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SUMMARY
NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS PROJECT
APRIL 1985
KEY ACTIVITIES
WBS X.2.1, SYSTEMS

Parametric-modeling studies of the unsaturated- and saturated-flow
systems at Yucca Mountain continued. A preprocessor is being
" developed for SAGUARD that will allow a user to easily and quickly
change material properties and boundary conditions for rapid
parametric assessment’ of the sensitivity of the unsaturated-flow
system. The ISOQUAD groundwater-flow code was used to establish a
reasonable steady-state potentiometric surface consistent with
observed static water levels in the drillholes at and around Yucca

Mountain.

Participants in thé near-field hydrological problem calculated the
saturation and thermal profiles for the modeled region that would
exist at a steady-state without any external heat input.

WBS X.2.2, WASTE PACKAGE

The polarization behavior of three copper alloys is being
investigated. For all alloys, in both J-13 water and its 100x
concentrated form, the pitting potentials were greater than 200 mV
removed (positive) from the corresion potential.

A stainless steel canister from the Spent Fuel Test - Climax was
examined to determine whether ‘observable corrosion had occurred
during the three years it was used to store a spent-fuel assembly.
The examination showed no observable corrosion or cracking in weld
regions or at an arc strike. This speaks well for the likely
performance of 304L stainless steel in the tuff repository
environment. i

WBS X.2.3, SITE

The thermodynamic model for the analcime solid solution was revised.
The model is consistent with calorimetric determination of the free
energy of analcime, but constrains the free-energy difference between
albite and analcime much more closely than is possible with
calorimetric data. There is excellent agreement between the model
and field observations reported in the literature.

Additional TRACR3D modeling of the Exploratory Shaft tracer
experiment was completed. A comparison was made between diffusion in
the Calico Hills and the Topopah Spring members and the effect of a
" vertical fracture in the rock was evaluated.
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WBS X.2.4, REPOSITORY

Mechanical and physical properties were investigated of an aged
sealing material sample that had been exposed to elevated
temperatures to simulate the heat generated by a waste package. The
results showed an increase in porosity, but the newly formed pores
were an-extremely fine size and will not enhance the permeability

significantly.

Analytical calculations of the flow to a shaft from the alluvium were
completed. Other calculations examined the time required for surface
recharge to saturate a fault zone, leading to convergent flow to a

drift.
WBS X.2.5, REGULATORY/INSTITUTIONAL

The NNWSI Site Characterization Plan (SCP) Management Plan was
approved and issuved. All participants began work on their sections
of the SCP. Work began on the the Comment/Response Appendix to the
Environmental Assessment.

WBS X.2.6, EXPLORATORY SHAFT

The Exploratory Shaft Test Plan (ESTP) Committee met to review
available portions of the ESTP Rev.1.

Review was started of the revised design for the first shaft (ES-1)
and stations at the 520- and 1200-ft depths. Review of design
specifications was completed for the ES-2 shaft boring, liner

_ shotcrete, hoist, headframe, cage, and hoist rope.

WBS X.2.7, TEST FACILITIES

Core-logging activities from the Spent Fuel Test - Climax (SFT-C)
were completed with the determination of joint orientations in 70 m
of core from instrumentation boreholes.

Post-processing of the results of three ADINA/ADINAT calculations of
the thermomechanical response of the SFT-C is essentially complete.
Preliminary analyses indicate that the elastic parameters and in situ
stress values measured post-test provide somewhat better results than
were obtained using pretest values.

The initial suite of seven post-test heat transfer calculations were
completed that examined conductivity and heat capacitance of the rock
mass, conductivity of materials lining the floors of the drifts,
convection coefficients of the drift surfaces, and the ventilation
flowrate. The level of agreement between measured and calculated
temperatures (which was already very good) was improved
substantially.

All E-MAD fuel assemblies are now stored in the Hot Bay lag storage
pit with the exception of fuel assembly B02, which is in the Fuel
Temperature Test assembly. The Metal Cask Simulation Test was
completed. :
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WBS X.2.8, LAND ACQUISITION

No actuvnty was reported this month .

" WBS X.2.9. PROCRAM MANAGEMENT

The NNWSI Earned Value System Study proceeded as planned. An interim
report was issued that provides 8 summary of requirements and
assumptions and a strawman estimate of the proposed approach.

The flnal Project Plan was sent to DUE/NV for approval

ESI has been requested to implement a QA Records Management pllot
program at the USGS.
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APRIL 1985

FUNDING UVERVIEW

The month-end programmatic estimated costs were $33,266,000 against a plen of
$35,016,000 resulting in a cost underrun of $1,750,000 through the month of
April. The total FY 85 budget for the NNWSI Project was $69,664,000 which
breaks down to $64,390,000 in operating funds and $5,274,000 in Captial

Equipment funds.

The following are the year-to-date plans, costs, and variances:

PLAN coST VARIANCE
X.2.1 SYSTEMS $ 2,164,000 $ 2,179,000 $ <15,000)
X.2.2 WASTE PACKAGE 3,157,006 2,799,000 358,000
X.2.3 SITE 10,393,000 9,939,000 454,000
X.2.4 REPOSITORY 6,374,000 5,876,000 498,000
X.2.5 REGULATORY/
INSTITUTIONAL 3,387,000 2,734,000 653,000
X.2.6 EXPLORATORY SHAFT 3,061,000 3,095,000 <34.,000)
X.2.7 TEST FACILITIES 1,048,000 1,191,000 <143,000>
X.2.9 PROJECT MANAGEMENT 5,432,000 5,453,000 <21,000>
TOTAL $35,016,000  $33,266,000 $1,750,000
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NNWSI PLANNING AND SCHEDULING
BUDGET BASELINE

APRIL 1985
($000) ($000)

BEGINNING ENDING
CONTRACTORS FUNDING CHANGE FUNDING

SNL $18,334 - " $18,338
LLNL 8,565 - 8,565
LANL 10,130 - 10,130
USES 9,922 - 9,922
SAIC 7,775 - 7,775
REECo 4,424 184 4,608
H&N 753 - 753
F&s 1,212 . 1,212
WSI 200 - 200
_PAN AM 50 - 50
STATE GRANT 1,883 16 1,899
MISCELLANEOUS 541 a1> 530
NTS ALLOCATION 412 - 412
RESERVE 200 <200 -0-
SUBTOTAL _ _ $64,401 a1 $64,390
CAPITAL EQUIPMENT 5,074 200 5,274
TOTAL $69,475 189 $69,664
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X.2.1 SYSTEMS

0BJECTIVE
The objective of this task is to apply the concept of systems to the develop-
ment and'design of the repository, both the surface and subsurface facilities,

and to the evaluation of the effectiveness of the geologic and hydrologic
environment in isolating radionuclides.

' ACTIVITIES
§ystems Management and Integration

Proposed NNWSI Project systems-engineering procedures were discussed with WMPO
staff in early April and with OGR at the OGR-SEMP workshop April 29-30, 198S.
Review of the OGR Systems Engineering Management Plan (SEMP), coordination of
an NNWSI Project-OGR SEMP review workshop, and coordination of NNWSI Project
comments on the OGR SEMP are affecting progress on revision of the System

Description.

On April 3-4, representatives of LANL, SAIC, WMPO, and SNL met in Las Vegas to
discuss the preparation of the Performance Assessment Plan (PAP). After the
participants had commented on the draft outline, the group began making
revisions to it. Tentative writing assignments were made; SNL and LNLL staff
agreed to provide nearly all of the draft material. Continuing revision of the
PAP outline during April 1985 produced & decision to issue the document in two
parts dealing separately with preclosure and postclosure assessments. This
procedure will allow the two sections to be prepared without a necessity for
intense coordination between the two separate groups of authors.

Cost Schedule

A search for updated software to be used in cost estiﬁatlng for the repository
is underway. Several prospective codes appear to be approprlate, |nclud'ng the
fast estimating series developed by the DOE. .

Tuff Data Base

The semiannual _audit was completed of TUFFDB. The Quarterly Data Base
Document 10 was completed which will include an additional section on
calculated matrix porosities and hydraulic conductivities. This new addition
is intended to demonstrate the capabilities of SYSTEM 2000. Work on the TUFFDB
Interface continued on schedule. A

The development of a "reference properties® data base was discussed. The
concept of a "reference property® has been expanded to include design-related
information and accepted ranges of values for a given property, where needed.
A tentative list of such properties is being prepared.

"Wersion I of the Users Manual for the Tuff Data Base® (SAND84-1643) was
published.
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Computer Graphics

. The GE CALMA system has been accepted and is now the primary system supporting
the Interactive Graphics Information System. Active model data which have been
supported on the APPLICON system are being transferred to the CALMA, After
proper verification procedures, these models. will be given product numbers
which identify them as being resident on the CALMA graphics system.

Flow and Radionuclide Transport

A report entitled "Preliminary Bounds on the Expected Postclosure Performance
of the Yucca Mountain Repository Site® (SAND84-1492) was published. This
report provides a basis for concluding that the Yucca Mountain site will be
able to comply with all regulatory requirements for expected postclosure
conditions, assuming that current understanding about site conditions is not
significantly changed by data gathered during future characterization

activities.

A. contractor report from Lawrence Berkeley Laboratory (LBL) entitled
®*Hydrologic Mechanisms Governing Fluid Flow in Partially Saturated, Fractured,
Porous Tuff at Yucca Mountain® (SAND84-7202) was submitted for printing. The
report presents a conceptual approach to modeling the effects of discrete
fractures on water movement through the unsaturated zone at Yucca Mountain.

Parametric-modeling studies of the unsaturated and saturated flow systems at
Yucca Mountain continued using two finite-element meshes digitized on the
Interactive Graphics Information System during December 1984. Studies of the
unsaturated zone progressed in the area of developing 2 preprocessing package
for use with the finite-element code, SAGUARO. The preprocessor will allow a
user to easily and quickly change the material properties and boundary
conditions needed as input for the SAGUARD code. This, in turn, will allow the
rapid parametric assessment of sensitivity of the unsaturated-flow system to
various material properties and boundary conditions. The studies of saturated
flow continued by performing runs of the ISOQUAD groundwater-flow code to
establish a reasonable steady-state potentiometric surface consistent with

observed static water levels in the drillholes at and around Yucca Mountain. '

Radionuclide Source Term

Participants _in_the near-field hydrological problem calculated the saturation
and thermal profiles for the modeled region that would exist at steady-state
without any external heat input. While these profiles showed 2 similar trend,
it was decided that the deviations were signficant enough between the various
results that an even simpler problem needs to be solved, specifically, the
geothermal temperature gradient based only on conduction. In this revised
preliminary problem, the flow of water has been turned off. The full,
thermally-driven problem will be solved only after these differences have been
resolved. This activity will probably delay the next group meeting until
mid-June 1985.

A copy of the one-dimensional, two-phase flow code, PETROS, that was developed
at SNL, was delivered to LLNL. Both SNL and LLNL will use this code for
performing the simpler calculatians involving strongly heat-driven flow in the
rock surrounding the waste package.



The report entitled ®Effect of Water Flux on Uranium Dioxide Dissolution in 2
Potential Radiocactive-Waste Repository in Tuff® (SAND84-1007) has completed the
review process and is being prepared for printing.

Development and Certification of Cbmputer Codes

-

A brief study to investigate the role of effective stress in the capacitance of
partially-saturated rocks was completed using hydrologic data from Peters et
al. (1984). The study, which is being reviewed, showed that changes in the
capacitance coefficient as a function of capillary pressure of the tuff rocks
at Yucca Mountain is dominated by changes in saturation, except at complete
saturation and levels near residual saturation where solid deformation affects
the liquid storage. Thus, solid deformation is expected to have minimal effect
on flow calculations.

Work on the interactive driver for SAGUARD and FEMTRAN continued. A routine to
accept strategy descriptions from the CALMA graphics system and generate zones
of grid has been completed. The material-properties input routines have been
formatted.

A one-dimensional infiltration problem has been defined for use in the

HYDROCOIN benchmarking project. Results from the COVE3 vapor transport problem
initiation run have been received and are being reviewed for consistency.

PLANNED WORK

Systems Management and Integration

A tentative schedule for writing the PAP was set; it calls for the authors to
‘pfepare precis of their sections by the end of May 1985 and to submit first
drafts by the end of September 1985. The date of publication will coincide
with the publication of the Site Characterization Plan in March 1986.

System Description

Revision of the System Description continued in April 1985 with emphasis on
eliminating nonapplicable requirements and redundancies, improving readability,
and improving consistency with the 0GR document "Generic Requirements for a
Mined Geologic Disposal System.® The document will be revised and submitted to
SNL management for review by June 1, 1985, and submited to WMPO for NNWSI
Project baselining by June 30, 1985 (Milestone M120).

Flow and Radionuclide Transport

Work during May and June 1985 will focus on continued modeling of the movement
of fluids through the Yucca Mountain site, based on the studies of the
unsaturated and saturated zones. The finite-element mesh for the saturated
zone will be assigned material properties and boundary conditions for
continuing runs of the ISOQUAD groundwater-flow code. The preprocessor for the
SASUARO code will be further developed so that initial runs of SAGUARD can be
made.
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Redionuclide Releases from Total System

The paper entitled "The Effect of Percolation Rate on Water-Travel Time in
Deep, Partially Saturated Zones® (SAND85-0854A) is complete and in peer review -
slong with the paper entitled P®Fluid Flow in Fractured Rock Masses"
(SAND85-0855A) . These papers are to be presented at a joint DOE/NRC meeting on
hydrology to be held in Albuquerque, NM, on May 15, 1985.

PROBLEM AREAS

Radionuclide Source Term

The priority commitment of the staff to preparing the SCP, PAP, and System
Description documents and potentially to the rewrite of the EA may soon result
in more significant delays in meeting technical milestones.

Milestone M111, "The Effect of Heat and Excavation on Water Flow in the
Vicinity of the Waste Package® will be rescheduled to March 30, 198§. :
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X.2.2 WASTE PACKAGE

OBJECTIVE -
The primary objective of this task is to develop a technical basis and engi-
neering "capability to design, test, and fabricate a waste package that is

compatible with the hydrological conditions and geochemical envnronment in the
unsaturated zone beneath Yucca Mountain.

ACTIVITIES

Waste-Package Environment

Work continued on the two long-term (303 day) core wafer tests (DB12 and DB13).
Fluid analyses are complete and the data have been plotted. These tests were:

DB12 = USW C-1 core wafer, J-13 water, 90°C, plan 300 days, terminated
normally at day 303.
DB13 = USW G-1 core wafer, J-13 watér, 150°C, plan 300 days, terminated

normally at day 303.

The trends in solution composition with time are in good agreement with those
developed during the short-term (66 day) tests run under identical conditions
(DB14 and DB8, respectively). The characterization by scanning electron
microscope/electron microprobe (SEM/EMP) of the solid core wafers from these
long-term tests continued.

Preliminary examlnatlon of secondary phases produced during the 303-day DB13
test at 150°C revealed that a calcium-rich, high-silica zeolite containing
significant water was the dominant run product The analyses of phenocrysts
present on DB12 and DB13 continued this month prior to making an effort to
remove them from the surface of the wafer for X-ray diffraction identification
and determination of cell constants and to prepare a grain mount for
quantitative analyses using the EMP

During this month all SEM/EMP analyses were completed for core wafers from
tests DB14, DB16, and DB17. These tests were:

DB14 = ~USW G-1 core wafer, J-13 water, 90°C, plan 64 days, terminated at
. day 49.
DB16 = USW G-1 polished wafer, distilled water, 150°C, plan 64 days,

terminated normally at day 64.

DB17 = USW G-1 polished wafer, distilled water, 90°C, plan 64 days,
terminated normally at day 64.

The results of phenocryst analyses are being plotted in histograms and ternary
diagrams. .

Sample characterization was begun for three Topopah Spring vitric tuff samples

received from LANL. These samples are to be used in hydrothermal interactign
tests run in the Dickson-typé, gold-cell rocking autoclaves being done in

12



conjunction with LANL to investigate the hydrothermal stability of vitric tuff
from the Topopah Sprtng and underlying units. This cooperative research effort
will complement previous field studies to evaluate the susceptibility of
vitrophyre to thermal alteration by emplacement of HLW in Yucca Mountain.

The first two short-term tests in the chkson bombs described sbove were
started .last month and one of them continued uneventfully. The other was
terminated prematurely by the effects of a laboratory-wide power failure and
accompanying voltage surge. The conditions for these tests are: )

DB20 = USW G-4 1362’ core wafer, J-13 water, 150°C plan 64 days,
currently at day 43.

PB21 = USW GU-3 1226’ core wafer, J-13 water, 150°C, plan 64 days,
terminated permanently at day 28.

In test DB20 samples were taken at days 16 and 32 during this month. In test
DB21 a sample was taken at day 16 and the core wafer was recovered in the
normal manner following shut-down. The DB21 test is not a total loss, since
aqueous samples were taken on days O, 1, 2, 4, 8, and 16 prior to failure.

These will be a good check on reproducnblllty because the test was restarted
April 20 and was named DB21R.

Technical reviews and WWPQ policy review were all completed this month for the
report on methods for evaluating the stability of emplacement holes in
discontinuous rock. The report, which is entitled "Field Investigation of
Keyblock Stability," develops techniques to assess the behavior of underground
openings in three-dimensional cases where opening stability is controlled by
rock mass structures such as joints., These techniques for evaluating stability
complement rather than replace other excavation design approaches. -The
techniques are suitable for cylindrical openings such as waste package
emplacement holes and are good approximations for certain other excavation
geometries as well. .The report has now gone to publication and distribution,
which will take about six weeks.

Permeability was monitored on the large fractured sample of Topoaph Spring tuff
to determine if the apparent fracture healing is continuing to affect transport
properties of the rock. This rock has been under test since mid-December.
Water permeability continued to decline but at a very slow rate. Permeability
values now are about what would be expected of an intact sample. )

Checkout of the two-phase permeability system continued. A water permeability
measurement was made with the system on a fractured tuff sample. " The gas flow
system is now being tested.

The tests of the impedance camera have been completed. These results better
define the strengths and weaknesses of the technique. A brief summary of
results follows.

1. Both high conductivity and low conductivity linear anomalies can be
detected.

2. Low conductivity linear anomalies are spatially resolved better than
high conductivity anomalies of the same type.

13



3. Linear low conducting anomalies appear as arcs in the image.
- 4. Intersecting linear anomalies are moderately well resolved.

6. Resolution appears to be limited to about the size of the electric
. dnpole :

6. The image plane appears to be about one dipole size in thickness.

The results indicate that the technique will be useful in ihe'laboratory to
characterize core and monitor processes within core during tests.

The following reports were sent to WMPO:

April 1 - "Report on the Reaction of Topopah Spring Tuff Cores USW G-1,
USW GU-3, USW G-4, and UE-25h§1 with J-13 Water at 150 Oce

April 9 - "Report on Geochemical Modeling of Topopah Spring Tuff and J-13
Water Reactions®

April 12 - "Report on Techniques for Stability Analysis of Emplacement
Holes in Discontinuous Rock."®

Waste-Form Testing

The second run tests using H. B. Robinson and Turkey Point PWR spent fuels in
J-13 water continued on schedule. Analyses of the second run 20-day samples
were completed and analyses of the 70-day samples are in progress. Two papers
were issued recently that summarize the results from the first run of these
tests. The first paper (HEDL-SA-3288) was presented at the Waste Management
’85 Conference and emphasized radiochemical results. The second (HEDL-SA-3313)
emphasizes pre- and post-test fuel microstructural characterization and will be

presented at the American Ceramic Society Annual Meeting, May 5-9, 1985, in_

Cincinnati, OH.

Test vessel design activities are under way for the elevated temperature
Series 3 tests. A method for monitoring solution level in the sealed stainless
steel vessels is being developed.

The 1‘-month-eiéctrochemical scoping test contlgped The temperature drifted
to 85°C at one point and was restored to the 90 C test temperature. Measured
pH values of 8.77 and 8.45 were within the previously observed operating range.
A water level drop that occurred overnight after one of the water samplings for
chemistry was restored the next day.

The thermo-gravimetric analysis test at 140°C in 2ir with a 14.5°C dew point
continued. After approximately 1700 hours there has been only a8 130 microgram
weight gain, much lower than predicted from extrapolation of higher temperature
data '

Parametric'testing is being organized for ATM-12, the "300-year-aged" glass.

Characterization of this glass is more time-consuming than previous glasses
because of its high specific americium-241 activity. .The lot of 86 discs

14



appears to be very uniform in weight and surface area, based on weight and
surface measurements made on a six-disc sample. As with the previous two
glasses, -there will be four series of tests: deionized water, J-13 water,
J-13 water plus tuff, and J-13 water plus tuff and stainless steel. These
tests will begin the first week of May.

A second series of gamma-irradiafion tests uas.initiated on April 1. These
tests are being done using the same DWPF glass compositions used in the earlier
tests, and will be done at a dose rate of 1 x 10" R/h. Nine matrices will be

done.

The report entitled *Technical Des’éribfidh of Activ-i.{ie; to betermine the -
Potential for Spent Fuel Oxidation in a Tuff Repository® was sent to WMPO on
April 1. '

Metal-Barrier Testing

The series of tests designed to survey the relative stress-corrosion-cracking
tendencies of four austenitic stainless steels (304, 304L, 316L, and 321) in a .
J-13 water/steam environment continued. As of 9,000 hours, no failures have
‘been reported. A very thorough inspection is planned for earl; May. The
similar set of four-point bend tests in unsaturated steam at 150 C generated
from deionized water has reached 6,000 hours with no failures.

Slow-strain-rate tests are being performed at Battelle Pacific Northwest
Laboratory (PNL) under the joint direction of PNL and LLNL. Specimens of 304
and 316L stainless steel which had been processed as detailed in the monthly
report for March 1985 are being tested in both air and 95°C J-13 water, igsthe
presence and absence of ‘gamma radiation; the strain rate i€ 1 x 10 /s.
Preliminary results indicate that the test conditions employed do not provide
sufficient sensitivity to detect a decline in material properties due to
. sensitization. Other strain rates are being investigated to determine the
sensitivity of sensitization to strain rate.

A series of analyses for hydrogen peroxide and NO, were made on 0.5 Mrad/hr
irradiated J-13 water with and without copper or 3f§L stainless steel present.
The hydrogen peroxide analyses for the blanks (J-13 water alone) were
consistent, averaging approximately 137 uM. The value for hydrogen peroxide
where 316L is present was similar to this when measured on March 8, but
anomalously higher when measured on April 15. Noticeably. low values were
obtained when CDA 102 was present (6 and 37 uM). This is consistent with the
known catalytic behavior of copper with respect to the decomposition of
hydrogen peroxide. - -

An analysis also was done for NO,. In this experiment, a two-phase system of
2:1 volume ratio air-to-J-13 was“used. Prior to irradiation the value of NO

was 17 ppm as determined by 8 selective ion electrode. After irradiation, thg
value was 34 ppm. The Burns et al. equation (Nature 295, 130 [1982]) predicts
38 ppm net ND3 production for these conditions. Therefore, it was concluded
that there is“detectable production of HNO, under these conditions. Precise
cum?arfson of measured and calculated vaFLes awaits a more thorough error
analysis.

15



An x-ray diffraction analysis was completed of the oxide film formed on CDA 102
in the irradiated vapor phase. The diffraction pattern of the vapor-phase
oxide was obtained and the oxide was identified as Cu,0. The fact that basic
cupric nitrate was not observed in the vapor-phaé% film may be due to
dissolution of the radiolytically produced fixed nitrogen in the liquid phase.

LLNL is- in the process of determining the corrosion potential behavior of
copper alloys in 100x concentrated J-13 water under gamma irradiation. It
- appears that gamma irradiation generally has a larger effect (greater positive
potential shifts) on the corrosion potential in these experiments on CDA 102
- and CDA 613 than in the previous ones, which were performed in non-concentrated
. J=-13. When the gamma field is removed, the corrosion potentials decline to
more negative values. This is probably due to the catalytic decomposition of
hydrogen peroxide.

LLNL investigated the polarization behavior of the three CDA (CDA 102, CDA 613,
CDA 715) alloys_in unirradiated J-13 and 100x concentrated J-13 at temperatures
ranging from 23° to 80°C. 1In these environments the copper alloys show a small
active-passive transition and a hysteresis loop. The location of this
hysteresis loop indicates the tendency toward pitting. For all alloys, in both
J-13 and its '100x concentrated form, the pitting potentials were generally
greater than 200 mV removed (positive) from the corrosion potential. The
location of the pitting potential indicates that CDA 102 should not
spontaneously pit under these environmental conditions. The CDA 613 alloy
generally showed pitting potentials that were more positive than those of the
other two alloys. A summary of the data will be documented in a topical report
to be written by mid-summer.

Three samples each of alloys CDA 110 (electrolytic tough pitch copper), CDA 102
(high conductivity copper), (DA 706 (90/10 cupronickel), CDA 715 (70/30
cupronickel), CDA 613 (aluminum bronze), and Monel 400 (nickel base with
approximately 30 percent cogger) are being tested for general and localized
corrosion in J-13 water at 80 C. At 3336 hours all three samples of each alloy
were cleaned and characterized. A certain amount of base metal is lost during
cleaning, and the weight loss of the alloy due to this cleaning procedure was
measured and recorded at the beginning of this experiment. This weight
difference is used as a correction factor; it is added to the actual weight
measured after cleaning.

Work continued on formulating a mathematical description of the redox
environment df~ a high level waste container. Attention has shifted to
mechanisms of radiolysis of water under continuous rather than pulse radiolysis
conditions. Literature data for continuously irradiated systems are being
surveyed. Formulation of the model is expected to be completed during the next
reporting period.

A stainless steel canister from the Spent Fuel Test - Climax (SFT-C) was
examined to determine whether observable corrosion occurred on the canister
used to store fuel assembly D34 in the SFT-C and to apply the results to the
waste packages for the tuff repository to the degree possible, given the
differences in environment. The examination showed no observable corrosion or
cracking in weld regions or at an arc strike location on the canister.
Comparison of the environment in the SFT-C to that expected in the tuff
repository indicates that they are similar in many respects, and that the
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chemical conditioné in the SFT-C were probably more deleterious. The fact that
no degradation was observed speaks well for the likely performance of 304L
stainless steel in the tuff repository, even though the SFT-C lasted only about -

three years. ’

Design, Fabrication, and Prototype Testing

Engineering evaluation of BWR and PWR spent fuel containers continued to assess
in further detail the structural integrity of the designs; the current baseline
designs are a8 four- and seven-module space frame manufactured from stainless
stee! sheet. Both repository-consolidated and reactor-consolidated-spent-
fuel-assembly configurations are being evaluated for these designs.

Under the direction of SNL, LLNL fabricated a full-scale cross-sectional model
of the most current container/space-frame design. PWR and BWR repository
consolidated spent fuel was simulated with 0.375 and 0.562 inch diameter
tubing, respectively. This model will be used for scoping analyses of future
prototype designs. OSNL has done a preliminary analysis for normal handling
loads on an 1/8-in-thick space-frame design. A cost analysis of the most
current design is also being done by SNL. The LLNL waste-package staff met
with SNL on April 9 to discuss a preliminary table of contents of a functional
design criteria document. Input was supplied in areas that relate to waste
package design.

Thermal analysis has been completed on two of the most recent container designs
using the TACD2D and TACO3D computer codes. One design contains three boxes of
reactor-preconsol idated PWR spent fuel with a decay heat of 3300 watts at time
of emplacement. Each box contains rods from two spent-fuel assemblies and is
22 cm square. Results of the analysis show a peak fuel temperature of 298°C
occurring three years after emplacement. The other design contains six boxes
of reactor-preconsclidated BWR spent fuel with a decay heat of 2280 watts at
time of emplacement. Each 16-cm-square box contains rods from two BWR spent
fuel assemblies. Results of the analyses show a peak fuel temperature of 200 C
occurring three years after emplacement. For each container design, the peak
fueg temperature is well below the maximum allowable temperature criteria of
350°C.

Performance Assessment

During the past month, most activities within the Waste Package Performance
Assessment Subtask have focused on the preparation of input for the NNWSI
Project SCP. Completed documentation includes a description of the system
model’ and status report ("NNWSI Waste Package Performance Assessment Modeling®)
for Section 7.4 (Research and Development Status - Waste Package Design and
Geochemical Interactions). Still in preparation is an outline for Section
8.3.4 (Waste Package Program) consistent with the characterization, design, and
performance issues identified in the NNWSI Project Draft Issues Hierarchy.
Detailed plans for pre- and post-closure analyses of the waste package
subsystem will be contained in the NNWSI Project Performance Assessment Plan
(PAP), currently under development.

17



Work continued to model hydrothermal flow within the waste package emplacement
environment. As part of the code comparison study with LANL, LBL, LLNL, and
SNL, a number of minor modifications were required to adapt WAFE to the
analysis of the common near-field test problenm. These changes include
increasing the boundary condition capabilities and standardizing the method for
data retrieval from look-up tables.

WAFE is also being used to attempt to simulate the permeabillty experiments
" (WBS 2.2.2.L). This effort involves simulation of flow through a Topopah
~ Spring tuff core containing one large fracture. The modeling will attempt to
" explain observations of monsture movement based on electrlcal resistivity

» measurements

PETRDS a one-dimensional hydrothermal code developed by SNL has been obtained
and is being implemented at LINL. The code is a finite element solution for
unsaturated thermally and hydraulically driven porous media flow. This code
will be used to perform preliminary scoping calculations for a variety of flow
problems.

PLANNED WORK

The autoclaves for the 170°C, 120 psia electrochemical corrosion tests will be
checked out in May. The spent fuel has been delivered from the MCC and
fabrication of the experimental test bundles will be initiated in May.

" An interim report dated April 29, 1985, was received from Lee Daniel of the MCC
in response to the request for a fabrication report covering the MCC glass test
materials. The cover letter states, "The content of this report is included in
the individual fabrication and characterization reports in preparation by the
MCC for ATM-lc (NNWSI-I), ATM-8 (NNWSI-II), and ATM-12 (NNWSI-III). Similar
full reports are being prepared for all other ATMs and ARMs as well.
Therefore, the document accompanying this letter is designated as an interim
report only to distinguish it from the formal reports which will be issued
later. The information provided here is complete relative to the subjects
addressed.® LLNL was given no information concerning the schedule for the
formal reports. The interim report will be reviewed for adequacy in May.

PROBLEM AREAS

Waste-Form Testing

The formal inspection of MCC-fabricated specimens for use in the unsaturated
test method was completed. The specimens are unsuitable for use because of gas
bubbles in the glass and chipped and scratched surfaces. Negotiations are in
progress with the MCC to arrange for recasting of the specimens. All
milestones involving these materials are in jeopardy.

Metal-Barriers Testing

As a result of unexpected delays, the long-term radiation-corrosion tests on
copper-based alloys at HEDL (described in the February monthly report) will not
begin until early May. There have not been any technical changes in the
experimental plans.
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X.2.3 SITE

OBJECTIVE

The objective of this task is to determine whether Yucca Mountain is a suitable
location for a high-level waste repository. The effort is divided into two
areas of study. The first is understanding the characteristics of the rock
mass that lies below the surface of Yucca Mountain. This encompasses the
geology (structure and stratigraphy), hydrolegy (both saturated and unsaturated

- zone), geochemistry (chemical reactions that can be expected when waste is
. emplaced), and mineralogy and petrology (the study of the materials that will

- control the isolation and engineering characteristics of the rock). The second

is understanding the processes and events that could occur in the area
surrounding Yucca Mountain that could serve as potential disruptive forces.
These efforts include' the study of tectonics, seismicity, and volcanism, and
the regional hydrologic, palechydrologic, and paleoclimatologic systems.

ACTIVITIES
Geology

A compilation is being made of surface fractures read from low-level air
photographs (scale approximately 1:8400) of the area in the vicinity of the
Exploratory Shaft site. Vegetation trends and bedrock |ineaments were
transferred directly to a high-precision photogrammetrically compiled
topographic base (scale 1:6000, contour interval = 1 meter).

Pfogress in the Project to investigate fracture systems on Yucca Mountain °
included: 1) field identification of potential sites for producing washed rock
pavements for fracture study; 2) acquisition by helicopter of low-level air

- photographs of natural pavements exposed by torrential rainstorms last summer;

3) preparation of an open-file report on fracture patterns exposed on washed
pavements §1, §2, and §3 in the vicinity of the Exploratory Shaft; and 4)
preparation of a report on the fracture characteristics of the Topopah Spring
tuff section sampled by cores from borehole USW G-4 (this will be a refinement
of work previously published as OFR84-789).

Work continued on the compilation of the two-meter contour maps at the NTS.
Preparation of six maps for submission for open-file approval is nearly
complete.

The gravity survey is being added to the geologic compilation of the Beatty, NV
100,000-scale map. Computer plots are being made of existing gravity and
magnetic data from the 1:100,000-scale maps of NTS and vicinity.

Modeling continued of the Spring Mountain magnetic and gravity anomaly in order
to establish the regional tectonic setting for Yucca Mountain. A domal model
was developed for the anomaly source which has a depth of 4 1/2-5 km at the
apex, is located approximately under the mining town of Blue Diamond, and
generally is coincident with exposures of the autochthon of Aztec sandstone
(Jurassic) bounded by the Keystone thrust (lowest structural unit exposed in
the Spring Uountain complex). The required magnetization is approximately
0.003 cmu/cm™ for the bulk of the dome and at least twice that for the apical
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area. The magnetic model also satisfies the general form of the gravity
anomaly. This apical zone of anomalous physical properties is markedly
elongated in a2 north-south direction in contrast to the configuration of the
dome as a whole. These results are interpreted as suggesting that the Spring
Mountains are cored with a metamorphic core complex whose central portion is
rock of extraordinarily high magnetization and a density somewhat lower than
the Paleoczoic and late Precambrian sediments. It is speculated that the core
~of the dome is an iron-rich granitic rock of late Mesozoic or Tertiary age
which produced the domal uplift of the basement and pre-tertiary sediments.

Water permeability measurements continued on USW G-4 samples; currently
measurements are being made on samples from the Crater Flat tuff. These
determinations show higher permeabilities, and hence yield more rapid results,
than earlier measured samples from the stratigraphically higher but
highly-welded portions of the Topopah Sprlng Member and the older, deeper
Lithic Ridge samples.

Work continued on the analysis of the temperature cross section across Yucca
Mountain for thermal anomalies. Temperature plots were updated of all measured
Yucca Mountain boreholes in preparation for assembly of a final USGS open-file
report on this project.

Additional sediment samples and carbon-have been collected for uranium-trend-
dating radiocarbon analysis of deposits in the Beatty Trench 1. Uranium-trend
results are now completed on 37 samples representing five depositional units in
this trench. The vuranium-trend ages are stratigraphically consistent and
should represent a reliable geochronologic history for deposits exposed in this
trench.

Hydrology

USGS and LBL personnel discussed the single-well falling-head injection tests
that were conducted in test hole UE-25¢§1 in October 1983. An attempt to
analyze these tests with- the standard Cooper-Bredehoeft-Papadopulos (CBP)
method failed. Several analyticals were generated, but none of the solutions
could match the response observed in the cf§l tests. One probable cause for the
observed test response is that turbulent flow may be occurring in the fracture
plane. If turbulent flow were present in the cfl injection tests, it was also
present in most injection tests on Yucca Mountain. As a means of investigating
this problem further, the USGS will attempt to numerically model 1) turbulent
flow at the intérsection of the fracture and well bore and 2) turbulent flow in
the fracture plane. The results of this work will have a direct impact on
virtually all of the injection tests performed on Yucca Mountain and the
permeabilities determined from them. Without an adequate model to describe the
behavior of these tests, it will be difficult to defend and use the results of
single-well injection tests. If the hypothesis of turbulent flow in the
fractures is correct, the majority of the permeabilities determined from
single-well injection tests will be suspect and will have to be re-examined.

Automated water-level data-acquisition systems have been installed at nine
sites near Yucca Mountain. The systems generate output in the form of voltage
from downhole pressure transducers. Programming has begun to enable plotting
graphs of the data and compute water-level changes, depths, and altitudes.
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LBL reported on the results obtained for the Yucca Mountain conceptual-model
simulation when (1) the hydrologic-property characteristics curves for the
welded units were modified to account for the dominance of matrix flow over
fracture flow at low saturations; (2) bounding, fractured fault zones are
present on both the east and west sides of the modeled Yucca Mountain block;
and (3) heat transport under the prevailing geothermal gradient is included
together with liquid-water, water-vapor, and bulk-air transport. Only highly
provisional, preliminary results, which do not yet reproduce the thermal and
flow regimes, have been obtained. It seems likely that the problem lies with
the somewhat artificial boundary conditions that were imposed for these
preliminary simulations. - - 1 . .

LBL: has begun to model the effects of surface-water infiltration into
non-stratal-bound vertical fractures of variable apertures and spacings. Of
interest is the proportions of the input liquid-water flux that moves downward
through the fractures and that which is drawn into storage within the rock
matrix.

Five samples from Walker Lake core §4 were sent to the USGS Water Resources
Division (Reston) for carbon-13 nuclear magnetite resonance analysis. The
carbon-13 data analysis for Walker Lake core §4 is about 90 percent complete.
Ostracodes from Walker Lake core §8 were sent to Brown University for oxygen-18
and carbon-13 determinations. Ostracodes from core §4 are being selected for
the same purpose and diatoms for core §4 are being separated for oxygen-18
determination. The diatom counts on core #4 and core §8 are about 80 percent

complete.

Two-hundred samples from Walker Lake core $4, core §5, and core §8 were sent
for grain size analysis, and sample depth logs for core #4 and core §#5 were
completed and mailed to NNWSI project scientists. Magnetic susceptability
anomalies in core §#4, core §5 and core §8 are being correlated with core
lithology and core catcher fragments. The photography of cores §4 and §5 is
compliete. .

The trenching of Yucca and Frenchman flats to obtain paleoclimate data from the
playa deposits has been arranged. A synoptic climatology contract to the
Nevada Desert Research Institute was prepared and should be in place May 1.

A precipitation collection station was set up on the east flank of the Sheep
Range on April 17. Five redundant stations were closed on or about April 18.
The data were observed to be essentially identical to those being obtained at
other stations. Precipitation amount, duration, time, and air temperature data
for Yucca Mountain are being obtained from Sandia and USGS records.

Ceochemistry

The first experiment on the filtration of particulates from Well J-13 water has
been completed. The fraction containing particulates between the sizes of
0.4 micrometers and 5 nanometers has been collected by backflushing the Amicon
hollow-fiber filter following two successive filtrations of a large volume of
J-13 water. The solutions from various stages of this process were brought to
LANL for analysis. The solids filtered out by the 0.4 micrometer Nuclepore
membrane are being analyzed by X-ray diffraction analysis. Several of the
concentrates are also being studied by laser scattering techniques to obtain
particle-size distributions.
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The chlorine-36 data that were cbtained from Yucca Mountain soil samples are
being analyzed to quantify the fraction of the global chlorine-36 bomb pulse
observed at each of the two sites. This analysis will help in interpreting the
infiltration characteristics at each location. The YW-6 trench, one of the two
sites from which soil samples were obtained for these analyses, was revnsated
to document the topology of the site.

An abstract of a paper entitled "The Use of 35C1 for Infiltration Measurements
at Yucca Mountain, Nevada" was submitted for presentation at the Accelerator-
based Mass Spectrometry Symposium that is part of the Amerlcan Chemical Socnety
meeting to be held in Chicago on September 8-13.

The thermodynamic model for the analcime solid solution was revised and a
manuscript detailing the model and its implications for mineral formation and
stability at Yucca Mountain has been completed. The model is consistent with
calorimetric determination of the free-energy of analcime, but constrains the
free-energy difference between albite and analcime much more closely than is
possible with calorimetric data. Comparison of the model with field
observations from the literature has shown excellent agreement. The model
suggests that the analcime present in Yucca Mountain formed as a result of
elevated thermal gradients in the past, which promoted the recrystallization of
metastable silica phases to quartz (at least locally in the deeper portions of
the mountain). Temperatures of formation of authigenic albite in the mountain
are estimated to be 175°C or greater. The model implies that the silica
activity at which clinoptilolite breaks down to analcime is slightly above
chalcedony saturation but below cristobalite saturation.

Work continued on determination of formation constants of Pu(IV) with carbonate
and of the solubility product of hydrous plutonium oxide. These quantities are
needed to calculate plutonium solubility in Yucca Mountain water.

A draft report describing LBL solubility measurements on americfum, plutonium,
and neptunium was received by LANL and forwarded to WPD for review.

Three-week sorptions with plutonium were completed. Discussions on the results
of the most recent Pu(V), Pu(VI), and dried plutonium sorption measurements led
to the search for a core sarnp|e with 2 somewhat different mineralogic
assemblage. The selected core is in the Topopah Spring just below the bedded
tuff. The core was cpen along a natural fracture. Part of the core is being
ground to 150-500 micrometers and will be washed in the same manner as was used
for the core prepared for the most recent set of sorptions using Pu(V) and
- Pu(VI) spiked feeds. Another set of sorption measurements using plutonium
feeds is planned and will be started soon in order to verify the results
obtained in the set finished last month. Fast-flow crushed rock columns will
be run for comparison.

Final results of the neptunium isotherm batch sorptions done in the controlled
atmosphere box (Cﬂz) are now available and will be reported in the next
quarterly report.
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Anion elutions were completed on the crushed tuff columns of G2-1951, on a
Calico Hills sample principally containing mordenite, and on a zeolitized
sample of the Tram Member (61-2698) principally contammg clinoptilolite.
These runs will provide quantitative anion-exclusion volumes for the zeolite
minerals, mordemte and clmoptllollte. This will enable the modeling of the
transport of asnionic specles

Addltlonal TRACRSD modeling of the Exploratory Shaft tracer experiment was
carried out.  In these latest calculations, a comparison was made between
diffusion in the Calico Hills and the Topopah Spring members. and the effect of
a vertical fracture in the rock was evaluated. In the comparison of diffusion-
in the Calico Hills and Topopah Spring members, the tracer front in the Topopah
Spring Member moved much more rapidly, and as a vresult the tracer
concentrations at particular times and distances were significantly higher
throughout the Topopah Spring Member than in the Calico Hills Member.
Diffusion through the Topopah Spring Member proceeded much more rapidly
apparently because of the large porosity difference between the two tuffs
(0.094 for Topopah Spring vs 0.33 for Calico Hills). These calculations
confirm the correctness of the diffusion testing priorities that are part of
the current ESTP.

Sample problems have been successfully run using EQ3/6 on both the PRIME 750
and the Ridge 32C minicomputers. These systems are now being evaluated for
their capabilities of rapid, interactive code development and application.

Species revision of the uranium(VI) data base has been completed. Three
species were added, 19 species were revised, and 22 species were removed .from
DATAO. After working out several bugs in the add and replace routines, the new
ram}lorp access data base package was found to be very useful for these
revisions.

Mineralogy and Peﬁrology_

LANL personnel visited Cane and Topopah springs, the Wahmonie granite site, and
Yuceca Mountain for further data to evaluate spring localities and fault-
associated mineralogy.

Modal petrographic data for the lower Topopah Spring Member, USW G-4, were
recollected to test variability on the method used and to provide unified
textural categorization. Statistical evaluation of the modal data was begun.
A paper on petrochemical variation of the Topopah Spring tuff matrix in
drillhole G-4 was reviewed. One model from the stereological literature was
used 'to predict the sampling variability of thin-section modal-counting data;
the results were comparable to observations based on replicate slides on G-4
and other holes. Some additional work using other cored holes suggests that
differences between holes are insignificant for the three holes within the
exploratory block (G-1, GU-3, and G-4), and that the modal counting data
successfully distinguish the different zones within the Topopah Spring tuff.

Meteorclogical Monitoring Program

Dr. Vieth’s comments on the Meteorological Monitoring Plan were received, and
revisions are being made. Monitoring activities -were assigned quality levels
and were transmitted to WMP0 for approval. .The bidders’ package was approved
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by T&MSS QA and the purchase orders were approved by WP0. Holmes & Narver has
completed the monitoring station site construction and electrical drawings.
All equipment has been ordered. Towers will be erected and equipment will be
EA audited, calibrated, and installed in June. The monitoring system will be
operational by August 1, 198S.

Socioeconomic Study Program

The Socioeconomics Working Group provided comments on services, facilities,
fiscal, and governmental structure factors to be addressed by. the socioeconomic
impact analysis; provided information about how Federal agencies handle the
assessment of psycholégical impacts; and provided information on alternative
models that have been used to address sociocultural impacts.

Comments were received from WMPO on the Preliminary Nye County Socioceconomic
Profile on Community ‘Services that had been submitted to WMP0 for policy
review. Revisions were made to that report in response to DOE comments.
Revision of the Preliminary Clark County Socioeconomic Profile on Community
Services was completed. This report will be submitted to WMPD for policy -
review early in May.

Development of a plan to investigate the social impacts of locating a
repository at the Yucca Mountain site centered on the completion of a survey of
alternative methods for social-impact analysis. Experts from throughout the
United States were contacted to identify alternative methods so that the
completed plan will take into account recent progress in the growing field of
social-impact analysis.

SAIC has recommended that work to investigate the potential impact of
repository development on tourism be deferred because of the need to reallocate
efforts within the NNWSI Project. SAIC has a consultant preparing 2 detailed
. outline of a report that will describe empirical work that has been done for
other projects. A preliminary draft was submitted this month by the
consultant. The draft is being reviewed internally by SAIC socioeconomic
staff. X

‘PLANNED WORK

Drilling of RF-9 is expected to begin in mid-June 1985, somewhat later than had
been predicted. Depending on the results of RF-9, deepening of hole RF-3 will
be considered, Tin addition to the drilling of an intermediate hole (RF-10).
This will provide 2 cross section across the presumed alluvial wedge east of
Exile Hill. Seismic velocity determinations and reflection feasibility studies
will begin after completion of the borehole program. -

The analysis of cation elutions through the fractured tuff columns will be
performed using TRACR3D and will be compared with analytic solutions.
Fluorescent particles will be eluted through the fractured columns. Column
elutions will continue for crushed and fractured tuff.

The Kinetics Assessment Repoft (M317) is ready for distributien. The
Radionuclides Transport Report (M318) is expected to be out at the end of June.
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A survey continued of éxisting literature concerned with field tracer tests to
aid in the design and interpretation of scheduled and proposed tracer tests.
Early field tracer experiments usually were carried out to determine direction
of flow, velocity of flow, and the presence or absence of natural circulation
between wells. Only in recent times have the tests been exploited to give
information such as porosity, fracture aperture width, and hydraulic
conductivities. Most of the recent results reside in reports and preprints and
have yet to reach the referred literature.

Work has been started on up-datang the amernclum thermodynamoc data in the data
base. o o, e

The workingvcomhiftéegﬁohVssrﬁﬁfrﬁ‘ara solid s;luiirgﬁ;ré ﬁéefrnéﬂbiééekly to
discuss models to be incorporated into geochemical modeling code. Evaluation

of a Langmuir-type isotherm for dilute solutions is in progress for the
sorption module.

In May 2 meeting will be held in Denver to lay out the full scope of joint USGS
and LANL work required to resclve the question of possible sprnng deposits at
Yucca Mountaln

PROBLEM AREAS -

Due to late starting date of the RF-9 drilling, field geophysical observations
have been delayed, crowding the schedule for timely completion of Milestone
N448, "Preliminary Validation of Subsurface Conditions for Repository Surface
Facnlltles' due 9/30/85. : .
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" X.2.4 REPOSITORY

OBJECTIVE

The objective of this task is to develop the engineering capability to design,
construct, operate, and decommission a repository in tuff. Four specific
technical areas are involved that include (1) determination of the physical and
mechanical properties of the rock matrix and rock mass that are important to
the design and construction of an underground structure;. (2) engineering
analysis and evaluation of technical details that are important to the design
and operation of a repository; (3) development of the techniques of sealing a
repository as part of decommissioning; and (4) preparation of a site-specific
design that will be accommodated within the development of the equipment to
construct the repository, handle the waste and waste package, and transfer the
waste and waste package within the repository system.

ACTIVITIES
Management and Integration

A data catalog for NRC was updated in April. The data catalog addressed (1)
laboratory data pertaining to thermal, mechanical, physical, mineralogic,
hydrologic, seal material, evaluation, backfill properties, surface soil
properties, and radiometric testing; and (2) field tests including G-Tunnel in
situ experiments, G-Tunnel borehole logs, weapons test seismic studies, and
surface facility subsurface borings collected by SNL for the NNWSI Project.

Rock Mechanics

The contract with RE/SPEC for thermomechanical calculational support expired,
and work from this contractor ended in April. A new contract was written, and
RE/SPEC has prepared-and submitted a proposal for the work. The proposal is
currently in review. This affects WBS X.2.4.2.1.1 and WBS X.2.4.6.1.

A problem-definition memo (PDM) that defines a series of calculations in
support of the pressurized-slot test. has been completed and approved by SNL.
It is planned that PDMs will become routine exercises within the Geotechnical
Analysis Division in order to standardize the initiation, tracking, and
completion of_calculations performed for the division. .

A 1-m by 1-m flatjack was successfully removed from a slot in the G-Tunnel
Underground Facility. This opens up the potential for using removable
flatjacks in slots cut by a diamond-tipped chain saw. The flatjack will be
subjected to post-removal instrumentation checks. :

Work began on the drilling of the 12 holes from the U129.12 drift up to the
welded tuff mining (WTM) area .in G-Tunnel. Work also started on installing the
data acquisition system. A small alcove was mined so that the instrumentation
leads could be terminated near the start of the WIM in order to protect the
instrumentation leads from damage that might occur from planned blasting in the
welded tuff.
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SNL successfully desugned and fabricated an automated data-monitoring system
for IRAD sonic-operated, multiple-point borehole extensometers. Previously
these extensometers had to be read manually and now they can be incorporated
into the HP 9845-based data acquisition system.

Work on the statistical analysis. of laboratory properties of tuff began. A
statistical package available on the SNL 823 VAX computer system has been
selected. Data files have been initiated for mechanical and bulk properties,
and preliminary analysis of a portion of the mechanical data has been

performed.

Testing to determine parameter effects (pressure, temperature, strain rate, and
saturation) on the mechanical properties of .the Topopah Spring Member has
. begun. Approximately 30 of the 63 planned tests are complete.

The permeability of a sample of genselyoyelded Topopah Spring tuff was measured
at temperatures ranging from 20" to 90°C. The results show that, within the
accuracy of the data, there is essentially no dependence of permeablluty on
temperatiure up to 90°C (boiling temperature approximately equal to 97 C)

The paper entitled *Fluid Flow in 2 Fractured Rock Mass® was completed and peer
review comments were incorporated. = The paper will be presented at the DOE/NRC
Symposium on Groundwater Transport Modeling to be held in Albuquerque, NM on
May 20-21, 198S.

A request for quotation of bids to measure relative hydraulic conductivities as
a function of saturation for welded and nonwelded tuffs has been issued.
Sixteen core samples were requested from the Core Library Committee, with

11 core samples approved.

Equipment and Instrumentation Development

A contract was placed with Seven-K Corp. This contract calls for a report on
the methods, machinery, and historical data pertinent to the installation of
steel liners into horizontal boreholes.

A report prepared by Foster-Miller entitled 'Cénceptual Engineering Studies and
Design for Three Different Machines for Nuclear Waste Transporting,
Emplacement, and Retrieval® (SAND83-7089) was published.

- A study has been initiated to investigate the feasibility of using a totally
electric waste transporter. Power would be supplied by trolley wire or powered
rail if this approach proves feasible.

A draft of the strategy for conducting borehole-liner corrosion studies has
been developed and is currently in review. The outlines for conducting
borehole-liner grout studies is being developed. It includes the identifica-
tion of potential grout applications, evaluation of the desirability of grout
for each of the potentiai applications, identification of candidate grouts,
evaluation of potential design impacts, and discussion of required supportive
studies.
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Sealing

The report entitled "Repository Sealing Plan for the Nevada Nucléar Waste
Storage Investigation - Fiscal Years 1984 through 1990% (SAND84-0910) was
published and distributed.

Parallel’ to the studies on geochemical and phase stability of candidate
grouts/mortars, questlons concerning the change in physical properties
associated with change in the phase composntlon of a cement resulting from
elevated temperature exposure have been examined in a2 preliminary manner. °This
and subsequent studles will provude useful input to the degradatuon model

Mechanlcal and physlcal propertles were investigated of an aged sealing
material sample, that had been exposed to higher temperatures to simulate the
condition in which a grout plug is exposed to heat that is generated by the
emplaced waste package. A two-in cubic satyle of the 82-22 cement formulation
that had been cured for 2.25 years at 38 C was slowly heated over an 8-hr

period to 150 °C at 400 psi, held there for 5 days, and then slowly cooled over

8 hr to room temperature to minimize thermal shock effects. The resulting
changes in phase composition, compressive strength, and porosity were evaluated
relative to a control sample that was not exposed to the elevated temperature
conditions. This very preliminary study supports the notion that the

" decomposition of the ettringite in this cement and other changes result in an

increase in porosity, but most of the newly formed pores are of an extremely
fine size and will probably not enhance the permeability significantly.

~ Although the alteration of the phase composition also was accompanied by a

nearly 50 percent decrease in strength, the compressive strength still appears
to be adequate for most purposes.

Analytical calculations of the flow to a shaft from the alluvium were
completed. These show that the flow could be high relative to groundwater
inflow from sources in tuff. Other calculations examined the time required for
surface recharge to saturate a fault zone, leading to convergent flow to a
drift. This time was found to be sensitive to the porosity of the fault zone
as well as to the hydraulic conductivity. Faults that consist of closely
spaced fractures with a relatively low fracture porosity are more likely to
become saturated than those faults that consist of breccia and gouge and have a
relatively high porosity.

The UNSAT2 code_has been set up and a simple problem involving matrix flow was
run. A first attempt at running the code with the composite fracture-matrix
conductivity curve was not successful. At present, major modifications to the
code would be required to run a problem with the composite curve.

Operations and Maintenance

A proposal is being drafted for a one-year study of the advantages and
disadvantages of fuel-rod consolidation at the Yucca Mountain repository.
Results of the study will form the basis for a recommendation as to whether or
not consolidation is cost-effective and conducive to radiological safety. The
recommendation should be valid for an MRS facility supplying spent fuel to the
Yucca Mountain repository, but not necessarily for a utility shipping fuel
directly to the repository.
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Economic factors to be considered include the cost of developing and building
consolidation equipment; hot-cell requirements with and without consolidation;
and the effect of consolidation on mining and drilling costs, on staffing
requirements and lifetime labor costs, and on canister costs. With regard to
health effects, the principal concerns are the effect of consolidation on
worker exposure, plant effluents, off-site health effects, and the availability
of radionuclides for uptake in groundwater.

Repository Performance Assessment

The first version of a reference design memo to document current layout
criteria and guidance to PBQD and the resultant SCP design has been completed
and is in review. This memo will form a checklist for the Functional Design
Criteria (FDC) document and will establish the baseline design for use in
calculations of thermomechanical effects.

Problem definition work is in progress to establish the allowable thermal
loading for advanced conceptual design. A range of values will be evaluated
and sensitivity to parameters will be tested.

PLANNED WORK

J. A. Blume and Associates’ final Seismic Study report is being modified
following an oral presentation at SNL on March 29,1985 and an SNL peer review.
The final report with comments incorporated from the review will be available
to SNL on May 20, 198S5.

Preparation of the final Seismic Position Paper is expected to begin in May
1985, following receipt of NRC feedback.

Drilling of 12 holes from U129.12 drift up into the WIM area will continue and
installation of lead wires for the data acquisition system will be completed.
Preliminary testing will start with instrumented flatjacks to determine if
there are any unexpected rock-mass responses. Work will be performed in the
l-m-square slot. .

Work to determine the laboratory properties of tuff planned for May through
July 1985 includes: (1) completion of parameter effects testing at RE/SPEC and
SNL, (2) completion of a draft report on the mechanical properties of the
Topopah Spring Member in USW G-2, (3) continued work on Chapter 2 of the SCP,
and (4) preparation of a draft report on the thermal conductivity and thermal
expansion of lithophysae-rich Topopah Spring Member.

Mercury intrusion and/or extrusion testing is planned for 40 to 60 tuff samples
to determine pore size distribution characteristics. The data will be used to
estimate saturation as a function of pressure-head curves for the samples.

The completion of the equipment development program plan is scheduled for
May 198S. '
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SealinlMaterial.s ‘

_ The report entitled "Compatibility Between Select Cementitious Material and the
Topopah Spring Member Tuff" is under final review at PSU; the expected

completion date is May 15. The letter report on the identification of mineral

phases compatible with sealing material is expected to be completed by June 1.

..f; Thbsahalyses for the LANL Milestone N411, Reponse to LANL on QA Levels for
o Exploratory Shaft, will be modified durlng May 1985 in preparatnon for the NRC

~‘brworkshop in June 1985

- The followlng seal concepts development work is planned: (1) complete
analytical hydrological calculations, particularly ramp and borehole snalyses;
(2) complete documentation for airflow analyses; and (3) continue preparation
of preliminary recommendations for the field tests.

Efforts in May will be directed towards providing support for responses to
EA comments and the writing of the SCP.

PROBLEM AREAS

The network indicates that work will not be completed to meet Milestone N432,

the NNWSI Conceptual Design Report in support of the SCP. Delivery will be
about one month late. The reason for this delay is that the DOE/HQ generic
outline (draft) was not received until mid-April 1985. Some replanning was
requnred and additional detail must be developed to comply with this outline.

A delay is expected in completion of the summary report on thermomechanical
analysis as an SCP reference (M491), currently due 9/30/85.
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X.2.5 REGULATORY/INSTITUTIONAL

OBJECTIVE

The objective of the Regulatory/Institutional task is to provide the capability
for |nterfacung with all the institutions and to meet the requirements identi-
fied in various laws and regulations pertaining to the siting, design, and
construction of &8 nuclear waste repository and a test and evaluation facility.
The principal laws and regulations which govern the licensing of these include
the Atomic Energy Act of 1954, the National Environmental Protection Act (NEPA)
of 1969, and the Nuclear Waste Policy Act (NWPA) of 982, 10 CFR Part 60 and

40 CFR Part 191.

ACTIVITIES

In addition to the creation of a Data Records Management System (RMS) at SNL as
outlined in the March 1985 monthly report, procedures have been established to
facilitate the creation,: maintenance, and closing of data sets for the RMS for .
NNWSI Project test data. The DRMS underwent its first full-scale test with the
production of the quarterly update to the Dataz Catalog. The update to the Data
Catalog, to be used by the NRC in accordance with the site-specific agreement,
was provided to WMPO on April 15, 1985,

Site Characterization Plan (SCP)

The NNWSI Project SCP Management Plan (SCPMP) was approved and the final
version was issued on April 10. SCP Work Instructions, which provide
additional detailed guidance on SCP preparation, were officially distributed to
the task leaders following the formal issuance of the SCPMP. The Management
Group will be meeting on a regular basis every other Monday. :

The SCP Annotated Outline, Section 8.3, was expanded to include subsections for
the Issues and Information Needs and provisions for detailed explanatlons of
the Information Needs.

All participants began work on their sections of the SCP.

Environmental Assessment (EA)

The NNWSI Project Environmental Assessment Management Plan for preparation of
the final Environmental Assessment, which was drafted last month, is being
reviewed and will be completed in early May. The EA Comment/Response Appendix
is being written. A computerized comment-response tracking system was
developed to follow each comment through preparaton of the EA Comment/Response
Appendix and final EA publication. Several EA meetings were held in April to
plan responses to the comments. The EA Finalization Workshop was held on April
16-18 in Washington, D.C. The draft Comment/Response Appendix for the EA is
scheduled to be issued to HQ on June 3, 1985.
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Environmental Compliance

Work began on the Environmental Permitting Plan that is being prepared to
identify permits, detail permit requirements, and explain the procedures
necessary for WP0 to follow to obtain each permit. Emphasis will be placed on
permits for site characterization activities and long-term scheduling difficul-
ties expected for repository permits. A status report was prepared and
transmitted to WMPO on April 15. A draft of the plan will be sent to WMP0 for

review by May 31, 1985.

' Regulatory Compllance

WMPD approval was receaved to proceed with preparation of the NNWSI Project
Regulatory Compliance Plan as reflected in the annotated outline submitted for
approval in March 1985. Drafting of the plan was initiated based on the WMPD

approved guidance.

Consulting arrangements were made with D. D. Tillson to initiate planning for
briefings on nuclear power industry licensing experience. The briefings will
be directed toward WMP0 and selected key participant staff members and will
emphasize applicant, intervenor, and NRC responsibilities and strategies during
the licensing process based upon past utility experience. Experts who have

* been involved in past licensing proceedings will participate in the presenta-

tions. An initial planning meeting between Dr. Tillson, WMPO, and SAIC
representatives was held on April 23, 1985,

A DOE/OGR proposed revision to Appendix 78 of the site-specific agreement
(NRC-OR responsibilities) was reviewed and comments were transmitted to OGR.
The DOE-proposed revision was based on comments to an NRC version, which was

reviewed in March.

NNWSI Project staff representatives participated in several DOE/HQ-NRC meetings
relating primarily to SCP concerns. Topics discussed included Performance
Allocation on April 17 and Repository Conceptual Design on April 18. In
addition, NNWSI Project representatives attended several DOE/HQ-NRC meetings as

" observers.

A meeting was held in Las Vegas on April 3 to finalize the annotated outline
for the Seismic/Tectonics position paper. In addition to the NNWSI Project,
representatives of DOE/HQ, Weston, and BWIP were present. The revised outline
generated during the meeting, however, retained a NNWSI Project-specific
orientation and was subsequently revised at the request of DOE/HQ to be more
generic. Copies of the generic outline were distributed to the other projects
and to DOE/HQ. A meeting to discuss the outline with NRC will be arranged by
DOE/HR in the near future.

Draft & of 40CFR191 was reviewed and comments were submitted to DOE/HQ. The
draft, as proposed by EPA, addressed some of the NNWSI Project comments made on
earlier versions. However, certain of the radionuclide release rates have been
made more restrictive and the consideration of the unsaturated zone is still

inadequate.

Comments were provided to WMPO on the results of the OGR Licensing Information
System study and on a position from the DOE perspective on the protection of
proprietary information.
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* PLANNED WORK

The Records Management System (RMS) will be maintained and Tech. Reps., Inc.
(TRI) will continue software development for the creation of the data catalog.
The data catalog will index information presently filed in the RMS and will

 identify missing information required in the data set before it can be
| completed. Once operational on an ATET PC, the data catalog can be used to

locate quickly any information needed from the RMS. Updated versions will be
transmltted to’ WMPD on a quarterly basis. .

Work will continue on preparation of the SCP and revision of the EA
PROBLEM AREAS
SCP

It is expected that work on the EA tasks may cause a slip of three to six weeks
in the initial submittal of some SCP chapters and sections.

EA

Late comments from the State and the amount of work anticipated to finalize the
EA do not appear to be consistent with the existing schedule.
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X.2.6 EXPLORATORY SHAFT

.- QOBJECTIVE

The objective of this task is to identify and plan the tests that need to be
- conductéd at the repository horizon as a2 part of detailed site characterization
and to design and construct the Exploratory Shaft (ES) and the underground test
area in Yucca Mountain. The primary focus of this effort will be to establish
the basis for evaluating the unsaturated zone in a welded tuff formation. In

Wi addition, an effort will be made to define the nature of the unsaturated zone

 with regard ‘to water content and water movement, and the nature of the natural
barriers between the repository horizon and the statlc wvater level.

ACTIVITIES
Exploratory Shaft Test Plan (ESTP)

Trials continued this month of alterant high frequency electromagnetic (HFEM)
geotomography methods in a sand pit. Alterant HFBEM geotomography is a
promising technique for measuring water saturation constrasts within a rock
mass and may be applied in the three Exploratory Shaft (ES) Waste Package
Environment tests. Contacts have also been established with sources of other
geophysical equipment that may be suitable for determining rock mass moisture
content with high geometric resolution, so as to obtain redundancy in these ES
test measurements.

Contacts have been established with several researchers who have worked with
the performance of USBM borehole deformation gauges that are subjected to
heated and moist environments. This instrument may be used in the Waste
chkage Environment Tests to monitor stress changes.

The latest draft of the Waste Package Environment Test conceptual test plan is
being revised in response to comments from LANL and other reviewers. Changes
will be finalized as technical and-programmatic LLNL reviews are completed.

Scoping calculations using a thermomechanical funute element code were begun
this month to support development of engineering test plans. These
calculations will supersede analytic solutions used in preparation of initial
drafts of the conceptual test plan.

A letter was prepared at WMPO request regarding post-license application
testing and its coordination with ES activities. Several questions were raised
about long-term testing, including questions about planning and coordination,
test initiation and timing, and possible use of radiation sources. The
importance of distinguishing between test results leading to a License
Application and test results that may subsequently lend support to 2 License
Application was emphasized. Potential NNWSI Project needs for Ilong-term
testing were introduced as well.

The ESTP Committee met on April 17-18 at SAIC in las Vegas to review the
available portions of ESTP Rev. 1. The descriptions of individual tests in
Part II of the ESTP had been sorted into a topical grouping system developed by
LLNL and reviewed by the other ESTP principal investigators. The introduction
for the fourth group of test descriptions (Near Field and Thermally Perturbed
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Tests) in Part iI bf the ESTP was revised and sent to LANL for use in Rev. 1;
this introduction summarizes and compares the six ES tests that will examine
thermally perturbed portions of the rock mass.

Several items requiring action were identified at the ESTP committee meeting:

(1) Document for the design staff the arguments for minimum shaft
penetration into the Calico Hills.

(2) Provide P. Aamodt with introductory remarks that show how the ESTP
and PAP are related to each other and to the SCP by describing what
information regarding Performance Assessment will be contained in the
documents. . :

(3) Develop comments and suggestions for a revised ESTP rationzle,
Chapter 5. '

- (4) Review the ESTP glossary.

(5) Provide documentation of how PA will use specific data obtained
during ES testing and the schedule for using the data in analyses and
reports. .

Items (2) and (3) have been completed. It was suggested that Chapter 5
parallel the outline of SCP Chapter 8.3. Items (1), (4), and (5) are to be
completed before the next ESTP meeting on May 14, 1985. '

The section on shaft-wall mapping was completed for Revision 1 of the geologic
sections of the ESTP. The hydrology sections of Revision 1 of the ESTP were
completed and submitted for colleague review. The USGS met with LANL and SAIC
to review the nine ESTP sections and to draft a flow net showing scheduled
- mining and testing activities.

Drafts of ESTP Part I, Chapters 1-6 were updated or rewritten to reflect ESTP
Committee members’ comments. The Executive Summary and introductions -to
Part II test sections were prepared in draft form. Test write-ups continue to
be internally reviewed by the participating organizations; modified drafts are
expected to be sent to LANL during May.

The ESTP schedule was updated and expanded to assist with the identification of
personnel conflicts with other Project activities. D. Vieth was briefed on the
ESTP Rev. 1 status and planned activities.

Exploratory Shaft Facility (ESF)

Review was started on the revised design of ES-1. Included in the design
review are the ES-1 collar, shaft excavation, shaft liner, shaft internals,
safety barriers, and the shaft bottom. Also being reviewed are the revised
designs of the ES-1 stations at the 520- and 1200-ft depths.

Review of design specifications for the ES-2 shaft boring, liner shotcrete,
hoist, headframe, cage, and hoist rope was completed. Review is being
conducted on a Title I layout of the ES-2 surface slab and ventilation
equipment and drawings of the ES-2 excavation and liner.
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The schematics for underground water, pump, air, and shaft communications
systems are being reviewed.

Work continued on the development of en underground coordinate system for
defining the locations of equipment, drillholes, and geotechnical features.
Also, detailed planning continued of the interactions of construction and
testing.

A meeting was held on April 16 with REECo in Mercury to develop a correlation
between the ESF Work Breakdown Structure (WBS) and the REECO work order system
at NTS. The work orders are written by HEN and F&S and executed by REECo. The
result of the meeting was a strawman addition to the WBS that should correlate
the two systems. It will be presented to and discussed with HEN, F&S,
DOE/NTSO, DOE/NV, and REECo personnel in the near future. .

Personnel from LANL and SAIC met on April 18 to discuss the meteorological
needs for the ESF and for the rest of the NNWSI Project. Initial coordination
was made with SAIC personnel who have recently planned a weather system to be
installed at the ES as part of the Meteorological Monitoring Program. To
eliminate duplication of effort, LANL will receive required weather data from

the SAIC system where this meets the needs of the ES testing.

Work was completed on the summarization of the ESF Project cost estimates from

-the NTS support contractors and the Principal Investigators. Three separate

sets of budget numbers were prepared for three different dates (June, August,
and December 1986) for start of ES-1 shaft sinking (the cost estimate in the
Schedule 47 and WPAS is based upon the August 1986 date).

Work was completed on the design status book requested by DOE/HQ (unbaselined
Milestone M023). The book is in three volumes and represents the current
status of the ESF design and construction efforts. The three volumes contain
design criteria, design studies, specifications, drawings, a summary schedule,
cost estimates, and minutes of the ESF Project Status meetings. The material
is not necessarily final or approved but rather presents a snapshot of the
project as it exists in April 1985.

ES Integrated Data System (IDS)

Work continued on the production of the IDS portions of ESTP Rev.1. The formal
design review of the IDS conceptual design was completed. Only minor comments
were received. The record document will reflect changes due to these comments.

PLANNED WORK

DOE/HQ will be briefed on May 3 on the status and plans for the NNWSI Project
ESTP Rev. 1 document. Editing and other cleanup work will continue on Part I
chapters and Part II test plans as they are received. A completed Rev. 1
document is scheduled to be delivered to WMPO/NV on June 21, 1985; however,
there remains a chance that EA and SCP work will impact the ESTP schedule.
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A joint NRC/DOE workshop on the ESF is tentatively planned for the week of
June 3. In preparation for the workshop, a meeting was held on April 22 with
representatives of LANL, SNL, and Stearns-Catalytic Inc. to discuss the
workshop content and to discuss responses to NRC comments of April 1983 on the
ESF Conceptual Design Report.

PROBLEM -AREAS

It is bossible that DOE/HQ will establish a common outline for all ESTPs; if
so, its impact on the NNWSI Project ESTP schedule will need to be assessed.

Preparation required for an NRC/DOE workshop on the ESF in June may delay the
completion of the Title II design scheduled for the end of June. Also, work
has not progressed on the assignment of quality levels to ESF items and
activities. .

The draft Final Design Report (M661) is dependenﬁ on the ESTP, which is
expected in June 1985. Expected changes in the details of the IDS will mean a
.rewrite and a delay until September 30, 1985.

41



PR e o

AR g NS G
; v

WBS X 2.6 EXPLORATOR ) SHAFT
BOUERNMENT FISCAL YEAR 198S

APLANNED MLESTONE COMPLETION DATE
ACOMPLETED AS SCHEDULED

¢ COMPLETED AS REVISED

42

»ace 188
JFLONNED COST_ _ |
ACTUAL COST
_ ’L.ga
X _UARIANCE /7
€0C0- .- K
~ ’ -
o ", &2
. 4
€ .saoe o 40
"] '0' ":
£ .’ -
- 4200 P W
_E —--ﬂ‘--—————:-j-—--:-:ﬁ_ EEEE—— 2” a ‘i, :
- . .J . c
30004 o
[12] =20 a
& S
-l
'6' 2age- -4
Q L/
L L-5a
1000 >
- -83
e - -100
ocT 'nou 'oec ' gan ' FeEB 'mar 'aPr 'may | Jun ' JuL ' aus ' seP
1884 188S
PLAN (X1Q08) 366 P62 1194 1573 2042 2546 3051 3681 4157 4746 S3S6 6SaES
COST (x1623) 378 724 1076 1504 2020 25@2 309S @ e @ e e
URRIANCE (X106Q) -s 38 118 €9 22 44 -34 e e e e e
x UARIGNCE 1 -5 -1 . -t -2 1 a e e e e
MLE- | RESP. .
ISTONE| AGENCY | WBS MLESTONE DESCRIPTION OINIDIJIFIMJAIMI|J |J |A
M666] LANL | 126 | Issue Exploratory Shaft Test Plan = 1] A

OREVISED MLESTONE COMPLETION DATE




: T X.2.7 TEST FACILITIES
0BJECTIVE

Thé major objective of this task is the design, contruction, and operation of
the test facilities that support technology development for other waste
management programs and other geologic repository projects. The two major
facilities operated under this WBS element are the Climax Spent Fuel Test
Facility and the E-MAD Facility. '

ACTIVITIES
Spent Fuel Test-Climax (SFT-C)

Geological Investigations

Preliminary analyses of core-logging data from in situ stress boreholes ISSO9
and ISS10 indicated that the joint sets in the regions sampled by these
boreholes were markedly different from those observed elsewhere in the SFT-C
facility. In an effort to explain the apparent differences in structures, the
core was re-examined. It was determined that the reference line which is used
to auto-orient the core based on a ubiquitous low-angle joint set was not
consistently positioned with respect to that joint set. As a result, the
procedure used to determine the orientations of other joint sets introduced
errors in the data. Data were acquired to correct the errors in the two ISS
data sets and these corrections were completed this month. The resulting data
have been used to generate new graphic core logs for the post-test core logging
report which has been delayed pending resolution of this problem. The revised
draft report was released and submitted for publication processing.

The technique for auto-orienting core was used to determine the true
orientations of joints observed in 70 m of core from instrumentation boreholes.
This activity completed the core logging effort. Pictorial and tabular
presentations of the data from these five boreholes were developed and
submitted to the Project files. A decision was made not to publish a complete
data base of all pretest and post-test core logging results since all but this -
70 m segment are currently contained in a set of LLNL reports.

Post-Test Instrumentation Evaluations

A laboratory study was recently completed of the combined effects of non-ideal
borehole diameter and longitudinal bending of the NX borehole jack on the
apparent deformation modulus of a rock mass. Data from this study were entered
into @ data base and checked for accuracy and completeness. Analysis of these
data is being delayed in deference to higher priority NNWSI activities.

Post-Test Calculations

Post-processing of the results of three ADINA/ADINAT calculations of the
thermomechanical response of the SFT-C is essentially complete. These
calculations used as input ranges of .deformability and in situ stress values
which were based on both pretest and post-test measurements at the site. Plots
have been prepared to facilitate intercomparisons of these calculations. In
addition, selected field data have been plotted with the calculational results
to examine the level of agreement between them. Preliminary analyses indicate
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that the elastkc :parametehs and in situ stress values measured post-test
provide somewhat better results than were obtained using pretest values.
Detailed analyses continued.

The initial suite of seven post-test heat transfer calculations were completed. -
Among the factors examined parametrically in these calculations were
conductivity and heat capacity of the rock mass, conductivity of materials
lining the floors of the drifts, convection coefficients of the drift surfaces,
and the ventilation flowrate. In addition, the effect of cooling the rock mass
during the construction phase of the test was examined. After accounting for
the precooling, the level of agreement between measured and calculated
temperatures (which was already very good) was substantially improved.

To make comparisons between calculated and measured temperatures easier to
comprehend, a code was written which plots these paired values against each
other, fits a line through the points, and calculates several basic measures of
the fit. This graphical presentation allows one to observe the conformance of
the points to a straight line with slope equal to one and intercept equal to
zero: ‘an indication of perfect agreement between measured and calculated -
temperatures. The technique has proven to be-a valuable way to examine the
effects of various changes which are made during parameter studies, such as
those outlined above.

A code was written, debugged, and exercised to provide graphical presentations
of the results of the three-dimensional finite-length heat transfer
calculations which were completed last month. The code generates temperature
contour plots in any selected XY, YZ, or ZX plane of the model.

Data Management

The REVERT code has now been used to provide final conversions and temperature
- compensations for about half the acquired data. Development and testing are in
progress of the software which standardizes the format of the acquired data and
merges the files into a directory structure containing separate files for each
individual instrument. A few relatively minor modifications to the software
which processes data from the central data acquisition system resulted in a set
of codes which will perform the necessary functions. Merging and testing of
the complete data set is planned for mid-May.

The *Instrumentation Report No. 3: Performance and - Reliability of
Instrumentation Deployed for the SFT-C* was submitted for publication. The

report entitled "Post-Test Coring Logging for the Spent Fuel Test-Climax" was
sent to the printers.

E-MAD

Data Collection

All E-MAD fuel assemblies are now stored in the Hot Bay lag storage pit with
the exception of fuel assembly B02, which remains in the Fuel Temperature Test
assembly. Data monitoring of selected fuel assemblies from March 27 through
April 16 provided the following maximum temperatures.
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The highest center pin temperature for fuel assembly BO2, recorded on
thermocouple (T/C) #305, was 126.9 °C. The fuel assembly remains in the Fuel
Temperature Test stand in the West Process Cell, where the Metal Cask .
Simulation Test was recently completed Disassembly of the stand is scheduled

for mid-May.

In lag storage pit #gg the highest canister temperature recorded for fuel
assembly DO6 was 51.6°C on T/C §108. 1In lag storage pit §8, the highest
canister temperature recorded for fuel assembly B4l was 40.9 ° on T/C $109. No
canister temperatures were recorded on fuel assmemblies B03, B43, D01, DO4,
Dog, D15, D16, Dis, D22, D34, D35, D40, D46, and D47, and on fuel rods 6o and
J8 from fuel assembly 802 guth exhaust fans of f, the highest lag storage pit
exhaust temperature was 32.3°C

All canisterized fuel assemblies located-in the lag storage pit are in a safe
configuration. The maximum recorded canister temperatures are well below the
canister design limits. All monitored fuel assemblies reflect a normal -profile
over the past month.

Dry Storage Fuel Integrity Demonstration

The Metal Cask Simulation Test, conducted for the Dry Storage Fuel Integrity

" * Demonstration, has been completed The Fuel Temperature Test (FTT) disassembly

plan describing post-test FTT activities, was prepared and submitted to DOE/NV
for .approval.  Approval was received and the plan was issued. Consol idated
. Procedure WN-CP-062, for disassembly of the FTT, was prepared and issued.

Fuel Integrity Monitoring

Integrity monitoring of fuel assemblies B03, B43, D01, D04, DO6, and D15 was
completed for the second half of FY 85. The fuel assemblies were removed.from
the lag storage pit, contamination swipe samples were obtained, then the fuel
assemblies were returned, in canisters, to their storage Iocatlons

The canisters coantaining fuel assemblies D16 and D18 were removed from lag
storage for gas and full volume filtration sampling in preparation for opening
_the canisters to remove and characterize the fuel assemblies. Characterization
was indefinitely postponed until photographic support is available. The
canisters were returned to their respective storage locations.

Safety Assessment Documentation

The report entitled ®Safety Assessment Document for Spent Fuel Handling,
Packaging, and Storage Demonstrations at the E-MAD Facility on the Nevada Test
Site* (DOE/NV10250-20) was completed and a copy was transmitted to DOE/NV.
This completes activities identified for FY 85 in this task.

PLANNED WORK

SFT-C conversion of the remaining SFT-C data sets should be completed in May
and the resulting data files processed into single-instrument files containing
data for the entire test period. Draft reports on the post-test thermal and
thermomechanical analyses will be prepared. The report on a laboratory
evaluation of the USBM overcore cell will be completed.
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E-MAD

Remote fuel-handling operations, currently scheduled for mid-May, include
transferring the FIT test stand from the West Process Cell to the Hot Bay,
removing fuel assembly BO2 from the stand, installing the fuel assembly in a
temporary storage canister, obtaining surface contamination swipe samples from
the outside surface of the canister, and transferring the canister to the lag
storage pit. .

Fuel assemblies D16 and D18 will be decanisterized, characterized, and
installed in temporary canisters.

PROBLEM AREAS

The request for augmentation of the FY 85 budget was rejected by WWP0. In an
effort to bring anticipated costs into conformance with the approved budget,
the following activities will not be completed: "Calculational Study of the NX
Borehole Jack®™ (2.7.2.1-85-III-5); "Effects of Geologic Structure on the In
Situ State of Stress® (2.7.2.1-85-IV-4); P®Post-test Core Logging Database®
(2.7.2.1-85-1IV-5); and the measurement of the thermal expansion properties of
extensometer components. In addition, the scope of 2.7.2.1-85-1II-1, "Shock
Effects on the Results of the Climax Mine-by® will be limited to an informal or
letter report.
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X.2.8 LAND ACQUISITION

OBJECTIVE

The objective of this task is to maintain access to land adjacent to the Nevada
Test Site that is controlled by the U.S. Air Force and the Bureau of Land
Management and to protect land that could be used for a high-level waste
repository and the surrounding buffer zones.

ACTIVITIES

None.

PLANNED WORK

To be included in future NNWSI Project Monthly Reports.

PROBLEM AREAS

None.
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X.2.9 PROGRAM MANAGEMENT

0BJECTIVE

The objective of this task is to manage all activities of the NNWSI Project by
all contractors. The five major areas identified are Project Management,
Project Control, Interface Activities, Quality Assurance, and Generic
Requirements Document (GRD) Support.

“ACTIVITIES
Earned Value (EV)

The NNWSI Project Earned-Value System Study is proceeding as planned. The last
two system review visits were made by SAIC/PMS personnel to Fluer in Irvine and
to PNL in Richland for the purpose of evaluating their approach to earned value
as subcontractors in the repository program. Results of these visits are
summarized in the interim report isued on April 29.

The interim report also included the status and strawman proposal for the NNWSI
Project Performance Measurement System, provided a2 summary of requirements and
assumptions, listed the limitations of the present system, defined the proposed
approach for the Project, provided a strawman estimate of the proposed
approach, and described the salient features of comparable systems used by
Rockwell and Battelle. This report will be a basic reference for onsite
meetings to be held at the laboratories and USGS in May.

A presentation was made at the April TPO0 meeting that summarized the
objectives, the features, and the system elements of the proposed NNWSI Project
EV approach. This presentation outlined the responsibilities of each
- participant to provide a2 realistic basis for determining the impact on methods
and resources. The more substantive parts of the presentation were included in
the interim report issued on April 29.

Staff Conflict Schedule

A NNWSI Project staff calendar is being developed to show conflicts between
meetings and major NNWSI Project activities to which key staff are assigned.
The qutputs will be in bar-chart format and will show major conflicts between
such activities as the SCP and the EA. Additionally, all meetings and major
NNWSI Project activities are listed.

Project Documentation Systems

The final Project Plan was sent to WMPO on April 19 for approval by Don Vieth,
Tom Clark, and Bill Purcell. The Project Plan will be distributed to the NNWSI
Project participants when an approved copy is returned to WPO from DOE/HQ.

NNWSI Project Quality Assurance

A letter was received from OCRD regarding its review of the QAP. No changes
are required.
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A semiannual ré&iéw of the NNWSI Project QA Plan and SOPs was conducted and
recommended changes were sent to WMPO. The documents are being revised with an
expected .issue data of July 1985.

In regard to NNWSI Project SOP-17-01, QA Records Management, ESI has been
requested to implement a pilot program using the USGS. The program will be
based on the original specification submitted by ESI in February.

The first committee meeting on NNWSI Project SOP-03-02, Quality Assurance
Software, was held on April 11, 1985. The outcome of the meeting resulted in
the following: the SOP would be a requirement document; the purpose and scope
- statements were formalized; and responsibilities for drafting the definition,
responsibility, requirements, and documentation sections were assigned. The
next meeting is scheduled for May 16, 1985.

The final committee draft of NNWSI Project SOP-03-03, Non-NNWSI Project QA Plan
Data or Interpretation Acceptance, was submitted to WMPO and QAD for review and
approval; their comments were reviewed and resolved and are being incorporated

into the procedure.
A revised schedule for FY 85 audits was issued by WP0 on April 19, 198S.

Internal audit 85-1 of WMPD was performed on April 10-11, 1985; audit findiﬂgs
are in the resolution phase. Internal WMPO audits 85-2, -3, -4, and -5 are
scheduled for May 1985.

A meeting was held in Las Vegas among DOE, SAIC, LLNL, SNL, and LANL to discuss
the implementation of NUREG 0856. A committee was chosen to work on the
implementation and John Dronkers (LLNL QA Specialist) was chosen chairman. A
second committee meeting will be held at LLNL later in the month.

Pending WMP0 approval of the TIMSS QAPP (Rev.2) and supporting QPs, interim
training was conducted on TIMSS QP 2.4, Assignment of Quality Levels, in

accordance with the issved schedule, which includes a follow-up session. This
training is in compliance with the requirements of NNWSI Project SOP-02-02.

PLANNED WORK
Work Breakdown Structure (WBS)

The WBS was modified by the Change Control Board during April. Updates will be
forwarded to all participants during May.

- WBS Dictionary

A preliminary draft of the dictionary was reviewed by SAIC staff during March.
It is expected that the dictionary will be delivered to WMPO and NNWSI Project
participants for their review at the end of May 1985. Baseline approval 'is
expected at the June Change Control Board (CCB) meeting.

PROBLEM AREAS

A delay in receiving comments on the Draft Project Management Plan and work
plans, due on April 25, 1985, will affect the expected May 10 delivery date of
the final PMP to WMPD for approval.
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Surveillances for the remainder of FY 85 will not be performed because of the
‘heavy work load in other higher-priority areas and increased task activities.
The elimination of these surveillances will inhibit to some extent WMPO
evaluation of the implementation and effectiveness of the NNWSI Project QA
system,
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April 1985

LEVEL 1 M1

NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS

LESTONES IN A TIME WINDOW OF @1 Oct 1984 TO 30 Sep 1985

Run Daote: 22 May 1985

MILESTONE DESCRIPTION WBS NO.
Syatem Engineering ﬁonoqomont Plan 2.1.1.8
Performance Asseasment Plan 2.1.1.8
Yucca Mountaln Mined Geologic 2.1.2.1.8
Disposal System Description (System

Requirements) .

Esteblish Interim Product 2,2.3.1.L
Specifications

Input to DOE/HQ Report to Congress on  2.2.3.2.L
Copper for Waste Pockoges :
Complete Waste Package Conceptual 2.2.4.L
Design Criterie

Initiote Waste Pockage Advanced 2.2.4.0L
Conceptual Design

Pre-Closure Analysis of Selected 2.2.4.L
Conceptual Designs

Weapona Test Selsmic Report 2.3.2.2.4.8
Progresa Report on 3-Dimenslonal 2.3.2.A
Mineralogic Model of Yucca Mountaln

Letter Report on Groundwater 2.3.4.1.1.A

Chemistry Along Flow Paths

Paoge 1

WMPO RESP LEVEL. RESP ORG MILESTONE BASELINED HQ PLANNED
. . HQ ACTUAL

Witherill SNL M188 -8 30 Apg as

Blanchard SNL CN113 B 30 Sep 835

Witherill SNL M120 B 30 Jul 85

Valentine wWPo M250 B 30 Aug 84
. 12 Apr 85

Vatentine T un M222 8 o1 Aug 85

Valentine LNL M231 B 29 Mar 85

Valentine LLNL M233 B 30 Apr 85

Valentine LLNL M251 B8 28 Sep 84
20 Dec 84

Blanchard " wero M357 B 15 Jon 85

Btonchard LANL M355 B 31 Aug 84
: 10 Oct 84

Blanchard LANL M354 B 30 Aug 84
, . 14 Feb 8%
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April 1983

NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS

LEVEL t MILESTONES IN A TIME WINDOW OF @1 Ooct 1984 TO 30 Sep 1983
Run Date: 22 May 1985

MILESTONE DESCRIPTION wBS NO,
Complete Report on Volcanic Hazards 2.3.8.1.A
Analysis

Impiementation of Meteorological 2.3.8.1.T
Monitoring Plan

Start Repository Conceptual Design 2.4.1.5
NNNS1 Project Site Specitic 2.4.1.8
Repository Design Concepts Report

Horizontal Waate Emplocement 2.4.2,2.1.8
Equipment Development Plan

Seal Developmont Plon for Repository 2.4.2.3.1.8
to OCRM for Review

Draft Environmentol Assessment 2.5.3.1.7
(Comera ready) -

EA Comment/Response Document ©2.5.3.1.7
Finol Environmental Assessment 2.5.3.1.7
NNWSI Project Referencea for EA 2.5.3.1.7
Compilete

Isave Exploratory Shaft Test Plon

(ESTP) (FvO-244)

Page

2

2.6.9.1.A

WMPO RESP LEVEL RESP ORG MILESTONE HO PLANNED
Hq ACTUAL
Blanchard 1 LANL M356 28 Sep B4
22 Jan 88
Blanchard 1 SAIC M364 01 Jun 85
Skousen 1 SNL N43O 30 Sep 85
Skousen 1 SNL N432 30 Sep 88
Skousen 1 SNL N4eg 30 Aug 83
Skousen 1 SNL 447 12 Nov B84
17 Dec B4
Blanchard 1 SAIC M302 30 Nov 84
29 Nov 84.
Blanchard 1 SAlC M503 30 May 85
Blanchard 1 SAIC M504 20 Jun 85
Bionchard 1 SAIC M523 01 Aug 84
: 08 Mar 85
Witheri)) 1 LANL M86s 27 Sep 85
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April 1985

NEVADA NUCLEAR WASTE STORAGE INVESTIGATIONS
LEVEL 1 MILESTONES IN A TIME WINDOW OF ©1 Oct 1984 TO 30 Sep 1985

Run Date: 22 May 1985

MILESTONE DESCRIPTION WBS NO. WMPO RESP LEVEL . RESP ORG MILESTONE BASELiNED 2] :aAﬁgsaAL
Compietes Decision Analyala on Use of 2.7.1.L Kunich 1 LLNL M766 ;] 15 Oct 84
Climax Facility : . 068 Jul 84
Final Report on the SFT-C 2.7.2.1.L Valentine 1 LLNL M708 B 30 Sep 85
Submit FY B5 NNWSI Project Plan to 2.9.1.1.7 Vieth 1 SAIC M901 : ] 15 Mar 85
DOE/HQ for Approval 09 Jan 85
Oraft Project Management Plan 2.9.1.T Kunich 1 SAIC M905 B 29 Mar 85
Submit NVO-196-18 (Rev. 2) NNWS] 2.9.3.7 . Blaylock 1 ~SAIC M915 B 38 Nov B4
Project Quality Assuraonce Progrom : ' 30 Nov 84
Plon and Implementing Procedures to
DOE/HQ for Approval

NO. MILESTONES IN THIS REPORT: 27

Page

3
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— NNWSI PROJECT STAFFING -
: FISCAL YEAR 1985

PERSONNEL
400

300

200

100

-100

B 321 332 329 339 335 335 346
A 329 328 327 334 334 334 352
v -8 4 2 5. 1 1 -8

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP




Listed below are mini-agendas for the June 26-27 PM-TP0 meeting.
What Who

Earned Value Presentation - Macdonald... June 26, 10:15-11:00 a.m.

Review findings from final report Don
--System impact factors

--Results of participant cost estimate

--Pivotal issues :

--WMP0 concurrence

Discussion of implementation plan’ : Don
--Sequence of events

- training and support to be provided in August

and September

- cost account plans

- cost performance report
--Budget Planning: Possibility of establishing :

interim budget/baseline for first four months of FY 86
--Software support
" = network processes/output

- baseline detail

- data and variance reporting

OUTCOME: Understand Status of Earned Value Progress

Time

15 min.

30 min.



¥ !

Mini-agendas, June 26-27 PM-TPO Meeting, Continued.

Page 2.

Waste Package Presentation - LLNL... June 26, 1:00-5:00 pm

Waste Package Task Overview

Metal Barriers Selection and Testing

--Conceptual Model for Corrosion under Yucca Mtn.
Conditions
---Questions and Answers

--Radiation Effects on Environment
---Questions and Answers

--Localized Corrosion Testing
---Questions and Answers

--Stress Corrosion Testing
~--Questions and Answers

--Summary and Future Work
---Questions and Answers

Break

Spent Fuel Testing

--Mode! for Release under Yucca Mtn. Conditions
--Questions and Answers

--Test Description for Dissolution Studies
---Questions and Answers

--Results of Dissolution Tests
---Questions and Answers

--Oxidation of Spent Fuel
---Questions and Answers

--Zircaloy Corrosion Studies
--~Questions and Answers

OUTCOME: Understand Status of Waste Package Progress

Virginia

Dan :
Dan/Don/TPOs
Rich
Rich/Don/TPOs
Bob
Bob/Don/TPUs
Mary
Mary/Don/TP0Os

‘Dan
Dan/Don/TPOs

Virginia
Don/TPOs
Virginia
Don/TPOs
Virginia
Don/TP0s
Virginia
Don/TP0s
Virginia

Don/TP0s

15 min.

10 min.
2 min.
10 min.
2 min.
30 min.
4 min.
30 min.
4 min.
10 min.

. 2 min.

15 min.

15 min.
3 min.
15 min.
3 min.
30 min.
4 min.
15 min.
3 min.
15 min.
3 min.
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Mini-Agendas for June 26-27 PM-TPO Meeting, Continued.

SCP_- Jorgenson/Voegele...

Pag 3.

Thursday, June 27, 9:00-10:00 a.m.

Present SCP Working Schedule

Present Detailed Review Schedule

Discuss need to stick to schedules as presented

Identify problem areas and discuss

OUTCOME:

Agree to adhere to the SCP working schedule

Dave or Mike
Dave or Mike

Dave or Mike/Don/
TPOs

TPOs/Dave/Mike



NNNSI WASTE PACKAGE - METAL BARRIERS SELECTION AND TESTING

TPO MEETING., LAS VEGAS, 26 JUNE 1985

e o _Toeic PRESENTER

20 MIN, . CONCEPTUAL MODELS FOR |
' f CORROSION OF WP CONTAINERS " DANIEL MCCRIGHT

- 15 MIN.  ENVIRONMENTAL CONDITIONS FOR
T Y L.". [ : ‘

¢t 1. CORROSION IN TUFF ENVIRONMENTS RICH VAN KONYNENBURG

i i® .
! fio 3
L AT

T T R O
40 MIN,”  'LOCALIZED CORROSION: CORROSION

"g;jn IRRADIATED. ENVIRONMENTS ROBERT GLASS
x TR
40 MIN. ' STRESS CORROSION MARY JUHAS
5 MIN. . i SUMMARY ~ DANIEL MCCRIGHT
FSETE I SRFEIEE IE-5 BE TR :
120 mIN,




OBJECTIVES OF METAL BARRIER SELECTION AND TESTING SUB-TASK

0 SELECT CONTAINER MATERTAL THAT CAN MEET 300-1000 YEAR CONTAINMENT
ORJECTIVE FOR WASTE PACKAGE -- POSSESS SUFFICIENT CORROSION/OXIDATION
RESISTANCE IN TUFF GEOLOGICAL ENVIRONMENT.

0 SELECT CONTAINER MATERIAL WHICH CAN BE READILY FABRICATED AND WELDED
INTO THE DESIGNED GEOMETRIC SHAPE =-- SPECIFY FABRICATION/WELDING
PROCESSES AS THESE OFTEN INFLUENCE CORROSION/OXIDATION BEHAVIOR.

0  TEST CANDIDATE CONTAINER MATERIALS UNDER EXPECTED REPOSITORY
ENVIRONMENTAL CONDITIONS AND  UNDER POSSIBLE EPISODIC ENVIRONMENTAL

CONDITIONS == SUPPLIES DATA BASE FOR REPOSITORY LICENSING APPLICATION
AND LONG-TERM PERFORMANCE MODELING. |




REFERENCE AND ALTERNATIVE CONTAINER MATERIALS FOR TUFF REPOSITORY --
CONCEPTUAL DESIGN LEVEL -

ot |
S O ‘
0 AUSTENleb STAINLESS STEELS SERVE AS REFERENCE MATERIALS.
PARTICULARLY' '
0 TYPE 304L STAINLESS STEEL - MOST TESTING SO FAR HAS BEEN FOCUSED
ON THIS MATERIAL AS THE REFERENCE GRADE

o TYPES 316L. 321 STAINLESS STEEL AND HIGH-NICKEL ALLOY 825 -
. THESE ALTERNATIVE GRADES ARE MORE RESISTANT TO SPECIFIC
{ LOCALIZED/STRESS-ASSISTED FORMS OF CORROSION

'
1 t
! Pa
i M !e

0 COPPER AND COPPER BASE ALLOYS SERVE AS AN ALTERNATIVE ALLOY SYSTEM TO
, THE STAINLESS STEELS




T 8.~ General corrosion rates of candidate austenitic stainless gteels
sole? f;d statnless alloys in J-13 water at different temperatures

ALLOY TEMP (°C)  TIME (HRS)  CORROSION RATE (um/yr)®
. Avg. Std Dev,

k1] S $0 1,512 0.133 0,018
316L - 50 11,512 0.154 0.008
L 50 11,512 0.225 0.010
321 §0 11,512 0.166 0.007
47 50 11,512 0.185 0.019
825 §0 11,512 0.211 0.013
304L 80 11,056 0.085 0.001
316L 80 11,056 = 0.109 0.005
317L 80 11,056 0.104 0.010
32} 80 11,056 0.043 0.008
347 80 11,056 0.085 0.007
825 80 11,056 0.109 0.012
304L 100 10,360 0.072 0.023
316L 100 10,360 0.037 0.011
3V7L 100 10,360 0.030 0.007
32\ 100 10,360 0.030 0.008
347 100 10,360 0.056 0.011
825 100 10,360 0.048 0.019

& Average and standard deviation of three replfcate samples of each alloy"at
each test temperature.

T -
le 7-9. Corrosfon rotes of candidate stainless steels and alloys in steam

V|

m—

- Material Corrosion Rate? (um/yr) Corrosion |
o _ Rate? {um/yr)
in 100°C Saturated Steam " {n 150° '
(10,456 Hours) -+ 1" {3oees nryrated Stean
3060 0,102 0

. e . 7
316L 0,099 - 8354‘
3L 0.211 0.081
321 .0.081 - 0.102
347 0.091 0.122
825 0.102 0.030

& (average of three replicate specimens of each 3lloy in each condition)



POSSIBLE NON-UfoORﬂ CORROSION DEGRADATION MODES.IN AUSTENITIC
STAINLESS STEELS CAN BE PLACED INTO TWO CAUSATIVE CATEGORIES

0  DEGRADATION MODES CAUSED BY A "SENSITIZED MICROSTRUCTURE” WHICH
DEVELOPS FROM PROCESSING OR STORING THE CONTAINER AT AN ELEVATED

TEMPERATURE.

0 RESULi COULD BE INTERGRANULAR CORROSION OR INTERGRANULAR STRESS
CORROSION CRACKING. '

0 CONTACT OF THE CONTAINER WITH AN AQUEOUS ENVIRONMENT WHICH IS
. SIGNIFICANTLY MORE CONCENTRATED IN ELECTROLYTES THAN IS J-13 WELL

WATER,

0 RESULT COULD BE PITTING OR CREVICE CORROSION, OR TRANSGRANULAR
STRESS CORROSION CRACKING.

..1;“ co o
THESE POSSIBILITIES ARE ADDRESSED IN THE NEXT GROUP OF SLIDES.




Alloy composition for reference and alternative
canister and overpack materials

Chemical composition (weight per cent)

Common alloy - Carbon ~Manganese Phosphorus Sulfur Silicon Chromium Nickel

designations - (max) (max) ~ (max) (max) (max) {range) (range)
. 304L 003. 20 0045 003 10 1820  B8-12
36 003 20 0045 003 10 1618 = 10-14
321 . .,008., 20 004 003 . 10 1719  9-12
g5 ' 005" 1.0 not 003 05 195-235 38-46

: specified ’

Other
elements

N: 0.1 max

Mo: 2.0-3.0
N: 0.1 max '_

Ti: 5 X Cmin

Mo: 2.5-3.5
Ti: 0.6-1.2

Cu: 1.5-3.0
Al: 0.2 max



- ondman sas

.

Alloy-selection to solve localized/stress corrosion
problems with stainless steel C

321 Incoloy |
s | | 825
Increasing

resis.tance’ -

01G,IGSCC. | Further

(low temperature | \® increasing
resistance to

‘sensitization)
| pitting, crevice

c 304L |
o SS attack, |G corrosion

Increasing resistance
~ to pitting, crevice
- attack in concentrated
electrolytes

i

oy ‘ ', L ) - . 5 i x. e .
E § _‘{;\T)‘-’;?{ ﬁ.:}“i\_. '



NNWS|] CONCEPTUAL DeSiand wP ConNTAINE RS

"'3/6” (Lcm ) thick




CONTAINER CLOSURE WELD PRESENTS TECHNICAL CHALLENGES

0 INTEGRITY OF WELD (CRACKS, POROSITY, PENETRATION)
0 ADVERSE EFFECT OF HEAT AFFECTED ZONE (HAZ) ON CONTAINER PERFORMANCE

RESTRAIN (ING UR

0  WELD, POST-WELD INSPECT REMOTELY
0O  PRECLUDE POST-WELD HEAT TREATMENTS, STRESS RELIEFS

CONSID 0

0 HOMOGENEITY’ ; .

0 DEPTH OF PENETRATION

o H.A.Z. (SIZE., GRADIENT)
S

GAS METAL ARC (GMA)
GAS TUNGSTEN .ARC (GTA)
GTA * GMA i r,
RESISTANCE - -

ELECTRON BEAM

LASER BEAM = ¢
PLASMA asm AQc,

0O 00 O 00 O0




TECHNICAL ISSUES ON USE OF CU AND CU-BASE ALLOYS AS-NUCLEAR WASTE CONTAINER
MATERIALS FALL INTO THREE GENERAL CATEGORIES

1. COMPATIBILITY OF CU/CU ALLOYS WITH GEOCHEMICAL ENVIRONMENT
= . RADIATION INDUCED GENERAL CORROSION (EFFECTS OF NITRATE.,
. AMMONIA, HYDROGEN PEROXIDE)
= LOCALIZED CORROSION (PITTING. CREVICE, SELECTIVE LEACHING OF
~ ALLOYS)
~ STRESS CORROSION (RADIATION INDUCED EFFECTS OF AMMONIA)

2. COMPATIBILITY OF CU/CU ALLOYS WITH PROCESSES PROPOSED FOR FABRICATING
AND CLOSING NUCLEAR WASTE CONTAINERS
.= LOWER STRENGTH METALS/ALLOYS, THICKER CONTAINERS
= WELDABILITY OF COPPER, ESPECIALLY IN THICK SECTIONS
= ALTERNATIVE FABRICATION TECHNOLOGIES., I.E., HOT 1SOSTATIC
. PRESSING

3. COMPATIBILITY OF CU/CU ALLOYS WITH OTHER COMPONENTS IN WASTE PACKAGE
- GALVANIC EFFECTS BETWEEN CU AND ZIRCALOY CLADDING (SF)
- GALVANIC EFFECTS BETWEEN CU AND STAINLESS STEEL POUR CANISTER
(DHLW)
- EFFECTS OF COPPER CORROSION PRODUCTS ou GLASS AND ON SPENT
FUEL LEACH!NG " ’




NNWS] COPPER TEST PLAN

 COPPER DEVELOPMENT ASSOCIATION CCDA) -
INTERNATIONAL COPPER RESEARCH ASSOCIATION (INCRA)
RECOMMENDED LIST OF ALLOYS

ALLOY DESCRIPTOR COMMENTS
CDA 102 OXYGEN FREE, HIGH- LOW STRENGTH, EXCEEDINGLY DUCTILE
" CONDUCTIVITY PURE MATERIAL, REFERENCE MATERIAL FOR SWEDISH
COPPER KBS SPENT FUEL CONTAINER PROGRAM IN
e GRANITE.
CDA 613 . - :ALUMINUM BRONZE MORE CORROSION RESISTANT THAN CURE CuU IN

OXIDIZING ENVIRONMENTS.

CDA'715 ~ 70/30 CUPRONICKEL PROBABLY MOST CORROSION RESISTANT CU-BASE
o ALLOY IN OXIDIZING ENVIRONMENTS.




SPITR SRE

o :* aa 0 E«o*or FYBS, PRELIMINARY EVALUATION ON COPPER AS CONTAINER MATERIAL
IS, :"‘.}:.‘. d m‘ .-~~’,-4.‘."; 1‘ :

.:A:."'-QEnn .w FY86. o:cmon ON WHETHER COPPER 1S VIABLE CONTAINER MATERIAL

o + :Eno [ mr. SELECTION OF MATERIAL FOR ADVANCED WASTE PACKAGE
RO cmmma DESIGNS

s

W ";, CMICE OF HATERIALS WiLL lNVOLVE SME DESIGN OPTIONS

Ty .0 THICKER GONTAINER SECTION FOR LOWER STRENGTH MATERJALS

Hwelo .. .0 INCREASE WADIATION SHIELDING WITH THICKER CONTAINER SECTION

~
i . '
:?f,e,:p;’?', " 0 THICKER COMTAINER MORE COSTLY: MORE MATERIAL, POSSIBLY MORE EXPENSIVE
\.;‘ . ' ‘ : - ] . .

LI X
“r

0,  FABRICATION/WELDING PROCESSES, MORE EXPENSIVE HANDLING EQUIPMENT
;. - BUT-ADDITIONAL COSTS MAY BUY INCREASED CERTAINTY IN PERFORMANCE =
_PRERICTIONS .




ECONOMIC ISSUES CENTER ON PROBABLY USE OF THICKER SECTIONS
OF GENERALLY MORE -COSTLY MATERIALS (Cu/Cu BASE ALLOYS)
COMPARED TO AUSTENITIC STAINLESS STEELS

COMPARABLE
ALLoY 1 ) ‘YIELD STRESS (KSI) $/cu., IN.
CA202,. . . 10 - © 0.60
CDA 613 30 0.65
CA715 - . 7 0.85
304L SS - - - ‘ 25 0.40
316L s§ ' 25 0.50
321 sS o | 30 0.50

1y-825 -~ . 35 | 120

AR N

L i';"! oo
ok [ B N




HOW WILL METAL BARRIER TEST DATA BE USED TO DEMONSTRATE ACHltVEMENT OF
“SUBSTANTIALLY COMPLETE” CONTAINMENT

oy

0 NEED. TO FORMULATE PLAN/STRATEGY FOR THIS DEMONSTRATION

0 PLAN TO SHOW SIGNIFICANCE OF INTERPRETING CORROSION DATA WHICH IS
OFTEN GENERATED FROM SEVERE AND AGGRESSIVE CONDITIONS

EES I VU

0  PLAN TO SUGGEST WAYS FOR FUTURE DATA ACQUISITION AND HOW TO PRESENT
THESE DATA |

; i..



SOME THOUGHTS_ON'ITEMS IN THE DEMONSTRATION PLAN

O  PHENOMENA WHICH CAN COMPROMISE CONTAINMENT OBJECTIVE OCCUR ABOVE
“CRITICAL THRESHOLDS"
0  MICROSTRUCTURAL
0  ENVIRONMENTAL
0o - MECHANICAL

0 NEED TO DETERMINE PROBABILITY OF EXCEEDING THESE THRESHOLDS, LOCALLY
OR IN BULK

i
»

MICROSTRUCTURAL - NUMBER OF GRAIN BOUNDARIES THAT WILL SENSITIZE, IN
WHAT TIME, SURFACE AREA AFFECTED, NUMBER OF CONTAINERS AFFECTED
ENVIRONMENTAL - AMOUNT AND STATISTICAL DISTRIBUTION OF WATER ENTERING
WP ENVIRONMENT, DISTRIBUTION ON CONTAINER SURFACE., RESIDENCE TIME.
IONIC CONTENT OF WATER, CHANGES OF IONIC CONTENT WITH TIME IN THERMAL
AND RADIATION FIELDS

ug_naul_ag MAGNITUDE OF STRESS, STRESS DISTRIBUTION,
FABRICATION/WELDING DEFECTS (SIZE., DISTRIBUTION), STRESS=INDUCED
CHANGES IN MICROSTRUCTURE



ENVIRONMENTAL CONDITIONS FOR
CORROSION IN TUFF REPOSITORY

RicH VAN KONYNENBURG

A TALK PREPARED FOR THE NNWSI recuutcAL “
PROJECT OFFICERS MEETING IN LAS VEGAS
ON JUNE 26, 1985.



ENVIRONMENTAL PARAMETERS IMPORTANT

2.

TO CORROSION .

PHysicaL STATE oF CORROoSION MEDIUM
ComPosITION

TEMP;RATURE

PRESSURE

PH

OxYGEN POTENTIAL

FLow R575

RADIATION



1.

2.

EXPECTED INITIAL ENVIRONMENT -
(BEFORE WASTE EMPLACEMENT)

PHYSICAL STATE OF FLUID MEDIUM-

- Two=PHASE, MOIST AIR-LIQUID WATER, 65 * 19T SATURATION.

CoMPOSITION
A. SoLip
Rock - WELDED, DEVITRIFIED TUFF WITH ABOUT 147
POROSITY AND NUMEROUS FRACTURES.

MINERALS = QUARTZ, CRISTOBALITE, FELDSPARS, AND OTHERS.

CHemIcAL ComposiTion (R. A. ZieLinski, USGS-OFR-83-480):

Ox1pe PPROX. WT.
S102 75.2
AL203 ‘ 12.4
K20 4.8
Na20 3.1
Fe203 : 1.8
Ca0 o - 0.5
Me0 : 0.2
T107 0.1
) ~0.06
Loss ON IGNITION 1.0

ToraL 99.16



EXPECTED INITIAL ENVIRONMENT

(cont’D-)
2. Composition (conT’D.)
B 6Gas A1r (100% REL- HUMIDITY)
C. Liaulp VADOSE WATER WITH DISSOLVED SOLIDS
AND GASES-~

- J=13 WerLr WATER -
(IC, ICP-OES, & TecHNIcON AUTOANALYZER)

SPECIES (M6/L) ]
HCO3 125 2.0
SOy 19 0.20
NO3 N 0.15
CL x 69 ©0.19
F 2.2 0.12
Na uy 1.9
Ca 12.5 10.31
K 5.1 . 0.13
Me 1.9 0.08
St 27.0 0.96

D1sSOLVED Gkses (ASSUMED sATuaATED):
N2 0.4
02 | 0.2
C02 0.01°



3.

5.

6

8.

EXPECTED INITIAL ENVIRONMENT

(cont’De)
'_TEM?ERATUR;’ ,‘ | | 4.A:' éé:f‘”n”‘
PRESSURE’ | | 0.1 MPA (ATMOSPHERIC)
PH | NEUTRAL TO SLIGHTLY
ALKALINE

Repox Coﬁnxrtou ' R OxIp1ZING (AIR PRESENT)
WATER INFILTRATION RATE Less THAN 1 MM/YEAR
GaMMA Dose RATE ' AsouT IO'QIRAD/HOUR

(BACKGROUND)



.

3.

q.

5.

THERMAL AND PHYSICAL CHANGES EXPECTED TO
BE CAUSED BY WASTE EMPLACEMENT

TEMPERATURE OF PACKAGE SURFACE WOULD RISE TO A MAXIMUM
AFTER 9 To 40 YEARS AND WOULD THEN DECREASE.

PEAK TEMPERATURE WOULD NOT EXCEED -270°C.

BoILING POINT IS ABOUT 95°C AT REPOSITORY ELEVATIQN-

No LIQUID WATER COULD EXIST NEAR PACKAGES FOR OVER 100 YEARS
FOR DEFENSE WASTES AND FOR OVER 1,000 YEArs FOR 10-YEAR-OLD
SPENT FUEL.

CORROSION MEDIUM WOULD BE SINGLE-PHASE AIR-STEAM MIXTURE FOR
AT LEAST 100 YEARS FOR DEFENSE WASTES AND FOR THE ENTIRE
CONTAINMENT PERIOD FOR INITIALLY YOUNG SPENT FUEL.

.

AFTER THE 95°C 1SOTHERM MOVED BACK TO PACKAGES, CONDENSATION
COULD PRODUCE SOME LIQUID WATER NEAR THEM, AND INFILTRATION
OF VADOSE WATER COULD RESUME. A TWO-PHASE AIR=WATER MEDIUM

COULD EXIST.



Y

3.

WHEN LIQUID WATER RETURNS, HOW MIGHT ITS COMPOSITION
DIFEER FROM THAT OF THE INITIAL GROUNDWATER, AS A

RESULT OF THERMAL PROCESSES?

POSSIBLY HIGHER CONCENTRATION OF THE MORE SOLUBLE SPECIES,
BECAUSE OF RE-SOLUTION WITH LESS WATER OR BECAUSE OF

DISTILLATION.

HicHER S102 CONCENTRATION (PERHAPS BY A FACTOR OF 2).

HicHER PH, BECAUSE C02 wouLD BE DRIVEN OFF, AND INORGANIC
CARBON EQUILIBRIUM WOULD SHIFT. (PRESENCE OF GROUT WOULD
ALSO TEND TO INCREASE PH.) )

Lower CA AND MG CONCENTRATIONS, BECAUSE OF RETROGRADE

SOLUBILITIES OF THEIR CARBONATES-.

POSSIBLE CONSEQUENCES FOR CORROSION:
A. HIGHER HALIDE ION CONCENTRATIONS (DETRIMENTAL)
Be Lower “BENIGN” 10N CONCENTRATIONS (DETRIMENTAL)

“"c+ HIGHER PH (BENEFICIAL)

De DEPOSITth OF CARBONATES ON PACKAGE SURFACE
(couLp BE EITHER BENEFICIAL OR DETRIMENTAL)



1.
2.

3.

APPROXIMATE GAMMA RAY

DOSE RATES AT CANISTER SURFACE

(5 YR. DECAY)

Derense- Hien Lever WASTE
(BaxteEr, SRP, 1982)

CoMMERCIAL Speu} Fuetr
(W1Lcox & Van K., UCRL-53159, 1981)

ComMerciAL HicH LeverL WASTE
(SLATE ET AL., PNL-3838, 1981) -

FOR COMPARISON:

1..

2.

3.

QO

- NATURAL RADIOACTIVITY IN EARTH"S CRUST

MINIMUM OBSERVED DOSE RATE FOR
“NOTICEABLE" INCREASE IN CORROSION RATE
OF IRON IN HUMID AIR IN 100-HOUR TEST.

. (ByaLoBzHESKEE, 1870) oo o

TypicaL 60Co FACILITY
.d

CORE OF OPERATING REACTOR

5 x 103
1 x 10f

2 x 10°

2 x 1074

4 x-10°

.up T0 107

$10°

[
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éap matert;l: water

8

Eap mater;al: eomp:cted bentc:nlte
245 yr

A

Enetgy deposition rate (Rad/h)
3 g

102}

10'}

10°

ﬁiap material: sand/bentonite )

2.45 yr

345yr

445yt

645 yr

6.45yr

‘_l
107° 50

FIG.S. The absorbed dose rate (rad/h to granite) outside the Iron liner as a function of radius from the center
line of the fuel assémbly. The values plotted are averages over the central 2.44m (8 ft) of the fue] assembly. The
gip between the Liner and the granite was assumed to be VOID, or filled with WATER or COMPACTED BEN-
TONITE or a SAND/BENTONITE mixture, as shown in the legends of the plots. The parameter Is time elapsed

since discharge of fuel from reactor.

(from UCRL-53159)



RADIATION - CHEMICAL EFFECTS EXPECTED

I.  SINGLE-PHASE, GASEOUS, WATER VAPOR AND ALR SYSTEMS.

A. PURE WATER VAPOR

[
[ ]

SMALL STEADYSTATE CONCENTRATIONS OF Hp, 02, AND

H202. | A .

2. H902 1s unsTABLE, AND BOTH Cu AND FE ARE CATALYSTS

FOR DECOMPOSITION.

3. SCAVENGING COULD CAUSE RADIOLYSIS TO PROCEED, BUT-
PRODUCTION RATE TOO SMALL TO PRODUCE SIGNIFICANT
GENERAL CORROSION. POSSIBLE DEGREE OF HYDROGEN
EMBRITTLEMENT OF HOLE LINERS AND PACKAGES REMAINS

TO BE DETERMINED.

4. ErFFects oF Hp02 ON STRESS CORROSION CRACKING OF
AUSTENITIC STAINLESS STEELS IN DRY STEAM NOT YET

KNOWN+



B.

RADIATION - CHEMICAL EFFECTS EXPECTED
| (coNt’D.)

AIR - WATER VAPOR MIXTURES

) 8

2.

3.

7.

80

STABLE PRODUCTS OF RADIOLYSIS WOULD BE NITRIC ACID
(HNO3) AnD NITROUS oxIDE (N20) AT TEMPERATURES UP

" To ABOUT 120°C. TRANSIENTS: 03 anp N20s.

NITRIC ACID DECOMPOSES AﬂOVEATHlS TEMPERATURE:
2 KNO3 —= 2 NO2 + H20 + 1/2 02

Up 10 aBOUT 135°C,
2 K02 == Na0y

Asove 150°C,

2 NO2 == 2 NO + 02
IN ADDITION,

NO + N0 == Ny03

GASES COULD MIGRATE IN REPOSITORY TO COOLER AREAS AND
DISSOLVE IN LIQUID WATER, FORMING HNO3 Anp HNO2. N20
WOULD PROBABLY BE INERT AND BUILD UP.

H* wouLp excHangE wITH Na*, K¥, amp Ca** FroM FELDSPARS,

FORMING CLAY§“AND BUFFERING THE SOLUTION IN THE SLIGHTLY

-ALKALINE REGION-.

NO2 couLp CHAIN REACTleTH Cu (or FE):
2 Cu + NOp — Cu20 + NO
2 NO + 0 — 2 NOp.

OXI1DATION WOULD PROBABLY BE UNIFGRMLY DISTRIBUTED-.

EXTENT REMAINS TO BE DETERMINEDs



. RADIATION - CHEMICAL EFFECTS EXPECTED

(cont’D.)

TL. TWo-PHASE, AIR-GROUNDWATER SYSTEM:

1.

2.

£
.

DoSE RATE WOULD BE MUCH LOWER WHEN THIS EXISTEDs

MaIN EFFecT - probucTioN oF NOx AND HNO3 IN GAS

PHASE AND DISSOLUTION IN LIQUID PHASE, FORMING

HNO3 Anp HNO2 IN soLuTION.

For A SEALED sYSTEM (Burns ET AL., 1982),

N=2CoR [1-exp (-1.45 x 107> GDT)]

WHERE N
Co

R
6
D
T

IS

18

IS

IS
IS

1 £

‘conc. ofF HNO3 (M)

INITIAL coNc. OF N2 IN AIR (M)

RATIO OF VOL. OF AIR TO VOL. OF WATER
THE Y1ELD (= 1.9) '
THE DOSE RATE (MRAD/HOUR)

THE TIME (HOURS).

NoTE IMPORTANCE OF ‘R, FOR EXAMPLE WITH LARGE AIR VOLUME

AND WATER FILM ON METAL-



RADIATION - CHEMICAL EFFECTS EXPECTED
{coNT'D.)

IL. Two-PHASE, AIR-GROUNDWATER SYSTEM (CONT’D.):

5.

70

qg..

IN THE WATER PHASE, THE IRRADIATION WOULD PRODUCE

OH, 45, Hp0o, H, Ho, AND HO9 AS PRIMARY PRODUCTS.

WiTH DISSOLVED 0p AND NEUTRAL OR ALKALINE PH, E.q,
H, AND HO» wouLD BE CONVERTED To 03, LEAVING Hy AND
THE ox1D1ZING SPECIES (09, Ho0p, OH, AnD 03) IN

SOLUTION-

IF oxip1zaBLE METAL (E-6. FE OR Cu) WERE PRESENT, H?
WOULD SURVIVE. OTHERWISE, IT WOULD BE OXIDIZED-

THe NpO wouLD PROBABLY BE REDUCED To Ny BY E,q IN
THE WATER.

FOoR WATER lh CONTACT WITH TUFF, ION EXCHANGE ANRD
BUFFERING WOULD OCCUR, LEAVING ALKALI NITRATES AND
NITRITES IN THE SOLUTION.



I1.

RADIATION - CHEMICAL EFFECTS EXPECTED
(cont’D.)

TWwo-PHASE, AIR-GROUNDWATER SYSTEM (CONT'D.):

10.

11.

12.

13.

FOR WATER NOT IN CONTACT WITH TUFF, PH couLD MOVE

INTO ACID REGION, PARTICULARLY WITH LARGE R VALUE AND

‘THERMAL GRADIENT, TO GIVE PREFERENTIAL DEPOSITION OF
"ACID IN SMALL REGIONS ON SURFACES OF PACKAGES.

AUTOCATALYTIC OR CHAIN-TYPE REACTIONS oF HNO3 on Cu AND

FE cCOULD MAKE SMALL AMOUNTS OF ACID MORE SIGNIFICANT.

CompINED eFFecTs oF HNO3, HNO2, Anp H202 oN STRESS

"CORROSION CRACKING OF AUSTENITIC STAINLESS STEELS

UNDER “WET” CONDITIONS NEED TO BE ASSESSED-

IRRADIATION OF AERATED BICARBONATE SOLUTIONS CAN

~ PRODUCE OXALIC AcIp, (COOH)2. Near 100°C, THIS Has

A SIGNIFICANT VAPOR PRESSURE, AND IT DOES NOT DECOMPOSE
CUNTIL ABOUT 160°C. AT LOWER TEMPERATURES, IT SHOULD
 PRECIPITATE AS CALCIUM OXALATE- FORMIC ACID FORMS

UNDER LOW PH CONDITIONS, BUT APPARENTLY NOT IN AERATED,
ALKALINE SOLUTIONS. (DISPLACEMENT IRRADIATION OF SOLID
CARBONATES AND BICARBONATES, FOLLOWED BY DISSOLUTION,

"HAS ALSO BEEN REPORTED TO YIELD FORMIC AND OXALIC ACIDS,

AS WELL AS GLYOXYLIC AND GLYCOLLIC ACIDS.)



1.

N
.

M
.

F—
Pl

CONCLUSIONS

WE EXPECT A GASEOUS, OXIDIZING, STEAM'AIR ENVIRONMENT
DURING AT LEAST A SIGNIFICANT PORTION OF THE REQUIRED
CONTAINMENT PERIOD FOR MOST OF THE PACKAGES- IN THIS

PRI G

ENV]RONMENT, THE RADIOLYT]CALLY’GENERATED SPECIES OF

‘-.,‘;..1...1 * ey

CONCERN ARE H, Hz, H202, AND NDx."

L e

AFTER‘COOLING, A TWO-PHASE, AIR-GROUNDWATER SYSTEM COULD
EXIST- ALTHOUGH THE DOSE RATE WOULD GENERALLY BE MUCH
LOWER AT THIS TIME, RADIoLYTIC PRobucTioN oF HNO2, HNOs3,
AND H202 couLD BE .IMPORTANT, PARTICULARLY IF DEPOSITION
WERE CONCENTRATED IN SMALL REGIONS OF THE PACKAGE SURFACES.

D1SSOLVED HALIDE IONS COULD BECOME MORE CONCENTRATED THAN

IN THE ORIGINAL GROUNDWATER-.

THE IMPORTANCE OF CARBOXYLIC ACIDS REMAINS TO BE DETERMINED.



Corrosion Considerations for Nuclear Waste
Disposal in a Tuff Geologic Repository —
~ Corrosion Rates and Mechanisms for
- Container Materials
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'NUCLEAR WASTE STORAGE IN TUFF

* Austenitic stainless steels are prospective
candidates for long—term (300—1000 yrs)
high—level waste encapsulation.

1. What are potential long—term degradation
mechanismsa (pitting, crevice, SCC)?

2. What are effects of gamma radiolysis
on corrosion rates/mechanisms?




Results from electrochemical experiments:

1. Accurate and quick in-lab experiments for assessing
environmental stabilities of materials under a wide range
of conditions — corrosion rates from Tafel extrapolation,
linear polarization resistance, ac impedance

2. Anodic polarization curves — characterize response of
a system to external perturbation (i - E relationship) —
regions of active corrosion, passivity, pitting

3. Occluded cell experiments — crevice corrosion resistance

4, Detail models for corrosion mechanisms — Iong-term
| predlctablhty




What is corrosion?

Anodic (corrosion) process, M->M™ 4+ npe™
Cath‘odic (reductiori) process, 2H' + 2e~ — H,
R 0, + 4H* + 4e~ > 2HéO
0, + 2H,0 + 4e” - 40H"

"meas = Yeorr ™ Yredn ~ 0 at Eoorr‘

© . Ar A e e—————— - o~
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Fig. 24. Electrochemical reactions
occurring during corrosion of sinc
in aerated hydrochloric acid.
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Figure 3-3. A schematic polarization curve for a stainless steel in a sulfuric acid solution.



1, GENERAL tLecrkoanntEAL BEHAVIOR OF AUSTENITIC STAINLESS STEEL ALLOYS IN
J13 AND RELATED ENVIRONMENTS,

2,  COMPARATIVE BEHAVIOR OF L AND LN AUSTENITIC STAINLESS STEEL ALLOYS AND
EFFECT OF ALLOY "CLEANLINESS.”

3,  GAMMA RADIATION EFFECTS ON TME ELECTROCHEMISTRY OF AUSTENITIC STAINLESS
STEELS IN AQUEOUS MEDIA.

4. ELECTROCHEHISTRY»OF;COPPER ALLOYS [N J13 AND RELATED ENVIRONMENTS.

S. GAMMA RADIATION EFFECTS ON COPPER ALLOYS IN J13.

2708L (6/18/85)

- _______________lg



Radiation effects on the corrosion process

® On the metal itself
e On the protective oxide layer

e On the corrodant itself (the chemical environment)




TABLE 1. Measured.Analyses of the Electrode Materials

: . _ Composition (wtk) :
AMlloy € M P S Si N C Mo C Ti ‘C € &

J4L 022 1.55 .04 .025 .63 9.26 1B.31 .36 .16 .00z .46 .01 .ulc
3I6L -02 1071 0033 001‘ 056 10029 IG.SI 2.07 .]0 .- 028 ’°- -b:‘

TRBLE 2. Composition of J-13 water (average of 6 sémples.
by OES-ICP and 1C), ppm

[y <0.020 Si &7.6 + 0.1

As <0.060 Sr 0.U5 + 0.005
B 0.11 + 0.0 v <0.08¢

Be ' 0.003 ~ v 0.U11 + 0.0C)
Cd <0.003 In- <G.008

Co ' <0.003 Ca 13.0 + 0.1

Cu <0.003 K 5.5 +0.3

Fe <0.004 Mg | 1.92 + 0.0V
Li 0.044 + 0,00  Na 3.6 + 0.3

Mn . <0.0005 as 71403
Mo 0.013 + 0.002 F 8200
Ni <0.008 NOé 9.1 + 0.¢ -

P <0.124 50, 18.5 ¢ 0.1

Pb 0.022 + 0.003 HCUj 132 + 6

Se <0.100
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— HZO 4+ heat
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— H,0" ", H,0

e = .+
OI-I,+Haq

| o} e”
\ab) aq
| H20+ + e’/ |

H,0

[ ] [ + -
H0—VWA—=H -, - OH H;0* , H, , H, OZ,OH ,0,,0;
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Species in water containin
10-8 sec after |rrad|at|on

g dissolved oxygem_ o

pH
0 2 4 6 8 10 12 14
| 1 | | | L]
| H,O
0,
H* OH~
H,
H,0,  HO;
/HZOZ OH R ¢
HO, 03
H303 T 03







Radical andi'molecular product yields in irradiated water and water vapor

— 12

Radiation | pH G-Hzo GHz G"'_zoz Ge.-q G.M Gon G"Oz
Nater vapor
« or y-rays, electrons | 8.2 05 | 0 (G,-=3.0)| 7.2 | 82
-iquid water o | -
-rays and fast electrons | 0.46 |  4.45 0.40 0.78 0 3.65 | 290 | 0.0082
vith energies in the T ,
ange 0.1 to 20 MeV ~ | :

3-13 | 408 | 045 | 068 263 | 055 | 2.72 | 0.026>




csumatea steaaystiate concentrations ot species
in oxygen -saturated J- 13 water irradiated at

3.3 X 106 rad/hr

Species |

HCO;

0,
H,0,
OH™

05

'(measured value)

(airgsaturated solution)
(1/3 of O, conc)
(assuming pH = 8)

(assumed o/ dose rate)
(= [H"]{03]/10-488)

~ (assuming pH = 8)

(assumed o \/ dose rate)

(assumed « / dose rate)

(assumed « \/ dose rate)

(assumed «.,/ dose rate)

- * 7 {assumed oV dose rate)

Estimated

‘concentration
(moles/liter)

2 X 103
3 x 10-4
1Xx 1074
1 X 1076
1 X 10~7

1% 10°10

1x10-8
2 X 1072

3 X 10-9
3 x 10-11
2 x 10~
4 x 10-12




Reactions producing H,0,:

*OH + - OH - H,0,

L = .
- v e
SRR . T .

- HO, + HO, > H,0, + 0,

L2




Reactions"destroying molecular products:

~H+ 4+ H0, > H0+ -OH

H, + *OH > H,0 + H -
et 0,05
T 0, - Ho,
!HOZ = H‘i' + 05

202 + 2H* > H,0, + O,
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Corrosion VYest gcsu\ts for Room Veaperature Irradiated and
Won-Irradiated 304L Coupons (8760 Hrs Exposure)

304L Stainless Steel ~ J-13 Weter : Corrdilon Rates (ym/yr)

Materfal Dondiﬂon Environment Vesset A - Yessel B
_,4_ . A j?BfC) - (Irradiated)* - (Non-Irradiated)
Solutfon Annealed | Rock ¢ MWater - Average: 0.0811% 0.242%¢

St'd Deviatfon: 0.00859  0.0201

Solution Annealed Water | Average: 0.15) 0.285
Range: 0.0817-0.298 0.138-0.451

St'd Deviation: 0.0734 0. 118

Sensitized*** Rock ¢ MWater Average: 0.123 0.249
Range: 0.111-0.142 0.165-0.322

St'd Deviation: 0.0114 0.0522

" Sensitized Water Average: 0.116 0.283
: | Range: 0.092-0.142 0.203-0.452

st'd Deviation: 0.0870  ©.0980

* Averages of 6 coupons in each set.
++  Maximum localized penetration measured = 0.010 ym in 8760 hours

(appx. 1 year).
tx+ “Senc{tizing® heat treatment: 1 hour at 650°C.



_~KCl -
/D/ resenroir.

Vent line

3'0.'
p ! Bridge tube

Electrical connections
to potentiostat

C"h::: Luggin probe
Working electrode
Gsas Pt counter
inlet electrode

Figure 1: Schematic of the electrocherical cell ysed in this work.
Detatls are provided in the text.



POTENTILL (mV vs SCK)
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Corrosion potential behavior
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OOH (aq) - OOH

IOOH e = OH"

Eoc pr = 0.594 - 0.059 pH, volts vs SCE at
25°C, independent of [H,0,] to 1076 M

‘atpH =7,E=0.181V at (agy ),
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| (HO3) |
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POTENTIAL (mV vs SCK)
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Eoe (mV vs SCK)
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Lathodic reacuons (neuwrdl L0 paAdIv).

" OH A(ads) + e~ = OH~
0, + 2H,0 + 4¢” = 4OH
‘small, 0 + H,0 + e = HO; + OH™
~ verysmall, HO; + H,0 + 2e” == 30H"

Anodic reactions:

Fe = Fet2 + 2e-
Cr = Cr'3 + 3¢
Ni = Nit2Z + 2e”

[[OH™ + H,0, = 0O, + 2H,0 + 2e”

Small, higher pH |
| | |_HO; + OH™ = 0, + H,0 + 2e




Oxidations of Fe*? by radiolysis products:

: ®OH + Fe?* . Fe3* + OH-
~ HO, + Fe?* > Fe’* + HO;
4 HZOZ" + Fe?* > Fe3* + OH™ +eOH
He+ Fe2* - Fe3*H-
Fe3*H™ + H' — Fe3* + H,

~ 2Fe (OH), + H,0, - 2FeOOH + 2H,0




xMe + yOH—--.Me (OH)

| xMe + yHO —=[\e 015y05yH 0)




POTENTIAL (mV vs SCE)
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Figure 11:

- respectively, for the unirragiated case.

Comparison of the potentiostatic anodic polarization
behavior for 316 stainless steel in 650 ppm C1” solution
in deionized water with and without gamma {rradiation. The

- polarization curves were scanned anodically starting from

the corrosion potential in each case. Upon reaching the
anodic 1imit, the scans were reversed to more negative

potentials. In this figure, Efo r ano Ep represent
values of the corrosion potent a‘ and pitting potential,

The corresponding
values for the frradiated experiment are indicated on the
figure as .Ecgrr and .Ep_. T

Potential (volts vs. SCE)

0.7 T | T } 1
0.6
05
0.4
03
0.2
0.1
0f=
' —o—, irradiated
0.1 S— —o~, unirradiated
: corr
N [ 1 ] I
% 1 2 3 4 >

Log nAmps/cm?




CONCLUSIONS:.

1. Gamma. radiation increases the  oxidizing nature of the

environment (H202); preliminary evidence suggests the
oxide fllm changes are negligible.

2. OH(ddu)' 4+ e— = OH— may be an important equilibrium
(analogy " to ‘Pt); situation complex.

3.Positive potential shifts appear generic to
austenitic steels and electrolytes related to J13.

4.Equilibrlum processes responsible for for Ecorr shifts
occur in near—surface solution layers.

5. Ecorr of -tolnlo-u otoela is more sensitive to H202
than bulk H2

6. Proliminary results suggest radiation does not
lncroalo pltting auaceptlbility

L e v S

- - — e ———







Measured analyses of copper alloys

<
Elemental composition (wt %)
Aoy | cu | . Ni | A | Mn | sn | Fe Zn Other
CDA 102 99.95 | - - | - | -] - | <0001 | Pb<0.001;Cd < 0.001
- S < 0.0018; Hg <0.0001
. P <0.003
CDA613/614| 9082 | 0.05 | 6.75 | 0.16 | 0.20 [ 246| 0.01 | Pb<0.01;Co<0.01
CDA 715 69.18| 2060 | - | 051 | - |053| 007 | Pb-0.01;P-0.002;
o C-0.04;S - 0,01
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Eoc (mV vs SCE)
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.~ iExp. Soln. Sample

Sample ' duration (h) Date vol.(m]) area _lﬂzozl,!ﬁ
Blank - = w2,20 - 8/17/84 2100 N/A 139.00
CDA102 . 355.00 3/8/85 25 30.91 6.00
316L e T, 27 30.70 135.00
Blank o o 25 N/A 139,00
CDA102 '164.00 47/15/85 25 . 30.95 37.00
Blank L " 25 N/A 132.00
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Electrechenistry of Copper (n Aquecus Selutteas .

1.1 Uinetics stodies fn bulk electrolyte to tdentify reactions and
processes (tapedonce ond rotating ¢ist experiments) ’

1.2 Nedeling of tapetance vnder thin filas

1.3 Mlu‘,:f. electradissolution ond corresfon under thin f{lng of

electre

Electrachemistry of Copper 1a Trradfated Cavironments
2.1 Cothodic process fnvestigation, in goama fleld ond 1n stavlated
L ki o TR oty bt
. g of radioc $ products uild wp 1a moisture filas
(electrolyte fﬂu" .

Paotoeloctrechenical Measurenents on Copper Alloy Swurfaces
3.1 Imeging of oxide layers on copper alloy surfaces
3.2 Jesging of exi6e layers wnder thin electrolyte filas



2. COMPARATIVE BEHAVIOR OF L AND LN AUSTENITIC STAINLESS STEEL ALLOYS AND
EFFECT OF ALLOY “CLEANLINESS.” -




| TABLE 1. Analyses of Alloys Used

Eleaents

M__T

5 S Lo v W C Mo W __ 0T

-

304L 0.007 139 0.025 . 0.015 0.8 0.08 043 951 18.29 0.23  0.04 bal-Fe

soaL 4w 10.000 1,73 0.031 0.004 0.34 0,12 0.20 9.01  18.38 0.4 0,08 bal-Fe
304LN 0.025 110 0.016 0.007 0.5 0.19 0.14 9.28 18.36 0.28  0.15 bal-Fe
sieL G 10.020 1,71 0.033 0.014  0.56 0.00 0,28 10.29 1651 2,07 0.05 Mal-Fe

sten [0.015 L6 0,030 0.0 055 009 029 10,60 1670 213 001 bal-Fe

It (F) 10,017  1.61 0.028 0.003  0.50 =-=--- 0.20 11.40 17.60 2.80 0.1 bal-Fe
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TABLE 1. Analyses of Alloys Used

| - Elesents
- Alloy C M

, P 5 si , Co Cb M Cr Mo N OTHER
SIOL (M | 0,02 171 0.033 0,014 056 000 0.28 10,29 165t 2,07  0.05 bal-F

LN | 0.02  1.86 0,030 0,006 0.5 0.19 0.29 10.60 18,70 215 0.1 bal-Fu

SN (R | 0,02 .61 0,028 0,003 050 ------—- 020 1140 1760 280  0.11 bal-Fe
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Bolted Coupon (Teflon Spacee) Crevice

Corrosivn Tests in 10,000 mg/l C1™ at 35°C, %% days

ave.

Alloy Sample 2 rel. vt. loss 2 area attacked
. 1 T 0.0157 7.4
Jusl 2 0.0137 1.2
: 3 0.0131 8.6
ave. . 0.0142 7.7
1 0.0047 2.1
304LN 2 0.0078 5.1
3 0.005% 3.5
ave. 0.0059 3.5
B 1 0.0076 1.2
J16L 2 0.0060 2.1
3 0.0041 0.6
ave. 0.0059 1.3
1 0.0105 2.5
316LK 2 0.0098 3.5
3 0.0103 4.7
0.0102 3.6
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Critical Potentials for Crevice Corrosion in O.1M HC

‘Alloyv fEcrit&m\l VS. SCE)
4L | =20 to O

304LN "ﬁ' | - | 20 to 40
316L<Nu)']' | - 50 to 80

316LN | 125 to 150
316LN(F) |- ~ 300 to 350

|



- RELATIVE PERCENT
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G

Conclusions:. -

1. Differences in localized corrosion resistance exist between L and
LN steels

>

| Generally, 316LN(F) > 316LN > 316L > 304LN <

a. Increased nitrogen

b. Small variations in other alloymg constituents
c. ”Cloanlmess

304L

2. With regard to the enhancement of corrosion resistance, 316LN
appears to show a more marked improvement with respect to
316L than (relatively) 304LN does with respect to 304L.
Synergism between Mo and N?

3. Not all commercial 316LN stainless steels are created equal.
“Small” increase in N, Ni, Mo and Cr coupled with fewer
"inclusions leads to dramatic improvement.




Future Work
V. Continue y radiation studies -

8. Higher temperatyre electrochem

b. Crevice effects '

C. Ex-sity modeling-stressed samples with impressed potential; SR}
d Long-term exposyre testing - LLNL, HEDL, Univ. Ninn,

2. Localized corrosion - both copper and alloys, and stainless steels .
-effect of minor variations in 2lloying constituents; “Cleanlinesg"

3. AC impedance studies in thin filmg - LLNL, Univ. Minn,
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“SCC and other metallurgical
~ concerns with austenitjc stainless steels"

Mary C. Juhas
June 1985



WHAT ABOUT PHASE STABILITY?

"0 Low TEMPERATURE SENSITIZATION (LTS)
0 SIGMA PHASE

0 EFFECTS OF COLD HORK

WHAT CAUSES THESE MICROSTRUCTURAL CHANGES?



WE MUST SEPARATE MICROSTRUCTURAL CHANGES INTO...

0 LONGTERM
0 SHORTERM

.+« +sAND ADDRESS THE QUESTIONS.

How DO WE TEST Fox THESE CHANGES IN THE LABORATORY?

CAN SOME PROCESSES BE ACCELERATED?

WHAT IS THE SMALLEST DETECTABLE MICROSTRUCTURAL FEATURE
THAT WOULD ALERT US OF THE ONSET OF SCC?



35 — '
| Carblde partlcle | o
o 30 — »‘_>70% Cr -_ 3

- i R T Rt IS TREVRNN

% Cr

i

Gram boundary

Schematlc sectlon through the boundary of two austenite
grains of an 18-8 stainless steel. A carbide particle
(CrFe),3Cg is precipitated at the boundary.



SEVERE CWVIRONMENTAL couomo;Js

mcxosreoc URE ARE {MPOSED

INIIALLY TO ASSESS MATER w_
—RESPONSE.

MR

J3 WATER JSTEAM
CRUSHED TUFF
GAMMA RADIATION

SEN gszD

COLD-WORKED
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TIME -.IENPERATURE - SENSITIZATION CURVES INDICATE CHROMIUN CARBIDE FORMATION

0.1

CHROMIUM REDIFFUSION

SENSITIZED T0 “TYPE 304 ss

INTERGRANULAR CORROSION 0,082C

““‘----;~. 0.06% C

- 0,037¢C
TYPS 304-L ss

CHROMIUM CARBIDE
PRECIPITATION

NOT SENSITIZED

SENSITIZED STRUCTURE ‘?EVEALED BY
EXPOSURE TO STRONGLY OXIDIZING MEDIA

L .

s 0 - 100 1000
 HOURS AT TEMPERATURE :




Time—temperature—sensitization curves indicate
chromium carbide formation

l i
__ Sensitized to
intergranular corrosion

hromium rediffusion| -

C

700 e A AtV
- 07e% 00,00 07070 000
| SRR 1 Ype 304 SSY
%5BEIIPI R IRELLIN
| 00| IR R 0.08% C
Temperature R XIIIRIARH RO .
o 0 %6%6%%2 . 07 % 0 0:%2%%%.
(Qc) | A L . | S0 “:4 “:.:.:‘:‘:;:67‘:‘ ’020‘0.0’ 0 m c
L . L300 (05050000030 S %00 % |
‘ . I "+ "% %% % %% %
Chromium carbide X0 304-L SS)
- precipitation RERX
: Not sensitized ]
- Iexpwn'e strengly oxidizing mcdia
o ,20?11 1 IR
1 10 100 1000

i h o a4 s o

e
i

SRR s i :
BV R T Pos
L_;.‘y.,.b'u' MR EE AR S

Howrs at 1 -




Nonsensitized
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Schematic time, temperature,
sensitization (TTS) diagram
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Analysis of canister thermal history
and long-term sensitization in stainless
steel indicates that canister will

not sensitize

| D R

*’More conservative

metallurgical case’s

" 316 In ss, low earboﬁ

high nitrogen, Cooling curve for reference SF
solution annealed waste canister
— 10-yr old waste, 3.42 kW power load
1~ — No packing materiaf
— Vertical emplacement -
P} -
- r\ -
s |\ J
§ 10\ _
a
E -
[ ] oud
g = -t
[--]
@
E - -
-
100 (— “Worst metallurgical case” N\ —
304L ss with rather high carbon ..~
- \ heavily cold-worked ) -
L \
Sensitized N :
microstructure Non-sensitized microstructure
= - \ » -
L -
| 1 L 11 L ] | 1 J_ 1 J [ l
1000
‘400 300 250 200 150 100

Temperature (°C)
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NICKEL FOUIVALENT = %N+ 30 X %C + 30X %N+ D3 X LMa
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CONSTITUTION DIAGRAM FOR STAINLESS STEEL WELD METAL Vs [ES8
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- Cracking Susceptibility of Austenitic Stainless Steels
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E316L-15 WITH CONTROLLED FERRITE

Note §-ferrite at cell boundaries

{




SsCC tests now underway:

© BOIL DOWN
Periodic wet/dry environment to concentrate fonic species
on specimen surface.

© BENT BEAM
Used as a screening device to detect relative susceptibility
to SCC.

© SSR - SLOW STRAIN RATE
Determines amount of environmenta] degradation induced by the

testing conditions.

© u-BenD .
Used to augment the effects of localized deformation and stress
on a sensitized microstructure.

© SL0W CRACK GROWTH
Predicts crack growth rate at fixed stress levels.



Stress Corrosion Cracking Test Results from U-Bend Specimens
Exposed to Irradfated J-13 Water, Crushed Tuff Rock, and
NHater hpor.

Ko. of Specimens Cracked/No. of Specimens Tested

Material . Environment
80°C (6 «x 105 rads/hr) 90°C (3 x 105 rads/hr)
Rock ¢ Rock ¢ Yapor Rock ¢ Rock ¢ Vapor
Water VYapor Nater Yapor
304 0/4 | 0/4 2/4 0/4 3/4 /4

304L o/4 0/4 0/4 0/4 0/4 0/4



304 Y- o i NS
Sot ‘N Anktacin (1S Min. @ 10509C)
AND SENS1ViZen (24 wrs 8 600°C)
TeSTED IN J-15 WATLR AND CRUSHED
ToPOPAH SPRING 1UFF ROCK AT

509C, 6 x 10° RAD/HR.
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Results of Slow Strain Rate Tests of 304 Stainless Steel at 150°C

Mil] Aanealed Specimens

Reductfon Yield . Uitimate FAILUEY
Strain of Area, Elongation Strength, Strength, MODE
Environment Rate Percent Percent ks kst —
Afr 10-4/¢ 80.2 48.0 37.4 70.¢ ductile
Afr 2x10-7/¢ 76.5 . 45.0 35.9 76.6
J-13! 10-4/5 77.9 47.0 36.1 75.3
J-13 10-4/5 79.6 46.0 36.3 74.9
J-13 2x10~7/s 5.7 50.0 33.5 77.5
J-13 2x10°7 /s 76.4 47.0 35.1 - 77.0
Solutfon Annealed and Sensitized Specisens
, Reduction Yield Ultimate
Strain of Area, Elongatfon Strength, Strength,
Enviromment Rate Percent Percent ks ks ..
Atr 045 72.2 50.6 21.9 6.0 doctie
Afr 1004/¢ 66.5 §1.5 26.0 €8.8 -
J-13 104/5 75.5 3.5 23.5 6.8
J-13 10°Ys 74.9 o oslp . as 69.0 «
J-13 2x10°7/¢ 50.9 -l 22.0 701 )&
3-13 2107/ 26.4 -3 20.7 6.5 - L&

T Afr-sparged J-13 well water.
2 Mot determined.
3 Broke at gage mark.
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TABLE 3. Compositions of Steel Plste Used fn SSR Tests

304 STAIMESS STEEL
Alloy Elgmgat, percent

E ™ P 05 08 & 9N & E!.
0.04” 005‘ 1.44 0.019 0.009 0.39 18.07 0.20

YS: 47.3 kst (326 #Pa)
TS: 89.4 kst (617 WPa)
E): 57.3%

304\ STAINLESS STEEL
A} £} t ont

E ™ 2 3 8 & 8B
0.024 1.65 0.031 0.012 0.42 18.12 9.82

vs: 42.4 lsl (292 ")
TS: 81.1 kst (359 WPa)
ll:. !l.l!' - |

'y
1




Resuits of Slow Straia Rate Tests of J04L Stataless Stee) ot 1850°C

Solution Anngyled Spqciagns

Roduct fon Yiel¢ Ulttaate
Strata  of Ares, Clongation Stremgth, Strength,
Eavironsent Rate Pgrcent  _ Pyrcent kgt [11]

3-13" 104/ 90.5 . $4.0 25.68 68.¢
J-13 Wi/ 78.4 $2.0 2.} 6.2
J-13 zxw-’n 6.7 4.0 2.4 67.7
3-13 @7 2.9 %3 2.7 6.2

Solutieon Annealed ond Sensitized Speciapng

Reduction Yiale Ultfaste
Stregtn of Araa, Elongqation Strength, Strenqth,
Environment Rgte Pygrcent Percent [31) (13)
Atr 104 73.7 4.0 2. 6.
J-13 10475 72.2 4.6 -3 -,
- 313 \r‘n 74.8 $).6 2.6 6.1
J-13 207 s 76.0 €2.0 26.6 6.8

3-13 2077 70.4 4.0 .2 ..

1 Atresporged J-13 weld water.
Gt detoruined.
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0018

MODEL 351
CORROSION MERSUREMENT SYSTEM 28 JUN 1985
COMMENT :
316L ISMIN-1800C VO 1DRY-2508C VO .SM H2504 .BIM KSCN
00 -
400 o
302 -
200 -
190 -~
L
- P - \\
-1904 ‘
-~20D ~
“8”—1 ,
~408 -
8.5 =7.5 8.5 =B.E =45  -8.5
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* IRRADIATED Stow STRAIN RATE TESTS
* SLOW CRACK GROWTH STUD!ES, DA/DT
* INITIATION STUDIES, Klscc



Use fracture mechanics test methods to predict stress
corrosion crack propagation rate T

]

O Specimen

EnviW Pre-existing
l=a=] crack

©

Crack velocity (log scale) (da/dt)

o (da/dt -—0)
K
| Clsce Kic
Strene intensityv= " . f(?;ee ' Stress intensity (KI:VI oo
| | ateria
K, = 0+/ma f (geometry) Material fractures fractures
because of the regardless of

corrosive environment environment
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Coaposition of AIS] 3161 Staisless Steel

(Exp H3)
' L
" L.
’ (X0, ]
$ 0.000
§i .0
e 1.4
K X
C R ij
N 2.00
[ .
. 0.85

$1 411 sat’l is weeelded.
81 Delong eqmivalents: Cr og = X.00
hoeq = 14,02

Ferrite Buaber = 4



IMPORTANT MILESTONES IN METAL BARRIERS SUB-TASK

FY 85 REPORT ON FEASIBILITY OF COPPER/COPPER ALLOYS FOR WP CONTAINERS

IN TUFF
FY 86 DECISION ON'WHETHER TO PURSUE ADDITIONAL WORK ON COPPER

FY 87  RECOMMEND CANDIDATE(S) FOR ADVANCED DESIGN WP CONTAINERS




META L BARRIERS - SUMMARY oF TEST RESULTS 26 JuveE 1985

STAINLESS STEELS °

e RESULTS "T0 DATE (NOICATE MATERIALS REHAVE AS EXPECTED

o CNERAL (0RROSION RATES PREDICT CONTAINMENT Ford weLL
OVER. 1000 YRS, Fok VAR\ETY oF GRAOES (N WATER AMND Stem\

ENVWRONMENTS 5o —1S0 °C

o CoRLoSioN RATES NOT ENHANCED RBY GAMMA RADIATION
CLmiTeD TEST RESULTS) :

o G ~(ALRON HGHL - SEVSITIZED ML 304 DoES STRESS
CoROSIoN (RACK (scc) IN n’QKnOlAT‘ED AND NONV- | RRADIATED
ENVIRONMENTS) THUS FAR, L-GRADES DO NoT SCC,

ED TIWMES AT ELEVATED TEMPERATURES

» yc{ PRoLoNG
°c ) pre NESPED TO SEnSITIZE L~GRADES °,

(00 —800
EVEN TheN, oNvLY PARTIAL DEGREE OF SENSITIZATION
S O TAINED. : |

o SIMILARLY, POTENTIALL‘( OAMAGIN G BRITTLE PHNSES
06 NOT REMOILY TRANSFORM From AUSTENITE




' sommparY  (conTINueD )

S.s. (covt'D) |
®* HOweVvER PQO.\GCT!ON. o€ Low-TEMPERATURE SovstTizaTieNV (LTS)
Bruwnaviore INDIATES 3oy L MAY e mMARGINALLY (CLoSé
To SeNSITIZING IN CONTAINMENT PERI0D ' "316 PAMILY "

CE S.S. MAY EEek CoWSINERABLE RESISTAVCE TO LTS

. AS EXPECTED 36 GRAOES OFFER. INWEnSED Res(STAMLE T
LocaLizeD ATIMCK, e LN DES NOT @IT IN READIATED

100 - 13 WwATER
o " L EANER" PREMIUM GrApcS OF AISU 3/6LN OFFER HIGH
ResISTANCE TO C(REVICE AVD PITTING ATTACK . | ‘

CoPPER |
s VERY LIMITED NUMBER OF ZESULTS AVAILARBLE
e CENERAL ConRoSIoN) RATES (N NON -1 KADIATED  J-13 WATEIC
ME HHGHer ThAN THUSE Fok S-S (ErPECTED RESULT ),
T extepfoLATIon OF THESE LMDICATES 1000~ (R,
L CaNTMINMEVT

o AL BRONTZE AnNO €
e NOT YET ZESOLVED ; LOCALIZED (oWRoSION, conrostonN I N

'\”_MOIA’T'IOV\)

RO NICKKEL MotE ReSISTANVT




APPENDIX A = TABLE FOR SUZPART B

.;1441**‘ WORKING DRAFT KO. $ = FINAL 40 CFR 191 = 3/21/85 = PAGE 17 *ttttawin

TABLE 1 = RELEASE LIMITS FOR CONTAIRMENT REQUIREMENTS
_ (Cumulative Releases to the Accessible Eauviroament

for 10,000 Years After Disposal)

Radionuclide

Release Limit per
1000 MTBM or other
unit of waste

(curies) -
Avericium~201 or =243 * = s s e e e e cceccaacca= 100
Carbon=14 ====-=-c=ceccccecccocc-cc 100
Cesiun~135 or =137 === = === eo'e ceemea- 1000
Iodine~129 s e c e v e c e cccccncncaca=a= 100
Neptunium=237] = = = = = = = = = ceccccccncnn 100
Plutonium-238, =239, =240, or =242 == c === ==== 100
Radjum=226 == ~c==cececcsceccececnc=e= 100
Strootium=90 == =-- === -cceecccccama= 100
-Technetiuz=99 = e s s e s s c e aeccaeceaee====-10000
Thoriwz=20 or =2} s = s = s e c e e ecccccecec=a 10
" Tin=126 =~ e e ecccccccceacccas=a==a= 1000
Uranium-233, =234, =235, =236, or =238 === ===« = 100
Any other slpha-emitting tadionpclide
vith a half-life greater than 20 years === === = 100
Any other tadionuclide vith & half-life greater
- = 1000

than 20 years that does not emit alpha particles

dtasswsasess FOR REVIEW WITHIN EPA AND OTHER FEDERAL AGENCIES #attswasvausas



PWR SPENT FUEL ASSEMBLY
RADIONUCLIDE INVENTORIES

AT 1000 YEARS!(a)
% OF TOTAL
1000-YEAR o
RADIONUCLIDE(b) ACTIVITY CUMULATIVE %
Am241 6184 61.84
Am-243 - 4,75lc) 63.69
Pu-240 26.87 80.46
Pu-239 17.37 97.83
Pu-242 0.10 97.93
Pu-238 0.06 97.99
Tc-99 0.77 98.76
Ni-59 0.252
Ni-63 0.021
2r-93 0.181
Nb-94 -0.074
C-14 0.076(d}
U-234 0.113
U-238 : 0.018
U-236 0.015
Np-237 0.058
Sn-126 0.045
Se-79 0.023
Cs-135 0.022
Sm-151 0.013
Pd-107 : 0.006
1-129 0.0018
W ASED ON ORIGEN DATA REPORTED IN ORNL/TM6008Z FOR .000 MWd/MTM BURNUP
PWR ASSEMBLY.
®IRADIONUCLIDES WITH 1000-YEAR ACTIVITY LESS THAN "2} OR HALF-UIFE LESS THAN

% YEAR OMMITED.
UNCLUDES ACTIVITY OF ™Np DAUGHTER PRODUCTS. ,
) %c ACTIVITY MAY VARY CONSIDERABLY DEPENDING ON AS-FABRICATED

NITROGEN IMPURITIES.

HEDL 8503-151.1



SPENT FUEL RADIONUCLIDE CONVENT* IN ORDER OF

TABLE 3

DECREASING ACTIVITY AT 1000 YEARS
(33 Mwd/kgU PUR Fuel)

\Ci/kgV at Years from Discharge(10)

Radionuclide 10 yr OO0 yr 10,000 yr
241y, 1.7x10° 9.3x10° 10.6
240p, 5.3x10° 4.8x10° 1.9x10°
239, 3.2x10° 3.1x1° 2.4x10°
83pee 17 x0? 1exw0 7.0x10°
997 1ax0t waxw? 13 xd
9Bzr 3.0x1° 3.0x10° 3.0x10
238 12x10° 2.0x103 2.0x 10
242p, 1.9x103 1.9x10°  1.8x10
180 wxs 1.5x103 1.4x103  4.6x10°
238py 2.2 x 106 1.0 x 103 .-
237y, 3.3x10% 1.0x10°  1.2x10°
1265, 8.0 x 102 8.0 x 102 7.5 x 10°
79 8.2 x 102 4.2x10% 3.8 x 102
135¢¢ 3.8 x 102 3.8 x 102 3.8 x 10°

. V8lgg 3.6 x 105 2.3 x 10° .-

1074 1.2x102  1.2x10% 1.2 x 102
129, 32 32 32
243, 8.0 x 107 21 10
230¢y, 0.1 6 164

- 226paears 3.3 x 1079 3 128
210py, 4.0 x 1073 3 128

half 1ife(11)

(years)

458
- 6580
24,800
7370
e.l x 105
1.5 x 108
2.5 x 10°
3.8 x 10°
5730
86
2.1 x 108
A10°
6.5 x 10%
3 x 106
93
7 x 108
1.7 x 10’
13
8 x 104
1600

*Includes radionuclides with half-1ives greater than 1 year and
!X h activities greater than 10-8
%%

Am decay followed by 2-day half-life

of tota}QIOOO-year activity.
Np daughter product

cay.
'*'1 C activity will vary depending on initial fuel nitsggen content.

****Relativsbgprapid (*g%og

stable

, only

than 1 year.

ear) 8-step decay chain from

Ra to

b in this chain has & half-1ife greater

19



PWR SPENT FUEL ASSEMBLY

~ RADIONUCLIDE RELEASE per 1000 MTIRM

Nuclide

An-241
Am=2434d

Pu-240
Pu-239
Pu-242
Pu-238

Tc-99

Ni-59
Ni-63
2r-93
Nb-94
C-14

U-234
U-238
U-236

Np-237
Sn=-126

Se-79
Cs-135
Sm=151
Pd-107
[-129

Inventory
at 1000 y

Curies

9.3E405
3.1E+04

466405

3. 1E405
1.6E403
f.1E+03

1.4E404

4.5E403
3.8E402
3.2E403
1.3E+03
1,4E403

2.0E403
3.2E402
2.7E+02

1.0E403
8.1E+02
4.1E+02
3.9E+02
2.3402
1.1E402
3.2E+(01

Total Release
at 1E-05/y

Curies

8.4E403

2.8E403

4.3E+04
2.8E404
1.6E+02
2.26400

1,26403

4,1E+02
6.0E-01
2.9E+02
1.2E402

1.6E402
2.9E+01
2.4E401

9.4E401
7.3E+01
3.7E401
3.6E401
4.3t-01
9.7E400
2.9400

1.0E402

1.0E402

1,0E402
1,0+02
{,0E+02
1,0E+02

1,0E+04

1,0E403
1.0E403

~1.,0E+03

1.0E+03
1.0E402

1.0E+02
1.0E402
}.0E+02

1.0E402
1.0E403
1.0E403
1.0E+03
1.0E403
1.0E403
1.0E¢02

EPA DRAFT §  Ratio  Decay.
Cumm. Limit

Ad justed

yes
no

no
N1 -
N/1

ves
N/1

N/1
yes
N/1
N/1
yes

N/1
N/1
N/1

N/1
N/1
N/1
N/1
yes
N/1
N/1



Decay Adustmentst N/I = not importanty halt Iite Over 1WUUU years
For short half lives, release calculated by
Total = (.00001¥2T)¥*Inventory at 1000 y

For C-14, release estimated using 0.6*Inventory for 9000 y



Candidates for Sorption, Solubility, or Isotope Exchange Control

Element Factor to reduce ratio to 0.05

Apericium 1680
Plutonium 8680
Technetium | 2.4
Nickel | 8.2
Zirconium %6
Niobium 2.4
Carbon 14,8
Uranium - 36
Neptunium 18.8

Tin . 1.4



BASIS FOR RELATING LABORATORY MEASUREMENTS TO NRC - EPA REQUIREMENTS I!!g

1. DETERMINE ANNUAL RELEASE RATE FROM WASTE FORM,

2, MODEL RESULTS FROM RELEASE RATE TESTING TO ALLOW EXTRAPOLATION TO LONGER
TIMES.

3. IF RESULT FROM STEP 2 SHOWS RELEASE IS ALWAYS LESS THAN 1 PART IN 105
PER YEAR., NRC REQUIREMENT IS MET,

4, IF NRC REQUIREMENT IS MET, THE EPA REQUIREMENT IS MET AT THE BOUNDARY OF
THE ENGINEERED BARRIER SYSTEM FOR ALL NUCLIDES EXCEPT AM-2U4l, AM-243,
Pu-239, Py-2u40, Pu-242,

5. DO SORPTION STUDIES ON Pu, AM AND NP TO DETERMINE THE DISPERSION AND
RETARDATION OF THOSE NUCLIDES ALONG THE PATH TO THE ACCESSIBLE ENVIRONMENT.

6. MODEL TRAVEL PATH AND TRAVEL TIMES FOR WATER PLUS SORPTION RESULTS FOR AM,
PU AND NP TO SHOW THAT EPA REQUIREMENTS ARE MET.




Uerntical Emplacement

| Open area per

6 1m pacKage — average
- a0 n2

Hater volume to
- open area per yr.

1T A Influx Uolume
| rate rer year
613“ I-8m i1mw/yno 40 1

2mm/yr 86 1
8mm/yr 320 1

Foxr 1 mm/un infiltration
rate, water volume directly
to borehole is 6.5 1/7uyxr.



By e 1bt; Fuel Rautio

"“‘l.l.l‘——_' Void volume pexr hole

" Ratio for experiments:
Turkey Point, DPIM R
Turkey Point, J-13 R

' H.B.Robinson, J-12 R

5763';& 1860 1
T
— T‘
7OM| 4.5m
J

- Fuel weight pexr pkg
3140 kg U0,
R = 1.74 kg/1 of water
if borehole full

8.16 kg/1l

= @.11 ka/l

@.33 ka/l



THREE PART SOURCE TERM
for SPENT FUEL

Elements controlled by matrix
dissolution, such as U, Pu, Am,
Np.

Elements present in the pellet
cladding gap. Release will be
immediate upon breach of cladding
for gases and nearly immediate

upon contact with water for
others such as Ts, Cs, 1I.

Elements that can be released
into air without water present,
such as C-14 from metal parts.




TEST METHODS

® SEMI-STATIC LEACH TESTS USING SPENT FUELS WITH VARIOUS
INDUCED CLADDING DEFECTS OR STATES OF DEGRADATION WHICH
MAY OCCUR DURING LONG TERM NNWSI REPOSITORY STORAGE

® MEASURE RADIONUCLIDE RELEASE

— PERIODIC SOLUTION SAMPLES (UNFILTERED, 0.4 um FILTERED,
AND 18R FILTERED)

— FUSED QUARTZ ROD SAMPLES
— TEST VESSEL AND APPARATUS 8M HNO3; STRIP SAMPLES

~ RINSE SAMPLES -
~— RADIOCHEMISTRY: pH, U, 239+240py, 241am, 244Ccm, Z7Np, MT¢, 14C,
123 (NAA), AND GAMMA SPECTROMETRY (137Cs,...)
® POST-TEST SAMPLE ANALYSES

— RADIOMETALLURGY
— ELECTRON MICROSCOPY

HEDL s502.01.8



TEST APPARATUS

©

AN

n :

Mo

—at !

He——8GOLUTION LEVEL

FUSED QUARTZ

. S

. TEST VESSEL » ]

FUSED QUARTZ RODS

' DEFECT

tSLIT OR MOLES)

SPUT CLADDING
HULLS

-
wen, il

/—BARE FUEL
!

l FUSED QUARTZ

.

BASKET WITH BAIL

~

BARE FUEL TEST

=

= =N

DEFECTED AND UNDEFECTED

CLADDING TESTS



TEST SPECIMENS

® BARE FUEL WITH SPLIT CLADDING
® SLIT DEFECT, 150 um WIDE BY 2 cm LONG

® HOLE DEFECTS, TWO LASER DRILLED HOLES ~200
um DIAMETER

® UNDEFECTED ROD SEGMENTS

SPECIMENS WERE PREPARED FROM 12 7 cm LONG PWR
SPENT FUEL ROD SEGMENTS |

HEDA 8408-198.11




TEST SERIES

SERIES 1 — TURKEY POINT FUEL IN DEIONIZED WATER (25°C), RUN ~260
DAYS, RESTARTED IN FRESH DEIONIZED WATER AND RUN FOR
128 DAYS. -

SERIES 2A — H.B. ROBINSON FUEL IN J-13 WELL WATER (25°C), RUN 223
DAYS, RESTARTED IN FRESH J-13 WELL WATER ON JANUARY 23, 1985.

SERIES 2B — TURKEY POINT FUEL IN J-13 WELL WATER (25°C), RUN

181 DAYS, RESTARTED IN FRESH J-13 WELL WATER ON FEBRUARY
6. 1985. ' .

SERIES 3 — H.B. ROBINSON FUEL IN J-13 WELL WATER AT 70-90°C,
START JUNE 1985.

SERIES 4 — USE PARTIALLY OXIDIZED SPENT FUEL, START IN FY-1986.

FUTURE TESTS

— DIFFERENT FUELS, SUCH AS BWR AND HIGH FISSION
GAS RELEASE FUEL

— INCLUDE TUFF ROCK

HEDYL 8502-021.8




CHARACTERISTICS OF-H.B. ROBINSON UNIT 2 AND
TURKEY POINT UNIT 3 FUELS

CHARACTERISTIC ~ H.B. ROBINSON TURKEY POINT
FUEL TYPE ~ PWR15x15 PWR 15 x 15
DISCHARGED MAY, 1974 NOVEMBER, 1975
ESTIMATED BURNUP 31 MWd/kgM - 27 MWd/kgM
FISSION GAS RELEASE ~0.2% | ~0.3%

INITIAL ENRICHMENT 2.55 wt% 235 2,659 wt% 235U
INITIAL PELLET DENSITY 92% TD (UOy) 92% TD (UO2)
ROD DIAMETER 10.7 mm 10.7 mm
CLADDING ZIRCALOY-4 ZIRCALOY-4
SPECIMEN SECTION LENGTH 5 INCHES ~ BINCHES

SPECIMEN FUEL LENGTH 5 INCHES | 2-3 INCHES

HEDL 8503-181.2



Uraniumn Turkey Point in J-13 Water

Cbmpcrinondumplotypo

Log {Ursalum, ppmd

CRotbtb.bbtboBEBE.

jrd —tx —— A X
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1
= o -
- —£)
undefected
L) ' i [ ] 14 | ]
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Uranium Concentration in J-13 Water
Bacre Spent fuel initial and restart

240




137Cs IN UNFILTERED SOLUTION °
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B EOLUTION CHEMISTRY* FOR™™""
THE H.B. ROBINSON BARE FUEL
“TEST IN JI3WATER

" STARTING = 30 120 223

JI3WATER  DAYS ' DAYS - DAYS
pH 7.2 82 85 85
Al 0.1 0.09. 010  <0.08
Ca 16.0 127 121 123
Fe - 0.21 0.15 0.08
K 65 45 28 _ 2.2
Mg 2.1 1.8 2.1 2.0
Mo - 0.26 0.21 0.20
Na 49.5 41.6 @5 45.5
Sr - - - 0.06
si 31.9 246 26.2 32.7
Ci 7.3 78" 7.3 76
F 27 2.4 2.1 2.2
PO, 2.8 - - -
NO; - - ~0.5 0.6
NO; 8.7 7.4 8.1 8.3
'S0, 18.8 188 18.6 185
CO; 118.0 - 120.0 118.0

*UNITS IN pg/ml, 0.4 um FILTERED.

HEDL 8503-151.11
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.[, T . ¥ | |

Q .
' o 0

H.B. ROBINSON FUEL
O ' IN J-13 WATER

PH 7' ' - -

65) O o) O-

TURKEY POINT FUEL
1IN DEIONIZED WATER

0 60 100 150 200 250
DAYS o

HEDL S502-021.11



T i

' EFFECTS OF FILTRATION ON 223-DAY J-13/HBR AND
11202-DAY DIW/TP BARE FUEL TEST SOLUTION SAMPLES

,
H

0.4 um

SERIES UNFILTERED 18A

URANIUM J-13/HBR 1.2 1.2 1.2

(ug/mi) DIW/TP 0.3 0.003 0.002
239+ 240py J-13/HBR 12 75 26

(pCl/mi) DIW/TP 2240 2180 1810
241Am J-13/HBR 286 161 3.6

(pCi/mi) DIW/TP 9860 1430 97
24Cm J-13/HBR 410 231 0.9

(pCi/mi)- DIW/TP 21,100 2880 163
9Tc ' J-13/HBR 450 490 450

(pCl/mi) . DIW/TP* 2250 2250 2200
*250 DAY SOLUTION. SAMPLE

HEDL 8503-181.3



R

H.B. ROBINSON FUEL IN J-13 WATER
URANIUM RELEASE DATA (ug)

r BARE FUEL  SLIT DEFECT  HOLE DEFECTS UNDEFECTED
' Z.SOLUTION SAMPLES 2m a3 0,50 1.28
- ZROD SAMPLES 34 0.3 0.17 0.19
# . FINAL SOLUTION 300 23.8 1.50 3.26
. U (ug/mn® (1.2) (0.09%)  (0.006) (0.013)
A eTaw 2700 15 0.60 0.60
" RINSE o 550** 1.8 0.60 0.27
X ABOVE 3% . 317 337 5.57
e DIVIDED BY 10~ INV. 5.42 0.044 0.0047 0.008
'UNhI.TERED 23-DAY FINAI. SOLUTION URANIUM CONTENT IN ug/ml GIVEN IN PARENTHESES.
#+0,4 ym FILTERED
. e, sz 118
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Table it Ur'aﬂlm release data for Ttrkey Point Fuel in J-13 uater. o

Al mlts in aicrograms U except for fractlonal release,
S1it Defect Hole Defects

Total Solns.
Total Rods
Final Soln.
Water Rinse
Acid strip
Total

Fractional

Bar'e Fuel

350.5
15.4

- 1000
366
960
2691.9
11.67

35.8
0.5
2i2.d
10.2

5.9

214.9
0.65

2.2

0.19
7,25
0,60
2,70
13,0
0.03

Undefected

0.76
0.10 -
2.0
0.60
0.30

3.6
0.011



'RELEASE DATA FOR H.B. ROBINSON BARE FUEL

IN J-13 WATER (nCi)

| 239+ 240py 21Am
X SOLUTION SAMPLES 42.9 Y
X ROD SAMPLES 582 126.1
FINAL SOLUTION 27.9 7.6
STRIP | 4064.1 9600.0
RINSE® | 2538 5320
X ABOVE  aanus 10,422.6
DIVIDED BY 10-8 INV. 7.04 778
"“RINSE BOLUTION 0.4 ym FILTERED.

'I.IINBE SOLUTION 0.4

284Cm

126.0
138.2

1&‘5

8970.0
664.6

9900.3

6.64

MEDL £503-151.8
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Table 2! Bare Fuel relaase data for kaey Point Fual in J-13 uater.

LK.
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RS S Sy
'._-. S .’:-::' z;q“-

Lo Dl L R VAL 1Y .‘.—v_‘,

o od, Ceime o

Al units ln nanocuries éxcept for fractional release.

Pﬁ-239*Pu-240

Releasey parts
in 100,000

~ Total Solns. 63
Total Rods 2
‘Final Soln. i14
Hater Rinse 63
Acid strip. 1140
Total 1401
Fractional - 7.30

An-241
1%

2

203
8
2180
2714
6.67

- Cn-244
136

38

250

104
1610

| 2140
.44

Te-99

Nl
03
11.6
6.1
79
29.7

Ce-137
1.0E406
2,TE+03
3.1E+06

796405

1.4E405
5.0E+06
2%

. -
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i

129] MEASURED IN J-13/HBR SOLUTION SAMPLES

TEST DAYS 129) (pCl/mi)*
BARE FUEL 63 0.62
223 0.72
SLIT DEFECT 63 0.29
| 223 0.38
HOLE DEFECTS 63 0.0019
‘ ~ 223 0.0050 .
UNDEFECTED 63 0.0060
| 223 0.0054

5.6
7.5

3.0
4.0

0.020
0.053

0.064
0.057

+10-5 INVENTORY**

*AVERAGE FOR 2 REPLICATE SAMPLES MEASURED BY NEUTRON ACTIVATION ANALYSIS.

“ipClIml) (250 mi)/ 010"" OF SPECIMEN INVENTORY).

HEDL, $303-151.4
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TEST DAYS

14C (nCi)
BARE FUEL 63 5.0
223 6.5
SLIT DEFECT 63 3.3
223 14.0
HOLE DEFECTS 63 1.4
223 24.0
' UNDEFECTED 63 5.5
- S 223 5.0

SPECIMEN INVENTORY ESTIMATED AT 28 uCi IN THE FUEL AND

SLIDE 14, *°C Measured in J-13/HBR Solution.

‘10 Cl IN THE CLADDING BASED ON SINGLE SPECIMEN ANALYSIS.

HEDL 8504-008.1
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Teble 48 Sumaary of fractiona) release data for all sasple types.
Units ere parts In 100,000 of the Inventory in the test
speciaen,  DIW/TP = Turkey Point fuel in delonized
in 13 water (Wilson and Oversby, 1985). '

Nclide Secles Barefel  SHt  Holes Control
Wl IR 56 005 0005 0.009
R T 065 0030 0,018
DIN/TP 2.2 007 0.0 0,010

239+ M0 Py IR 9.0 0.01  0.003  0.002

3P 730 01 002 0,00
DIW/TP 24 0.2 0042 002
o1 An  I3ABR 76 - 001 0.002 0,003
F13/TP 687 0.2 0.2 0.00
DIN/TP .2 045 0.019  0.008
240 FIABR 654 001 0001 0.002
F13/TP 740 093 0.0  0.005
DIW/TP 2.5 0.3 0.0%  0.006
ke IR b4 @5 e -
3/TP a4 G4 - -
DIW/TP % 02 - -
13705 1I/HR H 63 40 08
F3/TP % 13 T6 0.3
DIW/TP 20 0 50 0.4

¥ Tc IR 99 24 ' U5 .-
’ \,'13’1? o 29.7 (13.7 (2 ——e
DIK/TP 52 8. SN —




WIM FOR RELEASE RATE CALCULATIONS
. 1_ Crbon-ﬂ release begins &5 soon s air enters container,

Two release ratest Initial pulse of sbout 0.2 of
inventory will be controlied by rate of oontainer breach,

Further release s controlled by Zircaloy and spent fuel
oxidation snd dissolution rates.

2. Cesium-135 release rate will consist of 2 components,

Gap-grain boundary release, approximated by the fission
gas release for the fuel.

Use 0.5% pas release and claddmg breach rate of
0.1% per year, .

Bulk of inventory will have release rate controlled by
the matrix dissolution rate.

3. Technetivn and iodine.
Sone inital preferential release, but less than that
for cesium. For initia) model use cesium release rate
as upper bound for Tc and I,

4, Activation products.

Controlled by the dissolution rate of the matrix
(Zircaloy; Inconel, Stainless steel)

5. All other elenents.
Controlled by the dissolution rate of the V02 matrix




‘CALCULATION OF MATRIX DISSOLUTION RATE
MODEL ASSLRPTIONS

'LMMMﬁﬁWMWMMNmm
solubility of 5 PpM.

Basist Ambient temperature spent
fuel dissolution in J-13
water.

2, Semi-Static dissolution conditi‘ons with
40 liters of fresh water replacing same
volume of Uranium-saturated water each
year, |

Basis! Infilitration rate of 1.mn/y,
Vertical emplacement geometry.
All water reaching open area
collects in emplacement hole.

3. Fuel to water raf.io is 1.7 kg/l.,
Basist Emplacement hole does not drain,

A1l open volume in hole fills
Hith water.



. RESWLIY

Initial Djssolutlon |
| 1;74 Kg fuel/liter of water
Dissolution = 5 mg of U0z/liter of water
Years to fill void volume = 1600 1/ 40.1 per year
| | = 45 years
Rate = 5 mp/1.74 kg in 45 years
6.4E-06 per year

Subsequent dissolution
| 40 Viters of water per year
3140 kg U0z per package
| Rate = (5 mp/1 % 40 1) / 3140 ke
6.4E-08 per year



. CESIUM- RELEASE RAIE UALUULAIIUN '

MODEL ASSUMPTIONS

fo Follouing cladding breach, the release rate is 0.5%
for the first year and decreases by 1 order of magnitude per
year until the matrix dissolution rate of 6 x 10-8 per
year is reached.

2, Cladding breach rate is 0.1% per year,

RESULTS

. First year = 0,001 x 0,005 = 5 x 106 per year

Second year = 0.001 x 0.005 ¢ 0,001 x 0.0005 = 5.5 x 10-6 per year
Third year - 0.001 x 0,005 + 0.001 x 0.0005 + 0.001 x 0,00005 =

5,55 x 10-6 per year

- Ete,

Release rate nill be about 5.55 x 10-6 per year until all

cladding is breached. (Under the model assumptions, this will
um1w0www.TMnmmnHI¢wtomemwdeWWMW
rate.



INPLICATIONS OF A RELEASE RATE OF 1 PART IN 10,000,600 PER YEAR
PR SPENT FUEL ASSEMELY RADIONUCLIDE RELEASE per 1000 MTIM
Nxlide Inventory Totsl Rslease EPADRAFTS  Ratio  Decey

st 1000y st fE-07/y Cums, Linit AdJusted

| Curies Curies -
A-24l 9,305 G401 1.0E02 1 yes
Arod3id 3B 2.6501 L0E02 26%-01 . no
Ped) 4G5 AEM2 OB 4 o
Pro3)  3.Es5 2.66402  1.0E02 3 W

Pw2f2  1.6E403 1.6E400 1.0E¢02  1.61E-02 L]
Pu-238 1.1E¢03 2.28-02 1.0E402 2.98E-04 . yes

Te-99 1.4E404 1.28401 . 1.0Ee04  1,24E-03 N1

Nie59 = 456403 4,4E+00 1.0E¢03  4.07E-03 NON-FUEL

Ni-63 3.6E¢02 6.0E-03 1.0E¢03 yes
2”93 30&‘03 2.%‘00 { 00E‘03 2.9&’03 NII
No-94 1,3¢03 f.2E¢00 1.0E¢03 1.1%-03 N/1
c'14 f u‘E‘ 03 7.4E'0‘ 1 .OE‘QZ 7036E.03 yes

23 208403 1.6E400  1,0Es02 1.62t-02 W1
U-233 3.28+02 2,9t-01 1.0E¢02  2.91E-03 Wi
U-236 2,7t+02 2.4E-01 1.0E402 - 2.42£-03 N1

Kp-237 1,0E403 9.4E-01 f.0E402  9.35E-03 W1
Sn-126 8.1E+02. 7.3t-01 1.0E403  7.27E-04 W1
5e-19 4.1E+02 3,7e-01 1.08403  3.71E-04 W1
Cs-135 3.9E402 3,6E-01 1.0E403  3.50E-04 W1
Sa-151 2.3t402 4,303 1.0E403 yes
- Pa-107 1.1E402 9.7e-02 1.0E¢403  9.69E-05 N1
I-183 3.2t+01 2,902 1.0E¢02  2.91E-04 U744

Total  1.79E+06 Sum minus AntPu 0,052




Cndidates for Sorption; Solubility, or Tsotope Exchange Control
 Elenent Factor to reduce ratio to 0,09
Anericim 20
Plutoniun 80



TEST SERIES FOR DETERMINING THE CONTROL OF RELEASE RATE .

FROM SPENT FUEL WHICH IS CONTAINED IN ZIRCALOY WITH MINOR DEFECTS I!!=

COMPLETED:  (25°C)

0 DETERMINE THE RELATIVE RELEASE RATE FROM BARE FUEL VS. FUEL.IN
ZIRCALOY CLADDING WITH PIN HOLE AND SLIT DEFECTS IN DEIONIZED WATER.

1N _PROGRESS:

1] ConDuCT CORROSION TESTS IN YUCCA MOUNTAIN GROUNDWATER TO DETERMINE
THE DEGRADATION RATE OF THE DEFECTS IN CLADDING (90°C).

o CONDUﬁf RELATIVE RELEASE RATE TESTS IN REFERENCE GROUNDWATER (25°C).

0 DETERMINE OXIDATION RATE FQR.SPENT FUEL UNDER REPOSITORY CONDITIONS.




TEST SERIES FOR DETERMINING THE CONTROL OF RELEASE RATE

FROM SPENT FUEL WHICH IS CONTAINED IN ZIRCALOY WITH MINOR DEFECTS I!!=

BLANS:

0 DETERMINE DEPENDENCE OF RELEASE RATE ON FUEL TO WATER RATIO,

O  INVESTIGATE RELEASE RATE FROM BWR AND HIGH GAS RELEASE FUEL QODS.

0 CONDUCT CORROSION TESTS OF ZIRCALOY UNDER CONDITIONS RELEVANT TO
INTACT CONTAINMENT BARRIER WITH WATERLOGGED FUEL PIN.

0 CONDUCT TESTS AT HIGHER TEMPERATURES TO DETERM!NE VARIATION OF
RELEASE RATE WITH TEMPERATURE. ‘




' WHY STUDY SPENT FUEL OXIDATION?

V0, —U;09 —> U307, —> U303 —>U0;

- @ UO, WILL OXIDIZE TO UO; UNDER TUFF REPOSITORY
CONDITIONS GIVEN ENOUGH TIME

@ LOWER DENSITY U303 FORMATION CAN SPLIT
~ CLADDING AND EXPOSE MORE FUEL TO
GROUNDWATER

® HIGHER OXIDES OF U0, MAY LEACH FASTER
" THAN UO,

- HEOL 8602-032.7




OUTSTANDING QUESTIONS

RATE OF OXIDE FORMATION AND MIXTURE OF
PHASES AS FUNCTION OF TIME AND TEMPERATURE

OXIDATION MECHANISMS OPERATIVE AT REPOSITORY
TEMPERATURES

EFFECT OF HUMIDITY AND FUEL VARIABILITY ON
LONG-TERM, LOW-TEMPERATURE MECHANISMS

RADIOLYSIS EFFECTS IN MOIST INERT HIGH

- TEMPERATURE ATMOSPHERES

HEDYL 8602-022.2
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POSSIBLE OXIDATION MECHANISM

® GRAIN BOUNDARY DIFFUSION
- @ BULK DIFFUSION

. ® NUCLEATION AND GROWTH
@ CRITICAL OXIDE LAYER THICKNESS
@ MANY OTHERS

HEDL $502-032.4




TGA SYSTEM

TRANSDUCER

SEMI-MICRO

GAS FLOW RECORDING
‘BALANCE -
/GLOVE BOX
WALL
i 1L
H | B | Tcvacuum
-my- \ VACUUM
LIl [LI‘sampPLE  pump
THERMOCOUPLES
H,0
COOLING

GAS FLOW

HEDL 8502-032.9



TABLE3
TEST PARAMETERS

RUN I RUNI __ RUNII | RunIv RUNV

TEMPERATURE (°C) 225 224 200 225 225
DURATION (hrs) 358 : 408 737 - 387 428
ATMOSPHERE AR ', AR 80% N,+20% %0, AIR AR

DEW POINT (°C) 45 145 146 —69.8 14.6

FUEL IDENTIFICATION® G7-27-2 19-24-1 19-24-2 G7-14-31 G7-14-3-2
INITIAL WEIGHT (mg)  195.2 2286 277.6 214.6 M6
SAMPLE CONDITION  PULVERIZED SINGLE  SINGLE TWO FOUR

- FUEL FRAGMENT FRAGMENT FRAGMENTS FRAGMENTS

*@G7, 19 REFER TO'THE FUEL ROD IDENTIFICATION

HEDL 8502-032.8



TGA TEST SAMPLE WEIGHT CHANGES

A {160/m)
A (180/m)

%’_ I
2 ‘ o
.
) - -]
@ Jqo
=]
N
o
3
15 1°
| . | ]
200 ' 400

TIME (HOURS)

HEDL 9602-032,10




EXAMINATION TECHNIQUES

® CERAMOGRAPHY

® SEM

© X-RAY DIFFRACTION

‘@ ELECTRON MICROPROBE
® 10N MICROPROBE

‘® GAS ANALYSIS

- HEDL 9502-02.6




PRELIMINARY CONCLUSIONS FROM
INITIAL TGA TESTING

® TGA SYSTEM SUFFICIENTLY STABLE FOR OXIDATION
STUDIES

® SIZE OF SAMPLE DOES NOT APPEAR CRITICAL. GRAIN
BOUNDARY DIFFUSION OPENS MOST GRAIN
SURFACES TO OXIDIZING ATMOSPHERE

'® 3TO 16,000 ppm  MOISTURE CONTENT OF AIR HAS

ONLY MINOR EFFECT ON SHORT-TERM OXIDATION
RATES . '

HEDL 8502-012.4
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TABLE 4

TEST MATRIX
: 8U No. of
Test Temp (°C) Fuel - (GWD/MTa) Moisture (DP) Test Duration Samples
Oven 105 Turkey Point ~30 oP < 10°C 2 yrs 6
No.l 115 Turkey Point ~30 bP < 10°C 2 yrs 6
130 Turkey Point 230 DP < 10°C 2 yrs 6
TGA a) 170 Turkey Point ~30 -70 3 Months 1to4
b) 170 Turkey Point ~30 25 3 Months 1to4
No.2 c) 170 Turkey Point ~30 0 3 Months 1to4
: d; 150 Turkey Point ~30 -70 3 Months 1to 4
e 150 Turkey Point ~30 25 3 Months 1 to4
f) 150 Turkey Point ~30 0 3 Months 1to 4
Oven 105 Turkey Point 30 -70, 90 2 yrs 12
(if indicated) 115 Turkey Point 30 -70, 90 2 yrs 12
No,.3 . 130 Turkey Point 30 -70, 90 2 yrs 12
TGA a) 200 BWR 25 25 3 Months 1to 4
No.4 b) 200 PWR 10 25 3 Months 1to4d
c) 200 BWR 10 25 3 Months 1to4
Oven
(if indicated) 105 BWR 25 -70,10,90 2 yrs 18
115 BWR 25 -70,10,90 2 yrs 18
No.5 130 BWR 25 -70,10,90 2 yrs 18
. 105 PHR 25 -70,10,90 2 yrs 18
1156 PWR 10 -70,10,90 2 yrs 18
130 PHR 10 -70,10,90 2 yrs 18
105 BWR 10 -70,10,90 2 yrs 18
115 BWR 10 -70,10,90 2 yrs 18
130 BWR 10 -70,10,90 2 yrs 18




e

RECEIVE AND PREPARE
SAMPLES

OVEN TESTS
TGA TEST SERIES 2
OVEN TESTS 13

RECEIVE AND PREPARE
BWR/PWR FUEL

TGA TEST SERIES 4
OVEN TESTS 15

PREPARE FURNACE
PROCEDURES

PREPARE HIGH TEMP
INERT GAS TEST

CONDUCT HIGH TEMP
INERT GAS TEST

FY 1985 FY 1988 FY 1987 FY 1988 FY 1989
EERRR AR R R AR AR RAA AR AR R R R AR RE AN AR R R AR R RRRERRRE
_{a) (b} [c) _(d) (e) (f)
(a) (b) (c)
TO MARCH
— FY 1990
HEDL 9503.0:2.2

FIGURE 7. Schedule for Spent Fuel Oxidation Studies.




ZIRCALOY CLADDING CORROSION -

H.D. SMITH

WESTINGHOUSE HANFORD COMPANY

GALVANIC CORROSION
AND CREVICE CORROSION

CRUD

STAINLESS STEEL ZIRCALOY CLADDING

CANISTER WALL |
ZIRCONIUM OXIDE

/) ~-———PITTING
' CREVICE CORROSION

HEDL I O2 1Y




OBJECTIVES

e IDENTIFY ACTIVE CORROSION PROCESSES ON
- ZIRCALOY SPENT FUEL CLADDING UNDER TUFF
~ REPOSITORY CONDITIONS

® ESTABLISH CORROSION RATES (OR UPPER BOUNDS)
- FOR POTENTIAL CORROSION PROCESSES. FOR SCC,
STRESS INTENSITY FACTOR THRESHOLD VALUES ARE
TO BE DETERMINED.

HEDY, 8602-022.6




OVERVIEW OF APPROACH

1. ANALYZE ENVIRONMENTAL TIME LINE OF THE
REPOSITORY FOR CRITICAL CORROSION '
ENVIRONMENTS

Il. IDENTIFY POTENTIAL CORROSION MECHANISMS.

lil. DEVELOP BASIC EXPERIMENTS TO EVALUATE
. CLADDING CORROSION IN THE CRITICAL |
. ENVIRONMENTS

IV. PLAN AND IMPLEMENT EXPERIMENTAL PROGRAM TO
- EVALUATE CORROSION IN THE CRITICAL
- REPOSITORY ENVIRONMENTS.

HEDL 8602022.8




EXPECTED - RADIATION - PRESSURE - TEMPERATURE -
TIME RELATIONS IN A TUFF REPOSITORY

T T . A L
(ASSUMING: 10 YEAR OLD FUEL, 300g OF FREE H20, AND 119
_ { OF FREE VOLUME IN THE CANISTER)
150} 300} 108} -
. CANISTER CENTERLINE TEMPERATURE
[4]
- - WALLROCK TEMPERATURE
= e £% -
("] - o
£ 100} w 200}-= & 104} -
w 3 a S N
« = =)
- P el )
N pe LT
& 1] q i
3 a. s 2
o. E 5 8
- = XX ‘
o B e e e ‘
> W TS S = e e = e e
i WWWW/WWW'/;;WWWIWWW/M
60f- 100} 102 TS aen -
PRESSURE B
X T Y
0 L o - 1@ i [ ]

N 100 200 300
| - TIME (YEARS AFTER IMPLACEMENT)

HEDL 04022403



CORROSION ENVIRONMENTS

APPROXIMATE CORROSION
PERIOD (YRS)

TEMPERATURE (°C)
y-FIELD (R/hr)
n-FIELD (n/cm2sec)

POTENTIAL CANISTER INTERNAL
PRESSURE (psi)

ENVIRONMENT AT
CLADDING SURFACE

RELATIVE CORROSIVITY

PERIOD |

PERIOD It PERIOD I
~0 TO 90 ~90 TO 1,000 1,000 TO 10,000
AND BEYOND

175-350 95-176 AMBIENT — 95

6x 103 — 3 x 104 4.0 - 6x 10° 4.0

93x102 —4x10°  260-930 250

120-135 16-120 - 16...

GAS GAS AND LIQUID GAS AND LIQUID
H,0 H0 :

LEAST MOST MOST

© HEDL 8501-227.3




'CORROSION TEXT MATRIX

PWR BWR OTHER*

PERIOD 11 = EXTERNAL |
\ sceC P L L
ELECTROCHEMICAL | - P P L
PERIOD Il —— = EXTERNAL |
ol | P L L
ELECTROCHEMICAL P p L

*— 5% OF SPENT FUEL RODS ARE CLAD WITH STAINLESS STEEL

HEDL 8502-022.1




PLANNED CORROSION EXPERIMENTS

STRESS CORROSION CRACKING

1. SCOPING EXPERIMENT

‘® STRESS DEFUELED CLADDING IN PERIOD Ili
ENVIRONMENT

- @ PRODUCE BASELINE DATA USING “C-RING” SYSTEM

2. PERIOD il ENVIRONMENT |
® EXPOSE PRESSURIZED FUELED CLADDING

3 PERIOD i ENVIRONMENT

. ® EXPOSE PRESSURIZED FUELED CLADDING USING
(% AUTOCLAVE

" HEDL 86020228




PLANNED CORROSION EXPERIMENTS

ELECTROCHEMICAL

1. SCOPING EXPERIMENT

® EXPOSE DEFUELED CLADDING TO PERIOD III
-ENVIRONMENT '

® PRODUCE BASELINE DATA, REFINE TECHNIQUE

2. PERIOD Il ENVIRONMENT
@ EXPOSE FUELED CLADDING

3. PERIOD Il ENVIRONMENT
| ® EXPOSE FUELED CLADDING USING AUTOCLAVE

HEDL 8602-022.7




CORROSION CELL (NOT TO SCALE)

TOP VIEW

CLADDING -

CLADDING CONTACT - f

CLADDING -
CANISTER CONTACT

"~ SIDE VIEW

-
- - - - - T

CRUSHED TUFF — S0 F F oA = 2

CLADDING SAMPLES

SHEET OF CANISTER
MATERIAL

APPROXIMATE WATER
LEVEL

HEDL 8x2-022.9



ELECTROCHEMICAL CORROSION SCOPING
TEST RESULTS

® 2 MO., 6 MO. TEST COMPLETE

® CHEMICAL DATA
- pH
— CONDUCTIVITY
— IONIC SPECIES

® MACROSCOPIC APPEARANCE

@ MICROSCOPIC ELALUATION TO DATE
— EXPOSED MATERIAL — SEM IDENTIFY

CORROSION
L UNEXPOSED MATERIAL — SEM/STEM ) gy COMPARISON

""5 comcu.usuoms (TO DATE)

~ WITHIN THE LIMITS OF DETECTABILITY,
NO CORROSION HAS BEEN OBSERVED

HEDL 8502-022.4
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REQUIREMENTS

HQ AapprovaL oF SCP BY MarcH 28, 1986

PARTICIPANT INPUT AND COMMENT RESPONSE MUST FOLLOW
THE SCHEDULE

INPUT MUST BE IN ACCORDANCE WITH THE WORK INSTRUCTIONS



TECHNICAL DATA AND DESIGN CHAPTERS
CONCERNS FROM INITIAL REVIEWS

COMPLIANCE WITH THE ANNOTATED OUTLINE
COMPLIANCE WITH THE STYLE GUIDE

CROSS-REFERENCING: WITHIN CHAPTER
BETWEEN TD&D CHAPTERS
WITH CHAPTER 8 (8.3)

MORE EXTENSIVE REFERENCING
REFERENCES, GLOSSARY, ABBREVIATIONS

COPYRIGHT CLEARANCES




GUIDELINES TO MEET THE SCHEDULE

- CHAPTER REVIEWS SHOULD BE DONE IN GROUPINGS

~ 8.3 SUBSECTIONS SHOULD BE REVIEWED IN THEIR BEST AVAILABLE
FORM WITH THE DATA/DESIGN CHAPTERS

- CHAPTER REVIEWS (INTERNAL AND HQ) SHOULD TAKE 2 TO 3 WEEKS EACH

- TOTAL DOCUMENT REVIEW (INTERNAL AND HQ® TOGETHER) SHOULD
TAKE U WEEKS



" CHAPTER/

INITIAL

INTERNAL

P SO

REVIEW

CRAP )

H) REVIEW

SECTION INPUT DISTR. | MIG. DISTR. |  MIG. CRAP 2
2 - - - 7/2 - 88 8/12 8/28-30 | 9/2 - 10/25
3 6/16 7715  7/24-26 |7/28 - 8/30 | 9/2 8/18-20 | 9/23 - 10/25
5 6/28 W5 7/2-23 |7/8 - 8/30 | 972 9/18 9/23 - 10/25
7 5/31 6/24  7/16-19 |7/22- 8/30 | 9/2 9/16-Y | 9/23 - 10/25
8.3.4 7/12 772 7/16-8 |7/22t0un | - - - -
8.3.1nuwp | 7/12 7715 77222 |7/ 70 uses | - - - -
8.4,8.7 6/28 /35  7/252% |7/8 - 8/20 | 972 9/18 9723 - 10/25
0 7/26 8/12 8/1°-20 |8/26 - 9/20 { 9/23 10/8 10/14 - 12/6
6 7/18 8/12 8/21-23 |8/26 - 9/20 | 9/23 10/710-11{ 10/14 - 12/%
8.1,8,2 7/19 8/12 8/19-20 | &/26 - 9/20 | 9/23 10/9 10714 - 12/¢
8.3.2 7/ 8/12  8/21-23 | 8/26 7o SNL - - - -
8.3.3 /8 8/2 821-23 18/26tosn. | - - - -
86 86 | &2 823 |8%6-920 (923 /8 | 10714 - 1/
1 7/12 | 826 9/9-11 |9/16 - 10718 | 10/21  10/29-30| 11/4 - 12/6
4 7/19 8/26 9/11-13 | 9/16 - 10718 | 10/21  10/31-1 | 1i/4 - 12/6
‘8.3.1c6e0 | 872 826 9/9-11 19/16 Touses | - - - -
8.3.1 cuem| 872 8/26 9/11-13 |9/16 ToanL | - - - -
8.3.5 816 | 92 91617 |9 tosnw | - - -
8.3.1 9/23 9220 10734 |10/7 tosaic| - - - -
| 8.3 9723 - 10734 10/23-25] 10728 - 11/22| 11/25  12/4-6 12/ - 1710
8.5 9/26 10714 10/22 10728 - 11/22} 11/25 12/3 2/ - /10

- .-




TOTAL DOCUMENT SCHEDULE

DocuveNT ConsOLIDATION
HY/ INTERNAL REVIEWS
ComeNT CoNsOLIDATION
ComveNT ResoLuTion
PRODUCTION

HQ APPROVAL

V1 - VY
/20 - 277
2/10 - 2/14
2/17 - 2/28
3/3 - 3/14
3/17 - 3/28



— COMAITMENTS T0 SCP

DELIVERABLES:
LAB FORECAST DATE  DROP DEAD DATE
CHAPTER __ (DATE) (paTE) **
SECTION __ (DATE) (paTE)
8.3.1 INDO*  (DATE) T (oate)
MANPOWER COMATTMENTS:

1, INTERNAL REVIEWS
- 1 0r 2 may BE PART OF TAG FOR OTHER INTERNAL REVIEWS
- AUTHOR(S) + TASK LEADER AT IRC MEETINGS FOR OWN CHAPTERS
2. HQ REVIEWS - COMYENT CONSOLIDATION (AUTHORS AND/OR TASK LEADERS) -
‘CHAPTER —
SECTION — _

(HQ MEETING DATE)

-

- ONE OR MORE MAY BE PART OF TAG FOR OTHER HQ REVIEWS
3. TOTAL DOCUWENT REVIEW 1/20 - 2/14/&

- TASK LEADERS AND TAG OVERVIEWERS
B, COMENT RESOLUTION FOLLOWING EACH OF THE THREE REVIEWS

=~ AUTHORS + TASK LEADERS

* InForaTION NeED DATA OUTLINE
** TIED TO SCHEDULED INTERNAL REVIEW



POTENTIAL PROBLEMS

= PARTICIPANT INPUT

- HQ cHANGES

- NRC woRrKSHoPS

- EA conFLICTS

= COMMENT RESPONSE AND PRODUCTION
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PERFORMANCE OBJECTIVES SET DOWN IN
10 CFR 60 REGULATIONS

1. FOR THE FIRST 300 YO 1000 YEARS AFTER CLOSURE., CONTAINMENT
- OF THE RADIONUCLIDES SHALL BE SUBSTANTIALLY COMPLETE. -

2. FOR {THE PERIOD FOLLOWING THE CONTAINMENT PERIOD. THE
RELEASE RATE OF RADIONUCLIDES FROM THE ENGINEERED BARRIER
SYSTEM SHALL BE CONTROLLED SO THAT RELEASE IS LIMITED ToO
LESS THAN 1. PART IN 100,000 OF THE 1000 YEAR INVENTORY OF

ACTIVITY PER YEAR.

ENVIRONMENTAL PROTECTION AGENCY REQUIRCMENTS

RELEASE OF RADIONUCLIDES TO THE ACCESSIBLE ENVIRONMENT MUST BE
LESS THAN THE LIMITS PRESCRIBED BY THE EPA. THESE ARE LISTED
ON A NUCLIDE SPECIFIC BASIS, AND ARE MET AUTOMATICALLY FOR ALL
NUCLIDES EXCEPT AM AND PU ISOTOPES IF RELEASE RATES ARE LESS
THAN ONE PART IN 100.000 PER YEAR FROM THE ENGINEERED BARRIER

SYSTEM.
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LICENSING UPDATE

"JUNE 26, 1985
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W/ \ProsecT " | TOPICS
M \r=. N
—OGR e NRC MEETINGS
-  APPROACH

-  STATUS

e PLANS AND PROCEDURES STATUS

- IMPLEMENTATION PROCEDURESIAPPE@DIX 7
~ REGULATORY COMPLIANCE PLAN

e SEISMIC/TECTONIC. PAPER

6/20-21 MEETING
-  REVIEW PANEL

° REGULATIONS AND POSITIONS

. 40CFR191
10CFR39
GROUND WATER TRAVEL TIME TP
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NNWS! PROJECT/NRC TECHNICAL MEETINGS
| APPROACH

-PROCESS

1. MEETINGS SCHEDULED 4 MONTHS IN ADVANCE

2, ONCE SCHEDULED - DATES TREATED AS FIRM NNWSI

PROJECT COMMITMENT
- RESIST NRC ATTEMPTS TO CHANGE

3. NNWS 1 PROJECT OBJECTIVES DEVELOPED AND SENT TO
~ NRC '

- NRC OBJECTIVES PROVIDED TO PROJECT

4. NNWS! PROJECT PROPOSED AGENDA DEVELOPED AND SENT
TO NRC :

5. REFERENCES PROVIDED 4 WEEKS PRIOR TO MEETING

6. FINAL AGENDA PREPARED ACCOMMODATING:

- DOE OBJECTIVES
- NRC OBJECTIVES
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NNWS1 PROJECT/NRC TECHNICAL MEETINGS
PRINCIPLES

.COMMITMENT BY ALL PARTIES TO SCHEDULE

MINIMIZE "GENTLEMAN'S AGREEMENTS"™
- DOCUMENT/FORMAL | ZE

OBJECTIVES IhDEPENDENTLY DEVELOPED'
- EXCEPT AS AGREED TO IN MANAGEMENT MEETINGS

NEGOTIATION/FLEXIBILITY
- RESPONSIBLE PARTICIPANT TECHNICAL LEAD
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1.

NNWS1 PROJECT/NRC TECHNICAL
MEETING STATUS

WASTE PACKAGE - 7/23-24

EXPLORATORY SHAFT DESIGN - 8/27-28

. e NNWS1 OBJECTIVES - 7171

. AGENDA/REFERENCES - 7/12

ESTP - 9/717-18

™ OBJECTIVES ~ 7123 :

° AGENDA/REFERENCES - 8/6
HYDROLOGY/GEOCHEMISTRY - 9/23-26
° NRC "LEAD"

PAP - 10/71-4

° OBJECTIVES - 7730
° AGENDA/REFERENCES - 8/20



- U.S. DEPARTMENT OF ENERGY

N evada
N ucleor
W aste . .
S e  oThen
PROJECT )

DOE/NRC MEETINGS

25100

° NNWS1 PROJECT ATTENDANCE

- GENERIC
- OTHER PROJECTS

. e NNWSI PROJECT PARTICIPATION AND SUPPORT
. - 'SEISMIC/TECTONICS - 8/20-21

- SCP ISSUE RESOLUTION STRATEGY AND DATA NEEDS -
OCT/NOV (T) ‘
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PLANS AND PROCEDURES

SITE SPECIFIC AGREEMENT PROCEDURES
TO WMPO FOR REVIEW 6/6/85

AP 1.5, NNWS|I PROJECT/NRC TECHNICAL MEETINGS
(S CTION 2A OF AGREEMENT)
"~ AP 1.6, NRWS | PROJECT/NRC MANAGEMENT MEETINGS
(SECTION. 2B OF AGREEMENT) .
AP 1. 7 REPORT INVENTORY (SECTION 3A OF AGREEMENT)
AP 1.8, FIELD AND LABORATORY TESTING SCHEDULE
SE

CTION 3C OF AGREEMENT)

AP J 9, DATA CATALOG (SECTION 3C OF AGREEMENT)

AP. 1.10, CONTROLLING INFORMATION RELEASE (SECTION 3C
- OF AGREEMENT) .

AP 1.11, COMMUNICATIONS WITH THE NRC (SECTION 3B OF
AGREEMENT)

AP 1.12,'NNWSI PROJECT INTERACTIONS WITH THE NRC-OR
(SECTION 1 OF THE AGREEMENT)

APPENDIX H, NNWSI PROJECT/NRC POINTS OF CONTACT
(SECTION 3B OF AGREEEMENT)
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2. APPENDIX 7 - (OR)

—O0GR - DOE/NRC MEETING - 6714

- "APPROVED" WITH SOME REVISION TO DOE PROPOSED
DRAFT '

3. REGULATORY COMPLIANCE PLAN
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SEISMIC/TECTONIC PAPER

ANNOTATED OUTLINE TRANSMITTED TO NRC BY DOE/HQ

WORKING GROUP MEETING - 6/20-21

- PREPARATION RESPONSIBILITIES AND SCOPE
- DELPH! APPROACH
- NEXT MEETING - 7/22-23

1. PREPARE FOR 8/20-21 MEETING

- DEFINITIONS

- TECTONIC ASPECTS OF PERFORMANCE
OBJECTIVES '

- ROLE OF PERFORMANCE ASSESSMENT
2. 1ST DELPH! SESSION

REVIEW PANEL

NEOTECTONICS

TECTONICS

SEISMIC RESPONSE
PERFORMANCE ASSESSMENT
REGULATORY

11
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REGULATIONS AND POSITIONS

40CRF191

DRAFT 6 1SSUED (DATED 6/15/85)
° ACRS MEETING - 6/18

100 SQUARE km/5 km NEAREST APPROACH FOR
CONTROLLED AREA

ASSURANCE REQUIREMENTS (19 14) NOW RELEGATED TO
IE h

NRC FOR LICENSED FACIILT

EPA UNDER COURT ORDER TO
RULE(?) BY AUGUST (NRDC SU

l

1.
S
ISSUE FINAL DRAFT
17T)

PROPOSED 1OCFR39 - RADIOACTIVE MATERIALS IN WELL
LOGGING

- COMMENTS 7O DOE/HQ - 6/24
)

APPLICABILITY (?

GROUNDWATER TRAVEL TIME POSITION
10CFR60.113(a)(2) - 1000 YEAR LIKELY TRAVEL TIME

SIGNIFICANCE OF DISTRIBUTION (EXTREMES OF
DISTRIBUTION)

13
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7844l

Depamnqnt of Energy é, 20
Washington, D.C. 20585

JUNE 11, 1985

Mr. Hel Knapp

Division of Waste Management

U.S. Nuclear Regulatory Commission
Washington, D.C. 2055

Dear Mr. Knapp:

Here 15 2 suggested replacement for the second paragraph storting
fmmediately after the quotation from 10 CFR Part 60,

Sincerely,

Ra1ph Stein, Director

Engineering and Licensing Division

O0ffice of Civilian Radioactive
Waste Management

Enclosure



DRAFT

June 10, 1685

In applying this part of the reguiation, the staff recognizes that
there is a number of different flow paths between the disturbed zone
end the accessible environment, Consequently, there will be &
stetistica) distibution of ground water travel times, Since it is
not possible to measure these trave) times, 1t will be necessary to

estimate or calculate them using models and measured parameters.

.1hg calculated values for the ground water travels times may be
different than the actual travel times as & result of the uncertainty
in our understanding of the geologic system, considerable uncert2inty
in measured parameters such &s porosity, permeability and gradient,
and the temporal variation {n flow due to unusual storms, droughts,
and the like. The factors are expected to ceéuse the distribution of
possible ground water trave) times to span as much as several orders

of magnitudé.

NRAFT
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¥r. Relph Stedn, Director
Engineering and Licensing Divisfon
Repository Projects Teom

NE-330

Department of Energy

Washington, DC 20545

Dear Mr, Stein:

As you requested, this letter documents the Vicensing steff's position
regarding the groundwater travel time reguirement fn 10 CFR Part 60.

As you know, 10 CFR Part 60,118(e){2) reads:

The geologic repository shall be lYocated so that pre-weste emplocement

groundwater travel time along the fastest peth of 1ikely radionuclide
travel from the disturbed zone to the sccessible environment shall be ot

éaa:% 1?00 years or cuch other time es may be epproved or specified by the
ermiss 0N,

In epplying this part of the reguiation, the staff considers that there is
gofng to be & distribution of possible groundweter trevel times. This
distributfon wiil result from uncertatnty {n our understanding of the geoIoaic
system, considereble uncerteinty in measured parameters, such &5 poros t{.
cermeabi14ty, ang gracient, and temporsl verdetion in flow due to Unusus
ttorms, droughts, énd the iikc. These phenomene are expected to cause the
distribution of possible groundwater travel times to spen &s much os

geversl orders of mapnitude,

At the ugper and Yower 1imits of this distribution, there will be possible
groundwater travel times which, although theoretically possidle, are unlikely
peths for redfonuclides travel, end ere therefore {nappropriste measures for
cheracterizing the geologic setting., The NRC therefore anticipates

excluding the extremes of the distribution of EOSsibie groundwiter travel
times 4n determining whether the performance ebjective has been met,

The steff {5 currently drafting & technical position consistent with the above
discussfon, which I entfcipate will be completed Yater this year,
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T eVso note 10 CFR Part 60.313(b) which permits the Comission to appreve or
specéfy other groundwater travel times on & case-by-gase basis, providini the
overall gystem performance ob%active has been met. This provision €5 {intended,
{n part, to ensure that an otherwise excellent repository s{te does not feil

to be 13cen:ed on & technicelfty.

Sincerely,

Robert £, Browning, Director
Division of Waste Manggement




