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ABSTRACT 

The corrosion and gas-generation characteristics of three material types: low-carbon steel (the 
current waste packaging material for the Waste Isolation Pilot Plant), Cu-base materials, and Ti-base 
materials were determined in both the liquid and vapor phase of Brine A, a brine representative of an 
intergranular Salado Formation brine. Test environments included anoxic brine and anoxic brine with 
overpressures of C02, H2S, and H2 • Low-carbon steel reacted at a slow, measurable rate with anoxic 
brine, liberating H2 on an equimolar basis with Fe reacted. Presence of C02 caused the initial reac
tion to proceed more rapidly, but C02- induced passivation stopped the reaction if the C02 were pres
ent in sufficient quantities. Low-carbon steel immersed in brine with H2S showed no reaction, appar
ently because of passivation of the steel by formation of a protective iron sulfide reaction product. 
Cu- and Ti-base materials showed essentially no corrosion when exposed to brine and overpressures 
of N2 , C02 , and H2S except for the rapid and complete reaction between Cu-base materials and H2S. 
No significant reaction took place on any material in any environment in the vapor-phase exposures. 

• Prepared for Sandia National Laboratories Waste Isolation Pilot Plant Gas Generation Program, 
Albuquerque, New Mexico under Contract No. 67-8608. 
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EXECUTIVE SUMMARY 

A mined geologic repository site for demonstrating the safe management and disposal of 
defense-related transuranic (fRU) waste is being developed by the US Department of Energy near 
Carlsbad, New Mexico. The site, designated the Waste Isolation Pilot Plant (WIPP), is located in the 
bedded salt of the Salado Formation, at a depth of 655 m (2150 ft) below the land surface. 

If brine should enter the repository and contact the low-carbon steel waste containers (and 
metallic items in the waste), the possibility exists that corrosion product H2 could pressurize the 
facility. The rate of H2 formation and the ultimate H2 pressure attained would be dependent on the 
amount of brine available, the corrosion products formed, the kinetics of the specific corrosion reac
tions involved, and the available storage volume. 

Sandia National Laboratories (SNL), WIPP Gas Generation Program, issued a subcontract to 
Pacific Northwest Laboratory (PNL)a authorizing the performance of laboratory experiments to assist 
in resolving the gas generation and performance assessment-related questions. The present report 
summarizes the laboratory corrosion results obtained through December 1992. 

The experimental work has focused on the corrosion/gas generation characteristics of three 
material types: low-carbon steel (the current packaging material); Cu-base materials; and Ti-base 
materials. The latter two classes are considered to be alternative packaging materials should low-car
bon steels prove unusable. Four basic test environments are being used in the tests: Brine A (a Na, 
Mg, K chloride-sulfate brine simulating a WIPP intergranular Salado Formation brine) with a N2 

overpressure; Brine A with a C02 overpressure; Brine A with an H2S overpressure; and Brine A with 
an H2 overpressure. 

Test specimens of low-carbon steel have been exposed to the test environments in the entirely 
immersed condition as well as the vapor-phase-only condition. Limited testing has been done with 
steel specimens embedded in nearly pure particulate halite (NaCI) obtained from the WIPP site. All 
testing has been done at 30°C. The experimental work has involved a determination of the rate at 
which pressure (H2 gas) builds in test containers; the gravimetric determination of the metal lost from 
the test specimens because of the corrosion reaction; correlation between H2 formed and metal reac
ted, where possible; identification of the corrosion products formed; and post-test determination of the 
compositions of gases and brines in the test containers. 

It has been shown that the long-term (last 12 months of 24-month corrosion tests) corrosion 
rate of steel in anoxic Brine A is 0.71 p.m/yr, producing 0.10 mol H2/m

2-steel-yr. The corrosion 
product is not adherent and not identifiable by x-ray diffraction analysis (XRD). The long-term cor
rosion rate is approximately linear. Increasing the pressure of N2 increases the corrosion rate. 

A dichotomy exists in the case of C02 overpressures, in that increasing the gas overpressure 
increases the initial corrosion rate and also increases the probability of passivation due to the forma
tion of an impermeable corrosion product film, either FeC03 or a close relative. 
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In the low-carbon steel corrosion studies, the molar equivalency between Fe reacted and H2 

formed was satisfactory in both the Nzfimmersed and the CO/immersed tests. Steel exposed to the 
vapor phase over Brine A only, with either N2 or C02 present, showed essentially no evidence of 
corrosion. 

Steel specimens exposed to a H2S pressure of 5 atm, either immersed in Brine A or suspended 
in Brine A vapor, showed essentially no reaction. This is attributed to the passivating effect of pyrite 
(FeS2) or a similar protective higher-sulfide corrosion product. 

Limited anoxic corrosion studies were performed in which steel specimens were embedded in 
particulate salt (halite) that had been obtained from the Salado Formation in the WIPP underground 
workings. The particulate salt was either (a) contacting a pool of Brine A in a test autoclave (a 
"wicking" test) or (b) suspended above the Brine A (an attempt to form a "vapor transport" test). 
The corrosion rates observed in the former test were similar to those observed in tests in which steel 
specimens were immersed in Brine A with a N2 overpressure. In the latter test, the intended vapor
transport process was compromised by an unexpected condensation-drip process from the underside of 
the autoclave head. The corrosion rates were relatively low, because of (a) lack of reactant H20, or 
(b) the low-Mg test environment resulting from the condensed-H20 drip. 

Alternative packaging materials (Cu-base and Ti-base alloys) showed essentially no corrosion 
when exposed to environments of Brine A and overpressures of N2, C02, and H2S, except for the 
rapid and complete reaction between the Cu-base materials and H2S. Cu-base materials would appear 
to be a poor choice for use in the WIPP repository if H2S is expected to be present in the environ
ment, for example, through generation by microbial sulfate-reduction processes. It appears as though 
Ti-base materials could be used without concern for significant gas production. 
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1.0 INTRODUCTION 

A mined geologic repository for demonstrating the safe management and disposal of defense

related transuranic (fRU) waste is being developed by the US Department of Energy near Carlsbad, 

New Mexico. The site, designated the Waste Isolation Pilot Plant (WIPP), is located in the bedded 

salt of the Salado Formation, at a depth of 655 m (2150 ft) below the land surface. Eight storage 

panels of seven rooms each will be mined. The panels, access ways, and shafts will be sealed before 

the site is decommissioned. 

At the present time, a large quantity of transuranic (fRU) wastes are being temporarily stored 

in steel drums and steel waste boxes at waste generator sites. Under current plans, these wastes 

would be transported to and emplaced within the WIPP site without additional modification of the 

original packaging. Additional metal pieces (Fe- and At-based alloys, for example) are contained 

within the waste containers as contaminated waste materials. 

A number of scenarios have been advanced whereby brine could intrude into the repository 

(Guzowski, 1990). Should brine contact the metallic waste containers (and certain of the metallic 

wastes within the containers), anoxic corrosion product H2 would be expected to form (Lappin et al., 

1989; Brush et al., 1991b; Brush et al., 1991a). The amount of H2 and the ultimate H2 pressure 

attained would be dependent on the amount of brine available for reaction, the corrosion products 

formed, and the kinetics of the corrosion reactions involved. The effect of microbes in the brine/ 

waste repository environment and the possible formation of C02 and/or H2S by microbial activity 

have also been cited as being potentially important gas-generation processes. 

Butcher (1990) has discussed the potential negative effects of gas pressure on the WIPP site. 

This pressure will tend to retard room closure; it can contribute to fractures within the disturbed rock 

zone; it has the potential of leaking from the site, possibly causing perceptual, technical, or regulatory 

concerns; it can contribute to two-phase gas-driven flow from the repository; and it could possibly 

degrade the repository sealing system. 

The site-pressurization concerns led to a selection of alternative container materials; that is, 

materials that would not be expected to generate significant quantities of gas in the WIPP repository 

environment. A Waste Container Materials Panel was convened by the WIPP Project in 1990 

(EA TF, 1991) to make a preliminary selection of alternative packaging materials. Of the metallic 
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container materials considered, copper-base and titanium-base alloys were judged to offer the best 

combination of properties when fabricabil ity, availability, technology status, cost, and gas-generation 

potential were taken into account. Though no programmatic decision has yet been made regarding the 

use of these alternative materials, verification of their corrosion and gas-generating characteristics has 

been considered to be an important task in support of the WIPP Project so that their use could be 

invoked if deemed necessary. 

Past studies have not permitted an unambiguous resolution of the WIPP gas generation and 

repository pressurization question, because of 1) use of test temperatures different from those 

expected in WIPP disposal rooms, 2) inadequate test durations, 3) inadequate backpressure of corro

sion product gases, and 4) an inadequate simulation of the brine chemistry specific to the WIPP site. 

For these reasons, the Sandia National Laboratories (SNL) WIPP Gas Generation Program, on behalf 

of the WIPP Project, issued a subcontract to Pacific Northwest Laboratory (PNL) authorizing the per

formance of laboratory experiments to assist in resolving the gas-generation question as it relates to 

low-carbon steel and alternative material corrosion. This report summarizes all available results 

obtained since the receipt of work authorization at PNL in November 1989 through the end of calen

dar year 1992. 
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2.0 OBJECTIVE 

The major objective of the present WIPP-PNL project is to determine the rate of hydrogen gen

eration and the hydrogen pressurization potential associated with the reaction of steel drum and waste 

box materials, alternative packaging materials, and metal wastes contained in drums and waste boxes 

with simulated, repository-relevant WIPP environments. 
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3.0 SCOPE OF WORK 

The initial (and major) effort in the present project has been directed toward characterizing the 

behavior of low-carbon steels in simulated WIPP environments: namely, environments consisting of 

liquid Brine A or water vapor in equilibrium with Brine A, with overpressures of N2, C02, H2, or 

H2S gas. Four lots (heats) of steel have been included in the tests: two lots of ASTM Grade A366, 

representative of 55-gallon steel waste drums, and two lots of ASTM Grade A570, representative of 

steel waste boxes and steel waste components. The N2 overpressure is used in the anoxic test 

environments in which only the brine constituents are to react with the metal specimens. Because 

microbial degradation activity on organic-matrix waste materials isolated in the WIPP repository may 

produce significant quantities of C02 and H2S, these species have been included in selected tests. 

This is an important focus of this laboratory program. The test matrix describing the gas-generation 

studies performed to date involving low-carbon steel is presented in Table 3-1. Discussions of 

specific low-carbon-steel tests and test results in the present report will be keyed to this matrix by test 

environment (i.e., gas, brine or vapor, overpressure) and container (test) identification. 

The scope of work of the present study was extended beyond low-carbon-steel studies in 1991 

to include an assessment of the anoxic corrosion and gas-generation behavior of four alternative WIPP 

metal packaging materials. These materials are unalloyed copper, cupronickel 90-10, Ti Grade 2 (a 

grade of commercial-purity Ti), and Ti Grade 12 (a crevice-corrosion-resistant Ti-base alloy contain

ing 0.7-0.9% Ni and 0.2-0.4% Mo). As in the case of the low-carbon-steel studies, the corrosion 

rates of these materials are being investigated in brine environments with overpressures of N2, C02, 

and H2S. The test matrix describing the gas-generation studies performed to date on alternative mate

rials is presented in Table 3-2. 

Throughout this report, "psig" refers to psi gauge and "psia" refers to psi absolute, where 

psig + 14.7 is equivalent to psia. The term "atm" always refers to atmospheres pressure absolute. 

In describing pressure differences "psi" is used. 

The "brine" environment referred to in the test matrices refers to a saturated Na-Mg-K 

chloride-sulfate brine designated "Brine A." This brine simulates intergranular Salado Formation 

brines at or near the stratigraphic horizon of the WIPP repository (Molecke, 1983). It is discussed in 

detail in Section 5.2.3 of this report. 
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Table 3-1. Test Matrix, Low-Carbon Steel Tests. Pressures given in table are approximate. 

Test Type 

~pecimens 

·mmersed in 
~rine A 

swcb 

Specimens in 
vapor phase 

SWC 

Specimens 
·mmersed in 
~rine A 

~UTd 

Specimens 
embedded in salt 

AUT 

Test temperature = 30 ±Soc 

Overpres
sure Gas 

N2 

C02 

H 2S 

N2 

C02 

H 2S 

H2 

N2 

C02 

N2 

Container 
(or Test) 

Identification 
I, 2 

9, 10 
17, 18 
25,26 

3,c4c 

11,0 12• 
19,0 20° 
27,C 28° 

33 

34 
35 
36 
37 

38· 

40° 
41° 

5, 6 
13, 14 
21, 22 
29, 30 

7, 8 
15, 16 
23, 24 
31, 32 

42 
43 

AUT-I 
AUT-3 
AUT-4 

AUT-2 
AUT-7 
AUT-8 

AUT-5 

AUT-6 

Test Time, 
Months 

Aim Actual 
3 3 
6 6 

12 12 
24 24 

3 3 
6 6 

12 12 
24 24 

Open 

3 3 
6 6 

12 12 
24 24 
3 3 
6 6 

12 12 
24 24 

Open 

3 6 

6 12 

3 6 
6 6 

12 Open 
3 3 

Initial Gas 
Overpressure 

or Amount 
10 atm 

12 atm 

0.32 mol/m" steel 
0.16 mol/m2 steel 
0.063 mol/m2 steel 
0.032 mol/m2 steel 
0.016 mol/m2 steel 
0.00 mol/m2 steel 

5 atm 

10 atm 

5 atm 

70 atm 
36 atm 
70 atm 
73 atm 
36 atm 

10 atm 

Steel Lot(s)" 
in Test 

J, K, L, M 

J, K 

J, K, L, M 

J 

. J = ASTM A366; K = ASTM A366; L = ASTM A570; M = ASTM A570 . 
b SWC = seal-welded test containers. 

Remarks 
~ests concluded, 
fJ>ecimens examined 

rr est duration 
rot defined, to be 
[based on observed 
esults 

rr ests concluded, 
specimens examined 

[fest duration not 
defined 
Tests concluded, 
specimens examined 

n progress 
Salt mass contacting 
brine - concluded 

Salt mass above brine 
concluded 

c Containers equipped with 300-psig full-range gauges. All other SWC tests equipped with 200-psig full-range 
gauges. 

d AUT = high-pressure autoclave system. . Part of test series directed toward determining the effect of C02, but contains only N 2 as a control. 
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Table 3-2. Test Matrix, Alternative Packaging Materials Tests. Specimens immersed in brine in 
seal-welded test containers. Temperature = 30 ±5°C 

Container 
Overpres- (or Test) 

Material sure Gas Identification 
LOpper and lA 
cupronickel 90-1 0 N2, 7A 

10 atm UA 

2A 
C02, SA" 

10 atm 14A" 

3A 

9A" 
H2S, 

5 atm l:>A" 

Ti Grade 2 and 4A 
;J'i Grade 12 N2, lOA 

10 atm lbA 

5A 

C02. llA 
10 atm 17A" 

6A 
H~, 12A 
5 atm 18A" 

None H2S, 19A 
5 atm 

Test Time, 
Months 

Aim Actual 
6 10 

12 15 
24 Open 

6 10 
12 15 

24 Open 

6 9 

12 15 

24 Open 

6 10 
12 15 
24 Open 

6 10 
12 15 

24 Open 

6 9 
12 15 

24 Open 

Open 

Remarks 
Tests concluded, specimens examined 

Aim test duration not yet attained 
Tests concluded, specimens examined 

Aim test durabon not yet attamed 

Tests concluded, specimens examined 

H2 vented, contamer re-pressurized with 
H2S at 9 months 
Aim test duration not yet attained (H2 
vented, container re-pressurized with H2S 
at 9 months) 

Tests concluded, specimens examined 

Alm test duration not yet attamed 

Tests concluded, specimens examined 

Aim test duration not yet attained 
Tests concluded, specimens examined 

Aim test duration not yet attained 
"Control" container 

. Tests equipped with 300-psig full-range gauges. All others equipped with 200-psig full-range gauges . 

The principal metal wastes contained within the existing TRU waste receptacles capable of par

ticipating in H2-generating reactions are alloys of Fe and AI. The gas-generating behavior of Fe 

alloys is currently being investigated because of the obvious potential importance of the low-carbon

steel drums and waste boxes currently in use. The behavior of AI alloys has not yet been addressed. 

Initiation of AI alloy investigations is planned for CY 1993. 
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4.0 TECHNICAL BACKGROUND 

The present study has focused on the corrosion and gas-generation characteristics of low-carbon 

steel, Cu-base materials, and Ti-base materials in simulated WIPP environments consisting of brine 

with overpressures of N2 , C02 , H2 , and H2S. Relevant background information obtained from the lit

erature will be presented in this section of the report, in the following order: 

• Fe-anoxic brine 

• Fe-C02 

• Fe-H2S 

• Cu-anoxic brine 

• Cu-C02 

• Cu-H2S 

• Ti-anoxic brine 

• Ti-C02 

• Ti-H2S 

4.1 Fe-Anoxic Brine 

On a thermodynamic basis, iron is capable of reacting with water to form high hydrogen over

pressures. Brush et al. (199la; 199lb) have estimated the hydrogen fugacities to be -400 atm in 

equilibrium with an F~04 reaction product and -60 atm in equilibrium with an Fe(OH)2 reaction 

product. Simpson and Schenk (1989) presented similar thermodynamic conclusions. Brush et al. 

noted that the Fe(OH)2 product is unstable compared to the F~04 product. The high potential 

pressures predicted by such thermodynamic calculations provided the WIPP Project incentive for lab

oratory studies (such as the present PNL study) designed to determine the kinetics of the corrosion 
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and gas-generation reactions and the nature of the reaction products formed. Also, such calculations 

have provided the incentive for investigating the potential replacement of low-carbon steels with alter

native packaging materials. 

The tendency for steels to corrode in anoxic brine at significant rates with concomitant produc

tion of hydrogen has been documented in recent studies. For example, Haberman and Frydrych 

( 1988) investigated the corrosion of cast low-carbon steels in synthetic anoxic Permian Basin brines at 

temperatures of 90, 150, and 200oc. They found significant corrosion rates and reported that the 

corrosion rates increased with the Mg concentration in the brine. Simpson and Schenk (1989) studied 

the corrosion of low-carbon steel in natural and synthetic granitic ground waters and NaCI solutions at 

25, 50, and 80°C over a pH range of 7-10 and concluded that the resulting reactions could produce 

H2 at a rate faster than it could diffuse through the compacted bentonite backfill proposed for a Swiss 

nuclear repository. They reported a corrosion (penetration) rate of 3.6 JJ.mlyr (0.14 mil/yr, or 

"mpy") for a low-carbon steel in a neutral (pH 7) anoxic NaCI brine containing 8000 ppm Cl

(0.23 .M) at 50°C; the corresponding rate in 800 ppm Cl- (0.023 M) brine is 1.4 JJ.mlyr (0.055 mpy). 

The test duration was described only as that required to reach a steady-state corrosion rate, with a 

minimum test duration of 16 days. By contrast, Braithwaite and Molecke (1980) reported the linear

ized corrosion rate of low-carbon steel (A lSI 10 18) in both Brine A, a concentrated Na-Mg-K brine, 

and Brine B, a nearly saturated NaCl brine, under anoxic test conditions at 25°C, to be 30 JJ.m/yr 

(1.2 mpy). The test duration was 28 days. The relatively high corrosion rate reported by Braithwaite 

and Molecke (1980) was apparently due either to the relatively corrosive brine media used in their 

tests or to the possibility that the test duration used by Simpson and Schenk (1989) was much longer 

than 28 days, allowing the corrosion rate to decrease to a relatively low level due to the formation of 

a corrosion product film on the surface of the steel specimens that retarded the corrosion rate. 

Grauer et al. (1991) investigated the corrosion/gas generation of steel under anoxic conditions 

in aqueous cementitious (alkaline) environments. Their work clearly demonstrates the profound effect 

of pH on steel corrosion under anoxic conditions. The low-temperature data of Grauer et al. (1991) 
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and Simpson and Schenk (1989) illustrate the effect of pH on the corrosion rate of steel over a range 

of anoxic aqueous environments: 

Approximate 
Relative 

pH Corrosion Rate 

7 1 

10 - 11 0.1-0.01 

12 0.01 - 0.001 

13 <0.001 

Although these conclusions are approximate, they provide some guidance in evaluating the potential 

beneficial effect of additions of alkaline reagents to the WIPP backfill material to decrease the corro

sion rate of steel containers. 

4.2 Fe-C02 

The corrosive effects of aqueous solutions of C02 on low-carbon and low-alloy steels have 

been well known and have been the subject of many research investigations over the past 50 years. 

Most of the work has been sponsored by oil and gas producers. The subject has received increased 

attention in recent years with the increased use of C02 pressurization in enhanced oil recovery tech

niques, and with the occurrence of C02 in deep gas-producing wells. The nature of the research 

sponsorship explains the general nature of the work found in the literature: corrosion studies done 

under flowing conditions at elevated temperature over short test durations, frequently with the 

aqueous solutions not saturated with corrosion products. The objective of such work is, of course, to 

improve the economics of gas and oil production by determining optimal alloys for tubular products 

and developing effective corrosion inhibition methods. These conditions are not generally relevant to 

expected WIPP conditions, so only a small fraction of the large body of research results available in 

the literature are directly applicable to or comparable with the present PNL studies. 
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4.2.1 General Mechanisms of Corrosion 

Aqueous 0 2-free solutions of C02 are corrosive to iron and low-carbon steels because they 

form weak acids: 

(1) 

(2) 

(3) 

(4) 

(5) 

The corrosion rate of bare steel in carbonic acid solutions is controlled by the kinetics of the H2 

evolution at the cathode [Equations (4) and (5)]. It has been determined that the hydrogen evolution 

from steel surfaces in contact with C02 solutions can occur by the two fundamentally different mecha

nisms shown in Equations (4) and (5). One mechanism involves the electrochemical reduction of H+ 

ions that diffuse to the surface of the steel, in common with general acid corrosion phenomena [Equa

tion (4)]. The other mechanism involves the direct reduction of adsorbed H2C03 molecules, as shown 

in Equation (5) (Schmitt, 1983a). The relative rapidity of the hydrogen reduction by the two parallel 

mechanisms makes corrosion in aqueous C02 solutions relatively rapid compared to corrosion in other 

acids, such as HCI, at the same pH (Schmitt, 1983a; Hausler and Stegmann, 1988). 

The increase generally found in steel corrosion rates (prior to stable corrosion product film for

mation) in aqueous C02 solutions with increasing pressure of C02 (see Section 4.2.3.2 of this report) 

is consistent with Equations (4) and (5). The pH decreases with increasing C02 pressure, attaining 

values as low as 4.3 at 0.1 atm, 3.9 at 1 atm, and 3.4 at 10 atm C02 over a 0.5 M NaCI solution at 
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25°C (Crolet and Bonis, 1984). Seki et al. (1982) report pH values of 5.1 and 4.3 at C02 pressures 

of 0.1 atm and 1 atm, respectively, using an artificial seawater solution. These results are consistent 

with an increase in the rate of Equation (4) with increased C02 pressure. The increasing concentra

tion of H2C03 with C02 pressure, according to the Henry's Law constant for the specific solution 

involved, would of course be consistent with an increase in the rate of Equation (5) with increasing 

C02 pressure. As the reaction of the iron or steel surface in aqueous C~ solutions proceeds, the cor

rosion product FeC03 (siderite) will form if the solubility of Fe2
+ in the solution near the metal sur

face has attained the saturation concentration: 

Fe 2• + COt = FeC03 
(6) 

by the overall reaction 

(7) 

Formation of an FeC03 film on a given low-carbon or low-alloy steel is favored by static or 

low-flow-rate conditions. These conditions permit the concentration of fe2+ ions to increase near the 

corroding steel surface and eventually attain the saturation concentration. Other conditions that favor 

FeC03 deposition are alkaline conditions from addition of alkaline corrosion inhibitors, for example, 

and increased temperature due to the retrograde solubility of FeC03 . On the other hand, increasing 

C02 partial pressure and the concentration of calcium or magnesium ions in the brine increases the 

iron carbonate solubility (Hausler, 1983). 

It has been generally found that chloride ion concentration is not an important factor in the cor

rosion of steels in aqueous C02 environments (Ikeda et al., 1984). 

Another possible corrosion product in the corrosion of steels in aqueous C02 environments is 

F~04 • Its formation is favored by low C02 and H2 fugacities and elevated temperatures. Dunlop 

et al. (1983) have computed the stability fields of FeC03 and F~04 as a function of the C02 and H2 
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fugacities and temperature. Also, Ca can be found in siderite films when the environment contains 

Ca salts. Murata et al. (1983) suggested the possibility that this is due to codeposition of CaC03 with 

FeC03 • 

Conditions in the WIPP (i.e., essentially static conditions, limited brine volume, and high Fe2+ 

availability) are consistent with a rapid formation of corrosion product film on the surface of corrod

ing steel. The corrosion product is expected to exert ultimate rate control through the control of reac

tant transport kinetics. Hausler (1983) postulated that the transport processes through the siderite film 

involved simultaneous migration of Fe2+ ions, by an interstitial diffusion process, and electron 

transport via protonation of carbonate ions in the siderite lattice. After testing the model with experi

mental results, he concluded that the model was overly simple and could not readily explain all of the 

complex corrosion processes observed. The detailed corrosion-product-layer transport processes that 

control the corrosion rates of steel in static aqueous environments containing C02 remain largely 

undefined. 

4.2.2 Thermodynamic Considerations 

The overall reaction of Fe with H20 and C02 to form FeC03 and H2 [Equation (7)] is strongly 

favored thermodynamically. If the t.G 0 values for H20, C02, and FeC03 at 25°C are assigned 

(Rossini et al., 1952), and if the fugacity of H20 is assigned the value 0.03 atm (Brush, 199lb), the 

following equilibrium constant results: 

(8) 

Equation (8) shows that, under equilibrium conditions, the fugacity of H2 could equal 6 x 105 times 

the fugacity of C02 • This information provides incentive for a study of the kinetic processes 

involved, as a C02 fugacity of less than 0.001 atm could, in theory, produce an H2 pressure sufficient 

to affect the integrity of the repository. 
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4.2.3 Corrosion Kinetics, Experimental Studies 

As previously mentioned, the major part of the reported research work performed to date has 

been done at temperatures higher than the expected WIPP operating temperature of - 30°C and has 

also utilized flowing systems and short-term (typically l-7 days) test durations. A great deal of work 

has been done under test conditions that do not permit formation of adherent corrosion product films. 

And, of course, no corrosion investigations have been performed by others in test media equivalent to 

Brine A with C02 overpressures. In spite of these obvious problems of relevance of results, that 

experimental work which appears to be in some way related to the WIPP site conditions or that would 

tend to augment the PNL investigations will be described here. 

4.2.3.1 EFFECT OF TEMPERATURE ON THE CORROSION PRODUCT FILM 

A profound effect of temperature has been observed on the nature of the corrosion product film 

formed on steel in aqueous C02 solutions. In corrosion tests utilizing a flowing 5% NaCI brine with 

a 30 atm overpressure of C02 (equilibrated with the brine at 25°C in a different portion of the loop), 

Ikeda et al. (1983) found that at temperatures <60oC the FeC03 that formed on the steel surface was 

"soft and not adhesive." The corrosion observed was uniform. At temperatures in the vicinity of 

l00°C, the film was "thick and not tight," and deep pitting attack was observed. At temperatures 

> l50°C, the FeC03 film was "fine, tight, and adhesive," and uniform corrosion was again observed. 

According to Schmitt (l983b), "considering the present knowledge on C02 corrosion, it appears that 

the temperature is obviously the most important parameter." Schmitt ( l983b ), in an admittedly overly 

simplified analysis, characterized C02 corrosion of steels at temperatures <60°C as forming non

protective films, with the rate of corrosion being dependent on H2 evolution and independent of flow 

rate. He went on to state that the corrosion rate under these low-temperature circumstances would be 

expected to be predicted by the relation 

log rate = 0.67 log P co + C 
1 

(9) 
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where P co is the pressure of C02 in atmospheres and C is a constant. This relation was first 
1 

described by de Waard and Milliams (1975a; 1975b) and has been shown to predict corrosion rates 

reasonably well under a variety of C02-charged-brine conditions that essentially preclude formation of 

an adherent FeC03 film (Schmitt, 1983a; Videm and Dugstad, 1987; Ikeda et al., 1983). In a sepa

rate review of low-temperature corrosion, Schmitt (1983a) stated that the corrosion dependence on 

C02 pressure [per Equation (9)] has been shown to be reliable to low partial pressures of C02 

( < 2 atm) and temperatures up to 60°C "under laminar flow conditions." 

It should be further noted that de Waard and Milliams (1975b) were forced to reject data from 

a significant number of tests in developing their corrosion rate-C02 pressure relationship 

[Equation (9)] because of an FeC03 film forming on their corrosion specimens and yielding 

corrosion-rate results that were too low. This generally occurred at temperatures > 60°C in their 

"vigorously stirred" solutions, but also happened at 40°C if the solution (0.1 or 1.0% NaCI) was 

stagnant. Based on the results of the work performed by the investigators cited, and bearing in mind 

the inherent WIPP-relevance questions already described, it appears that the corrosion product films 

expected to form on steel under C02-charged repository conditions will have protective characteris

tics, but that they may not be as protective as films formed at higher temperatures, i.e., temperatures 

>60°C. 

4.2.3.2 CORROSION RATES 

Summaries of the corrosion kinetics observed in a large number of steel corrosion studies in 

aqueous C02 systems were presented by Videm and Dugstad (1987), Burke (1984), and DeBerry and 

Clark (1984). 

The corrosion rates in flowing environments at 25°C and C02 pressures > 1 atm [one study 

only, due to A. A. Abramyan, reported by DeBerry and Clark (1984)] show steel corrosion rates of 

> 5 mm/yr ( > 200 mpy) at 10 atm pressure of C02, and a rate of > 10 mm/yr ( > 400 mpy) at 

35 atm pressure of C02• These data were obtained in an aqueous environment (unspecified by 

DeBerry and Clark) flowing at l cm/s. The tests were only 12 h in duration. The corrosion rate 

4-8 



versus Pco plot is in excellent agreement with Equation (9), suggesting that the metal surfaces were 
2 

unencumbered by corrosion product films. This could be due to the flow rate, the very-short-term 

nature of the tests, or both. 

Loop test results at higher temperatures and more rapid flow rates show even higher corrosion 

rates than those of Abramyan. The grouping (60 to l00°C, 1 m/s to 20 m/s, variable pH, variable 

FeZ+ concentrations) of loop data presented by Videm and Dugstad (1987) shows a range of corrosion 

rates from 4 mm/yr (160 mpy) to 20 mm/yr (800 mpy) at 1 atm C02 pressure; from 20 mm/yr 

(800 mpy) to 60 mm/yr (2400 mpy) at 10 atm C02 pressure; and from 40 mm/yr (1600 mpy) to 

- 100 mm/yr (- 4000 mpy) at 35 atm C02 pressure. 

It appears that only two quantitative, low-temperature (20 to 30°C) static (unstirred, unflowing) 

studies have been reported on steel corrosion in aqueous C02 environments wherein corrosion product 

films have been obviously permitted to form on the corrosion specimens. In one study, Rhodes and 

Clark (1936) exposed specimens of two lots of steel (0.18 C, 0.39 Mn; 0.22 C, 0.66 Mn) to distilled 

water at various pressures of C02 at 22.5°C. Test durations were -3 days. The penetration rates 

observed ranged from 1.2 mm/yr (47 mpy) at 10 atm C02 pressure to 1.5 mm/yr (60 mpy) at 31 atm 

(450 psia). These rates are only about one-fourth as high as the rates determined by Abramyan under 

flowing conditions, consistent with the formation of a partially protective film on the specimens in the 

static test. Rhodes and Clark did report a "loose black coating" on their specimens that was easily 

removed by "wiping with cloth." The corrosion rates obtained in the low-C02-pressure range agreed 

well with Equation (9). The high-C02-pressure data showed lower-than-expected rates, suggesting a 

higher degree of corrosion product film integrity at the higher C02 concentrations. The second static

environment, film-forming study was performed by Greco and Wright (1962). They used a somewhat 

lower range of C02 pressures than Rhodes and Clark (0.25-4.5 atm), a 400-ppm NaCI solution, a test 

duration of 2 days, and a test temperature of 30°C. The test material is described as "shim stock," as 

"mild steel," and as "iron"; its exact composition is not clear. Greco and Wright reported corrosion 

rates of 0.25 mm/yr (9.9 mpy) at 0.25 atm C02; 0.35 mm/yr (14 mpy) at 1 atm C02; and 

0.93 mm/yr (37 mpy) at 5 atm C02 • These data provide a very satisfactory continuation (extrapola

tion) of the data of Rhodes and Clark to lower C02 pressures. The corrosion-rate data of Greco and 

Wright exhibit the C02 pressure dependency shown in Equation (9) over the entire pressure range, 

consistent with only partial protection from the "extremely slight and gray in color" film that formed 

on the specimens in the course of the short (2-day) test periods. 
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Three additional autoclave studies deserve mention here. Murata et al. (1983) described the 

results obtained from autoclave studies using a simulated seawater environment, temperatures of 

25°and 60°C, a 5-day test duration, a low-carbon steel (0.12% C, 1.28% Mn, 0.021% Nb, 

0.03% AI) test material, and a C02 pressure range of tQ-2 to 102 atm. Unfortunately, it was not 

reported whether the specimens were covered with corrosion product during the test exposure, and a 

lack of description of the degree of agitation of the test medium makes it difficult to determine. The 

authors imply clean specimen surfaces during the 25°C test to explain the test results because they 

refer to the presence of a CaC03 layer on the specimens during the 60°C test, when the pressure of 

C02 was above I atm. However, the corrosion rates presented are similar to those of Rhodes and 

Clark (1936), which strongly suggests presence of a corrosion product film. 

The second study, by Masamura et al. (1983), involved exposure of a low-carbon steel to water 

at 40°C with a C02 pressure of approximately 30 atm in a refreshed autoclave system. The water 

was equilibrated with C02 before entering the autoclave. The duration of the test was 4 days. The 

corrosion rate observed (5.6 mm/yr, or 220 mpy) lies between the filmed-specimen data of Rhodes 

and Clark (1936) and the bare-specimen-data of Abramyan (DeBerry and Clark, 1984). This inter

mediate rate suggests that specimen filming occurred and that it occurred partway through the test. 

However, no detailed description of the specimen(s) after the test is given, so relevant inferences are 

not possible. 

In the third study (Seki et al., 1982), truly static conditions were apparently employed. Speci

mens of two low-carbon steels were immersed in synthetic seawater at 25oC for 4 days, using C02 

pressures ranging from I to 10 atm. The corrosion rates observed under these conditions ranged 

from 0.47 mrnlyr (19 mpy) at 1.0 atm C02 pressure to 0.76 mrnlyr (30 mpy) at lO atm C02 pressure, 

in reasonably good agreement with the filmed-specimen corrosion rate results of Greco and Wright. 

Nothing is mentioned in the paper, however, about the nature of the specimen surfaces when the test 

was concluded, though the results are consistent with transport control through semi-protective corro

sion product layers. The limited data of Seki et al. (1982) do not show the same degree of C02 

pressure dependence as the data of Greco and Wright, though there is plainly an increase in corrosion 

rate with increasing C02 pressure. 
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As in the case of the Fe-C02 studies described in the previous section of this report, existing 

Fe-H2S corrosion data derive primarily from work sponsored by oil and gas producers. The primary 

focus has been on sulfide-induced cracking of steels; however; some corrosion data exist, and those 

considered relevant to the WIPP site will be presented in this section of the report. 

4.3.1 General Mechanism of Corrosion 

Weak acid solutions are formed when H2S gas is dissolved in aqueous solutions: 

(10) 

HS - + H 0 = H • + S 2- + H 0 2 2 
(11) 

Crolet and Bonis (1984) and Seki et al. (1982) determined the relationship between the pressure 

of H2S gas and the resultant pH in water, 0.5 M NaCl, and simulated seawater solutions. The acidi

fying effect of H2S is similar to, but slightly less than, the acidifying effect of C02 at equivalent pres

sures. For example, for a 0.5 M NaCl solution at 25°C, Crolet and Bonis give pH values of 4.0 and 

3.9 for H2S and C02 at 1 atm, respectively. At 10 atm H2S and C02, the pH values are 3.6 and 3.4, 

respectively. 

The corrosion of iron or steel in aqueous H2S solutions can be described by combining the 

anodic reaction 

(12) 

with the cathodic reaction 
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(13) 

which utilizes the H+ produced in Equations (10) and (11). The overall reaction is 

(14) 

or 

(15) 

The reaction product H2 is, of course, a matter of concern to the WIPP Project. 

A wide range of iron sulfide reaction products can form depending on factors such as pressure 

of H2S, temperature, and time of exposure. Equation (14) represents the formation of iron sulfides 

that are approximated by the composition FeS; namely, mackinawite (FeS 1_j, troilite (FeS), and 

pyrrhotite (Fe1_,S), whereas Equation (15) describes the formation of either marcasite or pyrite 

(FeS2).
8 

Wikjord et al. (1980) have presented a much more complete description of the sulfides that can 

form on steels. 

In a static environment, the expected corrosion product formation sequence in the reaction of 

steels with aqueous H2S solutions is mackinawiteb (FeS 1_j --. troilite (FeS) --. pyrrhotite (Fe1_,S) --. 

pyrite/marcasite (FeS2). Mackinawite, the lowest sulfide, is considered to be the least protective of 

the sulfide corrosion products; pyrrhotite and pyrite are considered to offer the most protection to the 

metal substrate (Meyer et al., 1958; Wikjord et al., 1980; Tewari et al., 1979; Tapping et al., 1983; 

Thomason, 1978). 

• Marcasite and pyrite have the same stoichiometry, but different crystal structures. Marcasite is 
orthorhombic, pyrite is cubic. 

b Mackinawite is frequently referred to as "kansite" in older publications. Milton (1966) demon
strated the equivalence of mackinawite and kansite, and recommended that the term "kansite" be 
dropped. 
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The sulfide corrosion product formation sequence shown is logical, as the corrosion product 

layer would be expected to exhibit a greater proportion of higher sulfides as the cation concentration 

gradient became slower due to film thickening. Differences in system conditions and uncertainty 

regarding the corrosion product formation kinetics make a prediction of corrosion product(s) difficult, 

if a specific system has not been previously studied experimentally. 

Sardisco et al. (1963) and Sardisco and Pitts (1965) have reported the only data (known to the 

authors of this report) that tend to contradict the corrosion product sequence noted. In the course of 

tests of short (3-day) duration in an aqueous environment at 24 oc, they observed the formation of a 

relatively protective film of marcasite/pyrite and troilite, with some mackinawite, at a low H2S partial 

pressure (0.0068 atm) in C02 • At greater partial pressures of H2S (to 0.22 atm), a relatively non

protective film formed, consisting primarily of mackinawite. They found that the best mathematical 

description of the metal reacted as a function of time could be made, in general, using a mixed

parabolic kinetic expression 

where A, B, and C are constants 

y = metal reacted 

t =time 

Ay 2 + By + C = t (16) 

The mixed-parabolic expression is consistent with the overall reaction being controlled partially by an 

interface reaction and partially by the passage of ions and electrons across the reaction product film. 

At the lowest H2S pressure employed (0.00065 atm, or 0.00958 psia), the reaction kinetics tended 

toward parabolic, expected in the case of protective films. A troilite + pyrite/marcasite film was 

present on the specimen surfaces. At the highest H2S pressures employed (0.22 atm, or 3.25 psia), 

the kinetic expression tended toward linear, consistent with the lack of protectiveness expected from 

the predominantly mackinawite film. 

Meyer et al. (1958) noted an initial protective mackinawite "tarnish film" on steel specimens 

exposed at room temperature to moist H2S at - l atm pressure. After a time period of 5 to 10 days 
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the tarnish film changed to a "rough flaky scale" of mackinawite and lost its original highly protective 

character. When the H2S was humidified by a 5% NaCI brine, or when C02 was present in the sys

tem, the mackinawite remained the predominant phase. In experiments in which the H2S was humidi

fied with water alone the initial mackinawite layer became a triple corrosion-product layer, with 

mackinawite next to the steel surface, a layer of pyrrhotite next, and a layer of pyrite at the gas

corrosion product interface. (It should be noted that the effect of the NaCI solute in the humidifying 

medium is not at all clear, unless some mechanical transfer of brine from the solution to the speci

mens occurred. The possibility of this happening was not mentioned by the authors.) The tests of 

Meyer et al. had a duration of - 125 days. 

Thomason (1978) studied the corrosion kinetics of a mild steel in a 3% NaCI solution saturated 

with H2S at 1 atm pressure. Testing was done over the temperature range 30 to 90°C; the corrosion 

tests typically lasted for 6 days. Thomason found that the corrosion rates were highest at the lowest 

temperatures (30 to 50°C). Only mackinawite was observed, however, on any of the specimens. 

Tapping et al. (1983) described methods for producing relatively protective sulfide films on 

steels, using a combination of exposure times and temperatures. They reported formation of pyrite at 

50°C during a 12.2-day exposure in a loop containing "H2S-saturated water," whereas films primarily 

composed of troilite and pyrrhotite (considered almost as protective as pyrite) formed at l50oc at a 

7.1-day exposure. After 9 days at 150°C the film was primarily pyrrhotite. 

Wikjord et al. (1980) exposed specimens of SAE 1010 mild steel to water solutions of H 2S at a 

total system pressure of 1.5 MPa (14.8 atm) at temperatures of 30°C, l00°C, and l60°C. The mini

mum test time was 30 days. The test specimen was a spinning disk, to simulate velocity effects of 

flowing process plant fluids. The disks, 51 mm (2.0 in.) in diameter, were typically rotated at 

100 rpm. 

At 30°C, mackinawite was found at test durations up to 3 h. At 72 h troilite was the principal 

reaction product. Troilite remained the principal product to the conclusion of the test (30 days). At 

60°C, the principal corrosion product changed from troilite to the higher sulfide pyrrhotite over the 

30-day test period. At 160°C, troilite converted quickly to the higher sulfide pyrrhotite (1 day), but 

pyrite did not evidence itself until near the end of the 35-day test. These tests show that higher sul

fides are indeed favored by increased exposure time and increased temperature. However, the 

spinning-disk specimen makes it difficult to extrapolate the findings to a static system. 
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Tewari et al. (1979) provided qualitative insights into the effect of fluid velocity on the sulfide 

corrosion products formed on mild steel. They essentially duplicated the work of Wikjord et al. 

(1980), except that they varied the rotational speed of the disk from 0 to 1440 rpm while maintaining 

the temperature at 120°C. The total system pressure was 1.6 MPa (15.8 atm). They found that at 

high rotational speeds the predominant sulfide corrosion product on the disk was mackinawite, which 

continually dissolved in a steady-state fashion, whereas at low speeds (or static-solution conditions) 

pyrrhotite or pyrite would form. Presence of bubbles in contact with the disk also promoted the for

mation of the pyrrhotite/pyrite phases, as mass transport of the mackinawite constituents into the liq

uid phase was hampered by the bubbles. The high resultant concentration of Fe2 + ions induced a 

series of reactions leading to the formation of pyrrhotite and pyrite. Tewari et al. concluded that "the 

transformation of mackinawite to higher phases of iron sulphide will, therefore, be favored on corrod

ing carbon steel exposed to aqueous H2S solutions in a stagnant solution." 

Tewari et al. (1979) also showed that a disk pre-filmed with pyrite would undergo no further 

observable corrosion when exposed to the aqueous H2S environment. 

Based on the investigations reported in the literature, it would be difficult to predict exactly 

which sulfide corrosion products would be produced on a low-carbon steel surface in static WIPP

relevant brine as a function of H2S partial pressure and exposure time. It appears certain that long 

exposure times and high H2S fugacities favor the protective high-sulfide corrosion products. The 

effect of the WIPP-site brine constituents on the reaction products, or the overall rate of reaction, can

not be predicted from the literature data. 

4.3.2 Thermodynamic Considerations 

The reaction of Fe with H2S to form either FeS [Equation (14)] or Fe~ [Equation (15)] and H2 

is strongly favored thermodynamically. Assigning t.G 0 values at 27°C for H2S and troilite, FeS 

(Chase et al., 1985) results in the expression 
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(17) 

The equivalent expression, also at 27°C, with pyrite, FeS2 (Chase et al., 1985), as the product instead 

of troilite, is 

(18) 

The hydrogen fugacity potentially resulting from a reaction between steel and H2S could, on an equi

librium thermodynamics basis, become extremely high, even at low H2S fugacities. The same consid

erations hold true for H2S as previously stated for C02 [Equation (8)], except that the theoretical 

pressurization potential associated with H2S is even higher than that of C02 at equivalent fugacities. 

These considerations provide the incentive for the present PNL study of the kinetics of the reaction 

between steel and aqueous H2S solutions. 

4.3.3 Corrosion Kinetics, Experimental Studies 

A wide range of corrosion kinetics of iron and low-carbon steel in aqueous H2S environments 

have been reported. It has been shown that the specific sulfide corrosion product largely dictates the 

corrosion response, and the film formed depends on exposure time, H2S activity, temperature, and 

other environmental factors such as fluid velocity, presence of C02, and (possibly) brine constituents. 

The Fe-aqueous H2S corrosion data available in the literature possibly having relevance to 

WIPP site conditions are presented in Table 4-1 . The tests are of short duration (very short relative 

to expected WIPP conditions), and protective layers of higher sulfides would not, in general, be 

expected to have formed on the specimens. An exception would be the data of Meyer et al. (1958), 

in the "vapor over H20" environment, in which a layer of pyrite was shown to have eventually 

formed over layers of troilite and mackinawite, contributing some undefined degree of protection. 
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Investigator 

Sardisco and Pitts, 1965 

Greco and Wright, 1962 

Meyer et al., 1958 

lfhomason, 1978 

Brockhoff et al., 1985 

Hudgins and 
McGlasson, 1981 

Tewarietal., 1979 

Seki et al., 1982 

Dougherty, 1988 

Table 4-1. Summary of Corrosion Rate Data, Aqueous H2S Systems 

Specimen 
Material 

unalloyed Fe 

low-C steel 

low-C steel 

low-e steel 

low-C steel 

N-80 steel 
(0.45 c, 
1.52 Mn) 

low-C steel 

low-C steel 

low-C steel 

H2S Pressure, atm 

6.5 X 10"" to 0.22 In 

C02 (I atm total) 

4 x 1~ to 0.45 in 
C02 (I atm total) 

-I 

-I 

-0.5 + 0.5 atm 
C02 

-I 

-16 

I, 2 

-23 

0-10 

4, with 51 atm C02 

and 23 atm CH4 

Aqueous Medium 

Hp 

400 ppm N aCI brine 

• vapor over H20 

• vapor over .5 ~ 
NaCI solution 

• vapor over 5 % 
NaCI solution 

3% NaCl solution 

triethy leneglycol 
+ 10% H20, 0-2% 
NaCI 

5% NaCl 

H20 

synthetic sea water 

0.6% NaCl brine 

Temp. 
oc 

24 

30 

room 

room 

room 

30-90 

25 

25 to 
204 

120 

25 

27 

-3 

2 

Test 
Exposure, 

Days 

to 125 

to 12.5 

to 125 

-6 

42 

30 

3-10 

4 

2, 14 

Corrosion Rate 
mm/yr (mpy) 

0.46(18) 

0.46(18) 

0.63(25) to 
0.25(10) 
0.63(2.5) to 
1.7(68) 

-0.63(25) 

0.45(18) 
1.8(71) 
0.45(18) 
0.12(4.7) 

0.2(7.9) 
to 0.5(20) 

0.4(16) 
< 0.03(0.1) 
0.2(8) 

nil 

-0.1(4) 
-0.6(24) 

3.9(154) 
0.5(20) 

Comments 

rate at 0.22 atm H2S 

rate at 0.45 atm H2S 

rates after - I 0 days 

- 30°C 
- 40°C 
- 50°C 
- 6QoC 

rates at 2% NaCI 
(maximum) 

- 25°C 
- 50°C 
- 204°C 

rotating disk with 
preformed pyrite 

- 1 atm H2S 
- 10 atm H2S 

- 2-day exposure 
- 14-day exposure 



The data in Table 4-1 show some degree of consistency in a variety of liquid media over a 

wide range of H2S pressures at temperatures of about 30°C. Under these conditions, the observed 

corrosion rate of steel is -0.4 mm/yr (- 16 mpy). This rate would be expected to diminish with 

increasing exposure times, based on 1) the expectation that thicker films of any corrosion product, 

even mackinawite, will eventually slow the kinetics of the sulfidation reaction; and 2) existing data 

correlating increased protectiveness with higher sulfide corrosion products. 

The corrosive effect of mixtures of C02 and H2S on low-carbon and alloy steels is of great 

interest to oil producers, because the two species frequently occur together in deep hot wells. The 

presence of both C02 and H2S is relevant to WIPP waste isolation because of the potential occurrence 

of various microbial processes on both the waste and sulfate-bearing minerals, e.g., anhydrite. The 

simultaneous presence of the two gases complicates the already complex and aggressive corrosion 

situation caused by the presence of either one alone. The existing data are extremely limited and not 

obviously directly applicable to the WIPP site, but they will be presented here for the insights they 

might provide. 

Sardisco and Pitts (1965) attributed no influence on rate or sulfide reaction product formed to 

the presence of C02 at - 1 atm pressure in their tests of iron corrosion at 24 oc (see item I, 

Table 4-1). This may be justified; on the other hand, C02 may be a causative factor in their observa

tions of highest sulfides (e.g., pyrite) being formed at low H2S pressures and the lowest sulfide 

(mackinawite) at the highest H2S pressures used in their experiments. These results, which are con

trary to Fe/H2S kinetic expectations, have been noted in the previous section of this report. Greco 

and Wright (1962) also performed tests at -1 atm total pressure with H2S admixed in a C02 carrier 

gas. The H2S ranged in partial pressure from 4 X 10"6 atm to 0.45 atm. The tests were performed 

using low-carbon steel specimens immersed in a dilute (400 ppm NaCl) static brine solution at a 

temperature of 30°C (item 2, Table 4-1). The tests were very short term (2 days). Greco and 

Wright found that the corrosion rates in pure C02 (- 0.4 mm/yr, or 16 mpy) sharply decreased with 

the addition of small amounts of H2S. At a partial pressure of 1.6 x 10·5 atm H2S, the rate had 

decreased to - 1/5 of the pure-C02 rate. The corrosion rate stayed constant with H2S partial pressure 
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until the H2S partial pressure was greater than -0.03 atm, at which time the corrosion rate began to 

increase. At a pressure of 0.45 atm H2S (- 0.5 atm COz) the corrosion rate was slightly higher 

(0.46 mm/yr, or 18 mpy) than the pure-C02 corrosion rate. Greco and Wright did not attempt to 

correlate the corrosion rates observed with the sulfide corrosion product, as the corrosion products 

were apparently not analyzed. 

The rapid reduction of corrosion rate with H2S additions to C02 was also reported by Seki 

et al. ( 1982), who tested mild steels in synthetic seawater solutions at 25 oc. They employed 

H2S-C02 gas mixtures at a maximum total pressure of - 15 atm. At a given C02 pressure, the corro

sion rate decreased sharply with H2S partial pressure, remained constant over a range of H2S pres

sure, then increased to a rate similar to the C02-pressure rate. Seki et al. did not correlate corrosion 

rates with corrosion product compositions. 

Meyer et al. (1958) determined the corrosion rates of steel samples in water vapor at room 

temperature with H2S and C02, each present at -0.5 atm partial pressure (see item 3, Table 4-l). 

Presence of the C02 diluent produced corrosion rates lower than those in pure H2S. Meyer et al. 

reported that the corrosion product film formed in the presence of C02 was predominantly kansite and 

speculated that C02 might inhibit the formation of pyrrhotite and pyrite. 

Dougherty (1988) immersed specimens of mild steel in a 0.6% NaCI brine, equilibrated with a 

mixture of H2S (5%), C02 (65%), and CH4 (30%) at 78 atm total pressure. The test temperature was 

27°C and test durations were 2 days and 14 days (see item 9, Table 4-1). The corrosion rate started 

relatively high (2-day test), but decreased to a fairly typical value after 14 days. Dougherty 

apparently did not identify the corrosion product on his test specimens, so a correlation of rate with 

corrosion product is not possible. 

The work described by the foregoing investigations apparently all involved specimens that 

became coated with sulfide corrosion products early in the course of the specimen exposures to the 

H2S-containing environment, in spite of the presence of C02 at relatively high pressures. This is not 

surprising, as an examination of Equations (8), (17), and (18) clearly shows the thermodynamic sta

bility of the FeS and FeS2 corrosion products relative to the FeC03 corrosion product. If the previ

ously used 6G 0 values are assigned to the constituents of the equation 
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the equilibrium constant at 30°C is found to be 

f X f co, H20 = 3 X 1{)" 
fH,S 

At the low fugacity of H20 expected (Brush eta!., 199lb) in equilibrium with Brine A at 30°C 

( -0.03 atm) 

(19) 

(20) 

(21) 

Equation (21) states that FeS will form rather than FeC03, if the fugacity of H2S is > 1 x 10·6 

x fco. Higher fugacities of H20, of course, would decrease the value of the ratio of Equation (21), 
2 

in effect stabilizing FeC03 relative to FeS. The ratio of Equation (21) is consistent with the results of 

investigators who found sulfide corrosion products on steel specimens exposed to very low H2S partial 

pressures in a C02 environment. 

In their experimental corrosion studies, Ikeda eta!. (1984) used an H2S partial pressure in C02 

insufficient to maintain a sulfide film on specimens of "pure iron" exposed to a flowing 5% NaCl 

solution. They used a temperature range of 25 to 250°C, a total gas pressure of 30 atm, and a H2S 

addition of 3.3, 33, and 330 ppm (by volume). The H2S was not replenished during the 4-day tests. 

At 25°C, the H2S additions of 3.3 ppm and 33 ppm caused an acceleration of the corrosion reaction 

relative to "no H2S addition" by the activation of the cathodic reaction. At 33 ppm H2S the corrosion 

reaction was slowed relative to the 3.3 ppm H2S test by the temporary deposition of FeS. Ikeda et al. 

postulated that, because the H2S was not replenished, the deposited FeS redissolved and was eventu

ally replaced by a FeC03 film. 

The work of Ikeda et al. is relatively complex, in that 1) the flowing system was capable of 

affecting the formation kinetics of an FeC03 film, and 2) the H2S was not replenished, so the avail

able reactant disappeared with time, allowing FeC03 films to form. 
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4.5 Cu-Anoxic Brine 

The gas-generation potential of unalloyed Cu and Cu-Ni alloys in WIPP-relevant brines is 

expected to be extremely low, as these metals are noble with respect to hydrogen. The thermody

namic driving force for the reaction 

2Cu + Hp = Cup + H2 
(22) 

[using t.G 0 values obtained from Rossini et al. (1952) for HP and Cup] is positive, and leads to an 

equilibrium relationship at 25 oc of 

fH, 
= 2 x w-16 

If fH 0 is assigned the expected value at 30°C of -0.03 atm (Brush et al., 1991b), then 
2 

f = 6 X ]Q-18 
H, 

(23) 

(24) 

The fH /fH 0 ratio of Equation (23) is so small that one could well suspect that Cu would not 
2 2 

react at all with deaerated water. This has been shown to be the case. Simpson and Schenk (1987) 

found that no H2 evolution could be detected from the corrosion of Cu in dilute chloride solutions at 

50 and 80°C, "supporting the thermodynamic evidence that water cannot be an oxidant for copper in 

pure water or dilute chloride media." They concluded that the small weight changes that the Cu 

specimens exhibited were due to a Cu chloride complex solubility and possible reaction with residual 

0 2 in the system. 

Findings of Westerman (1988) are consistent with the same thermodynamic argument. 

Specimens of unalloyed Cu, 90-10 Cu-Ni, and 70-30 Cu-Ni were exposed to saturated Na-Ca-Mg-K 

chloride brine under anoxic test conditions at 90°C and 150°C for 3 months. At the conclusion of 

the test the specimens were found to be bright, with no apparent oxide or corrosion product layer. 

The linearized corrosion rates of the specimens at 90°C from weight loss determination were all 
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< 0.2 p.rn/yr ( < 0.008 mpy). Thus, if the reaction of Cu with a given brine results in the formation 

of a corrosion product of no greater thermodynamic stability than Cu20, the fugacity of H2 resulting 

from the reaction is expected to be negligible. 

4.6 Cu-C02 

The reaction between Cu and Cu-Ni alloys to produce H2 from aqueous C02 solutions would 

be expected to take the form 

(25) 

If .t.G 0 values at 25°C are assigned to C02 and H20 (Rossini et al., 1952) and CuC03 (Silman, 

1958), an expression relating H2 fugacity to the fugacities of C02 and H20 results: 

fH, 
= 4 x 1o-n (26) 

Again setting fH 0 = 0.03 atm, the expected fugacity of H20 in equilibrium with a repository-relevant 
2 

brine at 30°C, we have the expression 

1 x w-24 (27) 

The expected fugacity of H2, according to Equations (26) and (27), would be expected to be 

minimal if a corrosion product no more thermodynamically stable than CuC03 formed in the aqueous 

C02 solution. For lack of other insights as to what such a product might be, it would be reasonable 

to assume that no significant gas generation would take place due to the reaction of Cu or Cu-Ni 

alloys with a repository brine in equilibrium with even very high pressures of C02 • 
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Unlike anoxic aqueous solutions, or aqueous C02 solutions, aqueous sulfide solutions are 

known to readily attack Cu and Cu-base alloys (ASM, 1987). Because of the need to use natural 

waters, such as polluted seawater, as a coolant in heat exchangers tubed with Cu-base alloys, a great 

deal of research has been done in an attempt to understand and control the corrosion of Cu and Cu-base 

alloys by sulfides. Most of the corrosion research has therefore been done using oxygenated solutions 

that simulate natural waters (Vreeland, 1976; Macdonald et al., 1979; Gudas and Hack, 1979; 

Popplewell, 1980; Eiselstein et al., 1983; Gehring et al., 1983). Such studies have shown that the co

presence of sulfide and 0 2 in seawater results in very high corrosion rates (tens of mm/yr metal 

penetration) of Cu-Ni alloys, far higher than if sulfide ion alone were present. The accelerated 

corrosion appears to be the result of the sulfide preventing the formation of a protective oxide corrosion 

product layer, supported by a cathodic reduction of 0 2 (Eiselstein et al., 1983). Kato et al., 1984 have 

postulated that the sulfide layer's dominant role is that of a catalyst for 0 2 reduction. Gudas and Hack 

(1979) demonstrated that sulfide concentrations as low as 0. 01 gfm3 (1 0 ppb by weight) can cause high 

corrosion rates of Cu-Ni alloys in aerated seawater. 

4. 7.1 Thermodynamic Considerations 

In the absence of 0 2 , the reaction between H2S and Cu can be written 

(28) 

Chalcocite, Cu2S, is the corrosion product generally observed. The cathodic reduction of H+ has 

been shown to take the place of 0 2 reduction in anoxic systems (Macdonald et al., 1979). A 

thermodynamic analysis of Equation (28) shows a strong potential for H2 generation. Assigning t.Go 

values to Cu2S (Rossini et al., 1952) and H2S (Chase et al., 1985) results in the expression 

4-23 



(29) 

for temperatures in the vicinity of 25°C. It is apparent that the fugacity of corrosion-product H2 is 

very much higher than the fugacity of H2S. The relationship shown in Equation (29) obviously gives 

incentive to determining 1) the availability of H2S and 2) the rate of the Cu-H2S reaction, should the 

use of a Cu-base alloy be considered as an alternative waste container material. 

4. 7.2 Kinetics of the Cu-H2S Reaction 

As previously noted, the literature on the kinetics of Cu-H2S reactions in anoxic systems is 

sparse. Syrett (1977) studied the reaction kinetics of Cu with dilute H2S solutions at 30°C with and 

without dissolved 0 2 • In his tests, a cylindrical copper specimen was rotated to produce turbulent 

flow conditions in an aqueous environment. Total system pressure was 1 atm. H2S gas was bubbled 

through the solution at an unspecified partial pressure to produce a concentration in the solution of 

1.94 ppm sulfide ion. Syrett calculated a Cu corrosion rate of -0.01 mm/yr (0.4 mpy) at the end of 

the 2-day test. Addition of -0.9 ppm 0 2 to the solution accelerated the rate of attack by a factor 

of 30. 

Booker et al. (1984) determined the corrosion behavior of a Cu-1.8% Be alloy in simulated oil 

field environments consisting of simulated sea water in. equilibrium with various mixtures of H2S, 

C02, and N2 • The total system pressure was 68 atm. Booker et al. used three test tempera

tures--66 o, 121 o, and 149 °C-and test durations up to 30 days. They found average corrosion rates 

of 0.0078 mm/yr (0.31 mpy) at 66°C in a gas mixture of 1% H2S and 20% C02, and an average cor

rosion rate of 0.019 mm/yr (0.75 mpy) at 66°C in a gas mixture of 10% H2S and 20% C02 • The 

corrosion rates over a 30-day test duration showed no tendency for corrosion rate reduction with time. 

The 30-day corrosion rates increased by a factor of -4 between 66°C and 121 oc in the 1% H2S 

environment, and by a factor of - 10 in the 10% H2S environment. 
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4.8 Ti-Anoxic Brine 

Ti is an active metal that relies on its stable oxide film for its oxidation resistance. The ther

modynamic driving force for the reaction 

(30) 

is extremely high. Assigning .6G 0 values at 25°C for H20 (Rossini et al., 1952) and Ti02 

(Turkdogan, 1980) yields the expression 

f 
~ = 4 X 1Q3S 
fH.,O 

(31) 

If the repository is at 30°C and the water vapor is in equilibrium with a halite-saturated brine, then 

f~~, - 1 x 1 ()34 atm (32) 

A container made of a Ti-base alloy reacting in an active manner with a brine solution would 

obviously be capable of compromising the integrity of the WIPP. An active reaction with brine at the 

expected temperature of 30°C is not expected, however, and there is a great deal of corrosion data to 

support that conclusion. 

In an excellent summary of the corrosion behavior of Ti and Ti alloys relevant to nuclear 

repository conditions, Soo (1983) shows, from the data of several investigators, that the uniform cor

rosion rates of both commercial-purity Ti and Ti Grade 12 [a Ti-Ni-Mo alloy that exhibits a high 

degree of crevice (and uniform) corrosion resistance] are <0.1 p.rnlyr ( <0.004 mpy) in deoxy

genated WIPP Brine A at 30°C. 

Braithwaite and Molecke (1980) and Molecke et al. (1983) investigated the corrosion behavior 

of Ti-base alloys in nuclear waste disposal applications and concluded that Ti-base alloys offered an 

excellent degree of corrosion resistance for this service. 
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In a saturated NaCl brine, over a pH range of 0 to 14, both commercial-purity Ti and 

Ti Grade 12 are expected to be essentially completely resistant to both uniform corrosion and crevice 

corrosion at temperatures < 70°C. In saturated NaCl brine at pH of 8, the "nil corrosion" tempera

ture is - 150°C for commercial-purity Ti and - 270°C for Ti Grade 12 (ASM, 1980). Similar find

ings were recently published by Japanese investigators, who used an electrochemical repassivation 

method to establish permissible operating conditions for commercial-purity Ti as a function of Ct

concentration and system temperature. They concluded that, in saturated NaCl brine, an exposure 

temperature below -55 oc would preclude crevice corrosion (Asano et al., 1992). 

Conditions anticipated in the WIPP would appear to be totally compatible with the use of a Ti 

or a Ti Grade 12 container as long as the repository temperature lies in the vicinity of 30°C. The 

amount of gas generated by corrosion reactions under these circumstances would be expected to be 

extremely small. 

The passive film formed on the surface of Ti makes the metal resistant to attack by a broad 

range of chemical environments, including aqueous H2C03 and H2S solutions (Jones, 1992; Schutz, 

1986). Titanium is considered to be "excellent" in carbonic acid service, at temperatures to 100°C 

(Schweitzer, 1986). It is expected to exhibit corrosion rates <0.05 mm/yr ( <2 mpy) under these 

conditions. Schutz (1986) stated that Ti can be used to temperatures "in excess of 200°C" in wet or 

dry C02 and H2S. Aqueous solutions of H2S, in equilibrium with H2S pressures as high as 15 atm are 

routinely contained in titanium autoclaves (fewari et al., 1979; Wikjord et al., 1980). 

It appears from the foregoing accounts of Ti applications in aqueous H2C03 and H2S solutions 

that no significant reaction would be expected between Ti containers and aqueous C02 or H2S solu

tions in the WIPP. 
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5.0 APPROACH 

All of the H2-generation studies are being performed using laboratory test equipment and lab

oratory facilities. Each test follows one of two basic testing methods, according to the type of reac

tion vessel employed. The test methods, the metallic test materials, and the brine used in the testing 

program are described in this section of the report. 

5.1 Testing Methods 

Two test methods are being used in the program: the seal-welded-container test method and 

the autoclave test method. 

5.1.1 Seal-Welded-Container Test Method 

Tests performed in the presence of brine and low-to-intermediate gas pressures (e.g., 0 to 

20 atm) make use of seal-welded containers made of Hastelloy C-22,® a corrosion-resistant Ni-Cr-Mo 

alloy (Figures 5-1 and 5-2). The specimen rack shown in Figure 5-1 is used for low-carbon-steel 

tests, and is discussed in more detail in Section 6.1. I of this report. The alternative packaging mate

rial tests used a somewhat different arrangement, described in Section 6.2. In both cases, the same 

specimen support rack geometry is used. The rack shown in Figure 5-1 is in the position used for 

immersed-specimen testing. For vapor-phase testing the rack would be inverted. 

Because the course of the reaction is monitored by the pressure of H2 retained within the con

tainer by means of the pressure gauge, and because atmospheric gases must be rigorously excluded 

from the test environment, it is imperative that the containers be leak-free. To that end, the con

tainers are of all-welded construction (with the exception of the gauge's pipe-thread joint with the 

® Hastelloy C-22 is a registered trademark of Haynes International, Kokomo, IN. 
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Valves 

Pressure Gauge 

Brine Level, for 
Immersion Tests 

Specimens, 
24 Total for 
Low-Carbon-Steel Tests 

Insulated Bolt and 
Insulating Spacers 

Bolts, Rack and Container 
made of Corrosion
Resistant Ni-Cr-Mo Alloy 

39301036.8 

Figure 5-1. Seal-welded test container with specimen rack in place. Inside dimensions 
(typical): 28.9 em (11.4 in.) high, 10.2 em (4.0 in.) diameter. 

5-2 



Figure 5-2. Seal-welded test container, fully charged, ready for placement in oven. 
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body of the container, which is made up very tightly, with Teflon® tape applied to the threads). The 

pre-weighed test specimens (of large area, to expedite rapid quantification of gas generation) and the 

brine are placed in the container before welding the top on the container. The sealed containers are 

then pressurized with He gas (at 4.4 atm, or 50 psig). Two He fills with intermediate evacuations are 

made to ensure minimization of contamination with residual air. The containers are then given a 

standard He leak-check test capable of sensing a He leak rate of 1.2 x I0-10 atm-cc/s. A container 

that does not pass the leak test is not used. If the leak test is successfully passed, the He is evacuated 

from the container and the appropriate overpressure gas is added. The containers are then placed in 

forced-convection (incubator) ovens maintained at 30 ±5°C, and the course of the gas-generating 

reaction is monitored by observing the pressure changes on the pressure gauges. Gas samples can be 

obtained from the containers at any time for gas analysis, though taking such a sample greatly per

turbs the container gas inventory and gas pressure. For this reason, gas sampling is generally per

formed at the conclusion of a test, after the final pressure readings have been obtained. 

In the seal-welded-container tests, two methods are used to determine the rates of the corrosion 

and gas-generation reactions: 1) determination of the container gas pressure as a function of time and 

2) determination of the amount of metal lost from each specimen at the conclusion of a test by gravi

metric methods. The former method has the advantage of yielding real-time information on the 

course of the gas-generating reaction. Confidence in the results obtained in any given test environ

ment is dependent on accurate pressure gauge information and accurate estimations ofspecimen area 

and the plenum volume (vapor space) of the test container. The result obtained represents the gross 

integrated reaction of the specimen assembly, without quantifying the contribution of each specimen, 

hence each lot of material, to the H2 being generated. The latter method has the advantage of being 

capable of specifying the contribution of each specimen to the H2 generated during the test. Confi

dence in the results obtained using any given set of test conditions is dependent on accurate pre- and 

post-test specimen weights, accurate determination of specimen areas, and carefully controlled 

specimen surface preparation and corrosion-product-stripping procedures. 

Because pressure gauge accuracy is an important factor in the quantitative determination of gas 

produced by the pressure-volume method, the inherent accuracy of the pressure gauges used in the 

tests was investigated by analyzing the pressure readings of new gauges in comparison with a 

5-4 



calibration standard.• Two gauge ranges were used in the tests; 200-psig full-scale and 300-psig full

scale. All were supplied by the same manufacturer, and all were basically the same type of simple 

bourdon-tube gauge. All gauges were tested against a calibration standard before use to ensure that 

the accuracy of the gauge met the manufacturer's specifications (± 3% of full-scale reading). Each 

200-psig gauge was tested at five pressure levels; each 300-psig gauge was tested at six pressure 

levels. The full statistical experiment consisted of calibration data from sixteen new 200-psig gauges 

and eight new 300-psig gauges. A one-way random-effects analysis of variance was used to charac

terize the bias in the gauges and the gauge-to-gauge and experimental variabilities. These estimates of 

bias and variability were then used to construct a confidence on a true pressure value. 

If M is a single reading obtained from a 200-psig gauge, the confidence limits associated with 

this single reading have been determined to be 

90% confidence: M -2.9/+ 1.9 psi 

95% confidence: M -3.4/+2.4 psi 

99% confidence: M -4.3/+3.3 psi. 

For a single reading obtained from a 300-psig gauge, the confidence limits have been deter

mined to be 

90% confidence: M -7.9/+5.8 psi 

95% confidence: M -9.2/ + 7 .I psi 

99% confidence: M -11.8/+9.7 psi. 

Repeated readings of the same gauge or use of more than one gauge to report a given pressure would 

increase the level of confidence in the reading obtained. 

The 200-psig gauges are clearly more accurate than the 300-psig gauges. At the 95% confi

dence level, the 200-psig gauges can be approximately characterized as being within ± 1.5% of the 

• All gauges used in the present test series were tested against calibration standards by the 
Westinghouse Hanford Company Standards Laboratory. The pressure standards (250 psig full-scale 
for the 200-psig gauges; 500 psig full-scale for the 300-psig gauges) have a reported accuracy of 
0.1% of the full-scale reading. In the statistical analysis described here the calibration standard was 
assumed to be absolutely accurate. 
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full-scale reading; the 300-psig can be approximately characterized as being within ± 3% of the full

scale reading. The volume of the plenum of the test containers can be known with a high degree of 

confidence to ± 3%. The error in determining the area of the sample array is much less than that 

associated with the gauge pressure and the plenum volume ( < ± 1% ). If a simple propagation-of

error approach is used, it can be seen that, at pressures near the full-scale range, the amount of gas in 

moles (proportional to pressure x volume) present in the test container equipped with a 300-psig 

gauge is given to ±6% by the pressure gauge/plenum volume method. If the pressure gauge is not 

near its limit, the error, by the same reasoning, can increase. For example, in the case of a 300-psig 

gauge reading 150 ±9 psig (95% confidence level), the contribution of gauge error in estimating the 

moles of gas present in the test container is ± 6%, with a total error of ± 9%. 

The tables summarizing the test conditions for all of the seal-welded-container test, Tables 3-1 

and 3-2, call out the tests that were equipped with 300-psig gauges. All other tests were equipped 

with 200-psig gauges. 

The sources of variability in the gravimetric data include 

• container-to-container variability, reflecting differences in the handling of the containers 
and the conditions within the containers throughout the experiment; 

• alloy-to-alloy variability, reflecting differences between alloys (or heats of the same 
alloy) that affect the corrosion rate; 

• sample-to-sample variability, which includes variability in alloy composition from loca
tion to location within the parent sheet stock; differences in surface preparation; errors 
associated with weighing and surface area determination; and differences in the local 
environment within the sample container. 

At the conclusion of a test, the container is opened by means of a milling operation that 

removes the top closure weld. The specimens are quickly lifted from the container, removed from 

the specimen rack, rinsed, and placed in desiccators. X-ray diffraction (XRD) analyses of the corro

sion products are typically performed on selected specimens, usually within 24 h if there is judged to 

be a possibility of oxidation of the corrosion product by contact with air. The brine from the test 

container is retained for chemical analysis. The corrosion product is stripped from the specimens by 

means of an inhibited acid solution, and the amount of metal lost from each specimen is determined. 

The gravimetric analysis permits an estimate to be made of the metal loss from (or penetration of) 
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each specimen. These metal-loss data are compared with the quantity of H2 generated and the corro

sion product formed, for determination and corroboration of the overall corrosion/gas generation 

processes. 

5.1.2 Autoclave Test Method 

Tests performed at high gas overpressures, e.g., pressures greater than -20 atm, utilize 

heavy-wall autoclave systems. The autoclaves are typically of 3.8-L capacity. Because autoclaves 

have high-pressure gasket seals, they cannot be expected to be as gas tight as the seal-welded con

tainers. However, pressure-time data can be obtained from an autoclave pressure gauge when the 

autoclave is extremely well sealed. Otherwise, the data from an autoclave system consist of the 

gravimetric results and the analysis of the corrosion product film by XRD or other methods. 

While autoclave systems are often employed for high-pressure studies, they have additional 

uses associated with their relatively large volume. For example, if it is considered necessary to keep 

major components of a test separate, as in the case of a mass of salt containing test specimens sus

pended in the vapor phase over a pool of brine, the autoclave can provide the flexibility and volume 

required. 

5.2 Materials 

The H2-generation study has focused on two major material classes: low-carbon steel, intended 

to closely represent the drum steel and the waste-box steel materials while approximately representing 

the steel wastes within the containers; and alternative packaging materials, consisting of unalloyed Cu 

and Ti and selected alloys of these two materials. 
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5.2.1 Low-Carbon Steels· 

The drums and waste boxes containing the TRU waste will make by far the greatest contribu

tion of metallic Fe to the WIPP repository (Brush, 1990). This Fe will be in the form of low-carbon 

steel, ranging in composition from the low-C, low-Mn material used in the fabrication of the Depart

ment of Transportation (DOT) 17-C drums (0.04 to 0.1% C, 0.25 to 0.5% Mn) to the somewhat 

more highly alloyed material used in the waste boxes (for example, ASTM Grade A36 steel, with 

0.25% C maximum and 0.8 to 1.2% Mn; and ASTM Grade A569 steel, with 0.15% C and 

0.60% Mn maximum). The steel waste contained within the waste boxes can be expected to range 

widely in composition, from low-carbon steel (for example, nails, wire, structured steel) to highly 

alloyed material (for example, tools, high-strength fasteners, machine components). 

Ideally, a corrosion or a gas-generation study would utilize test specimens and a test environ

ment that exactly duplicate the field conditions. In the present case, this is of course not possible, as 

a very wide range of steel compositions will exist in the repository, and the compositions cannot ever 

be known with a high degree of certainty. It is therefore necessary to simulate the WIPP site condi

tions by using a range of steel compositions approximating the range of material compositions 

expected in the WIPP site. To this end, four lots (heats) of steel were obtained for test specimens, 

two lots each of ASTM Grade A366 (standard specification for cold-rolled sheet), representative of 

steel waste drums, and ASTM Grade A570 (standard specification for hot-rolled carbon steel sheet 

and strip), representative of steel waste boxes and other steel waste materials. The two lots of ASTM 

Grade A366 steel are designated IIJII and 11 K, 11 and the two lots of ASTM Grade A570 steel are desig

nated 11 L 11 and "M." The thickness of the as-received material is given below: 

• The term "low-carbon steels" is a broad material classification, generally considered to include 
steels having less than 0.25% C, 1.65% Mn, and 0.60% Cu, along with small amounts of other 
elements (ASM, 1978). According to this definition, the drum materials and the waste box mate
rials are "low-carbon steels. II 
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Thickness, 
Lot mm (in.) 

J 0. 70 (0.028) 

K 0.86 (0.034) 

L 1.5 (0.059) 

M 1.6 (0.063) 

The compositions of the four lots of steel are presented in Table 5-1. Two values are pre

sented for the C content of each lot of steel, representing analyses provided by I) the steel vendor and 

2) an independent testing laboratory. • The discrepancies in C concentration noted for the J and K 

lots between the two analyses are not considered important to the results of the study. 

Table 5-1. Compositions of Low-Carbon Steels 

ASTM A366 ASTM A570 

Specie Lot J Lot K Lot L Lot M 

c 0.06/0.10 0.05/0.09 0.13/0.14 0.13/0.13 

Mn 0.30 0.30 0.77 0.75 

Si 0.08 0.07 0.11 0.10 

p 0.015 0.015 0.017 0.020 

s 0.012 0.009 0.015 0.015 

Cu 0.015 0.020 0.015 0.040 

Fe bal bal bal bal 

In all of the calculations conducted in the present work equating molar equivalencies of corro

sion reactants and corrosion products, and in all calculations equating corrosion (penetration) rates 

with metal lost, the steels are treated as though they are pure Fe, with a molecular weight of 55.85 

and a density of 7.86. 

• Koon-Hall Testing Corporation, 5687 S.E. International Way #A, Portland, OR 97222. 
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The microstructures of the steel are shown in Figures 5-3 and 5-4. The microstructures appear 

quite similar, from lot to lot, except for 1) the carbon-content-related effects, e.g., the amount of 

carbide-rich phases (notably pearlite) present; and 2) the fact that the as-received hot-rolled materials 

(lots L and M) have a layer of mill scale (iron oxide) 5 to 13 JLm (0.2 to 0.5 mil) thick on their sur

faces. This oxide was abraded off before the gas-generation tests. All of the microstructures appear 

to be in the annealed condition, and all of the grain sizes are similar (60 to 90 grains/cor at 100x). 

The "cold-rolled" material exhibits little, if any, evidence of cold work. 

LotJ Lot K 

Figure 5-3. Microstructure of steel, lots J and K. 350X. 

It is expected that the corrosion and gas-generation characteristics of steel lots procured for test 

would closely simulate the characteristics not only of the drums and waste boxes, but of the low-alloy 

steels contained within the wastes as well. The reason for this is that many studies have shown that 

the alloying elements present within carbon and low-alloy steels do not have a very strong effect on 
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Lot L Lot M 

Figure 5-4. Microstructure of steel, lots L and M. 350X. 

their corrosion behavior in aqueous brine environments. As an example of such a study, Reinhart and 

Jenkins (1972) reported corrosion results obtained from exposure of a large number of low-carbon 

and low-alloy steels to seawater at various depths (to 1,830 m or 6,000 ft), hence different 0 2 activi

ties and temperatures, for time periods up to 18 months. Low-carbon steels, hardenable low-alloy 

steels (e.g., AISI types 4140 and 4340), Fe-Ni alloys containing up to 9% Ni, and many other 

wrought and cast alloys were included in the study. Little effect of steel composition on corrosion 

rates was found at the conclusion of these studies. General corrosion behavior was dominated by dur

ation of exposure, depth in the ocean, and 0 2 availability. Southwell and Alexander (1969) reported 

corrosion results obtained from 10 low-alloy steels exposed for 16 yr at a depth of 14ft in the ocean 

near the Panama Canal. The corrosion rates of the alloys within the group, which included a low-car

bon steel and steels containing up to 5% Cr, up to 0.9% Cu, and up to 5.5% Ni, were all 

97 ±30 p.m/yr (3.8 ± 1.2 mpy) after 16 yr. Again, little effect of alloy composition was observed in 

the brine environment. Given findings such as these, it appears reasonable to deduce the approximate 
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behavior of low-carbon steel packaging materials and low-alloy-steel wastes contained within the 

packages from the four lots of steel procured for laboratory testing in the present project, where 

"approximate behavior" would mean to within a factor of -2. 

5.2.2 Alternative Packaging Materials 

The potential for gas pressurization of the WIPP underground facility due to corrosion of 

packaging materials and metal waste has necessitated consideration of several different options for 

waste form modification. One possible option involves repackaging the waste in containers that do 

not have the gas-generation characteristics of mild steel. To identify suitable alternative materials for 

waste packaging, an expert panel referred to as the Waste Container Materials Panel (WCMP) was 

convened August 20 and 21, 1990, by the DOE WIPP Project Office, as a part of the Engineered 

Alternatives Task Force (EATF) activities. The panel evaluated a wide range of metallic, ceramic, 

cementitious, polymeric, and coating materials for their applicability to WIPP containers (EATF, 

1991). 

An important criterion for the selection of suitable metallic materials was absence or significant 

minimization of gas-generation tendency. Additional criteria were fabricability, availability, fabrica

tion capacity (industrial production capacity), status of technology development, cost, and mechanical 

properties. 

The metal categories selected by the panel for in-depth consideration were 

• Cu and Cu alloys 

• Ti and Ti alloys 

• high-Ni alloys 

• Zr and Zr alloys 

• stainless steels . 

The panel then determined the degree to which each metal class met the previously set con

tainer material requirements. The overall ranking of materials indicated that the Cu-base and Ti-base 
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material classes offered the best combination of material properties and overall economic incentive for 

replacing carbon steel as a metallic container material at the WIPP site. Cu-base materials, though 

obviously susceptible to attack by and reaction with certain chemical species such as nitrates and sulf

des, offer a high degree of thermodynamic stability in near-neutral aqueous solutions. Ti-base mate

rials are extremely corrosion resistant in a wide variety of low- and intermediate-temperature brines 

because of the protection afforded by their oxide film (see Sections 4.8 and 4.9 of this report). Unal

loyed Cu (oxygen-free, electronic) and unalloyed Ti (Ti Grade 2) were accordingly selected from the 

candidate material list for an investigation of their corrosion/gas-generation characteristics in simu

lated WIPP environments. In addition, cupronickel 90-10 was chosen for study, as its mechanical 

properties are far superior to unalloyed Cu due to the presence of 10% Ni, Ti Grade 12, a Ti-Ni-Mo 

alloy, was also selected because of its well known resistance to crevice corrosion. The chemical 

compositions of the specific materials procured for study are presented in Table 5-2. 

Table 5-2. Compositions of Alternative Materials Used in Corrosion/Gas-Generation Study 

Weight Percent, or (ppm) 

Material" Cu Ti Ni Zn Mn Mo Fe Pb 0 s c 

Unalloyed Cu (C10100) 99.99 (3) (2) (10) 

Cupronickel 90-10 (C70600) 87.58 10.4 0.2 0.5 1.3 0.01 0.005 0.01 

Ti Grade 2 (R50400) Bal 0.16 0.13 0.01 

Ti Grade 12 (R53400) Bal 0.80 0.30 0.14 0.12 0.01 

a Unified Numbering System (UNS) designations are in parentheses. 

5.2.3 Brine 

The brine used in the present study is based on the WIPP Brine A composition described by 

Molecke (1983). It is a high Mg, K, and Na chloride-sulfate brine and is used as a simulant for 

intergranular Salado Formation brine that might intrude into the WIPP repository horizon. The com

position of Brine A, as well as the average value and range of compositions of the three lots of brine 

made up to date for usage at PNL in the present study, are given in Table 5-3. 
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Table 5-3. Composition of Brines Used in Tests 

Concentration, mg/L 

Chemical Brine A 
Specie (target) PNL Brines 

Na 42,000 39,400~:m 

Mg 30,000 34,700+.:~ 

K 35,000 29,900+~ 

Ca 600 560~:,g 

B 220 220+1 

Cl 190,000 188,300+1::: 

so4 3,500 4,130~~ 

HC03 700 680~~ 

pH 6.5 7.4+~:~ 

Only the major constituents of the brine as described by Molecke (1983) were used to make up 

the PNL brines. Omitted minor constituents, deemed to have little or no effect on the corrosiveness 

of the brine, were Fe, Cs, Rb, Li, Sr, and I. These minor elements totaled only 58 mg/L in the com

position described by Molecke. 

5.2.4 Salt {Halite} 

Two corrosion and gas-generation tests (tests AUT-5 and AUT -6) were conducted in which the 

specimens were packed in particulate salt (halite). The salt used in the tests was shipped to PNL from 

SNL in two 1-gallon containers, identified as "WIPP Salt E 140-N635." The salt was originally 

gathered from the floor of "E 140 drift, 194m (635ft) north of the salt shaft." It was assumed to be 

essentially pure (>95%) NaCI, and was not analyzed. 
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6.0 RESULTS 

Two major efforts were undertaken in the present corrosion and gas-generation laboratory 

study: experiments directed toward determining the behavior of current packaging materials (low

carbon steels in simulated WIPP environments); and experiments directed toward determining the 

behavior of alternative packaging (Cu- and Ti-base) materials in simulated WIPP environments. The 

experimental results associated with each major materials group will be discussed separately in this 

section of the report. (This basic division in the experimental work is reflected in the summary test 

matrices for the project, presented in Tables 3-1 and 3-2. Reference may be made to these tables for 

information on the individual tests described in this section of the report.) 

In general, each test was designed to provide 1) time-dependent container pressure, from which 

H2 pressure data could be determined; 2) gas composition data, for quantification of corrosion-product 

gas generation rates in conjunction with item 1; 3) corrosion rate (metal penetration) data, obtained 

gravimetrically after corrosion-product film stripping; and 4) corrosion product identification. Post

test brine analyses were also obtained. Items 1 and 2 have the most value and are most defensible 

when obtained from a demonstrably leak-tight container, such as the seal-welded containers used in 

the present tests. Information from items 1, 2, and 3 permit a comparison of the moles of H2 formed 

versus moles of metal reacted, to verify the legitimacy of the conclusions drawn. Item 4 provides 

insights into the potential protectiveness of the corrosion product film and also ensures that the 

appropriate reaction is being considered when the molar equivalency of metal and H2 are being 

compared. 

The raw data describing container pressure as a function of time for the anoxic brine (brine/Nz) 

and the brine/C02 seal-welded container tests are contained in Appendix A to this report. All of the 

individual specimen data from all concluded corrosion tests are contained in Appendix B. These data 

are presented to permit additional, independent evaluation and corroboration of the results presented 

and conclusions drawn in the present report and to facilitate statistical treatment of the data according 

to the specific future needs of the WIPP Project modelers. Such treatments were not attempted in the 

present report because of the many different approaches to the data that could be taken in such statis

tical analyses. 
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6.1 Low-Carbon Steel Tests 

The corrosion and gas-generation behavior of low-carbon steels was evaluated in three environ

ments: anoxic brine (brine/NJ•, brine/C02, and brine/H2S. In each environment specimens were 

exposed either fully immersed in the brine (Brine A) or in the vapor phase over the brine. All tests 

were performed at 30 ±5°C. The test conditions are summarized in Table 3-1. 

All steel specimens were surface ground using 60-grit emery cloth to remove mill scale or 

other surface deposits. After grinding, they were dimensionally measured, degreased (using trisodium 

phosphate followed by a water rinse, and an absolute alcohol rinse), and weighed. The specimen 

dimensions were obtained to a minimum accuracy of ±0.025 mm (±0.001 in.); the specimen weights 

(pre- and post-test) were obtained to ±0.0001 g. After the final degreasing and weighing operations, 

the specimens were stored in a desiccator until needed. At this time, the steel specimens exhibited a 

bright, clean, as-ground appearance. 

Upon conclusion of a test, the specimens were removed from the test container, rinsed in deio

nized water and alcohol, and placed in a desiccator to minimize the possibility of further reactions. 

Selected specimens were held in reserve for analysis of corrosion products, usually accomplished by 

x-ray diffraction (XRD). The corrosion product layer was removed from the remainder of the speci

mens by immersing the specimens in an inhibited HCl corrosion-product stripping solution per 

National Association of Corrosion Engineers (NACE) standard TM-01-69, 1976 revision. The strip

ping solution is made by adding 12 ml formaldehyde to 1 L of 50% HCl solution. A final weighing 

was then performed so that the mass of metal lost from each specimen by corrosion could be 

calculated. 

• Strictly speaking, each of the environments investigated consists of anoxic brine, as 0 2 has been 
excluded from the test containers. The term "anoxic brine" as used here to describe the environ
ment having no reactive gas (C02, H2S) overpressure signifies that the reactant is anoxic brine 
alone, without an added reactive constituent. 
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6.1.1 Seal-Welded-Container Tests 

Each seal-welded container test described in this section of the report contained a rack of 

24 test specimens, comprising six replicate test specimens of each of the four lots of low-carbon steel 

previously described in Section 5.2. The six test specimens of each lot of steel consisted of three 

wide specimens, 86 mm (3.4 in.) x 190 mm (7.5 in.), and three narrow specimens, 51 mm (2.0 in.) x 

190 mm (7.5 in.). Each specimen had two holes, 8 mm (0.31 in.) in diameter, to accommodate the 

insulated rack supports. The narrow specimens were placed on the outer part of the rack to optimize 

material loading in the container. The total specimen area in each container lay in the range 0.60 to 

0.64 m2
• In the immersed-specimen tests, sufficient Brine A (1.34 to 1.39 L) was added to the con

tainer to cover the tops of the specimens to a depth of -6.4 mm (- 0.25 in.). In the vapor-phase 

exposure tests, 0.25 L of brine was placed in the bottom of the test container. The level of the brine 

was below the racked specimens, though the brine unintentionally splashed on the bottoms of the 

specimens during container handling. The immersed-specimen containers had a calculated vapor

space plenum volume of 0.634 L. The plenum volume in the vapor-phase exposure tests was 1. 74 L. 

The specimen area-to-plenum volume ratio was made large to promote a rapid response on the test 

container pressure gauge to the H2 generated by corrosion reactions. 

6.1.1.1 ANOXIC BRINE {BRINE/N2) 

The anoxic brine tests were intended to provide basic information on the corrosion/gas-genera

tion proclivity of low-carbon steel in the absence of reactants other than low-carbon steel and 

Brine A. The anoxic brine immersed-specimen testing regimen includes test containers 1, 2; 9, 10; 

17, 18; and 25, 26; the vapor-phase-specimen testing regimen includes test containers 5, 6; 13, 14; 

21, 22; and 29, 30. Proximate identification numbers (e.g., 1, 2) signify duplicate tests. These test 

container identification data are also contained in Table 3-1. 

All of the pressure-time plots from the brine/N2 test series are presented in Figure 6-1. The 

corresponding raw data are presented in Appendix A. In each case, the initial starting pressure of N2 

gas (99.99% N2 by analysis) was approximately 10 atm absolute ( -9 atm gauge). At 30°C the par

tial pressure of water vapor in equilibrium with Brine A is -0.03 atm, so the pressure gauge reading 

6-3 



250~----------------------------------------------~18 

240 

230 

220 6-Month Tests 16 

210 24-Month Tests 

C) l 200 
E -...: .s 190 

.! 
Immersed-Specimen 
Tests 

14 ~ 

c: 
0 180 

(.) -Ill 
~ 170 

3-Month Tests G) 
c: 

'(U -c: 
0 

(.) 

.E 
f! .s 

f! 160 _ ~Hypothetical Starting Pressure, 12 ~ 
::I 
Ill 
Ill 

~ Immersed-Specimen Tests .....----------. 
Vapor-Phase 

f! 150 
Q, hw4~, 

3-Month Tests 
Exposure Tests 

140 

10 

12-Month Tests 24-Month Tests 

120 

110 

8 
100~--~--~--~--~--~--~--~--~--~--~--~--~~ 

0 60 120 180 240 300 360 420 480 540 600 660 720 780 

Time, days 

39301036.2 

Ill 
f! 
Q, 

Figure 6-1. Pressure-time curves, low-carbon steel anoxic brine tests. Each curve represents 
two (duplicate) tests. 

essentially represents the starting N2 pressure plus the pressure of corrosion-product H2 • Because of 

the very close agreement in pressure between duplicate containers (typically within 2 to 3 psi), the 

pressure readings of duplicate containers were averaged in all cases to develop the curves shown in 
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Figure 6-1. The eight curves shown, therefore, represent the results of all 16 tests. Pressures were 

recorded at a minimum frequency of weekly; the test temperature was continually plotted to ensure 

conformity with the specified 30 ±5°C temperature range. 

The test containers used for the 24-month tests had been equipped with pressure gauges limited 

to a maximum pressure of slightly over 200 psig. For this reason, the 24-month test containers were 

vented approximately halfway through the test, as it could be seen that the pressure limit of the 

gauges would be exceeded by the end of the test if some of the corrosion-product H2 were not 

released. 

The curves of Figure 6-1 show 1) that a good test-to-test agreement in the pressure-generation

rate results between the various tests had been attained; 2) that the immersed-specimen tests can be 

characterized by a steady, approximately linear H2 generation rate; and 3) that the vapor-phase expo

sure of the mild steel did not produce measurable H2 after an initial short period of pressure increase. 

The pressure increase at the beginning of these latter tests is ascribed to corrosion taking place on the 

bottom of the specimens, because the brine in the bottom of the vapor-phase-exposure containers con

tacts the bottom of the specimens by unintentional splashing when the containers are handled after 

brine-charging and container closure. Approximately 10% of the surface area of the test specimens in 

these tests is typically affected in this manner. 

An analysis of the gas samples taken from the containers just before they were opened is 

presented in Table 6-1 . The analyses confirm that the pressure increase observed in the containers 

was due to corrosion-product H2 • The consistency in the gas generation between duplicate test 

containers is evident from the table. Significant differences are evident between the H2 contents of 

the vapor-exposure containers. This is attributed to the varying test specimen surface area splashed 

by brine from one container to another. 

The post-test appearance of the steel specimens is shown in Figure 6-2 (immersed specimens, 

6 and 24 months exposure) and Figure 6-3 (vapor-phase-exposure specimens, 24 months exposure). 

The appearance of the specimens (Figure 6-2) changed somewhat between 6 and 24 months 

exposure, with the specimens maintaining a general metallic appearance, but darkening with increas

ing exposure time. The 3- and 12-month test specimens resembled the 6-month-exposure specimens 

more than the 24-month-exposure specimens. The bulk of the greenish-gray, flocculent corrosion 
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Table 6-1. Composition of Gas at Conclusion of Test, Anoxic Brine (Brine/N~ Tests. Each 
tabulated value is average of two analyses. Results are given in vol% (mol%). 

Immersed-Specimen Tests Vapor-Phase-Exposure Tests 

Test Numbers Test Numbers 

3-mo 6-mo 12-mo 24-mo 3-mo 6-mo 12-mo 24-mo 

Specie 1/2" 9110 17/18 25/26 516 13/14 21/22 29/30 

N2 89.5 80.2 74.5 60.1 99.6 99.5 99.7 99.2 
89.8 81.1 73.1 61.5 99.8 99.4 99.5 99.2 

H2 10.5 19.5 25.5 39.7 0.42 0.20 0.20 0.66 
10.1 18.7 26.8 38.5 0.15 0.32 0.35 0.56 

He <0.01 0.34 0.08 0.06 0.02 0.26 0.10 0.19 

02 

0.08 0.30 0.09 0.06 0.02 0.24 0.13 0.28 

< 0.1, all tests 

1/2, 9/10, etc. indicates that tests numbered 1 and 2 are duplicate tests, 9 and 10 are duplicate tests, etc. In the 
table, the average of two separate gas analyses for test I is over the average analyses for 2, the average of two 
separate gas analyses for test 9 is over the average of two separate gas analyses for 10, etc. In all cases the two 
separate analyses made on gas samples from one container showed excellent agreement. 

product that typically forms in these tests does not adhere to the surface of the specimens, but instead 

settles to the bottom of the test container. The darkening with exposure time suggests a change in the 

nature of the surface and the film associated with the specimen surface. 

The appearance of the specimens in Figure 6-3 is also typical of the appearance of the speci

mens from the 3-, 6-, and 12-month anoxic-brine-vapor exposures. The specimens removed from the 

vapor-phase (humid) tests typically appeared to be shiny and unreacted except for the bottom - 10% 

of the specimens that had been splashed by brine placed in the bottom of the test containers (see Fig

ure 6-3). This description implies that corrosion products did not form on the specimen surfaces con

tacted by vapor only. An effort was undertaken to quantify the limits of oxidation/metal consumption 

that can take place on the surfaces of such specimens while the corrosion product film remains 

undetectable by the human eye. 
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Figure 6-2. Post-test appearance of steel specimens, immersed, 6- and 24-month anoxic brine tests. 
The 24-month specimens appear dark, though essentially none of the corrosion product 
is found on the specimen surfaces. 

Preliminary scoping tests confirmed that visible films could be readily produced on surface

ground low-carbon steel specimens by heating them in air for - lO min at temperatures of 250°C 

(straw color) and 300°C (dark blue color). Accordingly, two specimens of Lot J steel, each 51 mm 

(2.0 in.) x 190 mm (7.5 in.) x 0.70 mm (0.028 in.), were carefully cleaned, then weighed five times 
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Figure 6-3. Post-test appearance of steel specimens, vapor-phase exposure, 24-month anoxic 
brine tests. No reaction is evident except where brine has contacted the bottoms 
of the specimens. 

each (once on each of five successive days), using the same 4-place (0.0001 g) balance. The average 
weight of the five weighings was taken as the starting weight. The specimens were then heated for 
18 min each at either 250°C or 300°C, to produce the straw-colored and dark-blue-colored oxide 
films. The post-treatment weights of the specimens were then obtained in the same manner as the 
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pre-treatment weights, and the average of the five weights was taken as the final weight of each speci

men. It was ascertained that the specimen heated at 250°C showed a net weight change of -0.0001 g; 

the specimen heated at 300°C showed a net weight change of +0.0009 g. The effective zero net 

weight change exhibited by the straw-colored specimen justifies the conclusion of zero corrosion on a 

"clean and shiny" specimen, as the clean, shiny specimen has obviously formed less surface corrosion 

product than the straw-colored specimen. Even the maximum weight change found in the investiga

tion, +0.0009 g on the dark-blue specimen, represents a metal loss (assuming FeO formation) of only 

- 1% of that taking place on an immersed specimen of Lot J steel in anoxic 30°C Brine A with a N2 

overpressure during a 1-year exposure. Thus, assumption of essentially zero corrosion on a specimen 

that emerges "clean and shiny" from a vapor-phase corrosion test is justified by the test described. 

Such a conclusion is also consistent with the lack of pressure increase in the test container after the 

first few days of exposure, signifying essentially a complete lack of water vapor reaction between the 

steel and the test environment. 

All of the specimen weight-change data from the 3-, 6-, 12-, and 24-month immersed-specimen 

tests are presented in Appendix B-1; data from the vapor-phase-exposure tests are presented in 

Appendix B-2. The data from the immersed-specimen tests are summarized in Table 6-2 in terms of 

metal penetration (uniform corrosion) rate. 

Later in this report section the equivalence between metal lost to corrosion and container pres

sure increase will be demonstrated, and the corrosion and gas generation rate followed during the last 

12 months of the 24-month test will be the rate recommended for WIPP repository modeling pur

poses. This rate is lower than the lowest rate shown in Table 6-2. 

The four lots of steel exhibited similar corrosion characteristics in the anoxic brine environ

ment. The rates are obviously decreasing with time; this is also evident from the pressure-time 

curves of Figure 6-1. 

The post-test compositions of the brines obtained from the test containers after the 6-, 12-, and 

24-month tests are compared with the starting brine composition in Table 6-3. It is evident from the 

table that 1) there are no significant differences in brine composition between the immersed-specimen 

tests and the vapor-phase-specimen tests, at the same test duration; and 2) there is no significant 
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Table 6-2. Summary of Corrosion-Rate Data, Immersed Specimens, Anoxic Brine (Brine/N2) Tests. 

Test 

Penetration rate means and standard deviations are presented. Each penetration rate value 
in the columns J, K, L, and M represents an average of five specimens; the sixth speci
men of each lot was reserved for XRD and archive. Penetration rate is expressed 
in p.m/yr. 

Duration, Test 
Steel Lot and Penetration Ratea 

a 

Months Containers J K L M All Lots 

3 1' 2 1.94±0.16 2.03±0.26 2.10±0.19 1.79±0.16 1.96±0.22 

6 9, 10 1.61 ±0.07 1.65±0.37 1.91 ±0.04 1.71 ±0.08 1.72±0.13 

12 17, 18 1.05±0.05 1.26±0.04 1.31 ±0.04 1.29±0.03 1.23 ±0.11 

24 25,26 0.95±0.05 1.14±0.08 0.91 ±0.04 0.95±0.04 0.99±0.11 

To convert from a penetration rate expressed in p.m/yr to moles Fe reacted/m2 
- yr, multiply 

the penetration rate by 0.141 mol/p.m - m2
• 

Table 6-3. Results of Brine Analyses, Anoxic-Brine Seal-Welded Container Tests. Comparison of 
brine compositions after 6-, 12-, and 24-month tests with original brine composition. 
Concentrations given in mg/L. 

Test Duration and Specie Concentration 

6 month 12 month 24 month 

Specie Brine A lmm• Vapor" lmmc Vapor' Imm• Vapor 

Na 38,300 43,000 42,000 40,900 39,800 40,200 41,000 

Mg 35,700 35,800 35,400 35,100 34,700 32,900 34,000 

K 29,500 29,900 29,700 30,500 30,700 31,000 31,000 

Ca 560 600 610 630 590 581 572 

B 230 230 230 240 230 230 228 

Fe8 <10 <10 <10 <10 <10 < 10 < 10 

Cl 190,000 196,000 196,000 190,000 187,000 192,000 192,000 

so4 4070 4240 4190 3600 3800 4660 4620 

pH 6.7 8.3 8.0 8.3 8.0 8.4 8.4 

Test container 10; b 14; c 17; d 21; • 25; r 29. 
Fe not detectable in these solutions. Solutions were exposed to air prior to analysis, permitting 
Fe oxidation and precipitation from solution. 
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difference between any brine composition and the starting brine composition. These observations sug

gest that the diminution in corrosion rate observed with increasing test time is not due to a decrease in 

concentration of a potential reactant (e.g., Mg2+) supplied by the brine, but a steadily increasing inhi

bition of corrosion by a corrosion product adhering to the surface of the steel. 

XRD analyses of the corrosion product collected from the bottoms of the test containers used in 

the immersed-specimen tests were unsuccessful in defining the corrosion product. • The XRD results 

showed that similar corrosion products formed after all exposure durations. As an example, the dif

fraction results obtained from the 12- and 24-month corrosion products are presented graphically in 

Figure 6-4. 

The XRD analysis was completed within a few hours of collecting the corrosion product from 

the test container to minimize oxidation of the corrosion product through contact with air. A color 

change, from gray-green to orange-red, over a period of several days of exposure to air confirmed the 

air-oxidizability of the corrosion product and is consistent with a 2+ valence state of the iron in the 

corrosion product as it existed in the anoxic test container environment. 

The corrosion product adhering to the bottoms of the specimens removed from the vapor

phase-exposure tests was {3F~(OH3)CI, beta iron chloride hydroxide, in all cases. This tan-to-dark 

brown corrosion product bore no visual resemblance to the corrosion product formed in the 

immersed-specimen tests. 

The corrosion product in all cases is expected to contain iron in the reduced (Fe2+) valence 

state, which would require that the Fe reactant and the H2 reaction product be equivalent on a molar 

basis: 

(33) 

• The principal XRD reference database used in the XRD corrosion product analyses is that of the 
International Center for Diffraction Data (ICDD) Powder Diffraction File on CD-ROM (PDF-2), 
including all entries through Sec 41 (1991). The database comparison was effected by means of the 
search/match code Micro-10 Plus, available from MDI, Inc., Livermore, CA. 
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Figure 6-4. XRD results obtained from the unidentifiable 12- and 24-month-test corrosion products, 
anoxic brine tests. The vertical lines (labeled "1 ")correspond to the principal 12-month 
corrosion-product diffraction peaks; they are superimposed on the raw data obtained 
from the 24-month corrosion product. More than one compound may be present in each 
lot of corrosion product. 
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Knowledge of the plenum volume in the test containers, the test temperature, the container 

pressure at the end of a test, and the final gas composition permits a calculation to be made of the 

moles of H2 present in a test container at the conclusion of a test. This can be compared with the 

amount of steel reacted, determined by a gravimetric analysis of the specimens exposed to the test 

medium. The results of this analysis for the anoxic brine seal-welded container tests are shown in 

Table 6-4. 0 The results from the two duplicate test containers are averaged in the table. H2 was con

sidered to be insoluble in the brine for the purpose of these calculations. 

Table 6-4. Comparison of Moles of H2 Formed (by pressure increase) with Moles of Fe Reacted (by 
specimen weight change), Anoxic Brine Tests 

Test Average Moles Average Moles 
Duration, Fe Reacted, H2 Formed, Moles H2/ 

Months mol/m2
- yr mollm2

- yr Moles Fe 

3 0.276 0.190 0.69 

6 0.243 0.209 0.86 

12 0.173 0.156 0.90 

24 0.140 0.141 1.0 

The tabulated data show that for tests of > 6 months duration the agreement between container 

pressure increase and gravimetric data are very good. This finding validates the use of pressure-time 

data as a means of describing the rate at which hydrogen is produced per unit area of steel exposed to 

the simulated WIPP environment, as it ties observed pressure to actual metal reacted. This finding 

supports the use of pressure-time curve slopes (tangents) to estimate the rate at which H2 is being gen

erated as a f(t), as long as the slopes are not determined at short ( < 6 month) test times where they 

will under-represent the rate of Fe reaction. 

The improvement in agreement in molar equivalence between H2 formed and Fe reacted with 

increasing test time can be explained by a relatively greater loss of corrosion-product H2 in the short

term tests, due to 

o The calculations involved in arriving at the values presented in Table 6-4 are shown in Appendix C. 
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• H2 reactions with iron oxides on the specimen surfaces 

• H2 reactions with other oxides or residual 0 2 , present in the system 

• H2 absorption by the steel and the container walls 

• some H2 solution in the brine phase. 

Pressure-time dataa from the long-term tests and from the longest-term portions of the long

term tests are believed to have the most credibility in repository-behavior modeling because long-term 

tests would be more relevant to the time scales used in repository performance assessment. Thus, 

from Figure 6-1, the relatively low rate of H2 evolution over the last 12 months of the 24-month test, 

amounting to 0.71 JLmlyr metal penetration or 0.10 mol H2/m
2 steel-yr,h would be considered the best 

basis for estimating H2 generation by steel in the WIPP repository of the data bases available, 

assuming that the steel in the repository is totally immersed in brine. Over long periods of time, this 

rate would be expected to continually decrease if the environment were maintained static and 

unrefreshed. The rate of 0. 71 JLm/yr is one-fourth to one-half the H2-generation rates determined by 

Simpson and Schenk (1989) in relatively dilute (800 to 8000 ppm Cl") NaCl brines at 50aC. This is 

considered to be good agreement, considering the relatively long duration of the PNL tests and the 

difference in test temperatures between the two investigations. 

6.1.1.2 BRINE/C02 

The brine/C02 tests were intended to provide information on the corrosion and gas-generation 

proclivity of low-carbon steel in the presence of Brine A and C02 • The presence of C02 in the WIPP 

at significant fugacities is considered to be a distinct possibility because it is an expected byproduct of 

the microbially mediated degradation of cellulosic materials and other organic materials that will 

presumably be disposed of in the WIPP in large quantities. 

a This statement is not meant to imply that gas-generation estimates based on container pressure are 
superior to those based on gravimetric data, as the equivalence of the two methods has been demon
strated (Table 6-4). The pressure-time curves, however, provide a means of estimating gas-genera
tion (or corrosion) rates as a f(t) over the course of a test, something the gravimetric data do not 
permit. 

h Obtained from the final slope of the 24-month curve, Figure 6-1 . 
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Two types of brine/C02 experiments were performed: experiments in which C02 was present 

in the test containers in quantities so large that its complete consumption was not possible (the 

"excess-C02 " tests); and tests in which the quantities of C02 added to the test containers were con

trolled so as to permit the essentially complete consumption of the C02 in some of the tests, but not 

in others (the "controlled-C02-addition" tests). These tests will be discussed separately in the follow

ing subsections. 

Excess-C02 Tests 

The excess-C02 tests were intended to provide information on the corrosion and gas-generation 

characteristics of low-carbon steel in the presence of Brine A and excess C02 • The brine/C02 

immersed-specimen testing regimen includes test containers 3, 4; 11, 12; 19, 20; and 27, 28. The 

brine/C02 vapor-phase-specimen testing regimen includes containers 7, 8; 15, 16; 23, 24; and 31, 32. 

Proximate identification numbers (e.g., 3, 4) signify duplicate tests. 

In the immersed-specimen tests the C02 was added to the test containers at an initial hypotheti

cal starting pressure of - 155 psig (- 170 psi a, or - 12 atm). This starting pressure is termed 

"hypothetical" because, in general, equilibration between the C02 present in the plenum of the test 

container and C02 present in the brine was not achieved for several days after test initiation, in spite 

of the fact that each container was agitated (by hand-shaking) for a period of 10 to 15 min after addi

tion of the final C02 charge. (The containers with specimens exposed only to COzfH20 vapor were 

not purposefully shaken to effect C02 dissolution in the brine. Any agitation that these containers 

received was inadvertent.) Though this agitation effected a fairly good dissolution of the C02 in the 

brine phase, for the first few days of each test the pressure tended to decrease as gaseous C~ contin

ued to dissolve in the brine. The amount of C02 added to these test containers was determined both 

by knowledge of the gas added to the plenum of each container and by weighing each test container 

after the gas addition on a balance sensitive to ± 1 g. The two months showed good agreement. The 

average quantity of C02 added to each of the immersed-specimen test containers was 19.3 g, or 

0.44 mol. As the average steel area in each test container in this series of tests was 0.604 m2, the ini

tial C02 charge in each test container was equivalent to 0. 73 mol per square meter of steel in an 

FeC03-forming reaction. 
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The Henry's Law coefficient, S, for C02 in equilibrium with Brine A 

s 
moles C02 in solution 

pressure C02, atm 
(34) 

was experimentally determined to be equal to 0.012 at 20°C, and 0.010 at 30°C. During a 30°C 

test, assuming equilibrium conditions, the major portion of the C02 (- 65%) would be expected to be 

present in the gas phase with the remainder (- 35%) dissolved in the brine. The H2 generated by the 

corrosion reaction, on the other hand, would collect in the plenum region of the test container only, 

as it is essentially insoluble in the brine phase. As the C02 is consumed by the corrosion reaction 

[Equation (7)], the pressure will tend to decrease in the plenum, but not to the extent that the pressure 

increases due to H2 formation because the brine phase will continually supply a fraction of the C02 

involved in the corrosion reaction. Thus, a pressure buildup in the plenum will be observed on the 

pressure gauge as the reaction proceeds, even though Equation (7) states that a mole of C02 will be 

consumed for each mole of H2 formed. 

The pressure-time curves for the excess-C02 tests are presented in Figure 6-5. The corre

sponding raw data are presented in Appendix A. The starting pressure of the immersed-specimen 

tests is given as 155 psig in the figure; the pressure variations that occurred during the first few days 

of the tests are not shown for clarity. The actual starting pressures of the vapor-phase-exposure tests 

are those given in the figure. 

All of the container pressures of the duplicate tests have been averaged, so that the curves of 

Figure 6-5 actually represent data obtained from 16 test containers. The close agreement in pressure 

between duplicate containers, typically within 2 to 3 psi, justifies this averaging. An exception to this 

close agreement was the pressure data from the 6-month immersed-specimen tests, where the pressure 

disparity between the two tests (containers 11 and 12) attained a value of 8 psi during the fourth 

month of the test and 10 psi during the last two months (the highest system pressure was associated 

with container 11). In spite of this relatively large disparity between the two test containers, the data 

were averaged to produce the single curve shown for simplicity of presentation. 
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Figure 6-5. Pressure-time curves, low-carbon steel/brine-C02 tests. Each curve represents two 
(duplicate) tests. 

The curves of Figure 6-5 show generally good agreement. The immersed-specimen tests are 

characterized by a rapid increase in pressure for a period of about 100 days, followed by a period in 

which the specimens appear to have become totally non-reacting (passivated). 
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An analysis of the gas samples taken from the containers just before they were opened is pre

sented in Table 6-5. The analyses confirm that the pressure increase observed in the containers was 

due to corrosion-product H2 • Though not as good as that evidenced in the anoxic-brine tests, the con

sistency in the composition of gas generated between the duplicate immersed-specimen test containers 

is observable in the tabulated data. A significant unexplained disparity exists between the two 

6-month test containers; container 11 shows a significantly higher H2 generation rate than con

tainer 12. The difference in the pressure-time curves in the 6-month tests (as much as 10 psi) has 

already been alluded to. Significant differences are also evident between the H2 contents of the vapor

exposure containers. As in the case of the anoxic brine (brine/N2) tests, this is attributed to the vary

ing test specimen surface area splashed by brine from one test container to another. 

Table 6-5. Composition of Gas at Conclusion of Test, Brine/C02 Tests. Each tabulated value is 
average of two analyses. Results are given in vol% (mol%). 

Immersed-Specimen Tests Vapor-Phase-Exposure Tests 

Test Numbers Test Numbers 

3-month 6-month 12-month 24-month 3-month 6-month 12-month 24-month 

Specie 3/4" 11/12 19/20 27/28 7/8 15/16 23/24 31132 

C02 51.1 28.0 40.0 41.3 98.8 97.4 98.6 98.5 

H2 

He 

N2 

02 

50.8 35.6 43.7 38.4 98.9 97.5 98.4 97.7 

47.7 71.1 59.0 58.0 0.12 1.65 0.25 0.48 
47.9 63.4 64.4 61.0 0.12 1.62 0.48 1.25 

0.13 0.11 0.05 0.09 0.02 0.25 0.22 0.24 
0.27 0.27 0.05 0.07 0.02 0.30 0.24 0.27 

1.08 0.79 0.90 0.63 1.08 0.72 0.92 0.76 
1.01 0.83 0.85 0.57 0.98 0.63 0.91 0.81 

< 0.1, in all tests 

3/4, 11/12, etc. indicates that tests numbered 3 and 4 are duplicate tests, II and 12 are duplicate tests, etc. In the 
table, the average of two separate gas analyses for test 3 is over the average of two separate gas analyses for 4, the 
average of two separate gas analyses for test II is over the average of two separate gas analyses for 12, etc. In all 
cases the two separate analyses made on gas samples from one container showed excellent agreement. 
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The brine/C02 corrosion rate data are summarized in Table 6-6. The corrosion rates of 

Table 6-6 are far lower than the corrosion rates found by other investigators who used only short

term tests (see Section 4.2.3.2 of this report). All of the individual-specimen data from the 

immersed-specimen tests with C02 overpressure are shown in Appendix 8-3; data from the vapor

phase-exposure tests are shown in Appendix 8-4. 

Table 6-6. Summary of Corrosion-Rate Data, Immersed Specimens, 8rine/C02 Tests. Penetration 
rate means and standard deviations are presented. Each penetration rate value in the col
umns labeled J, K, L, and M represents an average of five specimens; the sixth specimen 
of each lot was reserved for surface analysis/archive. Penetration rate is expressed 
in p.m/yr. 

Test Steel Lot and Penetration Rate, • p.m/yr 
Duration, Test 
Months Containers J K L M All Lots 

3 3,4 12.7±3.1 9.59± 1.02 5.29±0.85 7.41±2.43 8.76±3.44 

6 II, 12 8.47±1.91 7.91 ±2.50 3.82±0.74 5.00±0.90 6.31 ±2.54 

12 19, 20 3.68±0.70 3.58±0.78 1.72±0.20 2.69±2.61 2.91 ± 1.00 

24 27, 28 1.63±0.34 1.85±0.43 1.12±0.49 1.26±0.20 1.46±0.47 

To convert from a penetration rate expressed in p.m/yr to moles Fe reacted /m2 
- yr, 

multiply the penetration rate by 0.141 mollp.m- m2
• 

Unlike the corrosion results obtained from the anoxic brine tests (summarized in Table 6-2), 

the four lots of steel immersed in the brine/C02 environment showed a significant difference in corro

sion rate from lot to lot of steel. The corrosion rates of the higher-carbon lots of steel (lots L and 

M) average -60% of the corrosion rates exhibited by the low-carbon lots (lots J and K)." Also, in 

comparison with the anoxic brine data, the specimen-to-specimen variability of the brine/C02 test is 

much greater. This is believed to be at least partly caused by the much greater difficulty encountered 

in stripping the FeC03 corrosion product films from the brine/C02 test specimens. For example, the 

immersion time for stripping a specimen in the inhibited HCI stripping solution varied from -I min 

• This behavior reverses at high C02 overpressures. Possible reasons for the corrosion dependence 
exhibited is discussed in Section 6.1.2.3. 
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for the anoxic brine test to 6 to 7 min for the brine/ C02) tests. Accordingly, there was a possibility 

of 1) over-etching the steel substrate while attempting to remove the last traces of corrosion product, 

or 2) leaving small quantities of corrosion product unremoved, even after long exposure times. 

Knowledge of the plenum volume in the test containers, the test temperature, the container 

pressure at the end of a test, and the final gas composition permits a calculation to be made of the 

moles of H2 present in a test container at the conclusion of a test. This can be compared with the 

amount of steel reacted, determined by a gravimetric analysis of the specimens exposed to the test 

medium. The results of this analysis for the brine/C02 seal-welded container tests are shown in 

Table 6-7. (The calculations are presented in Appendix C.) 

Table 6-7. Comparison of Moles of H2 Formed (gas analysis) with Moles of Fe Reacted (by 
specimen weight change), Brine/C02 Tests 

Test Average Moles Average Moles 
Duration, Fe Reacted, H2 Formed, Moles H2 

Months mol/m2
- yr mol/m2

- yr Moles Fe 

3 1.24 1.11 0.89 
6 0.890 0.877 0.99 

12 0.410 0.386 0.94 
24 0.206 0.186 0.90 

The agreement between moles H2 formed and moles Fe reacted is good throughout the test, 

validating the proposed reaction given by Equation (7). Even in the case of the long-term tests, how

ever, the moles of H2 formed are not quite equivalent to the moles Fe lost from the test specimens, as 

was the case in the anoxic brine tests (Table 6-4). A possible reason for this is the difficulty of strip

ping the Fe C03 from the steel specimens prior to final weighing, which can lead to some over

etching of the steel and an exaggeration of the metal apparently lost to the corrosion reaction. 

The corrosion rates are obviously decreasing strongly with time, in accordance with the 

specimen-passivation information provided by the pressure-time curves (Figure 6-5). A comparison 

of the 12- and 24-month corrosion rates in Table 6-6 shows that no corrosion occurred in the last 

12 months of the 24-month test, suggesting eventual complete passivation of the steel in the test 
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environment. XRD analyses of the corrosion-product films formed on these specimens showed them 

to be composed of siderite, FeC03, as expected. No CaC03 was observed by XRD. The ability of 

siderite to passivate a steel substrate, especially in stagnant solutions in the presence of high fugacities 

of C02, has been reported by a number of investigators, though the passivating ability generally has 

been reported to be most effective at temperatures > 60°C (see Section 4.2 of this report). 

The amount of C02 required to passivate the steel under the test conditions employed can be 

estimated from the data of Table 6-6 and the information provided in Figure 6-5. From the figure, 

the steel has apparently passivated at a time period < 6 months. If it is assumed that no reaction has 

taken place on any specimen after 6 months, and that the corrosion reaction can be expressed by 

Equation (7), then the amount of Fe lost to corrosion during the 6-, 12- and 24-month tests can be 

averaged to determine the amount of C02 (and Fe) contributing to the corrosion reaction and the 

attainment of the passivated state. From Table 6-6 the average Fe loss to corrosion during the 

6-month test was 6.31 p.m/yr x 1/2 yr, or 3.I6 p.m; during the I2-month test it was 2.9I p.m; and 

during the 24-month test it was 1.46 p.m/yr x 2 yr, or 2.92 p.m. The average penetration over these 

three tests was therefore 3.00 p.m prior to passivation. A penetration of I p.m over I m2 is equivalent 

to I cm3 (7.86 g) Fe/p.m- m2
, or O.I4I moliJLm - m2

• The 3.00 p.m penetration observed is therefore 

equivalent to 3.00 p.m x O.I41 mol/p.m - m2
, or 0.42 mol C02 (or Fe)/m2 of steel required for 

passivation. 

The post-test appearance of the steel specimens is shown in Figure 6-6 (immersed specimens, 

24 months exposure) and Figure 6-7 (vapor-phase exposure specimens, 24 months exposure). The 

dark gray, adherent corrosion product observed on the specimens is FeC03 • 

The post-test compositions of the brines obtained from the test containers after the 6-, I2- and 

24-month tests are compared with the starting brine composition in Table 6-8. The brines from the 

immersed-specimen tests differ significantly from the starting brine composition, in that the pH is 

considerably lower and the Fe composition has attained a significant value. In addition, the Ca con

centration of the brine has been reduced significantly, though no evidence of Ca compounds was 

found in the XRD investigations of the corrosion product layer. [The reduction of Ca concentration 

in the brine is consistent with the observations of Murata et al. ( 1983), who found CaC03 in the 

FeC03 layers formed on steels corroding in C02-saturated brines containing Ca.] 
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Figure 6-6. Post-test appearance of steel specimens, immersed, 24-month brine/C02 tests. 
Specimens are coated with an adherent black FeC03 corrosion product. 

The pH and Fe concentration in the brine shown in Table 6-8 cannot be taken as representative 

of the conditions existing within the test container during an actual test, as C02 escapes from the sys

tem as soon as the container is opened, and Fe2+ oxidizes rapidly and precipitates from solution as the 
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Figure 6-7. Post-test appearance of steel specimens, vapor-phase exposure, 24-month brine/C02 

tests. No significant corrosion reaction is evident except where brine has contacted 
the bottoms of the specimens. 

solution comes in contact with air. Also, the concentration of Fe2+ reported as being in solution in 

the COzfbrine tests may actually be high, as a fine particulate suspension may be contributing to the 

concentration values reported. 
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Table 6-8. Results of Brine Analyses, Brine/C02 Seal-Welded-Container Tests. Comparison of brine 
compositions after 6-, 12- and 24-month tests is made with original brine composition. 
Concentration given in mg/L. 

Test Duration 

6 months 12 months 24 months 

Specie Brine A Imm.a Vaporb Imm.c Vapotl lmm! Vaporr 

Na 38,300 42,600 41,000 40,300 40,500 40,500 40,300 

Mg 35,700 35,500 34,900 34,500 35,000 33,200 33,500 

K 29,500 30,600 29,900 29,800 30,200 30,000 30,000 

Ca 560 240 590 270 600 230 567 

B 230 220 230 230 240 220 226 

Fe <10 1,480 5 1,230 <10 1,320 <10 

Cl 190,000 196,000 196,000 191,000 189,000 194,000 188,000 

so4 4,070 4,230 4,240 3,900 4,200 4,540 3,920 

pH 6.7 5.1 7.1 3.4 7:3 5.9 6.9 

Test container 12; b 16; c 19; d 23; • 27; r 31. 

Controlled-C02-Addition Tests 

When the activity of C02 dissolved in Brine A is increased, two opposing effects are mani

fested: the brine becomes a more aggressive corrodant toward steel due to effects already discussed 

[Equations (1) through (7)]; and the presence of C02 tends to stop the reaction through the formation 

of a stable FeC03 layer. The controlled-C02-addition tests were intended to provide information on 

the amount of C02 required/unit area of steel to attain a passivated state, such as was attained in the 

excess-C02 tests after C02 had reacted with the steel to the extent of -0.42 mol COzlm2 steel. 

The controlled-C02-addition tests comprised test containers 33 through 38. The test conditions 

are summarized in Table 6-9. A N2 addition was made to test containers 36 through 38 so that the 

pressure gauges would provide a positive reading. 
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Table 6-9. Summary of Test Conditions, Controlled-C02-Addition Tests 

Test Initial C02 Charge N2 Pressure, Mol C0im2 

Container Pressure, atm (psia)a atm (psia) Steelb 

33 7.8 (115) no N2 0.32 

34 3.8 (56) no N2 0.16 

35 1.5 (22) no N2 0.063 

36 0.75 (II) 2.0 (30) 0.032 

37 0.39 (5.7) 2.0 (30) 0.016 

38 0 (0) 3.1 (45) 0.0 

a Assumes plenum = 0.634 L, T = 30°C, no C02 dissolution in 
brine at the time of C02 charging. 

b Total area of steel specimens in each test container = 0.629 m2 
•. 

The highest ratio of mol COim2 steel (0.32) employed in the test series was intended to 

approximate the 0.42 mollm2 value causing passivation in the excess-C02 tests (Table 6-6). Lesser 

quantities of C02 were also used to determine if passivation, or temporary passivation, would develop 

under conditions of relatively low concentrations of C02 • 

The pressure-time curves for the controlled-C02-addition tests are shown in Figure 6-8. It is 

apparent that at least some degree of passivity has been attained in the test containers with the maxi

mum amount of C02 added (containers 33 and 34). Though the pressure-time curves for these two 

containers appear to attain a near-zero slope after a time period of - 150 days, the curves indicate 

some degree of reaction even to the maximum test duration shown in the figure. This test will be 

allowed to continue so that the ability of the steel to passivate completely under the test conditions can 

be more fully evaluated. A continual pressure increase was not observed in the excess-C02 tests after 

passivation of the specimens was achieved (see Figure 6-5 and Table 6-6). 

The raw pressure-time data for the test containers 33 through 38 corresponding to the curves of 

Figure 6.8 are presented in Appendix A. The gravimetric data for the individual specimens will not 

be available until the study is concluded. 
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Figure 6-8. Pressure-time curves, controlled-C02-addition tests. 

Assuming that all of the H2 resulting from the corrosion reaction collects in the plenum of the 
test container, that all of the H2 resulting from the corrosion reaction is accounted for, that passivation 
of the steel does not stop the corrosion reaction, and that the reaction 

(35) 

is the only H2-producing reaction, then the reaction will stop when the H2 pressure in the plenum 
equals the original starting C02 charge pressure (i.e., the C02 pressure in the container plenum before 
its dissolution in the brine)." The initial charge pressures are given in Table 6-9. From these data 

• Strictly speaking, there will always be some C02 remaining unreacted, as equilibrium conditions [as 
given by the equilibrium constant of Equation (8)] require a residual C02 fugacity equal to 
-2 x I 04 f "2 • In the practical terms of the present test, this C02 fugacity will not be sensed by 
the pressure gauges employed, nor will it affect the conclusions drawn in the subsequent discussion. 
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and associated assumptions it can be calculated that the reaction in container 33 has consumed 95% of 

the original C02 charge at 250 days, that the reaction in container 34 has consumed the equivalent of 

110% of the original C02 charge at 250 days, and that the reaction in container 35 has consumed the 

equivalent of 220% of the original C02 charge at 250 days. Obviously, an Fe-H 20 reaction is pro

ceeding and producing H2 in the latter two cases cited. The containers with less C02 than con

tainer 35 essentially behaved as though no C02 had been added at all, as their pressure-time curves 

closely simulate that of the C02-free control, container 38. 

The pressure-time curve of container 35 appeared to temporarily passivate in the time period 

30-50 days. If it is assumed as before that H2 generated is equivalent to C02 consumed, at 50 days 

the initial C02 charge has been 110% consumed. This good agreement between apparent passivation 

and C02 consumption suggests that a state of imperfect passivation was produced by the available 

C02 , perhaps produced by a siderite layer containing defects that could not remain "healed" due to 

the absence of a continuing supply of C02 • The defective film then eventually lost its protectiveness 

entirely, and permitted the competing Fe-H20 reaction to proceed at a normal rate, as in the case of 

the Fe-anoxic brine (brine/NJ tests or the case of container 38. 

The controlled-C02-addition tests are still in progress, so the final assessment of the results of 

the test cannot yet be made. The test results obtained to date suggest, however, that the best passiva

tion obtained under the conditions used in the controlled-C02-addition study is still questionable and 

does not yet evoke confidence as a true, stable state of corrosion prohibition. 

6.1.1.3 BRINE/H2S 

The brine/H2S tests were intended to provide information on the corrosion and gas generation 

proclivity of low-carbon steel in the presence of Brine A and H2S. Like C02, H2S is a potential 

byproduct of microbial activity through sulfate reduction in the WIPP, so its presence in the site 

environment is considered to be a credible possibility. As has been shown [Equations (17) and (18)], 

the thermodynamic tendency for reaction of Fe with H2S is strong. There is a possibility, however, 

of passivating steel in the presence of H2S at sufficient activity to form the high sulfides, such as 

pyrite (see Section 4.3 of this report). 
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The brine/H2S tests of low-carbon steel were performed in test containers 40, 41, 42, and 43. 

In rep! icate test containers 40 and 41, the specimens were exposed under immersed conditions; in test 

containers 42 and 43 the specimens were suspended in the vapor phase over Brine A. The method of 

racking the specimens in test containers was similar to that used in the anoxic brine (brine/N2) and the 

C02-brine tests previously described, and the amount of brine used in each test container was essen

tially the same as that used in the previous tests: 1.4 L in the immersed-specimen tests, 250 mL in 

the vapor-phase tests. The area of steel specimens present in each test container was 0.497 nr. 

The partial pressure of H2S in these initial Fe/H2S tests was purposefully chosen to be a high 

value relative to H2S concentrations expected in the WIPP. An arbitrary (equilibrium) partial pressure 

of 5 atm was selected for these tests. For H2S, the gas-charging method employed was similar to that 

used for N2 and C02 in tests previously described, in that the H2S gas was charged into the plenum of 

a previously evacuated test container with both steel specimens and Brine A already in place. 

The H2S gas dissolved much more rapidly into the brine than did the C02 • The Henry's Law 

coefficient, S, for H2S was determined to be 

S = 0.050 mol/atm-L (36) 

at the gas-charging temperature of -25aC. As a consequence of the high solubility of the H2S in 

Brine A, the major amount of the H2S charged into the immersed-specimen test containers is dissolved 

in the brine phase. • 

The pressure-time curves for tests 40 through 43 are shown in Figure 6-9. After an initial per

iod of activity lasting about 6 days, the specimens appear to be essentially nonreactive in the 

brine/H2S environment. During the initial period of activity the immersed specimens appeared to gen

erate corrosion-product H2 • The vapor-phase tests appeared to simply show the effect of continued 

H2S dissolution in the brine phase present (the vapor-phase test containers were not shaken after gas 

addition to expedite equilibration of gas between vapor space and brine). 

• Because H2S shows significant non-ideal behavior, even at pressures as low as 5 atm, a van der 
Waals relationship was used to determine the relationship between moles H2S and pressure of H2S 
throughout all of the H2S investigations (Lange's Handbook, 1985). 
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Figure 6-9. Pressure-time curves, Fe-H2S tests, test containers 40-43. 

The lack of continued reaction after a time period of about 6 days in the immersed-specimen 

test condition suggests that pyrite or other high sulfide had rapidly formed on the specimen surfaces 

and stopped further reaction from taking place. This could be considered at least partially consistent 

with the observations of other investigators (see Section 4.3 of this report), in that higher sulfides are 

highly passivating, and high pressures of H2S are consistent with formation of higher sulfides. How

ever, other investigators (such as Meyer et al., 1958) have found that 1 atm H2S is not readily passi

vating, in that nonprotective lower sulfides form under these conditions. The preliminary results of 

the present tests suggest that 5 atm partial pressure is passivating even though 1 atm partial pressure 

H2S may not be. 

6.1.2 High-Pressure Autoclave Tests 

The seal-welded container tests were charged with overpressure gas to equilibrium pressures in 

the range of 5 to 12 atm. These pressures are, of course, low by comparison with total pressure 

expected when the WIPP approaches lithostatic pressure. High-pressure autoclave tests were con

ducted to gain insights into the effect of high C02 , H2 and N2 pressures on the reaction kinetics, with 
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equilibrium pressures in the range 36 to 73 atm. The high-pressure testing regimen comprised tests 

AUT-I, -2, -3, -4, -7, and -8 (fable 3-1). In general, the steel specimens were prepared pre-test and 

examined post-test in the same manner as that used for the seal-welded-container tests. The specimen 

area per test was much smaller in the autoclave tests because emphasis was placed on gravimetric 

analysis of the specimens rather than following the pressure as a function of time. This basic differ

ence in test approach is based on the fact that an autoclave system cannot be relied upon to be 

(essentially) leak free for very long periods of time, even though this is sometimes observed to be the 

case in practice. 

6.1.2.1 HIGH H2 PRESSURE TESTS 

Tests AUT-I, AUT-3, and AUT -4 were initiated to determine to what extent, if any, high H2 

pressures inhibit the progress of the Fe-H20 (Brine A) reaction. The steel test specimens, five speci

mens of lot J and five of lot K, were completely immersed in Brine A in this test series. A summary 

of these tests, extending the data of Table 3-l, is presented in Table 6-10. The individual specimen

corrosion data for tests AUT-I, AUT-3, and AUT-4 are tabulated in Appendices B-5, B-6, and B-7, 

respectively. 

At the conclusion of the high H2 pressure tests, the specimens were clean and shiny in appear

ance. A small amount of corrosion product was present in the autoclave at the conclusion of each 

test. XRD analysis of the dark gray particulate corrosion-product residues left after the 6-month test 

(AUT-I) showed evidence of reevesite, (Ni,Fe)6Fez(C03)(0H)16 • 4H20, nickel iron carbonate hydrox

ide hydrate, with perhaps as many as two additional unidentifiable phases. Because of the small 

amount of corrosion product recovered and because of the nickel content exhibited by the identifiable 

phase (suggesting a possible autoclave-wall contribution)," little significance was attached to the XRD 

results obtained. Chemical analysis of the corrosion product revealed a significant Mg presence 

• The autoclaves used in these studies were made of Ni-Cr-Mo alloys. 
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Table 6-10. Summary of Test Conditions, H2-0verpressure Tests AUT-1, AUT-3, and AUT-4. 
Number of specimens of each material lot: 5. Test temperature: 30°C. 

Initial Mean H2 

Test Overpressure 

AUT-1 1030 psia 
(70 atm) 

AUT-3 515 psia 
(35 atm) 

AUT-4 1010 psia 
(69 atm) 

Brine 
Volume, L 

2.79 

2.79 

2.78 

Total 
Specimen 
Area, m2 

0.199 

0.199 

0.198 

Test 
Duration, 
Months 

6 

12 

12 

(15%) and aNi concentration of 4%. The high Mg concentration suggests that the portion of the cor

rosion product unidentifiable by XRD could be of the form Fe,Mg(OH)2 , a corrosion product found 

in another study where steel was allowed to react with a high-Mg brine at elevated temperatures 

(Westerman et al., 1987). 

The gravimetrically determined corrosion rates obtained from the high H2 pressure tests are 

presented in Table 6-11. The corrosion rates are compared in the table with results obtained from 

seal-welded corrosion tests of 6- and 12-month test durations having a N2 overpressure, to aid in 

evaluating the effect of the H2 overpressure on the reaction kinetics. 

The data of Table 6-11 show that presence of a high H2 pressure can significantly inhibit the 

corrosion rate of low-carbon steels in Brine A, relative to tests having an N2 overpressure only. A 

H2-induced factor of five reduction in corrosion rate, at the same test times, is evident from the table 

when the autoclave and the N2/immersed seal-welded-container tests are compared. (Reduction in 

steel corrosion rate in a high-Mg-brine environment by a H2 overpressure at 150°C has been reported 

previously by Westerman et al., 1987.) 

Doubling the H2 pressure from 35 to 69 atm (Tests AUT-3 and AUT-4) did not exert an inhib

iting effect on the corrosion rate beyond that observed at the lower pressure. It is believed that this 

is due to the rate-decreasing effect of the additional H2 pressure being effectively counterbalanced by 

the rate-increasing effect of the additional system pressure. This pressure-induced increase in 
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Table 6-11. Corrosion Rates of Steel Specimens in High Hz Pressure Tests Compared with Corrosion 
Rates in Brine/Nz Seal-Welded Container Tests 

Test 

AUT -1 70 atm Hz, 6 months 
AUT-3 35 atm Hz, 12 months 
AUT -4 69 atm Hz, 12 months 

Seal-Welded Container 
Nz/lmmersed Tests, 10 atm Nz 

6-month test 
12-month test 

Corrosion Rate, p.m/y~ 
Steel Lot J Steel Lot K 

0.32±0.01 
0.20±0.01 
0.20±0.01 

1.61 ±0.07 
1.05±0.05 

0.40±0.04 
0.25±0.02 
0.27±0.03 

1.65±0.37 
1.26±0.04 

a Average linearized corrosion rate of all specimens of each material 
lot in each test, with standard deviation. 

corrosion rate has been observed in other studies in which steel-brine systems were subjected to an 

overpressure of inert gas (Westerman et al., 1987), and will be discussed further in the next section 

of this report. 

It is interesting to note that steel lot J corroded at a consistently lower rate than lot K in the 

Hz-Overpressure studies, as it did in all of the Nz/immersed seal-welded container tests. Because the 

two steels are alike in composition and microstructure, no explanation can be offered for the observed 

corrosion differences on the basis of the available information. 

6.1.2.2 HIGH N2 PRESSURE TEST 

The effect of high Nz pressure on the reaction rate of steel in Brine A was investigated by deter

mining the corrosion rate of low-carbon steel under a relatively high Nz pressure. The test, 

designated AUT-2, was performed in a manner similar to that described for the high-pressure Hz tests 

in the preceding section of this report. The initial Nz pressure was I 070 psi a (73 atm); the volume of 

the brine in the 4 L autoclave was 2. 79 L; the total area of the steel specimens was 0.199 nr. Five 
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specimens of steel lot J and five of lot K were exposed to the brine in the completely immersed condi

tion. The test duration was 6 months. The individual-specimen data from test AUT-2 are presented 

in Appendix 8-8. 

The test specimens appeared clean and shiny when removed from the autoclave and were free of 

adherent corrosion products. The corrosion product, present in copious quantities compared to the 

H2-overpressure tests, was found adhering to the specimen rack and the autoclave walls. It was of a 

cream-beige color when removed from the autoclave (with a spatula); upon exposure to the air it 

gradually turned a dark yellow-brown color. In texture and distribution it resembled the corrosion 

product associated with the Niimmersed seal-welded-container tests. 

A specimen of the corrosion product was analyzed by XRD within an hour of its being removed 

from the test autoclave. It proved to be unidentifiable. The diffraction pattern had the same 

characteristics as the unidentifiable patterns obtained from the Niimmersed seal-welded container 

tests (see Section 6.1.1.1 of this report). 

The chemical composition of the corrosion product was determined in an attempt to gain some 

insights into its nature. The analysis showed the cationic constituents of the corrosion product to be 

essentially Fe, with - 12% Mg. As in the case of the high H2 pressure tests, this suggests a corro

sion product of the form Fe,Mg(OH)2 • The averaged corrosion rates, determined gravimetrically 

using all of the 10 specimens included in the test, are shown in Table 6-12. 

The N2 overpressure substantially increased the corrosion rate over that observed in the seal

welded container test. This same phenomenon was observed in studies by Westerman et al. (1987), 

in steel-brine systems pressurized with Ar. 

Apparently, that portion of the overall cathodic reaction 

HOH + le _!_H + (OHt 2 2 
(37) 

responsible for the actual rate control has associated with it an activated complex with a smaller net 

volume than the reactants it comprises. Increasing the total system pressure would cause this decrease 

in volume to decrease the activation energy required for its production and thereby cause an increase 
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Table 6-12. Corrosion Rates of Steel Specimens in High N2 Pressure Tests Compared with Corrosion 
Rates in Brine/N2 Seal-Welded Container Tests 

Test 

AUT-2: 73 atm N2 , 6 months 

Seal-Welded-Container, 
N2/lmmersed Test, l 0 atm N2 , 

6 months 

Corrosion Rate, 11-m/yr" 

Steel Lot J Steel Lot K 

2.76±0.24 3.17±0.04 

1.61 ±0.07 1.65±0.37 

Average linearized corrosion rate of all specimens included in 
category, with standard deviation. 

in the cathodic reaction rate. Because either N2 or H2 could cause such an activation energy decrease, 

increasing a H2 overpressure could decrease the reaction rate (back reaction tendency) while increas

ing the reaction rate by the mechanism just described, whereas under the same circumstances increas

ing the N2 overpressure would be expected to increase only the reaction rate. 

The foregoing explanation of the effects of system pressure on corrosion reaction rate is obvi

ously highly qualitative and not capable of explaining the quantitative relationships between reaction 

inhibition by back-reaction and reaction promotion by system pressure. The reaction mechanisms 

involved, and the pressure dependence of the mechanisms, are not specifically known. 

6.1.2.3 HIGH C02 PRESSURE TESTS 

The dichotomy in C02 behavior toward steel, in which increasing the pressure of C02 increases 

the reactivity of the system while enhancing the ability of steel to passivate itself through formation of 

a relatively stable and impervious layer of FeC03 , has already been described. The tendency of the 

FeC03 reaction product to dissolve in the test solution, and the fairly high FeZ+ concentrations associ

ated with the terminal solubility of FeC03 in solutions having high C02 concentrations, complicates 

the prediction of corrosion rates and ultimate disposition of reaction products. The high C02 pressure 
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tests AUT-7 and AUT-8 were intended to further the understanding of the C02-steel system by pro

viding steel corrosion data obtained at the relatively high C02 pressure of 36 atm. 

Tests AUT-7 and AUT-8 utilized two 4L autoclaves. Each autoclave contained four specimens 

of each of the following steel lots: J, K, L, and M. The total area of the steel specimens was 

0.095 m2 in AUT-7, and 0.094 m2 in AUT-8. Each autoclave was charged with 3.1 L of Brine A at 

the beginning of the test. The specimens were completely immersed in the brine phase throughout the 

tests. Test AUT-7 was terminated after 6 months; test AUT-8 has a projected test duration of 

12 months. At the present time, only data from test AUT-7 are available. Individual-specimen data 

for test AUT-7 are presented in Appendix B-9 of this report. 

Before opening the AUT-7 test autoclave for specimen examination, a complete analysis was 

made of the gas in the autoclave plenum. The gas was composed almost entirely of C02 (87.4%) and 

H2 (12.3% ). The pressure in the autoclave increased from 535 psia to 590 psia during the test as 

corrosion-product H2 was generated. 

The steel specimens were covered with a brownish-black, adherent corrosion product when 

they were removed from the autoclave. XRD analysis of the corrosion product showed that the cor

rosion product was closely approximated by (Fe,Mn,Zn)C03 , "oligonite." The crystal structure of 

oligonite differs somewhat from the FeC03 (siderite) diffraction patterns obtained from specimens 

exposed in the past to C02-brine environments. To clarify the compositional question, especially the 

implication of the presence of Zn, a small amount of corrosion product was scraped from the surface 

of a specimen and its composition was determined by x-ray fluorescence analysis (XRFA). The com

position of the corrosion product so determined is given below, in weight percent: 

Fe 92.2 
Ca 6.1 
Mn 0.76 
Ni 0.31 
Zn 0.18 
Cu 0.17 

Other than Fe, the major constituent of the corrosion product is obviously Ca derived from the brine. 

The coprecipitation of Ca in the carbonate film has been mentioned previously (Section 6.1.1.2 of this 

report); its presence in the corrosion product film is therefore not surprising. The small amount of 
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Zn present belies the crystal structure nomenclature derived from the XRD database. It is most likely 

not a major crystal-structure-defining constituent in the corrosion product at the level of concentration 

observed. The source of Zn is not known; it may have been derived from the chemicals used to 

make up the brine. The relatively high level of Mn could have as its source the steel itself, as the 

steels exposed to the brine contain 0.3 to 0.8 wt% Mn. 

Both the AUT-7 and the seal-welded container test environments (36 atm and 12 atm overpres

sure C02 , respectively) are potentially highly reactive with unprotected steel. The pH values associ

ated with these C02 pressures, in a 0.5 M NaCI medium, have been estimated to be 3.1 and 3.3, 

respectively (Crolet and Bonis, 1984). 

The linearized corrosion rates over the 6-month test period of the specimens from test AUT-7 

are presented in Table 6-13. 

It is interesting to note that in test AUT-7 the lots of steel having a relatively low C content, J 

and K, corroded at significantly lower rates than steel lots L and M. This is contrary to the findings 

from the 3-, 6-, and 12-month seal-welded container tests with immersed specimens and an initial 

overpressure of 12 atm C02 (Section 6.1.1.2). 

The corrosion rates of the specimens from test AUT-7 are considerably higher (by a factor of 

4.7) than those determined in seal-welded container tests of 6-month duration originally charged with 

12 atm C02 , as listed in Table 6-6. However, the specimens in the seal-welded container tests passi

vated well before the end of the 6-month test exposure, with the corrosion process coming essentially 

to a complete stop at that time. 

The complexities associated with the explanation and prediction of corrosion rates of specimens 

of nearly identical commercial steels has been long recognized. Cleary and Greene (1967) attempted 

to isolate the factors contributing to the corrosion of carbon steels by subjecting a large number of 

steel specimens having widely varying compositions and microstructures to an anoxic environment of 

dilute sulfuric acid at 30°C. By means of a multiple correlation analysis they were able to deduce the 

compositional and microstructural factors important to the corrosion of the steels. They found that C 

and P were particularly detrimental to corrosion resistance. Mn was beneficial to -0.6 wt%; beyond 

1.0 wt% it was detrimental. Si is also detrimental, whereas Cu is beneficial. If the environment 
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Table 6-13. Corrosion Rates of Steel Specimens, Test AUT-7 

Sample 
Identification 

J71 
172 
J73 
J74 

K71 
K72 
K73 
K74 

L71 
L72 
L73 
L74 

M71 
M72 
M73 
M74 

Corrosion 
Rate, p.m/yr 

23.7 
NA 
20.1 
22.5 

23.6 
25.2 
25.0 
25.8 

34.4 
37.6 
35.9 
36.3 

37.8 
35.8 
35.8 
33.7 

Average 
Corrosion 

Rate, p.m/yr 
with Standard 

Deviation 

22.1 ± 1.8 

24.9± 1.0 

36.0± 1.3 

35.8± 1.7 

employed by Cleary and Greene can be considered analagous to the anoxic, C02-overpressured brine 

environments used in present study, the composition of the steels used (fable 5-11) gives possible 

insights into the pre-passivation corrosion behavior observed. In the seal-welded container tests, lots 

L and M showed the highest corrosion resistance. These alloys have a higher Mn content than lots J 

and K, and this factor could be responsible for the corrosion rate differential observed. At the higher 

C02 overpressures (higher H+ activities) it is reasonable to expect the C content to have a more pro

found effect, because of its direct involvement in the cathodic H+ -reduction process, usually rate

limiting. One might therefore postulate that the Mn content of lots L and M could contribute to their 

corrosion resistance at low C02 overpressures, while their high C-content could be responsible for 
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their higher corrosion rates at higher C02 overpressures. These considerations apply only to the cor

rosion occurring prior to the formation of the passivating film. The processes associated with the 

film formation and the transport-inhibiting properties of the resulting film, ignored in the foregoing 

speculative analysis, could be more important than the considerations presented. 

In order to gain some insight into the kinetics of the corrosion process taking place in test 

AUT-7 over the 6-month test period, an analysis was made of the pressure data from the autoclave 

pressure gauge. This is a necessarily limited analysis, because of the characteristics of the autoclave 

gauge (2000-psig range; smallest division 20 psi; reading accuracy approximately ± 5 psi); the fact 

that all autoclave systems can be expected to leak gas to some extent, especially low-molecular-weight 

gases such as H2 ; and the fact that C02 is consumed as H2 is generated, complicating the pressure

time analysis. Also, the non-ideal nature of C02 precludes use of the ideal gas law under all high

pressure conditions, if a reasonable degree of accuracy is expected, and the high solubility of C02 in 

the brine phase has to be considered in all gas-accounting analyses. In all of the computations it was 

assumed that the H2 produced was insoluble in the brine phase, and that the Henry's Law constant 

governing the solubility of C02 in the brine phase had a value of 0.0102 mol/atm under all pressure 

conditions. The van der Waals equation was used to define the C02 pressure/volume/mole relation

ships. The pressure-time curves for tests AUT-7 and AUT-8 are presented in Figure 6-10. 

The experimentally determined increase in total system pressure for test AUT-7 over the 

6-month test duration was 55 psi. This value was in reasonably good agreement with the pressure 

increase expected if all of the Fe lost from the specimens (0.199 mole) was converted on an equimo

lar basis to H2 (102 psia in the autoclave plenum region), and if the corresponding C~ pressure drop 

in the autoclave (44 psi) was subtracted from this H2 pressure (102 psi - 44 psi = 58 psi). This 

agreement gives assurance that the autoclave was extremely well sealed and that the pressure-time 

data of Figure 6-10 have a strong measure of credibility. Not surprisingly, in spite of this good 

pressure agreement, some of the theoretical H2 is not accounted for, as evidenced by comparing the 

COiH2 ratio from the gas analysis results ( -7.1) with the calculated CO/H2 ratio assuming complete 

H2 accountability in the plenum of the autoclave (- 5.9). This lack of complete H2 accountability was 

encountered in the short-term seal-welded-container tests as well. It can be ascribed to a) reaction of 

H2 with metal oxides present in the system; b) solution of H2 in both brine and metal; and/or c) some 

H2 leakage from the system. The loss of H2 from the system does not appear severe enough to call 
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Figure 6-10. Pressure-time curves, tests AUT-7 and AUT-8. 
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the AUT-7 pressure-time curve of Figure 6-10 into question. The value of the AUT-8 pressure-time 

curve in predicting corrosion kinetics will not be known until the test is concluded and the amount of 

steel lost in the course of that test is determined. These results will be reported in the future. 

The curves of Figure 6-10 suggest that the steel specimens first underwent a significant attack, 

due to the high C02 activity present in the system, but that either passivation of the specimens or sat

uration of the brine with Fe2+ occurred after a time period of -2 months. The saturation of the 

brine phase with Fe2+ is currently not considered a totally satisfactory explanation for the complete 

stopping of the corrosion process, either in the AUT-7 test or in the seal-welded container tests. The 

amount of corrosion taking place in the AUT-7 test amounted to 4.0 g Fe/L of brine; in the case of 

the seal-welded-container tests, the corrosion amounted to 11.0 g Fe/L of brine. The fact that the 

higher-pressure test showed a lower Fe loss per liter of solution than the lower-pressure test is not 
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consistent with the expectations of siderite solubility as a function of C02 pressure. Also, both tests 

lost far more Fe/L than can be accounted for by estimating the solubility of Fe2+ in the brine phase. 

(Ikeda et al., 1983 attempted to calculate the concentration of Fe2 + in a brine solution in equilibrium 

intruding with FeC03, but an error in their reasoning produced results that were as much as three 

orders of magnitude too high at 30°C.) The concentration of Fe2+ in equilibrium with FeC03 in 

Brine A at 30°C is currently not known. the gravimetric data from the 12-month test (test AUT-8) 

will be required in order to make a definitive judgment on whether or not the surface passivation sug

gested by the pressure-time curves of Figure 6-10 in fact took place. 

6.1.3 Salt-Phase Autoclave Tests 

A probable scenario in the corrosion of steel in the WIPP involves the contact of steel by a 

moist mass of salt rather than brine. The moisture could be derived from intruding brine from a dis

tant source "wicked" to the surface of the steel by capillary action or water vapor from a distant 

source equilibrating with the salt contacting the steel. 

Two autoclave scoping tests, designated AUT-5 and AUT -6, were conducted to determine the 

approximate corrosion kinetics associated with the two scenarios described. The test arrangements 

are shown schematically in Figure 6-11. Test AUT-5 was designed to investigate the effect of 

wicking. The bottom of the salt mass was below the level of the brine, but the bottom of the speci

mens was above the brine liquid level. Test AUT-6 was designed to investigate the effect of vapor 

transport, so the bottom of the salt mass was above the liquid level of the brine. In each test 12 

specimens of lot J steel were embedded in particulate salt (natural halite from the WIPP site) con

tained in a stainless steel mesh basket suspended from the top of the autoclave. The specimens were 

51 mm x 25 mm (2 in. x 1 in.). Care was taken to prevent the specimens from contacting the basket 

or each other. A coarse fraction of the salt supplied was used (particles approximately 2 to 6 mm in 

major dimension) to permit at least initial vapor transport through the salt mass. Approximately 2 kg 

of salt was placed in each basket. The volume of Brine A placed in the bottom of the autoclave in 

test AUT-5 was 890 mL; in test AUT-6 the brine volume added was 350 mL. The initial N2 over

pressure in each test was 10 atm; the test duration was three months. 
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Figure 6-11. Test arrangements, tests AUT-5 and AUT-6. 

6.1.3.1 POST-TEST OBSERVATIONS, TEST AUT-5 

This wicking test functioned as intended. At the conclusion of the test the salt was still 

mounded in the basket, and the specimens were all entirely covered with salt. Salt crystals were 

adhering to both the basket and the autoclave wall above the liquid level. A mass of crystalline salt 

was present in the bottom of the autoclave in the brine. The salt in the basket was hard, and the 

samples were chipped out with difficulty. No red oxides (traces of ferric ion) were present in the test 

assembly. The samples were mottled due to a discontinuous tarnish film, but had an essentially 

metallic appearance when removed from the salt. Predictably, the mottled regions rapidly darkened 

and assumed a reddish hue when the specimens were exposed to air. The specimens were washed 

sequentially in deionized water and ethanol and stored in a desiccator. 

The brine was "water-white" when removed from the autoclave, but developed a light yellow 

hue upon standing for a few hours, indicating the presence of Fe2+ ions in the brine removed from the 

autoclave. 
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6.1.3.2 POST-TEST OBSERVATIONS, TEST AUT -6 

In this test the bottom of the salt mass was above the level of the brine. The intent of the test 

arrangement was to make the vapor-phase transport of water the only method of water transport. 

Because of the reduced activity of water in the Brine A water source and the expectation that at the 

low test temperature employed a large temperature gradient between the underside of the autoclave 

head and the contents of the autoclave would not exist, it was assumed that no water would condense 

on the bottom of the autoclave head and drip onto the salt. Such was not the case. For some period 

of time water apparently dripped from the underside of the autoclave head onto the salt, as the top of 

the salt was partially eroded in a non-uniform manner, and the top of one top-tier specimen was 

slightly exposed. Also, as the autoclave head was lifted from the autoclave, some water droplets 

were noted clinging to the tubing. 

At 30°C, the partial pressure of H20 over saturated Brine A is 0.03 atm or 23 mm Hg (Brush, 

1990). At this pressure, pure H20 will condense at a temperature equal to or less than 25°C. This 

means that a temperature gradient of at least 5°C existed in the autoclave, permitting H20 to condense 

on the head of the autoclave. Though this magnitude of temperature gradient was not expected, it 

apparently occurred for at least some portion of the 3-month operating period of the autoclave test. 

The test employing the partially submerged salt (AUT-5) did not show any evidence of water trans

port by dripping, as the salt dome was smooth with no signs of dripping-induced erosion. The drip

ping transport obviously precludes characterizing the test as a vapor-phase-transport test. Instead, it 

can best be characterized as a vapor-phase-transport, dripping-transport test, with the time period of 

dripping and the amount of water transported by dripping unknown. 

As in test AUT-5, salt crystals were found clinging to the outside of the basket and to the 

inside wall of the autoclave above the brine level, and a mass of salt crystals was in the bottom of the 

autoclave in the brine. The brine was "water-white" when removed from the autoclave, but devel

oped a light yellow hue upon standing for a few hours, indicating some iron specie(s) in solution. As 

in the case of test AUT-5, the steel specimens were removed from test AUT-6 with some difficulty, 

as the salt particles in the salt adhered strongly to one another. The steel specimens removed from 

test AUT-6 were shinier and more metallic in appearance than those removed from AUT-5; i.e., the 

extent of corrosion tarnish was somewhat less, though the mottled appearance was similar. No red 

corrosion product was observed anywhere in the system. 
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6.1.3.3 CORROSION RATES, TESTS AUT-5 AND AUT-6 

The corrosion rates of the steel specimens from tests AUT-5 and AUT-6 were determined by 

the conventional gravimetric method. These results are presented in Table 6-14, compared to 3- and 

6-month corrosion data from N2/immersed seal-welded container tests. Individual-specimen data for 

tests AUT -5 and AUT -6 are tabulated in Appendices B-1 0 and B-11, respectively. 

The corrosion rates obtained from specimens lying in the bottom tier of the wicking test AUT-5 

are the only ones that approach the corrosion rates of specimens actually immersed in Brine A with a 

N2 overpressure, as reflected by the seal-welded-container test results. The reason for the relatively 

low corrosion rates observed in the top tier of test ACT -5, or the generally low rates observed in test 

AUT -6, could be due to either 1) a reduced H20 availability or 2) a reduced Mg availability, as the 

corrosiveness of brines toward steel are markedly dependent on their Mg concentration (Westerman 

eta!., 1987). 

Table 6-14. Corrosion Rates of Steel Specimens in Solid-Salt Tests, Compared with Corrosion Rates 
in Brine/N2 Seal-Welded Container Tests 

Test 

AUT-5 3 months 

AUT -6 3 months 

Tier 

Top 
Bottom 

Top 
Bottom 

Nilmmersed, Seal-Welded 
Container Tests, Steel Lot J 

3-month test 
6-month test 

Corrosion 
Rate, p.m/yr" 

1.15±0.22 
1.92±0.45 

0.79±0.04 
0.64±0.09 

1.94±0.16 
1.61 ±0.37 

Average linearized corrosion rate of all specimens 
included in category, with standard deviation. 
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As previously mentioned, the corrosion rates that would be obtained under a strictly controlled 

vapor-transport test cannot be estimated from the results of the tests described above. If a vapor

transport test were to be repeated, an insulating cover on the autoclave head and a drip shield over the 

salt basket would be reasonable precautions. Further wicking and vapor-phase tests, with steel speci

mens embedded in simulated backfill material, will be conducted in the future. The results of those 

tests will be compared with the results of the tests described here. 

6.2 Alternative Material Tests 

The corrosion and gas-generation behavior of the four candidate alternative packaging materials 

[high-purity Cu; cupronickel 90-10; commercial-purity Ti (fi Grade 2) and Ti Grade 12] was investi

gated in three environments-anoxic brine (Brine A with NJ; Brine A with C02 ; and Brine A with 

H2S. Only the seal-welded-container method of testing was used, as reliance was placed on gas

pressure measurements as well as gravimetric analyses of the test specimens to establish the behavior 

of the materials in the test environments. The test matrix summarizing these tests is shown in 

Table 3-2. 

The manner of racking the specimens in the alternative material tests was different from the 

method of racking used in the low-carbon steel tests. In the latter tests, the specimens were held on a 

specimen rack with no effort made to produce well defined crevices between the test specimens. In 

the alternative material tests, two specimen geometries were used: rectangular specimens 19.1 em x 

6.35 em (7.5 in. x 2.5 in.), and circular specimens 3.81 em (1.50 in.) in diameter. The rectangular 

specimens were provided with two holes, each 0. 79 em (0.31 in.) in diameter for rack mounting; the 

circular specimens had one centrally located hole of the same size. The manner of racking the speci

mens is shown in Figure 6-12. 

Each test involved 16 rectangular specimens and 16 circular specimens. The 16 circular speci

mens were tightly compressed between adjacent rectangular specimens, as shown in Figure 6-12, to 

provide regions for crevice corrosion if the tendency for that degradation mode existed in a given test 

system. 
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Figure 6-12. Method of mounting specimens on specimen rack for alternative packaging mate
rials tests. 

During alternative material testing, Cu-base and Ti-base materials were always tested in sepa

rate containers. In tests of Cu-base materials, all of the high-purity-Cu specimens (8 rectangular, 

8 circular) were placed on one side of a specimen rack, and 16 equivalent specimens of cupronickel 

were situated on the other side of the rack. In a similar manner, in a test of Ti-base materials, speci

mens of Ti Grade 2 were placed on one side of a rack, and specimens of Ti Grade 12 on the other. 

The specimens were always completely immersed in Brine A during a test. All tests were conducted 

at 30 ±5°C. 

The alternative packaging materials investigation comprised tests I A through 19 A. Details of 

the tests, expanding on the information presented in Table 3-2, are presented in Table 6-15. 

Individual-specimen data for completed tests are presented in Appendices B-12 through B-17. 

6-45 



6.2.1 Cu in Brine A with N2 

Cu and cupronickel 90-10 specimens exposed to anoxic Brine A showed no significant reaction, 

as indicated by either pressure increase within the test container or by consumption of metal by a cor

rosion reaction. This is consistent with thermodynamic expectations [Equation (24)]. 

Specimens removed from test containers 1 A and 7 A after test periods of 10 and 15 months, 

respectively, exhibited freshly ground, as-received surface conditions reminiscent of the pre-test speci

men conditions. A gravimetric analysis of specimens from test 7 A (see Appendix B-12 for individual 

Table 6-15. Initial Conditions, Tests 1A through 19A 

Initial Total Actual Test 
Material Overpressure Specimen Brine Duration, 

Test Identification Base Gas/atma Area, m2 Volume, L Months 

lA Cu N/10.6 0.43 1.415 10 
2A Cu C0/11.5 0.43 1.375 10 
3A Cu H2S/4.9 0.43 1.390 9 
4A Ti N/10.7 0.44 1.435 10 
SA Ti C0/11.6 0.44 1.360 10 

6A Ti H2S/4.7 0.44 1.415 9 
7A Cu N2/10.4 0.43 1.420 IS 

8A Cu COill.O 0.43 1.405 15 
9A Cu H2S/5.1 0.43 1.405 15 
lOA Ti N/10.5 0.44 1.420 15 

IIA Ti C0/10.9 0.44 1.400 15 
12A Ti H2S/5.1 0.44 1.360 15 
13A Cu N2110.2 0.43 1.380 open 
14A Cu C02/10.9 0.43 1.410 open 
15A Cu H2S/4.9 0.43 1.420 open 

16A Ti N2/10.2 0.44 1.365 open 
17A Ti C02/10.8 0.44 1.360 open 
18A Ti H2S/5.1 0.44 1.360 open 
19A Control H2S/4.5 1.740 open 

At attainment of 30oC test temperature. 
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specimen weight-change data) showed that the weight changes undergone by the circular specimens 

were within the accuracy limits of the four-place balance used for the analysis. The rectangular speci

mens showed weight gains up to 0.0117 g. The pressure changes in the two test containers over the 

entire period of the tests were within ±1 psi. Thus, it can be concluded on the basis of the evidence 

currently available that Cu and cupronickel 90-10 will not react with Brine A to form significant H2 

under the anoxic test conditions employed. The container pressure of the continuing test (test 13A) is 

consistent with this observation; the pressure has not increased over a 16-month test period. 

6.2.2 Cu in Brine A with C02 

Cu and cupronickel 90-10 specimens exposed to Brine A with C02 showed no significant reac

tion, as indicated by either pressure increase within the test container or by consumption of metal by a 

corrosion reaction. This is consistent with thermodynamic expectations [Equation (27)]. 

Specimens removed from test containers 2A and 8A after test durations of 10 and 15 months, 

respectively, appeared clean and uncorroded. The pressure in both these containers dropped during 

the test periods by approximately 2 psi. The test specimens from test 8A lost a small amount of 

weight during the test, possibly due to Cu dissolution or Cu-complex dissolution effects. (See Appen

dix 8-13 for individual specimen weight-change data.) It can be concluded, on the basis of the availa

ble evidence, that Cu and cupronickel 90-10 will not react with Brine A to form significant H2 under 

the test conditions used. The container pressure of the continuing test (test 14A) is following a course 

consistent with these observations, in that the pressure has not increased after 16 months. 

6.2.3 Cu in Brine A with H2S 

Cu and cupronickel 90-10 specimens exposed to Brine A with H2S show a rapid H2-generating 

reaction. These observations can be said to be consistent with thermodynamic predictions [Equa

tion (29)], though the upper limits of H2 pressure suggested by those limits have not been nearly 

approached in the present tests. 
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The pressure histories of the three tests 3A, 9A, and 15A, originally charged with Cu-base 

materials, Brine A, and H2S gas, are summarized in Figure 6-13. Test 3A was opened for specimen 

examination after a 3-month test exposure. Test 15A is an ongoing test. Containers 9A and 15A 
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Figure 6-13. Pressure-time curves, tests 3A, 9A, and 15A. 
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were vented and repressurized with H2S gas after 9 months exposure. (The intent of the venting and 

repressurization was to reveal whether the specimens had originally stopped reacting due to formation 

of a protective sulfide film, or whether the decrease in reaction rate with time was simply a result of 

H2S consumption.) The vented gas was essentially pure H2 in both cases. The pressure buildup as a 

function of time in the vented-and-repressurized test containers has approximately duplicated the ini

tial pressure buildup in the containers. 

These observations demonstrate that the reduction of apparent reaction rate observed was due to 

consumption of the H2S reactant, not formation of a passive film. Further supporting this conclusion 

are two additional observations: I) the buildup in pressure before venting and refilling the containers 

at nine months was caused by an amount of H2 calculated to be equivalent, on a molar basis, to the 

H2S originally charged into the containers; and 2) a gravimetric determination of the amount of Cu 

lost from a sampling of the test specimens in the two containers in which the specimens were exam

ined (3A and 9A) showed a close agreement in molar equivalency between the metal lost to the corro

sion reaction and the H2 generated, assuming the reaction of 2 moles of Cu with I mole of H2S to 

form 1 mole of Cu2S and 1 mole of H2 • Cu2S, chalcocite, is the only reaction product found on the 

surface of the specimens. Individual specimen weight-change data for tests 3A and 9A are presented 

in Appendix 8-14. 

At this time it can be concluded that Cu and cupronickel 90-10 react rapidly and essentially 

completely with H2S under the test conditions imposed to form Cu2S and H2 in the expected quanti

ties, with little if any inhibition of reaction rate ascribable to the corrosion product film forming on 

the specimen surface. Because the reaction proceeds at a rapid rate (on a WIPP-relevant time scale) 

to very low activities of H2S, it is difficult to conceive of a useful Cu-alloy container if H2S has a sig

nificant probability of being present in the environment. 

6.2.4 Ti in Brine A with N2, C02, and H25 

All alternative-material tests of Ti Grade 2 and Ti Grade 12 have shown essentially complete 

stability of the Ti-base materials in the test environments. The pressure changes observed in the Ti 

with N2 and Ti with C02 tests have been within 4 psi of the starting pressure over the entire period of 

the tests; the pressure changes observed were pressure drops. The Ti with H2S tests, on the other 
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hand, all showed a pressure increase of 9 to I 0 psi within the first 30 h of gas addition, after which 

time the pressure stabilized, within ± 2 psi, for the remainder of the test period. Gas taken from the 

15-month-exposure test (test 12A) before test termination showed a trace of H2 (0.5% ), consistent 

with a limited corrosion reaction at the beginning of the test. 

All of the Ti-base specimens appeared clean, shiny, and unreacted upon removal from the con

tainers of terminated tests. A gravimetric analysis of a random sample of specimens from the 

15-month tests (tests lOA, I lA, and 12A)a showed that the majority of specimens from the N/brine 

tests gained weight, up to 0.0018 g; whereas all of the specimens from the other two environments 

(brine/C02 and brine/H2S) lost weight, as much as 0.0014 g. As in the case of the Cu-base alloys, 

weight changes to the extent observed in the present tests have little significance in an assessment of 

gas-generation potential. 

It appears, on the basis of the information obtained to date, that Ti Grade 2 and Ti Grade 12 

could be used as alternative packaging materials in the WIPP without concern about gas generation. 

• Individual-specimen data from test I OA, an anoxic brine (brine/N2) test, are presented in Appen
dix 8-15; specimen data from test ItA, a brine/C02 test, are presented in Appendix 8-16; and 
specimen data from test 12A, a brine/H 2S test, are presented in Appendix 8-17. 
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7.0 CONCLUSIONS 

The present report describes progress made through December 1992 toward achieving the 

objectives of the Sandia National Laboratories support project at PNL. Because several of the corro

sion and gas-generation tests are still in progress, not all of the areas of investigation initiated can be 

completely assessed and summarized. The current conclusions that can be made are presented in this 

section of the report. 

• The corrosion rate of low-carbon steel immersed in anoxic Brine A at 30°C for test 
durations of 24 months decreased slowly with time. The corrosion rate of the steel dur
ing the final 12-month period of the 24-month test was 0.71 p,m/yr, equivalent to the 
generation of 0.10 mol Him2-Fe-yr. 

• The corrosion rate of low-carbon steel in anoxic Brine A (Brine A with NJ increased 
with increasing N2 pressure and decreased with imposition of a 36-atm H2 overpressure. 
A 70-atm H2 overpressure caused no further reduction in rate, possibly because of a bal
ance between the rate-reduction effect of the reactant back-pressure and the rate enhance
ment caused by pressure per se. 

• In the long-term tests (12 and 24 months) of steel immersed in anoxic brine there was 
excellent agreement between moles of Fe reacted and moles of H2 produced, assuming 
the Fe in the corrosion product is only in the divalent state. The non-adherent, greenish
gray corrosion product could not be identified by XRD. 

• Steel specimens exposed only to the vapor phase of Brine A under anoxic conditions 
showed no discernible corrosion reaction. The corrosion product adhering to the bot
toms of these specimens where they were contacted by the brine during hand! ing of the 
containers was ,8F~(OH)3Cl in all cases investigated. 

• C02 in Brine A causes an initial increase in the reaction rate of steel, relative to anoxic 
conditions. The initial reaction rate increases with the C02 pressure imposed. Additions 
of C02 beyond a certain threshold amount cause the reaction to essentially stop, how
ever, typically in - 100 days, due to the formation of an adherent carbonate reaction 
product [FeC03 , siderite, or Fe,Mn,Zn(C03), oligonite]. The "threshold" C02 required 
is the subject of a continuing investigation. 

• The immersed-specimen tests in Brine A with C02 showed fairly good agreement 
between moles of Fe reacted and moles of H2 produced, assuming that Fe is only in the 
divalent state in the corrosion product. 
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• Steel specimens exposed" to a 10 atm C02 pressure and vapor of Brine A at 30°C 
showed insignificant corrosion. Corrosion product in the splash zone of the test speci
mens was siderite, FeC03 • 

• The brine in the test containers does not, in general, undergo an appreciable change in 
composition during the Niimmersed or the C02/immersed tests. Exceptions are the 
relatively high Fe concentration and the relatively low Ca concentration and low pH of 
the brines at the conclusion of the COiimmersed tests. 

• Steel specimens exposed in the immersed and vapor-phase test conditions to Brine A and 
a 5-atm pressure of H2S have shown no significant ongoing reaction. It is assumed that 
a high sulfide, such as FeS2, pyrite, rapidly formed on the specimen surfaces and 
prevented further reaction. These tests are continuing. 

• Steel specimens embedded in a mass of particulate salt wicking brine from a pool of 
Brine A under anoxic test conditions corroded at a rate slower but not dissimilar to the 
rate observed under anoxic brine-immersed conditions. The test lasted only 3 months. 
Specimens in a similar test in which condensate dripped from the underside of the 
autoclave lid onto the salt produced significantly lower corrosion rates, presumably 
because of the lower Mg concentration in the specimen environment. 

• The Cu-base alternative packaging materials showed insignificant reaction in 
Niimmersed and COiimmersed test conditions. Reaction with H2S was rapid and 
complete and produced H2 equivalent to the H2S added. Cu-base packaging materials 
are unsuitable if H2S is considered to be a likely environmental constituent, such as from 
microbial degradation or sulfate reduction processes. 

• The Ti-base alternative packaging materials showed insignificant reaction in all test 
environments; i.e., in Niimmersed, COiimmersed, and H2S/immersed environments. 
It appears at the present time that Ti-base packaging materials could be used in the 
WIPP site without concern for corrosion or gas generation. 
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8.0 FUTURE WORK 

PNL and Sandia-WIPP Gas Generation Program personnel wiil continue to work cooperatively 

in interpreting the existing and forthcoming corrosion and gas generation data. Such data results, 

conclusions, predictions, etc., will be tailored to satisfy the informational needs of the WIPP Project 

gas generation modeling and performance assessment efforts. PNL and Sandia personnel wiJI also 

continue to update or modify the current PNL corrosion program to help satisfy these informational 

needs as the WIPP Project evolves. Significant expansions to the laboratory program are being con

templated or proposed to evaluate gas generation impacts due to potential interactions of corrosion 

(and corrosion byproducts) with microbial degradation and/or brine-radiolysis reaction products. 

The following ongoing or new laboratory efforts are planned for CY 1993: 

• The seal-welded-container tests of low-carbon steel in C02 and H2S will be continued. 
A decision will be made, perhaps at mid-year, as to the conclusion of, or possible altera
tion to, these tests. Further evaluations of the passivating nature of these gases, in 
WIPP-specific environments, are planned. 

• The high-pressure autoclave test (AUT-8) of low-carbon steels in C02 will be terminated 
in January 1993 for specimen examination. Further high-pressure studies are being con
sidered by the WIPP Gas Generation Program and may be initiated. 

• The corrosion testing of two Al-base materials, high-purity AI and alloy 6061, will be 
initiated. These materials represent metallic AI in the waste. Test environments utiliz
ing Brine A with N2, C02, and H2S are planned, with both immersed and vapor-phase 
exposure of test specimens. Tests as a f(pH) will also be conducted 

• The long-term seal-welded container tests of Cu-base and Ti-base materials will be 
continued as a longer-term monitoring effort. A decision on their continuation will be 
made at mid-year. 

• It is anticipated that one or more tests will be initiated that will involve the corrosion 
testing of low-carbon steel specimens in contact with a simulated backfill materials. The 
test parameters and overall matrix have not yet been finalized. 

• Gravimetric data obtained in past studies will be statistically analyzed in order to provide 
confidence limits for the resulting metal consumption-time curves. 

• WIPP-brine-specific, anoxic steel corrosion and gas generation studies as a f(pH) are 
being considered and may be initiated. 
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APPENDIX A: PRESSURE HISTORIES, ANOXIC BRINE {BRINE /N2) AND 
BRINE/C02 SEAL-WELDED CONTAINER TESTS 

Table A-1: 3-Month Tests 
Table A-2: 6-Month Tests 
Table A-3: 12 Month Tests 
Table A-4: 24-Month Tests 
Table A-5: Controlled-C02-Addition Tests 

{through 309 days test time) 
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~~~!;~DI~ ~. TABL!; ~-l 
Pressure History 3-Month Seal-Welded Cootajoer Tests 

Summary of Container Environments: 

Containers 1 and 2: Immersed Specimens, N2 Overpressure 
Containers 3 and 4: Immersed Specimens, C02 Overpressure 
Containers 5 and 6: Vapor-Phase Exposme, N2 Overpressure 
Containers 7 and 8: Vapor-Phase Exposure, C02 Overpressure 

Presswe in Container. psi~ 

Tjme. days Qm1...l Qml..2 QmlJ QmLA ~ ~ QmL.1. ~ 

0 138 137 157 175 138 138 149 148 
1 138 138 164 170 138 139 149 147 
5 139 139 167 165 138 138 148 147 
6 139 139 168 166 138 139 148 147 
7 139 140 171 167 138 139 148 147 

8 139 139 171 167 138 138 148 147 
12 140 140 175 173 138 139 148 147 
20 141 142 180 178 138 139 148 147 
27 142 142 183 182 138 138 148 147 
40 145 146 186 186 139 139 149 147 

48 147 148 189 188 140 139 148 148 
55 147 147 191 190 140 139 148 148 
62 149 150 192 192 140 139 148 148 
69 150 150 193 192 140 139 148 148 
83 153 153 198 198 140 140 149 149 
90 155 154 198 198 140 139 148 148 
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A~~Et::Hll~ A !ABLE A-2 
Pressure Hjstorv. 6-Month Seal-Welded Container Iests 

Sununary of Container Environments: 

Containers 9 and 10: Immersed Specimens, N2 Overpressure 
Containers 11 and 12: Immersed Specimens, C02 Overpressure 
Containers 13 and 14: Vapor-Phase Exposure, N2 Overpressure 
Containers 15 and 15: Vapor-Phase Exposure, C02 Overpressure 

Pressure jn Container. psii 

Tjme. days ~ Cont. 10 Cont. 11 Cont. 12 Cont.l3 Cont. 14 Cont. 15 Cont. 16 

0 138 138 183 179 136 135 131 131 
1 139 139 192 170 
4 139 139 160 164 137 137 130 130 
5 140 140 160 165 137 137 130 130 
6 140 140 162 167 136 136 130 130 

7 140 140 165 168 136 136 130 130 
8 140 140 167 169 136 136 130 130 
11 140 141 171 173 137 136 130 130 
18 142 141 179 178 137 136 130 130 
25 143 143 185 183 137 136 130 130 

32 144 144 190 187 137 136 130 130 
39 145 145 194 192 137 135 130 130 
46 147 146 199 197 137 136 131 131 
53 148 147 201 200 137 136 131 132 
60 149 149 204 200 137 136 131 132 

67 150 149 206 201 137 136 131 131 
74 152 151 206 201 137 136 131 131 
81 153 152 210 204 137 136 131 132 
88 155 154 212 204 137 136 131 132 
95 157 156 212 204 138 136 131 132 

102 158 157 214 204 137 136 131 132 
109 160 159 215 206 137 136 131 132 
116 161 160 215 206 137 136 131 132 
123 163 162 215 206 137 136 131 132 
130 165 164 216 206 137 136 131 132 

137 167 166 216 206 137 136 131 132 
144 168 167 216 206 137 136 131 132 
151 170 168 216 206 138 136 131 132 
158 171 169 216 206 138 136 131 132 
168 173 172 216 206 138 136 131 132 

172 174 173 217 207 138 136 131 132 
179 176 174 217 207 138 135 131 132 
183 176 174 217 207 
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A~~Et:H21~ A. !ABLE A-:3 
~ressure Historv, 12-Month Seal-Welded Container Tests 

Sununary of Container Environments: 
Containers 17 and 18: Immersed Specimens, N2 Overpressure 
Containers 19 and 20: Immersed Specimens, C02 Overpressure 
Containers 21 and 22: Vapor-Phase Exposure, N2 Overpressure 
Containers 23 and 24: Vapor-Phase Exposure, C02 Overpressure 

Presswe in Container. psig Pressure in Container, psjg 

Time, days Cont. 17 Cont. 18 Com. 19 Cont. 20 Time. days Cont. 21 Cont. 22 Com. 23 Cont. 24 

0 134 134 191 187 0 137 137 135 135 
3 139 138 158 158 7 141 141 134 135 
5 141 140 163 164 13 141 141 134 135 
10 141 141 172 173 20 141 141 134 135 
18 142 142 178 181 27 141 141 134 135 

24 143 143 182 186 34 141 141 134 135 
31 144 144 187 190 41 141 141 134 135 
38 145 145 190 194 46 141 141 134 135 
45 146 146 193 197 53 141 141 133 134 
52 147 147 194 198 60 141 141 133 134 

57 148 148 196 200 67 141 141 133 134 
64 149 149 197 200 74 141 141 133 134 
71 150 150 198 200 81 141 141 133 134 
78 151 151 198 200 88 141 141 133 134 
85 153 153 198 200 95 141 141 133 134 

92 154 154 200 205 102 141 141 133 134 
99 156 156 200 207 109 141 141 133 134 
106 157 157 200 207 119 141 141 133 134 
113 158 158 200 208 123 141 141 133 134 
120 160 160 201 209 130 141 141 133 134 

130 162 162 201 209 137 141 141 133 133 
134 162 163 201 209 144 141 141 133 133 
141 163 164 201 209 151 141 141 133 133 
148 164 164 201 209 159 141 141 133 133 
165 165 201 209 165 141 141 133 133 

162 167 167 201 209 173 141 141 132 133 
170 167 168 200 207 179 141 141 132 133 
176 168 169 200 206 186 141 141 132 133 
184 170 170 200 206 200 141 141 132 133 
190 170 171 200 206 207 141 141 132 133 

197 172 173 200 206 214 141 141 132 133 
211 173 174 200 206 221 141 141 132 133 
218 174 175 200 206 228 141 141 132 133 
225 175 176 200 206 235 141 141 132 133 
232 175 176 200 206 242 141 141 132 133 
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AEEEt::IQI~ A IABL.E A-~ 
Eressure History. 12-Month Seal-Welded Container Iests (cont'dl 

Pressure in Container psjg Pressure in Container. psig 

Time. days Cont.17 Com. 18 Com. 19 Cont. 20 Tjme. days Cont. 21 Cont. 22 Cont. 23 Com. 24 

239 176 177 200 206 249 140 140 132 133 
246 177 178 200 206 256 140 140 132 133 
253 178 179 200 206 263 140 140 132 133 
260 179 180 200 206 270 140 140 132 133 
267 180 181 200 206 277 140 140 132 133 

274 181 182 200 206 284 140 140 132 133 
282 182 183 200 206 291 140 140 132 133 
288 183 184 200 206 298 140 140 132 133 
295 183 184 200 206 305 140 140 132 133 
302 184 185 200 206 312 140 140 132 133 

309 185 186 200 206 319 140 140 132 133 
316 186 187 200 206 326 140 140 132 133 
323 187 188 200 206 333 140 141 132 133 
330 187 189 200 206 340 140 141 132 133 
337 188 190 200 206 347 140 140 132 133 

344 189 191 200 206 354 140 140 132 133 
351 190 192 200 206 
358 191 192 200 206 
365 192 193 200 206 
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AEEEt::H:21~ A. !ABLE A~ 
Eressure Hjstorv, 24-Month Seal-Welded Container Tests 

Summary of Container Environments: 

Containers 25 and 26 Immersed Specimens, N2 Overpressure 
Containers 27 and 28: Immersed Specimens, C02 Overpressure 
Containers 29 and 30: Vapor-Phase Exposure, N2 Overpressure 
Containers 31 and 32: Vapor-Phase Exposure, C02 Overpressure 

Pressure in Container, psig Pressure in Container, psig 

Time, days Cont. 25 Cont. 26 Cont. 27 Cont. 28 Time, days Cont. 29 Com. 30 Cont. 31 Cont. 32 

0 137 135 178(a) 180(a) 0 136 136 135 135 
5 142 141 166 164 3 140 140 135 135 
12 143 142 176 175 10 141 141 135 136 
19 144 143 181 180 17 141 141 135 135 
26 146 144 186 184 24 141 141 135 135 

33 147 145 190 188 31 141 141 135 135 
40 148 146 192 191 38 141 141 135 135 
54 151 148 197 197 52 141 141 135 135 
68 153 150 200 199 66 141 141 135 135 
85 157 154 201 202 83 141 141 135 135 

96 160 156 202 203 94 141 141 135 135 
110 163 159 202 203 108 141 141 135 134 
125 167 162 202 204 123 141 141 134 134 
139 169 164 202 204 137 141 141 134 134 
152 172 167 202 204 150 141 141 135 134 

173 175 170 202 204 171 141 141 134 134 
194 178 173 202 204 192 141 141 134 134 
215 181 176 202 204 213 141 140 134 134 
236 184 180 202 204 234 141 140 134 134 
257 188 182 202 204 255 141 140 134 134 

278 191 185 202 204 276 141 140 134 134 
299 195 188 202 204 297 141 140 134 134 
320 197 192 202 204 318 142 141 134 134 
338 200 194 (pressure before venting containers 25 and 26) 
338 166 165 (pressure after venting containers 25 and 26) 

341 168 167 202 204 339 142 140 134 134 
362 170 169 202 204 360 142 140 134 134 
383 172 172 202 204 381 142 140 134 134 
404 175 174 202 204 402 141 140 134 134 
425 177 176 202 204 423 142 140 134 134 

(a) 155 psig can be used as the hypothetical starting pressure for these tests. 
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AEEE~DI~ A. !ABLE A~ 
Eressure History, 24-Month Seal-Welded Container Iests Ccont'dl 

Pressure in Container psi~ Pressure in Container, psi~ 

Time, days Cont. 25 Cont. 26 Cont. 27 Cont. 28 Time dllYs Cont. 29 Cont. 30 Cont, 31 Cont. 32 

446 180 179 202 204 444 142 140 134 134 
467 182 181 202 204 465 142 140 134 134 
488 184 183 202 204 486 142 140 134 134 
502 186 184 202 204 500 142 140 133 134 
523 188 186 202 204 521 142 140 133 134 

551 190 188 202 204 549 142 140 133 134 
572 192 190 202 204 570 142 140 133 134 
593 194 193 202 204 591 142 140 133 134 
614 195 194 202 204 612 142 140 133 134 
635 198 197 203 205 633 142 140 133 134 

656 199 198 203 205 654 141 140 133 134 
677 201 200 203 205 675 142 140 133 134 
698 203 202 203 205 696 141 140 133 134 
719 204 203 202 204 717 141 140 133 133 
728 206 204 203 205 726 141 140 133 134 
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A~~E~DIX A IABLE A-5 
Pressure History. Control!ed-C02 Addijion Seal-Welded Container Iests 

Sununary of Container Environments: 

All specimens are completely immersed in Brine A in each container 
Container 33: 0.32 mol C02/m2 steel 
Container 34: 0.16 mol C02/m2 steel 
Container 35: 0.063 mol C02/m2 steel 
Container 36: 0.032 mol C02/m2 steel + N2 
Container 37: 0.016 mol C02/m2 steel+ N2 
Container 38: 0.00 mol C02/m2 steel (N2 only) 

Pressure in Container. psig Pressure in Container. psig 

Time. days Cont. 33 Conl 34 Cont. 35 Time. days Conl 36 Cont. 37 Cont. 38 

0 59 21 -2 (est.) 0 22 19 31 
8 69 30 0 6 25 20 34 
14 73 33 4 12 27 21 34 
22 77 37 6 20 28 23 35 
29 80 38 8 27 30 24 36 

36 82 40 10 34 31 25 37 
43 84 42 10 41 31 26 38 
50 85 43 10 48 32 27 39 
71 88 44 12 69 34 30 42 
85 89 45 13 83 34 31 44 

99 90 46 14 97 36 34 46 
113 92 46 15 111 38 35 49 
127 93 46 17 125 41 39 52 
141 94 47 19 139 44 41 56 
155 94 47 21 153 46 43 58 

162 94 47 22 160 48 44 60 
176 94 48 24 174 51 47 63 
190 94 48 26 188 53 50 65 
212 95 48 30 210 57 53 70 
225 95 49 32 223 60 56 72 

239 95 49 34 237 62 58 75 
253 96 49 36 251 64 61 79 
267 95 50 38 265 67 63 81 
281 95 50 40 279 69 65 83 
295 95 -50 42 293 72 67 86 
309 95 50 44 307 74 70 88 

A-8 



APPENDIX B-1: INDIVIDUAL SPECIMEN CORROSION-RATE DATA, ANOXIC 
BRINE (N2/IMMERSED) ENVIRONMENT, SEAL-WELDED
CONTAINER TEST METHOD 
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AEEEt:lOI~ B:l 
lndjyjduaJ Specimen Qata. Seai-Weldec! Container Test No. l 

Test No.: 1 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test Temperature: 30 ±S•c 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, lbickness, ID, 10, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen Ty,pe _mm_ _mm_ mm nun mm ....!hnL & & mpy WJlO'r 

J1 Low-Carbon Steel, Lot J 190.81 86.46 0.695 8.00 8.00 3.321 87.6936 87.5674 0.072 1.834 
12 Low-Carbon Steel, Lot J 190.70 86.41 0.704 8.00 8.00 3.318 89.1819 89.0488 0.076 1.936 
13 Low-Carbon Steel, Lot J 191.42 86.51 0.689 7.99 7.99 3.334 88.0226 87.8895 0.076 1.927 
1201 Low-Carbon Steel, Lot J 190.63 51.43 0.712 7.99 8.00 1.979 52.7773 52.7083 0.066 1.683 
1202 Low-Carbon Steel, Lot J 190.76 51.36 0.711 8.06 7.99 1.977 52.7223 52.6498 0.070 1.770 
1203 Low-Carbon Steel, Lot J 190.72 51.44 0.712 8.02 8.06 1.980 52.7432 SA* SA SA 

K1 Low-Carbon Steel, Lot K 190.63 86.26 0.878 7.96 7.97 3.322 110.9676 110.8360 0.075 1.912 co K2 Low-Carbon Steel, Lot K 190.76 86.42 0.884 7.99 7.96 3.331 111.6249 111.4954 0.074 1.876 I 
N 

K3 Low-Carbon Steel, Lot K 190.46 86.34 0.882 7.96 7.96 3.322 111.2495 111.1130 0.078 1.983 
K201 Low-Carbon Steel, Lot K 190.36 51.33 0.877 7.97 7.97 1.981 64.9559 64.8842 0.069 1.747 
K202 Low-Carbon Steel, Lot K 190.30 51.39 0.874 7.98 7.98 1.983 65.0662 64.9946 0.069 1.743 
K203 Low-Carbon Steel, Lot K 190.31 51.49 0.879 7.98 7.98 1.987 65.6125 SA SA SA 

L1 Low-Carbon Steel, Lot L 190.83 86.32 1.536 7.94 7.94 3.367 195.4656 195.3277 0.078 1.976 
L2 Low-Carbon Steel, Lot L 190.86 86.47 1.549 7.94 7.93 3.375 196.6869 196.5469 0.079 2.002 
L3 Low-Carbon Steel, Lot L 190.82 86.37 1.545 7.95 7.94 3.370 196.8227 196.6862 0.077 1.955 
L201 Low-Carbon Steel, Lot L 190.84 51.36 1.537 7.96 7.95 2.023 115.3703 115.2924 0.073 1.859 
L202 Low-Carbon Steel, Lot L 190.98 51.44 1.506 7.95 7.95 2.025 112.5495 112.4681 0.076 1.939 
L203 Low-Carbon Steel, Lot L 190.96 51.43 1.508 7.96 7.95 2.025 112.0076 SA SA SA 

M1 Low-Carbon Steel, Lot M 189.75 83.66 1.605 7.96 7.96 3.251 197.7103 197.5857 0.073 1.850 
M2 Low-Carbon Steel, Lot M 189.91 84.32 1.615 7.99 7.99 3.279 200.2593 200.1577 0.059 1.495 
M3 Low-Carbon Steel, Lot M 189.76 84.32 1.597 7.98 7.97 3.276 197.5366 197.4064 0.076 1.918 
M201 Low-Carbon Steel, Lot M 190.31 51.48 1.610 7.98 7.98 2.025 121.0624 120.9845 0.073 1.856 
M202 Low-Carbon Steel, Lot M 190.55 51.38 1.630 7.98 7.98 2.025 121.8096 121.7324 0.072 1.840 
M203 Low-Carbon Steel, Lot M 190.33 51.33 1.583 7.98 7.96 2.018 117.6252 SA SA SA 

*SA= Specimen was relained for surface analysis. 



A~~Et::IOI~ B:l 
Individual Soedmen Oata. Seal-Welded Container Test No. 2 

TestNo.: 2 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Top Hole Bot. Hole Conosion Conosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen Tme _mm_ __mm_ mm mm mm ....QmL !l !l mpy wnJyr 

J4 Low-Carbon Steel, Lot J 191.06 86.53 0.705 7.96 7.95 3.329 89.0290 88.8927 O.Q78 1.976 
15 Low-Carbon Steel, Lot J 190.92 86.59 0.715 7.95 7.95 3.330 90.1033 89.9545 0.085 2157 
16 Low-Carbon Steel, Lot J 190.94 86.63 0.700 7.95 7.94 3.331 88.1796 88.0323 0.084 2134 
1204 Low-Carbon Steel, Lot J 189.68 51.26 0.717 7.95 7.95 1.963 52.3102 52.2325 0.075 1.910 
1205 Low-Carbon Steel, Lot J 190.95 51.46 0.711 7.95 7.95 1.983 52.4953 52.4071 0.084 2146 
1206 Low-Carbon Steel, Lot J 190.63 5137 0.705 7.95 7.95 1.976 52.2646 SA• SA SA 

K4 Low-Carbon Steel, Lot K 190.38 86.29 0.!177 7.96 7.96 3.319 111.1520 110.9998 0.087 2213 t:rl K5 Low-Carbon Steel, Lot K 190.26 86.30 0.878 7.97 7.97 3.317 111.2736 111.1244 0.085 2171 I 
VJ 

K6 Low-Carbon Steel, Lot K 190.45 86.33 0.871 7.96 7.96 3.321 110.2407 110.0600 0.103 2626 
K204 Low-Carbon Steel, Lot K 190.24 51.42 0.885 7.96 7.97 1.984 66.3359 66.2520 0.080 2041 
K205 Low-Carbon Steel, Lot K 190.11 5136 0.874 7.97 7.97 1.979 64.8904 64.8103 0.077 1.953 
K206 Low-Carbon Steel, Lot K 190.14 51.42 0.887 7.97 7.96 1.983 66.3186 SA SA SA 

L4 Low-Carbon Steel, Lot L 190.91 86.43 1.556 7.97 7.96 3.374 197.5401 197.3664 0.098 2484 
L5 Low-Carbon Steel, Lot L 190.96 86.13 1.544 7.96 7.96 3.363 196.3888 196.2330 0.088 2236 
L6 Low-Carbon Steel, Lot L 190.90 86.35 1.551 7.98 7.97 3.371 197.1904 197.0352 0.087 2222 
L204 Low-Carbon Steel, Lot L 191.07 51.48 1.503 7.96 7.96 2028 112.3139 112.2253 0.083 2109 
L205 Low-Carbon Steel, Lot L 190.79 51.47 1.551 7.97 7.97 2027 115.6739 SA SA SA 
L206 Low-Carbon Steel, Lot L 190.75 51.53 1.539 7.97 7.97 2028 115.0275 114.9364 0.085 2168 

M4 Low-Carbon Steel, Lot M 190.01 84.38 1.594 7.96 7.96 3.282 198.2676 198.1661 0.059 1.492 
M5 Low-Carbon Steel, Lot M 190.12 84.39 1.607 7.96 7.96 3.285 199.5875 199.4617 0.073 1.848 
M6 Low-Carbon Steel, Lot M 190.02 84.39 1.605 7.97 7.96 3.283 199.4802 199.3576 0.071 1.802 
M204 Low-Carbon Steel, Lot M 190.50 51.16 1.612 7.97 7.97 2015 120.5647 120.4844 0.076 1.923 
M205 Low-Carbon Steel, Lot M 190.51 51.19 1.628 7.96 7.96 2017 121.5140 121.4350 0.074 1.890 
M206 Low-Carbon Steel, Lot M 190.48 51.23 1.582 7.97 7.96 2016 118.7620 SA SA SA 

• SA= Specimen was retained for surface analysis. 



A~~E~QI~ B-l 
lcdiYid~al §~im~D Oala. ~w-W~Id~d QQDl~D!H: I~~~ ~!2. a 

Test No: 9 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atrn) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area. Initial Wt., Final Wt, Rate, Rate, 

Specimen Ty;pe _mm_ rom mm mm mm ..J!mL & & ropy IJ.rnlyr 

J25 Low-Carbon Steel, Lot J 188.90 80.04 0.702 7.92 7.93 3.045 80.9667 80.7737 0.0614 1.559 
126 Low-Carbon Steel, Lot J 188.90 80.05 0.704 7.97 7.95 3.046 80.8076 80.5991 0.0663 1.684 

126 Low-Carbon Steel, Lot 1 188.90 80.06 0.704 7.96 7.95 3.046 80.7470 80.5377 0.0666 1.691 

1225 Low-Carbon Steel, Lot 1 188.83 50.76 0.694 7.97 7.60 1.935 50.3613 SA* SA SA 
1226 Low-Carbon Steel, Lot J 188.82 50.77 0.697 7.70 8.01 1.935 50.3302 50.1976 0.0664 1.686 

1227 Low-Carbon Steel, Lot 1 188.83 50.77 0.712 7.93 7.90 1.935 51.5671 51.4323 0.0675 1.714 

K25 Low-Carbon Steel, Lot K 188.90 80.05 0.882 7.97 7.98 3.056 102.9565 1027551 0.0638 1.622 

t:C K26 Low-Carbon Steel, Lot K 188.89 80.06 0.845 7.98 7.97 3.054 98.7986 98.5901 0.0661 1.680 

' K27 Low-Carbon Steel, Lot K 188.90 80.06 0.875 7.98 7.98 3.056 101.7641 101.5616 0.0642 1.630 
+:-

K225 Low-Carbon Steel, Lot K 188.83 50.65 0.856 7.97 7.97 1.938 62.3278 SA SA SA 

K226 Low-Carbon Steel, Lot K 188.84 50.70 0.882 7.97 7.97 1.942 64.3067 64.1754 0.0655 1.664 

K227 Low-Carbon Steel, Lot K 188.83 50.72 0.870 7.97 7.97 1.942 63.6805 63.5473 0.0665 1.688 

L2S Low-Carbon Steel, Lot L 188.89 79.98 1.501 7.98 7.98 3.090 175.5799 175.3297 0.0784 1.993 

L26 Low-Carbon Steel. Lot L 188.91 79.99 1.510 7.98 7.98 3.091 175.0349 174.8040 0.0724 1.838 

L27 Low-Carbon Steel, Lot L 188.92 80.00 1.496 7.97 7.97 3.091 175.1505 174.9067 0.0764 1.941 

L225 Low-Carbon Steel, Lot L 188.92 50.80 1.516 7.98 7.98 1.980 110.7318 110.5803 0.0741 1.883 

L226 Low-Carbon Steel, Lot L 188.92 50.80 1.510 7.98 7.98 1.979 110.8363 110.6818 0.0756 1.921 

L227 Low-Carbon Steel, Lot L 188.93 50.78 1.503 7.98 7.98 1.978 110.1434 SA SA SA 

M25 Low -Carbon Steel, Lot M 188.87 80.03 1.592 7.97 7.98 3.097 186.8781 186.6534 0.0703 1.785 

M26 Low-Carbon Steel, Lot M 188.89 80.03 1.624 7.98 7.98 3.099 189.3488 189.1299 0.0684 1.738 

M27 Low-Carbon Steel, Lot M 188.89 80.05 1.585 7.98 7.98 3.097 185.2336 185.0096 0.0701 1.780 

M225 Low-Carbon Steel, Lot M 188.97 50.45 1.615 7.99 7.99 1.972 118.7449 118.6025 0.0700 1.777 

M226 Low-Carbon Steel, Lot M 188.97 50.56 1.593 7.98 7.98 1.975 116.9096 SA SA SA 

M227 Low-Carbon Steel, Lot M 188.96 50.60 1.590 7.99 7.98 1.976 116.5333 116.3875 0.0715 1.815 

*SA= Specimen was retained for surface analysis. 



AEEE~OI~ B-l 
Individual Specimen [lata. Seal-Welded Container Test No. l o 

TestNo: 10 
Test Type: Immersion 
Test Environment: Simulaled WIPP Brine A, N2 Overpressure (1 0 atm) 
Test Temperature: 30 ±S°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen fue mm mm mm mm mm ...!lm2.... & g ropy um/yr 

128 Low-Carbon Steel, Lot 1 188.89 80.06 0.697 7.95 7.95 3.046 80.0200 79.8289 0.0605 1.537 

129 Low-Carbon Steel, Lot J 188.90 80.07 0.694 7.99 7.99 3.046 79.8873 79.6907 0.0623 1.581 

J30 Low-Carbon Steel, Lot J 188.90 80.08 0.689 7.98 7.95 3.046 78.2569 78.0661 0.0604 1.535 

J228 Low-Carbon Steel, Lot J 188.82 50.77 0.708 7.98 7.89 1.935 51.1553 SA• SA SA 

1229 Low-Carbon Steel, Lot J 188.82 50.78 0.696 7.89 7.95 1.935 50.3692 50.2458 0.0615 1.562 

J230 Low-Carbon Steel, Lot J 188.82 50.79 0.716 7.89 7.91 1.936 51.6435 51.5210 0.0610 1.550 

K28 Low-Carbon Steel, Lot K 188.88 80.06 0.868 8.00 7.98 3.055 101.0222 100.8198 0.0639 1.623 

to K29 Low-Carbon Steel, Lot K 188.89 80.06 0.872 7.99 7.99 3.056 101.4461 101.2481 0.0625 1.587 
I 

K30 Low-Carbon Steel, Lot K 188.89 80.07 0.873 7.99 7.99 3.056 102.0831 101.8812 0.0637 1.618 Vl 

K228 Low-Carbon Steel, Lot K 188.82 50.76 0.881 7.99 7.99 1.943 64.3251 64.1936 0.0653 1.658 

K229 Low-Carbon Steel, Lot K 188.82 50.75 0.872 7.99 7.99 1.943 63.6800 SA SA SA 
K230 Low-Carbon Steel, Lot K 188.82 50.70 0.870 7.99 7.99 1.941 63.6278 63.4930 0.0670 1.702 

L28 Low-Carbon Steel, Lot L 188.91 80.01 1.562 8.00 8.00 3.095 182.4419 182.2019 0.0748 1.900 

L29 Low-Carbon Steel, Lot L 188.91 80.02 1.557 8.00 8.00 3.095 180.9204 180.6789 0.0753 1.912 

L30 Low-Carbon Steel, Lot L 188.91 80.ot 1.509 8.00 8.00 3.092 175.5258 175.2851 0.0751 1.907 
L228 Low-Carbon Steel, Lot L 188.91 50.79 1.515 8.00 8.00 1.979 110.3849 SA SA SA 
L229 Low-Carbon Steel, Lot L 188.91 50.78 1.572 8.01 8.00 1.982 115.3170 115.1635 0.0747 1.898 

L230 Low-Carbon Steel, Lot L 188.90 50.80 1.549 8.00 8.00 1.981 113.1697 113.0134 0.0761 1.933 

M28 Low-Carbon Steel, Lot M 188.39 80.05 1.612 7.99 8.00 3.091 188.3112 188.1011 0.0656 1.665 

M29 Low-Carbon Steel, Lot M 188.90 80.05 1.630 8.00 8.00 3.100 191.1087 190.9019 0.0643 1.634 

M30 Low-Carbon Steel, Lot M 188.91 80.04 1.576 8.00 8.00 3.097 183.1318 182.9269 0.0638 1.621 
M228 Low-Carbon Steel, Lot M 188.96 50.70 1.596 8.00 7.99 1.980 117.1475 117.0186 0.0628 1.594 

M229 Low-Carbon Steel, Lot M 188.89 50.66 1.601 8.00 8.00 1.978 117.3251 SA SA SA 
M230 Low-Carbon Steel, Lot M 188.96 50.80 1.587 8.00 8.00 1.984 117.2574 117.1245 0.0646 1.641 

*SA= Specimen was retained for surface analysis. 



AEE~~QI~ 6-l 
Individual SOecimen Qata. Seal-Welded Cootajner Test No. l 7 

Test No: 17 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (1 0 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Tirickness, ID, ID. Area. Initial WL, Final Wt., Rate, Rate, 

Specimen Iy,pe --'lllJl._ mm mm mm mm ..J1mZ_ e e ropy u.mlyr 

149 Low-Carbon Steel, Lot 1 189.09 79.94 0.701 8.00 7.96 3.044 80.8697 80.6038 0.0423 1.075 
150 Low-Carbon Steel. Lot 1 189.08 79.96 0.710 8.00 7.99 3.045 81.8711 81.6146 0.0408 1.037 
151 Low-Carbon Steel, Lot 1 189.08 79.95 0.711 7.99 7.97 3.045 82.2706 81.9798 0.0463 1.176 
]249 Low-Carbon Steel. Lot 1 189.05 50.71 0.713 7.95 7.88 1.935 51.6008 51.4386 0.0406 1.032 
1250 Low-Carbon Steel, Lot J 189.05 50.73 0.709 7.96 8.00 1.936 51.3007 SA• SA SA 
1251 Low-Carbon Steel, Lot J 189.05 50.62 0.717 7.98 7.98 1.932 51.3406 51.1739 0.0418 1.062 

K49 Low-Carbon Steel, Lot K 189.08 79.95 0.885 7.89 7.92 3.056 102.3283 102.0000 0.0521 1.323 

o:l 
KSO Low-Carbon Steel, Lot K 189.09 79.96 0.884 7.86 7.88 3.056 102.3078 101.9911 0.0502 1.276 

I K51 Low-Carbon Steel. Lot K 189.08 79.95 0.886 7.92 7.81 3.056 102.6056 102.2900 0.0500 1.271 
0'1 K249 Low-Carbon Steel, Lot K 189.05 50.71 0.878 7.90 7.88 1.944 64.2702 64.0744 0.0488 1.240 

K250 Low-Carbon Steel, Lot K 189.05 50.71 0.867 7.93 7.92 1.944 63.8434 63.6375 0.0513 1.304 
K251 Low-Carbon Steel, Lot K 189.06 50.70 0.886 7.93 7.93 1.944 64.7405 SA SA SA 

L49 Low-Carbon Steel, Lot L 189.22 80.02 1.511 7.93 7.93 3.097 175.6488 175.3203 0.0514 1.306 
LSD Low-Carbon Steel, Lot L 189.21 80.03 1.492 7.94 7.95 3.096 174.8962 174.5729 0.0506 1.285 
LSI Low-Carbon Steel, Lot L 189.21 80.02 1.555 7.94 7.93 3.100 181.6679 181.3421 0.0509 1.294 
L249 Low-Carbon Steel, Lot L 189.19 50.72 1.511 7.95 7.93 1.979 110.2186 110.0169 0.0494 1.254 
L250 Low-Carbon Steel, Lot L 189.20 50.73 1.528 8.00 8.00 1.981 111.5012 111.2935 0.0508 1.291 
L251 Low-Carbon Steel, Lot L 189.20 50.73 1.525 8.02 7.98 1.980 111.2591 SA SA SA 

M49 Low-Carbon Steel, Lot M 189.33 80.15 1.599 7.98 7.98 3.109 186.2713 185.9466 0.0506 1.286 
M50 Low-Carbon Steel, Lot M 189.33 80.17 1.551 8.00 8.00 3.107 182.8244 182.4943 0.0515 1.308 
M51 Low-Carbon Steel, Lot M 189.34 80.17 1.557 7.99 8.00 3.108 182.4878 182.1446 0.0535 1.360 
M249 Low-Carbon Steel, Lot M 189.06 50.59 1.607 8.01 7.98 1.978 117.4947 117.2953 0.0489 1.241 
M250 Low-Carbon Steel, Lot M 189.07 5D.63 1.592 7.98 7.97 1.979 116.7827 SA SA SA 
M251 Low-Carbon Steel, Lot M 189.08 50.60 1.610 7.99 7.98 1.979 117.6595 117.4538 0.0504 1.280 

• SA -Specimen was retained for surface analysis. 



A~~Et~H:ll~ B-l 
Individual Specimen Data. Seal-Welded Container Test No. 18 

Test No: 18 
Test Type: Immasion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test TempenUure: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, 10, ID, Area, Initial Wt, Final Wt., Rate, Rate, 

Specimen Type ___mm__ mm mm mm mm _Qml_ & & mpy llrnlyr 

J52 Low-Carbon Steel, Lot J 189.03 79.97 0.710 7.90 7.94 3.045 81.9938 81.7411 0.0402 1.021 
J53 Low-Carbon Steel, Lot J 189.03 79.97 0.703 7.91 7.92 3.045 81.7066 81.4348 0.0433 1.099 
J54 Low-Carbon Steel, Lot J 189.09 80.00 0.707 7.95 7.94 3.047 81.8526 81.5930 0.0413 1.049 
J252 Low-Carbon Steel, Lot J 189,07 50.68 0.709 7.93 7.88 1.934 51.5550 51.3992 0.0390 0.992 
J253 Low-Carbon Steel, Lot J 189.06 50.73 0.712 7.94 7.91 1.936 520054 51.8393 0.0416 1.056 
J254 Low-Carbon Steel, Lot J 189.07 50.73 0.714 7.93 7.90 1.936 51.7604 SA• SA SA 

K52 Low-Carbon Steel, Lot K 189.09 79.99 0.879 7.85 7.89 3.057 1020543 101.7510 0.0481 1.221 cc K53 Low-Carbon Steel, Lot K 189.10 79.97 0.872 7.92 7.84 3.056 101.7205 101.4067 0.0498 1.264 I 
-.J K54 Low-Carbon Steel, Lot K 189.09 79.97 0.874 7.85 7.88 3.056 101.4722 101.1585 0.0497 1.264 

K252 Low-Carbon Steel, Lot K 189.06 50.77 0.885 7.93 7.90 1.947 64.8092 64.6186 0.0474 1.205 
K253 Low-Carbon Steel, Lot K 189.08 50.79 0.885 7.95 7.89 1.948 64.9056 64.7110 0.0484 1.230 
K254 Low-Carbon Steel, Lot K 189.07 50.74 0.885 7.95 7.93 1.946 65.0250 SA SA SA 

L52 Low-Carbon Steel, Lot L 189.21 80.02 1.534 7.95 7.96 3.099 179.1034 178.7480 0.0556 1.412 
L53 Low-Carbon Steel, Lot L 189.23 80.04 1.551 7.96 7.95 3.101 180.9391 180.6093 0.0515 1.309 
L54 Low-Carbon Steel, Lot L 189.21 80.03 1.552 7.94 7.93 3.100 181.8081 181.4741 0.0522 1.326 
L252 Low-Carbon Steel, Lot L 189.21 50.75 1.544 7.97 7.95 1.982 1128618 SA SA SA 
L253 Low-Carbon Steel, Lot L 189.20 50.73 1.499 7.97 7.93 1.979 109.7198 109.5079 0.0519 1.318 
L254 Low-Carbon Steel, Lot L 189.19 50.72 1.545 7.96 7.95 1.981 1120234 111.8130 0.0515 1.307 

M52 Low-Carbon Steel, Lot M 189.36 80.20 1.544 7.93 7.93 3.109 1826694 182.3404 0.0513 1.303 
M53 Low-Carbon Steel, Lot M 189.35 80.24 1.555 7.93 7.93 3.111 1829135 182.5880 0.0507 1.288 
MS4 Low-Carbon Steel, Lot M 189.38 80.18 1.557 7.93 7.94 3.109 1829513 182.6276 0.0505 1.282 
M252 Low-Carbon Steel, Lot M 189.11 50.67 1.606 7.94 7.95 1.982 117.3912 SA SA SA 
M253 Low-Carbon Steel, Lot M 189.11 50.69 1.591 7.95 7.94 1.982 116.5208 116.3211 0.0488 1.241 
M254 Low-Carbon Steel, Lot M 189.12 50.62 1.596 7.96 7.95 1.979 116.7564 116.5523 0.0500 1.269 

"'SA- Specimen was retained for surface analysis. 



A~~E~QI~ 6-l 
lodillldual S~IHOiiD!ID Oiiltii!., Silai-W!i!lded QQDliiliD!I[ Te:zl ~g. 25 

Test No.: 25 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (1 0 atm) 
Test Temperatw"e: 30 ±5°C 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt, Final Wt, Rate, Rate, 

Specimen Ty:pe ___mm_ __mm_ mm mm mm ....!!m1.... K i mpy umJyr 

J73 Low-Carbon Steel, Lot 1 188.86 79.90 0.709 7.89 7.92 3.040 81.9915 81.5206 0.0381 0.967 
J74 Low-Carbon Steel, Lot 1 188.89 79.92 0.718 7.89 7.88 3.042 82.8456 823799 0.0376 0.956 
J75 Low-Carbon Steel, Lot 1 188.86 79.89 0.703 7.89 7.89 3.039 81.6919 81.2330 0.0371 0.943 
1213 Low-Carbon Steel, Lot J 189.04 50.83 0.709 7.86 7.85 1.940 51.7868 51.4873 0.0380 0.964 
1214 Low-Carbon Steel, Lot J 189.06 50.84 0.692 7.87 7.87 1.940 50.6111 SA• SA SA 
1215 Low-Carbon Steel, Lot J 189.09 50.85 0.717 7.89 7.88 1.941 52.2689 51.9801 0.0366 0.929 

K73 Low-Carbon Steel, Lot K 188.89 79.94 0.858 7.88 7.88 3.051 99.8946 99.2461 0.0523 1.327 
K74 Low-Carbon Steel, Lot K 188.86 79.89 0.858 7.89 7.88 3.048 99.8410 99.2438 0.0482 1.223 

o::l K75 Low-Carbon Steel, Lot K 188.90 79.94 0.870 7.94 7.94 3.051 101.1830 100.6200 0.0454 1.152 
I 

00 K273 Low-Carbon Steel, Lot K 189.04 50.82 0.877 7.91 7.92 1.948 64.3493 63.9994 0.0442 1.121 
K274 Low-Carbon Steel, Lot K 189.05 50.84 0.867 7.93 7.94 1.948 63.4702 63.1022 0.0464 1.179 
K275 Low-Carbon Steel, Lot K 189.04 50.82 0.864 7.91 7.92 1.947 63.4661 SA SA SA 

L73 Low-Carbon Steel, Lot L 188.91 79.96 1.559 7.92 7.96 3.093 180.6934 180.2229 0.0374 0.950 
L74 Low-Carbon Steel, Lot L 188.96 80.00 1.568 7.85 7.92 3.096 182.0639 181.5921 0.0375 0.952 
L75 Low-Carbon Steel, Lot L 188.97 79.98 1.518 7.90 7.86 3.092 1TI.1573 176.7111 0.0355 0.901 
L273 Low-Carbon Steel, Lot L 189.18 50.79 1.503 7.94 7.88 1.982 109.3805 SA SA SA 
L274 Low-Carbon Steel, Lot L 189.19 50.82 1.554 7.92 7.88 1.986 113.2251 1129405 0.0352 0.895 
L275 Low-Carbon Steel, Lot L 189.18 50.88 1.558 7.90 7.91 1.988 113.9692 113.6746 0.0364 0.925 

M73 Low-Carbon Steel, Lot M 189.04 80.15 1.578 7.90 7.90 3.103 185.8791 185.4481 0.0341 0.867 
M74 Low-Carbon Steel, Lot M 189.Q3 80.10 1.586 7.92 7.91 3.102 186.1507 185.6994 0.0358 0.908 
M75 Low-Carbon Steel, Lot M 189.02 80.13 1.601 7.93 7.94 3.104 187.5477 187.0784 0.0372 0.944 
M273 Low-Carbon Steel, Lot M 189.09 50.79 1.552 7.92 7.94 1.983 114.4320 114.1137 0.0395 1.002 
M274 Low-Carbon Steel, Lot M 189.14 50.81 1.576 7.94 7.91 1.986 115.8318 SA SA SA 
M275 Low-Carbon Steel, Lot M 189.16 50.98 1.581 7.91 7.89 1.993 116.7991 116.4833 0.0390 0.989 

•SA =Specimen was retained for surlace analysis. 



AEEE~OI~ B-l 
lm;!ill!idual S~m&c Data, Sui-W&Idlld QQctaicw: I&~l ~Q. 26 

TestNo.: 26 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (1 0 atm) 
Test Tempezature: 30 ±S•c 
Test Exposure: 24 Months 

Top Hole Bot Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

SPecimen TYJ!e __mm_ _mm_ mm mm mm ....QmL i i ropy umJyr 

176 Low-Carbon Sted, Lot J 188.95 79.99 0.704 7.93 7.95 3.044 81.5207 81.0630 0.0369 0.938 
171 Low-Carbon Sted, Lot J 188.96 79.99 0.708 7.94 7.94 3.045 82.1630 81.6953 0.0377 0.959 
178 Low-Carbon Sted, Lot J 188.99 79.98 0.706 7.94 7.95 3.045 81.4929 81.0709 0.0341 0.865 
1216 Low-Carbon Sted, Lot J 189.15 50.89 0.714 7.95 7.96 1.943 52.1371 51.8144 0.0408 1.037 
1211 Low-Carbon Sted, Lot J 189.14 50.90 0.699 7.94 7.94 1.943 51.5245 51.2103 0.0397 1.010 
J278 Low-Carbon Sted, Lot J 189.15 50.93 0.712 7.96 7.93 1.945 51.9054 SA• SA SA 

K76 Low-Carbon Sted, Lot K 188.98 79.97 0.861 7.94 7.96 3.053 100.3056 99.7797 0.0423 1.075 
K77 Low-Carbon Sted, Lot K 188.95 79.99 0.872 7.95 7.93 3.054 101.3347 100.7793 0.0447 1.135 

tc K78 Low-Carbon Sted, Lot K 188.95 79.99 0.870 7.95 7.93 3.054 101.0741 100.5218 0.0444 1.129 I 
\0 K276 Low-Carbon Sted, Lot K 189.10 50.90 0.863 7.95 7.95 1.951 63.6048 SA SA SA 

K277 Low-Carbon Sted, Lot K 189.09 50.86 0.869 7.94 7.95 1.950 63.8011 63.4727 0.0414 1.051 
K278 Low-Carbon Sted, Lot K 189.08 50.88 0.877 7.93 7.94 1.951 64.4909 64.1461 0.0434 1.103 

L76 Low-Carbon Sted, Lot L 189.01 80.05 1.539 7.92 7.93 3.097 179.1690 178.7389 0.0341 0.867 
L77 Low-Carbon Sted, Lot L 189.02 80.05 1.546 7.93 7.91 3.097 180.9903 180.5484 0.0351 0.891 
L78 Low-Carbon Sted, Lot L 189.00 80.06 1.539 7.95 7.95 3.097 180.3304 179.9089 0.0334 0.850 
L276 Low-Carbon Sted, Lot L 189.25 50.70 1.490 7.95 7.94 1.978 108.9996 108.7177 0.0350 0.890 
L277 Low-Carbon Sted, Lot L 189.24 50.69 1.563 7.96 7.94 1.981 113.9647 SA SA SA 
L278 Low-Carbon Sted, Lot L 189.25 50.73 1.510 7.95 7.96 1.980 110.1100 109.8020 0.0382 0.971 

M76 Low-Carbon Sted, Lot M 189.07 80.15 1.592 7.93 7.95 3.105 186.8068 186.3409 0.0369 0.937 
M77 Low-Carbon Steel, Lot M 189.05 80.17 1.573 7.93 7.93 3.104 184.7843 184.3148 0.0372 0.944 
M78 Low-Carbon Sted, Lot M 189.06 80.18 1.581 7.92 7.93 3.105 186.2283 185.7450 0.0383 0.972 
M276 Low-Carbon Sted, Lot M 189.20 50.89 1.598 7.95 7.96 1.991 117.7083 117.3963 0.0385 0.978 
M277 Low-Carbon Sted, Lot M 189.21 50.88 1.578 7.96 7.91 1.989 116.8505 SA SA SA 
M278 Low-Carbon Sted, Lot M 189.22 50.75 1.594 7.96 7.97 1.985 117.3540 117.0425 0.0386 0.979 

•SA == Specimen was retained for surface analysis. 
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APPENDIX B-2 
!odjyk:lua! Soecimen Data. Seal-Welded Container Test No. 5 

Test No.: 5 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ N2 (12 atm) 

Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length. Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Sgecimen TYJ>C ___mm_ ___mm_ mm mm mm ....ilm2..._ K K mpy wnJyr 

113 Low-Carbon Steel, Lot J 190.72 86.48 0.721 8.01 8.01 3.322 89.7014 89.6852 0.010 0.246 
114 Low-Carbon Steel, Lot J 190.86 86.15 0.699 8.00 8.00 3.311 88.0915 88.0757 0.009 0.240 
115 Low-Carbon Steel, Lot J 190.48 86.53 0.708 8.01 8.02 3.319 89.0198 89.0032 0.010 0.252 

1213 Low-Carbon Steel, Lot J 190.22 51.26 0.710 8.00 8.00 1.968 51.7779 SA• SA SA 
1214 Low-Carbon Steel, Lot J 189.00 51.18 0.714 8.02 8.01 1.952 51.6697 51.6596 0.010 0.261 

1215 Low-Carbon Steel, Lot J 190.78 51.31 0.714 8.01 8.01 1.976 52.5299 52.5174 0.013 0.319 

c:! K13 Low-Carbon Steel, Lot K 190.63 86.12 0.877 7.96 7.96 3.316 110.5081 110.4738 0.021 0.521 
I K14 Low-Carbon Steel, Lot K 189.15 86.02 0.866 7.97 7.96 3.286 108.6067 108.5912 0.009 0.238 -N K15 Low-Carbon Steel, Lot K 190.69 86.29 0.868 7.98 7.98 3.323 109.8060 109.7874 0.011 0.282 

K213 Low-Carbon Steel, Lot K 189.21 51.27 0.881 7.98 7.97 1.967 64.8458 64.8327 0.013 0.336 

K214 Low-Carbon Steel, Lot K 189.94 51.19 0.879 7.98 7.97 1.971 64.9311 64.9156 0.016 0.396 

K215 Low-Carbon Steel, Lot K 188.87 51.31 0.874 7.98 7.99 1.965 64.4635 SA SA SA 

L13 Low-Carbon Steel, Lot L 190.72 86.54 1.547 7.97 7.96 3.375 196.6486 196.6070 0.024 0.621 

L14 Low-Carbon Steel, Lot L 190.12 86.22 1.528 7.98 7.97 3.351 194.8468 194.8260 0.012 0.313 

L15 Low-Carbon Steel, Lot L 190.85 86.54 1.532 7.98 7.97 3.376 196.7299 196.7094 0.012 0.306 

L213 Low-Carbon Steel, Lot L 191.75 51.42 1.496 7.97 7.97 2.032 112.0215 SA SA SA 

L214 Low-Carbon Steel, Lot L 190.77 51.38 1.504 7.98 7.98 2.021 112.0013 111.9888 0.012 0.312 

L215 Low-Carbon Steel, Lot L 189.97 51.45 1.551 7.98 7.97 2.017 115.0684 115.0554 0.013 0.325 

M13 Low-Carbon Steel, Lot M 189.93 84.29 1.597 7.97 7.97 3.277 197.9004 197.8821 0.011 0.281 

M14 Low-Carbon Steel, Lot M 190.37 84.37 1.576 7.97 7.97 3.287 197.9424 197.9222 0.012 0.310 

MIS Low-Carbon Steel, Lot M 189.98 84.36 1.576 7.96 7.96 3.280 197.0945 197.0710 0.014 0.361 

M213 Low-Carbon Steel, Lot M 190.47 51.49 1.611 7.97 7.96 2.028 121.3102 121.2944 0.015 0.393 

M214 Low-Carbon Steel, Lot M 190.45 51.34 1.624 7.97 7.96 2.022 121.8258 SA SA SA 

M215 Low-Carbon Steel, Lot M 190.45 51.39 1.621 7.98 7.96 2.024 121.4284 121.4114 0.017 0.423 

• SA= Specimen was retained for surface analysis. 



APPENDIX B-2 
lodjyjdual Specimen Data. Seal-Welded Container Test No. 6 

TestNo.: 6 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ N2 (10 atm) 
Test Tempera1ure: 30 ±5•c 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt., Rate, Rate, 

Sl!f&imen T)l!' ___mm_ __mm_ mm m,m mm ...slmL ~ I mpy wnfyr 

116 Low-Carbon Steel, Lot 1 189.13 85.78 0.701 7.96 7.96 3.267 87.5332 87.5126 0.013 0.318 
111 Low-Carbon Steel, Lot 1 189.15 85.78 0.706 7.96 7.95 3.268 87.2655 87.2528 0.008 0.196 
118 Low-Carbon Steel, Lot 1 189.14 85.78 0.712 7.95 7.95 3.268 88.6485 88.6354 0.008 0.202 
1216 Low-Carbon Steel, Lot 1 189.60 50.98 0.713 7.96 7.96 1.951 51.6486 51.6404 0.008 0.212 
1217 Low-Carbon Steel, Lot 1 189.60 50.98 0.702 7.97 7.96 1.951 51.0916 51.0824 0.009 0.238 
1218 Low-Carbon Steel, Lot 1 189.60 50.98 0.716 7.96 7.96 1.951 52.1835 SA• SA SA 

co K16 Low-Carbon Steel, Lot K 189.13 85.78 0.874 7.96 7.95 3.277 109.1842 109.1557 0.017 0.438 
I K17 Low-Carbon Steel, Lot K 189.14 85.78 0.871 7.96 7.95 3.277 108.9417 108.9199 0.013 0.335 

Vol K18 Low-Carbon Steel, Lot K 189.14 85.78 0.876 7.97 7.96 3.278 109.3402 109.3300 0.006 0.157 
K216 Low-Carbon Steel, Lot K 189.60 50.98 0.874 7.97 7.96 1.960 64.4479 64.4418 0.006 0.157 
K217 Low-Carbon Steel, Lot K 189.61 50.98 0.885 7.97 7.96 1.960 65.5893 65.5844 0.005 0.126 
K218 Low-Carbon Steel, Lot K 189.60 50.98 0.886 7.97 7.97 1.960 65.4429 SA SA SA 

L16 Low-Carbon Steel, Lot L 189.14 85.80 1.561 7.96 7.95 3.319 195.4773 195.4522 0.015 0.381 
L17 Low-Carbon Steel, Lot L 189.14 85.79 1.543 7.97 7.96 3.318 192.9296 192.9102 0.012 0.295 
L18 Low-Carbon Steel, Lot L 189.14 85.78 1.536 7.97 7.96 3.317 192.8766 192.8570 0.012 0.298 
L216 Low-Carbon Steel, Lot L 189.62 50.98 1.543 7.98 7.97 1.995 115.2451 115.2340 0.011 0.280 
L217 Low-Carbon Steel, Lot L 189.61 50.98 1.559 7.98 7.98 1.996 115.3136 115.3033 0.010 0.260 
L218 Low-Carbon Steel, Lot L 189.61 50.99 1.546 7.97 7.97 1.996 113.7260 SA SA SA 

M16 Low-Carbon Steel, Lot M 189.16 84.36 1.600 7.96 7.96 3.267 199.1066 199.0927 0.008 0.214 
M17 Low-Carbon Steel, Lot M 189.15 84.31 1.560 7.97 7.96 3.263 193.9453 193.9291 0.010 0.250 
M18 Low-Carbon Steel, Lot M 189.15 84.31 1.555 7.97 7.97 3.262 193.5659 193.5514 0.009 0.224 
M216 Low-Carbon Steel, Lot M 189.60 50.98 1.560 7.98 7.97 1.996 115.6005 SA SA SA 
M217 Low-Carbon Steel, Lot M 189.62 50.99 1.595 7.97 7.97 1.999 118.5693 118.5622 0.007 0.179 
M218 Low-Carbon Steel, Lot M 189.61 50.98 1.618 7.97 7.97 1.999 119.9987 119.9914 0.007 0.184 

• SA =Specimen was retained for surface analysis. 



APPENDIX B-2 
lodjyidval Specjmen Data. Seal-Welded Container Test No. 13 

Test No: 13 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ N2 (10 atm) 
Test Temperature: 30 ±5•c 
Test Exposure: 6 Months 

Top Hole Bot. Hole Conosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Rna! Wt, Rate, Rate, 

Specimen TYJ!C _mm__ mm mm mm mm ..Jim2_ ~ mpy um/yr 

J37 Low-Carbon Steel, Lot J 188.99 80.14 0.710 7.82 7.80 3.052 80.4475 80.4279 0.0062 0.158 
J38 Low-Carbon Steel, Lot J 188.96 80.12 0.706 7.84 7.80 3.050 80.3535 80.3360 0.0056 0.141 
J39 Low-Carbon Steel, Lot J 188.98 80.12 0.705 7.86 7.79 3.050 80.5772 80.5568 0.0065 0.165 
J237 Low-Carbon Steel, Lot J 188.86 50.79 0.720 7.82 7.81 1.937 51.5181 51.5082 0.0050 0.126 
J238 Low-Carbon Steel, Lot J 188.85 50.79 0.720 7.73 7.74 1.938 51.8347 SA• SA SA 
J239 Low-Carbon Steel, Lot J 188.85 50.79 0.709 7.90 7.60 1.937 51.1926 51.1795 0.0066 0.166 

K37 Low-Carbon Steel, Lot K 188.96 80.13 0.890 7.88 7.89 3.061 102.6192 1025993 0.0063 0.160 
o:l K38 Low-Carbon Steel, Lot K 188.95 80.13 0.885 7.89 7.89 3.061 102.3975 1023796 0.0057 0.144 I - K39 Low-Carbon Steel, Lot K 188.96 80.12 0.887 7.89 7.80 3.061 102.3473 1023294 0.0057 0.144 ~ 

K237 Low-Carbon Steel, Lot K 188.90 50.63 0.873 7.85 7.89 1.939 63.1282 63.1211 0.0035 0.090 
K238 Low-Carbon Steel, Lot K 188.90 50.77 0.877 7.86 7.90 1.945 63.4326 63.4181 0.0072 0.183 
K239 Low-Carbon Steel, Lot K 188.90 50.70 0.877 7.87 7.89 1.942 63.5664 SA SA SA 

L37 Low-Carbon Steel, Lot L 188.90 80.00 1.554 7.88 7.89 3.094 179.5847 179.5643 0.0064 0.162 
L38 Low-Carbon Steel, Lot L 188.90 80.02 1.499 7.89 7.80 3.092 173.7574 173.7341 0.0073 0.185 
L39 Low-Carbon Steel, Lot L 188.91 80.01 1.500 7.81 7.84 3.092 173.4066 173.3820 0.0077 0.196 
L237 Low-Carbon Steel, Lot L 188.88 50.75 1.560 7.86 7.89 1.980 113.7850 SA SA SA 
L238 Low-Carbon Steel, Lot L 188.89 50.78 1.570 7.86 7.88 1.982 114.5543 114.5352 0.0093 0.237 
L239 Low-Carbon Steel, Lot L 188.92 50.78 1.564 7.86 7.85 1.982 113.8630 113.8443 0.0091 0.232 

M37 Low-Carbon Steel, Lot M 188.87 80.02 1.554 7.78 7.86 3.095 181.2015 181.1747 0.0084 0.213 
M38 Low-Carbon Steel, Lot M 188.92 80.04 1.554 7.84 7.85 3.096 181.1371 181.1088 0.0089 0.225 
M39 Low-Carbon Steel, Lot M 188.90 80.06 1.608 7.83 7.86 3.100 187.6152 187.5916 0.0074 0.187 
M237 Low-Carbon Steel, Lot M 188.93 50.78 1.601 7.89 7.88 1.984 117.4677 117.4507 0.0083 0.211 
M238 Low-Carbon Steel, Lot M 188.94 50.77 1.608 7.89 7.89 1.984 117.6713 117.6583 0.0063 0.161 
M239 Low-Carbon Steel, Lot M 188.94 50.77 1.602 7.86 7.88 1.984 116.7488 SA SA SA 

* SA= Specimen was retained for surface analysis. 



APPENDIX B-2 
Individual Specimen Data. Seal-Welded Container Test No. 14 

Test No: 14 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ N2 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot Hole Corrosion Corrosion 
Material Length, Width, llrickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen Iy;pe mm mm mm mm mm ....s1mL & & mpy "ml,yx 

J40 Low-Carbon Steel, Lot J 188.97 80.09 0.699 7.82 7.84 3.049 80.4540 80.4293 0.0078 0.199 
J41 Low-Carbon Steel, Lot J 188.96 80.10 0.706 7.84 7.84 3.049 80.3870 80.3624 0.0078 0.199 
J42 Low-Carbon Steel, Lot J 188.95 80.10 0.685 7.82 7.85 3.048 78.4684 78.4421 0.0084 0.212 
J240 Low-Carbon Steel, Lot J 188.83 50.75 0.697 7.58 7.84 1.935 50.7707 SA* SA SA 
J241 Low-Carbon Steel, Lot J 188.83 50.73 0.697 7.76 7.82 1.934 50.7602 50.7460 0.0071 0.181 
J242 Low-Carbon Steel, Lot J 188.83 50.75 0.692 7.81 7.82 1.934 50.3101 50.2961 0.0070 0.178 

K40 Low-Carlx>n Steel, Lot K 188.96 80.13 0.884 7.85 7.87 3.061 102.6329 102.6003 0.0103 0.262 
t::O K41 Low-Carbon Steel, Lot K 188.95 80.14 0.866 7.88 7.81 3.060 100.0001 99.9826 0.0055 0.141 I 

VI K42 Low-Carbon Steel, Lot K 188.95 80.13 0.887 7.88 7.86 3.061 102.7006 102.6789 0.0069 0.174 
K240 Low-Carbon Steel, Lot K 188.89 50.77 0.879 7.88 7.86 1.945 63.9198 63.9039 0.0079 0.201 
K241 Low-Carbon Steel, Lot K 188.90 50.77 0.875 7.87 7.87 1.945 63.6705 SA SA SA 
K242 Low-Carbon Steel, Lot K 188.90 50.79 0.878 7.88 7.85 1.946 63.5059 63.4963 0.0048 0.121 

L40 Low-Carbon Steel, Lot L 188.90 80.01 1.505 7.81 7.85 3.092 174.7145 174.6882 0.0082 0.209 
L41 Low-Carbon Steel, Lot L 188.91 80.02 1.524 7.86 7.86 3.093 175.8240 175.7930 0.0097 0.247 
L42 Low-Carbon Steel, Lot L 188.94 80.03 1.493 7.84 7.86 3.092 174.3934 174.3593 0.0107 0.271 
L240 Low-Carbon Steel, Lot L 188.91 50.80 1.511 7.86 7.90 1.980 110.2232 110.2082 0.0073 0.186 
L241 Low-Carbon Steel, Lot L 188.89 50.79 1.560 7.87 7.83 1.982 114.3206 SA SA SA 
L242 Low-Carbon Steel, Lot L 188.92 50.78 1.552 7.85 7.88 1.981 113.5412 113.5162 0.0122 0.310 

M40 Low-Carbon Steel, Lot M 188.91 80.06 1.620 7.88 7.88 3.100 188.5504 188.5181 0.0101 0.256 
M41 Low-Carbon Steel, Lot M 188.90 80.07 1.623 7.85 7.83 3.101 187.0956 187.0698 0.0081 0.205 
M42 Low-Carbon Steel, Lot M 188.86 80.08 1.611 7.86 7.88 3.100 187.7237 187.6942 0.0092 0.234 
M240 Low-Carbon Steel, Lot M 188.94 50.74 1.585 7.87 7.83 1.982 116.4061 116.3939 0.0060 0.151 
M241 Low-Carbon Steel, Lot M 188.94 50.76 1.619 7.88 7.86 1.984 119.0870 SA SA SA 
M242 Low-Carbon Steel, Lot M 188.95 50.76 1.615 7.89 7.87 1.984 119.1614 119.1458 0.0076 0.193 

• SA =Specimen was retained for surface analysis. 



APPENDIX B-2 
Individual Specimen Data Seal-Welded Container Test No. 21 

Test No: 21 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor +N2 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area. Initial Wt, Final Wt., Rate, Rate, 

S;gecimen Ty;pe _..mm_ mm mm mm mm -.dm2..... K K mpy j,Lmlyr 

J61 Low-Carbon Steel, Lot J 189.10 79.98 0.708 7.88 7.92 3.047 81.9678 81.9551 0.0021 0.053 
J62 Low-Carbon Steel, Lot J 189.09 79.99 0.699 7.86 7.89 3.047 81.4793 81.4631 0.0027 0.067 
J63 Low-Carbon Steel, Lot J 189.05 80.01 0.700 7.84 7.86 3.047 81.2433 81.2270 0.0027 0.068 
J261 Low-Carbon Steel, Lot J 189.09 50.67 0.713 7.90 7.88 1.934 51.9571 51.9463 0.0028 0.071 
J262 Low-Carbon Steel, Lot J 189.11 50.75 0.711 7.88 7.91 1.938 51.8130 SA• SA SA 
J263 Low-Carbon Steel, Lot J 189.14 50.66 0.704 7.91 7.89 1.934 51.0897 51.0800 0.0025 0.064 

K61 Low-Carbon Steel, Lot K 189.15 79.98 0.870 7.86 7.92 3.057 101.5718 101.5529 0.0031 O.D78 

c::l 
K62 Low-Carbon Steel, Lot K 189.14 80.09 0.869 7.88 7.81 3.061 101.4023 101.3854 0.0028 0.070 

' K63 Low-Carbon Steel, Lot K 189.16 80.00 0.865 7.85 7.89 3.058 100.5147 100.4987 0.0026 0.066 
0\ K261 Low-Carbon Steel, Lot K 189.10 50.67 0.864 7.94 7.87 1.942 63.1254 SA SA SA 

K262 Low-Carbon Steel, Lot K 189.10 50.68 0.864 7.91 7.92 1.943 63.4264 63.4183 0.0021 0.053 
K263 Low-Carbon Steel, Lot K 189.10 50.75 0.871 7.93 7.88 1.946 63.8094 63.7969 0.0032 0.081 

1..61 Low-Carbon Steel, Lot L 189.15 80.03 1.553 7.94 7.91 3.099 181.1958 181.1687 0.0044 0.111 
1..62 Low-Carbon Steel, Lot L 189.17 79.98 1.498 7.95 7.92 3.094 176.1699 176.1470 0.0037 0.094 
1..63 Low-Carbon Steel, Lot L 189.20 80.01 1.504 7.94 7.91 3.096 176.0578 176.0357 0.0036 0.090 
L261 Low-Carbon Steel, Lot L 189.15 50.68 1.557 7.94 7.90 1.980 113.9161 113.8993 0.0042 0.108 
L262 Low-Carbon Steel, Lot L 189.17 50.70 1.488 7.94 7.93 1.977 109.7299 SA SA SA 
L263 Low-Carbon Steel, Lot L 189.19 50.72 1.566 7.94 7.94 1.982 114.3665 114.3471 0.0049 0.124 

M61 Low-Carbon Steel, Lot M 189.23 80.11 1.612 7.93 7.92 3.107 189.3613 189.3410 0.0033 0.083 
M62 Low-Carbon Steel, Lot M 189.27 80.11 1.626 7.91 7.91 3.109 190.4287 190.4079 0.0033 0.085 
M63 Low-Carbon Steel, Lot M 189.29 80.16 1.612 7.92 7.93 3.110 189.8820 189.8629 0.0031 O.D78 
M261 Low-Carbon Steel, Lot M 189.06 50.69 1.604 7.92 7.93 1.982 118.1401 118.1283 0.0030 O.D75 
M262 Low-Carbon Steel, Lot M 189.05 50.67 1.608 7.93 7.92 1.981 118.0343 SA SA SA 
M263 Low-Carbon Steel, Lot M 189.06 50.52 1.580 7.92 7.93 1.974 114.3347 114.3188 0.0040 0.102 

• SA- Specimen was retained for surface analysis. 



APPENDIX B-2 
lndi~dual Sg~im~c oma. Sui-W~Ided Contaic~[ I~~ l:!lg, 22 

Test No: 22 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor +N2 (10 atrn) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt, Final Wt., Rate, Rate, 

Specimen Ty;ge ___mm_ mrn mm m.m m.m ....dmL g g mpy u.mLyr 

164 Low-Carbon Steel, Lot 1 189.11 79.96 0.705 7.86 7.89 3.046 81.5597 81.5417 0.0029 O.Q75 
165 Low-Carbon Steel, Lot 1 189.10 79.95 0.709 7.92 7.83 3.046 81.8360 81.8160 0.0033 0.083 
166 Low-Carbon Steel, Lot 1 189.09 79.94 0.705 7.90 7.82 3.045 81.4581 81.4403 0.0029 0.074 
1264 Low-Carbon Steel, Lot 1 189.13 50.75 0.722 7.85 7.86 1.938 52.4947 52.4859 0.0023 0.058 
1265 Low-Carbon Steel, Lot 1 189.14 50.75 0.705 7.90 7.91 1.937 50.9732 50.9641 0.0023 0.060 
1266 Low-Carbon Steel, Lot 1 189.13 50.71 0.702 7.86 7.85 1.936 50.6710 SA• SA SA 

K64 Low-Carbon Steel, Lot K 189.14 79.98 0.867 7.90 7.85 3.057 100.9647 100.9289 0.0058 0.148 

cc K65 Low-Carbon Steel, Lot K 189.14 79.98 0.896 7.90 7.90 3.059 103.8692 103.8507 0.0030 0.077 
I K66 Low-Carbon Steel, Lot K 189.14 79.98 0.897 7.90 7.87 3.059 103.1913 103.1758 0.0025 0.064 

-...] K264 Low-Carbon Steel, Lot K 189.08 50.74 0.869 7.87 7.91 1.945 63.8704 63.8585 0.0031 O.Q78 
K265 Low-Carbon Steel, Lot K 189.07 50.75 0.873 7.91 7.92 1.946 63.8454 SA SA SA 
K266 Low-Carbon Steel, Lot K 189.08 50.69 0.873 7.89 7.92 1.943 63.5818 63.5688 0.0033 0.085 

L64 Low-Carbon Steel, Lot L 189.17 80.00 1.501 7.95 7.93 3.095 175.1:797 175.2388 0.0066 0.168 
L65 Low-Carbon Steel, Lot L 189.17 80.00 1.538 7.92 7.93 3.097 179.6310 179.6042 0.0043 0.110 
L66 Low-Carbon Steel, Lot L 189.19 80.00 1.534 7.94 7.95 3.097 178.8025 178.7730 0.0048 0.121 
L264 Low-Carbon Steel, Lot L 189.19 50.72 1.547 7.96 7.92 1.981 112.9342 112.9185 0.0040 0.100 
L265 Low-Carbon Steel, Lot L 189.19 50.74 1.498 7.97 7.93 1.979 109.8000 109.7840 0.0040 0.102 
L266 Low-Carbon Steel, Lot L 189.21 50.72 1.541 7.96 7.93 1.981 113.1228 SA SA SA 

M64 Low-Carbon Steel, Lot M 189.34 80.15 1.548 7.93 7.94 3.106 182.5703 182.5497 0.0033 0.084 
M65 Low-Carbon Steel, Lot M 189.36 80.18 1.607 7.93 7.93 3.111 189.1902 189.1695 0.0033 0.084 
M66 Low-Carbon Steel, Lot M 189.37 80.19 1.584 7.95 7.92 3.111 185.9014 185.8767 0.0040 0.101 
M264 Low-Carbon Steel, Lot M 189.08 50.62 1.567 7.96 7.96 1.977 115.0593 115.0463 0.0033 0.083 
M265 Low-Carbon Steel, Lot M 189.11 50.44 1.582 7.96 7.96 1.972 114.8420 114.8296 0.0031 0.080 
M266 Low-Carbon Steel, Lot M 189.12 50.60 1.557 7.94 7.93 1.977 114.2275 SA SA SA 

• SA =Specimen was retained for surface analysis. 



APPENDIX B-2 
Individual Soedmen Data. Seal-Welded Container Test No. 29 

Test No.: 29 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ N2 (10 atm) 
Test Temperature: 30 ±S•c 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, 10, ID, AJU. Initial Wt., Final Wt, Rate, Rate, 

Specimen Ty,pe __mm_ __mm_ mm rom mm ..mnL g g ropy wnJyr 

J85 Low-Carbon Steel, Lot J 188.96 79.97 0.702 7.91 7.91 3.044 81.0579 81.0232 0.0028 0.071 
J86 Low-Carbon Steel, Lot J 188.96 79.98 0.709 7.93 7.94 3.045 81.3179 81.2897 0.0023 0.058 
J87 Low .Carbon Steel, Lot J 188.95 79.95 0.706 7.92 7.93 3.043 81.1321 81.1059 0.0021 0.054 
J285 Low .Carbon Steel, Lot J 189.12 50.88 0.711 7.90 7.90 1.943 51.7369 SA• SA SA 
J286 Low-Carbon Steel, Lot J 189.10 50.89 0.701 7.92 7.92 1.942 51.5338 51.5150 0.0024 0.061 
J287 Low-Carbon Steel, Lot J 189.14 50.88 0.714 7.91 7.93 1.943 52.3371 52.3199 0.0022 0.055 

K85 Low-Carbon Steel, Lot K 188.83 79.96 0.873 7.92 7.92 3.051 101.5585 101.5376 0.0017 0.043 

o::l 
K86 Low .Carbon Steel, Lot K 188.91 79.96 0.862 7.94 7.91 3.052 100.3989 100.3758 0.0019 0.047 

I K87 Low .Carbon Steel, Lot K 189.93 79.95 0.878 7.91 7.94 3.069 102.0867 102.0592 0.0022 0.056 
00 K285 Low-Carbon Steel, Lot K 189.10 50.92 0.864 7.92 7.92 1.952 63.2837 63.2640 0.0025 0.063 

K286 Low-Carbon Steel, Lot K 189.11 50.88 0.868 7.91 7.93 1.951 64.0563 SA SA SA 
K287 Low-Carbon Steel, Lot K 189.12 50.84 0.863 7.91 7.94 1.949 63.6442 63.6221 0.0028 0.071 

L85 Low .Carbon Steel, Lot L 188.87 79.92 1.549 7.92 7.93 3.090 179.8499 179.8074 0.0034 0.086 
L86 Low .Carbon Steel, Lot L 188.87 79.91 1.509 7.94 7.92 3.087 175.4831 175.4435 0.0032 0.080 
L87 Low-Carbon Steel, Lot L 188.87 79.91 1.508 7.95 7.95 3.087 175.2537 175.2074 0.0037 0.094 
L285 Low-Carbon Steel, Lot L 189,07 50.83 1.560 7.93 7.91 1.985 113.3798 113.3477 0.0040 0.101 
L286 Low .Carbon Steel, Lot L 189.08 50.83 1.522 7.93 7.92 1.983 110.3635 SA SA SA 
L287 Low .Carbon Steel, Lot L 189,07 50.81 1.555 7.93 7.93 1.984 113.2895 113.2535 0.0045 0.114 

M85 Low .Carbon Steel, Lot M 188.89 79.99 1.571 7.91 7.90 3.095 183.9039 183.8634 0.0032 0.082 
M86 Low-Carbon Steel, Lot M 188.87 80.00 1.609 7.90 7.90 3.097 188.5787 188.5526 0.0021 0.053 
M87 Low-Carbon Steel, Lot M 188.96 80.02 1.585 7.89 7.91 3.098 185.7263 185.7002 0.0021 0.053 
M285 Low-Carbon Steel, Lot M 189.03 50.70 1.601 7.91 7.90 1.982 117.4508 117.4300 0.0026 0.066 
M286 Low-Carbon Steel, Lot M 189.03 50.67 1.582 7.92 7.90 1.980 115.8337 115.8150 0.0023 0.059 
M287 Low .Carbon Steel, Lot M 189.04 50.71 1.559 7.94 7.92 1.980 114.3128 SA SA SA 

*SA= Specimen was retained for surface analysis. 



APPENDIX B-2 
lo!;lil!iQ!.!Sill ~!:!!!Qim!!D Piilla., Sila.l-l!Y!!Iged QQOlSiiD!![ I~l ~Q, ;3Q 

Test No.: 30 
Test Type: Vapor Phase Exposure 
Test Environmenl: Simulated WIPP Brine A Vapor+ N2 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 24 Months 

Top Hole Bot Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen TYJ!e __mm_ _mm_ mm mm mm ....!!m2.... & & mpy wnJyr 

188 Low-Carbon Steel, Lot 1 188.96 79.97 0.702 7.92 7.93 3.044 80.7136 80.6792 0.0028 0.071 
189 Low-Carbon Steel, Lot 1 189.00 79.94 0.706 7.92 7.94 3.043 81.3005 81.2809 0.0016 0.040 
190 Low-Carbon Steel, Lot 1 189.02 79.96 0.715 7.93 7.93 3.045 81.9655 81.9459 0.0016 0.040 
1288 Low-Carbon Steel, Lot 1 189.13 50.89 0.711 7.91 7.94 1.943 52.1447 SA* SA SA 
1289 Low-Carbon Steel, Lot 1 189.12 50.91 0.717 7.91 7.90 1.944 52.5598 52.5481 0.0015 0.038 
1290 Low-Carbon Steel, Lot 1 189.17 50.92 0.721 7.92 7.90 1.945 52.5694 52.5554 0.0018 0.045 

K88 Low-Carbon Sted, Lot K 188.90 79.94 0.860 7.93 7.91 3.051 99.9478 99.9259 0.0018 0.045 

co K89 Low-Carbon Steel, Lot K 188.91 80.03 0.881 7.94 7.92 3.056 102.1515 102.1301 0.0017 0.044 
I K90 Low-Carbon Steel, Lot K 188.91 79.96 0.875 7.92 7.93 3.053 101.8537 101.8308 0.0018 0.047 

\0 K288 Low-Carbon Steel, Lot K 189.14 50.86 0.870 8.36 7.91 1.949 63.8811 SA SA SA 
K289 Low-Carbon Steel, Lot K 189.13 50.93 0.866 7.93 7.91 1.953 63.9961 63.9851 0.0014 0.035 
K290 Low-Carbon Steel, Lot K 189.13 50.85 0.869 7.95 7.91 1.950 63.9998 63.9822 0.0022 0.056 

L88 Low-Carbon Steel, Lot L 188.88 79.91 1.500 7.92 7.93 3.087 174.4848 174.4534 0.0025 0.064 
L89 Low-Carbon Steel, Lot L 188.87 79.94 1.555 7.93 7.92 3.091 180.0901 180.0611 0.0023 0.059 
L90 Low-Carbon Steel, Lot L 188.91 79.94 1.561 7.93 7.94 3.092 180.6883 180.6564 0.0025 0.064 
L288 Low-Carbon Steel, Lot L 189.09 50.85 1.562 7.93 7.93 1.986 114.1488 114.1286 0.0025 0.064 
L289 Low-Carbon Steel, Lot L 189.13 50.84 1.513 7.93 7.91 1.984 111.2062 SA SA SA 
L290 Low-Carbon Steel, Lot L 189.14 50.82 1.524 7.92 7.94 1.983 111.1832 111.1619 0.0026 0.067 

M88 Low-Carbon Steel, Lot M 188.94 80.06 1.604 7.93 7.92 3.100 187.6189 187.5772 0.0033 0.084 
M89 Low-Carbon Steel, Lot M 188.95 80.03 1.614 7.91 7.93 3.099 189.2799 189.2551 0.0020 0.050 
M90 Low-Carbon Steel, Lot M 188.95 80.05 1.581 7.92 7.94 3.098 185.6152 185.5892 0.0021 0.052 
M288 Low-Carbon Steel, Lot M 189.12 50.69 1.582 7.93 7.94 1.981 115.9691 115.9532 0.0020 0.050 
M289 Low-Carbon Steel, Lot M 189.o7 50.70 1.585 7.93 7.90 1.981 115.4328 SA SA SA 
M290 Low-Carbon Steel, Lot M 189.09 50.77 1.549 7.92 7.93 1.982 113.4237 113.4066 0.0021 0.054 

*SA =Specimen was retained for surface analysis. 
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APPENDIX B-3 
Individual Specimen Data. Seal-Welded Container Test No. 3 

Test No.: 3 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, 10, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen T-xpe ___mm_ ___mm_ mm mm. mm ....ilm2.... i i ropy wnJyr 

J7 Low-Carbon Steel, Lot 1 191.14 86.60 0.706 7.96 7.96 3.333 89.6822 88.9643 0.423 10.739 

18 Low-Carbon Steel, Lot 1 190.90 86.49 0.703 7.96 7.95 3.325 88.8109 88.0909 0.425 10.798 

19 Low-Carbon Steel, Lot 1 191.22 86.56 0.698 7.96 7.97 3.333 88.5780 87.8283 0.442 11.217 

1201 Low-Carbon Steel, Lot 1 190.82 51.42 0.708 7.94 7.93 1.980 52.9288 SA* SA SA 

1208 Low-Carbon Steel, Lot 1 191.09 51.41 0.715 7.99 8.00 1.983 53.3468 53.0005 0.343 8.708 

1209 Low-Carbon Steel, Lot 1 190.70 51.42 0.719 8.11 8.10 1.979 52.5722 51.8871 0.680 17.262 

Q::) K7 Low-Carbon Steel, Lot K 190.59 86.26 0.877 7.97 7.96 3.321 111.2580 110.6618 0.352 8.952 

' K8 Low-Carbon Steel, Lot K 190.58 86.15 0.868 7.96 7.94 3.316 109.7743 109.2249 0.325 8.261 N 
N K9 Low-Carbon Steel, Lot K 190.54 86.32 0.873 7.96 7.96 3.322 110.3311 109.6990 0.374 9.487 

K207 Low-Carbon Steel, Lot K 190.38 51.36 0.885 7.96 7.96 1.983 65.9886 65.6516 0.334 8.475 

K208 Low-Carbon Steel, Lot K 190.25 51.35 0.869 7.97 7.96 1.980 64.4717 64.1096 0.359 9.118 

K209 Low-Carbon Steel, Lot K 190.29 51.30 0.888 7.96 7.96 1.980 65.6494 SA SA SA 

L7 Low-Carbon Steel, Lot L 190.88 86.35 1.549 7.97 7.96 3.370 197.1697 196.7695 0.233 5.921 

L8 Low-Carbon Steel, Lot L 190.82 86.41 1.556 7.97 7.96 3.372 197.3520 197.0446 0.179 4.546 

L9 Low-Carbon Steel, Lot L 190.65 86.37 1.556 7.97 7.95 3.367 197.4031 197.0804 0.188 4.779 

L207 Low-Carbon Steel, Lot L 190.49 51.31 1.523 7.96 7.96 2.016 113.0462 112.7509 0.288 7.303 

L208 Low-Carbon Steel, Lot L 190.59 51.32 1.556 7.97 7.97 2.019 115.4697 SA SA SA 

L209 Low-Carbon Steel, Lot L 190.69 51.31 1.536 7.97 7.97 2.019 114.5975 114.4094 0.183 4.646 

M7 Low-Carbon Steel, Lot M 189.83 84.32 1.588 7.99 8.00 3.276 196.7823 195.8714 0.546 13.864 

M8 Low-Carbon Steel, Lot M 189.96 84.34 1.607 8.00 8.00 3.280 199.3454 198.8286 0.309 7.856 

M9 Low-Carbon Steel, Lot M 190.92 84.33 1.588 8.00 8.00 3.295 198.0555 197.5907 0.277 7.033 

M207 Low-Carbon Steel, Lot M 190.77 51.21 1.591 8.00 8.00 2019 118.7277 118.4063 0.313 7.939 

M208 Low-Carbon Steel, Lot M 190.30 51.21 1.595 8.01 8.00 2.014 120.4206 120.1534 0.260 6.616 

M209 Low-Carbon Steel, Lot M 190.71 51.23 1.602 8.01 8.00 2019 119.8208 SA SA SA 

• SA= Specimen was retained for surface analysis. 
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!odjvjdua! Soecimeo Qata. Seal-Welded Container Test No. 4 

Test No.: 4 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Top Hole Bot Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final WL, Rate, Rate, 

Specimen T)lXl ___mm_ ___mm_ rom rom mm __dm2_ & & mpy wnlyr 

110 Low-Carbon Steel, Lot 1 191.13 86.74 0.701 7.96 7.96 3.338 88.7716 87.8619 0.535 13.588 
111 Low-Carbon Steel, Lot 1 190.72 86.78 0.704 7.97 7.96 3.333 89.1730 88.3056 0.511 12.978 
112 Low-Carbon Steel, Lot 1 190.61 86.24 0.708 1.95 1.95 3.311 89.4414 88.7932 0.384 9.763 
1210 Low-Carbon Steel, Lot 1 190.40 51.15 0.716 7.97 7.96 1.966 52.5713 52.0152 0.555 14.104 
1211 Low-Carbon Steel, Lot 1 190.55 51.47 0.711 7.98 7.97 1.980 52.9630 52.2422 0.715 18.157 
1212 Low-Carbon Steel, Lot 1 190.68 51.47 0.710 7.96 7.96 1.981 52.6438 SA• SA SA 

tc KlO Low-Carbon Steel, Lot K 189.59 86.22 0.866 8.00 7.99 3.301 108.7415 108.008!1 0.436 11.067 
I 

Kll Low-Carbon Steel, Lot K 190.02 86.15 0.867 8.00 7.99 3.306 108.8873 108.2597 0.373 9.465 N 
(j.l 

Kl2 Low-Carbon Steel, Lot K 190.23 86.22 0.868 8.01 8.00 3.313 109.3152 108.6920 0.369 9.381 
K210 Low-Carbon Steel, Lot K 189.40 51.20 0.875 8.01 8.00 1.966 64.7175 64.3014 0.416 10.555 
K211 Low-Carbon Steel, Lot K 189.50 51.30 0.868 8.00 8.00 1.970 64.5583 SA SA SA 
K212 Low-Carbon Steel, Lot K 188.88 51.17 0.872 8.01 8.00 1.959 64.2470 63.8068 0.441 11.204 

LlO Low-Carbon Steel, Lot L 190.53 86.49 l.S37 7.95 7.95 3.369 195.4332 195.1021 0.193 4.901 
Lll Low-Carbon Steel, Lot L 190.24 86.33 l.S40 7.97 7.96 3.358 195.1232 194.8036 0.187 4.746 
L12 Low-Carbon Steel, Lot L 190.39 86.37 1.538 7.97 7.95 3.362 195.3679 194.9886 0.222 5.626 
L210 Low-Carbon Steel, Lot L 190.44 51.18 1.496 7.97 7.97 2.009 111.1462 110.9507 0.191 4.852 
L211 Low-Carbon Steel, Lot L 190.73 51.42 1.492 7.98 7.97 2.021 111.6578 SA SA SA 
L212 Low-Carbon Steel, Lot L 190.27 51.40 l.S52 7.98 7.97 2.019 115.5176 115.2931 0.218 5.545 

M10 Low-Carbon Steel, Lot M 190.22 84.31 1.576 8.01 8.00 3.282 197.0038 196.5995 0.242 6.143 
M11 Low-Carbon Steel, Lot M 190.08 84.43 1.612 8.00 8.00 3.286 200.1839 199.8368 0.207 5.267 
Ml2 Low-Carbon Steel, Lot M 190.36 84.43 l.S50 8.01 8.01 3.287 193.6257 193.2085 0.249 6.329 
M210 Low-Carbon Steel, Lot M 190.34 51.41 1.616 8.02 8.01 2.023 121.3934 121.1619 0.225 5.706 
M211 Low-Carbon Steel, Lot M 190.85 51.33 1.603 8.03 8.02 2.025 120.0643 SA SA SA 
M212 Low-Carbon Steel, Lot M 190.60 51.30 l.S99 8.03 8.03 2.021 119.5115 119.2148 0.288 7.321 

• SA= Specimen was retained for surface analysis. 
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Individual Specimen Data Seal-Welded Container Test No. 11 

Test No: 11 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimep ly;pe ___m.m._ mm mm mm mm ....slm2.... & & mpy LLm/yr 

131 Low-Carbon Steel, Lot 1 188.93 80.08 0.702 7.95 7.91 3.047 80.0602 78.9040 0.3679 9.344 
132 Low-Carbon Steel, Lot 1 188.93 80.09 0.713 7.95 7.96 3.048 81.3335 80.4336 0.2862 7.270 
133 Low-Carbon Steel, Lot 1 188.93 80.09 0.708 7.97 7.94 3.048 81.3839 80.3414 0.3316 8.423 
1231 Low-Carbon Steel, Lot 1 188.83 50.78 0.709 7.95 7.95 1.935 50.9416 SA• SA SA 
1232 Low-Carbon Steel, Lot 1 188.83 50.78 0.715 7.94 7.91 1.936 51.2092 50.4458 0.3824 9.712 
1233 Low-Carbon Steel, Lot 1 188.83 50.78 0.710 8.05 7.70 1.936 51.2145 50.2643 0.4759 12.089 

K31 Low-Carbon Steel, Lot K 188.91 80.09 0.864 7.98 7.97 3.057 100.2633 99.5902 0.2135 5.423 
t:C K32 Low-Carbon Steel, Lot K 188.92 80.09 0.884 7.98 7.98 3.058 102.5432 101.8378 0.2237 5.681 I 
N K33 Low-Carbon Steel, Lot K 188.91 80.10 0.876 7.98 7.97 3.058 101.6378 100.4497 0.3767 9.569 
"'" K231 Low-Carbon Steel, Lot K 188.83 50.74 0.875 7.99 7.97 1.943 63.6236 SA SA SA 

K232 Low-Carbon Steel, Lot K 188.84 50.73 0.875 7.99 7.98 1.942 63.7375 62.7541 0.4909 12.470 
K233 Low-Carbon Steel, Lot K 188.85 50.67 0.869 7.99 7.98 1.940 63.3250 62.6792 0.3228 8.199 

L31 Low-Carbon Steel, Lot L 188.91 80.02 1.554 7.99 7.98 3.095 180.6953 180.1964 0.1563 3.970 
L32 Low-Carbon Steel, Lot L 188.91 80.02 1.508 7.99 7.97 3.092 173.7476 173.2288 0.1627 4.132 
L33 Low-Carbon Steel, Lot L 188.91 80.02 1.503 7.98 7.97 3.092 173.7478 173.2274 0.1632 4.145 
L231 Low-Carbon Steel, Lot L 188.90 50.27 1.567 7.98 7.98 1.962 112.5016 112.1628 0.1674 4.253 
L232 Low-Carbon Steel, Lot L 188.89 50.76 1.559 7.99 7.98 1.980 113.8185 SA SA SA 
L233 Low-Carbon Steel, Lot L 188.87 50.78 1.555 7.98 7.98 1.980 113.1084 112.6689 0.2152 5.465 

M31 Low-Carbon Steel, Lot M 188.90 80.04 1.606 7.99 7.98 3.098 188.5694 187.7950 0.2423 6.156 
M32 Low-Carbon Steel, Lot M 188.88 80,03 1.576 7.98 7.98 3.096 183.0774 182.4466 0.1976 5.018 
M33 Low-Carbon Steel, Lot M 188.87 80.01 1.586 7.98 7.98 3.096 184.6954 184.0358 0.2066 5.248 
M231 Low-Carbon Steel, Lot M 188.94 50.79 1.619 7.98 7.98 1.985 118.1074 SA SA SA 
M232 Low-Carbon Steel, Lot M 188.92 50.78 1.586 7.98 7.98 1.983 117.2962 116.8442 0.2210 5.615 
M233 Low-Carbon Steel, Lot M 188.91 50.70 1.565 7.99 7.99 1.978 114.3836 113.9568 0.2092 5.313 

* SA -Specimen was retained for surface analysis. 



APPENDIX 8-3 
Individual Soecimen Data. Seal-Welded Container Test No. 12 

Test No: 12 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length. Width, Thickness, ID, ID, Area, Initial Wt., Final WL, Rate, Rate, 

Specimen Iy,pe ___mm_ mm mm mm mm ....slm2..... & i mpy u.mLvr 

134 Low-Carbon Steel, Lot 1 188.94 80.10 0.692 8.01 8.00 3.047 80.25TI 79.4066 0.2706 6.872 
135 Low-Carbon Steel, Lot 1 188.92 80.10 0.689 7.99 7.91 3.047 79.4202 78.7872 0.2012 5.112 
136 Low-Carbon Steel, Lot 1 188.95 80.10 0.711 8.01 8.02 3.049 80.9811 80.0300 0.3022 7.676 
1234 Low-Carbon Steel, Lot 1 188.85 50.79 0.698 7.TI 8.03 1.936 50.3958 49.7281 0.3342 8.488 
1235 Low-Carbon Steel, Lot 1 188.85 50.79 0.713 8.09 7.80 1.936 51.6316 SA* SA SA 
1236 Low-Carbon Steel, Lot 1 188.85 50.73 0.709 7.78 8.05 1.934 51.1730 50.4057 0.3844 9.763 

K34 Low-Carbon Steel, Lot K 188.95 80.11 0.883 8.03 8.03 3.059 102.4166 101.3527 0.3369 8.558 
o:l K35 Low-Carbon Steel, Lot K 188.95 80.11 0.891 8.04 8.04 3.060 103.6533 102.7167 0.2966 7.533 I 
N K36 Low-Carbon Steel, Lot K 188.96 80.11 0.884 8.04 8.03 3.059 102.5319 101.2962 0.3913 9.939 VI 

K234 Low-Carbon Steel, Lot K 188.87 50.76 0.882 8.03 8.03 1.944 64.1602 63.8577 0.1508 3.829 
K235 Low-Carbon Steel, Lot K 188.87 50.77 0.872 8.04 8.04 1.944 63.5034 62.8671 0.3171 8.055 
K236 Low-Carbon Steel, Lot K 188.88 50.77 0.882 8.04 8.04 1.944 64.0895 SA SA SA 

L34 Low-Carbon Steel, Lot L 188.94 80.03 1.556 8.04 8.04 3.095 180.1520 179.7073 0.1392 3.535 
L35 Low-Carbon Steel, Lot L 188.92 80.02 1.553 8.04 8.03 3.095 180.3099 179.9042 0.1270 3.226 
L36 Low-Carbon Steel, Lot L 188.92 80.01 1.552 8.05 8.04 3.094 179.5812 179.1778 0.1263 3.208 
L234 Low-Carbon Steel, Lot L 188.90 50.75 1.561 8.05 8.04 1.980 113.7402 113.5039 0.1156 2.937 
L235 Low-Carbon Steel, Lot L 188.93 50.80 1.559 8.04 8.04 1.982 113.7897 113.5187 0.1325 3.365 
L236 Low-Carbon Steel, Lot L 188.89 50.78 1.546 8.04 8.04 1.980 113.1743 SA SA SA 

M34 Low-Carbon Steel, Lot M 188.87 80.02 1.553 8.04 8.04 3.094 181.5511 180.9146 0.1993 5.062 
M35 Low-Carbon Steel, Lot M 188.88 80.00 1.599 8.04 8.04 3.096 185.5557 185.0397 0.1615 4.101 
M36 Low-Carbon Steel, Lot M 188.88 80.00 1.589 8.04 8.05 3.095 184.9131 184.1543 0.2375 6.032 
M234 Low-Carbon Steel, Lot M 188.92 50.74 1.569 8.05 8.04 1.980 114.8283 SA SA SA 
M235 Low-Carbon Steel, Lot M 188.92 50.79 1.604 8.05 8.04 1.984 118.3917 118.1223 0.1316 3.342 
M236 Low-Carbon Steel, Lot M 188.92 50.79 1.578 8.05 8.03 1.982 115.3701 115.0396 0.1615 4.102 

* SA -Specimen was retained for surface analysis. 
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Test No: 19 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt, Final Wt., Rate, Rate, 

Specimen lxPC ___mm_ mm rom mm mm _l1m2._ & & ropy LLmlyr 

155 Low-Carbon Steel, Lot 1 189.11 79.96 0.706 7.83 7.86 3.046 81.5981 80.7627 0.1329 3.376 
156 Low-Carbon Steel, Lot 1 189.09 79.95 0.708 7.84 7.84 3.046 81.8740 81.3033 0.0908 2307 
151 Low-Carbon Steel, Lot 1 189.09 79.96 0.711 7.80 7.85 3.042 81.8164 81.1144 0.1118 2840 
1255 Low-Carbon Steel, Lot 1 189.08 50.72 0.719 7.84 7.88 1.937 51.7608 SA* SA SA 
1256 Low-Carbon Steel, Lot 1 189.10 50.60 0.713 7.92 7.88 1.932 51.5461 50.9211 0.1568 3.983 
1257 Low-Carbon Steel, Lot 1 189.11 50.70 0.709 7.91 7.91 1.935 51.5252 50.8732 0.1633 4.147 

K55 Low-Carbon Steel, Lot K 189.10 79.95 0.866 7.78 7.79 3.056 101.0552 100.3553 0.1110 2820 
t:C K56 Low-Carbon Steel, Lot K 189.11 79.95 0.885 7.83 7.83 3.057 103.1937 102.2030 0.1571 3.990 
I K57 Low-Carbon Steel, Lot K 189.12 79.97 0.854 7.89 7.92 3.055 99.7712 98.6927 0.1711 4.345 N 

0"1 K255 Low-Carbon Steel, Lot K 189.09 50.71 0.884 7.91 7.R4 1.945 65.1223 64.7259 0.0988 2.509 
K256 Low-Carbon Steel, Lot K 189.09 50.74 0.878 7.88 7.80 1.946 64.8900 64.2907 0.1493 3.791 
K257 Low-Carbon Steel, Lot K 189.08 50.74 0.876 7.84 7.88 1.946 64.7653 SA SA SA 

L55 Low-Carbon Steel, Lot L 189.17 80.00 1.562 7.93 7.94 3.099 1820185 181.5973 0.0659 1.673 
L56 Low-Carbon Steel, Lot L 189.15 79.99 1.549 7.94 7.93 3.097 180.2001 179.6670 0.0834 2119 
L57 Low-Carbon Steel, Lot L 189.14 79.98 1.553 7.93 7.95 3.097 181.4972 181.0665 0.0674 1.712 
L255 Low-Carbon Steel, Lot L 189.14 50.71 1.569 7.96 7.95 1.981 114.5227 SA SA SA 
L256 Low-Carbon Steel, Lot L 189.12 50.68 1.511 7.94 7.93 1.977 110.4609 110.2196 0.0591 1.502 
L257 Low-Carbon Steel, Lot L 189.12 50.67 1.496 7.94 7.94 1.976 109.6952 109.4363 0.0635 1.613 

M55 Low-Carbon Steel, Lot M 189.31 80.12 1.601 7.95 7.95 3.108 187.0912 186.4560 0.0991 2516 
M56 Low-Carbon Steel, Lot M 189.29 80.12 1.548 7.94 7.90 3.105 182.6324 182.0434 0.0919 2.335 
M57 Low-Carbon Steel, Lot M 189.25 80.10 1.553 7.92 7.92 3.103 183.5540 182.8145 0.1155 2933 
M255 Low-Carbon Steel, Lot M 189.31 5D.62 1.602 7.94 7.92 1.982 117.8308 117.3415 0.1197 3.039 
M256 Low-Carbon Steel, Lot M 189.29 50.48 1.583 7.94 7.96 1.975 116.4617 116.1487 0.0768 1.951 
M257 Low-Carbon Steel, Lot M 189.26 50.59 1.610 7.95 7.96 1.980 117.9880 SA SA SA 

* SA= Specimen was retained for surface analysis. 
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Individual Specimen Data. Seal-Welded Container Test No. 20 

Test No: 20 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Tirickness, 10, ID, Area, Initial Wt, Final Wt., Rate, Rate, 

Specimen 1):pe ___mm_ mm !DID mm mm ....slmL i g mpy u.rnLyr 

158 Low-Carbon Steel, Lot 1 189.12 80.01 0.702 7.89 7.86 3.048 80.9211 79.8984 0.1626 4.130 
159 Low-Carbon Steel, Lot 1 189.12 79.98 0.704 7.87 7.92 3.047 81.8872 80.8236 0.1692 4.297 
160 Low-Carbon Steel, Lot 1 189.11 79.97 0.690 7.85 7.92 3.046 80.5422 79.7011 0.1338 3.400 
1258 Low-Carbon Steel, Lot 1 189.12 50.66 0.731 7.92 7.90 1.935 52.2297 51.6413 0.1474 3.743 
1259 Low-Carbon Steel, Lot 1 189.14 50.68 0.726 7.87 7.89 1.936 52.3322 51.6187 0.1786 4.537 
1260 Low-Carbon Steel, Lot 1 189.13 50.69 0.724 7.92 7.90 1.936 52.3393 SA• SA SA 

K58 Low-Carbon Steel, Lot K 189.14 79.97 0.860 7.89 7.89 3.056 100 . .5629 99.3321 0.1952 4.958 

o:::l K59 Low-Carbon Steel, Lot K 189.14 79.98 0.865 7.89 7.88 3.057 100.9443 99.9581 0.1564 3.971 
I K60 Low-Carbon Steel, Lot K 189.14 79.98 0.869 7.88 7.90 3.057 102.3157 101.4593 0.1358 3.449 tv 

-....1 K258 Low-Carbon Steel, Lot K 189.09 50.32 0.889 7.86 7.86 1.931 65.0805 SA SA SA 
K259 Low-Carbon Steel, Lot K 189.09 50.70 0.886 7.92 7.88 1.945 65.1449 64.6333 0.1275 3.238 
K260 Low-Carbon Steel, Lot K 189.10 50.68 0.860 7.90 7.87 1.943 63.1326 62.7096 0.1055 2.680 

L58 Low-Carbon Steel, Lot L 189.13 79.98 1.557 7.92 7.90 3.097 180.6159 180.2452 0.0580 1.473 
L59 Low-Carbon Steel, Lot L 189.15 79.98 1.548 7.93 7.90 3.097 180.0252 179.6116 0.0647 1.644 
L60 Low-Carbon Steel, Lot L 189.16 79.97 1.566 7.93 7.93 3.098 181.7287 181.2482 0.0752 1.909 
L258 Low-Carbon Steel, Lot L 189.15 50.69 1.558 7.95 7.90 1.980 113.6880 113.4177 0.0661 1.680 
L259 Low-Carbon Steel, Lot L 189.15 50.73 1.486 7.95 7.91 1.978 109.3001 SA SA SA 
L260 Low-Carbon Steel, Lot L 189.15 50.71 1.551 7.95 7.91 1.981 110.2340 109.9352 0.0731 1.857 

M58 Low-Carbon Steel, Lot M 189.27 80.10 1.557 7.90 7.84 3.104 183.3880 182.9589 0.0670 1.702 
M59 Low-Carbon Steel, Lot M 189.25 80.09 1.620 7.89 7.89 3.107 188.9110 188.3172 0.0926 2.353 
M60 Low-Carbon Steel, Lot M 189.24 80.10 1.616 7.86 7.90 3.107 188.9908 188.1878 0.1252 3.181 
M258 Low-Carbon Steel, Lot M 189.09 50.21 1.606 7.93 7.94 1.964 115.8765 SA SA SA 
M259 Low-Carbon Steel, Lot M 189.10 50.65 1.605 7.91 7.92 1.981 117.7221 117.1470 0.1407 3.574 
M260 Low-Carbon Steel, Lot M 189.08 50.68 1.599 7.90 7.86 1.982 117.5165 116.9818 0.1308 3.322 

• SA =Specimen was retained for surface analysis. 
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Test No.: 1:7 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5•c 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen T)l)C __mm_ ___mm_ mm rom mm ..J!mL g g mpy um/yr 

179 Low-Carbon Steel, Lot J 188.98 80.01 0.714 1.rn 7.97 3.046 81.9966 81.0910 0.0731 1.856 
J80 Low-Carbon Steel, Lot 1 188.99 80.03 0.709 7.96 7.94 3.047 82.0435 81.2813 0.0615 1.562 
181 Low-Carbon Steel, Lot 1 189.00 80.01 0.705 7.94 7.96 3.046 81.9907 81.0176 0.0785 1.995 
11:79 Low-Carbon Steel, Lot 1 189.15 50.93 0.719 7.95 7.98 1.945 52.2287 51.7101 0.0655 1.665 
1280 Low-Carbon Steel, Lot 1 189.17 50.92 0.702 7.96 7.96 1.944 51.3165 50.9371 0.0480 1.219 
1281 Low-Carbon Steel, Lot 1 189.18 50.89 0.702 7.96 7.95 1.943 51.3331 SA* SA SA 

K79 Low-Carbon Steel, Lot K 188.94 79.97 0.861 7.98 7.96 3.053 99.9204 99.2529 0.0538 1.365 

o::l KSO Low-Carbon Steel, Lot K 188.97 79.98 0.863 7.96 7.94 3.054 100.5006 99.5972 0.0727 1.847 
I K81 Low-Carbon Steel, Lot K 188.99 79.99 0.855 7.94 7.97 3.054 99.7339 98.9676 0.0617 1.567 N 

00 K279 Low-Carbon Steel, Lot K 189.08 50.85 0.871 7.95 7.96 1.949 64.4807 SA SA SA 
K280 Low-Carbon Steel, Lot K 189.10 50.86 0.878 7.96 7.91 1.950 64.7214 64.2372 0.0610 1.550 
K281 Low-Carbon Steel, Lot K 189.09 50.86 0.860 7.98 7.96 1.949 63.4749 629064 0.0717 1.821 

L79 Low-Carbon Steel, Lot L 189.00 80.03 1.499 7.98 7.96 3.093 175.0865 174.6950 0.0311 0.790 
L80 Low-Carbon Steel, Lot L 189.00 80.03 1.544 7.96 7.94 3.096 180.8945 180.5277 0.0291 0.740 
LSI Low-Carbon Steel, Lot L 188.97 80.02 1.550 7.94 7.93 3.096 181.0917 180.0015 0.0866 2.199 
L279 Low-Carbon Steel, Lot L 189.24 50.77 1.566 7.94 7.97 1.985 113.9270 113.6557 0.0336 0.854 
L280 Low-Carbon Steel, Lot L 189.25 50.80 1.544 7.84 7.94 1.985 113.2527 112 7035 0.0680 1.728 
L281 Low-Carbon Steel, Lot L 189.21 50.73 1.580 7.91 7.96 1.984 115.3752 SA SA SA 

M19 Low-Carbon Steel, Lot M 189.04 80.16 1.574 7.92 7.94 3.104 185.3045 184.6508 0.0518 1.315 
M80 Low-Carbon Steel, Lot M 189.04 80.15 1.583 7.96 7.93 3.104 186.6548 186.1674 0.0386 0.981 
M81 Low-Carbon Steel, Lot M 189.03 80.13 1.573 7.95 7.98 3.102 183.0341 1825454 0.0387 0.984 
M279 Low-Carbon Steel, Lot M 189.22 50.92 1.597 1.rn 7.96 1.992 118.3555 SA SA SA 
M280 Low-Carbon Steel, Lot M 189.19 50.92 1.605 7.92 7.92 1.992 118.4153 118.0134 0.0496 1.260 
M281 Low-Carbon Steel, Lot M 189.20 50.88 1.598 7.91 7.94 1.990 118.0693 117.7003 0.0456 1.158 

•SA =Specimen was retained for surface analysis. 



APPENDIX 8-3 
Individual Sgg!Oim!lD Qata,, SgiiJ-Wglded QQD1aiD!If: I!l~1 ~g. 2a 

Test No.: 28 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (12 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, lbickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen T:xpe ___mm_ __mm_ DUD mm mm ..J!m2.... a a ropy wnJyr 

182 Low-Carbon Steel, Lot 1 189.04 80.06 0.702 7.99 7.97 3.048 82.0773 81.3106 0.0617 1.568 
183 Low-Carbon Steel, Lot 1 189.04 80.05 0.694 7.97 7.97 3.047 80.3571 79.3098 0.0844 2.143 
184 Low-Carbon Steel, Lot 1 189.05 80.05 0.701 7.96 7.97 3.048 81.1452 80.2389 0.0730 1.854 
1282 Low-Carbon Sted, Lot 1 189.23 50.95 0.713 7.98 7.98 1.946 52.0976 SA* SA SA 
1283 Low-Carbon Steel, Lot 1 189.22 50.96 0.699 7.96 7.96 1.946 51.0211 50.6394 0.0482 1.223 
1284 Low-Carbon Steel, Lot 1 189.22 50.96 0.703 7.99 7.96 1.946 51.3464 50.9825 0.0459 1.166 

K82 Low-Carbon Sted, Lot K 188.99 80.03 0.860 7.97 7.95 3.056 100.4228 99.4067 0.0816 2.073 

txl 
K83 Low-Carbon Sted, Lot K 189.00 80.02 0.877 7.97 7.96 3.056 101.9646 100.6979 0.1017 2.584 

I K84 Low-Carbon Sted, Lot K 189.01 80.05 0.870 1.95 7.96 3.057 101.3292 100.4551 0.0702 1.783 
N 

K282 Low-Carbon Sted, Lot K 189.18 50.90 0.865 7.96 7.98 1.952 63.8153 SA SA SA 'D 
K283 Low-Carbon Sted, Lot K 189.18 50.93 0.859 1.95 7.96 1.953 63.3199 628758 0.0558 1.418 
K284 Low-Carbon Sted, Lot K 189.21 50.94 0.859 1.95 7.94 1.953 63.2987 625052 0.0997 2.533 

L82 Low-Carbon Sted, Lot L 188.98 80.02 1.565 8.00 7.98 3.096 182.3109 181.8291 0.0382 0.970 
L83 Low-Carbon Sted, Lot L 188.94 79.98 1.552 7.98 7.96 3.094 181.0362 180.7109 0.0258 0.656 
L84 Low-Carbon Sted, Lot L 188.94 79.98 1.571 7.97 7.98 3.095 182.1545 181.7372 0.0331 0.841 
L282 Low-Carbon Sted, Lot L 189.22 50.89 1.567 7.95 7.93 1.989 115.4343 115.0263 0.0504 1.279 
L283 Low-Carbon Steel, Lot L 189.18 50.81 1.497 1.95 7.95 1.982 109.6492 109.3121 0.0418 1.061 
L284 Low-Carbon Sted, Lot L 189.17 50.80 1.508 7.96 7.96 1.982 110.1402 SA SA SA 

M82 Low-Carbon Sted, Lot M 189.00 80.12 1.584 7.96 7.98 3.102 186.4713 185.6583 0.0643 1.634 
M83 Low-Carbon Steel, Lot M 188.97 80.10 1.545 7.96 8.01 3.098 181.7548 181.1451 0.0483 1.227 
M84 Low-Carbon Steel, Lot M 188.98 80.08 1.588 7.99 7.97 3.100 186.5229 185.7996 0.0573 1.455 
M282 Low-Carbon Steel, Lot M 189.19 50.83 1.569 7.96 7.96 1.987 116.1085 SA SA SA 
M283 Low-Carbon Steel, Lot M 189.16 50.84 1.601 7.96 7.95 1.988 118.8486 118.4332 0.0513 1.303 
M284 Low-Carbon Steel, Lot M 189.14 50.81 1.535 7.96 7.94 1.984 113.8922 113.4784 0.0512 1.301 

•SA = Specimen was retained for surface analysis. 
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APPENDIX B-4 
Individual Soecimen Data Seal-Welded Container Test No. 7 

Test No.: 7 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ C02 (10 atm) 
Test Temperature: 30 ±5"C 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final WL, Rate, Rate, 

S;gecjmen Ty,pe ___mm,_ ___mm_ mm mm mm .J1ml... i i mpy wnfyr 

119 Low-Carbon Steel, Lot 1 189.13 85.78 0.701 8.09 8.10 3.266 87.4959 87.4712 0.015 0.373 
120 Low-Carbon Steel, Lot 1 189.13 85.78 0.711 8.01 8.00 3.267 88.4081 88.3855 0.013 0.341 
121 Low-Carbon Steel, Lot 1 189.13 85.78 0.710 8.01 8.01 3.267 87.8460 87.8149 0.018 0.470 
1219 Low-Carbon Steel, Lot 1 189.58 50.98 0.720 8.01 8.01 1.951 52.7502 52.7276 0.022 0.571 
1220 Low-Carbon Steel, Lot 1 189.59 50.98 0.720 8.02 8.01 1.951 52.6166 SA• SA SA 
1221 Low-Carbon Steel, Lot 1 189.59 50.98 0.682 8.03 8.02 1.949 50.7769 50.7373 0.039 1.002 

t:C K19 Low-Carbon Steel, Lot K 189.11 85.77 0.862 7.99 8.00 3.276 108.7068 108.6909 0.009 0.239 
I 

K20 Low-Carbon Steel, Lot K 189.11 85.77 0.867 8.00 8.00 3.276 109.4164 109.4028 0.008 0.205 w 
N K21 Low-Carbon Steel, Lot K 189.11 85.78 0.875 8.00 8.00 3.277 109.3517 109.3401 0.007 0.17.5 

K219 Low-Carbon Steel, Lot K 189.58 50.97 0.889 8.00 8.00 1.960 65.5730 65.5643 0.009 0.219 
K220 Low-Carbon Steel, Lot K 189.58 50.97 0.888 8.00 8.00 1.960 65.5550 65.5480 0.007 0.176 
K221 Low-Carbon Steel, Lot K 189.58 50.97 o.8n 8.01 8.00 1.959 64.7891 SA SA SA 

L19 Low-Carbon Steel, Lot L 189.13 85.80 1.490 7.98 7.97 3.315 187.2841 187.2598 0.014 0.362 
L20 Low-Carbon Steel, Lot L 189.13 85.80 1.532 7.97 7.96 3.317 192.5109 192.4857 0.015 0.375 
L21 Low-Carbon Steel, Lot L 189.13 85.80 1.490 7.98 7.97 3.315 187.9035 187.8749 0.017 0.426 
L219 Low-Carbon Steel, Lot L 189.60 50.99 1.538 7.97 7.98 1.995 113.3141 113.2979 0.016 0.401 

L220 Low-Carbon Steel, Lot L 189.60 50.99 1.544 7.99 7.99 1.996 113.9537 113.9315 0.022 0.549 
L221 Low-Carbon Steel, Lot L 189.60 50.98 1.559 7.99 7.98 1.996 115.4085 SA SA SA 

M19 Low-Carbon Steel, Lot M 189.12 84.35 1.613 7.97 7.97 3.267 200.1505 200.1297 0.012 0.314 

M20 Low-Carbon Steel, Lot M 189.12 84.35 1.620 7.98 7.98 3.267 200.4969 200.4733 0.014 0.356 

M21 Low-Carbon Steel, Lot M 189.13 85.81 1.575 7.98 7.98 3.320 198.1883 198.1654 0.013 0.340 

M219 Low-Carbon Steel, Lot M 189.61 50.98 1.552 7.98 7.98 1.996 115.2150 115.2049 0.010 0.250 

M220 Low-Carbon Steel, Lot M 189.60 50.98 1.592 7.99 7.98 1.998 118.3897 SA SA SA 

M221 Low-Carbon Steel, Lot M 189.60 50.98 1.579 7.98 7.98 1.997 117.9729 117.9509 0.021 0.543 

• SA= Specimen was retained for surface analysis. 



APPENDIX B-4 
lodjyidual Specimen Data Seal-Welded Container Test No 8 

TestNo.: 8 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ C02 (1 0 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length. Width, Thickness, ID, ID, Area. Initial Wt., Final Wt, Rate, Rate, 

Sgx;jmep Ime mm _mm_ rom rom mm ...dm2.. r ropy wn!Jr 

122 Low-Carbon Steel, LQt J 189.14 85.79 0.718 7.99 7.99 3.268 88.1511 88.1247 0.016 0.398 
J23 Low-Carbon Steel, LQt J 189.14 85.78 0.709 7.99 7.99 3.267 88.5012 88.4797 0.013 0.325 
J24 Low-Carbon Steel, Lot J 189.14 85.79 0.705 7.99 7.99 l.268 87.4136 87.3831 0.018 0.460 
1222 Low-Carbon Steel, Lot J 189.62 50.98 0.685 7.99 7.99 1.950 50.6810 SA* SA SA 
J223 Low-Carbon Steel, Lot J 189.63 50.99 0.692 8.00 8.00 1.951 50.7238 50.7028 0.021 0.531 
1224 Low-Carbon Steel, LQt J 189.61 50.98 0.695 8.00 7.99 1.950 51.3646 51.3354 0.029 0.739 

tt1 K22 Low-Carbon Steel, Lot K 189.15 85.78 0.872 7.97 7.97 3.277 109.1905 109.1701 0.012 0.307 
I K23 Low-Carbon Steel, Lot K 189.14 85.79 0.872 7.97 7.96 3.278 109.0113 108.9867 0.015 0.370 w 
w K24 Low-Carbon Steel. Lot K 189.14 85.78 0.875 7.97 7.96 3.277 109.4165 109.3997 0.010 0.253 

K222 Low-Carbon Steel, Lot K 189.60 50.98 0.886 7.97 7.97 1.960 65.5292 65.5115 0.018 0.445 
K223 Low-Carbon Steel, Lot K 189.59 50.98 0.884 7.98 7.97 1.960 65.4462 65.4335 0.013 0.320 
K224 Low-Carbon Steel, LQt K 189.59 50.98 0.870 7.98 7.98 1.959 64.5470 SA SA SA 

L22 Low-Carbon Steel, Lot L 189.14 85.79 1.484 7.98 7.97 3.314 185.6642 185.6345 0.017 0.442 
L23 Low-Carbon Steel, Lot L 189.14 85.79 1.543 7.98 7.97 3.318 194.4421 194.4154 0.016 0.397 
L24 Low-Carbon Steel, Lot L 189.15 85.79 1.539 7.99 ·1.98 3.318 192.8785 192.8516 0.016 OAOO 
L222 Low-Carbon Steel, Lot L 189.59 50.99 1.545 7.98 7.99 1.996 114.0443 SA SA SA 
L223 Low-Carbon Steel, LQt L 189.59 50.98 1.552 7.98 7.98 1.996 115.1881 115.1557 0.032 0.801 
L224 Low-Carbon Steel, LQt L 189.58 50.99 1.513 7.99 7.99 1.994 112.1181 112.0915 0.026 0.658 

M22 Low-Carbon Steel, Lot M 189.14 84.39 1.587 7.98 7.98 3.267 196.0964 196.0682 0.017 0.426 
M23 Low-Carbon Steel, Lot M 189.14 84.39 1.580 7.99 7.98 3.267 194.8490 194.8226 0.016 0.399 
M24 Low-Carbon Steel, Lot M 189.15 84.39 1.626 7.98 7.98 3.270 200.8466 200.8174 O.ot7 0.441 
M222 Low-Carbon Steel, Lot M 189.58 50.99 1.614 7.99 7.98 1.999 120.0831 SA SA SA 
M223 Low-Carbon Steel, LQt M 189.59 50.99 1.609 8.00 7.99 1.999 120.3188 120.3062 0.012 0.311 
M224 Low-Carbon Steel, Lot M 189.58 50.99 1.587 8.00 7.98 1.998 118.2353 118.2107 0.024 0.608 

*SA =Specimen was retained for swface analysis. 



APPENDIX 8-4 
lndjyjdual Specimen Data. Seal-Welded Container Test No. 15 

TestNo: 15 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ C02 (1 0 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, 10, Area. Initial Wt., Final Wt, Rate, Rate, 

Specimen me __mm_ mm mm mm mm ..Jim2_ ~ ropy LLrnlvr 

143 Low-Carbon Steel, Lot 1 188.94 80.09 0.711 8.00 7.98 3.048 81.6922 81.6774 0.0047 0.119 
144 Low-Carbon Steel, Lot 1 188.95 80.08 0.704 8.00 7.95 3.048 81.1870 81.1682 0.0060 0.152 
145 Low-Carbon Steel, Lot 1 188.94 80.07 0.702 8.02 7.99 3.047 80.4568 80.4208 0.0114 0.291 
1243 Low-Carbon Steel, Lot 1 188.80 50.74 0.710 8.02 7.98 1.933 51.2853 51.2567 0.0143 0.364 
1244 Low-Carbon Steel, Lot 1 188.80 50.73 0.712 8.08 7.88 1.933 51.5502 SA• SA SA 
1245 Low-Carbon Steel, Lot 1 188.77 50.72 0.714 7.95 8.05 1.933 51.4095 51.3405 0.0346 0.879 

K43 Low-Carbon Steel, Lot K 188.91 80.09 0.864 8.01 8.01 3.057 100.0602 99.9801 0.0254 0.645 
co K44 Low-Carbon Steel, Lot K 188.91 80.09 0.868 8.01 8.01 3.057 100.7607 100.6312 0.0410 1.042 I 
!,U K45 Low-Carbon Steel, Lot K 188.91 80.08 0.866 8.01 8.00 3.056 100.2789 100.2519 0.0086 0.217 

""" K243 Low-Carbon Steel, Lot K 188.88 50.78 0.879 8.01 8.01 1.945 64.1399 64.1197 0.0101 0.256 
K244 Low-Carbon Steel, Lot K 188.89 50.71 0.885 8.01 8.01 1.942 64.5459 64.4956 0.0251 0.637 
K245 Low-Carbon Steel, Lot K 188.89 50.20 0.874 8.02 8.02 1.922 63.0785 SA SA SA 

L43 Low-Carbon Steel, Lot L 188.90 80.01 1.501 8.02 8.01 3.091 175.6515 175.5875 0.0201 0.509 
L44 Low-Carbon Steel, Lot L 188.90 80.02 1.507 8.02 8.01 3.092 176.2958 176.2439 0.0163 0.413 
L45 Low-Carbon Steel, Lot L 188.91 80.02 1.509 8.01 8.01 3.092 175.1453 175.1023 0.0135 0.342 
L243 Low-Carbon Steel, Lot L 188.87 50.77 1.548 8.02 8.02 1.980 113.2535 SA SA SA 
L244 Low-Carbon Steel, Lot L 188.87 50.75 1.506 8.02 8.01 1.977 109.3093 109.2521 0.0280 0.712 
L245 Low-Carbon Steel, Lot L 188.87 50.27 1.543 8.02 8.02 1.960 111.7084 111.6328 0.0374 0.949 

M43 Low-Carbon Steel, Lot M 188.89 80.05 1.608 8.02 8.01 3.099 188.2269 188.1949 0.0100 0.254 
M44 Low-Carbon Steel, Lot M 188.90 80.04 1.584 8.02 8.01 3.097 184.9015 184.8665 0.0109 0.278 
M45 Low-Carbon Steel, Lot M 188.89 80.05 1.619 8.01 8.01 3.099 189.3780 189.3368 0.0129 0.327 
M243 Low-Carbon Steel, Lot M 188.91 50.77 1.559 8.02 8.01 1.981 114.0451 114.0240 0.0103 0.262 
M244 Low-Carbon Steel, Lot M 188.89 50.76 1.558 8.02 8.02 1.980 114.1413 114.0999 0.0203 0.515 
M245 Low-Carbon Steel, Lot M 188.90 50.76 1.562 8.01 8.01 1.980 113.7145 SA SA SA 

• SA -Specimen was retained for surface analysis. 



APPENDIX B-4 
lodi~dual Sg~m!m 05!.15!.. Siiiii-Wwded QQOlS!.io!!r I!til ~Q. l § 

Test No: 16 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor+ C02 (10 alrn) 
Test Ternpenture: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Ma1erial Length, Width, Thickness, ID, ID, Area. Initial Wt., Final Wt, Rate, Rate, 

Specimen Type rnrn mrn mm mm mm _Qm£_ !! !! ropy u.rn/yr 

146 Low-Carbon Steel, Lot 1 188.95 80.07 0.704 8.00 8.00 3.047 80.5476 80.5206 0.0086 0.218 
147 Low-Carbon Steel, Lot 1 188.95 80.07 0.708 7.98 7.94 3.048 81.2328 81.1523 0.0256 0.650 
148 Low-Carbon Steel, Lot 1 188.94 80.06 0.713 7.98 7.98 3.047 81.5028 81.4719 0.0098 0.250 
1246 Low-Carbon Steel, Lot 1 188.78 50.72 0.711 8.00 8.00 1.933 51.5578 51.5449 0.0065 0.164 
1247 Low-Carbon Steel, Lot 1 188.78 50.72 0.706 8.00 8.00 1.932 50.9101 SA• SA SA 
1248 Low-Carbon Steel, Lot 1 188.78 50.68 0.710 7.95 8.03 1.931 51.4672 51.4508 0.0082 0.209 

K46 Low-Carbon Steel, Lot K 188.89 80.07 0.863 8.02 8.02 3.055 100.1253 100.0712 O.ot72 0.436 c::l K47 Low-Carbon Steel, Lot K 188.86 80.04 0.885 8.02 8.02 3.055 102.7517 102.6885 0.0200 0.509 I 
!.;.) 

K48 Low-Carbon Steel, Lot K 188.85 80.03 0.882 8.02 8.02 3.054 102.1519 102.0891 0.0199 0.506 lJ1 

K246 Low-Carbon Steel, Lot K 188.90 50.66 0.865 8.02 8.01 1.940 63.1837 63.0895 0.0470 1.195 
K247 Low-Carbon Steel, Lot K 188.91 50.70 0.877 8.02 8.02 1.942 63.4839 SA SA SA 
K248 Low-Carbon Steel, Lot K 188.91 50.76 0.869 8.02 8.01 1.944 63.0387 63.0012 0.0187 0.475 

L46 Low-Carbon Steel, Lot L 188.91 80.03 1.512 8.02 8.02 3.092 176.3947 176.3588 0.0112 0.286 
L47 Low-Carbon Steel, Lot L 188.91 80.02 1.509 8.03 8.02 3.092 175.6374 175.5947 0.0134 0.340 us Low-Carbon Steel, Lot L 188.92 80.01 1.509 8.02 8.02 3.092 175.4664 175.4066 0.0187 0.476 
L246 Low-Carbon Steel, Lot L 188.88 50.49 1.562 8.03 8.02 1.970 112.9453 112.8699 0.0371 0.942 
L247 Low-Carbon Steel, Lot L 188.84 50.75 1.500 8.03 8.03 1.976 109.7192 109.6457 0.0360 0.915 
L248 Low-Carbon Steel, Lot L 188.84 50.75 1.555 8.04 8.03 1.979 113.1176 SA SA SA 

M46 Low-Carbon Steel, Lot M 188.89 80.03 1.582 8.03 8.02 3.096 185.4076 185.3686 0.0122 0.310 
M47 Low-Carbon Steel, Lot M 188.86 80.00 1.590 8.02 8.02 3.095 186.6108 186.5414 0.0217 0.552 
M48 Low-Carbon Steel, Lot M 188.83 79.98 1.590 8.02 8.02 3.094 185.7308 185.6967 0.0107 0.271 
M246 Low-Carbon Steel, Lot M 188.90 50.76 1.604 8.03 8.02 1.982 117.9382 117.9264 0.0058 0.146 
M247 Low-Carbon Steel, Lot M 188.87 50.74 1.611 8.02 8.02 1.982 117.2196 SA SA SA 
M248 Low-Carbon Steel, Lot M 188.87 50.73 1.609 8.03 8.02 1.981 118.2908 118.2547 0.0177 0.448 

• SA =Specimen was retained for surface analysis. 



APPENDIX B-4 
llldi~dual ~~im!ID PmSL S!!ii!.HY!!Id!ld QQDlS!.imu I!!~ ~!2. 2:3 

Test No: 23 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor +C02 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Tirickness, ID, ID, Area, Initial Wt, Final Wt., Rate, Rate, 

S~en Ty_pe ---'llDL. mm mm mm mm _1!ml.... & & mpy um!yr 

161 Low-Carbon Steel, Lot 1 189.08 79.96 0.701 7.88 7.93 3.045 81.3418 813227 0.0031 0.080 
168 Low-Carbon Steel, Lot 1 189.09 79.98 0.710 7.86 7.88 3.047 81.9931 81.9693 0.0039 0.099 
169 Low-Carbon Steel, Lot 1 189.08 79.96 0.705 7.90 7.88 3.046 81.7696 81.7274 0.0069 0.176 
1261 Low-Carbon Steel, Lot 1 189.15 50.67 0.720 7.92 7.89 1.935 51.7629 51.7503 0.0032 0.083 
1268 Low-Carbon Steel, Lot 1 189.14 50.65 0.731 7.89 7.90 1.935 521323 52.1189 0.0035 0.088 
1269 Low-Carbon Steel, Lot J 189.14 50.74 0.708 7.86 7.90 1.937 51.1253 SA* SA SA 

K67 Low-Carbon Steel, Lot K 189.13 80.01 0.866 7.91 7.92 3.058 100.4655 100.4378 0.0045 0.115 

t:t;j K68 Low-Carbon Steel, Lot K 189.14 80.00 0.879 7.89 7.90 3.058 1021231 102.1036 0.0032 0.081 
I K69 Low-Carbon Steel, Lot K 189.14 80.00 0.871 7.91 7.93 3.058 101.5011 101.4825 0.0030 0.077 w 

0'1 K267 Low-Carbon Steel, Lot K 189.08 50.63 0.871 7.92 7.89 1.941 63.5558 SA SA SA 
K268 Low-Carbon Steel, Lot K 189.08 50.77 0.881 7.83 7.86 1.947 64.0648 64.0547 0.0026 0.066 
K269 Low-Carbon Steel, Lot K 189.08 50.60 0.874 7.89 7.89 1.940 63.6321 63.6177 0.0037 0.094 

L67 Low-Carbon Steel, Lot L 189.18 80.02 1.496 7.94 7.93 3.096 174.6833 174.6585 0.0040 0.102 
L68 Low-Carbon Steel, Lot L 189.18 80.02 1.498 7.95 7.95 3.096 174.8022 174.7669 0.0057 0.145 
L69 Low-Carbon Steel, Lot L 189.18 80.02 1.544 7.97 7.96 3.099 179.6399 179.5993 0.0065 0.166 
L267 Low-Carbon Steel, Lot L 189.18 50.75 1.493 7.99 7.98 1.979 109.5154 109.4940 0.0054 0.137 
L268 Low-Carbon Steel, Lot L 189.17 50.76 1.531 7.96 7.97 1.982 1126513 112.6285 0.0057 0.146 
L269 Low-Carbon Steel, Lot L 189.19 50.79 1.561 7.98 7.98 1.985 114.6015 SA SA SA 

M67 Low-Carbon Steel, Lot M 189.35 80.19 1.576 7.97 7.96 3.110 185.1187 185.1020 0.0027 0.068 
M68 Low-Carbon Steel, Lot M 189.38 80.20 1.608 7.95 7.96 3.113 189.0036 188.9802 0.0038 0.095 
M69 Low-Carbon Steel, Lot M 189.37 80.21 1.557 7.98 7.98 3.110 1826606 182.6320 0.0046 0.117 
M267 Low-Carbon Steel, Lot M 189.12 50.68 1.565 7.95 7.97 1.980 113.6987 113.6856 0.0033 0.084 
M268 Low-Carbon Steel, Lot M 189.12 50.35 1.551 8.00 7.99 1.966 1126640 112.6483 0.0040 0.101 
M269 Low-Carbon Steel, Lot M 189.13 50.29 1.546 7.99 8.00 1.964 112.4100 SA SA SA 

• SA =Specimen was retained for surface analysis. 
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Test No: 24 
Test Type: Vapor Phase Exposure 
Test Environment: Simulated WIPP Brine A Vapor +C02 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, 10, 10, Area, Initial WL, Final Wt., Rate, Rate, 

Specimen Ty:pe mm mm mm mm mm ..J!m2.... K K ropy LLmlyr 

J70 Low-Carbon Steel, Lot J 189.10 79.98 0.703 7.91 7.92 3.046 81.6353 81.6148 0.0034 0.085 
J71 Low-Carbon Steel, Lot J 189.11 80.00 0.700 7.94 7.90 3.047 81.6443 81.6218 0.0037 0.094 
J72 Low-Carbon Steel, Lot J 189.10 79.98 0.708 7.93 7.92 3.047 81.4066 81.3738 0.0054 0.136 
1270 Low-Carbon Steel, Lot J 189.18 50.76 0.729 7.92 7.96 1.939 51.2001 51.1890 0.0029 0.073 
J271 Low-Carbon Steel, Lot J 189.20 50.47 0.703 7.89 7.92 1.927 50.2557 50.2402 0.0040 0.102 
J272 Low-Carbon Steel, Lot J 189.21 50.78 0.710 7.88 7.93 1.940 51.4334 SA• SA SA 

K70 Low-Carbon Steel, Lot K 189.18 80.02 0.884 7.93 7.96 3.060 101.7218 101.6887 0.0054 0.137 
t:C K71 Low-Carbon Steel, Lot K 189.17 80.09 0.875 7.90 7.88 3.062 101.5879 101.5657 0.0036 0.092 

I K72 Low-Carbon Steel, Lot K 189.18 80.04 0.869 7.90 7.90 3.060 101.1717 101.1494 0.0036 0.092 w 
-l K270 Low-Carbon Steel, Lot K 189.09 50.77 0.865 7.90 7.89 1.946 63.2157 SA SA SA 

K271 Low-Carbon Steel, Lot K 189.10 50.79 0.856 7.98 7.96 1.946 62.7625 62.7484 0.0036 0.092 
K272 Low-Carbon Steel, Lot K 189.07 50.70 0.870 7.94 7.95 1.943 63.1447 63.1213 0.0060 0.153 

L70 Low-Carbon Steel, Lot L 189.21 80.02 1.556 7.96 7.94 3.100 181.4153 181.3846 0.0049 0.126 
L71 Low-Carbon Steel, Lot L 189.20 80.03 1.533 7.93 7.94 3.099 178.5215 178.4916 0.0048 0.122 
L72 Low-Carbon Steel, Lot L 189.19 80.03 1.559 7.94 7.95 3.100 181.3424 181.2958 0.0075 0.191 
L270 Low-Carbon Steel, Lot L 189.21 50.81 1.550 7.96 7.94 1.985 113.4394 113.4151 0.0061 0.155 
L271 Low-Carbon Steel, Lot L 189.20 50.76 1.501 7.95 7.95 1.980 110.3922 110.3708 0.0054 0.137 
L272 Low-Carbon Steel, Lot L 189.18 50.75 1.545 7.97 7.96 1.982 112.9268 SA SA SA 

M70 Low-Carbon Steel, Lot M 189.35 80.16 1.573 7.95 7.94 3.108 184.6148 184.5301 0.0136 0.345 
M71 Low-Carbon Steel, Lot M 189.32 80.16 1.602 7.96 7.96 3.110 187.4471 187.4000 0.0076 0.192 
M72 Low-Carbon Steel, Lot M 189.30 80.13 1.601 7.94 7.94 3.108 187.0564 187.0282 0.0045 0.115 
M270 Low-Carbon Steel, Lot M 189.12 50.38 1.545 7.94 7.94 1.967 112.9702 SA SA SA 
M271 Low-Carbon Steel, Lot M 189.13 50.47 1.550 7.95 7.95 1.971 113.1766 113.1569 0.0050 0.127 
M272 Low-Carbon Steel, Lot M 189.13 50.29 1.608 7.95 7.94 1.967 116.7650 116.7324 0.0083 0.210 

• SA =Specimen was retained for surface analysis. 
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Test No.: 31 
Test Type: Vapor Phase Exposure 
Test Environment: Simulaled WIPP Brine A Vapor+ 002 (10 alm) 
Test Tempc:nture: 30 ±5•c 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Mal erial Length, Width, Thickness, ID, ID, Area. Initial Wt, Final Wt, Rate, Rale, 

Specimen TYPe __mm_ _mm_ mm mm mm ...QmL g g mpy um/yr 

J91 Low .Carbon Steel, Lot J 189.00 79.96 0.690 7.93 7.93 3.043 80.2830 80.2563 0.0022 0.055 
J92 Low .Carbon Steel, Lot J 189.02 79.96 0.701 7.93 7.93 3.044 81.7406 81.7196 0.0017 0.043 
J93 Low .Carbon Steel, Lot J 189.02 79.94 0.701 7.91 7.94 3.044 80.9974 80.9676 0.0024 0.061 
J291 Low .Carbon Steel, Lot J 189.16 50.90 0.718 7.93 7.90 1.944 52.7647 SA• SA SA 
J292 Low .Carbon Steel, Lot J 189.12 50.87 0.717 7.91 7.92 1.942 52.8664 52.8493 0.0022 0.055 
J293 Low-Carbon Steel, Lot J 189.11 50.87 0.712 7.93 7.91 1.942 51.8954 51.8661 0.0037 0.094 

K91 Low .Carbon Steel, Lot K 188.91 79.97 0.856 7.92 7.92 3.052 99.7789 99.7595 0.0016 0.040 

o::l 
K92 Low .Carbon Steel, Lot K 188.92 79.97 0.881 7.93 7.93 3.054 101.8044 101.7821 0.0018 0.046 

I K93 Low .Carbon Steel, Lot K 188.91 79.95 0.887 7.92 7.94 3.053 103.4581 103.4119 0.0037 0.095 
(jJ 

K291 Low .Carbon Steel, Lot K 189.14 50.84 0.870 7.95 7.92 1.949 64.1470 64.1277 0.0024 0.062 00 

K292 Low .Carbon Steel, Lot K 189.10 50.84 0.865 7.94 7.90 1.949 63.8962 SA SA SA 
K293 Low-Carbon Steel, Lot K 189.16 50.82 0.874 7.94 7.92 1.949 64.5834 64.5633 0.0025 0.065 

L91 Low-Carbon Steel, Lot L 188.92 79.94 1.571 7.92 7.93 3.093 181.4198 181.3852 0.0028 0.070 
L92 Low-Carbon Steel, Lot L 188.91 79.94 1.556 7.93 7.94 3.092 180.3477 180.3136 0.0027 0.069 
L93 Low-Carbon Steel, Lot L 188.89 79.93 1.563 7.93 7.92 3.092 181.6635 181.6275 0.0029 0.073 
L291 Low-Carbon Steel, Lot L 189.15 50.82 1.506 7.94 7.92 1.983 110.2253 SA SA SA 
L292 Low-Carbon Steel, Lot L 189.16 50.84 1.535 7.94 7.93 1.985 112.9923 112.9612 0.0039 0.098 
L293 Low-Carbon Steel, Lot L 189.16 50.80 1.567 7.94 7.93 1.985 114.4277 114.3849 0.0053 0.135 

M91 Low-Carbon Steel, Lot M 188.89 80.06 1.579 7.93 7.92 3.098 185.8753 185.8465 0.0023 0.058 
M92 Low-Carbon Steel, Lot M 188.91 80.05 1.595 7.93 7.93 3.098 185.6871 185.6585 0.0023 0.058 
M93 Low-Carbon Steel, Lot M 188.89 80.05 1.597 7.92 7.92 3.098 186.3069 186.2770 0.0024 0.060 
M291 Low-Carbon Steel, Lot M 189.08 50.75 1.601 7.94 7.92 1.984 117.9399 117.9213 0.0023 0.059 
M292 Low-Carbon Steel, Lot M 189.11 50.79 1.609 7.93 7.93 1.986 118.5022 SA SA SA 
M293 Low-Carbon Steel, Lot M 189.13 50.79 1.608 7.93 7.92 1.987 118.4315 118.4123 0.0024 0.061 

•SA =Specimen was retained for surface analysis. 
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Individual Specimen Data. Seal-Welded Container Test No. 32 

Test No.: 32 
Test Type: Vapor Phase Exposure 
Test Environmenl: Simulated WIPP Brine A Vapor+ C02 (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 24 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen Ty,pe _mm_ __mm_ mm mm mm ....Qml_ g g mpy wnJyr 

194 Low-Carbon Steel, Lot 1 189.02 79.rn 0.697 7.91 7.95 3.044 80.8992 80.8710 0.0023 0.058 
195 Low-Carbon Steel, Lot 1 189.04 79.95 0.709 7.94 7.94 3.045 82.5590 825361 0.0019 0.047 
196 Low-Carbon Steel, Lot 1 189,07 79.93 0.696 7.94 7.92 3.044 80.5701 80.5428 0.0022 0.056 
1294 Low-Carbon Steel, Lot 1 189.11 50.85 0.711 7.93 7.93 1.941 51.3962 SA• SA SA 
1295 Low-Carbon Steel, Lot 1 189.00 50.86 0.702 7.92 7.90 1.940 51.6423 51.6307 0.0015 0.037 
1296 Low-Carbon Steel, Lot 1 189.03 50.85 0.706 7.93 7.92 1.940 51.5334 51.5161 0.0022 0.056 

K94 Low-Carbon Steel, Lot K 188.91 80.00 0.863 7.91 7.94 3.054 100.8548 100.8176 0.0030 0.076 

t:C 
K95 Low-Carbon Steel, Lot K 188.93 79.95 0.872 7.92 7.94 3.052 101.1040 101.0148 0.0072 0.183 

1 K96 Low-Carbon Steel, Lot K 188.91 79.95 0.864 7.91 7.92 3.052 100.6818 100.5488 0.0107 0.272 
~ 

K294 Low-Carbon Steel, Lot K 189.18 50.83 0.866 7.92 7.92 1.949 64.1060 SA SA SA \f:) 

K295 Low-Carbon Steel, Lot K 189.13 50.84 0.862 7.92 7.93 1.949 63.6030 63.5816 0.0027 0.069 
K296 Low-Carbon Steel, Lot K 189.12 50.81 0.878 7.93 7.90 1.949 64.2733 64.2490 0.0031 0.078 

L94 Low-Carbon Steel, Lot L 188.94 79.94 1.557 7.93 7.93 3.093 180.8542 180.8178 0.0029 0.074 
L95 Low-Carbon Steel, Lot L 188.90 79.94 1.557 7.95 7.93 3.092 181.5524 181.5187 0.0027 0.068 
L96 Low-Carbon Steel, Lot L 188.92 79.96 1.573 7.94 7.92 3.094 181.8120 181.7717 0.0032 0.081 
L294 Low-Carbon Steel, Lot L 189.17 50.79 1.559 7.94 7.94 1.984 113.6946 113.6669 0.0034 0.087 
L295 Low-Carbon Steel, Lot L 189.20 50.89 1.549 7.93 7.95 1.988 113.6312 113.6047 0.0033 0.083 
L296 Low-Carbon Steel, Lot L 189.16 50.85 1.546 7.93 7.95 1.986 113.3702 SA SA SA 

M94 Low-Carbon Steel, Lot M 188.94 80.05 1.595 7.93 7.93 3.099 187.1926 SA SA SA 
M95 Low-Carbon Steel, Lot M 188.94 80,03 1.592 7.91 7.90 3.098 186.8385 186.5938 0.0194 0.494 
M96 Low-Carbon Steel, Lot M 188.91 79.99 1.610 7.93 7.92 3.097 189.2964 189.2558 0.0032 0.082 
M294 Low-Carbon Steel, Lot M 189.12 50.79 1.607 7.95 7.96 1.986 118.3168 118.2919 0.0031 0.078 
M295 Low-Carbon Steel, Lot M 189.12 50.74 1.568 7.94 7.93 1.982 115.7260 SA SA SA 
M296 Low-Carbon Steel, Lot M 189.11 50.76 1.606 7.94 7.94 1.985 118.4649 118.4357 0.0036 0.092 

•SA = Specimen was retained for surface analysis. 
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APPENDIX B-5 
Individual Specimen Corrosion-Bate Data Autoclave Test AUT-1 

Test No.: AUT-I 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2 Overpressure (70 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

S~Wmen Txpe _mm..._ -IWD....,_ mm rom mm .J1m2_ 1: 1: mpy wnJyr 

1297 Low-Carbon Steel, Lot 1 191.05 51.49 o.6n 7.98 7.97 1.984 49.8704 49.8447 0.013 0.331 
1298 Low-Carbon Steel, Lot 1 191.30 51.50 0.671 7.98 7.98 1.986 50.1519 50.1270 0.013 0.320 
1299 Low-Carbon Steel, Lot J 191.24 51.38 0.690 7.98 7.98 1.982 51.2650 51.2408 0.012 0.312 
1300 Low-Carbon Steel, Lot 1 190.93 51.50 0.700 7.98 7.98 1.984 51.9040 51.8808 0.012 0.299 
1301 Low-Carbon Steel, Lot 1 192.91 51.57 0.710 7.98 7.98 2.008 52.7437 52.7189 0.012 0.316 

K297 Low-Carbon Steel, Lot K 190.31 51.41 0.876 7.97 7.96 1.984 64.4697 64.4349 0.018 0.448 

o::l K298 Low-Carbon Steel, Lot K 190.44 51.34 0.862 7.98 7.97 1.981 63.9087 63.8803 0.014 0.366 
I K299 Low-Carbon Steel, Lot K 190.52 51.38 0.863 7.98 7.97 1.984 64.4015 64.3738 0.014 0.357 "'" tv 1000 Low-Carbon Steel, Lot K 190.53 51.33 0.854 7.99 7.97 1.982 62.8801 62.8484 0.016 0.409 

1001 Low-Carbon Steel, Lot K 190.39 51.38 0.837 7.98 7.98 1.981 61.1923 61.1603 0.016 0.413 
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APPENDIX B-6 
lndjvjdua! Soedmen Corrosion-Bate Data Autoclave Test AUT-3 

Test No.: AUT-3 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2 Overpressure (36 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area. Initial Wt., Final WL, Rate, Rate, 

Specimen T)]!C __mm_ _mm_ mm mm mm ..J!mL i i ropy wnJvr 

1301 Low-Carbon Steel, Lot 1 191.26 51.48 0.679 7.96 7.96 1.986 50.5868 50.5549 0.008 0.204 
1308 Low-Carbon Steel, Lot 1 191.43 51.41 0.683 7.97 7.96 1.985 50.8966 50.8672 0.007 0.188 
1309 Low-Carbon Steel, Lot 1 191.24 51.44 0.672 7.98 7.97 1.983 50.4018 50.3710 0.008 0.197 
1310 Low-Carbon Steel, Lot 1 191.10 51.47 0.674 7.96 7.96 1.983 50.3097 50.2783 0.008 0.201 
1311 Low-Carbon Steel, Lot I 190.95 51.49 0.704 7.97 7.97 1.984 51.8678 51.8360 0.008 0.203 

K307 Low-Carbon Steel, Lot K 190.32 51.31 0.870 7.98 7.98 1.979 64.5367 64.5000 0.009 0.235 

Ctl K308 Low-Carbon Steel, Lot K 190.52 51.32 0.864 7.98 7.97 1.982 64.4370 64.3978 0.010 0.251 

t K309 Low-Carbon Steel, Lot K 190.35 51.33 0.862 7.99 7.98 1.980 64.1058 64.0708 0.009 0.224 
K310 Low-Carbon Steel, Lot K 190.39 51.32 0.862 7.99 7.97 1.980 63.8059 63.7624 O.Q11 0.278 
K311 Low-Carbon Steel, Lot K 190.48 51.32 0.855 8.00 7.98 1.981 62.8852 62.8440 0.010 0.264 
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AEEEt:H:.ll~ B:Z 
lndjyjdual Specimen Corrosjon-Rate Data A.utoc!ave Test AUI-4 

Test No.: AUT-4 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2 Overpressure (70 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 12 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, lbickness, ID, ID, Area, Initial Wt., Final Wt., Rate, Rate, 

Specimen Ty_pe ___mm_ ___mm_ mm mm mm ....slmL K K IDl!Y j,Lm[yr 

J312 Low-Carbon Steel, Lot J 191.24 51.44 0.689 7.96 7.97 1.984 50.9004 50.8725 0.007 0.178 
J313 Low-Carbon Steel, Lot J 190.97 51.51 0.711 7.99 7.97 1.985 52.4448 52.4148 0.008 0.191 
1314 Low-Carbon Steel, Lot J 190.96 51.49 0.694 7.98 7.97 1.984 51.4439 51.4127 0.008 0.199 
J315 Low-Carbon Steel, Lot J 191.00 51.49 0.699 7.97 7.96 1.984 52.1348 52.1020 0.008 0.209 
J316 Low-Carbon Steel, Lot J 191.04 51.45 0.694 7.96 7.96 1.983 51.4726 51.4402 0.008 0.207 

K312 Low-Carbon Steel, Lot K 190.54 51.06 0.863 7.98 7.98 1.972 63.4063 63.3721 0.009 0.220 
t:O K313 Low-Carbon Steel, Lot K 190.38 51.35 0.865 7.99 7.98 1.981 63.2425 63.1963 0.012 0.295 
I K314 Low-Carbon Steel, Lot K 190.57 51.07 0.860 7.97 7.97 1.972 63.6838 63.6391 0.011 0.287 +:-
0\ K315 Low-Carbon Steel, Lot K 190.46 51.32 0.865 7.99 7.98 1.981 64.0279 63.9831 0.011 0.287 

K316 Low-Carbon Steel, Lot K 190.50 51.42 0.873 7.98 7.97 1.986 64.4769 64.4353 0.010 0.265 
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APPENOIX B-8 
Individual Specimen Corrosion-Bate Data Autoclave Test AUT-2 

Test No.: AUT-2 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (73 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, 1hlckness, ID, ID, Area, Initial Wt., Final Wt, Rate, Rate, 

Specimen Ty;pe __mm_ __mm_ mm mm mm ..mnl. i i ropy wnJyr 

1302 Low-Carbon Steel, Lot 1 191.14 51.49 0.679 7.98 7.98 1.985 50.8021 50.5661 0.120 3.038 
1303 Low-Carbon Steel, Lot 1 191.19 51.50 0.691 7.98 7.97 1.986 51.9241 51.6993 0.114 2892 
1304 Low-Carbon Steel, Lot 1 191.92 51.50 0.704 7.98 7.97- 1.995 52.5896 52.3900 0.101 2.557 
1305 Low-Carbon Steel, Lot 1 191.27 51.47 0.719 7.98 7.98 1.987 53.9753 53.7833 0.097 2468 
1306 Low-Carbon Steel, Lot J 191.22 51.47 0.692 7.99 7.97 1.985 51.3828 51.1608 0.112 2857 

K302 Low-Carbon Steel, Lot K 190.55 51.37 0.846 7.98 7.97 1.983 62.0946 61.8530 0.123 3.113 

t:C K303 Low-Carbon Steel, Lot K 190.48 51.35 0.849 7.97 7.96 1.982 62.5359 62.2916 0.124 3.150 
I K304 Low-Carbon Steel, Lot K 190.44 51.39 0.853 7.97 7.96 1.983 62.9778 62.7334 0.124 3.149 

""" 00 K305 Low-Carbon Steel, Lot K 190.51 51.36 0.851 7.97 7.96 1.982 63.1314 62.8!!27 0.126 3.206 
K306 Low-Carbon Steel, Lot K 190.48 51.37 0.855 7.99 7.97 1.983 62.9294 62.6801 0.126 3.213 
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APPENDIX B-9 
Individual Specimen Corrosion-Bate Data Autoclave Test AUT-7 

Test No.: AUT-7 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (36 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 6 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt., Final Wt., Rate, Rate, 

Specimen Ty_pe __mm_ ___mm_ rnm mm mm ..J!ml.... i i ropy wnJyr 

J71 Low-Carbon Steel, Lot J 76.49 37.93 0.702 8.01 0.00 0.588 15.4834 14.9355 0.933 23.705 
172 Low-Carbon Steel, Lot J 76.48 37.94 0.699 8.01 0.00 0.588 15.4601 SA* SA SA 
173 Low-Carbon Steel, Lot J 76.21 36.99 0.691 8.00 0.00 0.571 14.8239 14.3717 0.793 20.143 
174 Low-Carbon Steel, Lot J 76.06 37.69 0.702 7.99 0.00 0.581 15.1808 14.6658 0.888 22.549 

K71 Low-Carbon Steel, Lot K 76.31 37.27 0.849 7.94 0.00 0.580 18.1103 17.5727 0.928 23.568 
K72 Low-Carbon Steel, Lot K 75.91 37.64 0.851 7.92 0.00 0.583 18.3776 17.7992 0.994 25.238 

ttl K73 Low-Carbon Steel, Lot K 76.13 37.77 0.842 8.00 0.00 0.586 18.1748 17.5995 0.983 24.962 
I K74 Low-Carbon Steel, Lot K 76.10 37.89 0.842 7.94 0.00 0.588 18.3229 17.7267 1.015 25.792 Ul 

0 

L71 Low-Carbon Steel, Lot L 76.11 37.64 1.485 7.97 0.00 0.600 31.5138 30.7021 1.354 34.389 
L7 2 Low-Carbon Steel, Lot L 76.26 37.93 1.474 7.93 0.00 0.606 32.3544 31.4590 1.480 37.592 
L7 3 Low-Carbon Steel, Lot L 76.09 37.99 1.450 7.98 0.00 0.605 31.7096 30.8561 1.413 35.899 
L7 4 Low-Carbon Steel, Lot L 76.00 37.69 1.474 7.99 0.00 0.600 31.7864 30.9307 1.428 36.278 

M71 Low-Carbon Steel, Lot M 76.42 37.93 1.541 7.93 0.00 0.609 34.1713 33.2661 1.489 37.819 
M72 Low-Carbon Steel, Lot M 76.21 36.80 1.545 7.98 0.00 0.590 33.1634 32.3331 1.410 35.821 
M73 Low-Carbon Steel, Lot M 76.38 37.71 1.565 7.96 0.00 0.606 34.5017 33.6498 1.409 35.780 
M74 Low-Carbon Steel, Lot M 76.02 37.81 1.542 7.96 0.00 0.604 33.9293 33.1291 1.327 33.712 

• SA= Specimen was retained for surface analysis. 
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Test No.: AUT-5 
Test Type: WiCking 

APPENDIX 8-10 
lodjyidual Specimen Corrosion-Bate Data. Autodave Test AUT -5 

Test Environment: Specimens were in contact with coarse particulale WIPP salt The salt was held in a mesh basket contacting WIPP Brine A, pemlitting some degree of wicking 
of the liquid. The autoclave had a N2 overpressure of 10 atm. 

Test Temperature: 30 ±5°C 
Test Exposure: 3 Months 

Material 
Specimen Type 

JW1 Low-Carbon Steel, Lot J 
JW2 Low-Carbon Steel, Lot J 
JW3 Low-Carbon Steel, Lot J 
JW4 Low-Carbon Steel, Lot J 
JWS Low-Carbon Steel, Lot J 
JW6 Low-Carbon Steel, Lot J 

o:l JW7 Low-Carbon Steel, Lot J 
I 

JW8 Low-Carbon Steel, Lot J Ul 
N JW9 Low-Carbon Steel, Lot J 

JW10 Low-Carbon Steel, Lot J 
JWll Low-Carbon Steel, Lot J 
JW12 Low-Carbon Steel, Lot J 

Length, 
__mm_ 

49.73 
49.97 
50.00 
.50 . .57 
52.62 
49.91 
51.29 
52.28 
52.33 
51.01 
51.50 
52.16 

• = Specimens were simple rectangular coupons without holes. 

Width, Thickness, 
__mm_ mm 

25.41 0.717 
25.70 0.706 
23.95 0.707 
25.18 0.711 
25.34 0.697 
26.82 0.709 
25.97 0.705 
27.46 0.717 
23.44 0.714 
25.06 0.708 
25.16 0.704 
25.44 0.709 

Top Hole Bot. Hole Corrosion 
ID*, ID*, Area, Initial Wt., Rnal Wt, Rate, 
rom mm ....illnL i i mpy 

0.00 0.00 0.264 7.0397 7.0342 0.041 
0.00 0.00 0.268 6.9837 6.9774 0.047 
0.00 0.00 0.250 6 . .5473 6.5407 0.052 
0.00 0.00 0.265 6.9600 6.9560 0.030 
0.00 0.00 0.278 7.1422 7.1352 0.050 
0.00 0.00 0.279 7.3286 7.3214 0.051 
0.00 0.00 0.277 7.2698 7.2573 0.089 
0.00 0.00 0.299 7.9249 7.9101 0.098 
0.00 0.00 0.256 6.7602 6.7538 0.049 
0.00 0.00 0.266 6.9991 6.9881 0.082 
0.00 0.00 0.270 7.0981 7.0894 0.064 
0.00 0.00 0.276 7.3294 7.3196 0.070 

Corrosion 
Rate, 
urn/yr 

1.049 
1.184 
1.327 
0.7.58 
1.268 
1.299 
2.266 
2.492 
1.256 
2.075 
1.620 
1.782 
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Test No.: AUT-6 
Test Type: Vapor 

APPENDIX B-11 
Individual Specjmen Corrosjon-Rate Data Autodave Test AUI-6 

Test Environment: Specimens were in contact with coarse particulate WIPP salt. The salt was held in a mesh basket above the level of the simulated WIPP Brine A in the autoclave. 
Condensing water dripped onto the salt. The autoclave had a N2 overpressure of 10 atm. 

Test Tempezature: 30 ±5°C 
Test Exposure: 3 Months 

Material 
Specimen Ty;pe 

JVl Low-Carbon Steel, Lot J 
JV2 Low-Carbon Steel, Lot J 
JV3 Low-Carbon Steel, Lot J 
JV4 Low-Carbon Steel, Lot J 
JV5 Low-Carbon Steel, Lot J 
JV6 Low-Carbon Steel, Lot J 

co JV7 Low-Carbon Steel, Lot J 
I JV8 Low-Carbon Steel, Lot J VI 

"""" JV9 Low-Carbon Steel, Lot J 
JVIO Low-Carbon Steel, Lot J 
JVll Low-Carbon Steel, Lot J 
JV12 Low-Carbon Steel, Lot J 

Length, 
___mm_ 

50.60 
50.34 
50.27 
50.66 
50.76 
51.08 
51.80 
51.84 
49.64 
51.26 
51.59 
51.98 

• = Specimens were simple retangular coupons without holes. 

Top Hole 
Width, Thickness, ID•, 

_mm_ rom rom 

25.69 0.704 0.00 
25.45 0.705 0.00 
25.30 0.724 0.00 
25.78 0.708 0.00 
26.00 0.693 0.00 
25.09 0.704 0.00 
25.73 0.706 0.00 
25.35 0.712 0.00 
25.31 0.702 0.00 
25.73 0.708 0.00 
25.30 0.698 0.00 
25.79 0.710 0.00 

Bot. Hole Conosion Corrosion 
I~. Area, Initial Wt., Final Wt., Rate, Rate, 
rom ....!!mL e e ropy wnJvr 

0.00 0.271 7.0583 7.0543 0.029 0.743 
0.00 0.267 7.0030 6.9989 0.030 0.772 
0.00 0.265 6.8805 6.8761 0.033 0.834 
0.00 0.272 7.0851 7.0809 0.031 0.776 
0.00 0.275 7.1300 7.1255 0.032 0.824 
0.00 0.267 6.9594 6.9553 0.030 0.772 
0.00 0.278 7.2946 7.2902 0.031 0.797 
0.00 0.274 7.2510 7.2475 0.025 0.643 
0.00 0.262 6.7814 6.7785 0.022 0.557 
0.00 0.275 7.2437 7.2403 0.024 0.622 
0.00 0.272 7.0797 7.0766 0.023 0.573 
0.00 0.279 7.3686 7.3650 0.026 0.648 
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AEEE~Cm~ B-l2 
Individual SOecjmen Data. Seal-Welded Container Test No. ZA 

Test No: 7A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test 
appearance of specimens (clean, shiny). 

Outer Hole 
Material Diameter, ID, Thickness, Area. Initial Wt., Final Wt•, Wt Loss, 

Specimen In!!< _mm_ _mm_ -1!!.!!l...._ .J!ml.. ~ ~ ~ 

C25 Unalloyed copper 38.01 7.84 1.522 0.239 14.4214 14.4214 0.0000 
C26 Unalloyed copper 38.01 7.85 1.536 0.239 14.5758 
C27 Unalloyed copper 38.01 7.79 1.513 0.239 14.3556 
C28 Unalloyed copper 38.01 7.83 1.516 0.239 14.3839 
C29 Unalloyed copper 38.01 7.81 1.526 0.239 14.4894 

ttl 
I 

C30 Unalloyed copper 38.01 7.74 1.523 0.239 14.4357 
VI C31 Unalloyed copper 38.03 7.81 1.535 0.240 14.5734 14.5733 0.0001 a-. 

C32 Unalloyed copper 38.01 7.86 1.549 0.239 14.7899 14.7896 0.0003 
CN25 Cupronickel90-10 37.71 7.87 1.512 0.235 14.1479 
CN26 Cupronickel 90-1 0 38.14 7.88 1.514 0.241 14.5297 
CN27 Cupronicke190-10 38.09 7.86 1.515 0.240 14.4596 14.4597 -0.0001 
CN28 Cupronicke190-10 37.74 7.86 1.507 0.235 14.1334 14.1336 -0.0002 
CN29 Cupronickel 90-1 0 38.16 7.89 1.512 0.241 14.5506 
CN30 Cupronickel 90-10 37.97 7.86 1.521 0.239 14.4965 
CN31 Cupronickel90-10 37.66 7.88 1.480 0.234 13.7473 
CN32 Cupronicke1 90-1 0 37.70 7.88 1.507 0.235 14.0880 14.0878 0.0002 

• Final weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 



APPENDIX B-12 
lndjyjdual Specimen Data. Seal-Welded Contajoer Test No. ZA (QOnfdl 

Test No: 7A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atrn) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test appearance 
of specimens (clean, shiny). 

Top Hole Bot Hole 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt, Final Wt.•, Wt Loss, 

SPecimen Type mm ___mm_ mm ___mm_ mm --11m2.._ ~ ~ K 

C225 Unalloyed copper 190.25 63.31 1.574 7.95 7.96 2477 165.1700 165.1694 0.0006 
C226 Unalloyed copper 190.26 63.36 1.575 7.85 7.82 2479 165.1703 165.1713 -0.0010 
C227 Unalloyed copper 190.08 63.13 1.577 7.76 7.85 2468 165.2828 
C228 Unalloyed copper 190.39 63.33 1.574 7.98 7.94 2479 165.1163 
C229 Unalloyed copper 190.21 63.24 1.580 7.85 7.84 2474 166.1690 

t:O C230 Unalloyed copper 190.09 63.22 1.566 7.81 7.88 2471 165.0357 I 
Ul C231 Unalloyed copper 190.19 63.20 1.576 7.86 7.85 2472 165.5649 -....l 

C232 Unalloyed copper 190.19 63.19 1.573 7.87 7.86 2472 164.5055 164.5064 -0.0009 
CN225 Cupronickel 90-10 190.25 63.13 1.561 7.91 7.86 2469 163.7170 
CN226 Cupronickel90-10 190.36 63.16 1.570 7.98 7.94 2472 164.8880 
CN227 Cupronickel90-10 190.27 63.17 1.533 7.94 7.95 2469 160.8346 160.8397 -0.0051 
CN228 Cupronickel90-10 190.18 63.14 1.554 7.93 7.97 2468 162.9847 
CN229 Cupronickel90-10 190.20 63.16 1.557 7.95 7.93 2469 162.8367 162.8385 -0.0018 
CN230 Cupronickel90-10 190.26 63.35 1.562 7.93 7.96 2478 163.1214 
CN231 Cupronickel90-10 190.21 63.15 1.551 7.96 7.98 2469 161.1034 161.1151 -0.0117 
CN232 Cupronickel90-10 190.26 63.20 1.564 7.99 7.96 2472 162.9246 

• Final weight was dctennined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 
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APPENDIX B-13 
Individual Specimen Data Seal-Welded Container Test No. SA 

Test No: SA 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test 
appearance of specimens (clean, shiny). 

Outer Hole 
Material Diameter, ID, Thickness, Area. 

Specimen T)l!C __mm_ __mm_ __mm_ __!1m2_ 

C33 Unalloyed copper 38.02 7.82 1.537 0.239 
C34 Unalloyed copper 38.02 7.81 1.550 0.240 
C35 Unalloyed copper 37.99 7.84 1.553 0.239 
C36 Unalloyed copper 38.00 7.82 1.551 0.239 
C37 Unalloyed copper 38.00 7.85 1.541 0.239 
C38 Unalloyed copper 38.03 7.82 1.531 0.240 
C39 Unalloyed copper 38.01 7.86 1.540 0.239 
C40 Unalloyed copper 38.07 7.82 1.536 0.240 
CN33 Cupronickel90-10 38.16 7.86 1.516 0.241 
CN34 Cupronickel 90-10 38.11 7.85 1.527 0.240 
CN35 Cupronickel 90-10 37.70 7.85 1.521 0.235 
CN36 Cupronickel 90-10 38.06 7.88 1.465 0.239 
CN37 Cupronickel 90-10 38.11 7.87 1.537 0.240 
CN38 Cupronickel90-10 38.05 7.87 1.536 0.240 
CN39 Cupronickel 90-10 38.09 7.86 1.533 0.240 
CN40 Cupronickel90-10 37.66 7.93 1.532 0.235 

* Final weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 

Initial Wt, 
& 

14.6355 
14.7608 
14.7727 
14.7803 
14.6795 
14.5731 
14.6600 
14.5996 
14.5368 
14.5600 
14.2382 
13.9062 
14.7243 
14.7037 
14.6807 
14.3520 

Rnal Wt*, 
& 

14.7798 

14.5724 
14.6595 

14.5362 

13.9057 
14.7236 

Wt Loss, 
& 

0.0005 

0.0007 
0.0005 

0.0006 

0.0005 
0.0007 



AEEE~C!I~ B-13 
Individual Specimen [2ata. Seal-Welded Container Test No. SA lcont'dl 

Test No: SA 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (10 atm) 
Test Temperature: 30 ±S•c 
Test Exposure:15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test appearance 
of specimens (clean, shiny) . 

Top Hole Bot Hole 
Material Length, Width, Thickness, ID, ID, Area, Initial Wt, Final Wt.•, Wt Loss, 

Specimen Ty,pe _.mm_ ___mm_ mm _.mm_ mm ....dml.... e e e 

C233 Unalloyed copper 190.34 63.18 1.592 7.88 7.82 2474 166.2625 166.2527 0.0098 
C234 Unalloyed copper 190.32 63.14 1.595 7.84 7.84 2473 166.2143 
C235 Unalloyed copper 190.30 63.17 1.588 7.86 7.76 2473 165.5987 
C236 Unalloyed copper 190.22 63.23 1.593 7.85 7.88 2475 165.3475 165.3406 0.0069 
C237 Unalloyed copper 190.16 63.14 1.583 7.87 7.78 2470 165.0830 
C238 Unalloyed copper 190.18 63.12 1.584 7.90 7.83 2469 165.1274 

tl' C239 Unalloyed copper 190.17 63.29 1.591 7.87 7.90 2476 166.9182 
0., C240 Unalloyed copper 190.11 63.26 1.579 7.88 7.79 2474 166.1039 166.0932 0.0107 

CN233 Cupronickel90-10 190.17 63.21 1.565 7.95 7.93 2471 162.7382 162.7287 0.0095 
CN234 Cupronicke190-10 190.23 63.13 1.534 7.94 7.96 2467 161.0609 161.0555 0.0054 
CN235 Cupronicke190-10 190.35 63.18 1.564 7.95 7.96 2473 162.9677 162.9616 0.0061 
CN236 Cupronicke190-10 190.19 63.10 1.516 7.97 7.92 2465 157.6580 
CN237 Cupronicke1 90-10 190.20 63.30 1.559 7.91 7.98 2475 162.8907 
CN238 Cupronickel 90-10 190.25 63.17 1.550 7.98 7.95 2470 162.8537 
CN239 Cupronicke190-10 190.26 63.30 1.563 7.92 7.95 2476 164.3112 
CN240 Cupronicke190-10 190.31 63.20 1.527 7.55 7.94 2472 159.7624 

r rinsing specimen in deionized water and denatured alcohol. 
al etching of specimen was performed. 
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AEEEt-:101~ B·H 
lm;!i~dl.!ii!l Sgecimgc 05llii!. ~!mi·W!!Ided QQDlSilic!!r I!!~ t-:Jg, 3A 

Test No: 3A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 9 Months 

Outer Hole Corrosion Corrosion 
Material Diameter, ID, 1bickness, Area, Initial Wt., Final Wt., Rate, Rate, 

Specimen Ty,pe mm __mm_ mm _.slml._ ____£..._ 1: ropy LJ.mlyr 

C17 Unalloyed copper 38.03 7.81 1.539 0.240 14.6381 
C18 Unalloyed copper 38.02 7.79 1.544 0.240 14.6917 14.5120 0.421 10.689 
C19 Unalloyed copper 38.03 7.80 1.547 0.240 14.7740 
C20 Unalloyed copper 38.04 7.78 1.534 0.240 14.6482 
C21 Unalloyed copper 38.01 7.81 1.539 0.239 14.6511 14.4760 0.410 10.426 
C22 Unalloyed copper 38.01 7.78 1.536 0.239 14.6423 
C23 Unalloyed copper 38.02 7.80 1.538 0.240 14.6244 14.4410 0.430 10.914 
C24 Unalloyed copper 38.01 7.84 1.534 0.239 14.5921 14.3980 0.455 11.563 

t:l:l CN17 Cupronickel90-10 37.67 7.88 1.468 0.234 13.6371 

~ CN18 Cupronickel90-10 38.16 7.81 1.500 0.241 14.3909 14.2200 0.396 10.063 
CN19 Cupronickel90-10 38.11 7.86 1.452 0.239 13.8900 13.7170 0.403 10.247 
CN20 Cupronickel90-10 37.70 7.87 1.509 0.235 14.0748 
CN21 Cupronickel90-10 38.17 7.85 1.497 0.241 14.3535 
CN22 Cupronickel90-10 37.73 7.87 1.501 0.235 14.0362 
CN23 Cupronickel90-10 38.09 7.87 1.462 0.239 13.9145 
CN24 Cupronickel90-10 38.17 7.86 1.508 0.241 14.4819 



A~~E~QI~ B-H 
Individual Specimen [lata Seal-Welded Container Test No. 3A lconfd) 

Test No: 3A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atrn) 
Test Temperature: 30 ±5°C 
Test Exposure: 9 Months 

Top Hole Bot. Hole Conosion Corrosion 
Material Length, Width, Tirickness, ID, ID, Area, Initial Wt, Final Wt, Rate, Rate, 

Specimen T:.:pe _mm..._ _mm_ mm ___mm_ mm ....dm2.... i e mpy wnJyr 

C217 Unalloyed coppc- 190.23 63.10 1.557 7.89 7.79 2468 164.1836 
C218 Unalloyed coppc- 190.15 63.17 1.560 7.91 7.90 2470 163.8577 
C219 Unalloyed coppc- 190.33 63.43 1.567 7.88 7.90 2482 166.7513 
C220 Unalloyed coppc- 190.43 63.34 1.557 7.90 7.86 2480 164.4625 
C221 Unalloyed coppc- 190.19 63.31 1.553 7.88 7.87 2475 163.2704 
C222 Unalloyed coppc- 190.33 63.35 1.554 7.98 7.99 2478 163.1701 
C223 Unalloyed coppc- 190.25 63.11 1.568 7.86 7.85 2469 164.8691 162.4500 0.5.50 13.965 
C224 Unalloyed copper 190.05 63.55 1.569 7.88 7.81 2484 165.5393 162.9500 0.585 14.861 co CN217 Cupronickcl90-10 190.33 63.05 1.554 7.98 7.97 2467 161.4721 

"" VI CN218 Cupronickcl 90-10 190.18 63.09 1.534 7.95 7.97 2465 160.9541 
CN219 Cupronickcl90-10 190.16 63.23 1.526 7.97 7.95 2470 158.7918 
CN220 Cupronickel 90-1 0 190.31 63.22 1.553 7.82 7.92 2473 161.7179 
CN221 Cupronickcl 90-1 0 190.27 63.20 1.551 7.93 7.95 2472 163.5478 
CN222 Cupronickel 90-1 0 190.26 63.17 1.540 7.95 7.96 2470 162.6259 
CN223 Cupronickcl 90-1 0 190.24 63.20 1.550 7.95 7.96 2471 162.6998 159.1500 0.802 20.360 
CN224 Cupronickel 90-1 0 190.32 63.19 1.551 7.94 7.78 2472 162.8219 159.2000 0.818 20.765 



AEEEt:lQI~ B-H: 
Individual Soecjmen Oata Seal-Welded Container Test t:lo. 9A 

Test No: 9A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

Outer Hole Corrosion Corrosion 
Material Diameter, 10, Thickness, Area, Initial Wt., Final Wt., Rate, Rate, 

Specjmen TYJ!e ___m.m_ _mm_ ___mm_ -...l.!m.2.._ & & mpy wnJyr 

C41 Unalloyed copper 38.03 7.84 1.545 0.240 14.6777 

C42 Unalloyed copper 38.03 7.82 1.536 0.240 14.6333 14.4135 0.330 8.376 

C43 Unalloyed copper 38.01 7.81 1.544 0.239 14.7425 14.5598 0.274 6.965 

C44 Unalloyed copper 38.02 7.85 1.542 0.239 14.7385 14.5364 0.303 7.704 

C45 Unalloyed copper 37.99 7.86 1.535 0.239 14.6024 

C46 Unalloyed copper 37.98 7.82 1.530 0.239 14.5370 

C47 Unalloyed copper 37.98 7.82 1.524 0.239 14.4762 

C48 Unalloyed copper 38.00 7.85 1.512 0.239 14.4013 
o::l CN41 Cupronickel 90-10 37.62 
I 

7.89 1.531 0.234 14.2846 
0\ CN42 Cupronickel90-10 37.60 7.86 1.517 0.234 14.0981 0\ 

CN43 Cupronickel90-10 37.74 7.87 1.523 0.236 14.3340 
CN44 Cupronickel 90-10 37.67 7.89 1.535 0.235 14.3814 

CN45 Cupronickel 90-10 38.10 7.89 1.538 0.240 14.7412 14.5416 0.297 7.539 

CN46 Cupronickel90-10 38.09 7.86 1.524 0.240 14.6116 14.4270 0.275 6.980 

CN47 Cupronickel90-10 38.11 7.89 1.540 0.240 14.7696 
CN48 Cupronickel90-10 38.07 7.88 1.540 0.240 14.7513 



A~~Et:H:21~ 6-H 
Individual Specimen Data. Seal-Welded Container Test No. 9A (confd) 

Test No: 9A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atm) 
Test Temperature: 30 ±5•c 
Test Exposure: 15 Months 

Top Hole Bot. Hole Corrosion Corrosion 
Material Length, Width, Thiclrness, ID, ID, Area, Initial Wt, Final Wt, Rate, Rate, 

Specimen T)l!e ___mm_ _mm_ ___mm_ ___mm_ mm ....slml.... g ropy u.m[yr 

C241 Unalloyed copper 190.27 63.13 1.544 7.86 7.86 2.469 162.8408 
C242 Unalloyed copper 190.25 63.26 1.563 7.90 7.84 2.475 165.6610 
C243 Unalloyed copper 190.15 63.24 1.554 7.89 7.83 2.472 164.6624 
C244 Unalloyed copper 190.10 63.33 1.551 7.86 7.88 2.475 164.2470 
C245 Unalloyed copper 190,42 63.25 1.560 7.86 7.79 2.476 164.2390 
C246 Unalloyed copper 190.04 63.25 1.576 7.87 7.86 2.472 165.2658 
C247 Unalloyed copper 190.14 63.19 1.570 7.85 7.86 2.471 165.3727 159.3332 0.879 22.314 
C248 Unalloyed copper 190.00 63.25 1.570 7.85 7.86 2.471 165.4518 159.1513 0.916 23.274 

co CN241 Cupronickel 90-1 0 190.26 63.25 1.522 7.99 7.96 2.472 160.9265 I 
0\ CN242 Cupronickel 90-1 0 190.20 63.25 1.524 7.97 7.94 2.471 160.0673 -..,J 

CN243 Cupronickel 90-1 0 190.34 63.28 1.570 7.94 7.94 2.477 163.8679 
CN244 Cupronickel 90-1 0 190.35 63.33 1.549 7.92 7.93 2.478 162.2167 
CN245 Cupronickel 90-1 0 190.35 63.16 1.423 7.90 7.92 2.464 149.3230 
CN246 Cupronickel 90-1 0 190.29 63.21 1.555 7.95 7.96 2.472 162.2631 
CN247 Cupronickel 90-1 0 190.16 63.17 1.517 7.96 7.94 2.467 158.4790 152.9509 0.801 20.341 
CN248 Cupronickel 90-1 0 190.25 63.16 1.501 7.94 7.96 2.467 158.7949 152.8068 0.868 22.035 
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APPENDIX B-15 
Individual Specimen Data. Seal-Welded Container Test No. 1 OA 

Test No: lOA 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test 
appearance of specimens (clean, shiny). 

Outer Hole 
Material Diameter, ID, Thickness, Area, Initial Wt., Final Wt*, Wt Loss, 

Specimen Type ___mm_ ___mm_ __mm_ dm2 g g g 

T25 Titanium, Gr 2 38.23 7.17 1.562 0.243 7.6314 7.6320 -0.0006 
T26 Titanium, Gr 2 38.24 7.74 1.568 0.243 7.6317 7.6319 -0.0002 
T27 Titanium, Gr 2 38.30 7.73 1.535 0.243 7.4539 
T28 Titanium, Gr 2 38.25 7.72 1.517 0.242 7.3115 73127 -0.0012 
T29 Titanium, Gr 2 38.26 7.17 1.575 0.243 7.6711 
T30 Titanium, Gr 2 38.20 7.81 1.558 0.242 7.5792 
T31 Titanium, Gr 2 38.22 7.76 1.567 0.243 7.5611 
T32 Titanium, Gr 2 38.25 7.78 1.567 0.243 7.6222 
TN25 Titanium, Gr 12 38.12 7.73 1.553 0.241 7.4928 
TN26 Titanium, Gr 12 38.17 7.76 1.478 0.241 7.1120 7.1125 -0.0005 
TN27 Titanium, Gr 12 38.16 7.81 1.591 0.242 7.6496 7.6498 -0.0002 
TN28 Titanium, Gr 12 38.16 7.77 1.539 0.241 7.4599 
TN29 Titanium, Gr 12 38.10 7.84 1.552 0.241 7.4932 
TN30 Titanium, Gr 12 38.14 7.86 1.532 0.241 7.4409 
TN31 Titanium, Gr 12 38.13 7.84 1.568 0.241 7.6198 7.6205 -0.0007 
TN32 Titanium, Gr 12 38.16 7.84 1.551 0.241 7.4843 

• Final weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed 



AE~Et:Hll~ B:Hi 
Individual Specimen Data. Seal-Welded Container Test No. 1 OA (coot'dl 

Test No: lOA 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, N2 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens weze considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test appearance 
of specimens (clean, shiny). 

Material Length, Width, Thickness, 10, ID, Area, Initial Wt, Final Wt.•, Wt Loss, 
Specimen Ty,pc _mm._ _mm_ mm _mm_ mm _dm2.... & & & 

T225 Titanium, Gr 2 190.45 63.38 1.569 7.95 7.94 2482 83.9200 83.9203 -0.0003 
T226 Titanium, Gr 2 190.44 63.47 1.609 8.00 7.98 2487 86.4833 86.4851 -0.0018 
T227 Titanium, Gr 2 190.40 63.46 1.591 7.97 8.00 2485 84.9097 
T228 Titanium, Gr 2 190.50 63.46 1.570 7.98 7.98 2485 84.4365 
T229 Titanium, Gr 2 190.52 63.43 1.606 7.98 7.98 2487 86.1846 
T230 Titanium, Gr 2 190.42 63.38 1.445 8.00 7.99 2474 77.1828 17.1852 -0.0024 

ttl T231 Titanium, Gr 2 190.48 63.49 
I 

1.584 7.96 8.00 2487 85.0025 
-...1 T232 Titanium, Gr 2 190.42 63.42 1.591 8.00 7.98 2484 85.0660 

TN225 Titanium, Gr 12 190.62 63.45 1.533 7.86 7.86 2485 83.7261 
TN226 Titanium, Gr 12 190.66 63.47 1.487 7.90 7.90 2484 80.9096 80.9107 -0.0011 
TN227 Titanium, Gr 12 190.65 63.42 1.493 7.87 7.88 2482 80.7866 80.7873 -0.0007 
TN228 Titanium, Gr 12 190.43 63.32 1.558 7.86 7.84 2.479 84.3618 84.3612 0.0006 
TN229 Titanium, Gr 12 19038 63.20 1.558 7.83 7.83 2474 83.5710 
TN230 Titanium, Gr 12 190.59 63.27 1.533 7.83 7.82 2478 826462 
TN231 Titanium, Gr 12 190.25 63.23 1.508 7.80 7.81 2.471 79.5766 
TN232 Titanium, Gr 12 190.59 63.43 1.564 7.88 7.89 2486 84.0623 

• Final weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 
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Individual Specimen Data Seal-Welded Container Test No 1M 

Test No: 11A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test 
appearance of specimens (clean, shiny). 

Ower Hole 
Material Diameter, ID, Thickness, Area, Initial Wt., Final Wt•, Wt Loss, 

Specimen Iy_pe _mm__ .......mm...._ _mm_ ~ & e & 

TI3 Titanium, Gr 2 38.27 7.73 1.545 0.243 7.4816 
TI4 Titanium, Gr 2 38.30 7.75 1.552 0.243 7.5228 
TIS Titanium, Gr 2 38.25 7.79 1.556 0.243 7.5527 
TI6 Titanium, Gr 2 38.27 7.73 1.561 0.243 7.5981 
TI7 Titanium, Gr 2 38.26 7.78 1.528 0.242 7.4339 7.4338 0.0001 

t::C TIS Titanium, Gr 2 38.22 7.75 1.555 0.242 7.5714 7.5713 0.0001 I 
-J 

T39 Titanium, Gr 2 38.25 7.74 1.560 0.243 7.6052 7.6052 0.0000 .J:o 
T40 Titanium, Gr 2 38.26 7.72 1.556 0.243 7.5716 
TN33 Titanium, Gr 12 38.22 7.88 1.570 0.242 7.6008 
TN34 Titanium, Gr 12 38.16 7.89 1.566 0.241 7.5923 
TN35 Titanium, Gr 12 38.15 7.89 1.503 0.240 7.2845 
TN36 Titanium, Gr 12 38.15 7.87 1.576 0.242 7.6427 7.6426 0.0001 
TN37 Titanium, Gr 12 38.17 7.87 1.499 0.241 7.2705 
TN38 Titanium, Gr 12 38.13 7.85 1.491 0.240 7.2341 
TN39 Titanium, Gr 12 38.14 7.84 1.450 0.240 6.9732 6.9732 0.0000 
TN40 Titanium, Gr 12 38.15 7.83 1.505 0.241 7.2528 7.2528 0.0000 

• Final weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 
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Individual Specimen Data,. Sea]-Welded Container Test No. ll A (,cont'dl 

Test No: 11A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, C02 Overpressure (10 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens were considered essentially free of attack during the corrosion test, based on (a} absence of reaction-product gas and (b) post-test appearance 
of specimens (clean, shiny). 

Material Length, Width, 1lli.ckness, 10, ID, Area, Initial Wt, Final Wt.•, Wt Loss, 
Specimep T)JH: ___mm_ _mm_ mm ___mm_ rom ....dm2.... i i i 

T233 Titanium, Gr 2 190.44 63.35 1.608 7.88 7.96 2.483 85.5785 
T234 Titanium, Gr 2 190.45 63.44 1.600 8.00 7.99 2.486 85.8362 
T235 Titanium, Gr 2 190.47 63.44 1.608 7.99 7.98 2.486 86.2818 86.2805 0.0013 
T236 Titanium, Gr 2 190.56 63.46 1.609 7.97 7.98 2.488 86.0296 
T237 Titanium, Gr 2 190.42 63.42 1.604 7.98 8.02 2.485 86.0700 86.0686 0.0014 
T238 Titanium, Gr 2 190.49 63.52 1.593 8.01 8.04 2.489 85.3463 85.3456 0.0007 

o::l 
I 

T239 Titanium, Gr 2 190.36 63.42 1.597 7.99 7.98 2.484 85.3794 
-..] T240 Titanium, Gr 2 190.45 63.38 1.594 8.01 7.96 2.483 85.3181 
VI 

TN233 Titanium, Gr 12 190.57 63.41 1.557 7.88 7.88 2.484 83.7172 
TN234 Titanium, Gr 12 190.39 63.43 1.554 7.86 7.86 2.482 83.3396 
TN235 Titanium, Gr 12 190.40 63.62 1.527 7.86 7.87 2.488 81.8190 
TN236 Titanium, Gr 12 190.61 63.67 1.547 7.86 7.86 2.494 84.3176 84.3172 0.0004 
TN237 Titani urn, Gr 12 190.81 63.32 1.569 7.85 7.86 2.485 84.0329 84.0321 0.0008 
TN238 Titanium, Gr 12 190.47 63.29 1.508 7.85 7.86 2.476 80.0610 
TN239 Titanium, Gr 12 190.48 63.58 1.509 7.86 7.87 2.487 81.1324 
TN240 Titanium, Gr 12 190.63 63.44 1.484 7.86 7.89 2.482 80.6646 80.6639 0.0007 

• Rnal weight was determined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 
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A~~Et:lQI~ 6-lZ 
Individual Specimen Qata. Seal-Welded Container Test No. J21\ 

Test No: 12A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 Months 

These specimens wete considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test 
appearance of specimens (clean, shiny). 

Outer Hole 
Material Diameter, ID, Thickness, Area. 

Specimen fue __mm_ __mm__ _mm_ .JIDlL 

T41 Titanium, Gr 2 38.24 7.77 1.557 0.243 
T42 Titanium, Gr 2 38.23 7.76 1.542 0.242 
T43 Titanium, Gr 2 38.24 7.73 1.573 0.243 
T44 Titanium, Gr 2 38.24 7.78 1.543 0.242 
T45 Titanium, Gr 2 38.20 7.79 1.512 0.241 
T46 Titanium, Gr 2 38.20 7.79 1.528 0.242 
T47 Titanium, Gr 2 38.20 7.79 1.535 0.242 
T48 Titanium, Gr 2 38.25 7.76 1.547 0.243 
TN41 Titanium, Gr 12 38.10 7.82 1.539 0.240 
TN42 Titanium, Gr 12 38.10 7.89 1.540 0.240 
TN43 Titanium, Gr 12 38.10 7.91 1.557 0.241 
TN44 Titanium, Gr 12 38.09 7.90 1.516 0.240 
TN45 Titanium, Gr 12 38.10 7.83 1.564 0.241 
TN46 Titanium, Gr 12 38.12 7.85 1.526 0.240 
TN47 Titanium, Gr 12 38.16 7.81 1.506 0.241 
TN48 Titanium, Gr 12 38.12 7.87 1.477 0.240 

• Final weight was determined after rinsing specimen in deionized water and denatured alcohol 
No chemical etching of specimen was performed 

Initial Wt., Final Wt*, Wt Loss, 
g g g 

7.5548 
7.4892 
7.6494 7.6493 0.0001 
7.4582 
7.3003 7.3001 0.0002 
7.3614 
7.4042 7.4043 -0.0001 
7.5067 
7.3482 
7.3484 7.3485 -0.0001 
7.4566 7.4566 0.0000 
7.2560 
7.5030 
7.3176 
7.3057 
7.1354 7.1354 0.0000 
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lndjyjdual Specimen Data. Seal-Welded Container Test No. l2A lcont'd) 

Test No: 12A 
Test Type: Immersion 
Test Environment: Simulated WIPP Brine A, H2S Overpressure (5 atm) 
Test Temperature: 30 ±5°C 
Test Exposure: 15 MonthS 

These specimens were considered essentially free of attack during the corrosion test, based on (a) absence of reaction-product gas and (b) post-test appearance 
of specimens (clean, shiny). 

Top Hole Bot Hole 
Material Length, Width, lbickness, ID, ID, Area, Initial Wt, Final Wt.*, Wtl..oss, 

Specimen T)l!e ----llWL_ ___mm__ mm ___mm__ mm ....llml.... & & & 

T241 Titanium, Gr 2 190.46 63.36 1.560 7.97 7.97 2481 83.7408 83.7397 0.0011 
T242 Titanium, Gr 2 190.45 6337 1.603 7.99 7.98 2483 85.7788 85.7784 0.0004 
T243 Titanium, Gr 2 190.48 63.37 1.576 7.99 7.96 2482 84.0563 
T244 Titanium, Gr 2 190.42 63.29 1.593 7.97 7.97 2479 85.4843 
T245 Titanium, Gr 2 190.45 63.34 1.598 7.98 8.00 2482 85.4462 85.4457 0.0005 
T246 Titanium, Gr 2 190.55 6339 1.600 7.96 7.98 2485 85.6183 

o::! T247 Titanium, Gr 2 190.43 6338 1.596 7.97 7.96 2483 85.2410 
I 

T248 Titanium, Gr 2 190.50 63.46 1.604 7.98 7.99 2487 86.1754 -..,J 
\C) 

TN241 Titanium, Gr 12 190.53 63.61 1.568 7.86 7.86 2492 83.7340 83.7328 0.0012 
TN242 Titanium, Gr 12 190.76 6339 1.443 7.85 7.85 2480 77.6584 
TN243 Titanium, Gr 12 190.62 63.45 1.555 7.85 7.61 2487 83.4980 
TN244 Titanium, Gr 12 190.55 63.41 1.544 7.83 7.83 2483 83.3203 83.3195 0.0008 
TN245 Titanium, Gr 12 190.83 6337 1.526 7.84 7.84 2484 83.0038 83.0030 0.0008 
TN246 Titanium, Gr 12 190.46 63.52 1.560 7.84 7.83 2487 83.0839 
TN247 Titanium, Gr 12 190.29 63.27 1.428 7.86 7.87 2468 77.6856 
TN248 Titanium, Gr 12 190.54 6339 1.554 7.86 7.87 2483 84.3729 

• Final weight was detennined after rinsing specimen in deionized water and denatured alcohol. 
No chemical etching of specimen was performed. 
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APPENDIX C: METHOD OF DETERMINING DEGREE OF MOLAR 
EQUIVALENCE BETWEEN H2 FORMED AND Fe 
REACTED IN ANOXIC BRINE (BRINE/N2) 
AND BRINE/C02 SEAL-WELDED-CONTAINER TESTS 

The method of determining the degree of molar equivalence between H2 formed and Fe reacted 
in the anoxic brine (brine/N2) and the brine/C02 seal-welded-container tests is presented here. The 
results of the calculations are shown here and in Tables 6.4 and 6.7. The "Average Corrosion" rates 
are the mean value rates for all steel lots from Tables 6.2 and 6.6. The "Final P (Pr)'' values are 
from either the pressure history curves or the raw data summations of Appendix A. The "Fraction 
H/ values are from Tables 6.1 and 6.5. 

The corrosion rate of steel in p.m/yr is converted to mollm2-yr of Fe by the conversion factor 
0.141 mol/p.m-m2, as 0.141 mol Fe is contained in a piece of Fe (steel) having an area of I m2 and a 
thickness of I p.m. 

Moles Fe Consumed by the Corrosion Reaction (Gravimetric Analysis) 

Test Duration, Average Corrosion Fe Reacted, 
months Containers Rate, p.m/yr mollm2-yr 

3 1,2 1.96 0.276 

Brine/N2 

6 9,10 1.72 0.243 

12 17,18 1.23 0.173 
24 25,26 0.99 0.140 

3 3,4 8.76 1.24 

6 11' 12 6.31 0.890 

12 19,20 2.91 0.410 
Brine/ C02 

24 27,28 1.46 0.206 
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Moles H2 Formed by the Corrosion Reaction (Gas Pressure and Compositon) 

Brine/N2 

Brine/C02 

Test 
Duration, 

months 

3 

6 

12 

24 

3 

6 

12 

24 

PV 
moles~=

RT 

Final P (Pr) 

psig psi a 

155 170 

175 190 

193 208 

236 251 

198 213 

212 227 

203 218 

204 219 

where 0.634L = plenum volume of container 
At = test duration, months 

Fraction 
H2 

0.103 

0.191 

0.262 

0.391 

0.478 

0.673 

0.617 

0.595 

A = area of steel in test (from Appendix D) 

C-4 

Atm H (a) 
2• 

H2 mol/m2-yr 

1.19 0.190 

2.47 0.209 

3.71 0.156 

6.68 0.141 

6.94 l. II 

10.4 0.877 

9.18 0.386 

8.84 0.186 

12 months/yr 1 
11 t months Am 2 

moles H2 
moles Fe 

0.69 

0.86 

0.90 

1.0 

0.89 

0.98 

0.94 

0.90 
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APPENDIX D: TOTAL STEEL SPECIMEN AREA, SEAL-WELDED-
CONTAINER TESTS 

Low-Carbon Steel 

Test Area, Test Area, Test Area, 
Container mz Container mz Container mz 

0.639 15 0.603 29 0.604 

2 0.639 16 0.604 30 0.604 

3 0.639 17 0.604 31 0.604 

4 0.638 18 0.605 32 0.604 

5 0.638 19 0.604 33 0.630 

6 0.631 20 0.604 34 0.629 

7 0.631 21 0.604 35 0.629 

8 0.631 22 0.604 36 0.629 

9 0.604 23 0.604 37 0.630 

10 0.604 24 0.604 38 0.629 

II 0.604 25 0.604 40 0.497 

12 0.604 26 0.605 41 0.498 

13 0.604 27 0.605 42 0.497 

14 0.604 28 0.605 43 0.498 
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Alternative Materials 

Test Area, Test Area, 
Container m2 Container m2 

lA 0.434 lOA 0.436 

2A 0.433 IIA 0.436 

3A 0.434 12A 0.436 

4A 0.436 13A 0.434 

SA 0.436 14A 0.434 

6A 0.436 ISA 0.434 

7A 0.433 16A 0.436 

SA 0.434 17A 0.436 

9A 0.434 18A 0.436 
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Management 
Attn: Deputy Director, RW-2 

Associate Director, RW-10/50 
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Office of Environmental Restoration 

and Waste Management 
Attn: J. Lytle, EM-30, 

Trevion II 
Washington, DC 20585-0002 
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Office of Environmental Restoration 
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Washington, DC 20585-0002 
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Office of Environment, Safety 
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Washington, DC 20585 
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US Department of Energy (2) 
Idaho Operations Office 
Fuel Processing and Waste 

Management Division 
785 DOE Place 
Idaho Falls, ID 83402 

US Environmental Protection 
Agency (2) 

Radiation Programs (ANR-460) 
Attn: M. Oge 

r. Guimond 
Washington, DC 20460 

US Geological Survey (2) 
Water Resources Division 
Attn: R. Livingston 
450 I Indian School NE 
Suite 200 
Albuquerque, NM 87110 

US Nuclear Regulatory Commission 
Division of Waste Management 
Attn: H. Marson 
Mail Stop 623SS 
Washington, DC 20555 

Boards 

Defense Nuclear Facilities Safety Board 
Attn: D. Winters 
625 Indiana Ave. NW, Suite 700 
Washington, DC 20004 

Nuclear Waste Technical Review 
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Attn: D.A. Deere 
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1100 Wilson Blvd., Suite 910 
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Nuclear Regulatory Commission 
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7920 Norfolk Ave. 
Bethesda, MD 20814 
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Environmental Evaluation Group (3) 
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7007 Wyoming NE 
Suite F-2 
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NM Energy, Minerals, and Natural 
Resources Department 

Attn: Library 
2040 S. Pacheco 
Santa Fe, NM 87505 

NM Environment Department (3) 
Secretary of the Environment 
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1190 St. Francis Drive 
Santa Fe, NM 87503-0968 

NM Environment Department 
WIPP Project Site 
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PO Box 3090 
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Publishing Coordination Technical 
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INTERA Inc. 
Attn: J.F. Pickens 
6850 Austin Center Blvd. 
Suite 300 
Austin, TX 78731 
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Attn: W. Stensrud 
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