIPTION AND CUSTOMER LOT NUMBERS
.

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

.

NUMBER OF PIECES IN NPI LOT
Four

IRRADkATIONDOSE
.

- MINIMUM 97.3 MEGARADS.

MAXIMUM 102.7 MEGARADS.

[X } EXPOSED DOSE
% ESTIMATED ATTENUATION

[ } MINIMUM DOSE CORRECTED FOR
% ATTENUATION BASED ON PROCESS VALIDATION DOSIMETRY

[ ] MINIMUM DOSE CORRECTED FOR

(X } REPORTED DOSES CONFIRMED USING FAR WEST 90SIMETERS
COMMENTS

I hl
'

Elizabeph . Baker
i Manager, roduct Testing

D9LTROn DRO7JOTE :n:
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Figure B-1. Cured Specimens Containing Cesium-137
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Corporate Policy

It is the policy of Bartletr Naclear, Inc. to provide high cuality

pmducts and se: cices to our custa:mrs.

To assure our custo ers of satisfactor service the following Gality

Assurance progra is set forth. The requircannes of this progra

n:eet or exceed all regulations and guide lines of the Nuclear Pegulatorv

Cctnission and any other pertinent Federal, State, Incal or Plant

specific requiremnts.

Q It is the responsibility of all Bartlett exployees to strive for the
%.J

highest standards of job perfor:nnce as outlined in the Quality

Assurance Mcnual. Overall responsibility for the Qaality Assurcnce

Progrca is vested in the Quality Assurance Matuger who has the res-

pensibility and cuthority to enforce full empliance with all pertinent

regulations.

* n n I../ u K / w..t.u t
Bruce R. Bartlett
President

.

O
O

QUALITY ON SITE DECONTAMINATION * ELECTROPOLISillNG, LAUNDRY AND SUPPORT SERVICES
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QUALITY ASSURANCE 00NEOLU

A. POLICY

As a service organ 4*ntion, Bartlett Nwhar, Inc. strives to maienin the
highest standards for their equipnent and personnel. A. rigorous and
thorough control system has been established to assure our customers of
the highest quality equipnent and personnel. These services are care-
fully screinimd from contractual negotiation to job completion to
maintain cli NRC regulations and guides and all other pertinent Federal,State, Incal and plant specific criteria.

B. MANAGDIENT

The Quality Assurance Manager has full responsibility and authority to
implenent the Quality Assurance Program. Each Depart:nent Manager, Sales
Representative, Coordinator and Supervisor has Quality Assurance respon-
sibilities assigned by the Quality Assurance Panager as outlined in theQuality Assurance Manual. Lines of responsibility and authority for
Quality Assurance are separated frca general ccmpany administrative
functions as outlined on the appended Organizational Gart.

C. IMPLDIENTATION,

1. Contract Negotiations

comoany representatives are kept informed of equipment and personnel's
reliability and availability when negotiating contracts with the
customer.

2. Contracts ,

Proposed and/or issued contracts are carefully scrutinized by all
affected depw.waad. Quality Assurance respresentatives to assure
the custczner that all pertinent criteria are met.

3. Equipment

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

4. Personnel

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

5. Non-Campliance

If at any time servicas do not meet the appropriate Quality standards,o
O the Quality Assurance Manager will be in=vif ntely notified. The

Quality Assurance Manager and the affected manager will take
i

.

4W A ,
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Non-Ccurpliance cent.

Inm3diate steps to rectify the non-ccmpliance to the satisfaction
of the custmer.

6. Audits

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

Custmers are welecme and encouraged to audit our Quality Assurance
Petma. 'Ihe Quality Assurance Manager will give prmpt and ocurtec 's
service to all custmers.

.

O

.

O
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!, IV
' QUALITY ASSURANCE CONIBOL

:
,

'A. PURPOSE

21s manual provides a coherent, systatatic approach to insure quality
and r=14=hi14ty of all services provided to the custcmar by Bartlett
Nuclear, Inc. >

i

; B. SCDPE

! The Quality Assurance Manual addraaaaa quality assurana functions,
responsibilities and foms of the ampany's managenent and enployees.

| C. RESPONSIBILITY
*

f

! We Quality Assurance Manager is responsible for the Quality Assurance
Manual and the administration of the ping-u. Specific areas 'of
responaihility are outlined in the manual.

D. APPLICABILITY

mis manual arliaa to all Bartlett Nuclear, Inc. activities, dtid
require conformance to the rules, regulations, gitirlalines of the NBC
and any other applicable Federal, State, Local or custcaner specific
requirunants.

E. cxwraco
.!

! Control copies are normally maintained at the Bartlett office. Each
control copy of this manual has a mntrol nunber affixed to the lower
right hand cover. Each control copy issued is recorded by rumber,
nana of recipient and date of issue. Control copies are not issued to'

; custaners except upon request.

F. UPDNT E
I

"*1e Quality Assurance Manual will be updated on a routine annual basis!

and/or as naariari. A confirmation of receipt will a w ny all
revisions and be entered in the master file in the corporation office.

,

G. APP 10VALS

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

!

H. DISTRIBUTION
I

i The Quality Assurance Manual of Bartlett Nuclear, Inc. shall be
| distributed to all ocripany personnel who have a quality assurance

fmetion as designated by the quality assurance manager and to our
custaner's designated representatives, upon receipt of request.



*

/ BASETLETT- -;
t

| mucksAR INC.O g.

I. ,@WITIM -

h Quality Assurance ymual and its concents are to be privileged
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Section 2

OtRLITY ASSURANG RESPONSTRTTTTIES

In order to assure continuing quality and ral4 ability of equipnent
and services as outlined in Corporate Policy the following responsi-
bilities and fmetions of mntrol are designated.

a. QUALITY ASSURANCE MANAGER

Has the prime responsibility of all aspects of Quality Assurance.
These responsibilities shall ammence with contractual negotiations
and hiMing and shall continue throuJ out the duration of any specifiedh
contract, incluling, but not limited to, final critique with customer
rgresentative.

b. PERSONNEL DIRECIOR

Has the responsibility of maintainirq tp-to-date files on all personnel
qualifications, clearances, and performance w aluations as directed
by the Quality Assurance Manager.

c. HEALT!! PilYSICS CDNSULTANT

Has the responsibility to maintain current with changes in the state-
of-the-art and inform the Quality Assurance Manager of all changes in
techniques and formats, which effect Quality Assurance

A
U

|

l

j

i
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t"i d. SALES MANAGER

Must infom 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.

a. EQUIPMENT MANAGER

It is the respannihility of the BIuipment Manager to inspect all equip-
ment purchamari by Bartlett Nuclear, Inc. All amponents must be
tested and assenbly tests of the amplete unit must be documented
before the units is offered to the custmer. A file on each mit
will be maintained in which running time, repairs, and frequency of
repairs will be recorded. . A master copy will be retained by the
Fquipnent Manager and copy subnitted to the Quality Assurance Manager.
These copics will be kept current on a monthly basis. Any problen
areas will be reported to the Quality Assurance Manager innediately
and a joint effort of the BIuipnent Manager, Quality Assurance Manager,
and the custmer will be made to resolve the problen.

f. INSTIMENT mat @GER

It is the responsibility of the Instrunent Manager to inspect all
instrumrits purchased by Bartlett Nuclear, Inc. All cm ponents must
be tested and assunbly tests of the complete unit must be docunentedp) before the units is offered to the custmer. A file on each unit willn
be maintained in which running time, repairs, and frequency of repairs
will be recorded. A master copy will be retained by the Instrument
Manager ard copy subnitted to the Quality Assurance Manager. Wese
copies will be kept current on a monthly basis. Any problan areas will
be reported to the Quality Assurance Mamger !=arliately and a joint
effort of the Instrunent Mamger, Quality Assurance Mamger, and the
Custmer will be made to resolve the problen.

g. SITE CDORDINA'IOR

2e site coordinator shall maintain a file on each Bartlett anployee
en site. This file shall include, but not limited to, a copy of the

saployee's resuno, radiaticn dose record, and unployee performance
record.

We site coordimtor shall maintain time sheets for all anployees on
site and submit a copy to the custczner representative for review and
approval. Time sheets shall be subnitted on a weekly basis to the
custcmer and Bartlett Nuclear, Inc.

Any irregularities in the aforenentioned records shall be brotght to the
attention of the Quality Assurance Manager imediately for resolution and
<=p1innce to the appropriate stardards and custmer satisfaction.

QUALITY ASSURANCC MANtGER

S e Quality Assurance Manager is responsible directly to the President for
the Quality of all products and services of Bartlett Ntclear, Inc.

.

9
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The Quality Assurance Manager has the responsibility and authority to
formulate all Quality Assurance policies, records and mamals wry
in order to fulfilJ. all of the standards and regulations set forth by
the Nuclear Regulatory Cemniasion, and all other applicable Federal, State,
Iocal and specific custczner requim ui.

Section 3

PERSONNEL GIALIFICATIONS

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 atmpleting applicable undergradate
ocurses in the science field or have previous practical experience

b] in Health Physics or related fields;

d. Must successfully pass a test denonstratirrJ anotional stability
sudt as the bHPI test;

Must be free of any criminal records other than minor offensese.
which would preclude security clearance;

f. Must be able to pass a physical w=nination which verifies the
tachnician to be in good health and able to perform the duties

i

| assigned to the technician. This physical must include appropriate
tests or a registered physicians evaluation verifing the technician's!

ability to use respiratory aIuipnent;

g. Must sign release of information forms which will allow the conpany|

to contact past anployers, educators, and law enforcanent agencies
to verify records. ,

2. Senior Technicians

| A. ANSI 18.1

Must meet all of the rcxIuirunents of Junior Technicians ands

a. Must be 21 years of age or older;
O

! V b. Must have a minimtm of 2 years of practical Health Physics
experience in a nuclear p:mer plant or facility with

|
prohlans similar to those of a nuclear power plant or;

,
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muca. man suc.o
( I Have 5 years in practical applied Health Physics:'

II Be a certified Health Physics Technician by XRRFra
III Have an AA Degree in halth Physics and 1 year of

practical experience or equivalent:
IV Have a BS Degree in a relaced science and 6 nonths

practical experience.
.

B. ANSI 3.1-1978 and Reg. Guide 1980

mst have a ndnha of 3 years of practical Health Physicsa.
experience in a nuclear power plant.

b. One year of experience should be in related technical
training.

Must successfully complete a test for Senior Techniciansc.

d. Denonstrate to the company and the custacier the ability to
perform the duties required of a Senior Technician.

.

3. Health Physics Supervisor

Must meet all of the requirenents of Senior Technicians and:

Wat have a ndnimum of 5 years of Conmercial Power Plant experiencea.O or:

I Be a certified technician by NRRFr or equivalent, and 2
years of coccercial power plant experience:

II Have a BS Degree in the science field and 3 years cocmercial
power plant experiences

III Have a MS Degree in Health Physics and'1 year of cc::mercial
power plant experience:

IV Have 7 years of applied Health Physics experience tdtich
includes 2 years of ccamercial power plant experience.

4. Site Coordinator

Must meet all .of the requirement of Senicr Technicians and:

P se have a thorough knowledge of the cc:::panv's policies anda.
procedures: ,

b. Wst have the ability to write concise, accurate and legible
reports and be familiar with standard administrative techniques

Must be able to cocr::unicate effectively with the company andc.
customer's representatives

d. mst be able to comnicate effectively with company employees
p and enforce the high quality standards set forth by company

policy.v

.

'

ha- _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ _ . . . - _ _ _ _ _ _ _ _ . . - _ _ _ _ _ . _ _ . _ . _ _ _ _ . - _ _ . _ . _ _ _ _ _ _ _ _ _ - - _ _ _ _ - - _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ . - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ . - _ _ _ _ . _ _ _ _ _ _ _ _ _ _ .
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Sectica 4

PERSCNNEL QUALIFICATIONS VEREICATIN

A. Blumtica

nnpinyment Questicmnaire reveals education level and institution.
FA n tion ab W e high school is verified by phone to appropriate
registrar or r=mny if not supported by a dipiczna or reproduction
of riip1runa or certifimte frtm a recognized educational institution
or ccupany.

B. Experience

Brployment Questionnaire reveals job experience and is verified.by
mntactim the last anployer. Any irregularities are checked
further by the next one or two previous anployers.

C. Quality & Paliability

2e quality of work and reliability of job perfonnance are verified
pd through previous employers, edumtors, and associates whichever is

nost practimble.

D. Security Clearance

A security check is made by apifax, Pinkertons, independent investi-
gative organizations, and/or cunpany personnel in empliance with
NBC regulations.

E. St-nhil ity

verified by rewgnized Psycholcgist and/or testing by the MPI or
equivalent psychological test. %ese test results are evaluated by
Dr. Al Fetitpas, associated with the Psydiology Department of
Sprirgfield College.

F. Testig
.

Theoretimi
A test is administered to all new unployees to evaluate their qualifica-
tions for job held. Practical - New anployees are carefully nonitored
on the jobs to further evaluate their practical knowledge arvi applied
health physics tedmiques.

OO

.
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Sectim 4

PERSWNEL QUALIFICATICNS VERIFICATIN

A. niumtion

amployment Questicmnaire reveals education level and institution.
FAiratiCn above high school is verified by phone to appropriate
registrar or ernmny if not supported by a dipicana or reproduction
of diplcma or certificate fztm a recognized educational institution
or ccmpany.

B. Experience

Brployment Questionnaire reveals job experience and is verified by
contacting the last enployer. Any irregularities are checked
further by the next one or two previous enplayers.

C. Quality & Pal 4 ability

2he quality of work and ral 4 ability of job performance are verifiedp

Q throtgh previous enployers, educators, and associates whichever is
nost practicable.

D. Security Clearance

A security check is made by HIuifax, Pinkertons, independent investi-
gative organizations, and/or mnmny personneJ. in mnn1innce with
NIC regulations.

E. St-ahil ity

Verified.by recognized Psychologist and/or testirg by the bEPI or
equivalent psychological test. 'Ihese test results are evaluated by
Dr. Al Petitpas, associated with the Psydr Logy Depart 2nent of
Springfield College.

F. Testing
.

Theoretical
A test is administered to all new enployees to evaluate their qualifica-
tions for job held. Practical - New enployees are carefully nonitored
on the jobs to further evaluate their practical knowledge and applied
health physics techniques.

.

~
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PE3ONAL PROFILE

l'&S H.P. TECFNICIAN TEST

CLESIFICATION DATE

Uw.m I AA i | 1 BA e i !ESI I iMSi l i FEDi i

11UOR SUFJECT,s

E U CATES

YEA.G OF AFFLIED EEAL".N. PHYSICS DTERIENCE

YEARS OF CG^5ECIAL FO:ER FLCir DTERID CI -
.

SPECIFIC JOB FUNCTION DIERIENCE

FC CrION DATE FE CTION DATE

De::ents:ination Gotne Equip. Operator

d-CotnterArea
g Counter

Equip: tent 7 Counter
aW Cotater

Persomel' y Spectrometer
A Spectrometer

Liquid Scintellator
Smears & St=vevs

Rad Waste
~ '

Alpha - HI (750K &n)
w (<50K csa) Co:naction

Ec:a HI P10 R s) PackagLg
w J10 RAD) Storage

j
Gx,-n HI (> 5 RAD) Shipping-

,

| w (<5 RAD)
"eutron RI (75 Pri)'

10 (<.5 PED'

Air Saaples Respiratory Equip =cnt

HI Vol. Filter'

( In Voi Air-Line
i Iaoel SCPA

| C:ia Test Equipment

.

'
|

.
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SPECIFIC JOB RECTION EGERIEXE (cont) -

-

REC" ION DATE MECIION DATE

Ibsi:ntry Hazard Evaluation

Self Pand kg Air Sacole Calc.
Gazi. cal FPC Calc.
HD , Staytizra Calc.
Filn Badze Isotooe Ident,

khole Boiiy C.:unt Shielding "alc.
Bio-Assay Body Eurden Calc.

__

l SPECIFIC JOB EGERIEZ'E (Cuscial Pwer)
.

P.R DATE B'E DATE

|
,-

Contai.=ent Pser Entry Reihel Flcor !-

IInitial Shutdsn Entry" Drywell/ Vessel Head Rs.
CRDM Recoval Drier /bbist. Seperator--

Lbper Guide Structure Refueling
ICI Recoval Sparger Repair,

Head Renoval Jet Pump Repair
' | tboer Internals Renoval i

' L PEfueling
: In Vessel Work Drywell

1
-

4

Coolant Punos
Steam Generators Relief Valv'se

Pipe & Valve Repair
,

| Tube Plugging CRIM Recove
! Eddy Current CRIM Repair

Sludge T - %g
Pipe Suopor- Work

Torus

Pressurizer Valve Recair
Support ibd.-

Relief Valve Repair Sand Blast
L Inst. Repair & Fod.

Pipe & Support kork
,

I I Pt=o RecairiCoolant Ptros
i

'

Fx Reca3.r
- Seal Repair Condeb.sor Repair

PLtp Repair / Replace Water Box Repair
I Fotor Repair / Replace
I
t

.

!
t

. . - - - - _ . . - - _ . . . . . . . - - . - - - , , - . . - . _ _ - . , . - - _ . , - . - _ . - . - _ . . - _ . . _ -
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SFECIFIC JOB D:PEPlE;CE (COMERCIAL POLER) (cont.)
1

PER DATE ER DATE I-

Heat Exchangers 1brbine Floor
Ibrbine Pecair

Regen. Control Va've Repairl
Hr. Reoair

Non-Regen. Feed Pu::p Repair

| SPECIAL JO3 h eJH:CE

SPECIALTY DATE SPECLCTY DATE

Training Inst. Consultant
AIARA

Emnloyee Indoct. Applied Health Physics
H.P. Jr. Tech. Reactor Ge::dstrys
H.P. Sr. Tech. Rad Waste
Reactor Oper. Plant H.P. Inst.
Fmer. Response Respiratory Equipment
Basic Sciences Portable Inst.

H.P. Procedures
Waste Reduction

Technical Writing Faergency Plans,
i H.P. Trnining

Ecoloyee Tr. Marmal | Spent Puel Ship:nent
H.P. Tech. Manual i Decon. Syste:ns
H.P. Procedures |

H.P. Outage Coord.
Environ. MonitoringAir Sannling Techniques :

| Respiratory Training Cocouter System Pwema'

Accident ControlGedstry Procedures ;;
-

i

1 i

Deconts::rination !
<.

Anti-C laundry
Tool Decon
Reso. Decen
Bid Mr.g Decon
land Area Decon
Special Ecn47mt Decon
Personnel Decen

O

,



.

pin.na4, 3
-

gagyggyy. m

> mucLman emc.,

Personnel Evmin= rim and Performance Pecord

The following are guide lines to pro: rote a nore uniform method of personnel
evaluations.

.

I. Gradients are based on a 4.0 being exceptional and the following
general categories.

1. 0-1.0 I!n=ceantable performance
1.1-2.0 Acceptable only with improvement
2.1-3.0 Acceptable

.

3.1-4.0 Most asirable

II Individual Ca egories general guide lines:
- 1. Ral4i,ility

4.0 Ecployee is always on work station before the rec,uired
time and never leaves job site without authorization
before designated time.

0-1.0 hployee is late core than once a week or ecoloyee
leaves job site virbnne proper authorization before
designated time.

2. Npand=h4H ry

4.0 Employee is always at designated work station or
i==diately available if e::alcyee completes all
designated tasks.

0-1.0 Employee frecuently missing from wrk station without
murhnrizarinn or unavailable for coverage. Employee
does not complete assigned tasks or ignores them
entirely.

3. Attit'.xie

4.0 E:aployee accepts all assigned tasks in a cheerfal
r.-- ner. B:oloyee perfor=s tasks to the best of his/
her ability thoroughly, promptly, anc. correctly.

0-1.0 Employee constantiv comolains that tasks assigned are
beneath his/her ab'ility'or more difficult than other
enployee's tasks. Ecoloyee rust be told repeatedly
before he/she cc::cences assigned task. D:nlovee
often fails to do task properly or task is'in'oncletec
or ignored entirely.

4. Aptitude

4.0 Daployee grasps new concepts raad41y. E:rloyee often
develops r.2w techniques and is constantly aware or

.
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of AIARA and good Health Physics practices. Employees
der:onstrates excellent meh=n4 cal , u:athecutical, and
practical abilities.

0-1.0 Emoloyee cannot grasp new concepts, er:cloyee over/
under reacts to AIA% concepts, employee cannot*

grasp Health Physics. concepts, emoloyee cartre put
theoretical concepts to pracr4 cal use.

5. Enployee Relations (Colleagues)

4.0 ' Encloyee has excellent relationships _with his co-
workers and suoervisors, e=cloyee has a:oati... for
the problems and attitudes of his co-workers and
supervisors both on and off the job.

0-1.0 Bolovee is a " loner" and does not associate tdth
co'-workers, emoloyee feels he/she is better than
his/her co-workers and is constantly deridin;;; thaN
abilities and job performance. E=cloyee often
lapses to vicious hositility and bitter argu::ents
with co-workers.

6. Public Relations (Customers and General Public)

O 4o ==1 7 d cet1 =c r Peerc '<1ta c= == r' cr et -
men, H.P.s and. manage:nent, employee raalires he/she
is responsible to aid and support the customer's
policies and personnel.

0-1.0 Ecoloyee is argunentative and often is in conflict with
custo:ner personnel, emoloyee resents customer personnel
and authority and is constantly trying to tell them
how to do their jobs, e::oloyee will perversely continue
to perform a task "in his/her-own-way" regarc'less of
customer's written and/or verbal procedures.

7. Professinnal4 e

4.0 Soloyee always reports to work aler-, neat, clean, and
proserly attired, ec:aloyee cocznunicates both writer and
ve6al in clear concise English, er:cloyee is always court-
eous and respectful in A=14ng with subordinates, collcagues,

~ and superiors, e=ployee exhibits hanesty and integrity in
.

discharging his assignments to the co::nany and the customer.

.0-1.0 &oleyee reports to work dirty, unshaven, and imoropertly -
attired ecolovee recorts to work under the influence of
alcohol or 'druigs; ec'loyee appears illiterate and profanep
in his/her corrrnunications (rude and uncouth); e=ployee is
dishonest and without scruples in da=14ng with others.

.
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8. Technical Ccz::petence

4.0 Employee's technical ability far exceeds his job
assig::mnt; ecoloyee often studies new mnst,1s and
reports to increase his technical cc:npetence.'

0-1.0 Ecoloyee lacks the technical ability to perform his/
her assigned tasks properly; ecoloyee maxes no effort
to i= prove his techin=1 ability.

9. Progression

4.0 E::aloyee accepts criHM= ccnstructively and
addresses problem areas aggresively; e=cloyee
centinues to inprove his/her performance in all
areas.

,

0-1.0 Ecoloyee reacts to ccnstructive criticis:n with open
hostility and resentrent; eroloyee's job perfor=ance
tends to centinually degenerate with ti:::e.

10. St e m 7

The final grade of the e=ployee's evali aHnn and perfor. mce
/, record is the average of the 9 listed items.y

Exte: mating ciret= stances can vary the final score a maximum
of 1 point at the discretion of the site ccordinator and
Qmlity Assurance Manager.

,

e

G

.

y 7 - - --m - --, , . --%w- - - - , . ,. -- -_p..--. --y f.-.. - - - , - . m , e- ---- - - - -- -,-- - - -
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PEFS0;ML EVAI11ATION RO FERE1EANG PZOORD

1

E DATE SUPERVISOR

IIEM GR. ITD1 GR.

Paliability Public Relations

Deoendability Professionalism

Attitude Technical Caccentence

O' ^ = - - * r=er=e stem

Es lovee Relatiens Strmarv

en - nts:

;

,

.

f

O

_ - - . . _ . _ _ - _ - _ - _ _ . . - -.
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EBARTLETT-

th: (617) 746-6464 1800-st6 eses
.

P.O. BOX 1800
MAIN OFFICE: 60 INDUSTRIAL PARK ROAD

PLYMOUTH INDUSTRIAL PARK
PLYMOUTH, MA 02360

c'

Ps:
Social Security 6

ntt: Persca.nel
inferra icn en theWe 5.culd appreciate if you sculd su= ply as with the e=lcymn:

abote na.ed ia.dividual. Please indicate if the individe.al did not perfc= in a
satisfac:orf ranner and reet your encloyrent re?;irerents. An envelcpe is
You- pro =c atten-icn to t'.is regaes: will be grea-J.y appreciated.

uo *r- _ =o. lv. . Very tn:ly yours,'
e.a...l o_e=_# . " * -

Personnel Eninis: ration
Dates of n= lev e ::
Fro. :: to Incation-

I ,irr n: to Iccation
V

Position / Job Title:
Psasen for Ta '-2:icn of amle3:ent (please check) - . .

Involuntary [
'

Vc5untaq_ r

T
a. lack of work -

' ~ ~ ~ ~

b. Other
-

-

. - -

~

Pas indiviii.al e:9.ibited aberrant behavio oE untrusc.crthiness? Yes
No

Please exclain (if ye's)

F.ligible for re'. ire?
.

Me:tional Corrents:

Cxpany Na.e-

.

Sig. azure .

m

.(b Titles

QUALITY ON-SITE DECONTAMINATION * ELE.CTROPOLISHING, LAUNDRY. AND SUPPORT SERVICES
HEALTH PHYSICS, CE4SULTING AND ENGINEERING

--- - . - ~ _ - _ . , _ , . . _ . __
__4,_



EBARTLETT-

uth: (617) 746-6464 NU CEARINC. ' - ' * ' " ' ' ' "

P.O. BOX 1800
MAIN OFFICE: 60 INDUSTRIAL PARK ROAD

PLYMOUTH INDUSTRIAL PARK
PLYMOUTH, MA 02360

. . . . . . . . .

sou .ecce caen nven as a re:erence ce tne ce s.e n rce person.
.e we.:1d appreciate it if ycu w~.:ld 'su:alv us with anc'

-

*-

i-ic r.1:ica regarding t'-is pe scn's chhia'crer a-d s:6.dinz
in the cu._r.ity. P' ease incicate :.: tne r.cn1 cal indicated
any aberan be'.a,-icr or evidenced any unt:mcorrhiness.

02 .._,ia :_-

x

,

_

1*ar prompt attentica to this r.atter will be greatly appreciated.
~

'

Very truly ycrs,-

.

_ - . . . _ . .

i EARII. . . NUCIIAR INC.
!

' * -
- , . . . .

Ta' c' % .W.':ct4'/U
-

Fay Viscariello
Perscnnel Secretary

.

|

(
|

l
r

C
(

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

_ _ . , _ _ _ _ _ _ _ . , _ _ . _ _ _ _ . , _ . . _ _ _ _ _ _ , _ . _ . _ _ _ _ _ _ _ _ . _ _ . _ _ _ . _ _ . . _ _ . . . . . _ . _ _ _ . _ _ _ . . _ _ _ _ _ . . . - _ _ . _ _
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EBARTLETT-

P uth: (617) 746-6464 { g 1-800-225 0385

e .

hr\ nog @ g- O P.O. BOX 1800
MAIN OFFICE: 60 INDUSTRIAL PARK ROAD

6c ,-14 (\ gg PLYMOUTH INDUSTRIAL PARK
PLYMOUTH, MA 02360j

hs#30 b

et.connel M+^AP
D h s'\ Oce Re: ~3 hn Sn. % -

st:: Persannel Social Seerity # rye.gt.mg
Wa would appreciate if you would su ply us with the e=lo rent infer ation on thep
a' xre named i "4 'd '-' Please indicaa if the individual did not perfc= in a
sa isfa:: :f ranner and : es: your e=le.- e..t req.:irerents.
You p_s.. atts .:icn to this re uest will be crea-dy app eciated. ;r. e.velcpe is
enciesed fer 'or re lv.

Ver; truly yors,- --

. . _ . .

cares of E=1c. e .--
_

Fersonnel ;d.inistratica

Trort.: fh L/ f pcm to 3 .no || j9g,11ocatica \/ _ [yc.,Jo e,- Djon.;j

px , . . .

; 2M.: to Imaticav

?osition/ Job Title: % n.n~ JJo c /N hh r!.S o'n 4'o n 5 . n . :-in
'

Faason for Turination of E=lcf::n .t
. < . ,.

(please check)
Involuntary Volun S j

_,-
..

a. 1ach =f wrh ,-
-

--
.

. . ./
,

b. c h-:c '
' V

_ . _
. .y.~. , . . .

lias indivi' -'' e:d.ibited aberra. t beharicr or u .:: :sr.cr9.iness? Yes !b2-

71 ease e.xplai . (if yed

j gli ' :-- ,.=- -me y<
'

j .

Iliinim ' C:rr1G-.:S-

h t ,,,}(, p h d n f., 006J-e.-$/r~h*CG u,,) [ d, 2dbq 0CCU e

cm=any ::a e x %hv3.. % fna cch J . / TFO.

/

EiC"3tCE . A # Ax,vnN'

, (-] Title p ,, m _._ / -7J w . j
,

.

/

" 4p wA
l

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



EBARTLETT
uth: (617) 746-6464 LEAR INC. ' * * * ~ " ' * * * *

P.O. BOX 1800
MAIN OFFICE: 60 INDUSTRIAL PARK ROAD

PLYMOUTH INDUSTRIAL PARK
PLYMOUTH, MA 02360

Tc: Bartlett Supereisors

''Frca: Dr. Al Pe:i: pas
M.r.:al F.ealth Consultan:

Fe: Continuous ronitoring; of on-size e cloyees

As a follow up to our recent cm:nnicatien, I have attached a
'

. -.2_-

lis: of danger si;;ns thati may help you in the early iden:4"4 ca-ica

of c=ubled e cloyees. . -

s -

-

~~
- ,-- - - - -

. _ . . . _ , ,

. . . "* '~- ..,-_.
. ...

?

, - * * = - - _

,,
'
-_.

.sN''

~ -; _
,-- . _ . . . . - -

.

O

QUALITY ON-SITE DECONTAMINATION * ELECTROPOLISHING. LAUNDRY. AND SUPPORT SERVICES
HEALTH PHYSICS CONSULT:NG. AND ENGINEERING
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.

A azide for Early Recog* dent of Psychological Stress in E=gloyees

'

As a Fald supervisor it is i=ortar for you to be aware of soca -

of the possible danger sips of psychoicgical scess. Farly recogniticn
of these wa:::ing signals nny help to avoid situa ions in shich an e olovee

; is exoeriencing a bttild 43 of psychological stress which c:ay negativ'ly'e
i=>act on job perfcI::mce. The following is a brief list of these " danger;

signs". If you have serious cencerns abcra- the beuwior of an e=21cyee,
do not hesitate to seek professional censult =~4m..-

In amedm to seeking help in the local area, y::n should also notif :f
i

. En=e R. Bartlet , President
! Paul M. P eaac, Vice President or
! Judy S. G.ug, Personnel Dep& am or

Dr. Al Petirpas, Mental Health Consttitut
s

1. Disturbances of Ecoticns1

i

A. kr:iety is shown as t= easiness, apprehension, or fearfulness
stes:nng fras anticipated danger, the source of stich is teiden-_

t4#4=hle.

1) agitation is a state of restlessness and tneasiness often
shown in physical manifestations.

2) tension is cautness, notor and ecocional restlessness:
dread.

3) panic is an acute anxiety attack of ovenha1Mng savedry;
' a loss of wa wl

B. Deression is a fe=14n.g of sadness, lema 14~.ess, dejection, or
hopelessness, typically found in major depressive disorders.
It n:ust be dWerentiated fran gricf, which is a state of
sadness p_u s h te to a loss.

C. E=ho:-h is an exaggerated sense of well beir.; not censistent
| m u r u E rf.
! D. Acathy is the lek of feelings, emotica, interest, or ccacern;

i= passive or infe=14rena=s.

E. Inarcoc-iaceness is an ecocicn opposite to siat would be expected.
,

F. A-isivalence is the coer.3tence of two opposing feelings toward
tne sa:re miividual or object.

- G. Eostility is anger, antagenism, oppositica, or resistance in
ttougnt or behavior. thexpressed and internlized hosr414ty

| may appear in physical symptans. ,
t

!,

i H. Decerso:w14 ntion is a pervasive feeling of unreality, sa .ge-
| ness, or alterea id - ~4ty,
i

i

|
..

|' e
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I
2. Dist=bances of Consciousness i

l

A. Gnfusien is disor#a- -r'n in respec: to H~, place, or persca ;
l

ana is arm =,iad by perplexi y.

'E. Dresn State is also krma as t.sni ht state. It is a transien:g

cicucing of consciousness of irugsychic origin during sich
the persca is unaare of reality and behaves violen:ly or opposite
to his or her usual par e -

C. De1M- is charre.crer#=1 by d:.sturbacce in affect, :n= cry, a .d
consc cusness. Tiere are cbvious chsnges in ecod, there are_

illusions, and thera are F d1"-d M ms.

3. Dis:=bances of Orienza-dca

A. Discrier"=-#m is loss of so - mes of one's ral--'nnship a
tre, st._wt=cings, or ot'.er persons.

4. Dis--+ances of Perception

n A. Fe11"-4 .ariens are false smenry percepm' the are tot casedC by enernaa. sM mli.

1) Ihey tiay be and#tnry, visual, olhe: cry, gustarcry, tactile
(hantic), or kinesthendn (phanw:n li=b is a kinesthetic
b*1'l" i ation).n

2) F,11"-4-rions occur in si:5 stance-use disorder (c= sed by
alechol, ccesine, or bil"cinogenic drugs such as ISD,
peyote, or resen14~). % y also be found in certain other
psychotic ccnditic=s such as schi:cphrenic and -in dis-
creers.

5. Dis =bcces of N *ib
-

A Fsn:2sv, or phantasy, is fi.:r#-- ed series of n"-":1 pic ures
or sec,uences of events; dqdra=--# .g.

B. Thebias are persis , cibsessive fa= of spec #4e objects,3
,

ac::m:ies, or si n,-4cne. Exz=: ales include fear of heigh:, !

closed spaces, open spaces, strangers, nni le, di= or school.
|Cer: min fears, as of b=-laes bugs and srdies, are r_ w-wiy

cc::ren, and not considered pathological, but phobias are tycienlly
fot=d in phobic disorders. '

1

C. Obsessiens, also called r+.ariens, are persistent, rec _2.g '

iceas or :=ulses that ra:nin ccnscicus desaire their ira:Lm-' ~

A ality.
V

D. Preoccu=aricns are excessive -cm,with one's own thou;; hts;
engros m .

E. Delusiens are fixed, false beliefs that are not in keeping with |tne incis-idual's enit,"*al or iwal1act,tal level, j,

I.

|
,
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