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From: Lietai Yang [ltyang@cnwra.swri.edu] Fv ;

Sent:  Thursday, January 08, 2004 4:02 PM
To: '‘Osvaldo Pensado'
Cc: Roberto Pabalan; Lauren Browning
Subject: DRH distribution bounds

Osvaldo,

As discussed on the phone, enclosed may provide the basis for a distribution range of the DRH at
different temperatures. The upper bound may be the Na-K-CI-NO3 system and the lower bound may be
the Ca-Na-Cl (or Ca-K-Cl, these two are close to each other) system. The regression equations are
shown in the enclosed diagram.

As the Na-K-CI-NO3 mixture is a very like salt mixture either from the seepage water or from the dusts,
more weight should be given to the Na-K-CI-NO3 system rather than the Ca-(Na,K)-Cl system. Please

find a suitable distribution.

Also, the measurements for the enclosed data are on going; the data are preliminary. Some of the
values obtained at higher temperatures may have problems with full saturation. We are going to repeat

some of those measurements.
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From: Lietai Yang [ItyanQ@cnwra.swri.edu]
Sent:  Tuesday, January 13, 2004 12:15 PM
To: '‘Osvaldo Pensado'

Subject: RE: Deliquescence RH

Osvaldo,

For the Na-K-NO3-CI system, we only have data up ;9 860C; for the Ca,(Na orK)-Cl system, we only ’

have data up to 70 oC. ‘ :

It is very difficult to extrapolate to 145 oC for the NaKNO3-Cl system. | feel comfortable for the
extrapolation to 100 oC. The curve may not be as steep if temperature goes up further.

For the Ca,(Na orK)-Cl system, the temprature dependence is not steep. It might be OK to do some
extrapolation. However, DOE has reported that CaCl2 got decomposed at 1500C (not much
decomposition at 1250C). Perhaps we should limit the extrapolation to 125 oC for the time being.

It would be nice to do some high temperature measurements. However, we have not found an
appropriate humidity chamber for temperature above 100 oC.

————— Original Message-----

From: Osvaldo Pensado [mailto:opensado@cnwra.swri.edu]
Sent: Monday, January 12, 2004 3:16 PM

To: Lietai Yang ‘

Subject: Deliquesence RH

Please see the attachment to check if this is what you had in mind. I think it makes sense.

- For the Na, K,Cl, NO3-, | found that the deliquesence RH at the intersection point is practically a

constant, equal to 0.219 at 145 °C. Therefore, | am working beyond the range experimental
measures. Would it be valid to extrapolate? :

For the Ca, Na, K, Cl system, | got deliquesence RHs of the order of 0.1 at 163 °C. Again, |
needed to extrapolate.

Therefore, if extrapolating your data is appropriate, a film of solution could develop at RH as low as
10%. This is significantly different from previous data in the TPA code.

Probably extrapolating the data is not appropriate. There may exist a lower plateau in the -

132004 deliquescence RH versus T curve. | do not know.

What do you think?

Data Questionnaire for TPA Version 5.0
Constants

The following is a questionnaire to obtain the final values for the TPA Version 5.0 code
constants that are supported by sound technical bases. This questionnaire represents a series
of interactions that will take place between the process modelers and the PA to ensure that a
consistent set of standards was used in selecting the values. In this questionnaire, staff.
members are requested to provide qualitative/quantitative arguments, original data, and
documentation that substantiate the choice of the constants. Because of the limited time
~available prior to the TPA production runs, please respond by 12/31/03.

Part 1. ldentification

1a. Responder Name:

ALY \[o\né

Fbsfail

1b. Section in tpa.inp:

1c. TPA Parameter

Parameter Name: DecayingConstantRadiolysis [1/vyr]

Distribution Function: constant

Description: Constant controlling the exponential decay of the
radiolytic potential. See Eqgs. (6-8) and.(6-9).; value: 7.0e-5; Dummy
value selected to avoid overflow and/or underflow in the computations.

Part 2. Examination of Current Data (Piease refer to the current input file for TPA and its description
in the TPA user’s manual (Mohanty et al. 2000. Check as applicable.)

Fully Agree Agree Disagree Fully Disagree

Parameter description is acceptable cd m] m] o
Current data type is satisfactory w m] m] m]
Data uncertainties are dealt with o m] = 0
Data should be updated o w] - ]

(Provide written comments if needed. For example, you might provide a better parameter description, or you might
recommend an update that better describes parameter uncertainty using a different data type. Contact S. Mohanty if
you require help. If you supply new data below, continue this questionnaire presuming that data is in use. If you
believe the data should be updated, but cannot do so at this time, when might it be available?)

Comments on current data: aualions Lb-J) and (6-9) are Wenys e ualion
aned g |.d Ne. PoteatNial ima AALCe_ O adio € 104 onsy A2 00
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e e 637 Radiolysis /—-—/———__—’

Radiation from the SF (o and ) affecting the WP environme?t may cause the production of -
oxidizing species such as H,0,, O,, and short-lived oxidizing radicals (j.e., HO, HO,). The presence of ‘
these oxidizing species may cause an increase in the corrosion potential, which may s

corrosion mode from general to localized. Uncertainties in the near-field environment, incomplete

Additional Response: -?\;Q & WRSK oL (gﬂ T/(} ]a \}{A}\\O’V\ 0 WW‘"'(’ : experimc?ntal data, a'nd Iack. of understanding of the details.qf the pl'fenomenon have precluded the

uffice to change the

I rted that no significant radiation effect were observed on general corrosion of stainless steels the corrosion pqteptial. This increase in the corrosion potential decays with time (possibly exponentially)

t was reported that no ‘ . : : -

and nickel alloys at dose rate <10Gy/hr. Pitting and crevice corrosion of C-4 alloys 1q a very aggr6551ve
Mg**-containing environment were observed at 10 Gy/hr, but not at 1 Gy/hr (Shoesmith and King,

PW 33/ IR

1999). ‘
) AE = AEoe “ : (6-8) e
The DEO has conducted bounding case dose rate calculation for the waste packa.ges with PWR e
(CRWMS M&O 2001a) and BWR CRWMS M&O 2001b) spent fuels. The maximum do§§ r_atez?st the | ‘
outside surface of the WP with 21 PWR spent fuel assemblies is 27 Gyy/hr for a 5.5-wt% initial ~~U, ! AE, — increase in the corrosion potential at 7 = 0 [V]
75.0-Gwd/MTU burnup, and a 5-year decay time case (CRWMS M&© 2001a) with nq ba.sket. ’;‘lg . e decaying consam e
maximum dose rate at the outside surface of the WP with 44 BWR sper%t fuel %§3R1§£1e“%ﬁﬁ§% yhr . _ time vagable o]
for a 5.5-wt% initial **°U, 75.0-Gwd/MTU burnup, and a 5-year decay time case (C .W ' & | | |
2001 b) The pOtenti‘al drift will be ventilated for about 50 years. During the ventilation penod, the The pz}rameters AEO apd )\’.are specified 1r} the tpa.inp file as DCltaPotentia]DueToRadiolysis[V] and
tempera. ure would be moderate and the relative humidity would be lower because theiventilation airis DecaymgConstantRadlo]y51s[l/yr], respectively. The corrosion potential, Eorr > ‘is computed as
relatively, dry for the drift temperature. Model simulation has shown (Osvaldo 'to provide a referenge)
that after the closing, the relative humidity will be below the deliquescence points of the hygroscopic ? £ Eg)onradimyﬁs i . o
salts that gre likely to be present in on the waste packages for at least 50 years. Therefore no aqueous - : N -
solution i likely to be present and cause aqueous corrosion for the first 100 years after emplacement. : i
After this {00-year period, the does rate at the WP surface will be decreased to below 1 Gy/hr where
i 1 i kage design (SU, 1997 ). .
e Cbgalcﬂmatlon Y for e ) —— Egrehss - corrosion potential calculated on the basis of a kinetic expression for the
\(M 1(/‘ ’ T(A’m v | cathodic reduction of oxygen and water and the passive current density
- for the anodic oxidation of the meta] [V]
Reference: |
o . f Candidate Prior to the failure of the WP, a radiation js totally confined within the WP. Thus, radiation effects
D.W. Shoesmith, F. King, "The Effect of Gamma Radiation on the CoerSIg n OC Zr:ja. Atomic ' on the environment outside of the WP are mainly the result of y radiation. Because of the heat generated
Materials for the Fabrication of Nuclear Waste Packages, Pinawa, Manitoba, Can ' e ) by the SF for the first several hundreds of years after the emplacement, there is only air and water vapor
Energy of Canada Limited, AECL-11999, July, 1999. ’ surrounding the WP. Because the radiation yield for H,0, is low in the moist-air gas system, the

i concentration of H,0, is expected to be negligible in the gas-phase environment (Reed and Van
CRWMS M&O 2001a, Dose Rate Calculations for the 21-PWR UCF Waste Package, CAL Konynenburg, 1993). Furthermore, the radiation yield of H,0, in water vapor is zero (Spinks and Woods,

UDC-NU-000002REV01, Las Vegas, Nevada: CRWMS M&O, 2001. 1990), and H,0, is unstable and decays into more stable species such as H,0, OH-, and O,. Therefore,

, H,0, cannot accumulate in the environment in the proximity of the WP during the dry and humid period.
i -BWR UCF Waste Package, Cal- » 22 :
CRWMS M&O 2001b, Dose Rate Calculations for the 44-B

After the long dry-air and humid-air periods, water will condense on the surface of the WP and form a
UDC-NU-000003REV01, Las Vegas, Nevada: CRWMS M&O. thin film. Under this condition, H,0, may be formed by irradiation. The irradiation level must be high

d M.N. Haas, MGDS Subsurface Radiation Shielding Analysis (BCAE00000-01717-0200- — )> enough to guarantee a continuous supply of oxidizing species and increase the corrosion potential. By the
S.Su an .N. Haas,

time of the formation of the water film, however, the ener absorption rate on th i t in th
' ice | ' . 97). , gy Tption rate on the environment in the
00001 Rev 00, OCRWM (Office of Civilian Radioactive Waste Management) Report (1997) | proximity of the WP will be so low (computed to be less than 0.005 J/kg-hr after 1,000 yr in the EDA 1)
that the production of H,0, is expected to be negligible. For this reason, in the basecase for TPA

Version 4.0 code, it is considered that AE,;= 0 (a dummy value is assigned to the parameter \)
Parameter values can be found in appendix A. '

/
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Discussion with Osvoldo:

If assume the DEL for the Na, K,CI, NO3 system is extrapolated to 116 0C or so, the DRH may be 27%.

then the deliquescence may be started at the time the WP T=137.5 oC."Assuming 137.5 oC is the critical
stable point for CaCl2 (DOE has demonstrated that when T=150 oC, it not stable; when T=1250C, it is
stable). The low DRH from CaCI2 would have no meaning before 137.50C, even if it is low (15%)

- because CaCl2 is assumed to decompose. Only after 137.5 oC, the CaCI2 would present, however, at
this temperature, the RH in the drift is already above DRH of the CaCl2. ‘

Sent: Wednesday, January 14, 2004 10:40 AM
' To: 'Osvaldo Pensado'

Osvaldo, : .

- I do not understand why defining a distribution for DEL in TPA is incorrect. Also, you mentioned that "

- We are not certain whether a deliquescence solution can exist at such high temperature. I suggest
disregarding the Ca-Cl system, because we are not certain deliquescence solutions can exist at such
high temperatures” We know that at 1250C, CaCl2 is stable, even though it not stable at
1500C. We can still use the DEL of Ca-Na-K-CI at 125 oC, which is much lower than that of

' 35%. Of course, the probabilities of the occurrence of CaCl2 from both the dusts and from the

seepage water are low. '
Unless we can prove that CaCl2 is not likely present in the system, we should not exclude the use of the -
DEL of CaC2.

A recent paper published by DOE contractor shows that CaCl2 will decompose at 1500C.
~ We can assume that CaCl2 would not present and would not be accumulated before the
time the WP T>=1500C. However, more proof is need for the unlikelyhood of the
presence of CaClI2 after T<1500C.

-Lietai

From: Osvaldo Pensado [mailto:opensado @cnwra.swri.edu]
Sent: Tuesday, January 13, 2004 5:45 PM

| learned that defining a distribution for deliquesence in TPA is incorrect .
The deliquescence point for use in TPA should be the minimum defensible deliquescence point (at a
high temperature).

Na, K,Cl, NO, system: By assuming that the deliquescence flattens at 110 °C

(i.e., deliquescence RH is a constant at higher temperatures), | got that the deliquescence RH

-~ at the intersection point is 0.35 (= deliquescence at 110 °C). The temperature of the WP at

the intersection point is ~129 °C.

For Ca, Na, K, Cl system, the temperature of the waste package at the intersection point is

“greater than 150 °C. Based on our discussion today, | do not feel comfortable is using the

deliquescence of the Ca, Na, K, Cl system. The temperature at the intersection point is so

~high that a deliquescence solution is not likely to exist.

~ Therefore, in TPA | suggest using 0.35 as the value of the deliquescence point,
.. corresponding to the deliquescence point of Na, K, Cl, NO3 at 110 °C. | suggest defining it as

a constant value (not as a distribution).

If you know the deliquescence point of a credible salt at a higher temperature, we should use
-~ that value instead.

~ Please check the attachment for the analysis. You can skip the first three pages, as you have

already seen them. If you have a recommendation, better speak now, as | will be providing

~ recommendation for the TPA input file.

~ Osvaldo
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Subject: Corrosion test in evaporative environments; Corrosion test on effect of fabrication process
Roger,

Qe Ay« e ¥y el Ao \POCC
As discussed, please considering making the following probes (some of them will be used in the immediate tests, ! - R .
others will be used later): | } ) C)u&»\?\‘\(»%c e S N e N ¢ N I . St S
|
\
|
|

C-22 wire, 1 mm dia, solution annealed (1121 oC, 10 Min, rapid water quenching )

C-22 wire, 1 mm dia, Thermally aged (heated at 870 oC for 5 min) PRy oo \kw\g& w\% S(Q\. _ g—o\\uwx\/} &\o\\/\\'\c—Qﬁa e

Alloy 825, 1 mm dia, solution annealed (heated at 954 oC for 10 Min, rapid air cooling) L( sewoes  2AVFOA -\D RC%\S’\'DfS

SS 304, 1 mm dia, solution annealed ( Mill Annealed, If not, heat it at 1100 oC for 10 Min, followed by rapid water ;_ 3' /A\\\Q
guenching) ‘ ‘ et

\\\ "l \,\\ [2onl ‘(\0\:” AN N4 u\\S\ \/{ 4:\ \M“VDQ
CENSC w3

"’3 9\3\ \'\\ bu\\ & LV\O\‘ AN \\}:\\ 7/(. \—3 \\QR'LO{\
- \\
My gL \mﬁm9~ mewm\\ﬂh&ygx meu@g

SS 316, 1 mm dia, solution annealed ( Mill Annealed, If not, heat it at 11000C oC for 10 Min, followed by rapld 3‘ @X 3 T\
water quenching)

1A /\\\m 23"‘ 6@@ sc:v,xmr *a\iea-1a jokI\ -
TR A 6@\5 L Gensev @\FOA-1X \@K/Ll

Ti-7 wire, annealed (if not, heat it at 708 oC for 2 hours followed by air cooling).

Alloy 276, 1 mm dia, solution annealed at 1121 oC 10 Min followed by rapid water quenching

- All the probes shall be tube like, flush mounted (enough length to be mounted in a bottle), good for temperatures | - e
up to 150 oC.
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\D(QQULA) NS XQ\, RCL\QOQ g«w AT X \ADA

RECIPES FOR VARIOUS GROUDWATERS

Solute Introduced Concentration, mg/L,

UZx1243 J13x1 J13x157

1xUZ 62xUZ 250xJ13
rewetted
CaCl,-2H,0 159 6512 57767 15 0.2 11
CaS0,2H,0 73 ’
MgSO,-7H,0 111 3961 5382 21 12 0.8
Mg(NO3)2 6H20 16 ‘ }
~ KNO, 5.2 719 4205 4.1 1533 3456
KF 33
NaF 2.4 84 1198 5.1 707 1748
NaHCO, 28 14 61 145 8197 18210
8i0,-xH,0, 84% SiO, 12 599 644 12 1671 3950
MgCl,-6H,0 1499 42264
NaCl 982 14211 1810 4342
KCli 1975
Ca(NOQ;3),-4H,0 10
K,S0, 8.0
NaNO, 207 626 988

e Introduced NaOH (g/L)*
0.001 M NaOH .007 32 12 24 724 1,992

*added to achieve mass balance for Na
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SOUTHWEST RESEARCH INSTITUTE™
6220 Culebra Road, P.O. Drawer 28510
Institute Quality Systems
Institute Calibration Laboratory

Phone: 210-522-5215 Fax 210-522-3692 ACCRED
Certificate #
Certificate of Calibration 0972-01

Work Order: 444057635
Date Issued: Feb 26, 2004
Calibration Date: Feb 26, 2004
**Calibration Due: Feb 26,2005 3
Calibration Location: Bldg. 64

Submitted By: DIV20
Address: BS57
Contact: LIETAI YANG
Manufacturer Model: VAISALA HMP77B
Description: TEMPERATURE/HUMIDITY PROBE .
Serial No: Z0750005 Environment: Temp. 79.0°F Hum. 23 %RH
Asset No: 010701 *As Found: IN TOLERANCE
Procedure: TEMPERATURE/HUMIDITY, MAR/03 *As Left: IN TOLERANCE
This certificate documents traceability to the National Institute of Standards and Technology (NIST) and the International System of Units (SI). The Laboratory quality system
conforms to ISO/IEC 17025, 1999 and ANSIINCSL Z540-1-1994 which are equivalent to retevant requirements of the 1SO 9000- 1994 series of standards. This certificate may not
be reproduced, except in full, without the written approval of the Southwest Research Institute Calibration Laboratory. The results of this calibration relate only to the individual
instrument described above. This centificate shall not be used to claim product endorsement by the American Association for Laboratory Accreditation (A2LA) or any agency of the
U. §. Government

Uncertainty evaluation includes the item under test and is calculated in accordance with the 1SO "Guide to the Expression of Uncertainty in Measurement" (GUM). The uncertainty
represents an expanded uncertainty using a coverage factor of k=2 to approximate a 95% confidence level. The calibration process provides a Test Uncertainty Ratio (TUR) of less
than or equal to 25% (4:1) of the test limit unless otherwise stated in remarks or an attachment

*The client has sole responsibility for determination of infout of tol or compli pliance. An infout of tolerance opinion is provided for your convenience based only

on the Test Instrument (T1) reading(s) and limits as reported. The reported unceriainty relates only to the results at the time of calibration and does not imply any short or long term
stability of the TI.

**Calibration interval is determined by the client and does not assure the instrument will remain within tolerance until this date. Any number of factors may cause the instument to
be out of tolerance before the next calibration date.
Remarks:  Calibrated as a system with Vaisala M170 Indicator S/N Z0730015.

Standards Used

Description Cai Due
HUMIDITY GENERATOR Jun 10, 04

Asset Manufacturer Model
006404 THUNDER SCIENTIFIC 2500

o kLl

&/Még:g— oo

Approved by: Walt Hill Measurements by Mark Rome[ro

Metrology Group Leader Metrology Technician
mAa2lal.rpt Rev date 15, August 02 1 oft

Southwest Research institute
Calibration Laboratory

Calibration Report

Work Order 444057635 Mfr Vaisala Tech: Mark Romerol
Asset No. 010701 Model HMP77B
Serial No. 20750005 Type Temperature/Humidity Probe |Cal Date: 26-Feb-04

Remarks: Calibrated with Vaisala Indicator MI70 S/N Z0730015.

Function/Range Test Point Tl Reading Difference +-Limits _ +/-Uncertainty  Found/Left
HUMIDITY %RH %RH %RH %RH %RH Results

34.99 34.50 -0.49 1.00 0.50 Pass

50.07 49.77 -0.30 1.00 0.50 Pass

74.95 74.41 -0.54 1.00 0.50 Pass
TEMPERATURE Deg C Deg C Deg C Deg C DegC

20.33 20.43 0.10 0.20 0.16 Pass

END OF REPORT
Rev 0, Mar/03 Page 1 of 1 THERMOHYGROMETER
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SOUTHWEST RESEARCH INSTITUTE™

6220 Culebra Road, P.O. Drawer 28510

Southwest Research Institute
Calibration Laboratory

121

Institute Quality Systems Calibration Report
Institute Calibration Laboratory ACCRE ] o

Phone: 210-522-5215 Fax 210-522-3692 L
Certificate #
Certificate of Calibration 0972-01

Work Order 444057636 Mfr Vaisala Tech: Mark Romero e v
Submitted By: DIV20 Work Order: 444057636 Asset No. 010700 Model HMP778
Address: B57 Serial No. 20750006  |Type Temperature/Humidity Probe  |Cal Date: 26-Feb-04

Contact: LIETAI YANG
Manufacturer Model: VAISALA HMP77B
Description: TEMPERATURE/HUMIDITY PROBE
Serial No:  Z0750006
Asset No: 010700

Calibration Date: Feb 26, 2004
**Calibration Due: Feb 26, 2005
Calibration Location: Bldg. 64 s
Environment: Temp. 79.0°F Hum. 23 %RH e
*As Found: IN TOLERANCE ' :

Date Issued: Feb 26, 2004 \ [ ‘
i Remarks: Calibrated with Vaisala Indicator MI70 S/N Z0730015. i
|

Function/Range Test Point T] Reading Difference +-Limits _ +/-Uncertainty  Found/Left
Procedure: TEMPERATURE/HUMIDITY, MAR/03 *As Left: IN TOLERANCE HUMIDITY %RH %RH %RH %RH %RH Resuits ] e
This certificate documents traceability to the National Institute of Standards and Technology (NIST) and the Intermational System of Units (SI). The Laboratory quality system ¢ neri et e st st : ORI 35.01 34.45 -0.56 1.00 0.50 Pass
conforms to ISO/IEC 17025, 1999 and ANSINCSL Z540-1-1994 which are equivalent to relevant requirements of the 1SO 9000- 1994 series of standards. This certificate may not 50.06 49.72 -0.34 1.00 0.50 Pass
be reproduced, except in full, without the written approval of the Southwest Research Institute Calibration Laboratory. The results of this calibration relate only to the individual : . : 1 1 .00 0.50 P i
instrument described above. This certificate shall not be wsed to claim product endorsement by the American Association for Laboratory Accreditation (A2LA) or any agency ofthe e 74.96 74.35 -0.6 . . ass ot
U. S. Govemment e b o .
TEMPERATURE Deg C Deg C Deg C Deg C Deg C
Uncertainty evaluation includes the item under test and is calculated in accordance with the 1SO “Guide to the Expression of Uncertainty in M "{GUM). The inty 9 9 9

. i ) . ) 16 Pass
represents an expanded uncertainty using a coverage factor ofk=2 1o approximate a 95% confidence level. The calibration process provides aTest Uncertainty Ratio (TUR) of less et e | — 20.33 20.42 0.09 0.20 0
than orequal to 25% (4:1) of the test limit unless otherwise stated in remarks or an attachment END QF REPORT

*The client has sole responsibility for determination of in/out of tol or pli ipliance. An in/out of tolerance opinion is provided for your convenience based only o o o e S i A i
on the Test Instrument (TI) reading(s) and limits as reported. The feported uncertinty relates only to the results at the time of calibration and does not imply any short or long term T ——
stability of the T1.

**Calibration interval is detenmined by the client and does not assure the instrument will remain within tolerance unti) this date. Any number of factors may cause the instrument to
be out of tolerance before the next calibration date,

Remarks:  Calibrated as a system with Vaisala MI70 Indicator S/N Z0730015.

Standards Used
Asset M er Model Description Cal Due ) R e o et e e s s i
006404 THUNDER SCIENTIFIC 2500 HUMIDITY GENERATOR Jun 10, 04

YN

Approved by: Walt Hill

Metrology Group Leader
mia2lal .t Rev date 15, August 02

Measurements by: Mark llomero
Metrology Technician

1 of 1 s s R ottt JS. '
THERMOHYGROMETER

Rev 0, Mar/03 Page 1 of 1
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The Conductivity Behavior of Salt Deposits on the Surface of Engineered Barrier Materials
for the Potential High-Level Nuclear Waste Repository at Yucca Mountain, Nevada

Lietai Yang, Miriam R. Juckett, and Roberto T. Pabalan
Center for Nuclear Waste Regulatory Analyses,

San Antonio, TX 78238-5166, U.S.A.

ABSTRACT

Information potentially subject to copyright protection was redacted from this
location. The redacted material was published by the Materials Research

Society in 2004.

loter B Tl mae <
ol Noteloks Ciﬂ%kﬁ? .

Information potentially subject to copyright protection was redacted from this
location. The redacted material was from an article published by the

Materials Research Society in 2004.

Figure 3. Baseline impedance vs. RH for

Figure 2. Response of baseline impedance of
filter paper soaked with pure water.

filter paper soaked with pure water to changes
in RH. The equilibration time was 2 hrs.
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FiLe: Conductivity_NaKCINO3_System / Tab: Chart

Information potentially subject to copyright protection
was redacted from this location. The redacted material
was from an article published by the

Materials Research Society in 2004.

RFT7) "X,\ i\x )\\(’/\,\’M\}/
/XN ‘

Figure 4. Impedance vs. RH curves for the Na- D WN

K-CI-NOj; system. The equilibration time was 4

hrs for the deliquescence curve at 25 °C, and 2

hrs for all other curves

~ ~f--./ »»»»»»»»» —
Jan12 SolA 25C Feb 14 SolA 25C

Feb04SolA70C Jan17S0lA50C

ile:
——

25C, Eff, 2hr  25C, Del, 2hr  25C, Eff, 4hr . 25C, Del, 4hr

Humidity  70C, Eff 70C, Del 50C, Eff 50C, Del

60 2.383942764

e — —

_ ~\ f/ —

File: Conductivity_CaKCI_System / Tab: Chart \’ File: Conductivity_CaNaCl_System / Tab: CHa
I

.

~\
N\

Information potentially subject to copyright protection was redacted from this
location. The redacted material was from an article published by the

Materials Research Society in 2004.

= 35 45
. RH (%)
Figure 6. Impedance vs. RH curves for the Ca- }
Na-Cl system. The equilibration time was 2 hrs 3
i

for all curves

Sl 75

RH (%)

Figure 5. Impedance vs. RH curves for the
) Ca-K-Cl system. The equilibration time was
2 hrs for all curves

]
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Figure 8. MDRH values obtained using
the conductivity method and the
hygrometer method.

Figure 7. MDRH values obtained in this study usmg the
conductivity method and in a previous study [2] using
the hygrometer method.

Humidity ~Conductivity Method Hygrometer Method JK\TK?V\—
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SUMMARY of ATMOSPHERIC DUST COMPOSITION
AND ITS POTENTIAL EFFECT ON THE CORROSION OF WP AND DS
Lietai Yang
May 18, 2004
Background:

The Department of Energy has conducted analysis on the dust deposition and its impact
on the corrosion of in Engineered Barrier Systems (BSC 2003a) However, the dust
samples used in DOE salt analyses discussed in the technical basis document were
collected in an exploratory study facility, where the majority portion was the rock dust
produced during the construction of the tunnel (Peterman, 2003). During the ventilation
period, a large portion of the dust on the WP and DS is expected to be consisted of the
atmospheric dusts. This document presents the key components that are important to
corrosion from the atmospheric dusts.

Data from USGS:

The United States Geological Survey (USGS) has a dust trap network consisting of
about 40 sites in the southern California and Southern Nevada region. These dust traps
were designed to study the rate of deposition, grain size, and mineralogical and
chemical composition of dust. The dust traps collect not only mineral dust and aerosol,
but also wet deposition such as rain and snow [Reheis, 2002]. Because of the object of
the study, the analyses on the samples from these dust traps have been focused mainly
on the metals in the raw and soluble-salt-removed dusts. Very few of the samples were
analyzed for soluble salt constituents. Table 1 shows the composition of the key
components analyzed from the dust samples collected at Owens Valley, California:

Table 1 Comparison of selected elements between processed (salts and organics removed),

unproceSSed, and Soluble_fraction ~f diiet eamnles collected at Owens Va”ey, Callfomla (Reheis,

2002). File: Reheis_Paper_Elements -
‘Sample | Fe|Ca|Na| K |Mg| Ba | Li | P |Pb|Rb| sr | 2zn

Sample number|  Type Wt% : Ppm

T62-0595 proc. 2.8]7.3]2.9!36 1180 | - - 136 | 1070 | 4080
- [162-0595 unproc. 24)51|21|92|26| 1054 | 414 | 540 | 65| 116 | 843 | 3240 |
62-0595 salts 0 J|o6| # |35] 0| 26 | 3 |192|0]| 1 | 22 17
762-1095 I r°°_- 1191571221 13| | 632 87 | 774 | 4250
162-1095  Isalts o 67| # 33| 0| 45 |37 13801 3 | 49 | 64 |
- [T-62-0599 unproc. 22|44] 2 | 14|23 | 560 |305]|570 |44 110 | 600 | 245

.. # Detection limit exceeded by amount of element present.

5|

Tables 1 shows that the main metals in the soluble salts are Na and K and the content
of Ca is low (0.6 to 0.7 wt%). Most or all of the Ca, Mg and Fe are in the insoluble form.
Table 1 also shows that the soluble salt contains considerable P. -

Recently, a large number of the dust samples collected by Reheis at the USGS were

analyzed by Izbicki et al (Personal communication, 2004) for anions in the soluble salts.

Table 2 shows the average anion concentrations in the leachate of the atmospheric
dusts collected in the southwestern United States region from winter 2001 to spring
2003 (ppm). The NOs-to-Cl ratios were 1.63/0.75= 2.17 for the samples collected near
the Yucca Mountain area and 3.11/3.62= 0.859 for the samples collected over the
southern Nevada and California region. Significant amounts of other inhibiting specie,
NO, and SO, were also found. In addition, Bromide and phosphate were significant.
The effect of these two ions on the corrosion of drip shield and waste package outer
layer should be assessed.

Table 2. The Average anion concentrations in the leachates of the atmospheric dusts
coIIected in the southwestern United States region from winter 2001 to spring 2003

Nin N in 4 Pin
'N02 NO3 Cl Br PO4 S04
File: Izbicki dust salts 3.25.03 NV-CA Analyzed ' '
Average of ’
36 Samples ppm 16.38 22.80 26.6/ evao (-0 238  73.59
Collected
near Yucca
‘Mountain mM 1.17 1.63 0.75 0.37 0.077 0.77
Average of ‘
89 Samples
Collected in ,
Southern ppm 3258 | 4356 | 128.47| 50.87 2.87 | 269.85
California and
Nevada mM 2.33 3.11 3.62 0.64 0.092 2.81

Source: Data were derived based on personal communication between Lietai Yang and
John Izbicki, USGS Geochemical Laboratory, San Diego, April, 2004.

Data from the Atmospheric Deposition Moy'nitoring Networks

The National Atmospheric Deposition Program/National Trends Network (NADP/NTN)
operates a nationwide network of wet precipitation monitoring sites. The network is a
cooperative effort between many different groups, including the State Agriculture
Experlment Stations, U.S. Geological Survey, U.S. Department of Agriculture, and
numerous other governmental and private entities. The NADP has over 200 monitoring:
sites in the continental United States, Alaska, Puerto Rica'and the Virgin Islands. The
NADA analyzes the constituents important to pregjpitation chemistry, including those
affecting rainfall amdnty and those that may have ecologlcal effects. The NADP

147




148

measures sulfate, nitrate, hydrogen ions, ammonia, chloride, and base cations (Ca, Mg,
K).The sampling site at Death Valley, California may be considered the most relevant to
the Yucca Mountain project because of its closeness to Yucca Mountain and the
prevailing wind direction near Yucca Mountain area. The NADP system does not collect
dry deposition samples.

The Clean Air Status and Trends Network (CASTNET), created by the U.S.
Environmental Protection Agency and the National Oceanic Atmospheric Administration,
provides atmospheric data on the dry deposition. The CASTNET data includes sulfate
~ nitrate, ammonia, sulfur oxide, and nitric acid, and the meteorological conditions

required for calculating-dry deposition rates. The CASTNET operates about 70 sites
across the United States, including one at Death Valley, California. Unfortunately, the
CASTNET does not provide data on chloride and bromide. ‘ ’

Another network, the Atmospheric Integrated Monitoring Network (AIRMoN) provides
atmospheric data on both dry and wet depositions with greater temporal resolution. The
AIRMoN was sponsored by National Oceanic and Atmospheric Administration - Air
Resources Laboratory to provide a research based foundation for the routine operations
of the above-mentioned two deposition monitoring network- the NADP for wet
deposition, and the CASTNET for dry deposition. The AIRMoN provides similar data as
the NADP and CASTNET, except the samples are collected at a more frequent interval
(daily). Currently, there are nine sites within the AIRMoN. network. They are all located
in the central and eastern parts of the Unites States. None of them are close to the
Yucca Mountain area.

Table 3 shows summary of the NADP data for the precipitation samples collected at
Death Valley, California in recent years. The samples from the NADP were filtered _
through 0.45 micron filters prior to analysis. Therefore, the data in Table 3 are
considered as soluble ions. The three-year average NOgz-to-Cl ratio is 0.042/0.012 =
4.77 from the reported concentration measurements and 11.0/2.6 = 4.18 for the
reported deposition amounts. The value of each constituent for the deposition amount
was computed based on the concentration of the constituent in the wet precipitation and
the amount of rainfalls. The two NOs-to-Cl ratios should be the same. The small
difference between the two ratios was probably due to errors in the computation of the
source data. ’

Table 3 also shows that there were significant amount of Ca and Mg in the soluble salts
. collected from the wet precipitation. The molar concentration of Ca is close that of K and
the molar concentration of Mg is twice as high as that of Na

Table 3, Summary of the soluble constituents in the wet precipitation samples collected
at Death Valley, California in recent years :

‘ Concentration in Wet Precipitation
lca [k INa [ NH4 | NO3 | I | S04 pH |
' mg/L ' |~

-

Year - Mg

}/ X(ﬂ(«%u’

.&Vr yrr Taly

DA_Death_Valley_Data

149

1.9

2000 0.58 | 0.066] 0.023 0.22 0.82 | 0.3 0.74 6.49

2001 018 0.019| 0.022| 0.097 0.69 1.51 0.15 0.53 5.46

2002 291 ] 0.191 0145 1.114 1.1 4.31 0.83 2.27 6.2
Average - 1.223| 0.092| 0.063| 0.477 0.870 2573 ] 0427 | 1.180 6.050

' mM

2000 0.024 | 0.002 | 0.001 0.010 0.051 0.031 0.008 | 0.008

2001 0.007 | 0.000 | 0.001 0.004 0.043 0.024 | 0.004 | 0.006

2002 0.120 | 0.005| 0.004 | 0.048 0.069 0.070 | 0.023 | 0.024
Average 0.050 | 0.002 | 0.002| 0.021 0.054 0.042 | 0.012] 0.012

Deposition from Wet Precipitation ‘
kg/ha

Year Mg Ca K Na NH4 NQO3 Cl S04

2000 0.26 | 0.029 0.01 0.098 0.37 0.85 0.13 0.33

2001 0.11 0.011 0.013 | 0.058 0.41 0.9 0.09 0.32

2002 02| 0.013 0.01 0.078 0.08 0.3 0.06 0.16 |
Average 0.190| 0.018 ! 0.011 0.078 0.287 0.683 | 0.093 | 0.270

: _mole/ha .

2000 10.700 | 0.725 | 0.256 | 4.261 23125 18.710 | 3.667 | 3.434

2001 4527 | 0.275| 0.332| 2522 25.625 14.516 | 2.539 | 3.330

2002 8230 0.325| 0.256| 3.391 5.000 4.839 | 1.693| 1.665
Average 7.819 | 0442 | 0.281| 3.391 17.917 11.022 | 2.633| 2.810

Source: National Atmospheric Deposition Program (NRSP-3)/National Tren
Program Office, lllinois State Water Survey, 2204 Griffith Dr.

http://nadp.sws.uiuc.edu Downloaded May 17, 2004.

Summary:

ds Network. (2004), NADP
, Champaign, IL. 61820, Website: '

1. Limited data analyzed from two atmospheric dust samples collected near Yu‘écav
Mountain show that the soluble portion (soluble salts) of the dusts contains high

concentration of Na and K, but low concentration of calciu
amount of Mg.

m and negligible

2. The data analyzed from the atmospheric dusts collected near Yucca Mountain
(86 samples) and in southern California and Nevada region (89 samples) indicate
that the soluble portion of the dusts contains significant amount of corrosion
inhibiting specie such as nitrate, sulfate and nitrite. The average ratio of nitrate-
to-chloride is 2.17 near the Yucca Mountain area and 0.86 in the southern
California and Nevada region.

3. The three year (2000 to 2002) data from the wet precipitation samples collected |
by the National Atmospheric Deposition Program at Death Valley, California also
show high ratio of nitrate-to-chloride (4.2 to 4.8). :

4. The three year (2000 to 2002) data from the wet precipitation samples also 7
- shows that there were significant amount of Ca and Mg in the soluble salts. The

)

Ws’% ‘
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molar content of Ca is close that of K and the molar content of Mg is twice as
that of Na.

5. The data from the atmospheric dust collected near Yucca Mountain also shows
that the soluble portion of the dust samples contain significant amount of bromide
and phosphate. !

References:
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1. Las Vegas, Nevada: Bechtel SAIC Company LLC. 2003.
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10™ International High-Level Radioactive Waste Management Conference (IHLRWM),
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Deliquescence Relative Humidity Measurements
Using an Electrical Conductivity Method

Lietai Yang, Roberto T. Pabalan, and Miriam R. Juckett

Center for Nuclear Waste Regulatory Analyses
San Antonio, TX 78238-5166, U.S.A.

ABSTRACT

Tl

. NaCl_NaNO3_Water_Activity_Conductity Chart1
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Materials Research Society in 2005.

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

Relative Humidity (%)

FigL!re 1. Sp_epific conductivity of NaCl and NaNQ; single salts at 25 °C [77 °F] as a function of
relative hurmdlty calculated using StreamAnalyzer, Version 1.2. Also shown are the calculated
concentrations of NaCl and NaNO, as a function of relative humidity. The solid diamond and

square §ymbols indicate the calculated solubilities of NaCl (6.15 m) and NaNO; (10.22 m)
respectively. ’

- either NaCl or NaNOg, or both, as a function of salt mi
calculated specific conductivity of the saturated solution.

Figure 2. Calculated relative humidity at 25 °C [77 °F] over an aqueous solution saturated with

xture composition. Also shown is the
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T NaNOS_NaCI_Pure_SaIt_&_Mixture_Conductivity_Bobby Figure 4

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the
Materials Research Society in 2005.
(
q
- Figure 4, Calculated specific conductivity at 25 °C [77 °F] i i P

. 3 - | al as a function of relative humidity of an
Figure 3. Calcu_lated specific conductivity at 25 °C [77 °F] as a function of relative humidity ofan ... NaCl-NaNQS e, ath composition x4 (see Figure 2). Also plotted s the calculated aqu)e/ous
NaCl-NaNO, mixture with a eutonic composition (xg in Figure 2). Also plotted is the calculated | 77 concentration of NaCl and NaNO; as a function of relative humidity. T
aqueous concentration of NaCl and NaNQ; as a function of relative humidity. The calculated
solubilities of NaCl and NaNO; at 25 °C [77 °F] are 4.55 and 6.78 m, respectively. S T -

S Wi

\:“\’ VQ/ \ e ’
NaNO3_NaCl_Pure_Salt_&_Mixture_Conductivity Chart_Eutonic_Cond
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Pila:

aN03_NaCI_Pure_Salt_&_Mlxture_Conductivity_Bobby Figure 5
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October 29 Blank 50C_Bobby Chart_time

Materials Research Society in 2005.

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

Figure 5. Calculated specific conductivity at 25 °C [77 °F] as a function of relative humidity of an
NaCl-NaNO; mixture with composition xs (see Figure 2). Also plotted is the calculated aqueous
concentration of NaCl and NaNQO; as a function of relative humidity.

Figure 8. Measured impedance of a wet filtration paper to stepwise changes in relative humidity
(2-hr equilibration time)
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\/2 - “_ﬁNa2SO4 50C_Summary_Bobby Chart_Combined .

Blank_SOC;Summary_BoQby Chart1

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

Materials Research Society in 2005.

Figure 10. Impedance vs relative humidity at 50 °C [122 °F] for a conductivity cell containing
Na,SO, (4-or 23-hr equilibration time). The deliquescence curve was measured in the direction
of increasing relative humidity and the efflorescence curve was measured in the direction of
decreasing relative humidity. From the data, the estimated DRH of Na,SO, at 50 °C [122 °Flis
86.5 £1.5 %.

Figure 9. Measured impedance vs relative humidity at 50 °C [122 °FJfor a conductivity cell with T
pure water only (2- or 24-hr equilibration time). The measurements were made in the direction of
Increasing and decreasing relative humidity. :
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Materials Research Society in 2005.

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

Figure 11. Measured im i i
e pedance vs relative humidity at 5
containing Na,SO, (23-hr equilibration time). yanso

1 v ) ! !

°C[122 °F] for a conductivity cell
! o

Figure 13. Measured impedance vs relative humidity at 50 °C [122 °F] for a conductivity cell
containing CaCl, (8-hr equilibration time).

Materials Research Society in 2005.

Information potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

'/ Tab: Chart

 Fi imp i idi ° °F] for a conductivity cell
Figure 12. Measued impedance vs relative humidity at'50 c[122 _
co?\taining CaCl, (4- or 8-hr equilibration time). The deliquescence curve was measgrerc]l in the
“TTITTT direction of increasing relative humidity and the efflorescence curve was measured in the
direction of decreasing relative humidity. From the data in this figure and in Figure 13, the

n

~ astimated DRH of CaCl, at 50 °C [122 °F]is 15 £ 1 %. R

Figure 14. Measured impedance vs relative humidity at 25, 50, and 70 °C [77, 122, and 158 °F] -
for a conductivity cell containing a mixture of NaCl+NaNO;+KNO;. The impedance was
measured in the direction of increasing relative humidity (deliquescence) or decreasing relative

humidity (efflorescence).
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salt mixture determined using c

165

Table 1. Comparison of DRH of CaCl, and Na,SO, and MDRH of NaCl+NaNO3;+KNQ; obtained
using two methods ' .

Materials Research Society in 2005.

| nformation potentially subject to copyright protection was redacted from this location. The redacted was an article published by the

Figure 15. Comparison of DRH
onductivity and hygrometer methods.

of Na,SO, and CaCl, salts and MDRH of NaCl+NaNO3;+KNO,

weve... File: DRH_CaCl2_&_Na2S04-Bobby /Tab: Figure 15

. McGrail and G.A. Cragnolino, (Mater. Res.

File: DRH_NaKCINO3_System_Two_Methods / Tab:Data

- Regression
DRH (%) Error (%)
File: Summary_DRH&ERH File: DRH_test_Hygrometer_summaryy Trend = -0.3749x + 76.794
" [Temp (0C)|Conductivity Method Hygrometer Method DRH (%) |Error (%)
25 62 67.4275] 0.080494
50 55 58.055] 0.052623
70 47 50.557] 0.070356
23 67.7707 0.067824 :
38.13 / 60.74343
48 / 61.279287 e
69 / 51.834728
85.8 / 43.402524 e

*Data File in NoteBook464_Salt folder; and
used in Yang, R. T. Pabalan and L.
Browning, “Experimental Determination of
the Deliquescence Relative Humidity and
Conductivity of Multicomponent Salt
Mixtures,” Scientific Basis for Nuclear e
Waste Management XXV, ed. B. P.

Soc. Proc. 713, Warrendale, PA, 2002) pp.
135-142.
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Sl l )/1,, W ’\ “’ MMM B Revised Initial Entries for Under-salt Corrosion Tests:
12 Pk fe v w300 bk papey

about ’
; AR 4k e e e Names of the individuals performing the activity:
TUNWY WL CP ‘vqb \{J A’Y-Q,.WL-W { ietai

Title: Corrosion of Alloy 22 in Salt Environment at Elevated Temperatures

* Lietai Yang, Steve Young
S Objectives and the proposed approach or procedure:

mg L(f 3 l O/t ,92 T G‘Y Measurement of non-uniform corrosion rate of Alloy 22 in the liquid and vapor phases of a

S—— system containing mixed salts (NaCl-NaNO3-KNO3) at elevated temperatures. Coupling
multielectrode array sensor (MAS) probes will be used in the test.

o B (6 b'/)’) TG t ?D ‘?  — Equipments and measurement parameters:
The signal from the MAS probes will be measured with a Keithly 2182 nanovolt meter and

% Ml@ Wooommme Keithley 7001 Mainframe Switch. The salts will be placed in an electrochemical cell which will be
’ heated by a temperature controller. The temperature will be measured with a calibrated
e e e e e thermocouple (SN 293376W) and a calibrated temperature meter (SN:T-94140)

— / A V\U\ N\y-e// ( | e —— Software:

NSO NV Y o Sheotin — ; In-house developed visual basic code was used to control the two Keithley meters and to store
e e A A e ———— et e ‘ the data in a computer hard drive. The visual basic code was verified (see page 45, Scientific
X 777 77 7 7o 2 22z , : Note Book # 423).
‘ ——me*{«-m\-»w-«\ N\ . H S | S e o et e e = H : P : .
N\ 3V Test equipment calibration, accuracy, and precision requirements:
/ (,_‘,,__-—————-——-—-—— / « / The two Keithley meters and the visual program were verified on a regular basis. The latest
ComQ ¢ _% «/Y 1 T verification was performed on 8/26/2004. See page 294, Scientific Note Book # 604 for details.
LL..,, Ny’ SWP' . . y This instrument has been used continuously for the microbially influenced corrosion test. The
o m Sh—W(‘lq M ) verification will be conducted as soon as the present test is completed and by 8/26/2005.
e ] o , t Thermocouple: SN293376W, Cal'd: Apr 05, 2005, Due: Apr 05, 2006 -
I : e , Temperature Meter: SN: T-94140, Cal'd: May 12, 2005, Due: Nov 11, 2005 UCL‘ y( L
h ; Required level of accuracy: 0/ ‘% -

-r ?V‘\'WHML lé MATR 6\‘35 O~ bDle l l 2 Temperature: +3 oC, Currents: 10 nA; Qe,\(,\&;\,z v de ’ca BapYy %

NS AN

S .K:L -

Potential Source of Uncertainty:

e o : Noise from power line or nearby equipment may affect readings from the probes. Pumps and
21 I v A C ,,,,,, el _Zﬁ-] 9 ' i N\ " heaters should not be close to the test cell. .
(/ \\ o T Special personnel training or qualification requirements:
None e
Material/chemical:
-V Zf §) : Probe will be made of Alloy 22 wire, solution annealed at 1121 oC for 10 minute followed by e
, ; water quenching.
i " ) } : Special personnel training or qualification requirements: e —
N | None
o I 5 (\ J ‘ Material/chemical:

Varies (see in-progress entries).
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Dust-T14+T13 Soluble
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Whatman Paper BIk.

Client: Division 20

Lab Name: Southwest Research Institute

Client: Division 20

Lab Name: Southwest Research Institute

Date Received: 12/29/04

Lab Code: SwRI
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Project No.: 06002.01.211
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SRR: 27044

Lab System ID; 257327

SRR: 27044
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Task Order: 050119-1

Task Order: 050119-1

Reporting Limit
(ug/sample)
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Analysis

ing Limit |

eporti
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ample Result l R
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| S;

Analucie

Page 4 of 9
This report may not be reproduced except in its entirety without the written approval of SWRIL

Carrbmobs ot ¢ Omdmyzal.

| of SWRI.

Page 7 of 9

This report may not be reproduced except in its entirety without the written approval
i

SAMPLE ANALYSIS DATA SHEET

Sample ID

SOUTHWEST RESEARCH INSTITUTE
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Matrix: Filter Project No.: 06002.01.211
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Sample Result l Reporting Limit
Analysis (ug/sample} _ (ug/sample)
Aluminum
Antimony
Arsenic
Barium
Beryllium

Boron
Cadmi
Calcium
Chromium
Cobalt
Copper
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M
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Strontium
e Sulfur
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Yttrium
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Zirconium
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