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STATE OF WASHINGTON '
DEPARTMENT OF ECOLOGY

1315 W, 4th Avenue © Kcnnemck, Washmgﬂm 59336-6076 . (309) 735- 7581

February 28, 1996

Mr. James E. Rasmussen o .
 U.S. Department of Energy. .
Richland Operations Office
P.O:Box 550 -
Richiand, WA 99352

Dear Mr, Rasmussen:
Re Reactor Compartrnents Disposal Packages Meet Disposal Requxrements ’

The Washington State Depmmem of Ecology (Eco!ogy) has revnewed your Janua.ry 12, 1996
’Ietter, R

Ecology undersunds the Reactor Companment Dnsposal Packages are a umque waste form and
agrees the proposed disposition of these packages is environmentaily protective and in comphance
with WAC. 173-303, provided the followmg conditions are sausﬂed

* ‘e Liquids in the Reactor Companmem stposa.l Packages shall be removed to the maximum
extent practical cotisidering As Low As Reasonably Achnevable pnnclples for controlling
worker radlauon exposure. -

¢ Liquids existing in p:pmg systems extemal to the forward and aﬁ bulkhead shail be removed
by draining from exxstmg valves at low pomts dismantling of the piping sysiems, or equivalent
method.

* Liquids existing in piping systems internal to the forward and aft bulkheads shall be removed
by draining from existing valves at iow points, pumpmg out, “blowmg down,” using
compressed’ gas or equxvalem method. °

'« -Liquids in the reactor vessel and pmnary shxeld water tanks.shall be removed. to the maximum
- extent practical by pumping or: eqmvaiem method. A non-biodegradable sorbent shall be
added to reactor vessels and primary water shield tanks (as mtemal configuration permits) to

.absorbanthmdsremamms - . _ o RECE!VED

L/ cce
°°Ss.§m.m |

wo-11@
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-Mr. James Ra’smuésen )
February 28, 1996
Page 2

In the event a Reactor Companment Disposal Package does not meet the criteria listed above,
Ecology should be contacted prior to disposal to detcrmme compliance with WAC 173—:03 If
- you have any qucsuons please call me at 736-3048.

Smcerely,

2 il 7
Norman Tll-l_eéner P.E.
Nuclear Whste Program

NH:mf

cc:  Mark French, USDOE
- Jim Wrzeski, PSNS
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HANFORD, WASHINGTON

APP 4D ATT 4-i




DRAFT DOE/RL-88-20, Rev. 2
06/2002

W bW —

This page intentionally left blank.

020617.0857 APP 4D ATT 4-ii



DRAFT

020617.0857

DOE/RL-88-20, Rev. 2

DEPARTMENT OF THE NAVY

NAVAL CIVIL, ENGINEERING LASORATOAY
. PORT HUENEME. CA 335434002 o

Commanding CfZicer, Naval Civili Incingerinc Lakcrazaxy,
F2=xs Srenene

To: C:mandn_, Pucat Scund Navel Su_“f!..-, ‘DearTaITIn, Wa
98324-2000 (C.dl 2300.1}) :

Subj: CORRCSION QF ESURIZD mmz 'RE}C'.-'.’CR CEMFARTMENTS

(¥ NCST Repor: "Predicticn of Pit=ing Carwesien
PerZcraancs of Submarine Reactor Compartaents Afiar
Burial at Tomnch 94, Ean.:r:'., Wuh_ngtan" - ¥axcH
1992

1., Enclesure (1) is a final repors cn an eZZort by the Naval
Civil EZngineering Laberatsry (NCEL) to pradict the corTosicn
Lehavicr of deccmmissicned submarine reaacteor compariments that
2re to be buried at Hanford, Washincten. The rapert was prepered
2t the rsguest of the Nucleat Ingineering Derartaent, Csde
2300.21, Pug-t Sound Naval Shipvard (PSNS) and is basad upon beth

the evaluzticn of historical eczrzesicn data fzom the litarature

and an NCZL inspecticn of stisel stIuctures exhumad Zxom the
v:.c...m.‘q o the burial sits. This rspoxr: c:nnlctu 1'_‘:. NG
2ort on this prajec:. »

2. 32zsad upon a consazvative evaluztion of Loth L‘m h..s‘ar:.c:-_
coryosion data from the literatare and frum the evaluation of
stucTures exhumed Zoctm the vicinity of the burial site, 2
maxiwrp penetraticn of 0.350 inches cver 2 100 vear burial zericd
was projectad. A nore Teallistic zaximm penatsaticn of 0.100
inches in 100 years can be achigvad throuch the use of sa.gc:-
beckZill adjacent ta the ruc--r comparents and the

..ns::zllat.cn cf a meisT haw=ipw czver cover the tranck.
~AUI. A. C:.'.A.:-.A
RECTIVIZDHAR ¢ & ®E2 I
APP 4D ATT 4-1
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~ of Submarine Reactor Compeariments
| - After Burial at Trench 84,
Hanford, Washington

March 1882 S

NCEL
Naval Civil Engineering Lzboratory
. Port Hueneme, CA 83043-3003

Author: Jim Jenkins
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. SREDICTION OF PITTING CORROSION PERFOEMANCE OF
SUEMARINE REACTOR COMPARTMENT AFTER BURLLL AT TRENCE 4,
- EANFORD, WASHINGTON '
L PURPOSE

The intent of this review is {0 provide a predicton of the maximuen pezetration which
can be expected to occur due to pitiing corrosion of Submarine Reacipr Comparmments
during a 100 year period of burial in Trench 94 at Hanford, Washingten. This
information is needed to determine the need for controlling corrosion of the reactor
compartoents during the post burial period. '

I BACEGROUND

No site specific corrosion testing has been periormed for reacior compar=ments burled in
Trench 94. Eowever, corrosion in Trench 94 scil can be related to experience with
corrosion at other sites when comparisons are made based on chemical comtert,
resistivity, aeration and method of burial This relationship permiis long range
estimation of corrosion performance in Trench 94 using historical data fom the other

This method of prediczng corrosion is supported by the resuits of a study on the
conditions of underground fuel storage tanks exhumed at Eanford®. Thus, based on 2n
investigation of testing conducied at various sites by the National Instituie of Standards
and Technology (NIST), formerly National Bureau of Standards, and correlating the
results with the corrosion of fuel storage tanics at Eanford, it was possible to establish a
conservative estimaie of the corrosion of reactor comparmnents buried in Trench 84 overa
100 year pexiod ’

020617.0857 APP 4D ATT 4-4
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DRAFT
I CONCLUSIONS
The predicied maximum pitiing cor-osion pemetration for 2 100 year period is 0.350
- inches for the reactor compartments buried in Tremck 94 at Eanford, Washingion. The
2ctuzl emouxnt of piténg corosion is Yialy to be f.f::sidera'::l? iess ttzn the estmpted
‘maximum pepeiration for the following reascns:

The Y80 steel used for the submarine hull and the MIL-S-22698 Grade DE-35,
CL-U steel used for fabrication of the contzinment bulkheads on the ends of the
compartments are more resistant to corrosion than the open Kearth carbon stsel
used in thes NIST carrcsion tests. )

The reactor compartmexnts wiil be buried with native soil prepared to provide
provertes which will give corrosion rates lower than for unprepared native soils.
The Hanford soil will be graded to rexmove stones greater than a half inch to create
a uniform backfil that will prevent difersntial environments that can cceate
_galvanic cells that acsalerais cortosion. The NIST tast data and most of the data
f:-omthefuelstmgetanks:sforstedhuneamnatvesm ‘

Moistire content of the sofi in Trench 94 will be lower since 2 cover cimpliant with
the requirements of the Resonm' Conservation and Recovery Act (RCRA) will be
installed that reducss moisturs incarsion into the sail. The NIST test data and the
fuel starage tanic data are from sites that Gid not have such a cover. Evexn without a
RCRA cover the moisture content would be lower in Trench 94 since the reacior
compartments wiil be buried 10 to 40 feet undergrvund as compared to NIST
testing that was accomplished at 5 faet where the moisture content is higher

Soil characteristics at Trench 94 are less corrosive than NIST test sites because of
the comparable chloride and sulfate conient and h:gnermsnv‘rry

The escmation of the upper limit of corrosion is based on a linear projeczonm of
corrosion data which results in a conservative prediczion of long ierm corcosion
periormance, since actual corrosion rates usually decrease over time.

1
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IV. DISCUEESION

A Teview of hisiorical csr-cszon data from studies previousiy accompiisied az Eaxrord
.Tevealed that ‘.ha conditions anec:ng corrosion and tke materials -.nves-..ga.an in-zost of
these stucies are »ot comparzble to the reacicr compartzexis Apesiad i Teanch 64, (g5
discussed iz Appendix A) Thus, it was concluded i5er cor-osion rates dexived fom
these studies should not be used to predict corrosion reztes for reacior compertments in
Trench 24.

On the cther hand, investigation of corrosion data from iests conductad by the NIST at
various sites, and corrosion data from exhumed foel storage tanks at Eanford, identified .
conditions more representative of the burial conditions for the reacior compartments in
Trench 94 at Eanford, allowing the marimum depth of pezetration to be confidently

predictad for the 100 year post burial peried.

The use of historcal data from other sites to predici corrosion rates at Hanford requires .
that the soil characteristics be comparable. The characieristcs of scil which have the

. most significant effect on the corzusion periormancs of buried ‘sieel are the resistivity,
chloride ion content, sulfate ion content, aeration, and pHE. '

Exiensive soil analysis conducted in Trench 94 by Ebasco Services Incorporated™®
confirm ihat soil characierisiics are very comparabie with values normally vsed to
descive Fanford(X®, Testing did identify an isolated ares in Treach 94 with undesirabie
amounts of chloride and suifate. However, as reported by Ebasco, these sampies wers
obtzined from z thin layer of clay in the trench side and are not representative of the soils
in Trench 94.

NIST has conducied extensive corrosion studies on uncoated metais exposec :o soil at
many test Sies, While zone of these tests were performed at the Eanforg site, the darz
from severzi NIST iest sites can be used to establish a probabie cor-osion rate for Trenck
94 since the soil charac:eristics are similar. Soil characteristics and corcosion retes at
several of the NIST test sites, and typical scil characteristics for Eanford are given in
Table 1. Al of the NIST sies have well aerated soils as does Eanford.

020617.0857 APP 4D ATT 4-6
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While s0il characieristics of the NIST tesi sites zre similar {0 t=cse of Tremch 94, the

resistivity, which is the predomizang facior in terms of corrosivity in these t7pes of sails,
is much highsr at Trench S¢. Therefore, higher corrosion ratas are Miceiy to resuit at the

- NIST test sitas than will be e&;erlenced by the reacior cormpartmexnts buried in prepared

back=ll in Trench 94, Tie czia Fom the least corrcsive NIST {ast site, Selt Laka City,
indicates a penetration rata of 0.00229 inches per yesr based upon a test duration of 17.4
vears. A projeciion of the daiz fom the Salt Lake City data is shown in Figure 1. This
projecEon gives a mazximum penetration of 0.230 inches in 100 years and estabiishes a
more realistic prediczon of long term corrosion of the rezcior compariments at Trench

ol .-

Prediction of long term corrusion perfcrmance from short term corrosion data, using a
linesr projection as discussed above, is imprecse because the corzvsion rate varies with
Hme, The corrusion rate for carbon steel generally decreases with Hime giving 2 curve
which is concave downward as depicied in Figure 2. If the data is from a suficently
long period, the corrcsion data from intermedizte periods of exposure can be used to
project a realistic, but canservative estimate of lopg term corcosion pericrmance, This is
demonstrated by a linear projection, tangent to the curve for corrosion penetration versus

- time 'shown as the line to point A in Figure 2. Linear projecton of long iexm

performance from only ome data point, 2 secant projection, will result in a very
conservative estimars of long term corrosion performance shown as the line to point B in
Figure 2. This secant projection results in a higher estimate of long tarm corzosion from
the same corrosion data. Thus the linear projecdon used in this study to predic:
corrusion of ~eacior compariments is considered conservative

ata Rantorad 1ng 3 8 on Tanie

In the period between 1989 and 1991, 16 carbon steel fuel storage tanks, buried for as long
as 46 years, were exhumed Som the Eanford Site in the vicaity of Trenck 94, in
evaluation of the exzernal corrusion of these tamks was performed®! and estabiished 2
maximum pitting corrosion rate of 0.0035 inches per year. Tke conciusions of this study

are in agreement with results obtained using-the, NIST test dara fom other sites for

predicsing corrosion atiributed to soil conditions at Hanford,

020617.0857 APP 4D ATT 4-7
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Of all the carcosion studies conducted a2t Eanforc, the study of the bweled fuel sidrage
tanks most ciosely relates to the condifions under which tde reacior comparcments wil
be buried in Trenc: 94. The fuel storage tanks were buried in soils and baciSil
representative of the general ckaracieristics of the Eanford Site®®) as descibed in Tahie L.
From inspeczons of the beckSill ackering to the fuel storage taxis, it was appareni that
some of the sanks were buried using select bacidil (sand), while ochers 2ad beex butied
using baciSIl which had not been prepared, containing both very Sne material and lerge

rocks. The tanks buried with unprepared backsDl ezhi'n_ited ths wors: cases of pitiing -

corTosion due to largs siones being in contact with the tamk This ceetad gaivanie ceils
that accelerated the corrosion rate at the point of contact In comparista, the mevimum
pitting corrcsion rate for the fuel storage tanks buried in prepared-baciJil was
significantly less and ranged between 0.0013 and 0.0018 inches per vear.

The cor-vsion data Som the evaluation of the fuel storage tanks is cansidersd to be
applicable for establishing an upper limit on the pitiing corrosion of the reacior
compartments at Trench 94. A linear projection of the highest pitiing corrosion rate
gives a conservaiive estimate of 0.350 inches of pitiing corrosion pemetration over a 100
year period. For the reacior compartments, lower corrosion rates will be achieved by
using prepared native soil, providing an environment which s free from stones or other
debris which can cause differential cells that accelerate corzosion. In additiom, a lower
moistare conteni #ill be aghieved by installation of 2 RCRA cover. ’

V. SUMMARY

In esEmating an upper imit for the corrvsion of reacior compartments buried in Trench
94 a1 Eanford, Wasningron, both historical test data from similar sites and dara Som
excavated material buried in the vicinity of Trench 94 were assessed. In ail c2ses

assumptions made in assessing the data were copservative and resuit in a orojecson of -

eorrosion penetration higher than that which is realisfically anticipated. An estimate of
0.250 inches of penetration of the reacior compartments over a 100 reer period is crojecied
as 2 conservacive urper limit consigering the assumptions used in the evaiuador of the
corrusion datz. Eowever, a pexetration of 0.100 inches in 100 rears is exzected cue o0 the
benign conditions which will be established_in the contwoiled busxial of rezczor

compartments in Trench 94,

020617.0857 APP 4D ATT 4-8
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Tuble 1
Soil Characieristics
and Pitiing Corrvsion Data- for
the National Institute of Standards and Tec:wozy“’
Corrosion Test Sites '
Compared to Eanford®x2) - .

Site Resistivity Chloride Sulfats. = Penetration Rate
(chm-cm) (mg-eq/100g) (mg-ec/100g) (Inches/vr)

Springfield 2980 003 012 73 - 0.00858

Ohio v )

Los Angeies . 2500 0.06 0.35 73 - - 0.00328

California )

Sait Laks 1,700 006 0.48 78 Qo228

City, Utah .

Banford - 5,000 0.01 0.10 a2 —

Washingtion : )

Trench 94 31000 0.08 o 82 —_—

Wasnington

020617.0857 APP 4D ATT 4-9
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Appendix A

Summary of Trevious Corsosion
Studies as They Relate to Burial of
Submzrine Razcior Compariments in Trench 94

Prior to the underground fuel storage tank corrosion study ©, corresion studies at the
Eanford Site have been performed, mainly to determine the estimated service lfe of
drum {ype wasiz containers and underground utiiities. ' Previous Eanford Site data is
based primaxily on visual observation, as opposed to that obtained using more accurateiy
measured data and well docomented data gathering fechniques®. Thus, existing data is
considered only zpproz:':n:;a’te and is limited in scope.

Many corrosion studies previously performed at Eeniord have limited appiicability since

they document speciSc burial conditions that accelerated the rate of corzosion beyond tkat

occarring in native Eanford soil. These condifons include elevaied corrosivity of wasia

internal to the container®, excessive humidity in the disposal environmeni™ and

elevated temperatures of scil with moneral or chemical content not representative of
native Hanford soif®. Therefore, a close examination of the burial conditions is

necessary beibre information from a specific study can be used to predic: carrosion rates
of materizls at Eanford. Iu particular, none of the burial conditions discussed in these

studies are representative of the conditions that will exist for the reactar compar=ents

buried in Trench 94,

The corsosion data from NIST studies conducied at the Toppenish™ sits is commoniy
used in the projection of the corrusion behavior of steei at the Hanford site. However, as
shown in Table A-1, the soil characieristics at the other three sites are considered —ore
representative of Eanford than Toppenish. The chloride and sulfate levels at Tovpenish
are signiScantly higher than Hanford and the other NIST tests sites. The only sail
characteristic at Toppenisk that is comparable to the Eanford Site is pE

A-l
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Vaines for = between 7 and 11 are gormally considered miidly aikaline. Consequently, it
is concluded that.a higher corrosion rate at Toppenisa resuits fom the higher chloride
and sulfate levels. It appears that the decision to use cor-osion rates for Toppexzish to
predict corrosion at Ezanford was very comservative because of the higher chloride and
sulfate content of the Toppenish sofi, as indicatad by previcus stadies™®, :

In sum=mary, these earlier reporis document corcosion rzias which are higher and aot
solely a result of exposure to native Eanford soil as will be the condition for the reactor
compartments in Trench 94 at Eanford In fac:, Hitle existing Fanford corrosion data is
considered useful in the accurate predicZon of corrosion performance of resctor
compartments in Trench 94 and studies with more comparable conditions and materials,
such as the exiumed firel starage tank study, sBould be utilized. e
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TABLE A-1
Soii Characteristics
and Fitdng Corsosion Dats jor
ibe Naticnai Insdtute of Standards and Tecznology®
Carrosicn Test Sites
Compared to
Toppenish™ ané Hanfordéxs:

Site Reasistivity Chloride Suifate pE Penetration Rate
(chm-cm) (mg-eq/100g) (mg-eq/100g) 7 (Inches/yr)

Springfield 2580 0.03 0.12 73 0.00355

Okio

Los Angeles 2,600 0.06 0.35 73 0.00238

California . )

Salt Lalce 1,700 0.06 048 75 - 0.00228

City, Utak

Topperish - 6,000 0<s 045 B8 - 0.00880 - |

Washington . . :

Eanford 5,000 001 010 82 S

Washington o :

“Trench 94 31,000 0.08 (1h:a 87 —

Hanford '

Washington
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REGARDING REVIEW OF "PREDICTION OF PITTING CORROSION
PERFORMANCE OF SUBMARINE REACTOR COMPARTMENTS AFTER BURIAL
AT TRENCH 94, HANFORD, WASHINGTON"
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UNITED STATES CEPARTMENT DF COMMERCE

Y O ¢,
»"‘ s... ler National Instituts of Btandarda and Technology
Gaithersourg. Marvanc 20886

. o,

[
3
1

*a . w

o

% >
p..'"‘.r'

April 16, 1992

Capt G.R. Yount, U.S. Navy
Commander
Puget Sound Naval Shipyard

Code 100
Bremerton, WA 98814-5000 e

Dear Capt. Yount,

As requested in your Order For Work And Services number N00251-92-WR-
20230, attached is our letter report on the review of the Naval Civil
Engineering Laboratery document entitled "Prediction of Corrosion
Performance of Submarine Reactor Compartments After Burial at Trench 94,

Hanford, Washington".

Sincerely,

Dr. EN. Pugh, Chief
Metaliurgy Division
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April 16, 1992

Capt. G. R Yount, U.5. Navy
Commander

Puget Sound Naval Shipyard
Code 100

Bremerton, WA 98814-5000

Dear Capt. Yount,

This is.a letter report on our review of the document entitled "Prediction of
Corrosion Performance of Submarine Reactor Compartments After Burial at Trench
94, Hanford, Washington" by Jim Jenkins [1]. Jenkins examined the results of NBS
(now renamed NIST) underground corrosion tests with soils similar to Trench 94 at
Hanford [2,3] and the results of examinations of tanks buried for up to 46 years at a
site near Trench 94 at Hanford (4] and concluded that the expected pitting corrosion
rate of steel in the trench would be approximately 0.001 inches per year and that the
maximum corrosion penetration after 100 years would be less than 0.350 inches.
After careful review of Jenkins’ report, the report on tanks buried at Hanford and
the original NIST data, we conclude that Jenkins utilized conservative procedures
for developing these estimates and, in our opinion, the corrosion rates for the
reactor compartments in Trench 94 will be within these figures.

This opinion is based on the following conditions. The first is that the
corrosion behavior of the NIST samples at the NIST sites with soils identified as
similar to Trench 94 will be representative of the behavior of the reactor
components. The second is that the processes that determined that corrosion
behavior during the exposure periods used for the NIST study (=17 vears) will
continue to limit the corrosion rate in a similar manner in Trench 94 for 100 years.
The third is that the soils in contact with all of the steel surfaces will be essentially
the same as that given in the specification for Trench 94 soil. The fourth, is that in
using the maximum penetration data from the tanks buried at Hanford, it is
assumed that the corrosion behavior of these tanks was similar to that observed in

the NIST studies.

To evaluate the condition that soils at the NIST sites are recresaniative of the
soii in Trench 94, we examined the original data on the characteristics of the soils at
the NIST sites identified by Jenkins. In Table 1 of his report, Jenkins specifies three
soils at NIST sites as similar to soils at Trench 94 in Hanford. These are site #26 in
Springfield OH, site #35 in Los Angeles CA, and site #47 in Salt Lake City UT. In

1
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Table Al, appendix A, he also lists NIST site A in Toppenish WA as of interest
because of its proximity to Hanford, but not necessarily similar to the Hanford soils
[2]. References in his document identify NIST sites #12 in Los Angeles, site #20 in
Cleveland OH, and site #32 in Rochester NY as similar to soils in the Hanford
complex, but not necessarily at Trench 94 [3). We agree with Jenkins that, except for
the Toppenish site, these soils are similar to that reported for Trench 94. To
evaluate the validity of using the Toppenish site to estimate the behavior in Trench

. 94, we went back to the original measurements of the soil characteristics and found

that the values given in reference [3) and cited by Jenkins are correct. This is
important as the chioride content of the Toppenish soil is more than ten times that
given for Trench 94 and, therefore, this site should not be considered representative

of conditions expected for Trench 94. The other sites are reasonable choices, but

underground corrosion is a complex issue and the use of corrosion’data from one
site to predict corrosion behavior at another site has not been thoroughly evaluated
scientifically and, in some cases [6), has failed to provide accurate estimates.

To develop a corrosion penetration estimate from the NIST data for
comparison to Jenkins’ estimate, we combined all of the average maximum
penetration data from the NIST sites identified by Jenkins as similar to Trench 94,
excepting the Toppenish site, and performed a linear regression analysis, figure 1.
This approach assumes that the variations in the soil characteristics and the
corrosion rates at these NIST sites should encompass the variations at Trench 94.
Linear regression analysis of this data estimates the expected maximum penetration
in samples buried at the NIST sites for 100 years as 0.218+0.103 inches with 3 99%
confidence interval. While this corresponds to an estimated penetration rate of
0.00198:+0.00054 inches which is greater than the 0.001 inches per year determined by
Jenkins, the maximum penetration estimated by this technique with a 99.5%
confidence is 0.321 inches which is below Jenkins’ maximum penetration estimate
of 0.350 inches.

To evaluate the validity of using a linear model for the maximum penetration
{a constant corrosion rate), we examined the exponent, n, determined by Romanoff
[3] by fitting the NIST data to the relationship

P=Kth

For a constant corrosion rate as reguired for linear behavior, the value determined
for this exponent would be one and, if the corrosion rate decreases with timne, the
value of this exponent will be less than one. Romanoff's results are given in Tabie 1
and, by examining this table, it can be seen that for all of the sites identifigd by
Jenkins as having soil characteristics similar to Trench 94, the exponent, n, was less
than one and, in most cases, significantly less than one. Therefore, Romanoff's
results demonstrate that using 1 2s the exponent for estimating the maximum
corrosion penetration is a conservative estimate. .

-
¥
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In our discussion, we have used the term maximum penetration rate to
represent the maximum wall thinning that occurs at the bottom of the corrosion
pits that form when steel corrodes in soils. We avoided using the term “pitting
corrosion” to describe this form of attack because we did not want to confuse this

type of attack with the pitting corrosion that is observed on passive metals such as

stainless steels when they are exposed to solutions containing halide ions. For
pitting of steels in soils, the pits result from variations in the environment in

contact with the surface of the samples which cause local variations in the corrosion
rate and, as corrosion products accumulate on the sm-face, the rate of pit propagation

decreases as shown by Romanoff.

Jenkins uses five additional arguments explain why the maximum’penetration at
Trench 94 would be less than that observed at the NIST test sites. Our comments on

each of these is as follows:
1) Jenkins states that the HY 80 steel and the Grade DH-36, CL-U steel are more

resistant to underground corrosion than steels used by NIST. Although 35 %

Ni and 0.9% Cr are added to the HY80 alloy to enhance low temperature
toughness and the low carbon improves weldability, these slight variations
from a plain carbon steel would provide only minimal improvement of the
underground corrosion performance of alloy HY 80 for the time frame of

interest. Similarly, the Grade DH-36 CL-U Steel has a slightly elevated Mn and

Si compared to a plain carbon steel, but again, these modifications will not
agmﬁcanﬂy improve its corrosion performance in an underground
environment.

1

2) Jenkins states that by using prepare backfill with no stones larger than 0.5

inches the soils will be less corrosive than similar NIST soils. We believe that

removal of large stones from the Trench 94 backfill makes the Trench 94

backfill more similar to the NIST soils. None of the NIST test site soils contain
the large (10 inch), oblong stones found at trench 94. The largest (2 inch) stones
at any NIST site are found at Site B in Baltimore, and they are relatively few in
number compared to Trench 94. Jenkins statement is more appropriate for the
tanks buried at Hanford where the maximum penetrations were higher for the
tanks buried with unprepared native soil than the tanks buried with prepared

backfill.

3)  We agree that a continuous, unperforated plastic cover 2t Trench 94 will recuce
moisture intrusion from the soil suriace. It is Mso rue that the water tabie zt
most NIST sites is considerably hxgner than that found at Trench 94, Because

water tables are doser to the soil surface and in general, rainfall is greater.
Since the deterioration rate of the plastic cover is unknown, it cannot be
factored into the estimates.
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4)  We agree that the resistivity of soil at Trench 94 is generally higher than that
found at any of the NIST underground test sites, and in this respect is expected
to be less corrosive than the NIST scils. Chloride and sulfate content at Trench
94 and the NIST sites identified by Jenkins are very similar, and would not be
expected to have a significant effect on relative corrosivity of these soils.

5)  We agree that a linear projection of maximum pit penetration as performed by
Carlos, provides.a conservative estimate of the corrosion penetration. There is
an uncertainty associated with any extrapolation beyond existing data and
conservative approaches are required. : .

In summary, it is our opinion that Jenkins’ conclusion, that the maximum
penetration of steels buried in these environments will be less than 0.350 inches
after 100 years and the expected or average pitting corresion rate will be 0.001 inches
per year, is reasonable given the conservative estimation procedures he employed,

- our existing knowledge of corrosion mechanisms, the environmental conditions
expected at Trench 94, and the existing NIST data on corrosion behavior of similar

steels at similar sites.
Sincerely,

W/

o Edward Escalante

orrosion Group
S ;L |
Richard E. Ricker, Ph.D.

Group Leader
Corrosion Group
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| Table 1 - Mean values of constants k5,3 and n and their staﬁdard errors. (3]
Site

No. Soil Type kss3 Oks3 n On
12 Hanford fine sandy loam 512 140 013 .. 07
20 - Mahoning silt loam 344 27 042 0.09
26  Miami silt loam 457 7.1 0.41 022
32  Ontario loam 448 26 033 0.07
35° Ramona loam 263 13 025 0.08
47  Unidentified silt loam 20.1 12 032 0.08
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Figure 1 - Linear regression analysis of the average maximum penetration data
obtained at all of the sites identified by Jenkins as having soils similar
to Trench 94. The dashed lines represent the upper and lower limits
of the expected values at the 99% confidence level based on the linear
growth rate assumption.

~1

020617.0857 APP 4D ATT 5-8



DRAFT DOE/RL-88-20, Rev. 2
06/2002

ATTACHMENT 6

LETTER FROM D.R. HELGESON (CORROSION CONTROL SPECIALISTS)
TO C.L. REAUME (PUGET SOUND NAVAL SHIPYARD) REGARDING
SOIL RESISTIVITY TESTING, HANFORD, WASHINGTON
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CORROSION CONTROL SPECIALISTS

R&B Corporate Park, Suite PIO1
6617 South 193rd Place
Kent, Washington 98032

June 23, 139380
Puget Sound Naval Shipyard :
Qfficexr In Charge of Construction
Public Woxrks Dept. Code 460
Bremerxrton, Washington

Attn: Cheryl L. Reaume

" Ref: Soil Resistivity Testing'
Hanford, Washington
Contract No, N62474-90-M-6478

.Dear Ms. Raamne,

On Wednesday June 27,1990 CCS completed the testing as
directed by the refe"enced contract. The preliminary results
were faxed to youx office on June 28, 1990. The following is
a summary of the procedures used and a brief analysis of the
data.

Test Preceduras

The test procedure followed was that described by The

06/2002

ASTM Standard Method G-57-78, " Fleld Measurements of Soil

Registivity Using The Wenner Four electrode Method *. The
testing was completed using a Nilsson Model 400 soil
resistivity meter Cextified and Calibrated on June 25, 1%990.
A sketch is attached depicting the general ar"angement of
the meter, electrodes ., and wiring.

Testing was wztnessed by William Caxzlos (West! inghouse)
and by G.L. Ecklund (U.S. Navy). Testing was done at six
locations. One test was completed on each side of the
existing excavation for Trench %94 and one test for each of
two speil piles. Testing was cdone at each location with pin
spacings of 10, 20, 30, 40, and 50 feet. :

Prior to leaving the site copies of the raw data

collected was provided to William Carlos.
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The Wenner four pin test procedure provides the average
resistivity of the soil to & depth equal to the pin spacing.
Therefore testing was completed at several depth in addition
to the 50 foot spacing requested to better characterize the
soil. Moreover the data may be enhanced by processing the
data with formulations developed by H.E. Barnes. The Barnes
formulations provides an approximation of soil resistivities
for depth layers. The data collected for these test were
processed in this manner. The data is tabulated on the
attached data sheets.

The data is useful in both evaluating the potential for
corrosion activity and for designing cathodic protection.
Howsver in evaluating the potential for corrosion activity '
of a site, it should not be done using soil resistivities
alone. S0il resistivities should be combined with the other
_parameters, as you have scheduled fox testing, including
conductivity, sulfides, sulfates, chlorides, moisture
content, and pH. . ' '

Results and Analysis

The soll resistivity data collected at this site is
generally classified as high and not very corrosive but it
does show some stratification. Purther the Barnes layer
czlculations on the north side of the trench would indicate
a2 more aggressive environment for buried stéel.’ However in
analyzing soil resistivities by themselves, caution should
be used in drawing any fixm conclusions regarding the
potential Zfor corrosion. The National Association of
Corrosion Engineers (NACE) in their basic shoxt courses
‘provide a guideline for the relative amount of cerrosion in
the absence of mitigating measures. Those guicdelines are as

fellows:

: Relative Corzosion

Soi) Registivity Rate
Below 500 ohm-cm Very Corrosive

800 to 1000 ohm-cm Corrosive

1000 to 2000 ohu-cm Moderately Corzosive

2000 to 10,000 ohn-ca Mildly Corzosive
Above 10,000 ochm-cm Progressively less Corrosive

NACE does not suggest that in high resistivity soils .
that there is no corrosion but only that the rates of
corrosion in general decrease. The conceptual cathodic
protéction design package being evaluated by the Navy for
the SRC site provides a reference in Attachment 3 to H.C.
Van Rouhuys. Van Nouhuys classifies and evaluates soils in
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high ranges that extend up.to a million ohm-cm. The majority
of his conclusions were arrived at by collecting pipeline
leak histories in high resistivity soils. His work 1is
supported by many others working with underground pipelines
and tanks. : '

Thus it is our recommendation that cathodic protection
be applied to the SRC’'s even though the soil resistivities
are classified as high with relativity low corrosicn rates.
The basis for this recommendation is based on the present
plan to maintain the integrity of the SRC in excess of 100

years.

Also in reviewing the conceptual design being prepared..
it would appear the Navy is desixous of a2 galvanic system.
This is the most desirable type of cathodic protection
system in nearly all applications. However, to make the
installation of a galvanic system effective in high
resistivity solls econcmically feasible, @ the current
requirement must be low. Based on my casual inspection of
.the SRC’s while on site, it is oy opinien the quality of
coating may need to be upgraded to achieve that end. It
would be my recommendation the a detailed cocating inspection
of each SRC be completed prior to formalizing the selection
of a galvanic anode design.

CCS would be pleased to assist the Navy with. this
project as it proceeds. If we can clarify any of the above
please contact our office. '

Sincerely

Dennis R. Helgeson, P.E.
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iC Site (Trench 94)
inford, Washington
-84

soil Rcsiltivity Data

We

Test

Sites Location

1 East iido of trench
2 South sjide of trench
3 Spolil pile to south

of trench

4 West side of trench

020617.0857

fin.
Spacing
L2z}

10

20

30

- 40

50

10
20
30
40
50

19
20
30
40
50

Page 1 of 2
Corrosion Control Specialists

Seil

DOE/RL-88-20, Rev. 2

D. Helgeson
6/27/90

Nilsson (Model 400)

S/N- 40-2291

Reslistivity

{ohm-cm)

36,385
65,110
22,980
37,534
41,173

70,885

103,410

166,305
72,004
41,173

23,938
22,980
34,470
35,2368
54,578

" 107,240

91,520
97,665
91,820
§5,218
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Barnes
Layex

Raszstivity
Johm-cm)

309,270

10,

67,247

191,309
*w ’

26,
15,

22,
37,

80

017
re

§34
177

096
*w

753
-w

432

11,6268

78,
€5,

131
975
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Barnes
: Pin Soil Layer
Test Spacing Resistivity . Resistivity
site Llocation ILE) Lohm-cm} onm-
5 North side of trench 10 21,065 -
20 10,140 Sk
39 25,283 114,182
40 21,448 14,194
50 14,363 ) 6,187
6 Spoil pile to norxth 10 36,385 -
of trench 20 32,385 30,087
30 © 41,939 92,481
, 40 29,108 15,178 .
: 50 53,620 : i

* The Barnes layer calculation is not valid for these layezrs

. ) Page 2 of 2
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1
2
3
4
5  Transmitted from DOE-RL to Ecology.
6
7  Reference: Low-Level Burial Grounds Dangerous Waste Permit Application Supplement 2: Design
8 Documentation for Mixed Waste Nondragoff Land Disposal Facility (DOE/RL-88-20,
9 Supplement 2, Revision 0).
10
11 Site Investigation Report: WHC-SD-W025-SE-001, Revision 0.
12
13 Correspondence Number: 90-PPB-186, September 20, 1990.
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1
2
3
4
5
6  Transmitted from DOE-RL to Ecology.
7
8  Reference: A Final Report: Laboratory Testing of Geomembrane for Waste containment
9 Environmental Protection Agency Method 9090
10
11 Document Number: 9090 Test Results, WHC-SD-WM-TRP-237, Revision 0.
12
13 Correspondence Number: 96-SWT-333, November 7, 1996.
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"1 APPENDIX 4G
2
3
4 SOIL LINER PERFORMANCE CALCULATIONS
5
6
7  Assume Net Infiltration = Total precip - evapotrans (no run-off)
8
9  [From WHC 1992 (Project W-025 Design Report), Appendix C.1, page 44]:
10
11 Precip = "7.08"
12 Evapotrans = 546
13 Net Infiltration = 1.62"
14
15 Assume landfill is open for 10 years,
16
17 Assume no flexible membrane liner, no holding time/storage for precipitation.
18
19 - Head on soil liner after 10 years = 10 x 1.62 = 16.2"
20
21 Average head = 16.2"/2 = 8.1"
22
23 Darcy's Law: g = KiA
24
25 and qgA=V
26
27 ~ V=Ki where K = hydraulic conductivity = 107 cn/sec
28 i = pressure gradient = 8.1"/36" = 0.225
29
30 - V=0.225x 107 cm/sec.
31
32 In 10 years, penetration = 0.225 x 107 cm/sec x 3600 sec/hr x 24 hr/day x 365 day/yr x 10 years
33 =7.1cm
34 =28 in.
35
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APPENDIX 5A

SELECTED GROUNDWATER CONTAMINANT PLUME MAPS IN THE 200 AREAS

This appendix contains groundwater contaminant plume maps for the 200 East and 200 West Arcas based
on data collected in fiscal year 2001 and presented in PNNL-13788.

5A.1 200 East Area

Figures 5A-1 through 5A-5 show plume maps for major groundwater contaminants in the 200 East Area.
The lowest concentration contours shown are for the following:

1 pCi/L for iodine-129 (drinking water standard)

20 mg/L for nitrate as NO; (approximately one-half of the 45 mg/L. maximum contaminant level)
450 pCi/L for technetium-99 (one-half of the 900 pCi/L drinking water standard)

2,000 pCi/L for tritium (one-tenth of the 20,000 pCi/L drinking water standard)

30 ug/L uranium (maximum contaminant level).

5A.2 200 West Area

Figures 5A-6 through 5A-11 are plume maps for the 200 West Area. The lowest concentration contours
shown are for the following:

5 ng/L for carbon tetrachloride (maximum contaminant level)

1 pCi/L for iodine-129 (drinking water standard)

20 mg/L for nitrate as NO; (approximately one-half of the 45 mg/L. maximum contaminant level)
450 pCv/L for technetium-99 (one-half of the 900 pCi/L drinking water standard)

2,000 pCi/L for tritium (one-tenth of the 20,000 pCi/L drinking water standard)

30 pg/L for uranium (maximum contaminant level).
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Figure 5A-1. Distribution of lodine-129 at the Top of the Unconfined Aquifer, Fiscal Year 2001.

020617.0858

APP 5A-2



DRAFT

DOE/RL-88-20, Rev. 0
06/2002

WMA C" 7
Tank Flrm\’ 7, | 21624 Ditch
d- BN L) e Bre
L5 . ;“:é.%?i/’
’ . .
[ Basalt Above Water Table
O Buikdings
[ waste Sites
-] 300 g R00 1200 metsra
= Fences : £ * i d
~ Roads 0 TN 1600 2250 3000 fest
(oun'a'wim Inferred)
‘®on_mermD2_08 Mereh 37, 3002 853 A
Figure 5A-2. Distribution of Nitrate at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-3. Distribution of Technetium-99 at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-4. Distribution of Tritium at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure SA-5. Distribution of Uranium at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-6. Distribution of Carbon Tetrachloride at the Top of the Unconfined Aquifer,
Fiscal Year 2001.
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Figure 5A-7. Distribution of Jodine-129 at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-8. Distribution of Nitrate at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-9. Distribution of Technetium-99 at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-10. Distribution of Tritium at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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Figure 5A-11. Distribution of Uranium at the Top of the Unconfined Aquifer, Fiscal Year 2001.
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APPENDIX 5B

SUMMARIZED RESULTS OF GROUNDWATER MONITORING (1988 — 2001)

This appendix includes graphs showing data collected during interim-status groundwater monitoring. The
graphs include three contamination indicator parameters (specific conductance, total organic carbon, and
total organic halides) and chromium. Another indicator parameter, pH, is not included because it is of

10 limited use in groundwater monitoring at the LLBG. Chromium is included because it is proposed as a

11 statistical indicator during final status monitoring. pH and other data are available in the HEIS database.

O 00 ~1 W AW —

13 Graphs are presented for each well in the current (2002) interim-status monitoring network. Data for
14 wells previously monitored but now dry are available in HEIS. For Low-Level Waste Management
15  Area 4, graphs are provided for proposed supplemental wells if data are available.
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