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DRAFT DISCLAIMER

This contractor document was prepared for the U.S. Department of Energy (DOE), but has not
undergone programmatic, policy, or publication review, and is provided for information only.
The document provides preliminary information that may change based on new information or
analysis, and is not intended for publication or wide distribution; it is a lower level contractor
document that inay Or may not directly contribute to a published DOE report. Although this
document has undergone technical reviews at the contractor organization, it has riot undergone a
DOE policy review. Therefore, the views and opinions of authors expressed do not necessarily
State or reflect those of the DOE. However, in the interest of the rapid transfer of information,

we are providing this document for your information.
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1. PURPOSE

The purpose of this analysis and model report (AMR) is to select and justify values for six input
~ parameters used by the computer code GENII-S (Leigh et al. 1993). The GENII-S code is being
used to estimate radionuclide-specific biosphere dose conversion factors. The Civilian
Radioactive Waste Management System Management and Operating Contractor (CRWMS
M&O) Performance Assessment Organization will use the biosphere dose conversion factors to
calculate potential radiation doses to a hypothetical human receptor group as part of the post-
closure Total System Performance Assessment.

The six parameters evaluated in this analysis are for two of the three exposure pathways to
‘humans considered to calculate biosphere dose conversion factors: inhalation and external
exposure. The inhalation pathway evaluates inhalation of respirable, resuspended dust from
contaminated soils. Three parameters for this pathway were analyzed in this report.

1. Mass Loading (g/m*) — Mass loading is the mass of suspended particles per volume of air. -
This paramcter is used to calculate the concentration of radionuclides in the air resulting from
resuspension of soil contaminated by irrigation. Mass loading was estimated in this analysis
directly from measurements of particulate matter (<10 pm in diameter) taken for the Yucca
Mountain Site Characterization Project (YMP). i

2. Inhalation Exposure Time (hours/year) — Inhalation exposure time is the amount of time.
a reference person inhales resuspended dust previously contaminated from irrigation water.
This parameter is used by the GENII-S computer code (Leigh et al. 1993) to estimate the
potential dose resulting from inhalation of radionuclides suspended in the air. To estimate
inhalation exposure time, a time-activity budget was developed based on reasonable
estimates of the behavior of people living in Amargosa Valley.

3. Chronic Breathing Rate (m®/day) — Chronic breathing rate is the volume of air inhaled by
" a person per unit of time. This parameter is used to calculate the potential dose from inhaling
contaminated dust particles. A literature review was conducted to identify the most -
appropriate value for this parameter.

The external exposure pathway evaluates potential radiation exposure from living and working in
an environment (e.g., soil, vegetation) contaminated with radionuclides. External exposure is
often referred to as groundshine. Three parameters for this pathway were analyzed in this report.

1. Soil Exposure Time (hours/year) — Soil exposure time is the amount of time a person
spends outside in an area contaminated from groundwater irrigation. The time-activity
budget developed for inhalation exposure time was used to estimate soil exposure time.

2. Home Irrigation Rate(inchesfyear) — Home irrigation rate is a measure of the amount of

contaminated groundwater applied to the environment. This parameter is used to determine
the level of contamination of the soil in the calculation of potential dose resulting from
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groundshine. For this anaiysis, the irrigation requirements of iocally grown turf grasses were
calculated based on weather conditions in Amargosa Valley.

3. Duration of Home Irrigation (monthslyear) — Duration of home irrigation is the number
of months during a year that groundwater is applied to the environment. This parameter is
used to determine when a person may be exposed to soil that has been contaminated from
groundwater irrigation. The irrigation requirements of locally grown turf grasses were
considered to determine the value of this parameter.

Three estimates for each parameter were developed in this analysis. First, a distribution for each
parameter was selected based on characteristics of the parameter or available data, and then
reasonable, conservative estimates of the values were selected that define the distribution. Data
distributions were selected from those that can be handled by the GENII-S computer code: fixed,
normal, lognormal, triangular, uniform, loguniform, and empirical (Leigh et al. 1993, p. 5-33).
Reasonable is defined as bemg reasonably expected to occur, based on (1) the characteristics of
the critical group described in 10 CFR 63 regulations proposed by the Nuclear Regulatory
Commission (NRC; 64 FR 8640-8678), (2) guidance from the Department of Energy (DOE) on
the use of the proposed NRC regulations (Dyer 1999, p. 19 of Enclosure), and (3) information on
~ the current populatlon in Amargosa Valley (CRWMS M&O 1999d, pp. 22 and 23).
Conscrvatlve is defined as a value or behavior that would result in a higher biosphere dose
conversion factor. For example, watering a lawn for 12 months a year is considered more
conservative than watering for fewer months because it would result in more frequent deposition
of contaminated water and therefore a higher dose conversion factor. The second estimate for
each parameter is a single, reasonably expected value to be used in a deterministic run of the -
GENII-S code, and was based on the type of distribution. The third estimate, to be used in an
additiona! deterministic run of the GENII-S code, is a single, high bounding value that could
occur based on extreme behaviors or conditions.

This analysis was conducted according to AP-3.10Q (Revision 1), Analyses and Models, and an
approved development plan (CRWMS M&O 1999f). The only constraints, caveats, or
limitations common to the entire analysis are those described above for reasonable/conservative
and high bounding values. -

Al references cited in this document and listed in Section 8, other than those identified as inputs
in Table 1, were included only to support or corroborate the assumptions, methods, and
conclusion of the analyses and were not inputs required to produce thc parameter values.

2. QUALITY ASSURANCE

The analyses in this AMR have been determined to be Quality Affecting in accordance with
CRWMS M&O procedure QAP-2-0, Conduct of Activities, because the information will be used
to support Performance Assessment and other quality-affecting activities. Therefore, this AMR
is subject to the requirements of the Quality Assurance Requirements and Description (QARD)
document (DOE 1998). ‘This AMR is covered by the Activity Evaluation for Scientific
Investigation of Radiological Doses in the Biosphere (CRWMS M&O 1999g).
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Personnel performing work on this analysis were trained and qualified according to Office of
Civilian Radioactive Waste Management (OCRWM) procedures AP-2.1Q, Indoctrination and
Training of Personnel, and AP-2.2Q, Establishment and Verification of Required Education and
Experience of Personnel. Preparation of this analysis did not require the classification of items
in accordance with CRWMS M&O procedure QAP-2-3, Classification of Permanent ltems. This
analysis is not a field activity. Therefore, a Determination of Importance Evaluation in
accordance with CRWMS M&O procedure NLP-2-0 was not required. The governing procedure
for preparation of this AMR is OCRWM procedure AP-3.10Q, Analyses and Models.

3. COMPUTER SOFTWARE AND MODEL USAGE

No models were used or developed in this analysis. The only sofiware used was an industry
standard spreadsheet (Microsoft Excel). This spreadsheet was used as an aid in calculations; no
routines, macros, or other applications were developed and used. Use of this software in this
manner is exempt from the requirements in AP-SI.1Q, Software Management.

4. INPUTS
The inputs for each parameter are described and justified below and summarized in Table 1.
41 DATA
4.1.1 Mass Loading | |

Inhalable Particulate Matter (PMj¢) (CRWMS M&O 1999b, parameter 1078). Twenty-four- -
hour measurements of particulate matter <10 pm (PMjo, pg/m’) recorded at YMP Air Quality
and Meteorological Monitoring Site 9 every six days from October 3, 1992 through December
30, 1997 were used to estimate this parameter. These data are summarized in CRWMS M&O
(1999c¢, Table 2-3 on p. 13). Measurements of PM;¢ were used for this analysis instead of total
suspended particulates because the Environmental Protection Agency (EPA) National Ambient
Air Quality Standards for particulate matter require the measurement of PMjo (40 CFR 50.6,
p. 7). In addition, PMjo values were chosen because these sized particles are inhalable and can
be deposited in the respiratory tract (EPA 1994b, Figure 3-3 on p. 3-10). Using PM; data for
mass loading will result in a conservative estimate of resuspended radioactive particulate matter
because it is unlikely that all resuspended particles will be contaminated. Airborne particulate
matter is generated over a large up-wind area, and some of these areas will not be contaminated
by irrigation water. '

These data were selected because there was a reasonably large number of measurements (315 24-
hour measurements taken over 5 years) collected close to the proposed location of the critical
group using well documented, industry accepted methods. Site 9 is located near the southwest
comner of the Nevada Test Site (CRWMS M&O 1999c¢, Figure 1-1 on p. 5 and Table 1-1 on p. 6),
3.1 km north of the proposed location of the critical group at the .interséction of U.S. Highway 95
~ and Nevada Route 373 (Dyer 1999, p. 19 of Enclosure). Site 9 generally has southerly winds
during the day and northerly winds at night (CRWMS M&O 1999¢, Figure 3-5 on p. 3-7).
Methods used to collect PM,o data followed Nevada Work Instructions NWI-AQ-001, NWI-AQ-
002, and NWI-AQ-016. The methods used to collect these data were based in part on 40 CFR
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Table 1. Summary of inputs used in this analysis. See Sections 4.1.1 through 4.1.6 for justification of the
use of these inputs.

TDMS Parameter - .
Analysis Name (and Data Tracking Numbers | Qualification
Parameter Input Number) or Citation Status
Data
Mass Loading | Inhalable Particle MOS8PSDALOG111.000 [ TBV*
particulate matter | Characteristics TM000000000001.039 BV
(PM1o) (1078) TM000000000001.041 BV
TMO000000000001.042 TBV
TMO000000000001.043 T8V
TM000000000001.07¢ TBV
TM000000000001.082 TBV
TM000000000001.084 TBV
TM000000000001.096 BV
TMO000000000001.097 TBV
TM000000000001.098 TBV
TM000000000001.099 TBV
TM000000000001.105 TBV
TM000000000001.108 TBV
Home Average monthly | Temperature {595) MO9903CLIMATOL.001 | TBV®
Irigation Rate | temperature :
Home Average monthly | Solar Flux (694) MOS903CLIMATOL.001 | TBV® -
Irigation Rate | solar radiation
Home Average monthly | Precipitation MO9903CLIMATOL.001 | TBV®
Irigation Rate | precipitation Quantity (653)
Home Crop coefficient | NA ' Devitt et al. (1992, Table | TBV®
Jrrigation Rate | (KJ): 3 on p. 722; 1995b,
. Figure 2 on p. 56).
Criteria
Al Characteristics of | N/A Dyer (1999, p. 19 of TBV®
: the critical group Enclosure); CRWMS
M&O (1999d, pp. 22 and
23)

Data need to be qualified.

® Status of data qualification needs to be verified.
¢ Souroe of data needs to be evaluated for classification as "accepted.”

Analysis report (CRWMS M&O 1999d) needs to be completed.

50, Appendix J (pp. 65 through 70), and EPA Quality Assurance Handbook for Ambient Air
- Quality Monitoring (EPA 1994a, Section 2.11). The methods are described in CRWMS M&O
(1997, p. 4) and earlier reports. The sample size is large enough that uncommon events such as

very high winds that cause temporal variation in mass loading likely were sampled.

ANL-MGR-MD-000001 REV 00
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4.1.2 Inhalation Exposure Time

None.

4.1.3 Chronic Breathing Rate

- None.

4.1.4 Soil Exposure Time

None.

4,15 Home Irrigation Rate

1.

Average Monthly Temperature (°F) (CRWMS M&O 1999a, parameter 595). Calculated
from five years (1993-1997) of data collected at YMP Site 9. This site is at an elevation of
838 m (2,750 feet) (CRWMS M&O 1999¢, Table 1-1 on p. 6), near the southwest corner of
the Nevada Test Site and 3.1 km north of the proposed location of the critical group at the
intersection of U.S. Highway 95 and Nevada Route 373 (Dyer 1999, p. 19 of Enclosure).

These data were selected because this weather station is the closest station to the proposed
location of the critical group and the data were collected under a YMP program that met the
requirements of the QARD (DOE 1998). The data are presented in CRWMS M&O (1999,
Table A-9 on p. A-10). For use in the Jensen-Haise equation (see Appendix A), temperatures
were converted from the measured units of degrees celsius (°C) to degrees fahrenheit (°F)
using the equation °F = (9/5 °C) +32. ' C

Average Daily Incoming Solar Radiation Per Month (langleys/day) (CRWMS M&O
1999a, parameter 594). Calculated from five years of data collected at YMP Site 9. These
data were selected because this weather station is the closest station to the proposed location
of the critical group (Dyer 1999, p. 19 of Enclosure) and the data were collected under 2
YMP program that met the requirements of the QARD (DOE 1998). The data are presented

'in CRWMS M&O (1999¢c, Table A-9 on p. A-10). For the calculation of evapotranspiration

(ET), the data were converted from the measured units of megajoules/m*/day to langleys/day

- using the equation langleys/day = 23.89 (megajoules/mzlday).

Average Annual Precipitation (CRWMS M&O 1999a, parameter 553). Calculated from
five years of data collected at YMP Site 9. These data were selected because they were
collected under a YMP program that met the requirements of the QARD (DOE 1998) and the
weather station is the closest station to the proposed location of the critical group (Dyer 1999,
p- 19 of Enclosure). The data are presented in CRWMS M&O (1999¢c, Table A-9 on p. A-
10).

Crop Coefficient (K) Monthly crop coefficients for bermudagrass and tall fescue are as
reported in Devitt et al. (1992, Table 3 on p. 722; 1995b, Figure 2 on p. 56). These values
are summarized in Table 3 in Section 6.4. '
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4.1

Crop coefficient is an expression of the ET of a plant species relative to the potential ET of a
reference species. Crop coefficients are commonly used in calculations of ET because field
measurements of potential ET for an area only are needed for one reference crop (Martin et
al. 19914, p. 201).

The crop coefficients for low maintenance bermudagrass (Devitt et al. 1992, Table 3 on p.
722) and tall fescue (Devitt et al. 1995b, Figure 2 on p. 56) were obtained from studies of
bermudagrass ET conducted in Las Vegas, Nevada. These values were selected because they
come from peer-reviewed, published studies conducted closer to Yucca Mountain than any
other published values (e.g., Devitt et al. 1995a, Table 2 on p. 68). The studies were
conducted using widely accepted methods for measuring ET by scientists that have
experience using these methods.

These coefficients were developed using a reference crop of cool-season grass, whereas the
Jensen-Haise ET equation used in this analysis is for a reference crop of alfalfa. UCCE
(1987, p. 6) state that “Several agencies and researchers have recommended using ET, {i.e.,
from grass] directly as a method to estimate alfalfa ET [i.c., crop coefficient for alfalfa].”
Conversely, Martin et al. (1991a, p. 202) state that grass usually uses 10-15% less water than
alfalfa; thus, using a grass-based coefficient with an alfalfa-based estimate of ET may result
in an 10-15% overestimate of water requirements. Therefore, this is an acceptable,
conservative input for this analysis.

.6 Duration of Home Irrigation ' o

None.

42

CRITERIA

For all analyses, assumptions about the characteristics of the critical group were based on DOE
interim guidance (Dyer 1999, p. 19 of Enclosure) on rules proposed by the NRC for 10 CFR 63,
Section 115 (64 FR 8640-8678). In addition, a more detailed description of the critical group
(CRWMS M&O 19994, pp. 22-23) based on DOE guidance, a survey of people in Amargosa
Valley, and U.S. Bureau of the Census data for the Amargosa Valley Census County Division,
also was considered during the analysis of all parameters.

43

CODES AND STANDARDS

None.

'S.1

5. ASSUMPTIONS

Mass Loading

None.

H 4 .
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5.2 Inhalation Exposure Time

Three assumptions about the behavior of members of the critical group were made for the
analysis of inhalation exposure time.

l When in a contaminated area, the exposure rate expenenced while indoors (mcludmg time
spent inside vehicles) is half of that experienced while outdoors. This assumption is based on
shielding factors recommended by the NRC (1977 p. 1.109-43). Because this shielding
factor was developed by the regulatory agency responsible for licensing a repository at
Yucca Mountain, this assumption does not need to be confirmed.

2. The average member of the critical group spends a certain amount of time each day outdoors
tending a garden plot and doing other activities. Time spent outdoors by the average member
of the critical group was assumed to be 827 hours/year (EPA 1997b, Table 15-120 on p. 15-
136). This value is the amount of time “spent at home in the yard or other areas outside the
home” based on survey data from 1301 adults, 18 years or older. The value of 827
hours/year is more conservative and more age-specific than 548 hours/year from a California
study of 1,762 people 12 years of age or older (EPA 1997b, Table 15-7 on p. 15-25) or 450
hours/year from a nationwide survey of 2,762 people 12 years of age or older (EPA 1997b,
Table 15-7 on p. 15-25). Therefore, 827 hours is a valid assumption of the time spent
outdoors by adults and does not need to be confirmed.

3. Three lifestyle scenarios resulting in different inhalation exposure times were assumed ‘o
bound the distribution:

e Average—The average member of the critical group is employed 35 hours/week, 50
weeks/year, in the vicinity of Yucca Mountain in a non-farming occupation. This is
1,750 hours/year (where one year equals 8,760 hours). This assumption is based on
characteristics of the critical group described in CRWMS M&O (1999d, p. 23).
Commuting time to and from work is within the contaminated area and is assumed to be
5 minutes (0.083 hour) in each direction based on the U.S. Bureau of the Census data

" estimate of the modal (the most frequently reported) commuting time for the area
(CRWMS M&O 1999d, P 22).

o Least Exposed—'l'lus person works indoors or outdoors the same number of hours as the
average member of the group, and the work locality is in a non-contaminated area.
Commuting time to and from work is considered to take place in a non-contaminated
area. Commuting time was assumed to be 0.5 hour based on U.S. Bureau of the Census
data on median (the value that divides a frequency distribution into two halves)
commuting time for the area (CRWMS M&O 19994; p. 22). The least exposed person
has a sedentary lifestyle and spends little time outdoors (25% of that determmcd for the
average person).

e Most Exposed—This person works outdoors 60 hour/week (12 hours/day, 5 days/week;
- 3,120 hours/year) in a contaminated area (e.g., an irrigated agricultural area).
Commuting time to and from work is within the contaminated area and is assumed to be
5 minutes (0.083 hour) in each direction based on the U.S. Bureau of the Census data
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estimate of the modal (the most frequently reported) commuting time for the area
(CRWMS M&O 1999, p. 22). In addition, this person spends additional time outdoors
tending a garden at home (the same amount as the average member of the group). This
scenario is intended to be similar to the lifestyle of an agricultural worker, of which there
are relatively few (< 3% of the population) in Amargosa Valley (CRWMS M&O 19994,
p- 22). '

These assumptions are based on DOE interim guidance (Dyer 1999, pp. 19 of Enclosure),
CRWMS M&O (1999, pp. 22 and 23), and reasonable estimates of the behavior of people in
Amargosa Valley, and therefore do not need to be confirmed.

53 Chronic Breathing Rate

None.
5.4 Soil Exposure Time

The same assumptions about behaviors of the critical group developed for inhalation exposure
time (Section 5.2) were made for the analysis of soil exposure time.

5.5 Home Irrigation Rate

1. Deep percolation is the amount of water that passes below the root zone. In mesic regions,
" deep percolation can result from precipitation or irrigation in excess of ET that percolates
beyond- the root zone. In arid agricultural systems, deep percolation occurs intentionally
- during irrigation to leach salts (i.e., flush them below the root zone) that are deposited in the
soil from irrigation water and that would decrease plant production. The most accurate way
to measure deep percolation is to install underground lysimeters, which measure the amount
of water that moves below the root zone (e.g., Devitt et al. 1992, pp. 717 through 723).
Review of published literature and discussions with University of Nevada Cooperative
- Extension personnel indicated that no lysimeter measurements have been performed in the -
agricultural areas surrounding 'Yucca Mountain.

In the absence of site specific data, a value of six inches was assumed for this analysis. This
value was selected to be consistent with the value of percolation implied in the GENII-S code
and to be compatible with other portions of that code (Napier et al. 1988, p. 4.58). The
validity of this value for irrigation of tall fescue in Amargosa Valley, which is less salt-
tolerant than bermudagrass (Martin et al. 1991a, Table 10-10 on p. 223), was checked using
two equations, as shown in Appendix B. These equations use information on salt content of
irrigation water and salt tolerance of plants to determine the amount of water required to
leach salts. Values of 0.9 and 3.3 inches were calculated (Appendix B), which are
substantially below the ‘default value of 6 inches. Based on these calculations, deep
percolation of 6 inches is considered a valid assumption for this analysis, and does not need
to be confirmed

2. The high bounding value for irrigation rate is 25% higher than the irrigation requirement for
tall fescue. Irrigation rates higher than actual requirements would result from such factors as
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inefficient irrigation systems, intentional or unintentional over-irrigating, and higher leaching
requirements on soils with high salt content. Although rates greater than 25% are possible, it
is unlikely that someone would reach such an extreme because of the increased cost for
pumping or buying groundwater and the detrimental effects that such high levels.of
overwatering would have on turfgrass and the rest of their landscape. No data are available
to confirm this assumption.

5.6 Duration of Home Irrigation

None.
6. ANALYSIS

6.1 MASS LOADING

One input, PMo data from YMP Site 9 (Section 4.1.1), and no assumptions were used in the
analysis of mass loading.

The reasonable, conservative distribution of mass loading was determined directly from the
Site 9 PMo data. Distributions that.can be handled by the GENII-S computer code include
fixed, normal, lognormal, triangular, uniform, loguniform, and empirical (Leigh et al. 1993, p. 5-
33). The raw PMjo data were skewed toward low values (Figure 1) and 2 logarithmic
transformation (log base 10) resulted in the best fit to the available distributions (Figure 2). Two

zero values were removed from the data set prior to transformation because the logarithm of zero -

is an undefined value. Because the empirical distribution in GENII-S (which samples the data
points to obtain a value each time during a run of .
the program) is restricted to only 100 data points
(Leigh et al. 1993, p. 5-36) and the PMo data set
was much larger, lognormal was chosen as the best
distribution for PM,, data.

1
o
()

GENII-S requires two values to define a lognormal
distribution, the 0.1 (minimum) and 99.9®
(maximum) percentiles. These percentiles were
calculated using the mean and standard deviation
of the log transformed data and the Z-distribution,
using the equations: '

5
Jeq Jod uopodoid

Minimum = p - Zo , and

% 10 20 30 40 50 60°

Maximum = p +Zo , PM10 Concentration

where p and ¢ are the mean (0.838) and standard Figure 1. Untransformed PMyo

deviation (0.313), respectively, of the log concentration data (ug/m®) from Site 9,
transformed PM; data, and Z (3.09) is the value that 10/3/92 to 12/30/97 (CRWMS M&O

describes the proportion of the normal curve that lies 1999b).
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beyond a given normal deviate. These calculations © 70

Jeq Jed uopiodoid

resulted in a2 minimum log-transformed value of 60 do2
-0.1292 and a maximum log-transformed value of
1.805. Back calculating these values (i.e., taking the 50
antilog) resulted in 2 minimum value of 0.743 pg/m’ 2 40
and 2 maximum value of 63.836 pg/m’. a

. O 30 i -10.1
The mean of the non-transformed data, 8.725 pg/m’, :
was selected as the reasonably expected estimate for 20 18 .
a deterministic run. 10k '
The PMyo 99.9" percentile value described by the 80 o5 10 15 28°
distribution (63.86 pg/m®) was selected as the high PM10 Concentration
bounding value because it is about 12% higher than B Loa (base 10 formed PM
the highest PMq value (57 pg/m®) recorded at Site 9. ofﬂ‘;?ﬂfr-aﬁ °9 éatasfp g,r)n‘,’)a;‘;; Sag

10/3/92 to 12/30/97 (CRWMS M&O

PMjo data wcre recorded in pg/m and converted to 1990b).

units of g/m’ (values usable by GENII-S) by

multlplymg by 1.0 x 10%. The resulting estimates were a minimum of 7.4 x 10'7 g/m’ and a
maximum of 6.4 x 107 g/m The reasonable expected value was 8.7 x 10€ and the high
bounding value was 6.4 x 10”° g/m”. :

62 INHALATION EXPOSURE TIME

Based on the three assumptions listed in Section 5.2, a time activity budget was developed for
the three lifestyle scenarios (Table 2). The inhalation exposure time category in Table 2 is the
amount of time in hours per year that a member of the critical group is assumed to be exposed to,
and will be mhalmg, aerosolized radioactive material (i.e., dust). Inhalation exposure time (IBT)
is calculated using the equation: -

ET=T,.+ %,
2

where Toc equals the time spent outdoors in a contaminated area, and Txc equals the number of
hours spent indoors in a contaminated area. This equation is based on the assumption (#1 in
Section 5.2) that the exposure rate indoors is one-half of that experienced outdoors.

_ The reasonable, conservative distribution of inhalation exposure time has a triangular probability
function. The number of hours assumed to be spent outdoors by the most exposed individual is -
much higher than that of the average individual; therefore, symmetrical distributions (e.g.,
normal and uniform) are not valid. The triangular distribution was chosen because there is no
information to indicate that more complex non-symmetrical distributions are more likely than the
triangular distribution. This triangular distribution is described by a minimum value of 3,483.38
hours/year, the mode (referred to as best estimate in GENII-S, Leigh et al. 1993, p. 5-33) of
3,918.5 hours/year, and a maximum of 6,353.5 hours/year (Table 2). The reasonably expected
wvalue to use in a deterministic run of the GENII-S code is the mode of 3,918.5 hours/year.
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Table 2. Time (hours/year) spent in contaminated and uncontaminated areas based on three lifestyle
scenarios.

Contaminated Non-contaminated
Areas Areas
Outdoors plus Inhalation
Scenario Activity Outdoors Indoors Indoors Exposure Time*
LeastExposed Atwork 0.00 0.00 1750.00
Commuting 0.00 - 0.00 250.00
At home 206.75 6553.25 0.00
Total 206.75 €6553.25 2000.00 3483.38
Average Atwork 0.00 0.00 1750.00
Commuting 0.00 41.50 .0.00
At home 827.00 6141.50 . 0.00
Total 827.00 6183.00 1750.00 3918.50
Most Exposed At work 3120.00 0.00 0.00
Commuting  0.00 43.00 0.00
At home 827.00 4770.00 0.00
Total 3847.00 4813.00 0.00 6353.50

* Calculated as 100% of time spent outdoors in a conhmlnated area plus 50% of time spent indoors m-a
contaminated area (NRC 1977, p 1.108-43). .

The maximum estimate was also selected as the high bounding value. This maximum estimate:
was based on the lifestyle (i.e., outdoor worker such as a farmer working in the contaminated
area) that will result in a high exposure rate relative to the average member of the critical group.
The number of hours that this worker is assumed to spend outdoors (working 60 hours/week for
52 weeks, plus 827 additional hours spent outdoors, totaling 3,947 hours/year) is higher than the
values from two other recent studies. The NRC, in their Iterative Performance Assessment Phase
2 (NRC 1995, p. 7-10), used a lower value by assuming ‘that farmers spent only 27% of their
time outdoors (6.48 hours/day or 2,336 hoursfyear), resulting in an inhalation exposure time of
5,548 hours/year. In addition, LaPlante and Poor (1997, p. 2-23) assumed that time spent out
doors for a “resident farmer” who was employed outside of the contaminated area (2,080
hours/yw) would equal 100 hours/year in a garden and 1,700 additional hours outdoors. This
 scenario results in an inhalation exposure time of 4,200 hours/year (LaPlante and Poor 1997, p.
2-23).

63 CHRONIC BREATHING RATE

Estimates of chronic breathing rates were selected based on a hterature review of the breathing
rates of adults. Only adults were considered because DOE interim guidance (Dyer 1999, p. 19 of
Enclosure) and proposed NRC guidelines (64 FR 8677) state that the average member of the
critical group is an adult. '
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Several breathing rates have been used to assess exposure to airborne contaminants (reviewed in
EPA 1997a, pp. 5-1 through 5-27). The following are examples of the range of values
previously used and include the estimates chosen for the chronic breathing rate parameter.

¢ - The EPA Exposure Factors Handbook recommends a value of 15.2 m 3/day for an adult male,
' 19 to 65 years of age (reviewed in EPA 1997a, p. 5-24). However, EPA (19973, p. 5-1)
states that a value of 20 m*/day is used as the default value for the EPA Integrated Risk
Information System

¢ The International Commission on Radnologlcal Protection (ICRP), Publication 23 (ICRP
1975, p. 346), uses a value of 23 m 3/day for a 70-kg adult male. This value is based on eight
hours each of resting, light activity work, and nonoccupational activity.

¢ ICRP (1975, p. 346) also identifies a value of 31 m>/day (i.e., 35% more than the 23 m>/day
for an average lifestyle) for a 70-kg adult male that is engaged in more strenuous activities.

¢ Based on the information in ICRP (1975, pp. 346 and 347), an adult male engaging in
moderate to heavy actmty for 16 hours/day and resting for 8 hours/day would consume
approximately 42 m 3/day.

Chronic breathing rate was considered to have a fixed dxstnbunon because the GENII-S code
treats this input as a fixed value. The ICRP value of 23 m 3/day was selected as the reasonable,
conservative estimate and as the reasonably expected value to use in a deterministic run of
GENII-S. This value was selected primarily because it is based on a scenario that matches the-
behavioral characteristics of the reference group as proposed by the NRC (64 FR 8640-8678) and
described in CRWMS M&O (19994, pp. 22 and 23). In addition, ICRP (1975) is considered the -
international standard for physical and physiological characteristics of “reference man.”

The ICRP value of 31 m /day was selected as the high bounding value because it matches a
likely scenario for a person in Amargosa Valley working outdoors in an agricultural setting. The
high value of 42 m*/day was considered unreasonable because it is doubtful that a person could
sustain the level of actwlty reqmred to maintain this high breathing rate.

64 SOIL EXPOSURE TIME

The assumptions, scenarios, and much of the analyses for determining soil exposure time are the
same as those for determining inhalation exposure time (see Section 6.2), and are not repeated
here. The only difference between these parameters is that inhalation exposure time includes
time spent indoors in a contaminated environment; soil exposure time does not. Thus, the values
presented in Table 2 for time spent outdoors in a contaminated environment are equal to the soil
exposure time.

Based on the information presented in Section 6.2, the reasonable, conservative distribution of
soil exposure time is triangular with a minimum estimate of 206.75 hours/year, the mode
(referred to as best estimate in GENII-S, Leigh et al. 1993, p. 5-33) of 827.0 hours/year, and
maximum estimate of 3,947.0 hours/year. The reasonably expected value to use in a
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deterministic run of GENII-S is the mode of 827.0 hours/year. The high bounding value is the
maximum value of 3,947.0 hours/year.

6.5 - HOME IRRIGATION RATE

The irrigation rate of turfgrass was calculated for this analysis. Turf was chosen because lawns
are common in southern Nevada, turf requires year-round irrigation in this region, and turf has a
high water requirement relative to garden crops and ornamental plants; thus, it will result in a
realistic and conservative estimate of home irrigation rate. The data listed in Section 4.1.5 were
used as inputs for temperature, solar radiation, precipitation, and crop coefficients. Assumptions
were developed for deep percolation and the high bounding value (Section 5.5).

Irrigation rate of turfgrass is influenced by the type of grass grown and the maintenance regime
followed (Devitt et al. 1992, pp. 717 through 723). Two combinations of turf and maintenance
regimes were analyzed to obtain a range of home irrigation rates. For a low estimate, irrigation
rate was calculated for warm-season bermudagrass overseeded with perennial ryegrass during
winter and grown in a low-maintenance (e.g., low rate of fertilizer application, low mowing
frequency, high mowing height) park setting, as described by Devitt et al. (1992, pp. 717 through
723). For a high estimate, irrigation rate was calculated for cool-season tall fescue grass grown
. under a relatively high-maintenance regime as described by Devitt et al. (1995b pp 47 through
63). .

Irrigation requirements for low-maintenance bermudagrass and high-maintenance tall -fescue.
represent a reasonable, conservative range of irrigation rates for turfgrass in southern Nevada. .
Bermudagrass is a commonly used, drought adapted turfgrass in southern Nevada (Morris and
Johnson 1991, p. 1). Although maintenance regimes resulting in lower irrigation rates often are
used in southern Nevada (e.g., no winter overseeding or irrigation, and allowing grass to die back
during mid-summer), the park-based maintenance regime used in this analysis will result in a
higher, more conservative estimate. The irrigation rate of tall fescue is suitable for the high
estimate because cool season grasses are not as well adapted to arid climates as warm-season
grasses and require about 20-30% more lmgatlon water (Morris and Johnson 1986, pp. 1 through
.3; Undated B, p. 1), and because tall fescue is the recommended cool season grass for southern
Nevada (Morris and Johnson, 1986, p. 3).

Irrigation rate (IR, inches/year) was calculated using the equation:

12 .
IR=> ET«—P+DP,

nr=l
where m = month, ET,, = total monthly ET, P = annual precipitation, and DP = annual deep
percolation. This equation is a reduction of the soil water balance equation in Martin et al.
(1991a, p. 200), based on a steady-state condition (i.e., soil water at the beginning of the year
equals that at the end of the year). This equation accounts for the water needs of the plant being
irrigated (transpiration) and the major site-specific inputs (precipitation and deep percolatnon)

and outputs (evaporation) of water.
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Evapotranspiration for a plant species typically is calculated based on the ET for a reference crop
(i.e., reference ET) at the location of interest multiplied by a coefficient specific to the species
bemg considered (Martin et al. 1991a, pp. 201 through 204; UCCE 1987, pp. 1 through 12). For
this analysis, reference ET was calculated using the Jensen-Haise equation (Martin et al. 1991b,
p- 334), as described and justified in Appendix A and summarized in Table 3.

Monthly ET was calculated by multiplying reference ET by the monthly crop coefficients for
bermudagrass (Devitt et al. 1992, Table 3 on p. 722) and tall fescue (Devitt et al. 1995b, Figure
2, on p. 56). Monthly ET for bermudagrass ranged from 0.84 inches in December and January to
8.26 inches in July and totaled 49.2 inches annually (Table 3). Actual annual ET of low-
maintenance bermudagrass in Las Vegas has been measured at 42 inches (Devitt et al. 1992, p.
720). Monthly ET for tall fescue ranged from 0.65 inches in December to 15.32 inches in July,
and totaled 84.5 inches annually (Table 3). Actual annual ET of tall fescue in Las Vegas has
been measured at 87 inches (Devitt et al. 1995b, p. 59).

Using values of 3.59 inches annual precipitation and 6 inches deep percolation, the minimum
irrigation rate (inches/year), based on the requirements of low-maintenance bermudagrass, is

12
IR =ZET.—P-!'-DP=49.2—3.6+6=Sl.6.

m=]
This value is shghtly lower that the estimate of about 60 inches/year for the Las Vegas Valley
(Morris and Johnson 1991, p. 3). It is also lower than the rate of 74 inches/year recommended
for bermudagrass by the Las Vegas Valley Water District (Undated, pp. ‘10 and 11). It is.
expected that these published estimates are somewhat higher than the estimate calculated for this
analysis because the published estimates are based on a high-maintenance regime. They also use
a higher deep percolation rate (15% of annual irrigation = 9 or 13 inches, respectively) because
of the high salinity of the Colorado River water used in Las Vegas (Las Vegas Valley Water
District Undated, pp. 10 and 11). Thus, a rounded estimate of 52 inches/year based on site-
specific information is a valid estimate of the minimum irrigation rate used by a member of the
critical group.

The maximum irrigation rate (inchies/year), based on the requirements of tall fescue, is

12
IR=7) ETu—P+DP=845-3.6+6=86.9.

=l
This value is slightly lower than 91 inches/year recommended for tall fescue by the Las Vegas
Valley Water District (Undated, pp. 12 and 13). However, it is similar after differences in deep
percolation are accounted for (about 12 inches in Las Vegas versus 6 inches for this analysis).
Thus, 87 inches/year is a valid estimate of the maximum irrigation rate used by a member of the
critical group.
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Table 3. Average monthly temperature and solar radiation at YMP Site 9, monthly reference evapotranspiration (ET,), and monthly crop
coefficients and evapotranspiration for bermudagrass and tall fescue. Values presented are rounded. Calculations were done using more precise
values from the original data sources.

Average Monthly Average Dally

Temperature Solar Radiation ET *  Crop Coefficient Evapotranspiration (inches)’
Menth °c* °F® mjim?day® langleys/day® (lr'w:m;s)‘I Bermudagrass® Tall Fescue' Bermudagrass Tall Fescue
January 7.1 448 9.5 227.0 2,04 0.41 0.54 . 0.84 1.10
. February 9.6 493 139 332.1 3.09 0.41 0.72 1.27 222
March 13.6 56.5 19.4 14635 5.73 0.41 0.86 2.35 493
April . 16.7 62.1 246 5877 . 195 0.55 0.96 437 7.63
May 221 718 27.5 657.0 11.02 0.55 1.02 6.06 1124
June 27.4 81.3 29.9 - 743 13.49 0.55 1.04 7.42 14.03
July 31.0 87.8 29.4 - 702.4 15.02 0.55 1.02 8.26 15.32
August 30.5 86.9 27.0 - 645.0 13.63 0.55 0.96 7.49 13.08
September 254 77.7 226 539.9 - 9.66 0.55 0.86 _ 5.31 8.31
October 17.7 63.9 - 174 . 4157 : 6.03 0.55 0.72 3.31 434
November 10.6 51.1 11.9 ' 284.3 298 0.55 0.54 1.64 1.61
December 6.9 444 9.6 . 2293 2.04 0.41 0.32 084 0.65
* Annual Sum 92.69 : 4917 84.48
* CRWMS M&O 1999a.

®Converted as (9/5)°C+32.

° Converted as langleys/day = 23.89(megajouleslm’lday). 4

4See Appendix A for details about the calculation of reference evapotranspiration.

® Average of five years of experimentai data with months grouped to maximize uniformity coefficients (Devitt et al. 1992, pp. 721 and 722).

! Calculated from the equation: Crop Coefficient = 0.32 + 0.24(month) - 0.02(month)’. where month is a numeric value for the order of months in a
year (e.g., February = 2) (Devitt et al.11995b, Figure 2).

% Evapotranspiration = ET, x crop coefficient.




The reasonable, conservative distribution of home irrigation rate has a uniform probability
function. The actual rate at which turfgrass is irrigated is dependent upon numerous decisions

made by the residents, such as fertilization rates, frequency of mowing, and the efficiency of
" irrigation equipment. These choices are dependent upon the quality of grass residents desire and
the amount of effort and money they are willing to expend on maintaining their lawn. Because
the range of these choices is based on personal preference, and all choices are equally likely, a
uniform distribution was selected. N
Based on this analysis, the reasonable, conservative distribution of home irrigation rate has a
uniform probability distribution with a minimum of 52 inches/year and a maximum of 87
inches/year. The reasonably expected value to be used in a deterministic run of GENII-S is 69.5
inches/year, the midpoint between the minimum and maximum values. Based on Assumption 2
in Section 5.5, the high bounding value is 109 inches/year (25% greater than the maximum of the
distribution).

6.6 DURATION OF HOME IRRIGATION

For the reasons described in the analysis of home irrigation rate (Section 6.5), the irrigation
requirements of turfgrass were considered in this analysis. A literature review was conducted to
determine the irrigation requirements of turfgrass species.

The Las Vegas Valley Water District (Undated, pp. 10 through 13) and the University of Nevada
Cooperative Extension (Morris and Johnson 1991, pp. 3 and 4; Morris and Van Dam 1989, pp. 3

and 4) recommend that cool and -warm season grasses be irrigated throughout the year in
southern Nevada.

Based on these recommendations, the reasonable, conservative diStribution is a fixed value of 12
months. The reasonably expected and high bounding values to be used in deterministic runs of
GENII-S also are the maximum possible value of 12 months.

7. CONCLUSIONS

This analysis report documents the selection of the recommended reasonéble conservative
distribution; reasonably expected value; and high bounding value for six paramcters needed to
calculate biosphere dose conversion factors (Table 4).

The primary uncertainty associated with these recommendations is the definition and
characteristics of the critical group, which are defined in DOE guidance (Dyer 1999, p. 19 of
Enclosure) and summarized in CRWMS M&O (19994, pp. 22 and 23). These characteristics are
based on rules proposed by the NRC for 10.CFR 63 (64 FR 8640-8678). If the final NRC rules
differ from the proposed rules enough to cause changes in DOE guidance or the characteristics
summarized in CRWMS M&O (19994, pp. 22 and 23), revision of this analysis will have to be
considered. Similarly, if CRWMS M&O (19994, pp. 22 and 23), which is classified as To Be
Verified (TBV) (Table 1 and Attachment 1), is modified during the review process, this analysis
may have to be modified.
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Table 4. Summary of parameter values for GENII-S code input derived from analyses presented in
this report. '

Pathway Reasonably High Bounding
Parameter Distribution Expected Value" Value*

Exposture from

Inhalation
Mass Loading Lognormal: 0.1 percentile = 8.7 x 10° 6.4 x 10°
(grams/m®) 7.4 x 107, 99.9 percentile = :

6.4 x10°

Inhalation Trian%ular: min = 3,483.38, 3,918.5 6,353.5
Exposure Time mode’ = 3,918.5, max= .
(hourslyear) 6,353.5
Chronic Breathing  Fixed: 23 23 31
Rate (m%day)

External Ground

Exposure
Soil Exposure Trian%u!ar: min = 206.75, 827 3,947
Time (hourslyear) mode” = 827, max = 3,947 _ S
Home Irrigation Uniform: min = 52, max = 87 69.5 109
Rate (incheslyear) . }
Duration of Home  Fixed: 12 12 ' 12
Irrigation :
(monthslyear)

¥ These values are estimates required for deterministic runs of the computer model, GENII-S.
® Referred to as the best estimate in GENII-S (Leigh et al. 1993, p. 5-33). A

Five other inputs for this analysis are classified as TBV (Table 1 and Attachment 1). If these
inputs, listed below, are not verified, assumptions will have to be developed to replace those

inputs. It is likely that those assumptions will be based on the same data now used as inputs, and

therefore the results of the analysis will not change. However, confidence in the conclusions of

this analysis may be less if based on unverified assumptions.

e The data used to estimate mass loading (CRWMS M&O 1999b, parameter 1078) needs to be
evaluated for qualification as described in AP-SIIL.2Q, Qualification ‘of Unqualified Data

and the Documentation of Rationale for Accepted Data. This process has been initiated.

o The qualification status of three inputs in the analysis of home irrigation rate needs to be

verified. These inputs are average monthly temperature, solar radiation and precipitation
(parameters 595, 594, and 553, respectively, in CRWMS M&O 19992). A TBV number has
been assigned and this process, as defined in AP-3.15Q, Managing Technical Product Inputs,

has been initiated.

_e . The source (University of Nevada Cooperative Extension) for the crop coefficients of turf
grasses used in the analysis of home irrigation rates needs to be evaluated for classification as
accepted, as described in AP-SII1.2Q. This process has been initiated.
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APPENDIX A. CALCULATION OF REFERENCE EVAPOTRANSPIRATION
(ETR) AND JUSTIFICATION OF THE SELECTED EQUATION.

Calculation

Monthly reference evapotranspiration was calculated using the Jensen-Haise equation (Martin et
al. 1991b, p. 334):

Cx(T - To)Rs

ETt =
1486

days

where:

Cr=1/(C) + C2Cy) = 1/{58.10 + 13(1.11)} = 0.014

C,=68- 3.6(91evation in feet)/1,000 = 68 — 3.6(2,750)/1,000 = 58.10
C, =13, °F (a constant)

Cr= 50/(ez — e1), mbars = 50/(70.74 — 25.63) = 1.11

Tx=27.5-0.25(e; — ej) — elevation/1,000 = 27.5 — 0.25(70.74 - 25.63) — 2,750/1,000 = .
13.47

. e; = saturated vapor pressure (mbars) at the mean maximum air temperature for the
hottest month (39.2°C; CRWMS M&O 1999a; CRWMS M&O 1999c¢, Table A-9
on p. A-10). Calculated using the following equation from Buck (1981, p. 1532):

A

e; = Saturated vapor pressure (mbars) at the mean minimum air temperature for the
hottest month (21.5°C; CRWMS M&O 1999a; CRWMS M&O 1999¢c, Table A-9
on p. A-10). Calculated using the following equation from Buck (1981, p. 1532):

es=6.1121{cxp

17.502(°C)

=6.1121 = 6.1121{exp(1.43)} = 25.63
“ {ex (240.97+°c)} fexpdt 43}

Rs = Incoming solar radiation, langleys/day (See Table 3)
T = Average monthly air temperature, °F (See Table 3)
days = number of days per month
Example: (average monthly temperature and solar radiation are from Table 3)
January ET, (inches) =

0.014(44.8-13.47)227
1486

ET. = 31=2.04.
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Justification of Jensen-Haise E‘quation:

The Jensen-Haise equation was chosen for the calculation of reference ET because it is relatively
simple to use and is generally reliable for calculating ET over long periods (e.g., weekly) in arid
climates using the type of climate data available for the Amargosa Valley region (Martin et al.
1991b, p. 334). This equation accounts for local temperature and solar radiation. However, it
- does not incorporate the effects of wind, as do more complicated methods such as the modified
Penman equation (Martin et al. 1991b, pp. 334 through 336). Devitt et al. (1995a, pp. 75 through
81) demonstrated that high wind runs can influence calculations of ET in the southwestern
United States.

To ensure that the Jensen-Haise equation did not underestimate reference ET, the results
calculated for this analysis (Table 3) were compared to two unpublished estimates of ET for
southern Nevada that used the modified-Penman equation (Figure A-1). The first was calculated
from nine years (1986-1994) of climate data from Pahrump, Nevada (Contact Report; S.L.
LeStrange to G.D. McCurdy, Western Regional Climate Center, Reno Nevada; including
computer code, weather data, and results of equation; ACC: MOL.19990323.0175). The second
was based on four years of data (1988, 1990-1992) from Las Vegas (Fax transmission, R.L.
Morris, University of Nevada, Reno, Cooperative Extension, to S. LeStrange; July 28, 1997;
ACC: MOL.19990629.0319). High and low estimates were considered for Las Vegas.

The Jensen-Haise equation resulted in values that were about 1 inch lower than the modified-
Penman estimates during November—January, but as much as 4 inches higher durmg
June-August (Figure A-1). Annual reference ET calculated for the proposed location of the--
critical group (92.7 inches, Table 3) was higher than that calculated for Pahrump (84.8 inches)
- and near the high end of the range of values calculated for Las Vegas (84.1-96.7 inches). Itis
expected that ET for the proposed location of the critical group would be slightly lower than the
maximum for Las Vegas because the weather data used to calculate ET at that site (838 m;

CRWMS M&O 1999c, Table 1-1 on p. 6) came from a site about 180 m higher than the ™

elevation in Las Vegas (659 m; Devitt et al. 1995a, Table 1 on p. 68). The monthly ET values
calculated for the proposed location of the critical group using the Jensen-Haise equation also are
within the range or higher than those reported for other locations in the southwestern U.S.
(Devitt et al. 1992, Table 2 on p. 719; UCCE 1987, Figure 1 on p. 3; Devitt et al. 1995a, Figure 3
on p. 77). Therefore, the results of the Jensen-Haise equation used in this analysis are valid,
conservative estimates of monthly reference ET.
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Figure A-1. Reference evapotranspiration (in inches) estimated at the proposed location of the critical -
group (labeled as “Lathrop Wells® in this figure) and measured in Pahrump (Contact Report; S.L.
LeStrange to G.D. McCurdy, Westermn Regional Climate Center, Reno Nevada; including computer code,

. weather data, and results of equation. ACC: MOL.19990323.0175) and Las Vegas. (Fax transmission,
R.L. Morris, University of Nevada, Reno, Cooperative Extension, to S. LeStrange; July 28, 1997; ACC:
MOL.19990629.0319).
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| APPENDIX B. CONFIRMATION OF A DEEP PERCOLATION VALUE

Two equations were used to confirm the validity of a default deep percolation value of 6 inches.
These equations use the same data on salt tolerance of crops, but use different methods to
determine the leaching requirement (LR), which is the minimum fraction of the total applied
water that must pass through the root zone to prevent a reduction in crop yield due to salt
accumulation. These calculations were done only for tall fescue, which is less salt tolerant than
bermudagrass (Martin et al. 1991a, Table 10-10 on p. 223), and therefore requires a higher level
of percolation. :

Equation 1. Martin et al. (1991a, pp. 224 through 226) present a method for approximating LR
and using an iterative calculation to determine the total annual irrigation depth required to
maintain an appropriate salt balance. Iteration is required because one of the inputs, irrigation
depth, is not known. Known values for this equation are:

ET, = evapotranspiration for tall fescue = 85 inches (Table 3)
P = Precipitation = 3.6 inches (CRWMS M&O 19992, parameter 553).

EC; = Electrical conductivity of irrigation water = 0.51 dS/m. Calculated as the average
conductivity of water from 31 irrigation or domestic wells (Table B-1) located in the village
of Amargosa Valley (formerly Lathrop Wells) or west of State Route 373 and south of
Highway 95 in Amargosa Valley (McKinley et al. 1991, pp. 9 through 17). These data are
skewed somewhat toward low values; only 9 of the 31 measurements are above the mean.
These nine wells are at least 9 km from the intersection of State Route 373 and U.S. Highway "
95 and the eight most saline wells are more than 16 km south or southwest of that
intersection. These most saline wells are located near the Nevada-California border where
the water table is much shallower. Thus, the mean of 0.51dS/m is a reasonable conservative
(i.., high) estimate of salinity expected within the region being evaluated for the reference

group.

EC; = electrical conductivity at salt tolerance threshold = 3.9 dS/m (Martin et al. 1991a,
Table 10-10 on p. 223). This is the salinity of irrigation water at which the productivity of
ta]l fescue begins to be affected. :

Determination of deep percolation requires the following steps:

1.

Calculate the ratio of the electrical conductivity at the salt tolerance threshold to the electrical

" conductivity of irrigation water: EC:EC; = 3.9 dS/m + 0.51 dS/m = 7.65

Determine the LR using Figure 10-13 of Martin et al. (1991a, p. 225) =0.05 (Figure 10-13
shows L, reaching a lower asymptote of about 0.05 at ratios greater than about 3.5).

Calculate annual depth (in inches) of irrigation water (I;) required to prevent a decrease in
production:
p=Ll_p= 8 __36-859,
1-L. 1-0.05
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4. Calculate the electrical conductivity of applied water (ECy) (i.e., diluted by rainfall):

_ ECL _051(859) _,

. L+R’ 859+3.6 ,

5. Determine a new LR based on the ratio of electrical conductivity at the salt tolerance
threshold to the electrical conductivity of applied water: EC:ECy (3.9/0.49 = 7.96). From
Figure 10-13 of McKinley et al. (1991), LR =0.05.

ECw 49.

6. If necessary, recalculate I; based on the new LR. Because LR does not change at such high
ratios, this step and additional iteration is not necessary. Annual depth of irrigation water
required to prevent a decrease in production is 85.9 inches.

Thus, the amount of water required for deep percolation in addition to the 85 inches needed for
evapotranspiration is 0.9 inches (85.9 — ET.).

Equation 2. Donahue et al. (1997, pp. 271 through 273) present an equation for LR that is based
on the amount of water needed for leaching salts that is in addition to that needed to wet the root
zone. For this equation to be used with the data available, one must assume that irrigation is
sufficiently applied so that the entire root zone is wefted. Although this assumption may not
.always be met, completely wetting the root zone is the most efficient method for irrigating; thus,
it is valid to assume that this assumption usually will be met.

This equation requires two inputs.
EC; = Electrical conductivity of irrigation water = 0.51 dS/m (Table B-1).

ECg. = Electrical conductivity causing a 50 percent decrease in yield = 13.33 dS/m. Calculated
as yield reduction threshold + (50/yield reduction per unit of salinity increase) = 3.9 dS/m + (50
+5.3 dS/m) = 13.3 dS/m. Yield reduction values for tall fescue are from Table 10-10 of Martin
etal. (1991a, p. 223). '

LR is calculated as:

LR = EG _ 0.51dS/m —0038
ECs» 13.33dS/m

This value is sfmilar to that approximated above using Martin et al (1991a, Figure 10-10).

The LR is then multiplied by the total amount of water applied via irrigation (0.038 x 85 inches)
to obtain a deep percolation value of 3.3 inches. o

This value is slightly higher than that obtained above using the equation of Martin et al. (1991a,
Pp. 224 through 226) because Martin et al. (19912, pp. 224 through 226) account for the addition
of salt-free precipitation (in step 3).. However, both values are substantially below the default
value of 6 inches. Thus, 6 inches is a valid assumption for this analysis.
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Table B-1. Electrical conductivity of 31 wells in Amargosa Valley located in the village of Amargosa
Valley (formerly Lathrop Wells) or south and west of the intersection of U.S. Highway 85 and State Route
373 (McKinley et al. 1991, pp. 9 through 17).

Electrical Conductivity
Site Number Distance (km)" (dS/m)®
37 0.09 . 0.49
34 3.59 0.34
35 433 0.33
36 ~ 4.87 0.34
63 ~ 9.01 0.65
57 9.13 0.30
60 8.73 0.43
58 9.79 0.31
61 9.84 0.37
59 10.18 0.32
65 ) 12.95 0.30
66 13.36 0.31
53 : 1386 0.32
54 15.10 0.33
44 15.44 0.34
43 15.96 0.37 .
51 - 16.04 0.35 -
55 16.33 0.34
77 16.77 0.60
76 17.47 0.38
73 17.87 0.31
56 18.03 0.83
47 18.54 1.07
75 18.73 0.29
42 18.74 0.85
78 18.88 0.28
74 18.90 0.35
39 20.04 0.98
72 20.27 1.29
40 20.71 0.96
89 25.60 0.70
Average . 0.51

* Distance from the intersection of U.S. Highway 95 and State Route 373 to the well.

® Converted from pS/cm (units used by McKinley et al. 1991, pp. 14 through 17) to dS/m using the
equation dS/m = 0.001(uS/cm).
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M. T. Peters < See Below SUM1/820B
- 702-295-5623

BACKGROUND

Over the past several months, the issue of heat loss through the Drift Scale Test (DST) bulkhead
has been discussed and analyzed. Much of this discussion has been documented in three
informal reports entitled “Thermal Test Progress Report No. 1, 2, and 3 (see Enclosure Nos. 1,
2, and 3). The issue of heat loss was initially addressed during the design of the bulkhead in
which it was not considered necessary for the heated drift to be sealed air tight (DST Design and
Forecast Results report; BAB000000-01717-4600-00007; published December 11, 1997).
Rather, the bulkhead was to be protective and to serve as a primary thermal barrier to retard
conductive heat loss. This type of bulkhead would allow workers and visitors close access to the
. DST with minimal risk. In addition to internal discussions among the thermal test team, the
NRC requested a U.S. Department of Energy/Nuclear Regulatory Commission (DOE)/(NRC)
Appendix 7 meeting to further discuss this topic. This meeting was held April 28, 1999 in Las
~ Vegas. A summation of the meeting was circulated by e-mail on June 13, 1999 by Michael Scott
(see Enclosure No. 4).. Key issues related to bulkhead heat loss raised by the NRC are as
follows: continuously monitoring vapor and air escaping the bulkhead; evaluating the efficacy of
redundant calibrated manometers; and evaluating existing ventilation data in assessing heat loss.

SUMMARY/RESULTS

In summary, the original plan/design of the DST bulkhead is still considered satisfactory. The
bulkhead was simply intended to provide a protective and primary thermal barrier to allow
personnel, both visitors and workers, to observe the heated drift and to work in close proximity
to the bulkhead/heated drift with minimal risk. After much additional scrutiny, extensive and
more accurate characterization of the heat loss through the bulkhead is considered difficult,
problematic, and unnecessary. '

Heat loss is attributed to a combination of the three primary modes of heat transfer: conductive,
convective, and radiative. Determination of the total heat loss or individual modes of heat
transfer is nontrivial for several reasons including: '

¢ Convective Heat Loss :
.= irregular shape of the bulkhead (regardless, conductive heat loss is considered small
compared to convective heat loss).
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e Convective Heat Loss

— the inherent leakage through the bundles of power-cables and instrument-wiring
pathways through the bulkhead, : ' '

— substantial ventilation on the cool side of the bulkhead greatly impedes the ability to
measure heat loss from the bulkhead,

—~ the ina‘lj)ility to measure low airflow rates should the existing ventilation be greatly
reduced,

— existing ventilation data is not useful for determining heat loss because large
volumetric flowrates and limitations of temperature and relative humidity measuring

devices, and
— because of problems cited above, continuous measurement would not be beneficial.

e Radiative Heat Loss
- with the exception of a minor amount of radiation through the glass windows,
radiative heat losses is primarily from the outer surface of the bulkhead. Given this
condition, it is a subset of conductive heat loss and can be considered both difficult to
measure and a minor component of the overall heat loss. »

Ultimately, the need to measure heat loss through the bulkhead hinges on the accuracy of
numerically simulating the thermal behavior in the DST. Analyses indicate that an assumed
convective boundary condition results in good comparative agreement between measured and
simulated temperatures. Thus, the lack of accurate measurements of heat loss can be offset by
proper numerical modeling. This approach is preferable to attempting to directly measure heat
loss which has proven to be difficult.

DISCUSSION

The following discussion on heat loss through the bulkhead is divided into the three modes of
heat transfer losses and an evaluation of a numerical approach to this problem.

Conductive Heat Loss

Much discussion on addressing conductive heat loss through the bulkhead has been documented
in three informal progress reports (see Enclosures Nos. 1, 2, and 3). The following is a summary
of the approaches and results presented in these informal reports. :

Conductive heat loss through the bulkhead initially appeared to be a significant contributor to the
total heat loss. Also, it appeared a remedy, insulating the cool side, could be easily and
effectively installed. Before insulating, attempts were made to quantify the conductive heat loss
by direct measurements. Subsequently, heat flux through seven steel and glass locations was
measured with heat flux meters. The total conductive heat loss, based on these measurements,
was estimated to be approximately 6 kW. The irregular shape of the bulkhead, especially
numerous “fins” or steel-mesh guards that protect the glass windows, make it difficult to
accurately extrapolate these conductive heat flux measurements into a single value. Because of
the inherent uncertainty to these measurements, the estimate that conductive heat loss is much
less than convective heat losses, and newly perceived problems with the installation of
insulation; further evaluation of heat loss was focused on convective heat loss.
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Radiative Heat Loss

Heat loss through the bulkhead by radiation was not considered because it cannot be measured -
without good measurement of temperature along the outer side of the bulkhead. As discussed’
above, the irregular configuration of steel, windows, and cable/wire bundles makes this a
formidable and difficult task. Most radiative heat loss is a component of conductive heat loss
since the conductive heat loss is dependent on temperature difference across the thickness of the
bulkhead materials (e.g. steel plates or glass windows); whereas, radiative heat loss is dependent
on the temperature difference between the bulkhead’s outer surface and the air. A secondary
amount of radiative heat loss is transmitted through the bulkhead’s glass windows which
comprise a small fraction of the bulkhead’s surface area. In summary, most of the radiative heat
loss is a subset of the conductive heat loss and therefore is not considered significant.

Convective Heat Loss

As discussed in Enclosures Nos. 1, 2, and 3, measurement of convective heat loss is difficult for
several reasons. The leakage through the three sets of power cables and single set of instrument
wiring is essentially unstoppable. Other leaks exist around the periphery and through door and
window openings. Attempts to pack and seal the bundles and other leaks have only mitigated,

_ pot eliminated, this uncertainty. Another factor is the temporal moisture fluctuations from

“barometric pumping” and the dynamics of moisture drying and mobilization in the heated drift
and test block. These temporal fluctuations, which are both diurnal and seasonal, are difficult to

" eliminate because continuous measurements of convective heat loss are not practical.

Whether the convective heat loss is measured from either a liquid-water condensation/collection
system or a water-vapor relative humidity detection system, inherent uncertainties will be
substantial. Other concepts for measuring convective heat loss through the bulkhead are
considered even less applicable. The primary. problem with the liquid-water condensation/
collection system is (1) the collected sample does not represent the total amount of water vapor
loss and (2) the inability to accurately estimate the total amount of water vapor loss. Also,
continuous measurements, which would be expensive and cumbersome, would be needed to
avoid uncertainties from temporal fluctuations. :

The primary problem with the water-vapor relative humidity detection system is the need to
reduce the flow of ventilated air on the cool side of the bulkhead to ensure an accurate
determination of the amount of water vapor escaping through the bulkhead. The need to
significantly reduce the ventilation rate becomes apparent when the rate of moisture loss from the
numerically estimated 22 kW convective heat loss (equates to 35 liters of water vapor per hour
which requires 1.5 million liters of air per hour to keep the air saturated) is compared to the range
of ventilation flow rates between 50 and 150 million liters per hour. This comparison indicates
the ventilation rate is 35 to 100 times too large to allow estimation of moisture loss through the
bulkhead by measuring relative humidity changes. [Note: Thermal-hydrological analyses by
LBNL indicate convective heat loss through the bulkhead is approximately 22 kW].

Complications also exist with accurate measurement of a much slower ventilation flow rate
needed to detect the moisture losses through the bulkhead. Based on input from an M&O
ventilation analyst, Romeo Jurani, devices available to detect low velocities are listed below
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along with respective minimum velocities needed for measurement:
¢ Anemometers (0.15 m/s)
¢ Hot-wire anemometers (0.07 m/s)

¢ Manometer (0.50 m/s) ‘
¢ Smoke tester (0.05 m/s)...Note: requires diameter of air pathway to be less than 0.5 m

All of these minimum velocities are higher than the maximum velocity (0.02 m/s) needed to
detect moisture losses in the 5-m-diameter drift outside the bulkhead.

Ron Green, CNWRA, requested the thermal test team to investigate flowmeters for low
flowrates. Specifically, he found a flowmeter distributed by J&W Scientific capable of
measuring 10 mI/min. Upon contacting a technical support member, Jason Ellis, it was
explained that J&W Scientific flowmeters were designed for application in a laboratory
environment for small diameter tubes. Mr. Ellis explained that the technology in their
flowmeters would not be applicable to large-diameter tunnels such as those in the DST.

Mr Ellis suggested contacting Omega Engineering for low flowrate flowmeters. Omega
Engineering technical support member, Gary Palmer, confirmed that it would be difficult to
measure velocities lower than 0.05 m/sec. Furthermore, he said spatial variability in flowrate
and direction would make it quite difficult to interpret measurements at these low flowrates.
Even if the reduced flow of ventilated air could be measured and resulted in a reasonable
estimate in moisture loss, the reduced air flow is not representative of actual conditions. Actual
ventilation velocities are estimated to range from 0.70 to 2.1 m/s. But as discussed above, these
higher velocities make it essentially impractical to measure slight increases in relative humidity
from moisture losses through the bulkhead. :

Numerical Simulations

Ultimately, the need to directly measure the heat loss through the bulkhead is related to its

impact towards producing accurate numerical simulations. Based on qualitative (see Figures 1
thru 3) and quantitative (see Table 1) comparisons of measured and calculated temperatures, it
appears additional accuracy in characterization of the bulkhead will not significantly improve the
ability to simulate the thermal response in the DST block. Figures 1 thru 3 show good agreement
in both temperature magnitude and trend for six representative locations approximately one
meter into the rock along the heated drift. In general, the calculated temperatures are slightly
greater than measured temperatures. This could be further reduced by modifying the “perfectly- -
insulated” boundary condition along the bulkhead to allow some conductive heat loss. -
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Figure 1. Comparison of Measured and Calculated DST Temperatures approximately 12 meters
into the Heated Drift and One Meter into the Roof.
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Figure 2. Comparison of Measured and Calculated DST Temperatures approximately 23 Meters
into the Heated Drift and One Meter into the Roof.
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Figure 3. Comparison of Measured and Calculated DST Temperatures Approximately 39 Meters
into the Heated Drift and One Meter into the Roof.

Statistical measures, such as weighted root mean square error (WRMSE) and mean error (ME),
shown in Table 1 indicate good overall agreement between measured and calculated :
temperatures throughout the DST block. Approximately 1500 thermal measurements from 23
boreholes were used in this statistical assessment. The thermal-hydrological calculations are
from an effective continuum, three-dimensional model of the DST. The ME ranges from +0.8 to
+3.2 °C during the initial 18 months of heating. The WRMSE ranges from 4.3 to 8.7 for the
same duration. A positive mean error, which is small in this assessment, indicates a slight
overprediction of the measured temperatures. .
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Table 1. Statistical Measures of Agreement Between Measured and Calculated Terriperatures for
Effective Continuum Model .

Criteria | Time (months)
3 6 9 12 15 18
Mean . 0.9 1.1 1.6 2.1 2.7 34
Error (°C)
Weighted Root _
Mean Square 43 5.9 7.0 7.8 8.6 8.7
Error (°C) ' '

Note: Mean Error from simulated and measured temperatures of 23 boreholes (133, 137-144, .
159-163, 165, 168-175) in the Drift Scale Test. : :

Since past numerical simulations and corresponding assumptions along with anticipated future
refinements to the numerical analyses can account for the heat loss through the bulkhead, direct
and difficult measurements of conductive and convective heat loss are not considered necessary.

RAW/dm
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4.11 Moisture Movement Across the Bulkhead

The Heated Drift is separated from the rest of the thermal testing facility by a bulkhead. The
bulkhead is a thermal bulkhead, not a pressure bulkhead. It is made of a steel frame and steel
plates and carries the lighting fixtures, viewing windows and the camera door. The bulkhead is
insulated on both sides by fiber glass insulation pads. :

The relative humidity (RH) inside the Heated Drift dropped to approximately 15 percent during
the first 10 days of heating. Thereafter, the RH inside the HD fluctuated between 10 and 25
percent with a peak to peak interval of approximately 4 days. Measured RH in the HD has been
inversely tracking the air pressure in the drift. After some forty days of heating, moisture started
to flow out of the Heated Drift as evidenced by condensation on various surfaces near the
bulkhead and the formation of a puddle on the floor. Such wet conditions near the bulkhead
alternated with dry conditions with the latter coinciding with low RH inside the HD.

The Drift Scale Test System, comprised of the HD and the surrounding heated and unheated
rock, is not a closed system. The DST block is exchanging moisture and air with its
surroundings through the bulkhead and the fractured rock. Outflows coincide with higher RH in
the HD and lower barometric pressure.

As the rock immediately surrounding the drift is heated to above the boiling temperature, the
pore water in the rock is mobilized and driven outward creating a dry-out zone around the drift.
As the mobilized water in the vapor phase moves outward, it condenses when it reaches cooler
regions and vaporizes again, as additional thermal pulse reaches it. A boiling zone is thus
formed around the dry-out zone. Phase changes occur continuously in the boiling zone causing
pressure to build up. When the barometric pressure and the pressure inside the HD are high,
steam and water is confined to the boiling zone. When the barometric pressure and the pressure
in the HD drop, steam and water escape from the boiling zone moving into the HD via the
fractures and causing the RH in the drift to rise, much like what happens in pressure cooker or
geyser. o

- Ways of measuring the heat loss through the bulkhead, both by conduction and convection, have
- been investigated. A pair of sensitive heat flux meters has been acquired and will be used to
measure the heat loss by conduction in the first part of January 1999. :

Measuring the loss by convection is difficult and complicated because flow takes place at
numerous locations, at various rates and at different temperatures. .



1]

LV.NEPO.TEST.RAW.10/99-373
Enclosure 2
3 Pages

4.11 Heat Loss Through the DST Bulkhead

Heat loss through the DST bulkhead was investigated to obtain a better thermal boundary
condition for numerical simulations of the DST. In some cases, the thermal boundary condition
for the bulkhead was assumed to be perfectly insulated which translate into no heat flux. Given
the understanding of the insulation thickness and condition on the “hot” side of the bulkhead, it
became apparent that the heat flux through the bulkhead was significant.

The determination of the total heat flux required consideration of both conductive and convective
modes of heat transfer. Radiation through the bulkhead was considered negligible. Conductive
heat flux was determined with direct (non-Q) measurements by applying a heat flux meter to the
seven locations on the bulkhead (see Figure 4.11-1). Five measurement locations were steel
(Nos. 1, 2, 4, 5, and 7) and two measurement locations were glass (Nos. 3 and 6). Figure 4.11-1
shows these seven locations and the corresponding heat fluxes in W/m?. Measurements of all
seven locations were conducted with and without 4-inch thick insulation covering the heat flux
meter. For location No. 1, three thicknesses of insulation were used (2, 4, and 6). By covering
the heat flux meter with insulation, the influence of the nearby ventilation exhaust could be

assessed.

Results indicate the mean conductive heat loss through the bulkhead is approximately 5 kW.
Also, forced convection from the ventilation system increases conductive heat loss by
approximately an order of magnitude. The 4-inch thick insulation appeared adequate to ensure
the ventilation exhaust did not remove significant heat from the bulkhead.

Convective heat loss was estimated by considering how much water vapor was removed from a
small diameter pipe in the bulkhead during a 60-minute sampling period. By considering the
condensed water’s heat of vaporization, it is possible to calculate the convective heat loss.
Results from Table 4.11-1 indicate an approximate 0.5 kW heat loss. The total convective loss is
dependent on the total pathways through the bulkhead including leakage along the periphery,
doors, and wire/cable-bundles. These total estimates indicate the convective heat loss through
the bulkhead may vary from 2kW to 20kW. Because quantifying all pathways is difficult,
accurate measurement of these type of losses is nontrivial.

Given the anticipated minor impact of these heat losses on the overall performance of the DST,
remedies for reduction of heat loss should be straightforward, beneficial, and inexpensive.

Heat loss through the bulkhead accommodates, to some extent, the desire to keep the design
thermal loading in the center of the DST block lower than the outer portion. This thermal load
design increases the likelihood of observing reflux near and possibly into the heated drift during
the cooling phase. Power was intentionally reduced in the floor heaters to 80 percent (54 kW)
while maintaining the total power in the outer and inner wing heaters at 86 kW and 57 kW,
respectively. Conversely, the heat loss across the bulkhead is nonuniform which would
complicate proper modeling. Also, it is prudent, if feasible, to mitigate uncertainties.

Based on the above factors and much discussion among the thermal test team, the following
actions were recommended. :

. Re-pack the periphery of the bulkhead and other leaks to substantially reduce the
amount of water vapor escaping through this pathway.
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. Re-direct the ventilation such that it does not blow directly onto the bulkhead.

If high-temperature spray foam can be located, spray into voids of the wiring and
cable bundles to reduce vapor flow.

. Evaluate sensitivity of numerical predictions to the uncertainties associated with
bulkhead heat losses.

Table 4.11-1 Convective Heat Loss Through the Bulkhead From Vapor Removal System.

AIRTEMPIN | RELATIVE | nGNDENSATE | CONVECTIVE
| HEATED DRIFT | HUMIDITYIN | RECOVERD | HEATLOSS
DATE °C) HEATED DRIFT
(%) (ml/hour) (kW)
5 Aug 98 126 8.6 600 0.38
26 Aug 98 135 1.4 870 0.54
31 Aug 98 134 10.8 800 10.50
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Figure 4.11-1 Heat Flux Measurements on the Bulkhead. -

w
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3.11 Conduction and Convection Through the DST Bulkhead

The loss of heat through the DST bulkhead has been an ongoing concern since the planning and
design phases of the DST. Heat loss can be divided into conductive and convective fluxes.
Conductive heat loss occurs through the bulkhead’s steel construction; whereas the convective
heat loss is from water vapor escaping through bulkhead leaks such as the power cables, sensor
wiring, doorways, and periphery. It appears the measurement of convective heat fluxes is more
difficult than the measurement of conductive heat fluxes. The following discussion provides a
chronology of activities associated with the bulkhead’s heat loss.

Design Considerations

The bulkhead was designed to perform as a thermal barrier but not as a hydrological barrier.
Water vapor was niot intended to be trapped. Even though the bulkhead was designed to be a
thermal barrier, it was never intended to be perfectly insulated. Consequently, some heat loss
was anticipated. This condition is considered acceptable because of the ability to numerically
simulate the heat flux and limitations of constructing a thermal bulkhead.

Other design aspects of the DST need to be considered when evaluating the impact of heat loss
through the bulkhead such as the existence of an open system in the DST block. An open system
~ is known to exist because of the negligible retardation in barometric pressure between

measurements in the local rock mass and the north portal pad. The existence of an open system
in the fracture network provides implies numerous pathways, in addition to the bulkhead, for
water vapor movement. The DST was designed to overdrive heating in order to expedite the test.
This fast heating rate results in additional heat loss through the bulkhead. Also, it was
anticipated that numerical simulations/modeling of the DST could accommodate uncertainties,
such as bulkhead heat loss, through implementation of suitable boundary conditions and proper
sensitivity analyses. Furthermore, the DST design anticipated the need for refinements in the test
such as those associated with bulkhead heat loss.

Initial Observations

Shortly after the DST heaters were activated, moisture accumulations on the bulkhead’s cool side
were observed. Investigations of this phenomenon resulted in an understanding that the nroisture
was largely condensed water vapor that escaped the bulkhead. The observed moisture, estimated
to be 100s of liters, has been a small fraction of the estimated 10 million liters of water mobilized

in the test block.

Figure 3.11-1 shows graphically another observation stemming from this initial observation
which is the inverse relationship of barometric pressure and relative humidity measured in the
heated drift. This “barometric pumping” retards the flow of water vapor through the bulkhead,
which is a measure of convective heat loss, during high pressure days. Conversely, the flow of
water vapor through the bulkhead increases during low pressure days. :

These initial observations led to installation of additional thermal and moisture probes along the
roof’s centerline on the bulkhead’s cool side. These instruments facilitate the interpretation of
moisture accumulation on the outside of the bulkhead. Also, these initial obscrvations provided
insights on repository performance including the potential for natural removal of heat and
moisture as well as the likelihood of low relative humidity in the heated drift.
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Refincments

 Several refinements in the DST have either occurred or are anticipated. Specifically, baffles have
been placed over the ventilation outlets near the bulkhead to reduce the amount of forced
convection on the bulkhead. Water vapor Jeaks in the bulkhead, such as those in the camera door
and cable outlets, have been sealed to the extent practical. Sealing is intended to mitigate
convective heat loss through the bulkhead. A water collection system was developed to estimate
convective heat losses through the bulkhead.” Currently, improved methods for measuring
conductive and convective heat losses through the bulkhead are being evaluated.

Recent Observations

Conductive heat losses have been measured on four occasions as shown in Figure 3.11-2.
Results indicate the estimated conductive heat loss through the bulkhead ranges from 5 to 7 kW.
Similarly, convective heat losses have been measured from nine different samplings taken from
the water collection system. As shown in Table 3.11-1, the convective heat loss through the 1.5
inch-diameter opening in the bulkhead ranges between 0.2 and 0.6 kW. Total convective heat
loss is estimated to range from 4 kW to 30 kW. Other observations indicate the presence of a
convection cell around the bulkhead and a transient drying trend in the heated drift.

Future Activities

Future activities include ongoing monitoring of the thermal-hydrological behavior in terms of
measurements and numerical simulations. This activity includes sensitivity analyses to better
determine the impact of heat loss through the bulkhead on the ability to replicate the T-H
behavior. Also, existing methods for measuring conductive and convective heat 16ss through the
bulkhead are being re-evaluated to improve accuracy. ;

Table 3.12-1 Convective Heat Loss from Vapor Removal System.

— Relafive Condensate Tonvective
Date HD Air Temp Humidity Air Pressure |- Removed Heat Loss

(°C) (%) (KPa) (ml/hour) (kW)
[ 0772971998 138 — 5.2 90.0 305 : 0.19
-0B/05/1888 126 856 50.4 . 600 : 0.38
08/26/1898 135 11.4 B89.9 870 i 0.54
0873177998 135 10.8 80.3 800 0.50
1171071998 145 5.1 80.7 500 0.38
0270571989 158 7.7 90.1 700 0.44
0471971988 169 5.0 : NA 290 0.19
04721719939 168 6.4 ‘NA 700 0.44
0472271998 169 6.4 NA 705 0.44
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Humidity and Air Pressure in the Heated Drift
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Figure 3.11-1 Inverse relationship of barometric pressure and relative humidity in heated
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Heat Flux (W/m?)
Location
05-Jan-99 23-Mar-9% 26-Apr-99a 26-Apr-98b
1 242 296 277 300
2 344 310 316 338
3 425 594 541 519
4 360 ' 721 699 744
5 592 767 821 823
Est. Total
Conductive Heat 5.1 7.0 6.9 7.1
Loss (kW)

Measurement
u3 Locations

+ .1

Surface Area (est)=13m 2

Figure 3.11-2 Measured covective loss on the bulkhead.
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DOE/NRC APPENDIX 7 MEETIN G ON THERMAL TESTING
*  Las Vegas, Nevada

April 28, 1999

Descnptlon of Meeting/Attendees

On April 28, 1999, staff from the U. S. Nuclear Regulatory Commmswn (NRC) and the U.S.
Department of Encrgy (DOE) conducted an Appendix 7 Meeting in Room 302 of the DOE
Facilities at the Hillshire Bldg., Summerlin, Las Vegas to discuss thermal testing associated with
the Drift Scale Test (DST). Participants included representatives from the NRC, the Advisory
Council on Nuclear Waste (ACNW), the Center for Nuclear Waste Regulatory Analysis
(CNWRA), the DOE Yucca Mountain Site Characterization Office (YMSCO), the Nuclear
Waste Technical Review Board (NWTRB), and staff from the YMSCO Civilian Radioactive
Waste Management System (CRWMS) Management & Operating contractor and Management
and Technical Services contractor. The NRC technical lead was Brett Leslie. The DOE
technical lead was Deborah Barr (U.S. Bureau of Reclamation (USBR)/DOE). No other
stakeholders were represented. The agenda and the list of attendees are included in the records
package and available electronically.

Presentation/Discussion Overview
D. Barr (USBR/DOE) and B. Leslie (NRC) made brief introductory remarks.

Unconstrained heat and mass loss through bulkhead and via ventilation and its impact on
interpretation of results

J. Pohle (NRC) introduced the first topic: Unconstrained heat and mass loss through bﬁlkheéd
and via ventilation and its impact on interpretation of results.

R. Green (CNWRA) presented a discussion on simulation modeling he had done using an analog
- scale model of a heated drift. Green noted that he would like to see monitoring of the amount of
vapor and air escaping around the bulkhead in the DST. At this time, DOE does not have .a good
handle on how much mass is moving around the bulkhead. Green did note that with the
repository design switch to Enhanced Design Alternative-2 (EDA2) some of his concerns went |
away (e.g., air pressure build up, as there will not be as much build up with the cooler design of
EDA-2). At present the DST is not designed to detect dripping. R. Wagner (M&O) noted that

. the DST is overdriving the system six to eight times the heating compared to EDA-2 and three to
four times the Viability Assessment (VA) repository design. This would suggest that there will
be no dripping until the cool-down phase. W. Lin (LLNL) noted that the location of drips will be
apparent when we go back into the DST. R. Datta (M&O) also noted that the camera could
detect any dripping. Green indicated that in his model, the drips were caustic and actually .
destroyed the detectors. D. Wilder (LLNL) noted that this is not a good analog for the chemistry
of the site as a concrete liner is no longer planned. Green agreed that the caustic chemistry was
due to the concrete liner in the model. D. Barr (USBR/DOE) asked if the fractures in the model
are realistic when considering the scale of the model. Green indicated the fractures were not to
scale. Barr suggested that the scale of the fractures in the model would be a feature in the
repository from which we would have a stand-off distance, and thus dripping from these features
would not be a concern. Wagner noted that sporadic testing of vapor and air outflow around the
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bulkhead may not get an accurate picture. Green agreed, the outflow varies over time due to
barometric pressure and other considerations. There should be constant monitoring.

D. Hughson (CNWRA) presented a discussion on her computer simulation modeling of the DST.
The presentation was a reiteration of much of what was in the recent CNWRA report that she
published with Green. The model was a dual-continuum model with a two-dimensional grid,
smeared heat load and a horizontal temperature distribution.

R. Wagner presented a discussion on a Recap of Events and Activities regarding the heat and
mass loss through the bulkhead.

T. Buschek (LLNL) presented a discussion on the impact on modeling. Much of this
presentation was similar to that which was presented the day before in the thermal testing
workshop. R. Datta noted that measuring heat on both sides of bulkhead will give more data. R.
Wagner indicated that conductive heat loss was okay, the problem is convective heat loss. D.
Barr noted that when considering any changes to the test, we have to differentiate between would
be nice to have and what is essential to have. We need to determine what we can live with
considering the budget. D. Wilder suggested that we need to balance the value of data lost
versus decreasing uncertainty. There may also be cost savings associated with test changes. For
example, it may cost initially to install insulation to reduce heat loss but this may mean that less
electricity is needed to heat the DST to the required temperature. T. Buscheck noted that not
much money is going to analyze the results of the test. B. Leslie emphasized that they were
trying to get across the NRC concerns regarding the test; it is up to the DOE to decide what to
do. D. Wilder asked whether, with EDA-2 now being preferred design and the DST being
planned to look at the old proposed design, the Project should consider changing DST to bring it
more in line with EDA-2. R. Datta suggested that this might be accomplished by shutting off the

wing heaters.

Y. Tsang (Lawrence Berkeley National Laboratory [LBNL]) presented a discussion on the Effect
of Heat and Moisture Loss Through the Bulkhead on the Interpretation of Results of the Drift
Scale Test. Tsang noted that whether the heated drift bulkhead is considered an open or closed
boundary does not affect the utility of the DST in evaluating the coupled thermal-hydrologic
processes. The uncertainties in evaluating the bulkhead as a closed or open boundary are small
compared to other uncertainties, such as heterogeneity. As an example of heterogeneity, Tsang
cited fracture permeability, which can vary by three orders of magnitude and uses a geometric
mean as a representative value. She noted that in two similar boreholes different temperatures
were recorded. This is probably due to different fracture permeability in the holes. W. Lin
suggested that water loss may affect coupon testing in DST. T. Buscheck noted that some water
was also lost due to initial ventilation. D. Wilder noted that-the system is not sealed, and he
asked whether, if you had a sealed system, more water would go into the rock? Buscheck
indicated more water would go into the rock and that water would not remain in the drift during
the heating period, so the coupon test is all right as it is.

Discussion: R. Datta (M&O) began the discussion period by noting that he could not find a gage
capable of measuring the small fluctuations necessary to assemble a convection monitoring
method. R. Green suggested that redundant calibrated manometers can measure this. B. Leslie
indicated that information on a supplier could be provided and Green volunteered to send this
information via e-mail to Datta. Datta suggested that the Project has a good handle on what is
going on at the bulkhead. To verify the amount of convective loss, the Project needs a
monitoring system to assess air flow, temperature, and humidity. B. Leslie suggested that old
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ventilation data may provide some early or confirmatory data for air flow that passed the
bulkhead.

How are thermal-mechanical results being used to support repository design. and what additional

thermal-mechanical data from other repository units will be collected to support repository
design? ,

B. Jagannath (NRC) introduced the next topic and introduced A. Ghosh (CNWRA) who
provided a presentation on some concerns with the testing. The concerns involved:

e prediction of thermal-mechanical response observed at thermal tests

e applicability of the measurements to the proposed repository horizon as the .
measurements are being made in the middle non-lithophysal while 75% of the proposed
repository horizon is in the lower lithophysal

« sufficiency of the thermal-mechanical data gathered for the repository horizon

e effects of alternative designs and how results from the tests are being incorporated into
design.

Observation: The order of the Yucca Mountain Project personnel presentations was altered from
the proposed agenda to allow a presentation on the data to be first.

R. Finley (M&O, Sandia National Laboratories) presented a discussion on The Available Data
from the Tests. Finley noted that for the Single Heater Test, the final report contains much more
data.

R. Wagner provided a presentation on additional Thermal-mechanical Data From Other Units.
Wagner noted that whether or not the cross-drift thermal test is done or not depends upon the
budget. D. Wilder stated that the design the Project is currently considering is different from the
DST. This difference could be a driver for the cross-drift test. Wilder asked if this had been
factored into the cross-drift proposal. Wagner indicated it hadn’t, that much more planning is
needed for the final proposal. : .

Rick Nolting (M&O, Repository Subsurface Design) provided a presentation on The Use of
Thermal Test Thermal-mechanical Data by Repository Design. Nolting noted that any tests in
the cross drift will be for performance verification after license application. A. Ghosh asked how
in situ results are used versus lab results. Nolting indicated that the Project will use range-
bounding values for design values. :

W. Lin (M&O, LLNL; Note: Lin presented rather than D. Wilder who was listed on the agenda)
provided a presentation on the Thermal-mechanical-hydrological Modeling in the Near-field
Process Model Report.

Discussion: B. Jagannath suggested that another Appendix 7 meeting be held before the DOE
finalizes plans for the Lower Lithophysal characterization. B. Leslie noted that the NRC does
not get data in a timely fashion. He suggested that the principal investigators should check with
Bill Boyle (DOE), as there may be a way to allow NRC to get the data quicker through some of
the protocols for the International Decovelex.
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Water and gas sampling protocols and flow of information to and from Performance Assessment

B. Leslie (NRC) introduced the concerns on this topic and noted that a focus should be placed on
performance. What does Performance Assessment (PA) require? What are the constituents that
control degradation? Predictions can’t be made in PA unless we have constrained data. The
prié_na_ry user of data is PA. Leslie also raised the question of whether the sampling protocols are
sufficient.

L. DeLoach (M&O, LLNL) provided a presentation on Aqueous Sampling and Chemistry in the
Drift Scale Test. DeLoach noted that the Seamist system did not work as originally anticipated.-
B. Leslie asked if there was a work package that described the procedure. DeLoach answered
that there was, but she thought the procedure was skimpy. She went to the field and observed the
implementation of the procedure. She then wrote a more detailed procedure and may need to
revise the procedure again to make it more detailed. It may be necessary to have the data taken
by someone more knowledgeable. She also noted that the Seamist system was experimental.
Some parameters are hard to sample for minimizing atmospheric exposure. Leslie suggested
getting rid of the eight meters of hose. DeLoach stated that that is in the new protocol. Leslie
noted that there are other methods that can be used. J Pohle (NRC) queried what is basis for
tests. DeLoach answered that volume was. R. Wagner noted that this is an evolving issue; as the
Project goes along and gains more experience, the procedure is revised. Leslie noted that the
neutron holes have water in them and asked whether someone samples this water when the holes
are logged. D. Barr stated that the chemistry is “screwy” in these holes due to concrete and other
things (grouting, Teflon, etc.) in the neutron holes. R Datta said that the Project is considering
converting chemistry holes. Y. Tsang said that the Project will convert chemistry/Seamist holes
to two packed-off hydrology holes. Leslie indicated this would be great and asked if this will be
permanently installed. Tsang answered yes. The Project will be doing this with lowermost

chemistry holes.

E. Sonnenthal (M&O, Lawrence Berkeley National Laboratory) provided a presentation on
Modeling of Thermal-hydrological-chemical Behavior. He discussed the pore waters and gas

" chemistries that could seep into the drifts. B. Leslie asked how sensitive fluoride is and whether

it can tell you the fracture interaction. Sonnenthal said that it may give a fracture/matrix
interaction. Different species may help provide estimates, especially the species UZ/U>®.
Sonnenthal discussed that the model used is a dual permeability model incorporating mineralogy
and aqueous species. M. Hamura (SNL) asked why PCO, is so small in model near the heater.
D. Sassani (M&O) indicated that this waz due to fractures being open and ventilation.

N. Francis (SNL) provided a presentation on Performance Assessment Operations Thermal-
hydrological and Coupled Processes. R. Wagner asked Francis to detail flow of data to PA. B.
Leslie said this was not necessary, that it was now clear on how the information flows to PA.

B. Leslie made closing remarks to state that he appreciated everyone’s efforts and that this
meeting was a very positive experience. ' -

Assessment of meeting effectiveness

Based on Leslie’s closing statement meeting was very effective in providing information to the
NRC and addressing their concemns.
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Commitments
No commitments are made at Appendix 7 meetings.

Observations

No additional observations were made beyond those discussed above.

New Issues/Concerns/Recommendations

None were noted.
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Submitted by Domzld L. Baker, Ph.D. Soil Physws
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- 2000 West Maine Street
Fayetteville AR 72701-6257

*And our method of breaking this down was, in fact, to take a drop of water and walk it through the
mountain, and a drop of water in a rain cloud until it hits a receptor -- what happens to it, physically and in
a process manner as it walks through the mountain® — Mr. Jack Bailey, Director of Regulatory and
Licensing for the M&O operating contractor at YMP, from the transcript of the 105th Meetmg of the -
Advisory Committee on Nuclear Waste, Dec 16, 1998, Rockville MD. oo ,

Thcse remarkablc powers of observation fall short of notmg the fall of every sparrow on two counts. Fxrst,
the scientifically accepted methods for doing so are several approximations removed from reality. A real
soil is approximated by an ideal soil, which is approximated by analytic equations, which are
_approximated by numerical methods. At each step the process is simplified so that it is both easier for
mortals to calculate and comprehend, and thus subject to additional errors. Second, the people who do this
have not yet taken account of all the errors, even in the lowest, numerical step. And worse, even when
presented with the math, those in areas of responsibility at National Laboratories deny that they exist.

Here follows excerpts from a recent unsolicited proposal to the National Science Foundanon, thh cnough
equations and references to raise doubts among any with the will to follow the math :

The Development of Darcian Means for Models of Unsaturated Ground Water Flow

' Donald L. Baker, Ph.D; Soil Physics
' Principal Investigator :

Introduction and Justifications

1of10 . ' 8/25/99 9:57 AM
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The storage and fate of underground nuclear waste and other hazardous materials is about to become a ‘
bigger can of worms than previously thought. First, the plutonium is moving, likely attached to moving

soil colloids. According to Kersting, et al. (1999), the plutonium produced by nuclear tests at the Nevada
Test Site has not waited upon the disposition of those who made it. It has been found in well water a mile
south from at least one large 1968 blast, in a climate perhaps chosen for its lack of rainfall. This makes it

all the more critical to use the best available methods to predict its movements.

Second, new work (Baker, 1999¢) has demonstrated that existing models of unsaturated water flow, which
commonly use standard means, such as the arithmetic mean, for interblock hydraulic conductivity means,
may contain unaccounted errors in non-Darcian flow. Indeed, the arithmetic mean can be shown by both
mathematics and modeling in many circumstances to be eatirely non-physical, preducing significant flow
errors even for very small space steps. ' ', o ’ o '

Until now, it has been generally assumed that mass-conservative methods, such as the modified Picard
method (Celia, et al., 1990), for modeling Richards’ unsaturated flow equation [1}, along with adaptive
gridding and time steps, meet all such needs. Indeed, the paper by Celia, et al., claim for the method
reduction of the time step discretization error along with "perfect” mass balance. Although this isa
significant contribution to the state of the art, the more recent work of the P.L. demonstrates that mass
conservation alone does not account for all sources of modeling error. :

ot ox | , o S
or gravity potential head (cm, positive upwards), KMh) = unsaturated hydraulic conductivity (cnvs),
H =total head (cm)=h+J_:‘,h=,hyd1ja‘ulicpres’sure head (cm). : ' _

[1] 9a_ 9 [ Xh)- %xf_l_] » where 0 = volumetric water content (cm3lcm3), t = time (s), x = position

Baker (1995a) has demonstrated that the modified Picard method does mdeed suffer from time-step
discretization error, which can be reduced by higher-order Runge-Kutta methods and adaptive time
stepping, separately and in combination (Baker, et al., 1998b, unpublished, available at the web site cited

-below).- Warrick (1991) demonstrated that standard interblock hydraulic conductivity means in numerical

models of [1] did not conform to the modeling assumptions of constant flow [2] between grid points A
(Figure 1) and Darcy's law [3). Warrick found the non-Darcian flows generated by standard means of K(h)
sucha;thcarithmeticmean_tqbeasmuchastwoord‘ersofmagxﬁmdcinemq' ' T

' [2) & _ ¢ , where q = unsaturated flux dehsity (cm/s).

Bl =-x0)- g, )

The integral form used by Warrick dld not work well for all soils and conductivity relations when it
required integrating through a discontinuity. Baker (1994, 1995b) recast the approach as an elliptic
boundary condition problem [4], which was more generally applicable. In this approach, [4) is solved on a

~ super-fine grid between x1 and x2 shown in Figure 1 with a tri-diagonal numerical method. The boundary

conditions are taken to be the matric suction (negative pressure) heads, wl and Y2

8/25/99 9:57 AN
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Figure 1: Adjacent vertical grid oells _
centered at x1and x2, with matric suction
\|l and relatnve conducthty kr.

f41-—=—[K() ] [ (0. %o "’} o

When the flow between super-fine grid cells is constant to a glven pereentage of flow between x1 and x2
the iteration is stopped. The resulting Darcian mean interblock conductivity, km, is calculated from the
constant flow, q, and the difference form of the head gradient {5). This solution is only good between these
two grid centers and for the period of one time step in the larger model The solutxon must change when

the grid center suction heads, \|tl and 2, are updated in the next time step.

[5]q=-bn.ig_
T A

While this method rests on the assumption of constant flow, g, between grid points, Baker (1999¢) also -
recognized another unbiased Darcian mean. It depends only upon Darcy's law, the distribution of K with

 respect tox in physical ﬁne-gnd wettmg front, and the unsaturated hydraulic conductivity relation K(y).
Suppose that q in [5] is the integral mean with space, X, in [6). It can then be related to the discrete form of
Darcy's law [5], using the mean flow and mean conductivity. The continuum form of Darcy's law [3] can
be integrated as in {7], and related to [6] through the mean flow. Setting [6] and [7] equal through the
mean flow, we can solve for the unbiased Darcian mean conductivity, Kv, in [8]. - -

[6l7=_1. g Ax-Ay
7 Ax]qu K. —

] [gar=-] kdx+] Ky

Ax Kx-Ay-Kh

[8]K =
v Ax-Ay

1 1
 Kr=o | k@yds, =17I K(v)dv

If one runs a very-fine-grid model of vertical infiltration into very dry soil, one can integrate the
distribution of K(x) over x and K(y) over y from the numerical resuits of the wetting front profile at
particular times to obtain Kv as a function of grid point values of K or y, and the vertical displacement,

Ief 10 A 8/25/99 9:57 AM



Wwrilten comments to the June 1999 pubhc meeungs ot the ACNS and NWTRB http'llwww.aquaricn.comlpublmcetljun99com.h'

Ax. For the range of the study in Baker (1999c), km (called Xd in the study) agreed with Kv within 2%. By
contrast, the arithmetic mean disagrees with Kv by up to an order of magnitude. Additional results are
discussed later. ' .

Both of these methods of solution are practical only for investigating the nature of Darcian means, not for
actually solving [1). They are higher-order approximations than assuming that the properties of a grid cell -
are constant throughout the cell, which produces the harmonic mean, and the assumption that relative
conductivity is linear from x1 to x2, which produces the arithmetic mean. The km-approach {4] allows the
head and relative conductivity to vary nonlinearly with distance between x1 and x2 so that (2] and [3]} are
preserved. Baker (19983) investigated the nature of this kind of relation in depth for several types of
unsaturated conductivity relations. .

= Drs. Liu and Bodvarsson of Lawrence Berkeley National Laboratory appear to be centrally involved in the L
. - characterization modeling of Yucca Mountain (Bodvarsson, et al., 1997). Becanse the models and data are -
""" held secret under the Q clearance, it is difficult to tell what methods are actually being used. But their
*criticism of the very nature of Darcian means gives a solid indication that the errors due to non-Darcian
flow from standard means are ngjf considered or accounted in such modeling. ' :

lette J. Russe j ager, Yucc ntain Site Characterization Office, dated Ja
035, 1999, contained a review of Baker (1998a) and other works (Baker, et al., 1998b,c) by Drs. Liu and -

. Bodvarsson. They have, for example, misapplied a trivial case to suggest that Darcian means are invalid in |
the case of "a 1D, vertical, steady-state flow system with a constant infiltration at the top boundary”, and ~ -
thus inappropriate in general. But in homogeneous soil, for which Darcian means have thus far been
developed, this is only the case of gravity flow, where the pressure head, h, is constant and the flowis
driven entirely by the gravity head, x. ' ‘ S '

Consider the unsteady infiltration problem [9], using infiltration of water into a typical fracture in Topopah
Spring welded tuff at Yucca Mountain, after Schenker, et al., (1995) and Baker (1998a). Figure 2 shows
the conductivity state space of the preceding model, the diagram of every pair of adjacent points in the
model on the basis of hydraulic conductivity values. There are 4000 pairs of (K1,K2), where K2 is the
conductivity of the grid point immediately above the K1 position. At the initial condition of the model (Init
State), 3966 pairs sit at one spot in the lower-left-hand corner. The rest are distributed according to the
initial condition equation in' (9], mostly in the uppet-right-hand comer, close to the K1=K2 diagonal. At
the end of a model run (End State), the pairs are distributed with only 528 remaining at their starting points
in the lower-left-hand corner. The other 3472 pairs have moved in arcs through the state space tocome
increasingly close to the K1=K2 diagonal. ‘ S : o

tofl0 8/25/99 9:57 AM



Wniten comments to the June T99Y public meetings of the AUNS and NWIRE AP 7WWW aquanen .convpubpimeerjunyIyCom.Rr

X Solve equation: %f— = -a-ax—[K?a—f-] H=y- X x,posx'tiv?dowmrds .

¥ = matricsuction (negaaw pmssumkead)
Boundary conditions: ¥7(0.) = 0082z , K(001, z)-474(10'“)m/s 107 <1 <1075

00474 - 01766493z, /¥t - .x; <845(107)m
, 474010") 849010 )m< x, <001
Saturation relation: 6() =1.084(10*) +2.6414(10%). (7 / 0.0822) ™", 2 0.082m

Conductivity relation: K(p) = 474(107). (11 0082m)**" , ¢ 2 0.082
Adaptive numerical ime step: Az chosen sothat mass balance is maintained to one part

[9) Initial conditions: K(x,0) = {

&

in 10° or betterin 10 or less iterations.

In this diagram, the points above the K1=K2-axis represent wet-over-dry conditions; below is
dry-over-wet. Darcian or any other kind of means form the third dimension above the plane, a contour
surface of Kmean(K1,K2). The contour surfaces of all possibly valid means must pass through the K1=K2
diagonal, or they will not be mathematically valid. Because of this, all possibly 'valid mieans approach the
same limit on the diagonal, Kmean = K1 = K2, and thus approach each other. This is why all possibly
valid means produce convergence to the fine grid solution. But this necessary condition does not
guarantee, as has been shown in Baker (1999¢) with the arithmetic mean, that all such means are
physically vahd. If a mean is not mathemancally valid, it cannot be physically valid.

If the uppcr ‘boundary condition and initial condmons had been set at the inflow and through flow of

4. 7410y m/s, a stcady-state condition would have resulted, with all the 4000 pairs remaining at one
pomt in the lower-left-hand comer, namely (K1, K2) = (log(4.74(10° 1) : log(4.74(10° 1}y) Thus the case
cited by Lin and Bodvarsson is but a single point in the plane on the K1=K2-axis, a rather trivial case. -
Since all valid possible means, even poor ones, pass through such a point, it cannot be invoked to
demonstratc mvahduy

And when usmg a steady flow upper boundaxy condmon, one sxmply adjusts the gnd shghtly and replaces
the topmost flow that was calculated by a Darcian mean with the flow boundary condition. Conductivity
means are not usually relevant to use as a flow boundary condition. Replacing a mean with an upper flow .
boundary condition leaves the remaining means below it just as valid as they were before, even more 50 1f
they are tnvxal cases. Thus, Lm and Bodvarsson argue a moot if not specnous pomt. s :
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Figure 2: Conductivity State Space Diagram for [9]

Init State at t = 107 5. End state at t=103s

The cited work with Darcian means suggests that as one moves from the krl.krz axis (relatwe o
.conductivity version of K1=K2), standard means, such as the arithmetic, geometric, harmonic or upstream,
which are independent of soil unsaturated hydraulic properties, produce flow that are incteasingly -

. ‘non-Darican, in violation of the assumptions [2] and [3). Liu and Bodvarsson (communication cited”

™ above) suggest, without proof or example, that the differences are so small that they can be adequately
addressed by adaptive gridding. However, Baker, et al. (1999a) show that as vertical grid spacing :
increases, using the arithmetic mean loses up to 50% of the mass infiltrated at fine grid spacings. A .
Darcian mean approximation can reduce this error to 0.5%. In addition, Baker (1999b) shows significant
ratio differences near the krl=kr2-axis between true and approximate Darcian means, and the arithmetic
and geometric means, for average fracture and matrix media flow (Schenker, etal, 1995), respechvely,
Topopah Spring welded volcanic tuff at Yucca Mountam.

Later work M solves 91 thh very fine to coarse grids to demonstrate the non-Darcxan flow.
errors of the arithmetic mean in very small space steps. This work also demonstrated that for very small
space steps Darcian means for Brooks~Corey conductivity relations can be collapsed into 2-D plots, where
the independent variable is K1/K2. As noted above, all valid intexblock means approach each other as Kl

. approaches K1, and can produce more sevcrely non-Darcian flow away from that oondmon

Soitis legmmate to consider how a modcl of [9] behaves when each pau' of points at least begins each
time step with a constant ratio of K1/K2 across the wetting front. This was done with the three different
interblock means for a constant-ratio distribution of 8, 10, 12, 16, 20, 24, 28, 38, 66, 124, 240 and 470

points across the wetting front from t = 107 to t = 103 5. The arithmetic mean and two approximations to
Darcian means were used, as in [9), but with up to 40 iterations per time step. At the end of each time step,
the grid was adjusted back to a constant ratio of adjacent grid point conductivities.

Figure 3 shows the end-of-run results for a model of [9] using the arithmetic mean, Ka. The arithmetic
mean has no relation to either the hydraulic properties of the porous medium or the vertical space step size
of the model. The wetting front profiles for 8, 10, 12, 16, 20, 14, 28, 38 and 470 point pairs, n, in the
weitting front show a classical convergence to the fine-grid solution on the left. On the right, the solution
for 8 pairs overestimates the position of the leading edge of the wetting front by 18.75%.
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Figure 3: Wetting Fronts for Kaand n =8, 10, 12, 16, 20, 24, 28, 38 and 470

The plot for n = 470 is on the left, and the others approach it as n increases

Figure 4 shows the results for an approximate Darcian mean, Kh, that accounts for the porous medium
hydraulic conductivity parameters, but not the model vertical space step size. Forn=_§, 10, 12, 16 and
470, the wetting front profiles converge from a position -3.40% behind the fine-grid solution tothe
fine=grid solution:Figure 5-shows-the results-for amapproximate Darcian-mean; Kdim;-that-aceounts for
both the conductivity parameters and the model vertical space step size, with n =8, 10, 12 and 470. In all
the runs from n = 8 to n = 470, with an additional run at n = 48, the estimated position of the wetting front:
varied from -0.18% to +0.36% with this mean. This is the same order of magnitude as the error associated
with adjusting the grid spacing after each time step. When the maximum errors are considered over the

' range of conductivity ratios, the ratio is 52.1:9.4:1 for Ka:Kh:Kdim. - . S

0003

VOLUMETRIC WATER CONTENT

EEE RS

0 0002 8002 0006 0008 001 0092
o DEPTH. Xa (1) ' -

Figure 4: Wetting Fronts for Kh and n =8, 10, 12, 16 and 470 (470 on the right)

70f10 o 8/25/99 9:57 Al



Written comments to the June 1999 public meetings of the ACNS and NWTRB ‘ I_ntt;i:llww.aquarien.oom/publmectljun99com.hi

0.003

:

©
2

o
-]
-

VOLUMETRIC WATER CONTENT
-
©
8
——

0.000s L— 1 — 1
0 0002 0004 0008 0008 081 0012

DEPTH, Xd (m)

‘Figure 5: Wetting Fronts for Kdim andn =8, 10, 12and 470 .

One can, of course, pick a grid spacing that shows the arithmetic mean in a much more favorable light. If
one spaces uniform grid points along the wetting front profile, the segments with the largest flows will
have the smallest conductivity ratios (for adjacent points). The segments with the smallest flows will have
.conductivity ratios many orders of magmmde lugher producm g larger errors m the smaller flows at the
lcadmgedgeofthewcmngfront. o ARSI

Above a certain number of gnd poxnts, it may seem as xf the flow errors are self—compensaung But they

- are. still there and unaccounted. If the criterion for environmental impact is the time of arrival of a waste’
 front in ‘parts-per billion, how can one guarantee it with unaccounted flow errors? These errors are orders

* of magnitude larger than the once-famous Pentium division bug. The scientific responsibility for their
accounting rests not on he who demonstrates their existence; but on those who claim they are insignificant
without actually having calculated their effects.

- 'We have seen what happens when the onus was put oni the Morton-Thiokol Engmcers to demonstrate the
negative, that the launch of the Space Shuttle SRB would not be safe with cold o-rings. And now we have
evidence that the plutonium does not wait upon the dictates of any established agenda. It moves. And when
it arrives, it will have a much greater impact than a Space Shuttle falling out of the sky.

As the cited literature demonstrates, Darcian means vary dramatically and nontinearly with both soil
properties and vertical space step size, especially as space step size passes through the equivalent air
displacement length, yd. This becomes important in models of fracture flow, where the average model
vertical space step size may be much larger than yd. And it is becoming more apparent that the transport
of soil colloids through fractures may be very important to the transport of nuclear waste products.

The Darcian mean approach may be the logical key to understanding why some standard interblock
conductivity means have been found to work best with particular soils in certain regimes. It now offers to
modelers a new modeling and mathematical framework with which to judge the appropriateness of their
approximations of interblock conductivity means for unsaturated flow. It extends the validity of models in
conductivity state space farther from the krl=kr2-axis, and may offer new criteria for deciding how
adaptive gridding should be done. When developed with higher-order adaptive time steps (Baker, et al.,
1998b) and adaptive grids, Darcian means may offer a new order of magnitude of computational efficiency
due to their higher accuracy, but this remains to be developed and demonstrated.
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‘Summary

Recent work (publications and dtaft papers on www.aquanm.oom) in mxmmml methods for

modeling the vertical unsaturated flow of water in porous media has uncovered previously
-unrecognized errors in standard methods. These errors may affect the validity and reliability of
models that attempt to predict the flow of water and the transport of hazardous and nuclear waste
on the scale of tens to thousands of years. The following questions and three-point grid test
demonstrate how the common arithmetic mean of intergrid unsaturated hydraulic conductivity
‘violates Darcy's law for vertical unsaturated flow in all but a few trivial conditions, and can even
violate the mathematical minimum-maximum principle for elliptic boundary value problems’
(steady-state flow problems). By contrast, a Darcian intergrid conductivity mean for the
exponential pressure-conductivity relation solves such problems perfectly. The numerical
examples in the appendix compare parallel models of a relaxing wet pulse in a long, vertical
fracture, using the exponential pressure-conductivity relation. One model uses the arithmetic

' mw:,mdtheotherthcanalytharmmmmmfhcxacﬂythcsameadaphvehmestcpsfa
both. The arithmetic mean model exhibits a dry spike that grows with the Iogarithm of time, and
oscillations similar to numerical dispersion, both associated with space steps where the arithmetic *
mean can violate the min-max principle. By contrast, ttharmanmunmodel :soothand
well-behaved.
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Some Questions on Model Validity o

Would you agree that it is necessary for a modeler of unsaturated flow to be cognizant of all
the sources and relative magnitudes of error in his or her numerical calculations? Would you
agree that this allows a modeler to construct a variable or adaptive grid so as to produce the least
error? If not, make an irrefutable scientific argument for the contrary view.

Would you agree that any method of calculating steady-state unsaturated flow would be both
physically and mathematically invalid if it violated either the minimum-maximum principle for
elliptic boundary value problems (D.W. Zachmann & P. DuChatean, 1986, Schaum's Outline
Serics, Theory and Problems of Partial Differential Equations, pp 19-21) or Darcy's law? If not,
can you give a scientific justification for your answer that is beyond all refutation?

Would you contend that any such method that commits either of these violations in a model of
stcady-state flow is then valid to use in a model of transient flow? If so, can you give a scientific
justification for your answer that is beyond all refutation?

Would you agree that any method that commits one or both of these violations would be
inappropriate to use in models designed to predict and assure the safety of a nuclear waste site
over the scale of thousands of years? If not, can you give a scientific justification for your answer
that is beyond refutation? o ' . . I

Can you demonstrate that all the methods that you use for calculating unsaturated flow in your
models do not violats either the min-max principle or Darcy’s law in any case or regime in which -
your models are used? If not, can you give a scientific justification that is beyond all refutation

for why your models should be considered to be valid and reliable? o o
Dé you recognize equation [1] as Darcy's law in the finite form and [2] as Darcy’s law in the
continuum form? ' . IV -

[l]¢7=-Kt-Kv-%=—Ks-Kv-
the vestical distance, Ax (m), K (m/s) is saturated bydraulic cooductivity, K is the mean relative
hydraulic conductivity across vertical Ax, and AH (m) is ths total hydranlic head difference across Ax,
whers H = x-y, x (m) is the vertical position or head and y (m) is the matric suction (or negative

M;wmq_bmmjmgmwmms

x-0y

2 q=-K(w)-%I=—K(W)-

Consider the three-point system of steady-state, constant, vertical, unsaturated flow in a
homogencous porous medium in Figure 1, with fixed boundary conditions y2(x2) and y0(x0),
where x0 =0, x1 = Ax and x2 = 2-Ax in the vertical. Let Km be the estimate of unsaturated
hydraulic relative conductivity mean between x0 and x2, and kml and kmu be the estimates by
- the same method between x0 and x1, and x1 and x2, respectively. Let HO, H1 and H2 be the total
heads at x0, x1 and x2, such that HO = -y0, H1 = Ax-y1 and H2 = 2-Ax-\y2. Would you agree
that equation [3] is an accurate and valid application of Darcy's law in [1] in this case?

© D.L. Baker 1999 - 2



km

E
3

15

o T S

Figure 1: Three-Point System of Steady-State Flow

o "’I:" = Km-(H2— H0)/2 = kml-(H1- H0) = komu- (2 — H)

If one solves the two right-hand-sides of [3) against Km-+(H2-HO) for H1, scts them equal and
divides out common terms of (H2-HO), the result is then equation {4). 'Would you agree that in
arder to satisfy Darcy’s law and calculate the same canstant flow on both the Ax and 2-Ax scales,
 that any method to estimate the intergrid conductivity means, Km, kml and kmu, would also have
to satisfy equation [4]? And would you agree that if it failed to satisfy equation [4] that this
would raise a legitimate question as to its validity in a model of unsaturated flow? If not, please
demonstrate mathematically why not. o o )
2-kml - kmu

Supposc that the method in question is the arithmetic mean, such that Km = (kr0+kr2)/2, kaml =
(x0+kr1)/2 end ki = (krl+a2)/2, where ki =ki(y0), krl = ke(y1), ki2 = ki(y2) and kx(y) is
the unsaturated relative conductivity relation for the porous medium in Figure 1. Substitute the

_arithmetic means for km! and kmu into equation [3] and cancel common terms, like 2. Would
you agree that equation (5] is a valid result and the only unknown in the equation is y1, which
can be solved be iteration or Newton's method? Equations (4] and [5} are both derived from
equation [3). Would you agree that the value of krl = kx(y1) resulting from [5) determines the
values of kil and knm, and that substituting them back into equation [4) is a reasonable way to
.~ check the mathematical and physical validity of the arithmetic mean, or any other method of
(5] (kr(y1) + kr2) - (H2 = Ax + ¢'1) = (kr0+ kr(p) - (Ax - y1-H0) =0
" Consider a porous medium where the unsaturated conductivity relation is determined by
- equation [6), with nj = 8.1 and ywd = 0.08 m. Giventhe expected values published in Schenker, et
4l. (1995, Stochastic hydrogeological unites and hydrogeological properties development for
total-system performance assessments, Sandia Report SAND94-0244*UC-814 under DOE
contract DE-AC04-94A1.85000), is this a reasonable possible expression for the relative
conductivity of e fracture in Topopah Spring welded volcanic tuff, if one uses a Mualem or
Burdine transformation to derive kr(y) from the pressure-saturation parameters givenin |
Schenker, et 81? Ifnot, can you specify a more correct sct of 1} and yd parameters to use in this
example? o ' R

[ Km=
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fitting parameter.

Please verify that Table 1 is the set of solutions to cquahon [5), given equation [6), with yd =
0.08 and 1 as given in column 2. Is it not apparent from this table that for 1} = 8.1 the arithmetic
mean produces a value of 1 that violates the min-max principle for any Ax greater than about
- 0.50366 m? It is possible to show that the arithmetic mean satisfies both equations [4] and [5] in
the trivial case of pure gravity flow, where w0 =yl = 2. But is it not apparent from Table 1
that the arithmetic mean fails satisfy Darcy's law in steady state flow for W0 2 and Ax >
0.50366 m? Is it not also apparent that the arithmetic mean likely violates the min-max principle
for n= 2.1 and 4 and for Ax > 0.80422 and0.56667m,respcctwely? If you do not agree, can
you demonstrate the opposﬂ:e mathematlcally?

T Table 1: Soluﬁonstol‘lgumlmthﬂu Arithmeﬂe Mean
'Ihevmablcsn,Ax.wo. wland y2 are as described above. The variable, y1, is determined by the solution
to equation [5), kx1=ki(y1) = (0.08/y1)", kml = (kaO+kr1)/2, km = (kri+k2)/2, Km = (la0+ki2)/2 and the
mean of means is 2-kml-kemy/(kmal+kmu), the right-hand-sids of equation {4). The y1 column tests
confarmity to the min-max principle, that w1 i3 included in the range [y0,y2}. Rows 8 and 9 show
violation of the min-max principle. Rows 1,2 and 7 show the boundary of violation for the min-max -
pnnctp!e.'l‘hnlasttwocolumnsonﬂxenghttestthebalanceofequahm[‘t]forﬂuanthmchcmcan.whlch
fails in every row. 7 A

L Ax o0 n | kil kml 'r kmu Km mean of
| @ (@] @ | L tml

21 [08042 |05 | 1

1 1 | 004972 [ 013142 | 004972 | 013142 | 007214
2| 40 | 036667 05| 1 | 1 | 415 |000348| 4l1c5 | .000348 | 73305
3| 8.1 | 0001 |05 | 058860 1 | 95408 | 22607 | 48368 | 1.7957 | 79758
4| 81 | 001 |05 |059200| 1 |O.d1e8 | 23407 | 46258 | 1.7957 | 7.6658
B[ B1 | 01 [05)|063450| 1. | 5.11c8 | 20507 | 26657 | 1.79c7 | 47108
6| 81 | 05 [05]099634| t | 13469 [ 1797 | 13269 | 1.7967 | 2.63¢9
7| 81 | 050366 |05 | 1 | 1 | 139 |179%7 | 1369 | 1.79s7 | 25989

8| 81 | 1 [05[ 1498 | 1 | 50011 | 1797 | 6810 | 1.7967 | 13569
9 1

31 .2 0.5 ] 24813 8.1e-13 | 1797 6.59-10 1799-7 13e-9

Consider again equatxons [4] and 5}, which derive from Darcy's law for steady-state flow that
is constant in space in equation [3]. Is it not apparcnt from these equahons that a method of
estimating an intergrid hydraulic conductmly mean that upholds Darcy‘s law must eontaxn 2n
accounting for the model vertical space step term, Ax? ‘

It may be possible that the non-Darcian flow errors gmerated by the anthmcuc mean are small
enough to make it of practical use in some modeling regimes. Can you provide a mathematical
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" models of steady-statc and transient flow?

justification for when this would be the case? Can your justification account for both the
pressure-conductivity relation, kr(y), and the model vertical space step size, Ax? ,

If you arc using some other method of estimating the intergrid hydraulic conductivity mean in
your models, can you perform this analysis and demonstrate that any other method you use does

* not produce similar violations of Darcy’s law and the min-max principle? -

" Ifnot, would you agree that a method that did account for both kx(y) and Ax, and did not
violate either Darcy’s law or the min-max principle would be more appropriate for use in both

Do you again recoghize equation {2] s the continuum form of Darcy's law? Consider that if kr

- is a function of y and y is a function of x, then kr is also & function of x. Do you recognize

equation [7] as the expression of flow that is constant in space, and equation [8] ([7] applied to
2] as the expression of steady-state flow that is constant in space and time, as long as the
boundary conditions are constant in time? If the conductivity relation and its inverse are as
described in [9), please verify that [9) and the spatial distribution of kr(x) in {10] satisfy [8].

Ag/Ks) _o

M -—7

ol o8 o 8 [ 9] 0B Co b
® ax[br(w(x)) ZE-v@)[=—3 [1 a,] kr(x)- G =0 s where the
boundary conditicns are (x1=0,y1) lower and (x2=Ax,y2) upper and constant in time, which may slso
be expressed as (Okr1=kr(y1)) and (AxJo2=la(y2))- R
[9) kr(x) = exp(7-(yd — y(x))) , w(x) = yud -_ln(b(x)) I'n
‘ o ex(fr- - krl - kr2 ___Ia'z—kr"l4cxp(-n-Ax)
o1 k() =a- e e epe&n T 1-expon-A%)
Equation [11] is [1] rewritten. Equation [12] is the integration of [2], allowing that k((x))

can also be expressed as kr(x). Do you recognize [13] and its implication as a legitimate

definition of mean flow in & problem (8] where the flow is constant in time and space, and the
resulting value of Kv as the legitimate definition of a mean intergrid hydraulic conductivity in
that problem? Please verify that substituting [9] and [10] into the definition of Kv in [13)
produces the expressionin [14). - - : , .

(1) =7 -Ax/ Ks = Kv-(Ax—8y)
[I:Z]i—éjh qdx =I kr(x)dx—j kr(w)dvf _

kr(x)dc— | kr(y)dy
(13]§‘=-£;j' qu=>Kv=I M_J;V

(14 Kv= u-(lr2-kl-e7) R
| (1-e*) -t/ e2)) " -

 Since Kv is derived from the snalytic solution to the steady-state problem in equation [8], itis

called & Darcian mean. Do you see that this approach depends intimately on the pressure-
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condnct:vny relation, kr(\p), in [9]? Please venfy that as krl goes to kr2 Kv gocs toKv=Kkrl =
kr2, that as Ax goes to zero, Kv goes to (krl-h-!)ﬂn(hl/hﬂ) and that as Ax goes to +infinity, Kv
goesto kr2. Note that the first limit perfectly predzcts that when \yo = \v2 in the case of purc

gravity flow, that w0 =yl = y2.

Let Kv be expressed as a function Kv(krl ,kr2,Ax) Refemng to the problem in Figure | and
equations [3) and [4), let Km = Kv(la0,la2,2-Ax), kml = Kv(kr0,kr1,Ax) and kmu =
Kv(kr1,kr2,Ax). The result, using the exponential conduchv:ty relation in [9] is shown in Table 2.
{Note: The exponential conductivity relation in [9] is used here instead of the Brooks-Corey
relation in [6] because. there is as yet no explicit analytic solution for Kv with [6]. But the results
of using the arithmetic mean with an exponential kr(y) are much the same character as in Table
1.} Inevery row of Table 2, the min-max principle is preserved and equation [4) is balanced. Is
it not apparent that the Darcian mean represents not just the estimate of the me3an necessary to
solve the problem in Figure 1, given the conductlvxty rclatmn in [9], but the tme mean that
perfectly satisfies Darcy's law in this case?- :

Table 2: Solutions to Figure 1 with a Darcian Mean ~
The variables 1), Ax, 0, wland y2 are as described above. The variable, w1, udetemnnedbyﬂxesoluuon
to equation (5], krl=kr(y1) = exp(n(yd-w1)), kml = Kv(kr0,kr1,Ax), kom = Kv(krl kr2,Ax), Km =
Kv(kn0,kr2,2-Ax) and the mean of means is 2-kml-kon/(kmHkim), the nght-hand—sxde of equation [4).
The y1 column tests conformity to the min-max principle, that y1 is included in ths range [y0,y2]. The
lasttwocolmnnxonthnnghtmstt!ubmofcquauon[q. lncachcase,ﬂmmm-maxmnczplcmd
Darcy's law are perfectly preserved. ’ ! ’ o

n Ax yo ¥ y2 krl kml . kmo . |. Km. | meanof

@ |(@@| @ [mjf o rﬂﬁﬁl

21 | 0.80422 [ 05 | 0.57887 0.1868 | 02259 | 0.1594 | 0.1963 | 0.1963

1 1

2| 40 | 056667 ) 0.5 | 088249 | 1 | 0.0404 | 00722 | 0.0296 | 0.0420 0.0420
3] 81 | oo01 } OS5 0583921 1 | 0.0169 | 0.0242 0.0048 0.0030 0.0080
4] 8.1 001 | 05105886 1 | 0.0163 | 0.0237 0.0046 | 0.0077 7 0.0077
5] 8.1 01 |05]1064069] 1 | 0.0107 | 00184 | 0.0029 0.0050 . - 0.0050
6| 3.1 05 0.5 1051656 | 1 0.0011 | 00034 6.3&4 0.0011 0.0011
7] 81 | 050366 ) 05| 091831} 1 0.0011 | 0.0034 6.8=4 0.0011 0.0011
3] 31 1 031099790 | 1 | 594 | 0.0012 584 71.7e-4 174
9] 81 2 0.5 | 0.999- 1 5.8&4 774 -5.8c-4 6.6e-4 6.62-4

If you do not agree, please offer the pmuf, consisting of a set of conditions and numerical
values for which Kv either violates the min-max principle or Darcy's law using [3] and [4). Please
explain under what valid scientific principle the YMP modelers at the DOE Lawrence Berkeley
Naticnal Laboratory may claim that this approach to calculating intergrid hydraulic conductivity
means is not physically based and cannot be valid in the gravity flow case where w0 =yl = y2.

 Please extend that argument to explain why one cannot take any other conductivity relation, such

as [6), solve the clliptic boundary value problem [8) numerically, and thus obtain kr(x) and a
valid numerical value for Kv. I3 it not apparent that this approach for develops Darcian means for -
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steady-state flow? If you disagree, can you demonstrate that it will produce a worse answers in
numerical transient flow models than commonly-used means, such as the arithmetic mean, that do
not account for kr(y) or Ax, and occasionally violate the min-max principle? o

In the finite method expression [15] of Richards’ equation for unsaturated flow in a
homogeneous medium, modelers sometimes make separate calculations for the intergrid
hydraulic conductivity means for gravity (advective), Kx, and capillary (diffusive) flow, Ky.

" This may be justified by using [13), as in {16}, redefining the integrals as the respective mean
conductivities, Kx and Ky, over Ax and Ay [17]. But notice that in general it is difficult, if not
impossible, to know the spatial distribution, kr(x), between grid points in a transient flow
problem. Itis common to calculate the integral that defines Ky, but to substitute & much simpler
mean, such as the arithmetic mean, for Kx. Notice the effect that sucha substitution in [16] has
on the mathematically equivalent {15), since Kv can now be defined as in {18]). Near hydrostatic
conditions, Ax goes to Ay, and Kv in [18] suffers from division by zero, producing a singularity
with limits at $infinity, if Kx and Ky are not perfectly related through the derivations of Darcian
means presented here. meyouccrﬁfythatyoudonotuscanysucbmcthodinyourmodels? If

you do, can you provide mathematical proof that the errors generated by the singularity arc not

significant in every case? = - - : - R

_ []ﬂfaim =6] ‘,"""[Kvuvz”(li.lﬂ 4”:)"“’:4: -(H, -H;-I)]’r=Ks.:N"M:

(16} , ' ‘
KxAx-KyAy|

6 =6 +r- _ :

I =l

(A‘x—-Avr)L'_m]

_ KxAx-KyAy]
Ax-Ay | .

(Ax- AWXH—W

(Kxun "th—uz)""‘[KVu-uz Vi —Vi)-KVin (v, "V'H)]

Ax

- =0} +
1 1 ¢
1 Kx= = f kr()ds Ky =2 [ krly)dy

(18] gy K dx—Ky-Ay
v ; ‘ Ax-rAvf

What is the difference between determining that an error is tolerable and denying that it even
‘exists? Is it logical and legitimate to say that a "carefully designed grid system" eliminates an
error that one claims does not exist? Is it possible that carcfully accounting for all the erors isa .
prerequisite for designing a grid system? And finally, if one scientist has a calculator, and
another can show that for even one case the calculator gives back 2.5 for 1+1, which scientist has
the responsibility to demonstrate the practical usefulness and validity of the calculator in all
cases?

Appendix: Numerical Examples - Parallel Models of a Relaxing Wet Pulse
Using the Arithmetic and Darcian Means (excerpts from a paper in
progress) - - - - . i o o

Now consider a numerical experiment for a long, vertical, homogeneous fracture described by
pressure-conductivity relation [9] and the pressure-saturation relation [19}, using parameters, Ks
=0.00474 m/s, § = 6.4 (1/m), yd =0.08 m, 6s =1, 6r = 0.0395 and p=0.64 (1/m). These

Co '©D-L.Baket 1999-7



conductivity parameters very crudely model an average fracture in Topopah Spring welded
volcanic tuff (Schenker, et al., 1995), with the saturation parameters chosen simply and arbitrarly
to keep count of mass balance. A fracture of depth, x1 =512 m, is modeled with a finite
difference form of the Richards' unsaturated flow equation [15], using the modified Picard
method (Celia, et al., 1990) with an adaptive time step (Baker, et al., 1998). In this case, just to
make x equal to depth. x will be positive downwards. 'Iheuppcrboxmdarywﬂlbcamamc
suction (2.95823 m) such that kr =10 The lower boundary is no-flow and set up such that the
depth, xl, is constant no matter how marny gndpomts, 0 tonp, mﬂwmodel.

0 0 1. ’ IWSWJ

i 9] {

exp(B- (¥4 - ¥)) &4
(m’/m’ cﬂ'cctwely dimensionless) Or = residual water content, Bs= saturated water
content,mdﬂand\ydarcﬁtungpmmctus B .

, Where © =irol'mncuic watcr content

The initial condition of all the grid points in the model will be a matric suction such that kr =
10"%, except for the points from 0.35*xl to 0.45*xl, which shall be set to a positive pressure head
of 1 m (y =-1m). The number of points, np, in model will be an even multiple of 10, such as,
40, 60, 100, 140, 200, 280, 400, giving space steps of Ax = 12.8, 8.533, 5.12, 3.657, 2.56 1.829
and 128 mforxl =512 m. {Note: The same errors occur in smaller reaches, but the large-scale
plotnmakzthcdxspersmnanncof some oscillahonsmoreapparcnt.}

Because the mass inflow and outflow at the boundaries of this experiment will be orders of
magnitude smaller than the mass flow in the interior, the relative global mass balance, as defined
by Celia, et al., will not be used. Instead, each time step will be calculated to converge to an
error, rmb, mthceqmvalentdcpthofwatcroflo"m The crror, rmb = sumth - fix, where

sumth= —- i(ﬂ’" 9,’,, +6/" 0’)mtheh'apmzdalmtegra!ofthemasschangemthe

model durmg onetune step, and flx = -Kmm"’(Hl-HO)"'AtIAx xsthemass flow mm theuppcr
boundary of the model in one time step. Km,, is the intergrid hydraulic condtmt:utymcan
bctwecnthex0=0upperboxmdaryandtheﬁrstgndpomtatxl=Ax. '

In this case, two models will be run in parallel for comparison. Oncuswtheanthmetxcmmn,
Ka, for the intergrid conductivity mean. The other uses the Darcian mean in [14], Kv. The model
using the Darcian mean will be set to adjust the time steps so that it converges to rmb < 10"° m in
40 iterations or less. The model ‘using the arithmetic mean will use exactly the same time stcps,
but will be allowed to converge in B0 iterations or less. If the either model does not converge in
the alloted number of iterations, then the time stcpmrcsetandrcduccd, and both models are rerun
for that time step. If the Darcian mean model converges in less than 40 iterations, the time step is
increased slightly. The maximum time step is limited to 5(10°) s. In this way, any difference
between the two models involving time step as well as space step discretization error is removed.
Both are equally affected.

Figure 2a shows the results for the arithmetic mean model for np = 40, Ax 128 m, att=0,
10, 0. 512(10‘) 1.024(10°), 2.043(10°) and 4.096(10%) . Figure 2b shows the results in ths same
run for the Darcian mean model. Note the different vertical scales, necessary due to radically
different responses. This is the model of an initial-condition pressure pulse that should be both
relaxing and drifting downwards in the fracture. In the first ten seconds, the arithmetic mean
model produces excess negative matric suction (positive pressure) heads that are non-physical.
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The Darcian mean model, by contrast, relaxes completely to the just under saturation near a
matric suction of 0.08 m, with no apparent change in pulse shape.

7
1

o N\ [Hos
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MATRIC SUCTION (m)
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- Figure 2a: Arithmetic Mean Model -
- Initial pulse of y = -1 m between 0.35x1 and 0.45xl,
relaxing and translating with time, fornp =40 att
=0, 10, o.sugo‘), 1.024(10%), 2.048(10%) and
4.096(10°) s, in the example fracture
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Figufe!b:Da’mianMcanModcl
-for np = 40 running in parallel with the same time
steps in the same fracture and the same cutput

As the models progress, the atithmetic mean model develops & persistent non-physical spike in

matric suction at the top edge of the pulse (left on graph). This is a direct result of violation of
the min-max principle; as demonstrated in the three-point grid test in the questions above. The
srithmetic mean model also develops severe oscillations in the peak of the pulse, producing many
non-physical peaks that are consistent with the concept of mass clumping due to a differential
error in hydraulic conductivity between wet-over-dry and dry-over-wet conditions. By contrast,
the Darcian mean model is very smooth and well-behaved. :

[ 3
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Figure 3a: Arithmetic Mean Model

Convergence to the fine-grid solution, for np =40, -

100, 200 and 400, or Ax = 12.8, 5.12, 2.56 and 1.28
m.
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Figure 3b: Darcian Mecan Model
Convergence to the fine-grid solution, for np =40,
100, 200 and 400, or Ax= 12.8, 5.12, 2.56 and 1.28

m. Paralle] time step run with Arithmetic mean
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Figures 3a and b show the convergence of the arithmetic mean and Darcian mean models for
np =40, 100, 200 and 400, or Ax = 12.8, 5.12, 2.56 and 1.28 m, at t = 4.096(10%s. As step size
goes down, the trailing edge suction spike and the leading edge oscillations in the arithmetic
mean model decrease. Both models converge to the same fine-grid solution, but the Daman
mean model shows superior error and stability characteristics.

: Non-Darcian flow errors are not apparent in this example for vertical space step sizes below

- where the arithmetic mean actually violates the min-max principle. But in another example
(Baker, 1999b), of infilfration into a fracture to less then 1 cm, with space steps from 1.5 mm to
21 pm, and an adaptive grid set to maintain a constant ratio between adjacent grid conductivities,

- using the arithmetic mean produced errors in the wetting front position of up to 18.75%,
compared to 0.36% for an approximate Darcian mean.” It may be that non-Darcian flow errors are
tolerable in many cases, but this cannot be cestified unless they are actually accounted.

The oscillations in the !cadmg edge of the pulse in the anthmctxc mean mode] are reminiscent
of numerical dispersion in hyperbolic systems. But classical numerical dispersion is created by
the differing speeds of propagation of different frequency components of the pulse. Here the
differing speeds of propagation are generated directly by errors in the intergrid conductivity
- mean, and depend as well on the slope of the pulse. This kind of oscillation has been seen
previously in fracture flow infiltration using a van-Gennchtzn-style conducnvxty relation in
Baker, et al. (1999a).

Figure 4 shows how the matric sm:honspikeevolv:sasaﬂmctxm of time andmodclvcxhcal
space step size, Ax. The trend, out to 83,886,100 s in model time, is for the non-physical spukcto
increase logarithmically in time, once it starts to develop. The plot for np =40, Ax = 12.8 m, is
atypical, possibly because of increasing space step discretization error. Note that the plots for
1.829 and 2.56 m start to decrease before rising above the initial conditions behind the pulse; The
reasons for delayed onsct and the apparent logantlnmc increase of the dry spike are not fully
" understood at this time. , _

- 9

E, A

;! 7 Noam

2.533m: :

3. ZAm gy

ST (20T [ siem

§A s - 128

g 3 T : 9 . oL
O - |

1B+4 B2 1E+3 1Et4 1E+3 1E+8 1Ee7: 1ER . , :
" .. . MODELTIME(s) : :
o Figure 4: Trailing Edge Matric Suction Spike
" for arithmetic mean model for np = 40, 60, 100, 140, 200, 280 and
400, Ax = 12.8 to 1.28m; The grid point with the largest value at
t=8.39(10')sxstmckedfromt-10m839(lo

Alﬂmugh it does not show well, note that even for np = 400, Ax = 128 m, the grid point at the
‘trailing edge of the initial pulse rises from the initial condition of 2.95823 m t0 2.99623 m at the
" end of the run. There is no physical reason for it to do so; the gravity flow into the fracture is the
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same as in the fracture to the top edge of the relaxing pulse. If the pulse were diffusing upwards,
the trend would be in the opposite direction. If the pulse had reached the no-flow lower boundary
and the fracture were filling with water, due to the upper boundary inflow of 4.74(10") m/s, the
trend would be in the opposite direction. The model end time is about 2.63 years, and the non-
physical spike for the Ax = 1.28 m case is just beginning to show. This does not bode well for
models that use the arithmetic mean, or any other significantly non-Darcian mean in violation of
the min-max principle, to predict flow over scales of thousands of years.
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Notes

Scientific Notebook (SN) ~A record of the planning, methodology, requirements, and results of
scientific investigations that is used when the work involves a high degree of professional judgment
or trial and error methods, or both.

SN Compliance Review-A review of a sdenﬁﬂo notebook using a defined checklist for the
compliance of AP-SIil.1Q and QA procedures listed in Section 7.0 of this procedure, except for the
technical review component of the checklist.

SN Entry-Information recorded in a scientific notebook for activities performed over the duration,
usually each day, of activity. (Any number of entries may be made on any given day in a single
scientific notebook by any number of Investigators who initial and date each of their entries.)

SN Register-A Lotus Notes database used to track alf Yucca Mountain Site Characterization
Project scientific notebooks, including a unique identifier, responsible individual, title, and review

" tracking capabilities.

SN Supplemental Record-A record, created while conducting the work covered by a scientific
notebook, that cannot be conveniently included in the scientific notebook, such as computer listings,
floppy disks, magnetic tapes, large volume supplementary explanatory materials, or large plots.

Technical Reviewer-An individual assigned to provide a technical review who has not performed
the work to be reviewed and is qualified to retrace the described work, to confirm the results or
repeat the work and achieve comparable results without recourse to the original investigator.
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Notes

AP-SliI.1Q, Scientific Notebooks establishes the process and responsibilities for the documentation
of scientific investigations that involve a high degree of professional judgement or trial and error
methods, or both, in scientific notebooks when implementing procedures are not appropriate. The
procedure does not apply to the conduct of repetitious processes and activntses, but may be used to
support such activities.

This procedure applies to individuals with the Management and Operating Contractor (M&O), .
including the national laboratories, and to the U.S. Geological Survey that use scientific notebooks -
for activities subject to the U.S. Department of Energy Office of Civilian Radioactive Waste
Management Quality Assurance Requirements and Description, DOE/RW-0333P. Scientific
notebooks initiated under another approved procedure must be transitioned to this procedure, with
an entry signifying transition within 45 work days of the effective date of this procedure.
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. Site Recommendation Report
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» Bound/Binders

* Consecutively numbered pages

. Permanenﬂy attach loose materials
* Avoid excessive blank space
* Reference all supplementary records

- Initial or sign, and date entries

The Control and Use of Scientiic Notabooks for OCRWM Activities - QASB00S, Rev. 2

Scientific Notebook General Principles
Notes

1. Scientific investigations - ‘shall be perfonned usmg scientific notebooks, implementing documents, or
a combination of both.

2. Unless otherwise approved by the manager of the investigator using the scientific notebook and .
documented in the initial entry, a bound notebook with consecutively numbered pages shall be used.
If a three-ringed binder or equivalent is used, all pages also must be consecutively numbered and
each entry dated. : '

3. When incorporating loose materials, permanently attach the materials in the scientific notebooks.

4. Avoid excessive blank space that has no purpose in scientific notebocks. Blank pages or
substantial blank space on a page shall be identified for future purpose such as a table of contents, a
log of referenced documents, or other reserved purpose. Blank spaces, indentation, or other format
options used to improve readability do not need to be labeled. At closure of the notebook, draw a

... diagonal line through all areas where the reason for the existence of the open space is not othenmse :
obvious; then initial and date the slash.

5. Reference all applicable scientifc notebook supplementary records of supporting information
created while conducting the work, but which cannot be conveniently included in the scientific
notebook, such as review documentation.

6. Initial or sign, and date entries on the day they were made. Entries should be made on the date the -
work was performed unless it is more appropriate or descriptive to consolidate an overlapping,
ongoing event or process.

AP-SiI.1Q, Scientific Notebooks
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Scientific Notebook General Principles

+ Corrections and legibility
- Security

» Table of ccntenf# ,

* Clear, concise, complete statements

* Failed experiments are important

The Control snd Use of Scientific Noledooks for OCRWAM Activities : QAJB00S, Rev. 2

Notes

Scientific Notebook General Principles

7. Make and date corrections to scientific notebook entries or supporting information by drawing a
single dark line through the incorrect or obliterated information and placing the comrect information or
explanation, inciuding an explanation of the obliteration, in close proximity, or note another location
where the information is documented. Ensure that scientific notebook entries, including corrections,
are sufficiently legible for imaging in accordance with AP-17.1Q, Record Source

Responsibilities for Inclusionary Records. :

8. The investigator is responsible for security of the scientific notebook except after it is submitted to
the Records Processing Center (RPC), given to the Responsible Manager, or to Reviewers, who
then accept its security while in their possession.

9. Develop and maintain a table of contents on the initial pages set aside for this purpose
(Paragraph 5.1.4) with the notebook entries that list the main topics or activities covered by the
notebook, and applicable page numbers.

10. Laboratory, field, or log notebooks are not scientific notebooks unless they meet all requirerments
of this procedure. When used in support of a scientific notebook, these supporting laboratory, field,
or log notebooks shall be referenced in a scientific notebook as a supplemental record and
submitted as part of the scientific notebook records package.
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Scientific Notebook Work Flow .

VaAROMACCIY
EISTrARey

The Contral and Use of Scientiic Notebooks for OCRYWM Activives . - L QASS00S, Rev. 2

Notes
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. Scientific Notebook Identification cmd Control

- @ Obtain o document identifier (DI) frjom the SN Register
> You will be prompted for the following:

* Organization '

* Beginning date

*Title

* First & last name of responsible inveshgotor

* Responsible manager '

< Ensure SNs are or'ganized and uniquely marked

< Document title, DI, and all interfacing |
notebooks in initial or fmol notebook
entry

The Control and Use of Scientific Notebooks for OCRWM Activies . QAI800S, Rev. 2

-Notes

Obtarn a document identifier for your scientific notebook through the Lotus Notes Scientific Notebook
Register (SNR) database. Place the document identrfier inside the front cover, on the fi rst page, or
on the notebook cover . . .

NOTE: Management control of the use, review, and closeout of scientiﬁc notebooks is maintained
using a Lotus Notes database, the SNR. This database Is a management too! to identify, track, and
monitor the Initiation and completion of the screnhﬁc notebooks ltcan be added to your Lotus Notes
Desktop using the Database Catalog.

NOTE: The identifier is made from a series of inputs as prompted including the organization using
the notebook. For example, a U.S. Geological Survey screntrﬁc notebook No 2 would have the
format SN-USGS-SCI-002, V1. ’

Organize notebooks as appropriate to the execution of the work and ensure that they are umquely
marked with notebook identrﬁer trtle and volume ,

1) For a single notebook used on a given task, the SNR is programmed to provide sequéntial
volume numbers for any identifier and title input. o

2) For multiple related tasks, or task breakdown assignments, a *Master” notebook rnay be used that
controls any series of supporting notebooks. Each volume shall be registered as in Step 1) above.

NOTE: For traceability of established notebooks, as applicable, title entries should begin with the -
original notebook identrﬁer that may have been assrgned by another organization's procedure or
process.
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Scientific Notebaook Initial Enfr'y

; @ Record the following in the SN or reference an approved
planning document:

* Work scope & objective
. Proposed approach and primary tasks

* Proposed technical methods or procedures to be used fa
"collect, analyze, or study results

* List of somple types .
* List of test equipment planned to be used
~ ID MATE needing calibration
- Provide or reference calibration methods

» Description of any procwemenf activities
1D of software '

ID of standards and criteria -
. The Control and Use of Scientiic Nolsbooks for OCRYWM Actviies QAs2008, Rev. 2

Notes
Recerd, an initial entry, in the scientific notebook, consistent with a work package or other
planning document that includes or references the approved work package number, or other .
planning document that addresses the following planning information; then sign and date the

entry: \ ) , . _ .

, v 1) The work scope including title of work, Work Breakdown Structure No., as ‘applicable, research
objective, proposed approach and primary tasks, or proposed technical methods or procedures to.
be used to collect, analyze, or study results. ‘

2) A list of sample types giving details, as avallab|e and appropnate for samples that are
expected to be involved in the work activity.

3) A list of test equipment planned to be used with identification of measuring and test equipment
needing calibration. Provide or reference the calibration methods and/or requirements including
suggested calibration methods when appropnate, and indicate calibration schedule

or frequency, if establtshed . ‘

4) Description of procurement activity pertinent to the mvest:gatxon such as cahbratron or
analytical sennces

5) Identification of software to be used G include qualaﬁcat:on status and Computer Soﬂware
Configuration ltem numbers) \ , S : g :

6) Identification of standards and cﬁteﬁe, as applicable, including acceptance criteria.
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Scientific Notebook Initial Enfgy (Cont.)

o Record the following in the SN er reference an cpproved
planning document: - -
+ Any specia! training/qualification requirements

"+ Environmental conditions -
* Potential sources of error

< Record the following in the SN:
+ List of personne! expected to contribute to SN
.+ Include examples of signatures and initials
. ID responsible imesﬂgctor

» ID any relevant information not included in
- referenced work planning documents or
procedures

The Control and Use of Sclentlic Noleboaoks for OCRWM Activities : ' QAS800S, Rev. 2

Notes

)] Anﬁ special training/qualification including procedures prccesses or skiils; environmenta!
conditions and accuracy precision or representativeness of results requirements (if different from the
manufacturer’s); and pertinent potential sources of error as apphcable ,

NOTE: In lieu of the above information, the trtle and number of the applicable approved planning
document(s), approved implementing documents, work instructions, or other documents contammg
this information may be referenced.

4

8) A list of personnel expected to contribute to the notebook, including exampies of their ssgnatures
‘and initials. Leave reasonable space for modifications to this list. Identify the name of the mvesttgator
who is responsnble for the notebook and Its contents. |

9) Additional relevant information that |s”not rncluded inthe referenced work clannmg documents,
implementing Procedures, or Technical Procedures and any other mformatnon necessary to
understand the research to be documented ' ,

§oe
I

11



M2O Training & Development = 12024 .
Scientific Notebaak Initial Entry (Cont.)
o Record the following in the SN: . :
» Full citation of all work(s) referenced inSN
* Quality status of inputs o '

* Provisions for controls of any electronically managed data
« ID of required QA verifications, witness, or hold points

@ Coordinate: planning with organizations provxdmg
input to or using the results from SN

* Ensure initial entry is provided or referenced in
concurrent volumes

@ Initiate a complinnce review of the lmtiol
entry (Amchmem 2

The Control and Use of Scientific Notabooks for OCRVWM Activities ' QAS3008, Rev. 2

Notes

10) Full citation of all work(s) referenced i m the notebook that is related to methodologies in the o
cuentlﬁc investigation, and quahty status, as appropnate : e

11) Provisions for controls of any electronically managed daté
" 12) ldéntifiCaﬁbn of any required QA verifications, witness. or hold points, etc..

Coordinate planning with organizations providing input to or using the results from a scientific
notebook. Provide the same initial entry information (or reference to an appropriate planning
document, if applicable) in concurrent volumes of the scientific notebook or provide reference to the-
original initial entry at the beginning of each concurrent volume. All concurrent related volumes shall
be cross referenced in their initial entries. Simitarly, if applicable, provide an updated mmal ently in
effect at completlon of avolume as a begmmng to a new volume

Initiate a compliance review of the initial entry using rview criteria from Part 2 of the Scientific
Notebook Compliance Review Worksheet (Attachment 2). Upon completion of the Initial Entry

- Compliance Review, evaluate the review and if acceptable, sign and date at the end of the initial
entry. if unacceptable, return the scientific notebook to the Investigator with an explanation or further
comments to be resolved.

Ensure that the investigator is aware of changes to any impacting planning documents and is directed
to modify the initial entry as appropriate to maintain compatibility.
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Scientific Nofebook In-Process Entries

. Document entries in sufficient detail to allow the
investigation to be retraced and results confirmed, or repeat
the investigation and achieve comparable results without

recourse to the ongmal investigator

Include: '

» Step-by-step process of work performed

* Any conditions that may adversely affect research
¢ ID of any samples, computer programs, or test .

% " equipment and cahbmhon not prc\nously described or

SRS, l'efﬂ‘enced

* ID of quality stotus of inpufs mcludmg unqunllﬁed
and accepted inputs

+ ID of rejected data

* Investigation results

» Changes to the initial entry

The Control and Use of Sclentlic Notebooks for OCRWM Activities : GQA93005, Rev. 2

-Notes

Document the following in sufficient detail to allow a Technical Reviewer to retrace the investagatloh
and confirm the results, or repeat the invesﬂgat:on and achleve comparable resuits wrthout recourse
to the original .

Investigator:

1) Step-by-step process of the work performed, includmg the accomplishment of prerequisite actions
and any deviations from planned actions

2 Any conditions that may adversely affect the research descnbed in each entry, if applncable :

3) identification of any samples, computer programs, or test equipment and calibrations not previously
described or referenced, including quality status, as appropnate )

4) Identification of any existing or.accepted data that may be used in the mvestlgatlon
5) Identification of any “rejected” and/or non-Q data, if known

6) lnvestlgatlon results, including those that do not meet acceptance criteria |

Iy} Intenm conclusions, if any C

8) Changes from or additions to the initial entry, mcludmg methods used, names, initials, and
signatures of any new individuals performing the work. Include examples of initials and signatures.

Create a new notebook, but next higher volume, when all space in a. notebook has been used.

1) Transfer updated initial entry that was in effect at completion of a volume, and use as a beginning
to a new volume.

2) Refer to the new continuing notebook with a note at the end of the full notebook, to show it is being
continued.

13
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Scientific Notebook Review and Aggroval

Responsible Manager or PI (if not the investigator) initiates a
compliance review, a technical review, or both

~Compliancs Reviews:
"~ «SN activity completed and/or SN closurs
* Period since SN origination or last review is 1 year

| Technical Review: . o
. * SN activity complefcd and/or SN dcsurc
"“ Interim review is requested (data submittal)
* Period since SN origination or last review is 1 year
* RM/FI requests review (SN contributor leaves)

The Control and Use of Scientific Notebooks for OCRWM Activities - QA98005 Rev. 2

Notes

Initiate a Compliance Rewview or a Technical Review or both when:

1) The activity that is being documented in the scientific notebook has been oompleted and/or the
scientific notebook is being closed (Technical and Compliance Review)

2) An interim review is solicited by the Investigator, such as when the scientific notebook contains
any data that may be used for analysis or submlssmn to the Technical Data Management System
(TDMS) (T echmcal Revnew) :

3) The penod since notebook origination or the prevxous review is approachmg one year (Techmcal
and Compliance Review)-

4) The Responsible Manager/Pl deems a review desirable, such as when a major notebook
contributor leaves the work acuwty (T echnical Rewew)
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. Scientific Notebook Review and Approval (Cont.)

Responsible Manager or PIv(if not the invesﬁgafor) selects @
Technical Reviewer and/or a Compliance Reviewer

Technical Reviewer:
¢ Capable of performing SN work
* Did uof perform SN work

Complmnae Reviewer: .
¢ Familiar with overall QA program
« Capable of determining adequacy of compliance
with requirements of AP-SIII 1Q and any other
related QA procedures

' The Control and Use of Scientlfic Notebooks for OCRWM Activites QASZ005, Rev. 2

Notes

Select a Technical Reviewer who is capable of performing the described work, but who did not

perform the work 1o be reviewed. Reasonable effort should be made to select a Technical Reviewer,

- who is not the Investigator's direct supervisor, when the notebook is being reviewed for closeout or
submmal of any data to the TDMS (in accoivdanoe with Paragraph 5.6b).

" Documented justification for the supervisor to perform the Technical Revnew shall be made dlrectly
or referenced in the scientific notebook. .

- AND/OR -)

Select a Compliance Reviewer for scientific notebook compliance who is familiar with the overali QA
program, and is capable of determmmg adequacy of compliance wrth requnrements of this procedure
and other related QA procedures Ixsted in Section 7 0.

Evaluate and aceept ihe Scienﬁﬁc Noiebook COmpliance Review foﬂowing comment resolution by
signing the “Review Approved by:" line in the header of the Compliance Review Checksheet.

Resolve the comments and document this resolution in the ‘scientific notebook er. ifthe notebeok is
full, reference the documentation that will become part of the record package for the notebook.

15
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' Technical Reviewer .

*Document reviewof SN: = ' -
«Information is technically adequate
«Information is presented in sufficient detail
*>Software used is suitable to problem being solved
*Software used is within range of validation testing i
*Detail concerns about technique, interpretation, or documentation:
*Recommend further invesﬁgaﬁon if appropriate

eIndicate: SN has been reviewed and is technically ndequate by
making an entry in SN or other review documentation

*Include in entry beginning and end points of review

: The Control and Use of Scientlic Notebooks for OCRVA Activities . : QAS8008, Rev. 2

Notes

Perform a documented review of the scientific notebook using as a minimum the following criteria:
1) The information presented, including any referenced information, is technically adequate.

2) The mformatxon is presented in sufficient detail (mcludmg use of released software) to retrace the
investigation and confirm the resuits or to repeat the mvestxgatlon and achieve comparable results,
without recourse to the original invest:gator

3) A_ny software used is suitable to the problem being solved.
4) Any software used is within the range of validation testing.

Indicate that the sc:entlﬁc notebook has been rewewed and is techmcal(y adequate upon comptet:on
of comment resolution, by signing and dating an entry to that effect in the scientific notebook. This
statement should be inclusive of supplemental records, include the beginning and end points of the -
review, and be at the end of the text and review comments for the revxewed matenal

-OR-

Add comments or refer to other review documentat:on that detail concems about technique
interpretation, and documentation, and sign and date the comments.

If appropriate, recommend further mvest:gatxons by provsdmg a statement to that effect in the
scientific notebook, sign, and date. ’ .
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Compliance Reviewer
°Documenf review of SN (use checklist or equwalenf)

*Provide jushfocchon for non-cpphccble criterion
*Document non-compliance and provide explanation
*Document compliance and provide comments as appropriate

*Return review documentation and SN to invesﬂgafor for
comment resolution

*Submit complé.ted Feview dowmenﬁxfhh as supplementary record

*Reference review documentation in SN as close to end of SN
segment reviewed. A - 3

The Control and Use of Scientiic Notebooks for OCRWM Activities

Notes

Review and document the comphance review by completing a form equivalent to that shown in
Scientific Notebook Comphanoe Review Worksheet (Attachment 2) . -

1) Give justiﬁcation of the nonapplicability of any‘-emeﬁon fisted in the comment column. |

2) Document any noncompliance by checking thé “R" column as being reviewed, and making a
comment conceming the deﬁcient condition in the comments column, _ -

3) Document compliance by checking the *R" column and provnde suppomng comments as
appropnate to expand on the review results. I

4) Return the review sheet and notebook to the investigator for comment resolution.

5) Initial each comment on the worksheet upon full resolution, and sign and date the review as being
“Accepted,” upon resolution of all comments.

6) Submit the completed review sheet as a supplementary record.

Reference the Compliance Review Sheet and any supporting documentation in the scientific
notebook as close to the end of the scientific notebook segment reviewed as possible.

17



M&O Training & Develfopment . 18cf24
Dam Submittal and Traceabilty

-« Ensure relevant data used in analysis or that
contributes to technical products or the :
collection of data is retrieved from 1he TDMS
or TIC '

. Doc.umenf rnﬂonnle for use of nccepted data
© IAW AP-SIII.2Q

* Submit all data produced by the SN ’
investigations to the TDMS TAW AP-SIII.3Q

¢ Data used as inpu‘rs to technical producfs
involving scientific investigation shall be
referenced in the SN using DTNs -

The Controf and Use of Scientlic Notebooks for OCRWM Activities QAS8008, Rev. 2 -

Notes

Ensure that any relevant data used in analysis or that contributes to technical products orthe
collection of data is retrieved from the TDMS or the Technical Information Center. if data retrieved
from the Technical Information Center is to be considered accepted data, provide a rationale in
accordance with AP-SII.2Q, Qualification of Unqualified Data and the Documentation of Rationale
for Accepted Data.

Submit all data produced by the scientific notebook investigations to the TDMS in accordance with
AP-S)1.3Q, Submittal and Incorporation of Data to the Technical Data Management System,
before any such data is used external to the scientific notebook investigation for analysis, etc., or
otherwise prior to closure of the scientific notebook

Data used as inputs to technical products mvolvmg scientific mvesbgatron shall be referenced m
the scientific notebook usmg the TDMS Data Trackmg Number (DTN)
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- Scientific.Notebook Closure (Cont.)
Investigator closes-out the SN when:

o Activity that SN is documenhng is complefed cnd SN is no
longer needed : »

o> 6N is full and is being continued in another SN

L Eﬁfﬂes in SN are not of technical value (work or
research is ennczlled)

o Within three monﬂts of last entry, unless a mfemenf
 of intention to continue is documented

The Control and Use of Sclentdk: Noteooks for QCRAM Activities . ; GA98005, Rev. 2 |

Notes

Close out the scientific notebook when: .,

1) The activity that the scientific notebook is documenting is completed and the scienﬁﬁc notebook
is no jonger needed , .

2) The notebook is full and Is bemg contmued in another notebook '

I ltis determmed that the entnes in the sclentaf ic notebook are not of technical value, such as
when work is cancelled for budget or reprogramming reasons, and the research being documented
is discontinued )

4) Within three months of the last entry, unless a‘ statement of intention to continue with the
notebook after a designated time is entered afier the last technical entry.

4

19
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Scientific Notebook Closure (Cont.) »
Investigator requests a compliance and technical review

Investigator documents the closecut in a final entry
upon completion of reviews '

Include statement: e
o of readiness for closure, and
attestment to accuracy and complefeness

Respons;ble manager ensures SN contains:

fUpdated and finalized Table of Contents
*Investigators attestment
*Technical reviewer's signature and aﬂesﬂnenf

RM signs and dates approvnl for c!osure
of SN :

"~ The Control and Use of Sclentiic Notebooks far OCRWM Activities QA3S2008, Rev. 2

- Notes

Request a Compliance and a Technical Review and document the closeout in a final entry upon
completion.

Include a signed and dated statement of readiness for closure of the scientific notebook, and

attesting to the accuracy and completeness of the information contained. When applicable, also
include a Statement of Continuation in another volume. Place this final entty at the end of the
notebook, and nonfy the Responsxble Manager of this action , :

Ensure that the final scientific notebook entries include the following:
1) An updated and finalized Table of Contents.

2) Dated signature 'of the Investigator attesting that the information contained in the scientific

notebook is legible, accurate, complete, appropriate to the work accomplished, in compliance with

applicable procedures, and identifiable to the item(s) or activity(ies) to which the scientific notebook
applies. ‘ .

3) Dated signature of the Technical Reviewer stating that the scientific notebook meets review
requirements and that all comments have been resolved.

Sign and date in the scientific notebook approval for closure of the scientific notebook and its
submittal to the RPC; or return the scientific notebook tq the owner for resolution of comments.
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. - Records .
Investigator submits SN to Records Processmg CeMer (RPC)

o SN package includes
© . - = All SN referenced supplemerrrcl fecords
- Checlists, review records, etc.
- Supporting lab, log, or field notebooks
- Applicable data submittal packages
- A memo or SN entry stating SN does not contain
- relevant technical dato, if applicable ‘

o Update the SNR to indicate SN closed

" The Control and Use of Scientific Notebooks for OCRWAS Acthvities

Notes'
vSubmit the closed scientific notebook to the RPC. The scientific notebook shall be accompanied by:

1) All scientific notebook referenced suppiemental records
2) Appropriate documentation to support Subsection 5.6, such as compiled data and the Data
Tracking Number, In accordance with AP-SIil.3Q.

3) A memorandum signed by the Pl, or the investigator, or a copy of a signed entry ai the end of the
notebook, to the effect that the scientific notebook does not contain relevant technical data, if this is
the case. ;

NOTE: it is encouraged to submit a copy of the notebook and its supplemental records, allowing the
user to retain the original notebook. A

Update the SNR database in Lotus Notes to indicate that the scientific notebook has been closed.

Records Package:

The closed out scientific notebook or segments of interim contributions to the scientific notebook, and
if applicable, a memo signed by the Pl or the investigator indicating that the notebook does not
contain relevant technical data.

The scientific notebook supplemental records, such as Technical or Compliance Review records, or
supporting laboratory, field or log notebooks.

21
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Typical Scientific Notebook Issues

@ SN did not include enoubh details for independent, q’u&liﬁed
person to determine work performed

(Z'Initial entries in SN do not contain the requured information
X sN not in accordance with procedun requirements and QARD -
SN pages not reviewed becausa SN not available =~

@ Traceability of data and SN not consistently documented

. Planning of scientific mveshgaﬂon nof performed in nccordanc: '
- with QARD

%] Independent review not performed

SN does not clearly. identify references or provide
adequate methodology for repeatability

The Conrol and Use of Scientiic Nolebooks for OCRWM Activities

[ Y
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Lessons Learned and Suggestions for Improvement

Multiple notebooks, not cross
referenced

Opinions/thought processes/logic trains
ifficult to follow - try to add mere
E explanatory statements

' Label sketches

Data and/er calculations in computer
files, not referenced

. Project jargon and eryptic notations -
: try to limit

The Control and Use of Scientific Notebooks for OCRWA Activities . QAS800S, Rev. 2

Often, several notebooks were in use during one test and it was sometimes difficult to retrace the
progress of the test. In cases like this, cross referencing between notebooks would be very helpful to
later reviewers. ' ‘

OpinionsAhought processes/logic trains are the hardest thing to follow when trying to retrace the
investigation without recourse to the original investigator. Try to add more explanatory statements. For
example, rather than just stating air injection times were increased, state that “air injection times were
increased because...”

Clearly label any sketches. ‘A hand drawn sketch of a borehole video log looks remarkably like a hand
drawn sketch of a length of core and a label eliminates any possible confusion. Similarly, label the axes
of any sketched graphs. '

Most of the notebooks examined were weak on stating testing requirements such as needed equipment
or environmental conditions. More detail in these areas would be desirable.

Quite often data and/or calculations are in computer files, be sure to reference where and how to
access these files in the scientific notebook.

Try to limit the use of project jargon and cryptic notations that require prior knowledge to understand.
For example, a notebook entry that indicates, “the blue holes were tested” or "the red holes were tested”
is not meaningful to & reviewer unless they have the color coded borehole layout from the Test Control -
Office (TCO) (and none of the notebooks examined included or referenced the color coded layout).
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Summary

What is the process for initiating a SN?
What are the review requirements for a SN?
‘What are the data submittal requirements? -

How is a SN closed-out and submitted?

" The Control and Use of Scientliic Notebooks far OCRIVM Activitios QA98008, Rev. 2

. Notes
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OCRWM Procedure .
Title: Scientific Notebooks : ‘
- Procedure No.: AP-SHI.10Q/Rev. O/ICN 0 A v Page: 160of 17

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

- SCIENTIFIC NOTEBOOK oA:
'COMPLIANCE REVIEW WORKSHEET Page: 1 Of 2
SN: Local ID: Investigator: v )
Te:
.| Review Accepted By: : _ Acceptance Date: - Racord Submittal Dats:v

Applicable Inplementing Document ({include Rev. No.):

Requirements/Criteria L R | NA - Comments {See Note)
1. Notebook kitiation Inchudes: '
a. Urique Klentifier and Start Dete
b. Uss of Bound Book
c. Spece for Table of Contents

d. Continuows Pagination
¢. Rafererce ary Preceding Notobook

| b. ID of Sciertific Approach or Technical Methods
Used © Colloct, Analyze, or Study Results

¢. ID of Applicabl Standards and Criteria

d. Equipment to be Used

o. ID of M&TE and Calibration Requirements
£. Special Training/Qualification Requirements

g. ID of Perequisites, Special Controls,
Environmental Conclitions, Processes or Skills

h. Accwracy, Precision, and Representativeness of
Results

| & Mentfication of Software _
j- Wortification of Samples

k. List of Relatad Procedures to be Used
L. ID of QA Program Veiifications

m. List of All SN Users/Signature/initials
n. Designated Ownor of SN

0. Planning Coordinated with Orgarizations
Providing Irput to or Using the Results

AP-SHL.1Q.1 . ' ’ Rev. 06/30/1999

Attachment 2 - Scientific Notebook Compliance Review Worksheet



OCRWM Procedure
Title: Scientific Notebooks , : o a
Procedure No.: AP-SII.1Q/Rev. O/ICN 0 o i ' Page: 17 of 17

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

'SCIENTIFIC NOTEBOOK QAs
COMPLIANCE REVIEW WORKSHEET Page: 2 OF 2
Requirementy/ Criteria R NA Comwnents (See Note)

3. In Process Ertries Include:

a. Description of Work Performed and Resuits
Obtained

b. Compliance with QAFD Supplbment V

¢. Compliance with Modeling Docunentation
d. Changes/Additions to titial Bntry Information
o, 1D of any Unqualified (Existing) Data Ussd
f. Trace % Attachments/Felated SNs -

g. Names Who Parformed Work

h. Signature/Date of Each SN Entry

i. Description of Changes to Methods Used
j- Interim Conclusions as Applicabls

k. Explamatory Statemert When Dormant

4. Notebook Review Includes:

a. Initial Entry Review

b. Technical Review {Pa: 5.5.4)

¢. Corrpliance Reviow (Pa 5.5.3)

d. Any Referenced Material Needing Raview
o. Adverssly Affecting Conditions

f. ARl Comments Resolved

5. Notebook Closeout Includes: i Completed Only After Notebook Has Been Closed Out
a. Indepenciart Technical Review of Notebook :

b. Cormpliance Review of Notabook

¢. Statomont of Acceptability by Manager
d. Data Was Submitted to TDMS

o. Records Check .

f. Records Package Was Submittod

Note: Legend: R-mﬁmamﬁﬂinammﬁomﬁmm-ﬂisaiteﬁminotapphbbmﬂiambodcm-
' anhmﬁondmnoarplimokumwkmy notes or justification of non-applicability, as applicable. ’

APsIL1QT1 ! ’ Rev. 06/30/1999

Attachment 2 - Scientific Notebook Compliance Review Worksheet (Continued)
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-~ YRWEnvironmental 1160 TownCenterDive . WBS: 123
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ATTACHMENT1 - ‘ - '
) ’ MOL.19580217.02
Work Plan for Integrated Site Model -
o - Revision0 - S
December 23, 1997

1.0 Work Scope

This work plan is applicable to Intégrated Site Mode! (ISM) work that is conducted under the
- M&O quality assurance procedures. This work encompasses &ll phases of model development,
- including data compilation, data analysis, mode! construction, mode! analysis, and preparation of
model products. Supervision of 8 Numerical Model Warehouse (NMW) and translation of model
.components between software formats are also included. The work scope is as defined during
_the annual planning process, and documented in project-approved annual planning documents >
 and Participant Planning Sheets (PPS) for & given fiscal year. S :

11 Objective

The objectives of the Integrated Site Model (ISM) work are to provide the YMP with reference
geologic framework and integrated rock properties models on which flow, transport, and
performanceassessmentsmdieswiﬂbebascd;andtose’rveasarepositoryforp:climinarySD
models end mode! components.. -~ LT

12 Primaiy Tasks

- PﬁmarytasksofthelSdetic‘ihclﬁde: o

- I) Compilation and analysis of input geological data, including detailed reviews of potential

model input data provided by others; T .

2) Construction of a three-dimensional geologic mode! of rock units end faults at Yucca

- 3) Incorporation of 3D rock properties and mineralogic models into the geologic framework
model; T T S e

4) Creation of model products (maps, cross sections, views, animations, iltustrations)

5)  Preparation of reports of model results; - ‘ | B

6) Serve as “gatekeeper” for the Numerical Model Warehouse of the Technical Data
‘Management System, which houses electronic files of 3D models, input data, and model
products for use by Yucca Mountain Project (YMP) modelers; L :

7) Translation of model components between software formats

13 UseofData
Input data will be compiled from existing YMP documents in the Records and Technical

Database systems. No new data will be acquired under the scope of this work; however, data
- may be reinterpreted during the iterative process of model development. Data qualification



status and reference documént of each input data point will be maintained and recorded.
Interpretations and their technical bases will be documented. .

2.0 Methods and Approach

The geologic framework model will be constructed using standard procedures for the Earthvision .

3D modeling software, outlined as follows. The process and interpretations made by the

modeler(s) are documented in a Scientific Notebook (procedure QAP-SINI3Q) as appropirate,

one notebook for each model version. Input geologic data will include borehole lithostratigraphy,

geologic maps, measured sections, and tunnel lithostratigraphy, and will be used to construct :

grids for faults, reference horizons, and isochores. Geophysical inputs include interpretations of

gravity, magnetic, and seismic data. Grids will honor input data. Each grid will be controlled by

the modeler to represent a reasonable geologic interpretation for that feature, i.e., the software

will not be given free rein to construct surfaces based solely on mathematics. The modeler will

control the assembly of faults and horizons into the geologically correct sequences and with the

_ correct geometric and geologic relations by definition of input parameters. Each step of the ,
" modeling process will be iterated until the' desired results are achieved; that is, until the modeled

feature represents the modeler’s interpretation of that feature and honors the input data. . -

A minimum number of reference horizons will be constructed, from which the thicknesses of the
remaining units will be added or subtracted. The number of reference horizons will be '
‘minimized to reduce model construction time and reduce potential user-induced grid errors such
as overlaps or gaps between successive units. The number and identity of reference horizons will
be determined by iterative construction of interim models. Each iteration will be analyzed for
correct fault offsets, correct horizon extrapolation, intercept with input data points, and intended
horizon configuration. Grids or parameters will be corrected as needed. When the geologic
framework has been completed for 2 model version, this will be documented in the scientific
notebook for that version. : S ‘ '

The 3D rock properties and mineralogy models (and others as appropriate) are generated under
other activities outside of this work scope, and will be received in a format readable by
Earthvision software. This format generally consists of grid nodes with regular horizontal
spacing and regular or variable vertical spacing. Each grid node contains x and y coordinates, Z
- elevation, and a property value. These grid nodes will be input to the geologic framework model
as grid nodes, and will not be manipulated or extrapolated. If required, grid nodes will be shifted
 to exactly match the top and bottom horizons which bound the modeled rock body. The
modeling software is then used to construct 3D contours around the grid nodes to visually
represent the rock propesties or mineralogic model. This constitutes integration of the rock
properties models into the geologic framework to construct the integrated site model asM).
When the ISM iteration is considered complete, this will be documentéd in the scientific
notebook. '

" The ISM workscope also includes serving as the “gatekeeper” to the The Numerical Model |
" Warehouse, which is an on-line, computer-based storage facility for 3D model components and .|
products for use by YMP modelers. The Warchouse is maintained and managed by the Technical



DataManagementSystemdspanoftheYMPGEMSEStechmeeldatabase,andmllphyswaﬂy

~ reside along side GENISES. The ISM modelers will maintain a separate computer facility for

the exchange of preliminary and interim models and data, and to serve as the receivor of models

" tobe submitted to the NMW. The ISM work scope includes the translations between modeling

- formats, andﬁxeselecuonofmodelstobesubmxttedmtotheNMWformats 'Ihtsprocessisa!so
o documented by scientific notebook.

" Soﬁware tools to translate model components wdl be eonsn'ucted both by the ISM modelers (for
- simple cases) and by outside contractors (for complex cases). All translations will be performed

by the ISM modelers. The translation tools are not required to be qualified under QARD

requirements because the translation algorithms simply reproduce the model componentsina

-new format (comparable to translating between word processing document formats), they do not

X perform mathematical manipulations of data, and they do not produce new data or

- interpretations. Translations will be vahdated by eompanson of outputs of the original model
versus the translated versron. '

» o ' 3.0 Apphcab!e Standards and Cntena
~ No apphmble standards and criteria have been 1dent1ﬁed as appheable to the ISM effort.
4 0 Developed Procedures and Implementmg Doeuments
Implementmg doeuments specific to the modehng work will include M&O QA prowdures QAP-
SI-0Q (computer software qualification), QAP-SII-1Q (scientific investigation control), AP-
17.1Q (name#¥), QAP-SII-2Q (tevzew of scxenuﬁc documents and data), and QAP-SI]I—3Q
(sexenhﬁc notebooks) - o
| 5.0 Equipment
‘No testing, ﬁe!d, or laboratory eqmpment wxll be used. Computers wﬂ! be used for modeling.
| 60 Records and Reports '
This work wxll be recorded in Sctennﬁc Noteboolcs by each mvolved mvesugamr in accordance
“with M&O QA procedure QAP-SIII-3Q. Reports will be developed as required in deliverable
criteria as established in the annual planning process, and in accordance with M&O QA
procedure QAP-SHI-1Q. Records will be submitted i in accordance with M&O QA procedure
. AP-17.1Q. -
7.0. Prerequisites, Special Controls, Environmental Conditions, Processes

No applicable prerequisites, special controls, environmental oondmons, or processes have been
identified as applicable to the ISM effort. ,

8.0 Computer Software



The 3D geologic modeling will be conducted using Earthvision software manufactured by
. Dynamic Graphics, Inc., of Alameda, California, on Silicon Graphics computers running the
IRIX operating system. The current, Qualified software version will be used on hardware
. “specified in the currently applicable Software Qualification Report (SQR). The Earthvision .
version 3.1 Computer Software Configuration Identifier (CSCI) number is 30008 v3.1, and the
SQR accession number is MOL.19970115.0226. Software revisions or updates used in
developing ISM components will be qualified in accordance with M&O QA procedure QAP-SI-
0Q. The concept of “validation range™ does not apply to geologic framework modeling software.

9.0 Evaluation of Resﬁlfs

The geologic framework model will be validated by comparison of outputs to input data values.
The model will be deemed satisfactory if final model values for elevation are within 3 feet of
input elevations at boreholes. This number was determined by sensitivity analysis of the effects
of elevation on rock properties model results, and represents the value at which adverse effects
appear in properties models. This number does not reflect the model’s predictive capabilities or
imply accuracy of the input data, but is strictly a comparison of model inputs and outputs.

The geologic framework model will also be evaluated as new boreholes are completed by
comparing lithostratigraphic elevations in the borehole with those predicted by the model. The
sources of error will be evaluated and the model revised accordingly. :

10.0 Interfaces Across M&0 Areas.

_ Potential geologic data inputs will be received from the U.S. Geological Survey, and will be
reviewed and analyzed as part of the iterative modeling process. The geologic framework mode]
will be translated to software formats compatible with other 3D modeling software packages
used in the YMP, and the results transmitted electronically. Model version number will be
- explicit in each electronic file name, and text will accompany the transfer to provide reference
documents and data traceability. Customers for the geslogic framework model include the M&(
Mined Geologic Disposal System (MGDS) Design, Performance Assessment, and Scientific
Programs Office (SPO) groups, including the unsaturated zone flow model, the saturated zone
- flow model, the radionuclide transport models, and the repository design model. In addition,
products will be developed from the geologic framework model to be used for SPO and DOE
management purposes, including maps, cross sections, views, and calculations. ‘



" ATTACHMENT 2
Section 5.1.2.B of Procedure QAP-SIIL2

"ifnoprewomly‘appiovedworkplanmngdomentmsts,prcpareadoamem

that pwowd&s the following information, &s appropriate:

2.

3.

10.

deﬁmnonof the work scope, objecum, andahstofthepnmarytasks

B involved;

1dennﬁoatxon of the scientific apptoach or technical methods used to
oollect, analyze, or study results of applicable work; =~

' jdentification of applcable sandards and eteri;

identification or development of appropriate procedures or other
implementing documents;

identification of field and laboratory testing eqmpmsnt or other
equipment;

identification of;, or provisions for the idenhﬁmon of, required records

| and report preparauon (e.g sclenhﬁc notebooks and smenhﬁc

documents);:

identification of prerequisites, spectal controls, environmental conditions,
OT PIOCESSES;

identification of any computer sofiware to be used that is subject to QARD

requirements, by computer type, program name, version/revision number,
Computer Software Configuration Item number, and validation range;

provisions for determining the accuracy, precision, and repfesentativeness
of results; and
idenﬁﬁoaﬁonofanyfnterfaoesandinterfaoeoontrolstﬁa:&ansoend |
boundaries between M&O areas including quality assurance (QA)
verifications of the work to be performed; then

provide the work planning document to the Responsible Manager,



- ATTACHMENT 3

REVIEWER'S STATEMENT AND
RESPONSIBLE MANAGER’S APPROVAL

As a Reviewer for the organization, 1 have revxewed Rev. 0 of
the Work Plan for Integrated Site Model, in accordance with the content criteria specified in
QAP-SIII-1/Rev. 2, Section 5.1.2.B. I verify that the document meets review réquirements and
all of my mandatory comments have been resolved. (If this is not the case, so state and attach the
mandatory comments tbat 'were resolved by management.)

Orgmimﬁqn

AstheResponsible Manager forthe abovedocument, 1 eemfythatareuewhasbeenconducted
‘and that the document is ready for further action in accordance with Section 5.1.3 of QAP-SIHI-1.

.

. .\ ‘

Signature | R o © Date

Organization
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MOL.19590521.0199

Fvhihit AP.17 10 R

oA: L
, RECORDS PACKAGE TABLE OF CONTENTS Page: 1 of: 1
41. Tracking Number -1. Records Packaggﬁ?te m
_ 05/14/99 41
3. Title/Description of Records Package
Scientific notebook: Integrated Site Model (ISM) version 3.0
4. :::rd E. Individual Titles/Groups ef Records 6. Pages
05/14/99 | Records Package Table of Contents
A 05/14/99 - | scientific notebook compliance review worksheet 2
05/14/99 | scientific notebook register
05/14/99 | Scientific potebook: Integrated Site Mode! (ISM) version 3.0 37
Ny’
~ 7. Subtotal Page Count 4
8. Sender 8. Signature . . 10. Date
T BT W Ciasra |74~ WJ 0>’//7/?7’
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KC Cop
Sclentlﬁc Notebook Comphance Review Worksheet NE A

SN-M&O-SCI-003, V1; Local ID_Same S . Owner: Robert Clayton MOL. 19990521020
Title: Integrated Slte Model (ISM) Version 3.0 Organization: M&O/NEPO
Reviewed By: _ Darrell Porter 3 : Organization: M&O/NEPO; Date_03/30/99

_ Review Accepted By - -Date__/__/ _ Record Submitted _/ /
Applicable Implementmg Document (Incl Rev No D: QAP-SIII-3, R2 : '

Requirements/Cntena 'i| Comments:

(SeeNote 4)

a. Unique Identifier and Start Date - -

b. Usc of Bound Book 1ok
<. Space for Table of Contents - ' X ok
d. Continuous Pagination _ 3 X Ok H
. Reference any Preceding Notebook -, x| ok
X Ok~

- || £. Legible and Reproducible -

a. Objective and Description of Work

b. Id of Scientific Approach or Technical Methods [ X Ok .
Used to Collect, Analyze, or Study Results : )
¢. ID of Appliceble Standards and Criteria || ok -
d. Equipment to Be Used I | lok
¢. ID of M&TE and Calibration Requirements Xl ok 7
f. Special Training/Qualification Requirerrio;nis <N -1 OK; No special training is required ]
g. ID of Prerequisites, Special 'Cbntrpls, - /| OK: There are no prerequisites, special controls,
Eunvironmental Conditions, Processes or Skills - | environmental conditions processes or skills involved
h. Accuracy, Precision, and chresentatweness of A | ok o . o I
Results A ;: : . R o
e OK, Considerable software involved but madequatc

i. Identiﬁcation of Software

"] description in the initial entry and qualification needs for it.

j- Identification of Samples

Ok. No samples involved

k. List of Related Procedures to Be Used Ok

L ID of QA Program Verifications Ok. They are subject to annual audit i

m.IDofRequiredRecords -~ |xl- ] ok

n. List of All SN Users/Signature/Initials

0. Designated Owner of SN

p- Planning Coordinated with Organizations
Providing Input to or Using the Results




Requirements/Criteria (Cont)

NA | Comments (M&0-SC1-003 Cont)

Page2o

a. Description of Work Performed and Results
Obtained s

b. Compliance with QARD Supplement V-

OK: No data in this notebook is managed electronically

¢. Compliance with Modelling Documentation

CK

d. Changes/Additions to Initial Entry Information ok
e. 1d of Any Unqualified (Existing) Data Used, o ok
f. Trace to Attachments/Related SNS x| | ok

g Names who Performed Work - - X Ok

h. Signature/date of Each SN'Entry - o ok

i. Description of Changes to Methods Used X Ok

J. Interim Conclusions as Applicable : Ck -
k. Explanatory Statement When Dormant - |'%]. ok

a. Initial Entry Review

;.| Ok: Initial review is not used as a planning document
b. Technical Review ‘|| Reviewed by McCleary on 03/17/99
¢. Compliance Review - | ok: Markers for Inconsequential corrections were made

[ & Any Referenced Material Needing Review

" ¢. Adversely Affecting Conditions

1ok

f. All Comments Resolved

| Comments on 4.b must be resolved

a. Independent Technical Review of Notebook

v

Notebook has not been closed out.

b. Compliémée Review of Notebook « “« « wo
c. Statement of Acceptability by Manager “ « “« w
d. Data Was Submitted to TDMS _ “« o« e ow
¢. Records Check 7 N
f. Records Package Was Submitted” « o« o« o«

] e : - [sncrtcklst_1
Technical Review: a) Ability to retrace investigations and confirm the results or b) repeat the investigation and achieve compara

Compliance Review: A review of applicability, correctness, technical adequacy, eompleténss, accuracy, and compliﬁnee to

Note 1
results, both without recourse to the original investigator.
- Note2
established requirements. . -
Note 3
Note 4

Records Check : Determines if record is legible, accurate, complete, appropriate to work accomplished, and identifiable to activ.
Legend: R for reviewed; NA for not applicable; Comments for explanation of compliance issue, or justification of non-applicabi
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A} fukment i ISM3.0 File Naming Conventions

o

Gener

The following guidelines may help us keep straight the many ﬁles we wnll create for ISM3.0. Fi
be named in the following general format: .

" [id][3][name][version]. [sufﬁx]
where id=source or type identifier 3=ISM3 0 name=To =rock unit or fault name version=version
of data or model and suﬁx-ﬁle type. - : : :

The id field will consist of the followmg
a=all relevent data; combined sources
b=borehole-derived
e=ESF-derived
f=fault. .
i=isochore
m=geologic map contacts or traces
x=measured section

p=property -
s=surface; elevahon

Version can also be X—transposed BD—ethed 0LD=superceded RWC=Robb Clayton s editsg
. EXP=exported file, etc. These will be the ONLY CAPITALIZED letters in file names.

' <suffte>=file type; .txt for ASCII text, .dat for Earthvision data, xis for Excel spreadsheet, Jyn
translated files, and so forth. -

Examples:
b3tpmn00 dat
1s a data file w1th borehole data for unit tpmn, version 00.
s3tpv389.2grd

is a 2D grid file of a surface (elevauon) for unit tpv3, version 39

id fields can be combmed where appropnate
: : sm3pbt402.dat = ' :
isa surface (elevation) data file wi map-denved contacts for Pamtbrush Group bedded tuff 4
02. In a combined id field like this, the iors w111 always come first. The file:
sa3pbt412.dat '
would bea surface data ﬁle for bedded tuff 4 w1th all data sources combmed (map, borehole, e¢
12 ' _

: Where items are self-explanatory, the full names will be used. Examples mclude topography 2
- potentiometric.dat.

Input Data -



g ming lnverrhons cart & ) S '3

finalized borehole contacts will be borestrat98.dat. The. loeatxon data of newly surveyed borehol:
collars will be boreholes98.dat. Earthvision format files for display of holes as tubes will be
boretubes98.dat. ESF oontacts will be in e.sj'strat98 dat.

 Stratigraphy

A.ll rock layers will be referred to by their officially approved hthostrangraphlc name and abbrevxauox
" from Buesch and others OFR 94-469 a.nd Sawyer and others GSA Bulletin 1994. .

Rock layer names wall be spelled out in full in file names, beginning with formatlon For example, (]
* layer Tptpmn will be named “tpmn”. Calico Hills formatlon will be “ac”. Bedded tuffs will take the
" name of the overlying units. For example: .
i3pbt2RWEO3.dat . .
: 1s an 1sochore data file for the Caheo Hills formatlon edited by Bob Elayer, version 03.

Eaults :

Where named on a. geologle map a fault wxll be given the map name. ' Otherwise, a sxmple name w111
given that relates the fault to a named faultora geogmplnc feature. For example:

. fm3dunew200.dat
contains map fault trace data (“fim”) for a fault named “dunew2”, version 00 This fault is the second
strand west of the fault called “dune” on the maps (the Dune Wash fault).

Mston Flle
Because these files are umquely 1dentxﬁed by their suffixes, no ld” ﬁeld is needed.

.seg: Sequence ﬁles fall into three categones pre-honzon gnddmg, post-horizon gridding, and spec.

The post-horizon gridding sequence file names the horizon grids in each fault block, while these are

in the pre-horizon gnddmg file. It is often important to separate the two and maintain them for furth:

modification. Use of “pre” and “post” is a simple way to 1dent1fy these files. For example
3pre00.seq .

will be the first sequence file constructed. Tt will be followed by 3post00 seq. Other sequence ﬁles 1

for building test cases or submoclels can be given similar short, descnptxve names.

JSaces: The first faces file bmlt wﬂl most hkely be 3a1100.faces containing all horizons. Subnlodel
could include 3pamt00 faces (Pamtbrush Group units only), or 3crater00. faces (Crater Flat Group or

: Eormulas, Scngts, Graphlcs, etc.
| These files should be given descnpuve names that wxll be easﬂy 1dent1ﬁable long after we've forgot

'_them
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NormaBiggar . ' .o
01/28/89 01:13 PM e, . ‘ -

To: Robert Clayton/YM/RWDOE@CRWMS, Axdrew eumingr{anwmmwbos@cnvms
Subject: Re: Scientific Notebook Review - ISM3.0 ’

This string of memos covers all comments that robb was referring to. Il give Robb a copy of the Scientific
Notebook compliance checklist. ' . o _

~ Forwarded by Normsi Biggar/YM/RWDOE on 01/26/99 01:07 PM —

wonida .t

£ JefiMcCleary
"~ 0119/99 01:58 PM

X

Sreer

To: ~  Noma Biggar'YMIRWDOE@CRWMS, Robert Clayton/YM/RWDOE@CRWMS, Darrell
-~ Porler’VMRWDOE@CRWMS . - © ,

L ee

Subject: Re: Scientific Notebook Review -

Norma, Robb, Darrell, : E ' S :
The attached comrespondence gives the status back in November, and | guess that is still the status. | am
sympathetic to Robb's rational for not including the "Q" status in the notebook, and | would certainly
accept a short discussion in the notebook that explained the situation and referenced the ] .
pagesftablesffigures in the report where the "Q" status is indicated, but | still fee! that the requirement cant -
be ignored. The notebook has to at keast indicate where the information exists and why it is not in the
notebook directly. ' L
Jeff

R

& JefiMcCleary
" 1112388 08:39AM

:
3}

To:  Robert Claylon/YM/RWDOE@CRWMS
cc: Norma Biggar/'YMRWDOE@CRWMS
Subject: Re: Scientific Notebook Review 5]

Robb, T B '
You raise some valid points, and | agree that given the situation there is no point in going into much detail
- inthe notebook. On the other hand, given my recent audit experiences, | am becoming an ever bigger fan
- . -of explicit statements in notebooks and reports relative to any procedural compliance issues. What doyou
. think of this idea — include a statement in the notebook fairly similar to what you have written here. State
that the "Q" status of data is listed in table. :  ofthe report, and that is current as of some date. The
mineralogic part of the ISM is non-Q and the rock properties Q status is indeterminate as of some date,
but these are subject to changes beyond your control. ‘That type of short discussion would be consistent
with the sort of comment on “directly relied on" that you have on page 28.. | guess the mechanics would
be that | would write a review comment that there should be a more explicit statement on the Q status of
the various mode! components —— you would respond with the short discussion that I'm proposing e=—
then | would sign off on the review. That should leave a clear trail for any later audit. See what Norma
thinks and getbacktome. . =~ = . EERT : ' : T
Thanks, -
Jeff .
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To: ’ Jeff McCleary/YM/RWDOE@CRWMS . e
cc:  Norma Biggar'YMMRWDOE@CRWMS S
From: = Robert Clayton/YM/RWDOE

Date: 11/23/98 07:58:05 AM PST

Subject: 3  Re: Scientific Notebook Review =~

Jeff,

For tha identification of QA status of data, l've' éMéys beén relying on thé report, not the notebook. 1.

" never thought of that as a significant part of the notebook. For the ISM3.0, that list is 3-4 pages long. 'n

QA status of those data is in flux, and has been all year as geophysical logs are [still being] reviewed.
any information I'd put in the notebook would be subject to change. ‘ o

Whila | was completing the notebook, there was still some question as to the QA status of the mineralog
and rock properties models. [t tumns out the Mineralogic models are non-Q (software and data) and we'i
not quite sure yet about tha rock properties models. Since those issues ara really out of my hands and
are subject to the findings of audits and other scrutiny, I'm not sure it's such a good idea for me to say ir,
my notebook what the QA status of someone elsa's model is. 1 could say what | know about it, but what
would happen if | say its Q and it tums out not to be? Would my notebook then be used to discredit the

. ISM process?

" IMbe happy to take érq of your comments in the notebook.

= Rbbb =

.

Jeﬁ MéCleary

it
i ﬁ Jeff McCleary
- 11/20/98 02:50 PM

To: Norma Biggar’YWRWDOE@CRWMS, Robert Claytorn/YM/RWDOE@CRWMS
o | e
Subject Scientific Notebook Review ‘ '

Norma and Robb, B SR
| completed my review today. | decided to re-read the whole thing to refresh my memory and also to lo
at things in light of the recent audit and data traceability issues. | think we are weak in the area of

_ identifying "Q" and "non-Q" data sources. Thera is no mention at all as to whether the rock properties
_. mineralogic models are "Q" or "non-Q", and the distinction is there but somewhat buried in the rest of t

notebook. The procedure only requires that "non-Q" data be identified, but 1 would recommend, for the
sake of clarity, that you provide a list of data inputs and their "Q"status. if that is too cumbersoms, just
simply list the "non-Q" data and state that all the rest are Q" o

" Robb — také ook at pagé 17, should the "Version 08" at the bottom of the first paragraph be 305"
. On page 19, should the "(case 1)" in the middle of the page on the right sida be (case 2) [the original
. Interpretation as written sideways near the top]? ' : '

| also re-read the‘procedure just Béfdré | did the review and other than amore éxpﬁcit identification of
and non-Q data | think it is in good shape. Let me know if you have any questions.

Jeff
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Instructions for Scientific Notebook Register

For any corrections or questions concerning this database Contact Darrell Porfer,

Getting Started

The first screen allows the user to read the file with sorting options. The "CREATE N OTEBOOK“ bution also allows the creation of a notebook identifier. For
ollier tasks of extending a notebook into a new voluine or closing a notebook follow the mstrucuans below.

Imponant Note: It is not possible to create a number of choice. Upon creating a notcbook identifier, the computer always gives the next higher number under the
glven ALPHA code .

Hints
You may press the ESC key at any time within a Document to leave without saving, If the Save Dialog appears just click on the button labeled *"No®. You can
press the Tab bulton to traverse down the fields, and the Shift and Tab buttons simultaneously to traverse up the fields. When choosing a record from a view,
double click on the record with an arrow pointing to it, evexythmg else is justa calegoxy header These categories can be col]apsed or extended by using the
bultons in the action bar, wlnch is located just above the vtewmg area.

ing a New Scientific Notebook
From the Main Menu click on the button label *Create Notebook".

Completing the New Scicatific Notebook

You must choose an organization and subdivision before continuing.

After both organization and subdivision fiave been chosen a button labeled "Create a New Scientific Notebook will appear on the bottom of the
form. '

Aftter clicking on this button six new fields will appear.
You must complete everything on the form excepi the WBS Number before you can save the form.
Saving the New Scieatific Notebook

* After the completion of the form you may click on thé buiton labeled "Save Notebook" which is located above all of the fields.




s

Extending a Sciéntﬂ'ié Notebook

Choose one of the listing (¢.g. List By XXXXX).
Select a notebook to be extended and double clicking on it to launch it.

(NOTE: The record to double click on will have an arrow pointing to it, everything else is a category)

You should now see a completed form with two buttons above the fields Iabeled "Create New Volume" and "Close Notebook". Click on the "Create New
Volume" button and the form will go into an edit mode. C : : ‘

(NOTE: You must be the oﬁginal author of the document” to ektend it, unless yon are an editor or above)

Notice all of the fields except the date the notebook was opened and the notebook title are now blank. You will be required to complete the entire form with the
exception of the WBS number field. , : :

" Saving a New Volume

* After completing the form, you need to click on the button Iabeled "Save As New Vohmme" which is located where the "Create New Volume"
-« button was prior to pressing it. . Co :
Closing a Vohime of A Scientific Notebook

From the Main Memu Button labeled "Opened Notebooks" doﬁb!e click on the Notebook you want to cldse. You should now see a completed form with two
buttons above the fields labeled “Close Notebook” and "Create New Volume”. Click on the button Iabeled "Close Notebook®,

Completing a closed notehook
All fields must be completed, except fdr the descﬁption, which is located at the Bottoin of the form.
- Saving a Closed Scienﬁﬁc Notebook '

Click on the button Iabeled "Save Closed Notebook.”




o5

e
A
RIS

sl

i
3

R0
e s X AR % X 2 3 22 Mg
STNEN R 0 228 3 a ) .




S

32 \"\ X o 5 SRR : 5 3 R e 5 3 : 3 »;i 3 § X R X 3
e *"xggﬂ SRt R ST SolT %ﬁim
3 S

%

2 o "&‘x..\

S L S

‘i‘z e Sh i R s S e Q‘%?z\ég‘ Eﬂm@*
SR S :

o

%
<o
R

-
SR
3 "zo»' 2 ﬁfﬁ%ﬁﬁ%

RENRAREER
e zf‘&?"
T
S
o
AN 5&3‘»@5“ SESn 2 3 R : 3 32 33 R : 5 : i 5
S i . e : e o A
: 3 : SRR .3‘3‘3\-}:3

RS
S S
ST S %%&
%C?a's'ki‘&\t§> ‘{2-‘:\;@

e

> o
T

R

R

.

i ?:5"5 3
A RIS
Ty %E % {m £
Sot R R
S
o S %’&
R

2
SRS
¥ {\ﬁ'

Creating a Scientific Notebook 5




S
LRI

2
£33
5

o

: . SRR
”.. \%ﬁmﬁmﬁh

Tt

R

&

L3

:
R

S

NS

S

..MM

A

i

R

AR

SO0
S
D o
She

53
REE
SR
&

3
&m
::

S
3 2..m&%mwww

SRS
R
AR er R
Mﬁw S wyxv“
vvvvvvvvv.vkuw%

R

S
e

A 3




%3

e : : S 5
SRR SRR *@ R
nséi\"i S R R m\};ﬁ%ﬁ«& e
R BN SR ‘53515'2':“:""%;3 T
2 RRRITLAINS e fopeson NS
3 R SRS 5 HRE

§;,
Sy

SR

2 oI
e

X

2 i

e .+_ SR

s S
38

B
5

SRR S
3 2‘&%%;& XA
O
2OXRDINE & ey
SRR AN
S

>
2
L3

4 SR SRRl R
SR : i«i«« IR

e i SRR

. .

3
% R

¥ S

9
‘&g‘é A
R0
o, o
3 S

2
st
S
3

3%

SRR,

>
R

3% % ~,s§_8§

SR 3_&%

2

SRR
RS 3
SRt
3 -\-.-\ SR
R
T
RIS
2 z\“ )
% SRR
ARaaaT i
"*’k» SR

aRa SRR
.
R ‘x; ‘-‘@““":t-sg":?gz 3
S o S

Creating a Scientific Notebook




-
SR
R

¥

Xl
RS R AR
oS £t et et L Ot 4
o

LOERIRN
}ﬁﬁé%‘*@ﬁ*s‘*«ﬁsaﬁf S

e




cientific Notebook Register Views - By ID Number = 9




T Veade N - oy T e “~ 0 [ ] Y e JeV ° . -r

S
,:9:;,?',,7_’, £
R
SRR

i
%

e




PSHA INPUT AND OUTPUT FILES

DRAFT DISCLAIMER

This contractor draft document was prepared for the U.S.
Department of Energy (DOE), but has not undergone
programmatic, policy, or publication review, and is provided for
- information only. The document provides preliminary
information that may change based on new information or
analysis, and is not intended for publication or wide distribution;
it is a lower level contractor document that may or may not
directly contribute to a published DOE report.

This document has not undergone technical reviews at the
contractor organization, nor has it undergone a DOE policy
review. Therefore, the views and opinions of authors expressed
may not state or reflect those of the DOE. However, in the
interest of the rapid transfer of information, we are providing this
document for your information, per your request.




