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EVALUATION OF HOSE-IN-HOSE TRANSFER LINE
SERVICE LIFE
FOR HANFORD’S INTERIM STABILIZATION PROGRAM

1.0 INTRODUCTION

RPP-6153, Engineering Task Plan for Hose-in-Hose Transfer System for the Interim
Stabilization Program (Torres, 2000a), defines the programmatic goals, functional requirements,
and technical criteria for the development and subsequent installation of waste transfer line
equipment to support Hanford’s Interim Stabilization Program. RPP-6028, Specification for
Hose in Hose Transfer Lines for Hanford's Interim Stabilization Program (Torres, 2000b), has
been issued to define the specific requirements for the design, manufacture, and verification of
transfer line assemblies for specific waste transfer applications associated with Interim
Stabilization. Included in RPP-6028 are tabies defining the chemical constituents of concern to
which transfer lines will be exposed.

Current Interim Stabilization Program planning forecasts that the at-grade transfer lines will be
required to convey pumpable waste for as much as three years after commissioning, RPP-6028
Section 3.2.7. Performance Incentive Number ORP-05 requires that all the Single Shell Tanks
be Interim Stabilized by September 30, 2003. The Tri-Party Agreement (TPA) milestone M-41-
00, enforced by a federal consent decree, requires all the Single Shell Tanks to be Interim
stabilized by September 30, 2004. By meeting the Performance Incentive the TPA milestone is
met. Prudent engineering dictates that the equipment used to transfer waste have a life in excess
of the forecasted operational time period, with some margin to allow for future adjustments to
the planned schedule. This document evaluates the effective service life of the Hose-in-Hose
Transfer Lines, based on information submitted by the manufacturer, published literature and
calculations.

The effective service life of transfer line assemblies is a function of several factors. Foremost
among these are the hose material’s resistance to the harmful effects of process fluid
characteristics, ambient environmental conditions, exposure to ionizing radiation and the
manufacturer’s stated shelf life. In order to determine the transfer line service life this evaluation
examines the certification of shelf life, the certification of chemical compatibility with waste,
catalog information of ambient ratings and published literature on the effects of exposure to
ionizing radiation on the mechanical properties of elastomeric materials.

During initial hose procurements, the hose-in-hose transfer line vendor River Bend Hose
Specialty (RBHS) submitted a letter, dated 6/8/00, which recommended the service and shelf life
of the hose to be seven years. In submittals for later hose procurements, RBHS submitted a
letter, dated 11/6/00, which recommended the service life of the hose to be three years. This
submittal was followed by documentation, on 2/14/01, which submitted new storage
requirements and restated the seven year shelf life. RBHS revised their original hose service life
estimate to a more conservative three years due to concerns over the effects of chemicals in
transferred waste.
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The above mentioned submittals from RBHS are the primary drivers of the three year service life
limit established by this document. A three year service life meets the design goal included in
the hose specification, RPP-6028 (Torres, 2000b). However, if the service life could be extended
there would be substantial cost savings associated with future tank farms transfers to be done
during the completion of Interim Stabilization and retrieval operations. To extend the service
life, further evaluation may be performed related to the effects of the tank waste on the hoses.
Such an evaluation may serve to verify or extend the limit imposed by the vendor's
recommendations. The following sections justify and define the three year service life and seven
year shelf life.

2.0 EVALUATION

In conformance with the requirements of RPP-6028, Section 4.3, the manufacturer of transfer
line assemblies, for CHG Contract Order 6911, has submitted information to support the
evaluation of service life of the supplied material (non-trade name: Versigard). This
information, enclosed in Appendix A, was submitted in the form of letters from the vendor,
River Bend Hose Specialty (RBHS) of South Bend, IN, along with hose certificates and a catalog
sheet.

In addition, River Bend Hose Specialty’s submittals have been supplemented by a letter from
Granford Manufacturing (a subsidiary of the Goodyear Tire and Rubber Co.}, the manufacturer
of the primary components comprising transfer line assemblies. This letter, discussing chemical
compatibility, is enclosed in Appendix B and is discussed in the following sections.

2.1 Ambient Conditions and Shelf Life

Appendix A includes RBHS’s letter of 6/8/00 which specifies the shelf life of the Ethylene-
Propylene Diene Monomer (EPDM) hose used in the transfer line to be seven years from date of
manufacture. An attachment to the letter, also included in Appendix A, provides guidelines for
storage of the supplied hose, until it is assembled, to ensure it performs its intended function
throughout that life.

River Bend Hose Specialty has also submitted a letter for storage and use of the completed hose-
in-hose assembly for a seven year shelf life, included in Appendix A. This modifies some of the
storage requirements provided by Granford Manufacturing to account for the differences
obtained by assembling and shipping. The requirements differ after assembly because insulation
is wrapped about the outer hose and the assembly is shipped on a reel with cardboard and plastic
wrapped about the entire hose assembly. If all other storage conditions are met, the hose
assembly may be stored outside for up to seven years, the shelf life. During use, protection from
light is achieved by the transfer system shielding design, which blocks all natural sunlight.
Ozone protection is achieved by not storing or installing the hose assembly near any large, ozone
emitting, electrical equipment. Also, the waste to be transferred is not a known source of ozone.
Finally, hoses should be protected from attack by insects and rodents. This protection 1s
achieved by an on going site-wide pest management program, HNF-MP-5824, Integrated
Biological Control Management Plan (Johnson, 2000).
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The information in Appendices A and B allows the following conclusions. From the day that a
transfer line is manufactured, the assembly must be deployed within seven years and not exceed
three years of service. If the transfer line is installed and used within four years of the
manufacturing date, it may transfer waste for up to a full three years. If the transfer line is stored
for five years and then used it may only transfer waste for up to two years. The total number of
years a transfer line is stored and used cannot exceed the seven year shelf life.

2.2 Process Conditions

Appendix A includes Attachment 2 of RBHS’s letter of 6/8/00, which specifies the suitability of
the selected material for the process pressure and temperature conditions as specified in RPP-
6028. Limiting values of process pressure and temperature in the documentation are equal to or
exceed the values specified in RPP-6028 Section 3.2 (see table 1 below). As such, material used
in the manufacture of transfer lines referred to in this letter will not be degraded by exposure to
process conditions related to temperature and pressure.

Table 1
Inner Hose Outer Hose
Required Per Catalog Required Per Catalog
Working Pressure 375 psi 375 psi 60 psi 200 pst
Working Temperature -25t0 130 F -40to 180 F -2510 130 F -40 to 180F

An additional consideration is that solids contained in the tank waste may cause abrasive erosion.
However, rubber is commonly used in equipment, such as tires and pumps, that must withstand
exposure to abrasive materials. Rubber has the ability to deform elastically under impact, which
makes it ideally suitable to resist abrasive erosion. Published data contained in the Parker O-
Ring Handbook rates EPDM as highly resistant to abrasive erosion, enclosed as Appendix E.

The flow rate of waste being transferred from the single shell tanks for Interim Stabilization is
very low, less than 5 gpm. A high flow rate, greater than 100 gpm, would raise a concern about
abrasive erosion. The waste being transferred from the Single Shell Tanks follows HNF-SD-
WM-OCD-015, Tank Waste Compatibility Program (Fowler, 2000), which requires that waste
streams have < 5% solids by volume and a SpG < 1.35 or an evaluation is required. Considering
the characteristics of the waste, the low flow rate and the transfer line material, no damage to the
hose due to abrasive erosion is expected.

2.3 Chemical Compatibility

Appendix B includes an evaluation of chemical compatibility, prepared by the hose material
manufacturer, Granford Manufacturing, Inc. This evaluation discusses chemical compatibility
of the hose material and states that the subject hose material is compatible with waste
concentrations defined in attached tables. These tables list worst case chemical concentrations
for tank farms 241-S, 241-S8X, and 241-U, as identified in CHG Interoffice Memorandums, file
numbers 74B20-00-047 and 74B20-00-048, dated 8/11/00, 1ssued by Data Development and
Interpretation, and included as Appendix D to this document. This evaluation includes reference
to published literature which indicates hose material s suitable for continuous duty under
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exposure to chemical concentrations and process temperatures which bound the application
parameters defined in RPP-6028, Tables 3-1, 3-2 & 3-3.

Appendix D includes a CHG Interoffice Memorandum, file number 7M100-00-001, dated
10/4/00, issued by Data Development and Interpretation. The table enclosed in this
memorandum is the Chemical Constituents of Undiluted Waste for 241-BY Farm. The hose
manufacturer, Granford Manufacturing Inc., was most concerned with Sodium Hydroxide since
the concentration is much higher than the rest of the chemicals. The table for BY farm states that
Sodium Hydroxide is 144,00 mg/L, which is the less than the amount in $/SX farm of 211,000
mg/L.. Therefore, this evaluation can also be applied to conditions encountered by the Interim
Stabilization waste transfers in BY and BX farms. We can thus conclude that hose material is
suitable for continuous duty under exposure to chemical concentrations and process temperatures
that bound the application parameters defined in RPP-6028, Tables 3-1, 3-2 & 3-3, for Interim
Stabilization.

2.4 Resistance to Ionizing Radiation

The resistance of the specified material to deleterious effects resulting from exposure to ionizing
radiation has been identified by researching published literature. Significant research into effects
on elastomeric materials has been published by SteriGenics International, Inc., Chicago, IL. This
firm is a recognized authority in the field of sterilization of medical instruments and has
evaluated many materials for degradation of mechanical properties under the effects of ionizing
radiation. Appendix C to this document is a printout of information on this topic downloaded
from SteriGenics International’s website at http://www.sterigenics.com/med/Ht/libraryl.htm,
August 8, 2000.

In Table 2 of Appendix C, Ethylene-Propylene Diene Monomer (EPDM - the material specified
for hose construction in RPP-6028) is listed as having a tolerance level of 100 to 200 Kgray.
Doses in excess of this amount may cause cross-linking and discoloration of the rubber material.

Cross-linking increases EPDM tensile strength and reduces elongation. Although the transfer
line would experience some elongation from higher than normal internal pressures (eg. during
potential unplugging), reduction of the extent of this elongation does not pose a hazard. An
increase in EPDM tensile strength is a beneficial effect, essentially making the hose stronger.
However, this effect is mitigated by a consequent reduction in flexibility. This embrittlement is
the primary source of degradation due to radiation exposure of EPDM and results in the
threshold values identified above. Material discoloration is a cosmetic effect, and though it may
be a notable sign of radiation exposure, it has no impact on the transfer lines’ ability to perform
intended functions. It should be noted the strength of the transfer line comes from the 2 stainless
steel wire helixes in the hose. Stainless steel is commonly used in tank farm equipment that
contacts radioactive waste and should not experience degrading effects in this circumstance.

Converting the minimum threshold value of 100 Kgray to a time period requires assumption of
an exposure dose rate. If we presume a very conservative (high) dosage resulting from exposure
to any tank waste in the Interim Stabilization Program to be 100 Rad/hr, the computation of
exposure time to achieve threshold dose is as follows:
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Method: dose rate divided by threshold value equals exposure time to reach threshold
Assumptions: Threshold value = 100 Kgray = 1x10” Rad
Dose rate = 100 Rad/hr
So: (1x10” Rad) / (100 rad/hr) = 1 x 10° hrs.
Converting to years,
[(1 x 10° hours) / (24 hrs/day)] / (365 days/yr) = 11.41 vears

3.0 OTHER CONSIDERATIONS

The outer hose is a safety significant item that would confine leaks from the inner hose and route
the waste to pits at either end for leak detection. Regulatory requirements specify such a leak
must be detected within 24 hours. The chemicals in the waste do not affect the outer hose when
there are no leaks since the hose material is not exposed to these constituents. As indicated in
Appendix A, the transfer line manufacturer's evaluation of service life of the transfer line is three
years, due to continuous exposure of the inner hose to waste. If there are no leaks, the outer hose
is essentially being stored, with protection from sunlight, ozone and pests. Since the outer hose is
protected from the environment and does not contact waste unless a leak occurs, its service life
can be evaluated as greater than the three year limit identified for the inner hose. In fact, should
no leakage be detected during transfer operations, the outer hose itself may be considered to have
a seven vear service life from the time of manufacture.

The Hose & Hose Assembly consists of multiple components, primarily consisting of the inner
hose, outer hose, heat trace, insulation and end fittings. The heat trace is wrapped about the
inner hose to assist in maintaining the temperature of the waste so as to minimize the risk of
plugging. The heat trace is qualified by test to ensure the heat input does not result in
temperatures greater than the recommended temperature of the hose material. The insulation
also assists in maintaining the process temperature of the waste. Insulation is applied about the
outer hose and this contact has no impact on the hose material. End fittings are fabricated from
stainless steel, complying with appropriate ASTM Standards and fabricated and tested in
accordance with ASME B31.3. Based on extensive site experience, stainless steel components
are known to be chemically compatible with the waste. Of the transfer line components, the
inner hose is the limiting factor when considering service life. The transfer line is not designed
for maintenance of the individual components and, as such, must be treated as an entire
assembly.
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4.0 CONCLUSIONS

Based on the information presented in the above sections and referenced documentation, we
conclude the service life of the inner hose establishes the limits of service life for the finished
assemblies. Since the process and environmental conditions to which the transfer line is
subjected will not adversely affect the hose, its effective service life is that stated by the vendor -
three years from the date of initial transfer. Transfer line assemblies have a shelf life of seven
years from the date of hose manufacture, if stored in accordance with Section 2.1.

This evaluation provides documentation showing that the minimum of a three year service life
per RPP-6028 Section 3.2.7, has been met. In the event that transfer lines are to be operated after
three years from the date of initial transfer and within the shelf life of seven years, they must be
reevaluated for their ability to perform intended functions.

The service life of the transfer lines is recorded in drawing H-14-103928 for continuous lines and
H-14-103929 for jointed lines. The Interim Stabilization Performance Incentive is to complete
Interim Stabilization of Single Shell Tanks by September 30, 2003 which is within the specified
service life of the transfer lines.
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June 8, 2000

CH2M-Hitl Hanford Group
Richland, WA 59352

VIA FAX
Attention: Alice Hendricksan
Subject: CHG Contract 6911

Submuttal information for engineering evaluations

Dear Ms. Hendrickson:

This letter, plus attachments, provides the information required for engineering evaluatons, and is
submitted pursuant to the requirements of your procurement specification, RPP-6028, Rev. 0A,
Section 5.4

Static Dissipative Properties

The static dissipative properties of the hose utilized in manufacture of the specified transfer lines
have been identified by the hose manufacturer - Le Maoufacturier Granford, Inc., a subsidiary of
the Goodyear Tire and Rubber Co. These properties have been identified by performance of a
manufachirer’s standard test.

The manufacturer’s test and results demonstrating acceptable properties has been previously
submitted to your organization during the manufacture of material under your contract 4069,

As indicated on the attached certificate of conformance provided by the manufacturer, the lots of
hose procured for the subject contract include the requisite static dissipative properties. Should
you require additional copies of the previously submitted material, please so advise.

Chemical Compatibili

The attached certificate of conformance provided by the hose manufacturer specifies that the hose
material utilized on this project is chemically compatible with the fluid specified in RPP-6028,
Rev. 0A, at the dilution levels recorded in Table 3-1 of that document. Qther material exposed to
the specified fluid has been furnished by CHG.

Page A - 2 RBHS Letter 6-8-2000
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Design Life

The attached certificate of conformance specifies the shelf life of the hose material utilized on this
project to be at least 7 years from the date of manufacture (April 1, 2000). The manufacturer has
further certified the hose material is chemically compatible with the waste.

Published literature on the base material (EPDM) indicates it is suitable for use in with process
temperatures in excess of 200 degr F. The second attachment to this letter is a copy of catalog
information provided by the hose manufacturer. In it, the hose manufacturer has identified 180
degr F as the limit appropriate for EPDM hoses fitted with mechanically joined ends. As
temperatures in excess of this limit result in degradation of joint strength and integrity (based on
the current state of the art in joint design and the mechanical properties of EPDM hose at this
temperature), 180 degr F is the maximum suitable operating temperature for ambient or process
conditions. This value is well in excess of the 130 degr F ambient and process requirernents, and
the 155 degr F heat trace contact temperature, specified in RPP-6028.

The details of the planned installation prevent hose assemblies from being exposed to damaging
UV radiation, thus removing this potentially limiting factor from consideration.

As no information has been provided as to the rate of exposure to ionizing radiation, we are
unable to identify the serviceable life of the hose with respect to exposure to same,

In the absence of exposure to ionizing radiation, and since no other exposure specified in the
procurement documentation is outside the capabilites defined by the hose manufacturer, we
conclude the service life of the supplied material to be 7 years from date of manufacture (April I,
2000). However, we make no warranty as to fitness of this material for any specified duration of
operation, as ionizing radiation exposure remains undefined.

Materials Requirements

Evaluation information necessary to demoanstrate materials requirements of the specification are
complied with consists of the attached Goodyear certificate of compliance, which has been
previously submitted for this contract, and the results of tests of physical characteristics related to
pressure retention, tensile strength, and static dissipative properties.

Resistance to ambient environmental conditions

CHG’s attention is directed to published literature on the environmental limitations of the base
material - EPDM, and the information presented above regarding the determination of design life.

Thank you for the opportunity of bringing this information to your attention. Should you have
comments or questions regarding the enclosed, please do not hesitate to contact me.

ards
ZMQ Bt

President - River Bend Hose Specialty
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_ : Attachment#1 to RBHS/CHG ETR dated 6/8/00

L.e Manufacturier Granford Inc.
(SUBSIDIA.RY OF THE GOODYEAR TIRE & RUBBER CO.)

127, RANG PAR.E\T ST-ALPHONSE DE GRANBY, QUE, J0E 240
TEL. (430)375 5030 -—- 1-800-363-3345 -—- Fax: (450) 373 6234

 CERTIFICATE

] IRt wh?-*F,EPDM Suction-and discharge hose .7 s&ies
| Granford Manufacturing Inc./Goodyear
127 Rang Parent, St-Alphonse de Granby
Québec, JOE 2A0
Canada
546-418-064 and 546-418-123

DA e s Y \_- :&'_;:f-‘:-"'-'!l)"'-:-.:;- P T ¥
SPECIEICATIONS s o B e s s R A AR =

e A Ot RN
Hose application ' Over ground transfer lmc used to ransfer waste
Nominal bore diameter (mm) 51 and 102.
Hose type Static dissipating . |
Working pressure 375 psi (4.1 safety factor) for 51 mm hose

60 psi ( 5:1 safety factor) for 102 mm hose
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Attachment #1 to RBHS/CHG LTR dated 6/8/00)

Hose construction

Versigard cover

2 plizs textile

. Versigad Bller pum

2 steel wire helix

2 plies taxtile

Versigard Tube

" Electrical properties

Vcrszgard rubber compound used in this hose has an electrical resistance , when testad with an insulation tester at 500 V,of 10 to
10° ohms per faet.

Chemical compatibility

A literature check of the chemicals listed in table 3-1 (refer to attacked fax), CHEMICAL CONSTITUENTS OF UNDILUTED
WASTE, was dooe and revealed no compatibility issues 2t those dilution levels.

Component conformance

We certify that the tube and cover components of the hose items shipped per purchase order £ $679935 (listed below) were built
using EPDM (Versigard) rubber material coming from the following lot numbers:

-:Materfal b pecification ¥/ Description 4257 ﬁ;«ﬁg;—:—;q;;;&;;r.gﬁl;?_‘g]};Pl_),M;Ruhbex‘Lot RS

CNumber ] R N UMb er, 5 | S g T B T e D e Tamyrl ube Frmr e COYer 5 2
20077296 54641306400800 Langlois 2x80 S-037 EPDM S&D 78233 78238
20118226 546418064020C0 Langlois 2x200 S-037 EPDM S&D 78238 78238
20118227 54641806402250 Langlois 2x225 S-037 EPDM S&D 85564 85564
20118228 5464 1806402500 Langlois 2x250 S-037 EPDM S&D §5364 85564
20118228 54641806402500 Langlois 2x250 §-037 EPDM S&D 83564 85564
20118229 54641806402750 Laaglots 2x275 §-037 EPDM S&D B5564 85564
200771299 54641812300800 Langlois 4x80 S-037 EPDM S&D 78238 85564
20118690 54641812302000 Langlows 4x200 5-037 EPDM S&D 78233 £5564
20118491 54641812302259 Langlois 4x2235 §-037 EPDM 3&D 85564 83566
20118492 54641812302500 Langlois 4x250 §-037 EPDM S&D 85564 85564
20118692 54641812302500 Langlois 4x250 S-037 EPDM S&D 85564 85564
20118693 54641812302750 Langlois 4x275 8-037 EPDM S&D 85566 85586

Page A - 5 RBHS Letter 6-8-2000
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- -Attachment#1 to RBHS/CHG LTR dated 6/8/00
Shelf Life

The estimated shelf life for Goodyear EPDM Suction and Discharge hose, manufactured under purchase order #567995, is seven (7)
years from the date of manufacture (April | 2000), unless otherwise specified by Gooedyear.

Rubber hose products in storage can be affected adversely by temperanues, humidity, ozone, sualight, oils, solvents, comosive liquids

and fumes, insects, rodeaes and radicactive materals, In order to prevent such detrimental effects, the foliowing guidelines should be
observed:

Hose should not be piled or stacked to such an extent that the weight of the stack creates distoricas en the lengths siored at the
bortom. :

Hose which is shipped in coils should be stored so that the coils are ia a borizontal plane,

Whenever feasible, rubber hose products should be stored in their original shipping containers, especially when such containers are
wooden crates or cardboard cartous which provide some protection against the deteriorating effects of oil, solvents and corrosive
liquids: shipping containers also pravide some protection against ozone and sunlight,

Cemain rodents and insects will damage rubber hose products, and adequate protection from them should be provided.

The ideal tcmpcmrurc for the storage of rubber products ranges from 50 ta 70F (10 - 21C) with 2 maximum limit of 100F (38C).

I stored below 32F (0C), some rubber preducts become stiff and would requirs warming before being placed in service. Rubber
products should not be stoced near sources of heat such as radiators, base heaters, etc., nor should they be stored under conditions

ofhigh or low humidity.

To avoid the adverse effects of high ozone concentration, rubber bose products should not be storad near electrical equipment that
may generats 0zone or be stored far any lengthy period in geographical areas of kmown high ozoae concenmatioa.

Exposure to direct and reflected sunlight evea through windows siould be avoided. Uncovered hose should not be stored under
fluorescent or mercury lamps which generate light waves bharm#ful to rubber,

Storage areas should be relatively cool and dark, and free of dampoess and mildew,

Ttems should be stored on a first-in, first-out basis, since even under the best of conditions, an unusually shelf life long could
deteriorate certain rubber products.

CERTIFICATION Wainn Lt i il e TR e ) Wk en e i
Signed | —fagerl’ "

Name 7 Pascal Langlois

Title Process / R&D Engineer

Date Thursday, April 06, 2000
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Attachment #2 to RBHS/CHG LTR dated 6/ 8/00

S-037 EPDM
] SUCTION & DISCHARGE

.],

APPLICATION: * .  Goodyear's $-037 is designed for use {n tank truck or in plant applications for
. . the transfer of industrial chemicals, sludge and sedimerts. itis ot
* recommended for petrofeum products.

e ————y

{ MATERIAL HANDLING

CONSTRUCTION:

TUBE: Black Versigard

S oara ety

REINFORCEMENT: 4-sriral plied symthetic fabiic with 2-wire helix

COVER: Black Versigard (Wrapped impression)
TEMPERATURE: -40°F to 180° (40° C to 82°)
PACKAGING: 100" exact length, coiled, polywrapped
COUPLINGS: Comtact fitting manufaciurer for proper fitting reccmnmdahon and cauplmg
procedure,
NON-STOCK/
SAMPLES: 400" minimum order for color change or spedial brarding
ORDER CODES: 546418 - .

NOM. ID | NOM.OD | MAX. WP BEND VACUUM | WEIGHT
RADIUS HG
in. in. psi in. In, ib.fft.
2 2.75 375 B 29 1.62
3 3.80 300 12 28 2.73
4 4.90 200 16 29 3.79

Nete Reder by Ihe Goedyear Charricsl Resistance Chart for Specific Chemical ard Temporabure Carpatality.

= 3!
No wamanty, ncluding implied wamanty of merchanuability, fAness for & panicular purpesae, or other wamanty o1 quality |5 either expressad f‘?"ﬂ---‘ =%
of Implied of this product {See Page 2 lor complete product warrenty and diszlaimer infommation.) Information In this catalog suparsedes fid ey ..a-‘..‘-‘:v’]‘,i
s

all previgusly primted material, Informalion valid through Decembsr 31, Zx R pAlEloorh
© July 3, 1999, The G e-&’}%ubbar Company. .
S = 'J';L
page A-7 RBHS Letter 6-8-2000
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IL.e Manufacturier Granford Inc.
(SURSIDIARY OF THE GOODYEAR TIRE & RUBBER CQ. ) F

I

127, RANG PARENT, ST-ALPHONSE DE GRANBY, QUE, JOE 240
» TEL.: (450} 375-5050 ---- [-800-363-8345 ---- Fax: (450) 375-6254

CERIIFICATE

s
TR, T Sy Py LT S ol 2 O e e g ; T T YT B e W TR g v T e e e
BB -EPDMSuctionrindducnaretiose i inies

Granford Manufactuning Inc./Goodyear
127 Rang Parent, St-Alphonse de Granby
Québex, JOE 2A0
Canada
546-418-064 and 546-418-123

i T O N
T e e
.-4\.-4’"‘".!&‘\'—6-&“'.\-\-.\*11.:

{SPECTFICATION SH b S linis 2 i Lot LA
Hose application Over ground transfer line used to transfer waste
Nominal bore diameter {(mm) 51 and 102
Hose type Static dissipating
Working pressure 375 psi ( 4:1 safety factor) for 51 mm Lose

60 psi ( 5:1 safety factor ) for 102 mm hose

Page A - 8 Certificate for HIHTL G and H
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Hose construction

~
Versigard cover
2 plies taxdl=
Versigard filler gum

2 steel wire helix

2 plies textile

Versigard Tube

Electrical properties

+

3

Versigard rubber compound used in this hose has an electrical resistanse , when tested with an izsulation tester at SQ0 V,of 10" to
10° ohms per feet,

Chemical compatibility

A literature check of the chemicals listed in table 3-1 (refer (0 attacked fax), CHEMICAL CONSTITUENTS OF UNDILUTED
WASTE, was done and revealed no compatibilicy issues at those ditution levels.

Component conformance

We certify that the hebe and cover components of the hase iwems shipped per purchase order # $69893 (listed below) were built
using EPDM (Versigard) rubber material coming Fom the following lot numbers:

e— N"i:i”,f_.w;-;q; oy .m,ngii’e%: a*”"“f' SR R ru.@...z:é:‘?ziﬁ:i: S

T 20128742 54541806401000 7 EPDM Sy §6119 | 96119
20118223 STEIIS06402500 | Langlols 33250 5-037 EPDM SZD 96115 56119
20178743 54641812301000 Langlois 4x100 5-037 EPDM S&D 96141 96141
20118652 54641813302500 [ Langlois 4x250 5-037 EPDM S&D 98141 95141

Page A -9 Certificate for HIHTL G and H
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Shelf Life

The estimated shelf life for Goadyzar EPDM Sucdon and Discharge hose, manufacured under purchase order #569893, is se\,f; %))
years from the date of manufacturs (Augast 6, 2000), unless otherwise specified by Goodyear,

Rubber hose produsts in s.oragc en be affected adversely by tempemture, humidity, ozone, sunlight, oils, solvents, comosive liquids
and fumes, icsects, rodents and dieactive materials. In order to prevent such detwrimental effezes, the following gu:delmcs should be
observad:

- Hose should not b piled or stacked to such an extent that the weizht of the stack creates distordons on the lengths stored at the
borta,

« [Hose which is shipped in ¢oils should be stered so that the coils are in a horizontl plane,

o Whenever fsasible, rubber hese producty should be stored in their erfzinal shipping containers, especially whea such containers a=
woedsn crates or cardboard cartons which provids some protection against the deizrioratiag effects of oil, solvents and corrosive
liquids: shipping containers alse providz some protection agaizst ozone and sunlight.

= Certain rodeats and insccts will damage rubber hose products, and adequate protection from them should be provided.

¢ The idzal tempemmure for the starage of rubber products ranges from 50 to 70F (10 - 21C) with a maximum limit of 100F (38C).
1f stored belaw 32F (0C), some rubber products become stiff and would require warming before being placed in service. Rubher
precucty should noe be'stared near sources of heat such as radiators, base heaters, eto,, nor should they be stored under condidans
of high er low humidiry.

+ To avoid the adverse cffects of high ozone concentration, rubber hose products should not be stored near electrical equipment that
may geacrate ozone ar be stored for any lengthy pericd in geographical areas of kpown high azone concentration,

»  Exposurs to dirsct and reflected sunlight even through windows should be avoided. Uncovered bese should not be stored under
fiuorsscent or mercury lamps which generate light waves harmful to rubber.

«  Starzge erzas should be relatively cool and dark, and free of dampoess and mildew.

e Items should be stored on a Brst-ix, first<out basis, since even under the best of conditions, an urusually shelf Lifs long could
deteriorate certain rubber products.

EER. GO e T D S e b LR B
Signed g

Name Pascal Linglois, eng

Title R&D Manager

Date ! Tuesday, August 29, 2000

Page A - 10 Certificate for HIHTL G and H —
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@,

lelverdbend

Shesespecialty
1111 South Main Street '
South Bend, IN 446601
(219} 233-1133
Fax (219) 282-2244

November 6. 2000

Gary Sanddll
CH2M-Hill Hanford Group
Richland, WA 99352

Subject: CHG Conlract 8971
This letter provides the information required for engineering evaluations, and is

submitted pursuant to the requirements of your procurement specification,
RPP-6028 Rev.1 Sections 5.4 & 4.3

Static Dissipating Propetrties Section 3.2.6 -

The Versigard rubber compound for the tube and Cover vsed in this hose has an
electrical resistance, when tested with an insulation tester at 500V, of 104 to 108
ohms per foot. _

Chemical Compatibility Section 3.2.7

A literature check of the chemicdls listed in table 3-3 revedled no compatibility
issues at those dilulion levels.

Design Life Section 3.2.7

it is necessary to look at a number of faciors in this application including
chemical reaction of mixtures fo the rubber compound in determining design
life, This needs to be combined with retention at elevated temperature and
pressure. Also to be considered is the unknown effect of exposure to ionizing
radiation and the normal reduction in physical properties over time. We find it
difficult to give a concrete number. Therefore. we think that three years is the
maximum fime this hose should be in service. As with previous orders we make no
wamranty relating to this time factor, as we have no long term dafa concerning
this application.

Page A - 11 RBHS Letter 11-6-2000
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Le Manufacturier Granford Inc.
(SUBSIDIARY OF THE GOODYEAR TIRE & RUBBER (C0.)

_ 127, RANG PARENT, ST-ALPHONSE DE GRANBY, QUE, J0£ 240
TEL.: (430) 375-3050 --- 1-800-363-8345 ~-- Fax: (450) 375-6254

We hereby certify the component stared below were designed to the following characteristics

TYPE EPDM Suction and discharge hose
MANUFACTURER Granford Manufacturing Inc./Goodyear
ADDRESS | 127 Rang Parent, St-alphonse d¢ Granby
Québec, JOE 240
' Canada
MODEL NAME ! 548-596-084
! [SPECIFICATIONS o —
: Hose application Over ground tansfer line used to ansier waste
Nomina! bore diameter (mm) 51 MM
Hose type f Static dissipating
Working pressure 375 psi ( 4:1 safery factor) for 51 mm hose

Page A- 12 Certificate for HIHTL J and L.




Hose construction RPP-6711, Rev. |

Varsigad cover

2 plies tzxtile
Versigard fller gum
1 steel wirs helix

2 pligs laxtile

Verzigard Tube

Electrical properties

Versigard rubber compound usad in this hoss has an elecurical resistance | when tested with 2n insuladon tester at 300 V, of 107 1o
10* ohums par fe=t. +;

CERTIFICATION A /]

[ Signed (D v ah e L Fi%
Name ~ 7 Iiynn Dion

Title Quality Assurance

Date Navember 16, 2000

Page A- 13 Certificate for HIMTL J and L




RPP-6711, Rev. 1
COMPONENT CONFORMANCE

EPDM S&D Hose builtin nov, 10,2004: HBATCHE790J143DE LOT# 2243260000081

DELIVERY NUMBER:402368934 SHIPMENT NUMBER:861318
Material number(s); 201331583 Quantity: 1
Operatar #; 549
Build Date: nov. 10,2000
Size. 2

EPOM Rubber Tube Lol & 79244
EPDOM Rubber Cover Lot & 79244
Elecricily test 98,000 ohms
Cure; n/a

COMPONENT CONFORMANCE

EFPDM S&D Hose builtin nov, 10,2000: HBATCH®T7503143DC LOTR:2243270000002
DELIVERY NUMBER:40235256 SHIPMENT NUMBER:861843

Material number(s): 20133154 Quantily; 1
Cpearalor #; 278 '
Build Date: nov. 10,2000
Size: 2"

EPDM Rubber Tube Lol #: 79244
EPOM Rubber Cover Lol &: 79244

Elaciricity test 279.040 ehms
Cure. n/a
EPDM S&0D Hose built in nov. 10,2000: #BATCH#7903143DD L. OT#:2243270000001

OELIVERY NUMBER:40236256 SHIPMENT NUMBER:861843

Material number(s): 20133154 Quantity; 1
Operator #: 510 .
Build Date: nov. 10,2060
Slze: 2"

EFPDM Rubber Tybe Lol #: 79244

EPOM Rubber Cover Lot #: 79244
Electricity test 162,000 ohms
Cyre: n/a

Page A-14  Certificate for HIHTL J and L
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I.e Manufacturier Granford Inc.
(SUBSIDIARY OF THE GOODYEAR TIRE & RUBBER CO.)

127, RANG PARENT, ST-ALPHONSE DE GRANBY, QUE, J0E 240
TEL.: ($50) 375-5050 —- |-800-363-8345 ~-— Fax: (430} 375-623+

CRRIJEICATE

We hereby certify the caompenant stzzed below were designed to the following characteristics :

TYPE | EPDM Suction and discharxe hose
MANUFACTURER Granford Manufacturing Inc./Goodyear
ADDRESS 127 Rang Parent, St-Alphonse de Granby
Québec, JOE 2A0
Canada
MODEL NAME 546-596-123
SPECIFICATIONS

Hose application

Over ground transfer line used to transfer waste

Nominal bore diameter {mm)

102mm

Hose type

Static dissipating

Warking pressure

1 60 psi ( 5:1 safety factor ) far 102 mum hose

Page A-15  Certificate for HIHTL Jand L
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Hose construction ,Rev. 1

Varsigard covar

2 plics taxile
V:nigard filler fum
2 sael wire helix

2 plies texile

Versigard Tube

Electrical properties

Versigard cubber compeund used in this hose has an elestrical resisance |, when tested with 2ninsalation testoc at 300V, of 107 1o
10° ohms per fest .+ |

CERTIFICATION A~ /1 |
Signed . 1 Vo, F
Name > 7 UyanDien [

Title Quality Assurance

Date ‘ November 16, 2000

Page A - 16 Certificate for HIHTL J and L




EPOM S&D Hose bujltin nov. 10,2000:

MPONENT CONFORMANCE

#BATCH#7903154DC LOT#:2243280000001

DELIVERY NUMBER 40238934 SHIPMENT NUMBER 851913

Material numbar(s):
Operator #:
Build Date:
Size:
EPDM Rubber Tubs Lot #:
EPOM Rukber Cover Lat &
Eleciricity tes!
Cura:

o

EPDM S&0 Hose built in nov. 10,2000,

201331585 Quantily: 1
540

nov. 10,2000

Al‘

79252

79232

80,000 ohms

n/a

COMPONENT CONFORMANCE

BBATCHZ7303155AA LOTH:2243250000002

DELIVERY NUMBER:402364934 SHIPMENT NUMBER:!861518

Material number(s):
Qperalor #:
Build Date:
Slze:
EPDM Rubber Tube Lat &:
EPDM Rubber Caver Lot #:
Electricity test
Cure:

EPDM S&D0 Hose builtin nov. 10,2000

20133188 Quantity: 1
235

pov. 10,2000

a

73244

79244

107.000 ohms

n/a

#BATCH#790315SAB LOT=:2241230000031

DELIVERY NUMBER:40236334 SHIPMENT NUMBER:861919 .

Material number{s):
Operator #.
Build Date;
Size:
EPDM Rubber Tube Lot #;
EPDOM Rubber Cover Lot #
Electricity test
Cuyre;

20133158 Quantity: 1

540
nov. 10,2000
&

79244

78244
120,000 ohms
n/a

Page A - 17 Certificate for HIHTL J and L
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River Bend Hose Specialty, Inc.
Shelf Life-Storage Recommendations
Hose in Hose Transfer Line

The estimated shelf life for the Hose in Hose Transfer Line Assembly is seven (7) years
from the date identified as the date of manufacture unless otherwise specified.

Rubber hose products in storage can be affected by environmental elements, In order to
prevent detrimemtal effects, the following guidelines should be observed:

= Hose should be stored as shipped, on reel, in either a vertical or horizonta} position.

» Whenever feasible, the Transfer Line should be stored in its original shipping/
packing materials so that plastic wrapping and cardboard covering will provide some
protection against possible deteriorating elements.

» Hose ends should be kept covered to avoid infestation by rodents or insects that could
conceal themselves on the inside of the hose,

*  The ideal temperature for storage of the Transfer Line ranges from 50 to 70°F,
glthough iotermittent seasonal ambient temperatures from -30° to 120° F will not be
destructive to the hose. If stored below 32°F, the Transfer Line may become stiff and
could require warming before being placed in service. '

» Exposure to direct and reflected sunlight should be avoided. The length of the transfer
hose is protected with insulation painted with UV protective paint, and care should be
taken to insure that the insulation remains in place.

» If the Transfer Line is to be stored outside, the packing/shipping material should be
imtact and the Transfer line should be covered with a tarpaulin or other protective
covering.

» [fthe Transfer Line is exposed to the sun for a prolonged period, a section of hose
beneath the insulation should be inspected for deterioration every two years.

s Optimurmn storage area is in a covered area that is cool and dark, and free of dampness
and mildew.

/] A
[ Signed [/l

Name / James Betz
Title ¢ President

/
Date '_1,//6/(/0 !

Page A - 18  RBHS Storage Requirements
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APPENDIX B
Granford Mfg., Inc. letter dated August 17, 2000

From: Pascal Langlois (Granford Mfg. Process Engineer)
To: J.R. Buchanan (COGEMA Engr Corp. - Design Agent)

Page B -1
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FAX
Date : August 17, 2000
To: Joseph R. Buchanan [/ Jeff Barnes
Company : Cogema Engineering
Fax : 509-376-3383
From: Pascal Langlois

3 Pages (including front page)

Subject: Chemical resistance

Mr. Buchanan, Mr, Barnes,

Per your request, here Is the evaluation of the Versigard S&D hose with the
chemicals listed in tables 1 and 2 (attached).

First, here is a summary of the application operation parameters:

Temperature: Waste = 80-155 F

Rinse water = 140-160 F

Maximum = 180 F (authorization basis)
Pressure: waste = 0-1G0 psig

rinse water = 100 psig

maximum = 375 psig

« The hose (2" ID) will, the majority of the time, be conveying waste at a
temperature ranging from 80 to 155 F and at a pressure of 0 to 100 psig.
It is estimated that waste pumping will occur 60% of the time. Also, waste
will be diluted 1:1 with water prior to being conveyed through the hose; so
actual chemical concentrations inside the hose will be half of what is
described in tables 1 and 2 attached. B

» Intermittently and for short periods of time, the hose will be subjected to
. higher temperatures (140 up to 160 F) and increased pressure {100 psi); this
will happen when enduser may want to use hot rinse water to clean out a
tank and the line to minimize the formation of salts and line clogging.

Page B -2
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« 1In extraordinary situations and for short periods of time, the hese can be . "
subjected to very high temperature (180 F) and working pressure (375 psig);

this will happen if the hose is clogged due to salt formation and accumulation
in the hose and enduser wants to unclog the hose,

Considering the waste listed in tables 1 and 2, sodium hydroxide is considered as
the most detrimental constituent to the hose compounds because of it's superior
concentration compared to the other constituents and highly corrosive nature.
The other constituents may also degrade the hose compounds but it is
anticipated that this degradation would be to a lesser degree because
concentrations are significantly lower than that of sodium hydroxide.

Considering sodium hydroxide alone, our chemical resistance data shows that
EPDM may be used for continuous service with this chemical at up to 50%
concentration and 150 F {ref. Goodyear chemical resistance chart - Catalog #95-

130). Goodyear does not have chemical resistance data on mixtures similar to
those listed in tables 1 and 2.

Other chemica! literature (Chemical resistance quide for Elastomers — 1988
edition) gives an “A" rating to EPDM with sodium hydroxide in solution (under
15% concentration) up to 250 F. An “A” rating in this literature is described as
“Excellent, little or no swelling or softening or surface deterioration”. Again, no

chemical resistance data was found in this literature for mixtures similar to those
listed in tables 1 and 2.

So, taking into cansideration the actual waste concentration levels conveyed In
the hose, the general operating parameters, the intermittent operating

parameters, the extraordinary operating parameters and the chemical resistance
data, the Versigard S&D hose should meet these application parameters.

It must be mentioned however that the compounds comprised in a rubber hose
put in application will normally age over time and show a reduction in physical
properties characteristic of most rubber compounds. Also, for lack of .
experimental data, we cannot predict how long the hose wili last in this particular
application. Finally, as we discussed, we cannot comment on any coupling
retention issues as we have no experimental data on this particular hose
assembly and we da not perform the coupling assembiy at the plant

Best regard::i/‘
Pascal Langlois

Process/R&D Eng. Pace B -3
)
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Attachment to FAX transmission dated 8/14/00 from J.R. Buchanan - COGEMA Engr. to P.
Langlois — Granford Manufacturing

Table 1. Chemical Constituents of Undiluted Waste ~241-U Farm

Chemical | Concentration, Concentration, Concentration,
Constituent - mglg’ mg/kg" mg/L
Sodium Hydroxide? 83.0 83,000 116,000
Ammonia 1.29 1,290 1,800
Total Qrganic Carbon 346 34,600 48,400

Organic Constituent

Acetale 1.10 ‘ 1,100 1,540
Formate 9.57 9,570 13,400
Glycolate 8.71 8,710 12,200
iminodiacetate 2.20 2,200 3,080
Nitrilotriacetate 0.957 957 1,340
Oxalate 7.36 7,360 10,300
Notes:

‘Calculated assuming a specific gravily of 1.4
gased on hydroxide analysis

Table 2. Chemical Constituents of Undiluted Waste ~ 241-S/SX Farm

Constituent Concentration, Concentration, Concentration,
mg/g’ ma/kg' mag/L
Sodium Hydroxide® 156 156,000 211,000
Ammonia 1.33 1,330 1,800
Total Organic Carbon 4,75 4,750 6,410
Constituent Conceatration, Councentration, Concentration,
mglg’ mglkg' - mg/L
Acelate 2.03 2,030 2,740
Formate 217 2,170 2,930
Glycolate 0.739 739 898
Oxalate 7.93 7,930 10,700
Notes:

'Calculated assuming a specific gravity of 1.35
2gased on hydroxide analysis, with a conversion factor of 2.35

Material trade name: Versigard (EPDM)  RBHS P.O. Number: S67995
Mfr Lot nos: 20077296 20118226 20118227 20118228 20118229
20077299 20118690 20118691 20118692 20118693
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SteriGenics International Inc.
Irradiation Processing Technology-Materials Consideration

Retrieved from Internet August 8, 2000 with Copyright 1999.

http://www.sterigenics.com/med/lit/libraryl.htm
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Irradiation Processing Technology
Materials Considerations

Radiation’s Etfects. Radiation interacts with polymers in two basic ways: chain scission, which results in
reduced tensile strength and reduced elongation; and crosslinking, which results in increased tensile
strength and reduced elongation.

Both reactions occur simuitaneously. One, however, is usually predominant, depending upon the polymer
and additives involved. Chain scissicn has been shown to affect stressed polymers {containing residual
molding stress) mare than other polymers. The combined effect of solvent-induced stress, residual
melding stress, and applied ioad act to intensify radiation damage. This may account for the wide
differences in radiation tolerance reported.

Generally, polymers which contain aromatic ring structures {e.g. polystyrene) are resistant to radiation
effects, whereas the aliphatic polymers exhibit varying degrees of radiation resistance depending upon
their levels of unsaturation and substitution.

The manufacturer's attention should focus on the possible effect of radiation on mechanical properties
such as tensile strength, efastic modulus, impact strength and elongation. Each may influence the
device's performance and, therefore, should be evaluated by functional testing. Some effects of radiation,
such as reduced elongation due to chain scission, may detract from the device's performance. In other
cases, the effects of radiation can be beneficial. For example, crosslinking of polyethylene and silicones
increases their tensile strength.

Radiation Stabilizers and Additives. Color change is another effect of radiation. While not related to
changes in other physical properties, coloration may be relevant to market reaction to the product. Most
polymer manufacturers have addressed this subject by using color-compensated materials or special
additives which minimize radiation-induced color changes.

Additives are usually included in small amounts {less than 1%) in commercial polymer products. Their
primary purposes are: to aid in processing; to stabilize the material; and to impart particular properties to
the product.

Radiation stabilizers have been developed and are now available for many polymers. For example, tint-
based, multi-function stabilizers are now commeonly used to counteract PVC's typical color change due to
irradiation. Other additives, called antirads which usually act as antioxidants, help prevent radiation
damage.

These additives can act either as reactants, which readily combine with radiation-generated free radicals
within the polymer, or as primary energy absorbers, preventing the interaction of the radiation energy with
the polymer itself.

Material Evaluation. When evaluating the radiation stability of a polymer and the ultimate success of a
component or medical device, the following should be taken into consideration:

» Stabilizers and antioxidants added to a polymer can reduce the effects of irradiation on the device's
mechanical properties and/or physical appearance,

» Thin part sections, thin films, and fibers present in a component or device can allow for excessive
oxygen exposure during the irradiation process, thus causing degradation of the polymer material,

* Residual mold stress present after molding and assembly of a component or device can promote
molecular scissioning during irradiation,

Cc-2
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« Highly oriented moldings which are strong in the axis of orientation but are already very weak in the
cross-flow axis become weaker after irradiation; and

* High molecular weight polymers having low melt flow will survive radiation better by providing longer
molecules and stronger parts before and after irradiation.

Table 2, "Radiation Tolerance Levels of Polymers Used For Medical Applications” provides a general
reference of the commonly used polymers for medical devices and their typical characteristics following
irradiation. However, it is important to remember that not all brand products share these common
characteristics.

For some materials and products that are sensitive to oxidative effects such as low molecufar weight
polypropylene, polytetrafluorethylene and polyacetals, radiation tolerance levels for electron beam (e-
beam) exposure may be slightly higher than for gamma exposure. This is due to the higher dose rates
and shorter exposure times of e-beam irradiation compared to those of gamma irradiation, which reduce
the degradative effects of oxygen. However, most materials have good oxidative resistance and retain
physical properties equally well regardless of the radiation source, as the references by Ishigaki and
Hermanson have demonstrated. Comparison of radiation's effects for e-beam with gamma is not easily
accomplished unless product-specific characteristics, which include part thickness, volume of product,
molecular weight, scission to cross-link ratio, oxygen sensitivity, use of antioxidants and aging effects, are
known and entered into the evaluation.

Material Compatibility and Validation. Each polymer reacts differently to ionizing radiation. Thus, itis
important to verify that the maximum administered dose will not have a detrimental effect on the device's
function or the patient's safety over the products’ intended shelf life. ‘

Experimental samples of the product should be irradiated to at least the highest dose to be encountered
during routine processing. For example, a product which is to receive a sterilizing dosage of 25 to 40
kiloGrays should be tested by dosing samples to at least 40 kiloGrays. A conservative approach is to
irradiate samples at doses up to twice the anticipated maximum dose.

Since various device applications call for certain performance properties or functional characteristics, it is
important to test each device in an appropriate manner, using both new and aged product.

Table 1 reviews typical tests of physical properties. Other tests, which more closeiy approximate the
actual mechanical application, may aiso be employed by the engineering or research staff.

Results of the avaluation should be retained in the device history file, serving as physical confirmation
that all product claims and specifics have been met. It product testing indicates a potentially adverse
effect from high levels of radiation, a maximum permissible dose should be established by the
manufacturer and emphasized in the specific processing instructions to the contract sterilizer.
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Table 1. Physical and Functional Test Methods for Plastics Material Evaluation

TEST METHOD TEST REFERENCES
TEST FOR EMBRITTLEMENT
1. Tensile properties

) Tensile strength ISO/R 527:1966
b} Ultimate elongation ISO/R 527:1966
c) Modulus of elasticity ISO/R 527:1966

d) Work lISO/R 527:1966
2. Flexural prpperties '

'Stability of Irradiated Polypropylene 1. Mechanical Properties”,
Williams, Dunn, Sugg, Stannet, Advances in Chemistry Series, No. 169,
Stabilization and Degradation of Polymers, Eds. Allara, Hawkins, pp.
142-150, 1978.

a) Flange bending test

b) Flexbar test 180 178:1 97_5

3. Impact resistance 1985 ASTM Standards, Vol. 08.01-Plastics, D-1822-84

4. Hardness

a) Shore iSO 868:1985

b} Rockwell 1985 ASTM Standards, Vo!. 08.01-Plastics, D-785-65

5. Compressive strength 1S5S0 604:1973 o

6. Burst strength 1985 ASTM Standards, Vol. 08.01-Plastics (Tubing), D-1180-57

1985 ASTM Standards, Vol. 08.01-Plastics, D-1004-66, and |ISO

7. Tear strength 5383/1-1983

TEST FOR DISCOLORATION B
1. Yellowness index 1985 ASTM Standards, Vol. 08.02-Plastics, D-1925-70

. Optical spectrometry 1985 ASTM Standards, Vol. 08.02-Plastics, D-1746-70

NOTE - Source: International Atomic Energy Agency. Guidelines for industrial radiation sterilization of
disposable medical products. Co-60 gamma irradiation. TEC DOC-539. Vienna IAEA, 1990.
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Table 2. Radiation Tolerance Levels of Polymers Used for Medical Application

TOLERAN
MATERIAL CE LEVEL{COMMENTS
, (kGy)
{Eiastomers 1
Butyl 50  ISheds particulate after irradiation.
Ethylene-Propylene Diene onn . .
[Monomer (EPDM) 100-200 {Crosslinks, yellows slightly.
Fluoro Elastomer 50 Avoid multiple sterilization.
Very stable with sultur or resin cure systems. Avoid stressing
Natural Rubber ({Isoprene) 100 product by not bending, folding or wrinkling in packaging.
Nitrile 200  JAvoid multiple sterilization.
|Polyacrylic. 50-200 JAvoid multiple steritization.
lPonchloroprene {Neoprene) 200 JAvoid multiple sterilization.

ICrosslink density increases more in peroxide systems than
50-100 [in platinum systems. Silicones retain a slight memory of
coiling shape in packaging.

Silicones (Peroxide &
Platinum Catalyst Systems)

Styrene-Butadiene 1 100 JAveid multiple sterilization,
\Wide variations in urethane chemistry applied to medical
jUrethanes 100-200 [devices. Requires testing of part process and geometry to
validate. o
T_hermosets All thermosets as a class are highly resistant.
Allyl Digylcol Carbonate 5,000- . .
(Polyester) 10,000 Retains clarity.

IMany good formulations available. Test the formulation
selected for use. Frequently substituted for toxic solvents in

Epoxies 1,000 assembly. Success depends on joint design and application
o process.

Phenolics 50,000

Polyesters 10-1,000 JUse of glass and other fillers improves physicals.
Wide formulation variations for urethanes. Dose tolerance

Polyurethanes 100-1,000 depends on monomers used in formulation. Minimum 100-
1,000 kGy are tolerated for thermosets.

hermoplastics

Protected by Benzene ring structure. Butadiene impact
1,000 |modifier degrades above 100 kGy. Avoid high dose on high
impact grades.

Very stable, retains excellent clarity. Drying is essential.

Acrylonitrile/Butadiene/Styren
o (ABS)

Aromatic Polyesters (PET,

PETG) 1,000 1Good in luer connectors,

Cellulosics o

Esters and Ethers 50 T hin films and fibers embrittle above 50 kGy.

E%;;c?;, Card, Corrugated 100-200 lij‘:gers discolor and embrittle, but are acceptable for single

C-5
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Celluiose Acetate Prbpionate

and Butyrate 50 Plasticized versions slowly embrittle above 50 kGy.
Fluoropolymers
{Tetrafluoroethylene (PTFE) 5 Liberates fluorine gas, disintegrates to powder. Avoid use.
Polychlorotrifluorcethylene 200
(PCTFE)
{Polyvinyl Fluoride 1,000
Polyvinylidene Fluoride
(PVDF) 1,000
|Ethylene-Tetrafluoroethylene
(ETFE) 1,000
Fluorinated Ethylene 50
Propylene (FEP)
. Substitutes for metal, these resins have high strength and
: _jgood elongation that tolerate radiation well. Resins include
Ig:ugr}n';‘:rrfiarmsgs?;s 11 60830 nylon, polycarbonate, ABS, polysulfone, polyester, polyether
9 9 ’ ketone, liquid crystal polymer, polyetherimide, polyimide,

{and others. '

lPolyaceta!s {Delrin, Celcon) 15 Avoid use du_e to embrittlement.

IPonacry!ics

IPonmethyImethacrylate 100 {vellows at 20-40 kGy; clarity recovers partially on aging.
[Polyacrylonitrite 100  {Yellows at 20-40 kGy.

|P0|yacrylate_ __ 100  |Yellows at 20-40 kGy.

[Many good formulations. Adhesives function at 100 kGy with
|Po|ycyanoacrylate 200 loss than 30% degradation. '
IPonamides {Nylons)

Aliphatic & Amorphous 50 Discolors, no resterilization. Avoid thin films and fibers,
Grades Nylon 11 and 12 perform better. Dry before molding.
[Aromatic Polyamide-imide 10,000 High heat/strength grade. Stabilized by Benzene ring
structure. —
Polycarbonate 1,000 |[Discolors, clarity recovers after aging. Dry before molding.

Crosslinks to gain strength, loses some elongation. All
lpoivethylene polyethylenes tolerate radiation well. Low density is most
(LD%’E )I,_LDPE HDPE 1.000 resistant. HDPE packaging film including spin-bonded
-UHMWPE) ' ! ' porous packaging may lose 40-50% elongation at doses of

50 kGy. Implants of UHMWPE have reports of early wear at

50 kGy.
|Po|yimides 10,000
lPonmethyIpentene 20  |Subject to oxidation degradation. Avoid use.

Thermoplastics, cont'd
’Polyphenylene Sulfide 1,000

tabilized

go!ypropylene, Radiation

Higher tolerance levels reported using e-beam.

C-6
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Used with marginal success in syringes. Subject to
i orientation and oxidation embrittiement. Degrades over time.

Homopolymer 20-50 Validate with real time aging. Avoid use of nen-stabilized

Polypropylene.
{Copolymers of Propylene- 25.60 iMore stable than Homopolymer. Successful in syringe
{Ethylene {applications using suitable stabilizer package.
Polystyrene 10,000 JAll styrenes are stabilized by Benzene ring structure.
Polysulfone 10,000 {Amber color before irradiation.
Polyurethane, polyether and 100-200 Excellent physicals and chemical resistance to stress-
polyester cracking.
Rigid and flexible Drying is es§ent|al tp success. Good in luer connectors. All

types show irreversible yellowing. :
Polyvinylbutyral 100 [Yellows.

'Yallows, can be tinted for color correction. Success depends
Polyvinylchloride (PVC) 100  Jon quality of material, formulation and processing. Tubing

crosslinks becoming slightly stiffened.

{Polyvinytidene Chloride
(PVDCY

100 Yellows, releases HCL.

Styrene/Acrylonitrile (SAN) 1,000 |Yellows at 40 kGy.

NOTE RE ELASTOMERS:
1. Radiation tolerance is affected by the base polymer and the curing system used. Suliur and resin
cures are more durable.
2. All elastomers are subject to crosslinking in the shape packaged during sterilization and can be
expected to take on a memory of that shape. Avoid folds, coils, curves.

Where a range of dose is listed the lower number is the threshold of damage where the first change in
physical properties can be detected (all radiation is cumulative). Where conflicting data is presented in the
literature, the lower, more conservative dose has been selected.

References: This datasheet includes information from Polymer Manufacturers Data Sheets, SPE
Encyclopedia of Plastics, Handbook of Polymer Plastics, SPE Monographs and the following articles and
literature, in conjunction with expert review from independent plastics consultant James A. Stubstad.

AAMI Recommended Pratice - "Process Control Guidelines for Gamma Radiation Sterilization of Medical
Devices," ISBN-0-910275-38-6, pages 7-21, 1984,

ANSI/AAMI/ISO 11137 - 1994 - *Sterilization of health care products - Requirements for validation and
routine contol - Radiation sterilization.”

Baharim, K.; Yoshii, F.; Sunaga, H.; Makuuchi, K. and Ishigaki, I. 'Durability of Radiation-Sterilized Polymers
XV Comparison of Damage on Polypropylene Irradiated by converted X Rays With Those By Gamma Rays
and Electron Beam," Japanese Journal of Medical Instrumentation, September 1991. (In Japanese)
Brookman, R.S. "Gamma Radiation Resistant PYC Compound." Proceedings of the 4th Nordion Gamma
Processing Seminar. May 1991,

Clark, G. FDA Guidance Document. Shelf Life of Medical Devices, April 1991, DSMA, CORH.

Donohue, J., and Apostolou, S.F. "Free-Radical Degradation and Protection in Irradiated Plastic.” Medical
Device & Diagnostic Industry. April 1890,

"The Effect of Sterilization Methads on Plastics and Elastomers,” Plastics Design Library, ISBN No. 1-
884207-10-3, 1994.

English, L.K. "How High-Energy Radiation Affects Polymers.” ME. May 1986, pp. 41-44.

Gaughran and Morrissey, "Sterilization of Medical Products,” Volume 2, ISBN-0-219868-14-2, pages 35-59,
1980.
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Genova, Hollis, Crowell and Schady. "A Procedure for Validating the Sterility of an Individual Gamma

Radiation Sterilized Production Batch,” Journal of Parenteral Science and Technology, Vol. 41, No. 1, pages
33-36, Jan 1987.

Hebent, G. "Effect of Molecular Orientation on the Radiation Stability of Polypropylene." Proceedings of the
Annual National Technical Conference of the Society of Plastics Engineers 1992, pp. 220-223.

Hermanson, N.J. and Steffens, J.F. "Physical and Visual Property Changes in Thermoplastic Resins After
Exposure to High Energy Sterilization - Gamma vs. Electron Beam." May 1993.

Holmes-Siedle, A. and Adams, L. "Handbook of Radiation Effects,” Oxford Press ISBN No. 0198563477,
1994,

International Atomic Energy Agency. Guidelines for industrial radiation sterilization of disposable medical
products. Co-60 gamma irradiation. TEC DOC-539. Vienna |AEA, 1990,

ishigaki, |., Yoshii, F., Makuuchi, K., and Tamura, N. "Radiation Effects on Polymeric Materials." Takesaki
Radiation Chemistry Research Establishment, Japan Atomic Energy Research Institute.

Ishigaki, I., Yoshii, F. "Radiation Effects on Polymer Materials in Radiation Sterilization of Medical Supplies.”
Radiation Physics & Chemistry. Vol. 39, No. 6. Pp. 527-533, 1992,

Kiang, P., et al. "Effect of Gamma Irradiation on Elastomeric Closures.” A Parenteral Drug Association Task
Force Report.

Klein, A.J. “Plastics That Withstand Sterilization." Plastics Design Forum. November/December 1987,

Ley, F.J. "The Effect of Irradiation on Packaging Materials." Journal of the Society of Cosmetic Chemists. 27
483-489 (1976).

Merceille, J.P., and Le Gall, P. "Radiosterilization of Rubber Stoppers for Injectable Preparations." Stelmi
Technical Article.

O'Donnell, J.H. "Radiation Chemistry of Polymers." Effects of Radiation on High-Technologqy Polymers.
Pleister, D.W. "The Effects of Radiation Sterilization on Piastics." Sterilization Technology.

Radiation Sterilization - Material Qualification. AAMI TIR No. 17 - 1997,

Rindosh, W. “Gamma Radiation Sterilization of Standard Aerylic Molding Resins Used in the Manufacture of
Disposable Medical Devices."

Sandford, C. and Woo, L. "Shelf Lite Prediction of Radiation Sterilized Medical Devices." Proceedings of the
Annual National Technical Conference of the Society of Plastics Engineers 1987, pp. 1201-1204,

Skeins, W.E. and Williams, J.L. "lonizing Radiation's Effects on Selected Biomedical Polymers,"
Biocompatible Polymers, Metals, and Composites. Society of Plastics Engineers. Chapter 44, pp. 1001-
1018.

Stubstad, J.A., Fritch, LW., Haag, E.C., Licata, M. "Interaction of Materials, Process, and Design in Plastics
Troubleshooting.” Proceedings from Medical Design & Manufacturing East 1992,

‘Stubstad, J.A. "Female Luers: The Frequent Failers," Medical Device & Diagnostic Industry, September

1991, pp. 68-69.
Stubstad, J.A. "Do-It Yourself Troubleshooting: Its Time Has Come." Medical Device & Diagnostic Industry.
April 1992, pp. 100-102.
Stubstad, J.A. "Failure Modes and Mechanisms of Failure in Medical Plastics." Medical Design &
Manufacturing
Stubstad, J.A. "Irradiation of IV Sets: A 10-Year Case Study.” Medical Device & Diagnostic Industry. April
1992, pp. 100-102.
Woo, L. "Degradation Mechanisms During and Post Gamma Irradiation.”
Woo, L. And Cheung, W. "Importance of Physical Aging on Medical Device Design.” Proceedings of the
Annual National Technical Conference of the Society of Plastics Engineers 1988, pp. 1352-1355.
Woo, L., Ling, M.T.K., and Westphal, S.P. "Failure Preventicn for Injection Molded Medical Devices."
Proceedings of the Annual National Technical Conference of the Society of Plastics Engineers, 1992, p.
280-284.
Woolston, J. "Irradiation Sterilization of Medical Devices." Medical Design and Material, January 1991.

© Copyright 1999, SteriGenics International, Inc.
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APPENDIX D

CHG Interoffice Memo File No. 74B20-00-047
Chemical Characteristics for Liquid Waste in U Tank Farm

CHG Interoffice Memo File No. 74B20-00-048
Chemical Characteristics for Liquid Waste in S and SX Tank Farms

CHG Interoffice Memo File No. 7TM100-00-001
Chemical Characteristics for Liquid Waste in BY Tank Farms
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Hanford Group, Inc.

" INTEROFFICE MEMO

From: Data Development and Interpretation

74B20-00-047

Phone: 373-1027
Date: August 11, 2000
Subject: CHEMICAL CHARACTERISTICS FOR LIQUID WASTE IN U TANK FARM
To: C. E. Hanson S87-70
Copies: G. A Barnes S7-70
J. R. Buchanan S§7-70
J1.G.Field 4t R2-12
L. A. Fort R2-12
W. F. Zuroff S7-24
LMS File/LB
References: (1) “Sample Analysis/Tank Results RPP-241,” available on the Tank

Characterization Database at http://twins.pnnl.gov/data/datamenu.htm,
dated, August 9, 2000.

(2) RPP-6028, “Specification for Hose in Hose Transfer Lines for
Hanford's Intenm Stabilization Project,” Rev. 0, dated April 3, 2000.

The purpose of this memo is to document the bounding chemical concentrations of the liquid
waste in tanks 241-1-106, 241-U-107, 241-U-108, and 241-U-111 for the Interim Stabilization
Project procurement specification of a hose-in-hose transfer line for use on these tanks
(Reference 2). The chemical constituents for which these concentrations were requested are:
sodium hydroxide, ammonia, organic carbon, and organic cormpounds.

Table 1 lists the highest observed concentrations of sodium hydroxide and total organic carbon in
liquid waste samples from tanks 241-U-106, 241-U-107, 241-U-108, and 241-U-111 (Reference
| and Attachment). Table 2 lists the highest concentrations of specific organic compounds
observed in these samples. Because of limited ammonia data for these tanks, the ammonia value
in Table 1 is taken from the highest ammonia concentration observed in liquid waste samples
from tanks containing wastes similar to the wastes in tanks 241-U-106, 241-U-107, 241-U-108,
and 241-U-111. Other than the organic compounds listed in Table 2, there are no organic -
analysis data available for tanks 241-U-106, 241-U-107, 241-U-108, 241-U-111 or for tanks
containing similar wastes.

Table 1. Chemical Constituents of Undiluted Waste

Constituent Concentration, Concentration, Concentration,
my/g’ mg/kg' mg/L
Sodium Hydroxide® 83.0 83,000 116,000
Ammonia 1.29 1,290 1,800
Total Organic Carbon 34.6 34,600 48,400

Notes:

'Calculated assuming a specific gravity of 1.4

*Based on hydroxide analysis
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Table 2. Organic Compounds Identified

RPP-6711, Rev. 1
74B20-00-047

Constituent Concentration, Concentration, Concentration,

mg/g’ mg/kg’ mg/L
Acetate 1.10 1,100 1,540
Formate 9.57 9,570 13,400
Glycolate 8.71 8,710 12,200
Iminodiacetate 2.20 2,200 3,080
Nitrilotriacetate 0.957 957 1,340
Oxalate 7.36 7,360 10,300
Note:

ICalculated assuming a specific gravity of 1.4

If there are any questions regarding this information, please contact tme at 373-1027 or
Mr. 1. G. Field, on 376-3753.

"(/7" A na A

L. M. Sasaki, Engineer II

Data Development and Interpretation

dmn

Attachment
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CH2MHILL
INTEROFFICE MEMO Hanlord Group, Inc.
From: Data Development and Interpretation 74B20-00-048

Phone: 373-6343
Date: August 11, 2000
Subject: CHEMICAL CHARACTERISTICS FOR LIQUID WASTE IN S AND SX TANK

FARMS

To: C. E. Hanson S7-70
cc: G. A. Barnes S7-70
-J. R. Buchanan p 87-70
J. G. Field 9& R2-12
L. A. Fort R2-12
"*W.F. Zuroff S7-24

TLL File/LB

References: (1) "Sample Analysis/Tank Results RPP-241," available on the Tank
Characterization Database at http://twins.pnl.gov/data/datamenu htm, dated
August 9, 2000.
(2) RPP-6028, “Specification for Hose in Hose Transfer Lines for Hanford’s
Interim Stabilization Project,” Rev. 0, dated April 3, 2000.

The purpose of this memo is to document the bounding chemical concentrations of the liquid
waste in tanks 241-S-101, 241-8-107, 241-8-109, 241-§-111, 241-8-112, 241-SX-101,
241-8X-102, 241-SX-103, and 241-SX-105 for the Interim Stabilization Project procurement
specification of a hose-in-hose transfer line for use on these tanks (Reference 2). The chemical
constituents for which these concentrations were requested are: sodium hydroxide, ammonia,
organic carbon, and organic compounds.

Table 1 lists the highest observed concentrations of ammaonia, sodium hydroxide and total
organic carbon in liquid waste samples from tanks 241-S-101, 241-8-107, 241-5-109,
241-8-111, 241-SX-101, 241-5X-102, 241-SX-103, and 241-SX-105 (Reference 1). Analytical
data from tank 241-S-112 was not avallable however the waste in tank 241-8-112 is well
represented by the values of the other tanks listed. Table 2 lists the highest concentrations of
specific organic compounds observed in these samples. Other than the organic compounds listed
in Table 2, there are no organic analysis data available for tanks 241-5-101, 241-8-107,
241-S-109, 241-S-111, 241-8X-101, 241-5X-102, 241-SX-103, and 241-8X-105 or for tanks
containing similar wastes. The average specific gravity of 1.35 measured for tanks 241-S-101,
241-8-107, 241-58-109, 241-5-111, 241-5X-101, 241-SX-102, 241-SX-103, and 241-5X-105 was
used to convert liquid units to solid units.
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Table 1. Chemical Constituents of Undiluted Waste

Constituent Concentration, Concentration, Concentration,
mg/g’ mg/lg1 mg/L
Sodium Hydroxide” 156 156,000 211,000
Ammonia 1.33 1,330 1,800
Total Organic Carbon 4.75 4,750 6,410
Notes: ‘

'Calculated assuming a specific gravity of 1.35
’Based on hydroxide analysis, with a conversion factor of 2.35

Table 2. Organic Compounds Identified

Constituent Concentration, Concentration, Concentration,
: mg/g’ mg/kg' mg/L
Acetate ] 203 2,030 2,740
Formate 2.17 2,170 2,930
Glycolate 0.739 739 998
Oxalate 7.93 7,930 ‘ 10,700
Note: :

!Calculated assuming the average specific gravity of 1.35

If there are any questions regarding this information, please contact me at 373-6343 or
Mr. J. G. Field, on 376-3753.

S s
74'( T. L. Lauricella, Scientist

Data Development and Interpretation

dmn
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CH2MHILL
INTEROFFICE MEMO Hantord Group, Inc.

From: Process Control TM100-00-001.PC

Phone: 373-6343

Date: October 4, 2000

Subject: CHEMICAL CHARACTERISTICS FOR LIQUID WASTE IN TANKS 241-BY-105
AND 241-BY-106

To: C. E. Hanson S7-70

cc: G. A. Barnes S7-70
V. C. Boyles R2-11
J. R. Buchanan S7-70
5. G. Field % R2-12
N. W. Kirch - R R2-11
W. F. Zuroff - 5724
LAF File/LB

References: 1. “Sample Analysis/Tank Results RPP-241,” available on the Tank
Characterization Database at hitp:/twins.pnl.cov/data/datamenu. htm, dated
October 4, 2000.

2. RPP-6028, “Specification for Hose in Hose Transfer Lines for Hanford’s
Interim Stabilization Project,” Rev. 0, dated April 3, 2000.

The purpose of this memo is to document the bounding chemical concentrations of the liquid
waste in tanks 241-BY-105 and 241-BY-106 for the Interim Stabilization Project procurement
specification of a hose-in-hose transfer line for use on these tanks (Reference 2). The chemical
constituents for which these concentrations were requested are: sodium hydroxide, ammonia,
organic carbon, and organic compounds.

Table 1 lists the highest observed concentrations of ammoniz, sodivm hydroxide and total
organic carbon in liquid waste samples from tanks 241-BY-105 and 241-BY-106 (Reference 1).
Table 2 lists the highest concentrations of specific organic compounds observed in these
samples. The average specific gravity of 1.4 for tanks 241-BY-105 and 241-BY-106 was used to
convert liquid units to solid units.

Table 1. Chemical Constituents of Undiluted Waste

Constituent Concentration, Concentration, Concentration,
mg/g’ mg/kg’ mg/L
Sodium Hydroxide* 102 102,000 144,000
Ammonia 0.74 740 1,030
Total Organic Carbon 30 2,970 4,160

Notes:
'Calculated assuming a specific gravity of 1.4
’Based on hydroxide analysis, with a conversion factor of 2.35
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Table 2. Organic Compounds Identified

7M100-00-BBP#ZLL, Rev. |

Constituent Concentration, Concentration, Concentration,
mg/g' mg/kg' mg/L
Acetate 2.59 2,590 3,625
Formate 1.26 1,260 1,770
Glycolate 0.21 206 288
Oxalate 0.4 400 560

Note:

'Calculated assuming the average specific gravity of 1.4

If there are any questions regarding this information, please contact me at 376-0178 or
Mr. V. C. Boyles, on 373-1321. ‘

(HpF

L. A. Fort, P.E. Senior Engineer
Tank Farm Alternate Criticality Safety Representative

laf/mjg
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APPENDIX E

Data Table from Parker Seal - Parker O-Ring Handbook, 1992
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TABLE A3-10
COMPARISON OF PROPERTIES OF COMMONLY USED ELASTOMERS

RPP-6711, Rev. 1

PROPERTIES
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Chiorosulionated
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Emnylene
Acrylic A F F FG G F F P £ E F E G F G PF E
Einylene £ GE G E GE GE G P E G P E GE GE GE E E
ropylene
Fiuorocarbon Y G E E FP GE F E E G E E GE F GE FG E
Flucrosilicone L P FG E GE P £ G E G E GE = F F E
isoprene 1 E FG FG F G P F F P GE E FG F
Natural Rubber R E FG FG E G P F F P P GE E FG F
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Fluoroelastomer
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