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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.  

I. Mass Loading (g/m3) - Mass loading is the mass of suspended particles per volume of air.  
This parameter 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).  

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 (m3/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.  

I. 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(inches/year) - 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 analysis, the irrigation requirements of locally grown turf grasses were 
calculated based on weather conditions in Amargosa Valley.  

3. Duration of Home Irrigation (months/year) - 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 being 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 population in Amargosa Valley (CRWMS M&O 1999d, pp. 22 and 23).  
Conservative 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 
additional 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-3.1OQ (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.  

All 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 the 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 1he 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 Items. 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-3.1OQ, Analyses and Models.  

3. COMPUTER SOFTWARE AND MODEL USAGE 

No models were used or developed in this analysis. The only software 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. IQ, Software Management.  

4. INPUTS 

The inputs for each parameter are described and justified below and summarized in Table 1.  

4.1 DATA 

4.1.1 Mass Loading 

Inhalable Particulate Matter (PMI@) (CRWMS M&O 1999b, parameter 1078). Twenty-four
hour measurements of particulate matter <10 Jim (PM10, I.Rg/m 3) 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 PM10 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, PM1o 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 PM1o 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 
comer of the Nevada Test Site (CRWMS M&O 1999c, Figure 1-1 on p. 5 and Table 1-1 on p. 6), 
3.1 kmn 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). Site 9 generally has southerly winds 
during the day and northerly winds at night (CRWMS M&O 1999e, Figure 3-5 on p. 3-7).  
Methods used to collect PM1o 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 MO98PSDALOGI 11.000 TBV" 
particulate matter Characteristics TM000000000001.039 TBV 
(PM10) (1078) TMOOOOOOOOOI.041 TBV 

TM000000000001.042 TBV 
TMOO0000000001.043 TBV 
TM000000000001.079 TBV 
TMOOOOOOO00001.082 TBV 
TM000000000001.084 TBV 
TMOOOOOO000001.096 TBV 
TMOOOOOOO00001.097 TBV 
TM000000000001.098 TBV 
TM000000000001.099 TBV 
TM000000000001.105 TBV 
TM000000000001.108 TBV 

Home Average monthly Temperature (595) MO9903CUMATOL001 TBVb 

Irrigation Rate temperature ..  
Home Average monthly Solar Flux (594) MO9903CUMATOLOOI TBVb 
Irrigation Rate solar radiation 

Home Average monthly Precipitation MO9903CIUMATOLOI TBVb 
Irrigation Rate precipitation Quantity (553) 1_t_ et_ al._(1992,_Table_ ___ 

Home Crop coefficient NA Devitt eta!. (1992, Table TBVC 
Irrigation Rate (KQ): 3 on p. 722; 1995b, 

Figure 2 on p. 56).  
Criteria 

All Characteristicsof N/A Dyer (1999, p. 19 of TBVU 
the critical group Enclosure); CRWMS 

M&O (1999d, pp. 22 and 
23) 

"Data need to be qualified.  
b Status of data qualification needs to be verified.  

Source of data needs to be evaluated for classification as "accepted." 
d 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.
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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.  

4.1.5 Home Irrigation Rate 

1. Average Monthly Temperature (0F) (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 1999c, Table 1-1 on p. 6), near the southwest comer 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 (1999c, 
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 OF = (9/5 °C) +32.  

2. 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 a 
YMP program that met the requirements of the QARD (DOE 1998). The data are presented 
in CRWMS M&O (1999c, Table A-9 on p. A-10). For the calculation of evapotranspiration 
(EM), the data were converted from the measured units of megajoulesam 2/day to langleys/day 
using the equation langleys/day = 23.89 (megajoules/m 2/day).  

3. 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 (1999c, Table A-9 on p. A
10).  

4. Crop Coefficient (IK) 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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Crop coefficient is an expression of the ElT 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. 1991a, 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 ETl [i.e., 
from grass] directly as a method to estimate alfalfa ET, [i.e., 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.  

4.1.6 Duration of Home Irrigation 

None.  

4.2 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 1999d, 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.  

4.3 CODES AND STANDARDS 

None.  

5. ASSUMPTIONS 

5.1 Mass Loading 

None.  
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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.  

1. When in a contaminated area, the exposure rate experienced while indoors (including 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 assumned.1 
bound the distribution: 

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).  

* Least Exposed-This 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 aiea.  
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 1999d, p. 22). The least exposed person 
has a sedentary lifestyle and spends little time outdoors (25% of that determined for the 
average person).  

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 1999d, 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 1999d, 
p. 22).  

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

5.3 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 regionts, 
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, PMjo 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 PM10 data were skewed toward, low values (Figure 1) and a 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 PMjo data set 80 
was much larger, lognormal was chosen as the best 8C.  
distribution for PMio data. 70 

GENII-S requires two values to define a lognormal 
distribution, the 0.1 (minimum) and 99.9d s50 

(maximum) percentiles. These percentiles were 0 40 
calculated using the mean and standard deviation "0.1 
of the log transformed data and the Z-distribution, 30 
using the equations: 2 

Minimum =g! - Za , and 

0 10 20 30 40 50 98-' 
Maximum = t + Za , PM10 Concentration 

where It and ca are the mean (0.838) and standard Figure 1. Untransformred PM10 

deviation (0.313), respectively, of the log concentration data (iglm3 ) from Site 9, 
transformed PMo data, and Z (3.09) is the value that 10/3192 to 12/30197 (CRWMS M&O 
describes the proportion of the normal curve that lies 1999b).
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beyond a given normal deviate. These calculations 
resulted in a minimum log-transformed value of 
-0.1292 and a maximum log-transformed value of 
1.805. Back calculating these values (i.e., taking the 
antilog) resulted in a minimum value of 0.743 ILg/m 3 

and a maximum value of 63.836 ttg/m3.  

The mean of the non-transformed data, 8.725 Pig/m 3, 

was selected as the reasonably expected estimate for 
a deterministic run.  

The PMjo 9 9 .9th percentile value described by the 
distribution (63.86 jtg/m3) was selected as the high 
bounding value because it is about 12% higher than 
the highest PMio value (57 tLg/m 3) recorded at Site 9.

0 
0

0.5 1.0 1.5 
PMIO Concentration

Figure 2. Log (base 10) transformed PM1o 
concentration data (Vighm3) from Site 9, 
4M1f20 #^ 4')2fl07 I~P-DIAMQ LRAI

PMjo data were recorded in pg/m3 and converted to 1999b).  
units of g/m3 (values usable by GENII-S) by 
multiplying by 1.0 x 10-6. The resulting estimates were a minimum of 7.4 x 107 g/m3 and a 
maximum of 6.4 x 10-1 g/m3. The reasonable expected value was 8.7 x 10-6 and the high 
bounding value was 6.4 x 10"s g/m3.  

6.2 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 inhaling, aerosolized radioactive material (i.e., dust). Inhalation exposure time (IET).  
is calculated using the equation: 

IET = 7 i 
2 

where Toc equals the time spent outdoors in a contaminated area, and Tic 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 
value 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' 
Least Exposed At work 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 At work 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 3947.00 4813.00 0.00 6353.50 

U Calculated as 100% of time spent outdoors In a contaminated area plus 50% of time spent indoors ir- a 

contaminated area (NRC 1977, p. 1.109-43).  

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 hours/year), 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/year) 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).  

6.3 CHRONIC BREATHING RATE 

Estimates of chronic breathing rates were selected based on a literature 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 uscd 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 m3/day for an adult male, 
19 to 65 years of age (reviewed in EPA 1997a, p. 5-24). However, EPA (1997a, p. 5-1) 
states that a value of 20 m3/day is used as the default value for the EPA Integrated Risk 
Information System.  

The International Commission on Radiological Protection (ICRP), Publication 23 (ICRP 
1975, p. 346), uses a value of 23 m3/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 m3/day (i.e., 35% more than the 23 m3/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 activity for 16 hours/day and resting for 8 hours/day would consume 
approximately 42 m3/day.  

Chronic breathing rate was considered to have a fixed distribution because the GENII-S code 
treats this input as a fixed value. The ICRP value of 23 m3/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 (1999d, 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 m3/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 m3/day was considered unreasonable because it is doubtful that a person could 
sustain the level of activity required to maintain this high breathing rate.  

6.4 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 ard climates as warm-season 
grasses and require about 20-30% more irrigation 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 Z ET.- P + DP, 
W-

where m = month, ETm = 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 percolation) 
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 
being 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 

IR -: ET.-P 4 DP = 49.2 -3.6+6 = 51.6.  

This value is slightly 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 (inches/year), based on the requirements of tall fescue, is 

12 

IR = ET. - P + DP = 84.5-3.6+6 = 86.9.  
at-1 

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.

ANL-MGR-MD-000001 REV 00 is September 1999



:*m.  z 

C) 

j 
S

Table 3. Average monthly temperature and solar radiation at YMP Site 9, monthly reference evapotranspiration (ETr), 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 Daily 

Temperature Solar Radiation ET, Crop Coefficient Evapotranspiratlon (Inches)p 

Month OC, GFb mj/m'lday" langleylcday? (inches)d Bermudagrass* Tall Fescuel Bermudagrass Tall Fescue 

January 7.1 44.8 9.5 227.0 2.04 0.41 0.54 0.84 1.10 

February 9.6 49.3 13.9 332.1 3.09 0.41 0.72 1.27 2.22 

March 13.6 56.5 19.4 463.5 5.73 0.41 0.86 2.35 4.93 

April 16.7 62.1 24.6 587.7 7.95 0.55 0.96 4.37 7.63 

May 22.1 71.8 27.5 657.0 11.02 0.55 1.02 6.06 11.24 

June 27.4 81.3 29.9 714.3 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 25.4 77.7 22.6 539.9 9.66 0.55 0.86 5.31 8.31 

October 17.7 63.9 17.4 415.7 6.03 0.55 0.72 3.31 4.34 

November 10.6 51.1 11.9 284.3 2.98 0.55 0.54 1.64 1.61 

December 6.9 44.4 9.6 229.3 2.04 0.41 0.32 0.84 0.65 

Annual Sum 92.69 49.17 84.48 

I CRWMS M&O 1999a.  
b Converted as (9/5)°C+32.  

0 Converted as langleys/day = 23.89(megajoulestm2/day).  

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

Average of five years of experimental 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)2 , where month is a numeric value for the order of months in a 

year (e.g., February = 2) (Devitt et al.1g995b, Figure 2).  

Evapotranspiration = ET, x crop coefficient.

(A,



The reasonable, conservative distribution of home irrigation rate has a uniform probability 
function. The actual rate at which tuffgrass 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.  

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, pj5.3 
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 reasonable, conservative 
distribution; reasonably expected value; and high bounding value for six parameters 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 (1999d, 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 (1999d, pp. 22 and 23), revision of this analysis will have to be 
considered. Similarly, if CRWMS M&O (1999d, 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 
this reDort.

code input derived from analyses presented in

Pathway Reasonably High Bounding 
Parameter Distribution Expected Value" Value 

Exposure from 
Inhalation 

Mass Loading Lognormal: 0.1 percentile = 8.7 x 10"6 6.4 x 10" 
(grams/rn") 7.4 x I1e, 99.9 percentile = 

6.4 x 107' 

Inhalation Triar~ular . min = 3,483.38, 3,918.5 6,353.5 
Exposure Time mode = 3,918.5. max = 
(hours/year) 6,353.5 

Chronic Breathing Fixed: 23 23 31 
Rate (m31day) 

External Ground 
Exposure 

Soil Exposure Triaular min = 206.75, 827 3,947 
Time (hours/year) mode = 827, max = 3,947 

Home Irrigation Uniform: min = 52, max = 87 69.5 109 
Rate (inches/year) 

Duration of Home Fixed: 12 12 12 
Irrigation 
(months/year) 

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

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.  

" The data used to estimate mass loading (CRWMS M&O 1999b, parameter 1078) needs to be 
evaluated for qualification as described in AP-SIII.2Q, Qualification of Unqualified Data 
and the Documentation of Rationale for Accepted Data. This process has been initiated.  

" 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 1999a). A TBV number has 
been assigned and this process, as defined in AP-3.15Q, Managing Technical Product Inputs, 
has been initiated.  

* 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-SIII.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): 

ET, = CW(T- T-)cl days 
1486 

where: 

CT = lI/(C + C2CH) = 1/(58.10 + 13(1.11)) = 0.014 

Cl = 68 - 3.6(elevation in feet)/l,000 = 68 - 3.6(2,750)11,000 = 58.10 

C2 = 13, F (a constant) 

C= 50/(e2 - el), mbars = 50/(70.74 - 25.63) = 1. 11 

"T= 27.5 - 0.25(e2 - el) - elevation/I,000 = 27.5 - 0.25(70.74 - 25.63) - 2,750/1,000 = 

13.47 

e2= 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-) 
on p. A-10). Calculated using the following equation from Buck (1981, p. 1532): 

"es =6(117"502°C) 3 1=6.1121{exp(2.45)} = 70.74 S"(240"97 +OC)) 

e= Saturated vapor pressure (mbars) at the mean minimum air temperature for thc 
hottest month (21.50C; 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): 

es = 6.11 2 1 (7.502(C) 6.1121{exp(1.43)} 25.63 e.,[- . •(240.97 + *C) 

R Incoming solar radiation, langleys/day (See Table 3) 

T - Average monthly air temperature, OF (See Table 3) 

days = number of days per month 

Example: (average monthly temperature and solar radiation are from Table 3) 

January ETr (inches) = 

ETr = 0.014(44.8-13.47)227 31 = 2.04.  
1486
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Justification of Jensen-Haise Equation:

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 f6r 
southern Nevada that used the modified-Penman equation (Figure A-I). 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 I inch lower than the modified
Penman estimates during November-January, but as much as 4 inches higher during 
June-August (Figure A-I). 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). It is 
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-I. 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, Western Regional Climate Center, Reno Nevada; including computer code, 
weather data, and results of equation. ACC: MOL19990323.0175) and Las Vegas. (Fax transmission, 
R.L Morris, University of Nevada, Reno, Cooperative Extension, to S. LeStrange; July 28, 1997; ACC: 
MOLl9990629.0319).
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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 1999a, parameter 553).  

ECQ = Electrical conductivity of irrigation water = 0.51 dS/m. Calculated as the average 
conductivity of water from 31 irrigation or domestic wells (Table B-I) 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 0.5 1dS/m is a reasonable conservative 
(i.e., 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 
tall 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 ECt:ECI = 3.9 dS/m + 0.51 dS/m = 7.65 

2. 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).  

3. Calculate annual depth (in inches) of irrigation water (Ii) required to prevent a decrease in 
production: 

Sffi P -fP -85 3.6 =- 5.9, 

I-L, 1-0.05
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4. Calculate the electrical conductivity of applied water (ECw) (i.e., diluted by rainfall): 

ECJi 0.51(85.9) -09 
I, + R, 85.9+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: ECt:ECw (3.9/0.49 = 7.96). From 

Figure 10-13 of McKinley et al. (1991), LR -0.05.  

6. If necessary, recalculate Ii 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 - ET1 .).  

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 wetted. 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.  

ECQ = Electrical conductivity of irrigation Water= 0.51 dS/m (Table B-i).  

EC& = 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 
et al. (1991 a, p. 223).  

LR is calculated as: 
EQ• 0.5ldS/m 

LR = = =0.038 
ECQ 13.33dS/m 

This value is similar 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.  

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. (1991a, pp. 22 4 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 95 and State Route 
373 (McKinley et al. 1991. pp. 9 through 17).

a Distance from the intersLction of U.S. Highway 95 and State Route 373 to the well.  

b Converted from pS/cm (units used by McKinley et al. 1991. pp. 14 through 17) to dS/m using the 

equation dSIm = 0.001(pS/cm).
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Site Number 
37 
34 
35 
36 
63 
57 
60 
58 
61 
59 
65 
66 
53 
54 
44 
43 
51 
55 
77 
76 
73 
56 
47 
75 
42 
78 
74 
39 
72 
40 
89 

Average

Distance (km)" 

0.09 
3.59 
4.33 
4.87 
9.01 
9.13 
9.73 
9.79 
9.84 
10.18 
12.95 
13.36 
13.86 
15.10 
15.44 
15.96 
16.04 
16.33 
16.77 
17.17 
17.87 
18.03 
18.54 
18.73 
18.74 
18.88 
18.90 
20.04 
20.27 
20.71 
25.60

Electrical Conductivity 
(dSIm)b 

0.49 
0.34 
0.33 
0.34 
0.65 
0.30 
0.43 
0.31 
0.37 
0.32 
0.30 
0.31 
0.32 
0.33 
0.34 
0.37 
0.35 
0.34 
0.80 
0.38 
0.31 
0.83 
1.07 
0.29 
0.95 
0.28 
0.35 
0.98 
1.29 
0.96 
0.70 
0.51
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OFFICE OF CMLIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 
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INITIAL USE
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1078 3198

4.1.1, 6.1, 
7

I_ _ _ _ _ _ _ _ _ _ _ _ .& I I
Buck, A 1981. "New Equations for Computing 
Vapor Pressure and Enhancement Factor,* Journal 
of AppledMeteorolgy, 20, 1527-1532. Boston, 
Massachusetts: American Meteorological Society.  
TIC: 239085.

p. 1532 N/A Appendix 
A

Inhalable particulate matter.  

Parameter needs to be qualified.

Equation used to calculate saturated 
vapor pressure at a given 
temperature.

4. CRNMS M&0 1997. MeteorologIcal Monitoring p. 4 NIA 4.1,1 D-sq'iption of methods for collecting 

Reporft Partlcidate MefterAmblent Air Quality PM-10 data 
Monitoring Report January through December 
1990. BAOOOOO-01717-5705-00001 REV 00.  
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MOL19980416.0733
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OFFICE OF CMLIAN RADIOACTIVE WASTE MANAGEMENT 

DOCUMENT INPUT REFERENCE SHEET 

1. Document Identifier NoJRev.: Change: Title: 

ANL.MGR-MD-0)0001, REV 0 0 Input Parameter Values for Extenal and Inhalation Radiation Exposure Analysis 

Input Document 
8. TBV Due To 

2. Technical Product Input Source Title and 3. Section 4. Input 5. Section S. Input Descrption 7. TBV/TBD Unqual. From Uncontrolled Un

Status Used In Priority Source confirmed 
IdentIfie's) with Version 

5. CRWMS M&O 19f9c. EnvironmentalBaseline Tables 1- NA 4.1.1.4.1.5 Descriptive summary of climate data N/A N/A 

File: Meteorology and Air Quality. 800000000- 1, 2-3, and #1, #2, & used In analysis.  

01717-5705.00126. Las Vegas, Nevada: CRWMS A-9; Fig. #3; 
M&O. ACC: M0L19990302.0186 1-1 Appendix 
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6. CRWMS M&O 1999d. Identification of the Critical pp. 22-23 TBV- Sections Characteristics of population In I X 
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8. CRWMS M&O 1999f. Development Plan for Input Entire NIA 1 Development Plan for Analysis and NIA N/A 

Parameter Values for Extemal and Inhalation Model Report; reference only.  

Radiation Exposure Analysi" TDP-MGR-MD
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Sclentific Investigation of Radiological Doses In Model Report reference only.  

Biosphere. 000000000-01717-2200-00169. Las 
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10. Devitt, D1A.: Morris, R.L; and Bowman, D.C. 1992. Table 3, TBV- Sections Crop coefficient for bermudagrass. X 

Evapotransplration, Crop Coefficients, and pp. 717- 3200 4,4.1.5 

Leaching Fractions of Irrigated Desert Turfrass 723 #4, 5.5 #1, 

Systems. Agronomy Journal, 84, 717-723. 6.5, Table 

Madison, Wisconsin: American Society of 4, Source of data needs to be classified 

Agronomy, Inc. TIC: 244C77. Appendix as accepted.  
A 

INITIAL USE 
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Brown, P.: olbeauft, VA; and Bowman, D.C. Appendix evaportransporation (ET). Used to 

19959. Climatic Assessment of the Arid A corroborate ET calculation.  

Southwestern United States for Use In Predicting 
Evapotranspiration of Turfgrass. Joumel of 
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New York: Haworth Press, Inc. TIC: 245203 

12. Devitt, DA; Neuman, D.S.: Bowman, D.C.; and Figure 2, TBV- Sections Crop coefficeint for tall fescue. I 

Morris, R.L 1995b. Comparative Water Use of pp. 47-63 3201 4, 4.1.5 
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Interoffice CorrespondenceM 
Civilian Radioactive Waste Management System 
Management & Operating Contractor 

TRW Environmental 
Safety Systems Inc.  

QA:QA 

Subject: Date: From: 

Assessment of Heat Loss Through the October 21, 1999 R. A. Wagner 

Drift Scale Test Bulkhead LV.NEPO.TEST.RAW.10/99-373 Q• )\ A, c.  

To: cc: Location/Phone: 

M. T. Peters See Below SUMl/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; BABOOOOOO-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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" 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 inability 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.  

" 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, 
not 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 ml/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 rn/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 mis. 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 I 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 Temperatures for 
Effective Continuum Model 

Criteria Time (months) 
3 6 9 12 15 18 

Mean 0.9 1.1 1.6 2.1 2.7 3.4 
Error (°C) 

Weighted Root 
Mean Square 4.3 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 wkith 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/dmn 
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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.  

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.
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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/cablebundles. 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.

I
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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.  

AIR TEMP IN RELATIVE CONDENSATE CONVECTIVE 

HEATED DRIFT HUMIDITY IN RECOVERD HEAT LOSS 

DATE (°C) HEATED DRIFT 
(%) (ml/hour) (kW) 

5 Aug 98 126 8.6 600 0.38 

26 Aug 98 135 11.4 870 0.54 

31 Aug 98 134 10.8 800 0.50
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Figure 4.11-1 Heat Flux Measurements on the Bulkhead.
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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 not 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 un 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 moisture 

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 steymming from this initial observation 
which is the inverse reliionship 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.

I
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Refinements

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 leaks 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 l6ss through the 
bulkhead are being re-evaluated to improve accuracy.  

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

ielatve ;onaensate Convecive 

Date HD Air Temp Humidity Air Pressure Removed Heat Loss 

(CC) (%) (KPa) (ml/hour) (kW) 

071/29/1998 133 15.2 90.0 305 0.19 

.08/0511998 126 8.6 90.4 600 0.38 

08/26/1999 135 11.4 89.9 870 0.54 

0813111998 135 10.8 90.3 800 0.50 

11110/1998 145 5.1 90.7 600 0.38 

0210911999 159 7.7 90.1 700 0.44 

04119/1999 169 5.0 NA 290 0.19 

04/2111999 169 6.4 NA 700 0.44 

04/22/1999 169 6.4 NA 705 0.44
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Humidity and Air Pressure in the Heated Drift 
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Figure 3.11-2 Measured covective loss on the bulkhead.

4

Heat Flux (WIm 2) 

Location 

05-Jan-99 23-Mar-99 26-Apr-99a 26-Apr-99b 

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)
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DOE/NRC APPENDIX 7 MEETING ON THERMAL TESTING 

Las Vegas, Nevada 

April 28, 1999 

Description of Meeting,/Attendees 

On April 28, 1999, staff from the U.S. Nuclear Regulatory Commission (NRC) and the U.S.  
Department of Energy (DOE) conducted an Appendix 7 Meeting in Room 302 of the DOE 
Facilities at the Hilishire 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 bulkhead 
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 (USBRIDOE) 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 wewould 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: 

"• prediction of thermal-mechanical response observed at thermal tests 

"* 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 

"* 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 
primary 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 UJ/Ur.  
Sonnenthal discussed that the model used is a dual permeability model incorporating mineralogy 
and aqueous species. M. Hamura (SNL) asked why PCO2 is so small in model near the heater.  
D. Sassani (M&O) indicated that this wa3 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 concerns.
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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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"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 Meeting of the 
Advisory Committee on Nuclear Waste, Dec 16, 1998, Rockville IMD.  

These remarkable powers of observation fall short of noting the fall of every sparrow on two counts. First, 
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 Foundation, with enough 
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 Elow 

Donald L Baker, Ph.D. Soil Physics 
Princial Investigator 

Introduction and Justifications

9cgn.hb
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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. I99) 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 entirely non-physical, producing significant flow 
errors even for very small space steps.  

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 is a 
significant contribution to the state of the art, the more recent work of the P.I. demonstrates that mass 
conservation alone does not account for all sources of modeling error.  

I1'M= K,)- ,where 0 = volumetric water content (cm 3/cm3),t = time (s), x =position 

or gravity potential head (cm, positive upwards), K(h) = unsaturated hydraulic conductivity (cmls), 
H = total head (cm) = h + x, h = hydraulic pressure head (cm).  

Baker (1995a) has demonstrated that the modified Picard method does indeed 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 nunerical 
models of [1] did not conform to the modeling assumptions of constant flow [2] between grid points 
(Figure 1) and Darcy's law [3]. Warrick found the non-Darcian flows generated by standard means of K(h) 
such as the arithmetic mean to be as much as two orders of magnitude in error.  

[21 __ = , where q unsaturated flux density (cm/s).  
ax 

31H K) (h+x) [q]-K=xa).- -K ) 

The integral form used by Warrick did 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 xl and x2 shown in Figure I with a tri-diagonal numerical method. The boundary 
conditions are taken to be the matric suction (negative pressure) heads, iVI and V2.
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Figure 1: Adjacent vertical grid cells, 
centered at xland x2, with matric suction 

Nj and relative conductivity kr.  

[41 8 jj V 0 

When the flow between super-fine grid ceclls is constant to a given percentage of flow between xl 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 solution must change when 
the grid crnter suction heads, VI and V2, are updated in the next time step.  

[5] q-=bn.A -• ..  

While this method rests on the assumption of constant flow, q, between grid points, Baker (199 also 
recognized another unbiased Darcian mean. It depends only upon Darcy's law, the distribution of K with 
respect to x in physical fine-grid wetting front, and the unsaturated hydraulic conductivity relation K(N).  
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 [5J, 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].  

[6]4•'=L.I qdx=-K• Ax- Atr 

[7] J qdx= -J Kdx+J Kdr 

Ax .Kx - Av Kh .Ir 1r 
18] Ky = .&-xA~-M Kx= .J K(x)dx.KM= .j K(Vzr)dyrr 

Ax - hA r A~r 

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

8125/99 9:57 AM
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Ax. For the range of the study in Baker (1999c), km (called Kd 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 
ame constant throughout the cell, which produces the harmonic mean, and the assumption that relative 
conductivity is linear from xl to x2, which produces the arithmetic mean. The km-approach [4] allows the 
head and relative conductivity to vary nonlinearly with distance between xl and x2 so that [21 and [31 are 
preserved. Baker (1998 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 
"characterization modeling of Yucca Mountain (Bodvarsson, et al., 1997). Because 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 nQ; considered or accounted in such modeling.  

A letter from L Russell Dyer. Project Manager. Yucca Mountain Site Characterization Office. dated Jan 
05. 1999. contained a review of Baker (1998a) and other works (Baker, et al.; l998b&) 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 ID, 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 otgravity flow, where the pressure head, h. is constant and the flow is 
driven entirely by the gravity head, x.  

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 (1998. 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 (KI,K2), where K2 is the 
conductivity of the grid point immediately above the KI position. At the initial condition of the model (Init 
State), 3966 pairs sit at one spot in the lower-left-hand comer. The rest are distributed according to the 
initial condition equation in (9], mostly in the upper-right-hand comer, close to the KI=K2 diagonal. At 
the end of a model nm (End State), the pairs are distributed with only 528 remaining at their starting points 
in the lower-left-hand comer. The other 3472 pairs have moved in arcs through the state space to come 
increasingly close to the Kl=K2 diagonal.

U2.5/99 9:57 AN
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Solve equation: ee = rKaH H = Vr- x. , xposwdownmrds, 

= mafricsutcion (nagaiiveprei'surewaead) 

Boundary conditions: Vr(0.t)= 0.082m ,K(O.Olmt)=4.74(10, )mls, 10" St _ 10-s 

[9] Initial conditions: K(r,0) = 0.0474 - 01766493xt I/,I ,x <849(10S)m 

4.74(10-u) &49O0-5)=_ x, 5 o.01m 

Saturation relation: (ir) = 1.084(10) +2.6414(100). (• I 0.082m)=t .* ; 0.082m 

Conductivity relation: Kyr) = 4.74(l03). (pri 0.082m)• .¶ u Z 0.082m 

Adaptive numerical time step: At chosen so that mass balance ismaintained to one part 

in 10' orbetterin 10orlessiterations.  

In this diagram, the points above the Kl=K2-axis represent wet-over-dry conditions; below is 
dry-over-wet. Darcian or any other kinh 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 KI=K2 
diagonal, or they will not be mathematically valid. Because of this, all possibly valid means approach the 
same limit on the diagonal, Knmean = KI = 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 (1999c) with the arithmetic mean, that all such means are 
physically valid. If a mean is not mathematically valid, it cannot be physically valid.  

If the upper boundary condition and initial conditions had been set at the inflow and through flow of 

4.74(10"l1) m/s, a steady-state condition would have resulted, with all the 4000 pairs remaining at one 
point in the lower-left-hand comer, namely (KI, K2) = (log(4.74(10"11)), Iog(4.74(1(-11)). Thus the case 
cited by Liu and Bodvarsson is but a single point in the plane on the Kl=K2-axis, a rather trivial case.  
Since all valid possible means, even poor ones, pass through such a point, it cannot be invoked to 
demonstrate invalidity.  

And when using a steady flow upper boundary condition, one simply adjusts the grid slightly 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 so if 
they are trivial cases. Thus, Liu and Bodvarsson argue a moot if not specious point
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Figure 2: Conductivity State Space Diagram for [9] 

Init State at t= 10-7 s. End state att= t103 s 

The cited work with Darcian means suggests that as one moves from the krl=kr2 axis (relative 
conductivity version of KI=K2), standard means, such as the arithmetic, geometric, harmonic or upstream, 
which are independent of soil unsaturated hy~draulic properties, produce flow that are increasingly 

•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. (1999 show that as verticalgrid spacing 
increases, using the-ar-thmlotic, mean loses up to 50% of the mass infiltrated at fine grid spacings. A 
Darcian mean approximation can rceiiis error to 0.5%. In addition, Baker (1.299 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, et al., 1995), respectively, in 
Topopah Spring welded volcanic tuff at Yucca Mountain.  

Later work (Baker. 1999Wj solves [9] with very fine to coarse grids to demonstrate the non-Darcian 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 KIMK2. As noE-d above, all valid interblock means approach each other as Ki 
approaches KI, and can produce more severely non-Darcian flow away from that condition.  

So it is legitimate to consider how a model of [9) behaves when each pair of points at least begins each 
tim 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 = 10'7 to t = 10'3 s. 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 [91 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 wetting 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 Ka and 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. For n = 8, 10, 12,16 and 

470, the wetting front profiles converge from a position -3.40% behind the fine-grid solution to the 

fmne-lgid sotu Firgur 5 ws-thorTesults-for flapproxmate-Darcian-mean; Kdi•-that-accounts 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 +036% 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.

10.0025 
.0 AM 

0.001 

0.000

0 0.002 C .M04 o.eo0 0o 
DEPTH.) On0)

Ow8 0.01 0.012

Figure 4: Wetting Fronts for Kh and n =8, 10, 12, 16 and 470 (470 on the right)
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Figure 5: Wetting Fronts for Kdim and n =8, 10, 12 and 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 
.copductivity ratios many orders of magnitude higher, producing larger errors in the smaller flows at the 
leading edge of the wetting front.  

Above.a certain number of grid points, it may seem as if the flow errors are self-compensating. But they 
are .still there and unaccounted. If the criterion for environmental impact is the time of arrival of a waste 
front inpas-pe bilh6iiow 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 existencei but on those who claim they are insignificant 
without actually having calculated their effects.  

We have seen what happens when the onus was put on the Morton-Thiokol Engineers 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 thit 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 nonlinearly with both soil 
properties and vertical space step size, especially as space step size passes through the equivalent air 
displacement length, Vd. This becomes important in models of fracture flow, where the average model 
vertical space step size may be much larger than Vd. 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 
approxinations 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.

8/25/99 9"57 Al
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Proposed Work 

This section of the proposal is proprietary and confideniaL It may not be used for any purpose other 

than the internal review of the Nationat Science Foundation.  

(This section and others deleted In (his document) 
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Summary 
Recent work (publications and draft papers on wwwJaquariencom) in numerical methods for 

modeling the vertical unsaturated flow of water in porous media has uncovered previously 
unrecognized errors in standard method& These errors may affect the validity and reliability of 
models that attempt to predict the flow of water and the transport of hazrdous and nuclear waste 
on tfe scale of tens to thousands of years. Tih following questions and three-point grid test 
demonstrate how the common arithmetic mean of intergrid unsaturated hydraulic conductivity 
violates Darcy law for vertical unsatrated flow in all but a few trivial conditions, and can even 
violate the mathematical minimum-maximum principle for elliptic boundary value problems 
(steady-state flo w problems). By contrast. a Darcian intezgrid conductivity mean for the 
cxponential pressure-conductivity relation solves such problems perfectly. The numerical 
cxmmples in the appendix comparepaallcl models ofa relaxing wet pulse in a long, vertical 
fracture, using the exponential pressure-conductivity relation. One model uses the ariftmetic 
mean, and the otl=r the analytic Darcian mean, with exactly the same adaptive time steps for 
both. The arithmetic mean model exhibits a dry spike that grows with the logarithm of time, and 
oscillations smilar to numerical dispersion, both associated with space steps where the arthnmtic'" 
mean can violate the main-max principle. By contrast, the Darcian mean model is smooth and 
well-behaved.
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Some Questions on Model Validity 
Would you agree that it is necessary for a modeler of unsaturated flow to be cognizant of all 

the sources and relative magnitudes of errar 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 
erIf 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. DuChateau, 1986, Schaum's Outline 
Series, Theory and Problems ofPartial Differential Equations, pp 19-21) or Dareys 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 
steady-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?, 

can you demonstrate that all the methods that you use for calculating unsaturated flow in your 
models do not violate either the min-max principle or Darcys law in any case or regime in which 
your models ar used? Ifnot, can you give a scientific justification that is beyond all refutation 
for why your models should be considered to be valid and reliable? 

D6 you recognize equation [1] as Darcy's law in the finite form and [2] as Darcy's law in the 
continuu form? 

AH Ax-A v (I] i" -Ks -Kv' -- = -Ks.- KY -- . where T-bar (n/s) is the mea nasn flow across 
Ax Ar 

the vertical distance, Ax (m), Ks (m/as) is saturated hydraulic conductivity, Kv is the mean relative 
hydraulic conductivity across vertical Ax. and AH (m) is the total hydraulic head difference across Ax, 
where H - x-, x (m) is the vertical position or head and qr (m) is the matric suction (or negative 
pressure) headl.  

[2] -I()- KV 

Consider the three-point system of steady-state, constant, vertical, unsaturated flow in a 
homogeneous porous medium in Figure 1, with fixed boundary conditions V2(x2) and pO(xo), 
where xO = 0, xl = Ax and x2- 2-Ax in the vertical. Let Km be the estimate of unsaturated 
hydraulic relative conductivity mean between xO and x2, and knd and knm be the estimates by 
the same method between xO and xl, and xl and x2, respectively. Let HO, HI and H2 be the total 
heads at xO, xl and x2, such that HO = -VH = Ax-vI and H = 2-Ax-%2. Would you agree 
that equation [3] is an accurate and valid application of Darcy's law in [1] in this case?

Q D.L. Baker 1999 - 2
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Figure 1: Tbrcc-Point System of Steady-State Flow 

[] -q =- A m.(H2"O)/2 (Am-(I - HO) -- -m.(H2-Hl) 

If one solves the two right-hand-sides of[3] against Km-(2-HO) for HI, sets them equal and 

divides out common terms of(H2-HO), the result is then equation [4]. Would you agree that in 

order to satisfy Darcy's law and calculate the same constant 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 [41? 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.  

[41 Km= Km +• 

.  

k t+ i a u 

Suppose. that the method in question is the arithmetic mean, such that Km= (kr0+kr2A2, kml = 

(kTO+krl)/2 and k-nu = (krl+kr2), where krO = kr(tO), 1rl= kr(I l I), ar2 = kr(W2) and kr(W,) is 

the unsatumated relative conductivity relation for the porous medium in Figure L. Substitute the 

arithmetic means for 1lcm and kmnu 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 nI, which 

can be solved be iteration or Newton's method? Equations [4] and [5] we both derived from 

equation [3]. Would you agree that the value of lat = cr(npl) resulting from [5] determines the 
values of kiml and kmu, and that substituting them back into equation [4] is a reasonable way to 

check the mathematicd and physical validity of the arithmfeic mean, (w any other method of 
estimation? 

[5] (kfv)+b2 H 7 +V)( + y)-(&-Vf1-H0) 0 

Consider a porous medium where the unsaturated conductivity relation is determined by 

equation [6], with i = 8.1 and kd = 0.08 m. Given the expected values published in Schenker, et 

al. (1995, Stochastic hydrogeological unites and hydrogeological properties development for 

total-system performance assessments, Sandia Report SAND94-0244*UC-914 under DOE 

contract DE-ACO4-94AL•5000), is this a reasonable possible expression for the relative 

conductivity of a fracture in Topopah Spring welded volcanic tuff, if one uses a Mualcen or.  

Burdine transformation to derive krv) from the prcssure-saturation parameters given in 

Schenker, et al? Itnot, can you speifya more conect set of T and /d parameters. to usein this 

example?
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(1 
fiti(ng = paa/tr.  

fitting parameter.

where lyd = 'displacement pressure* head (m) and -q is a ,7>

Please verify that Table I is the set of solutions to equation [51, given equation [6], with yd 
0.09 and i asgiven in column 2. I it not apparent from this table that foril =S.1 the arithmetic 
men produces a value ofly 1 that violates the mmi-max principle for any Ax greater than about 
0.503 66 in? It is possible to show that the arithmetic mean satisfies both equations [4] and [5] in 
the trivial case of pure gravity flow, where V0 -W1 =-p2. But is it not apparent from Table I 
that the arithmetic mean fails satisfy Darcy's law in steady state flow for %p1 * W2 and Ax > 
0.50366 m? Is it not also apparent that the arithmetic mean likely violates the mmin-max principle 
for n = 2.1 and 4 and for Ax > 0.80422 and 0.S6667 m, respectively? Ifyou do not agree, can 
you demonstrate the opposite mathematically? 

Table 1: Solutions to Figure 1'with thb Arithmetic Mean 
The variables -q, Ax, A, yland iV2 are as described above. The variable, VI, is determined by the solution 
to equation (51, kl kr(y1) - (O.0O l I)P, km] (k]O4krl)t2, krm -m(W+kr2) K, -m (krO+kz2)2 and the 
mean ofmeans is 2.kml-kmu/(kml+kmu), the right-hand-side of equation (4]. The 4d cobmn tests 
conformity to the min-max principle, 1hat 44 is included in the rnge [VW2]. Rows 8 and9 show 
violation of the min-max principle. Rows 1,2 and7 show the boiudary of viobion for the min-max 
principle. The last two columns on the right test the balance of equation [4] for the aritimntic mean, which 

is in every row.

?t Ax 

(M) (in)

yl 
(Mn)

y2 
(Mn)

klkr bil kmnu KIM mean of 
means 

rha of 141

1 2.1 0.80422 0.5 .1 1 .004972 .013142 .004972 .013142 .007214 

2 4.0 0.56667 0.5 1 1 4.1.-S .000348 4.10-5 .000348 7.33c.S 

3 8.1 0.001 0.5 0.58860 1 9.54c-8 2260.- 4.83.-8 1.79.-7 7.970.8 

4 5.1 0.01 0.5 0.59200 1 9.110-8 224.-7 4.620.- 1.79.-? 7.660.$ 

M5 l 0.1 0.5 0.63450 1- 5.11e-S 2.35.-7 2.66.-7 1.79a-7 4.71.4 

6 M. 0.5 0.5 0.99634 1 1;34a-9 1.79e-7 1.32e-9 1.79t-7 2.63c-9 

7 8.1 0.50366 0.5 1 1 1.3M-9 1.79.-7 1.3o-9 1.79.? 2.59e-9 

8 8.1 1 0.5 1.494 1 5.0e-il 1.79.-7 6.8.-10 1.790-7 1.35.-9

918.1 2 0.5 2.4873 I 8.le-13 139.79? 6.50.-10 1.79.-7 1.3e-9

Consider again equations [4] and.[5], which derive from Darcy's law for steady-state flow that 
is constant in space in equation [3]. Is it not apparent from these equations that a method of 
estimating an intergrid hydraulic conductivity mean that upholds Darcy~s law must contain an 
accounting for the model vertical space step term, Ax? 

It may be possible that the non-Darcian flow errors generated by the arithmetic mean are small 
enough to make it of practical use in some modeling regimes. Can you provide a mathematical
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justification for when this would be the case? Can your justificafton account for both the 

pressure-conductivity relation, kr(4r), and the model vertical space step size, Ax? 

Ifyou are 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?

If not, would you agree that a method that did account for both la(%) and &x, and did not 

violate either Darcy's law or the mmi-max principle would be more appropriate for use in both 
models of steady-state and transient flow? 

Do you again recognize equation [2] as the continumm form of Darcy's law? Consider that if kr 

is a fimction of W and % is a fumction ofx, then Ix is also a fuiction ofx. Do you recognize 
equation [7] as the expression of flow that is constant in space, and equation [81 ([7] applied to 
[2D 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 conduct•rity relation and its inverse are as 
described in [9), please verify that [9] and the spatial distribution ofkr(x) in [10] satisfy [8].  

(7]-�q 8 IKs)" 

Fr Jyrx] a [81 ~{b~v~~ .~(x- ~~x)) = 1~-j~~krx)0 where the 

boundary conditions are (x0,'Ihl) lower and (x2=-2 ,4 2 1 r•Mpr constant in time, which may also 

be expresed as (O~krInkrVIp)) and (Ax~akr4ck(W2)).  

[9] Ir(x) = exp(s1.(d- •V(x))) , Vr(x) = - ln(kr(x))/ Y 

Art-kr2 r2- AT.exp(-- Ax) 
[103 kr(x) =a.exp(-- x)+b a b= 

I -exp(-s7.AX) 1-cxp(-I- AX) 

Equation [11] is [1] rewritten. Equation [123 is the integration of [2], allowing that kr(V(x)) 
can also be expressed as kr(x). Do you recognize [13] and its implication as a legitimate 
definition of mean flow in a problem (8] where the flow is constant in time and space, and the 
resulting value of Kv as the legitimate definition of a mean intcrgrid hydraulic conductivity in 
that problem? Please verify that substituting [9] and [10] into the definition of Kv in [13] 
produces the expression in [14].  

[).- q - qdx A=r(x) dx - kr(V) d, 

[13] f qdx Kv kr(x)dx-J kA(v)dVI 

A&X-A~V 

u. (kr2 -krl -e 

114) K= 1& 

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

called a Darcian mean. Do you see that this approach depends intimately on the pressure-
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conductivity relation, kr(iy), in [9]? Please verify that as krl goes to k42, Kv goes to Kv = 1a1 = 
kr2, that as Ax goes to zero, Kv goes to (krl-cr2)/ln(krl/lr2) and that as Ax goes to +infinity, Kv 
goes to kr2. Note that the first limit perfectly predicts that when W0 W2 in the case of pure 
gravity flow, that WO = ul = 72.  

Let Kv be expressed as a function Kv(krl,kr2,Ax). Referring to the problem in Figure l and 
equations [3] and [4], let Kmi Kv(lr0,kr2,2.Ax), kml = Kv(kluiO ,Ax) and knm = 
Kv(klakr2,Ax). The result, using the exponential conductivity relation in [91 is shown in Table 2.  
(Note: The exponential conductivity relation in (9] is used here instead of the Brooks-Coiey 
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 lkr(x) are much the same character as in Table 
1.) In every 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 mean necessary to 
solve the problem in Figure 1, given the conductivity relation in [9], but the true mean that 
perfectly satisfies Darcy's laW in this case? 

Table 2: Solutions to FIgure I with a Darcian Mean 
The variables -q, Ax, W% VI and V2 ar as described above. The variable, AVI, is determined by the solution 
to equation (5], krl=ikarl) - exp(Qj'yd-Wl)), kin - Kv(krlAx), kmn - Kv(krl,ksAx,, Km 
Kv(0kr2U-Ax) and the mean of'means is 2-kmlkmu/(kml+kmu), the right-hand-side of equation [4].  
The l cohmnn tests conformity to the nin-max principle, that x1 is included in the range ['O, '21 The 
last two columns on the right test the balance of equation [4t. In each case, the min-max principle and 
Darcys law are perfectly preserved.  

ax w IO yl Wjkrl km l Fun mean of 
I(M) (M) W Wmeas 

I (m) ' r)s of 141
1 2.1 0.80422 0.5 0.87837 1 0.1868 0.2259 0.1594 0.1964 0.1964 

2 4.0 0.56667 0.5 0.88249 1 0.0404 0.0722 0.0296 0.0420 0.0420 

3 &.1 0.001 0.5 0.53392 1 0.0169 0.0242 0.0043 0.0080 0.0080 

4 3. 0.01 0.5 0153836 1 0.0163 0.0237 0.0046 0.0077 0.0077 

5 8.1 0.1 0.5 0.64069 1 0.0107 0.0114. 0.0029 0.0050 0.0050 

6 8.1 0.5 0.5 0.91656 1 0.0011 0.0034 6.Se-4 0.0011 0.0011 

7 3.1 0.50366 0.5 0.91831 1 0.0011 0.0034 6.83-4 0.0011 0.0011 

8 3.1 1 0.5 0.99790 1 5.9e-4 0.0012 5.8e4 7.76-4 7.7e-4

9 3.1 2 0.5I0.999-. 5.3e-4 7.7e-4 5.8e-4 6.6e.4 6.6e-4 

If you do not agree, please offer the proof& consisting of a set of conditions and numerical 
values for which Kv either violates the mun-max principle or Darcys law using [3] and (4]. Please 
explain under what valid scientific principle the YMP modelers at the DOE Lawrence Berieley 
National 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 VO = V1 = y 
Please extend that argument to explain why one cannot take any other conductivity relation, such 
as [6), solve the elliptic boundary value problem [8] numerically, and thus obtain kr(x) and a 
valid numerical value for Kv. Is 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(W) or Ax, and occasionally violate the mrin-max principle? 

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, KWy.  

This may be justified by using [13], as in [161, redefining the integrals as the respective mean 

conductivities, Kx and KWv, over Ax and AVF [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. It is common to calculate the integral that defines KW, but to substitute a much simpler 

mean, such as the arithmetic mean, for Kx. Notice the effect that such a substitution in [16] has 

on the mathematically equivalent [15], since Kv can now be defined as in [IS]. Near hydrostatic 

conditions, Ax goes to Ail, and Kv in [I8] suffers from division by zero, producing a singularity 

with limits at ±infinity, if Kx and KV are not perfectly related through the derivations of Darcian 

means presented here. Can you certify that you do not use any such method in your models? If 

.you do, can you provide mathematical proof that the errors generated by the singularity arc not 
significant in every case? 

[11 f'=~! r[Kn(,+ H,)Kv,.., 2 .(HI HI4. 1 )A r i At /'Ax2 

(16] 

-+r- r -K 1v (&A KX"X,- KAV ox , 1 
(AX-Ar ,) Ax -A! , 

3WOf +At-s(Kx,,,,2 Ja-Kr,2-r -Kv',+avz .(iv, - VJ)- K~', .(V1 - Vi~ 

Ax -t [17] Kx~i. kr(x) dx KVf~j- kr(iv)d~V 

Kx-Ax-Klv.A~V 

[is] Kv= A - Avr 

What is the differencc be twen 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 carefully accounting for all the errors is a 

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 usefuness 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) 

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, q = 6.4 (lIm), qrd = 0.08 m, Gs = 1, Or = 0.0395 and 3 = 0.64 (I/n). These
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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, xlA= 512 i, is modeled with a fimite 
difference form of the Richards' unsaturated flow equation [15], using the modified Picard 
method (Celia, ct 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. The upper boundary will be a matic 
suction (2.95823 m) such that kr = 104. The lower boundary is no-flow and set up such that the 
dept, xI, is constant no matter how many grid points, 0 to np, in the modeL 

"191 - where 0= volumetric water content 

(mW/m3, effectively dimensionless) Or residual water content, 0s = saturated water 
content, and I3 and iyd are fitting parameters 

The initial condition of all the grid points in the model will be a matric suction such that kr = 

le, except for the points from 0.35*xi to 0.45"7, which shall be set to a positive pressure head 
of I m (T.--1I m). The number ofpoints, np, in model will be an even multiple of 10, such as, 
40, 60, 100, 140,200, 280,400, giving space steps ofAxim 12.8, 8.533, 5.12, 3.657, 2.56 1.829 
and 1.28 m for xl = 512 mi. (Note: The same errors occur in smaller reaches, but tfe large-scale 
plots make the dispersive nature of some oscillations more apparent.) 

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, in the equivalent depth of water of 109 M. The error, rmb = sumth - fix, where 

S- 0,1, + Ora -Oi) is the trapezoidal integral of the mass change in the 
2 1 - -, 

model during one time step, and fix - -Kniw*(-II-HO)*A&Ax is the mass flow into the upper 
boundary of the model in one time step. Km 1, is the intergrid hydraulic conductivity mean 
between the xO - 0 upper boundary and the first grid point at xl - Ax.  

In this case, two models will be run in parallel for comparison. One uses the arithmetic mean, 
Ka, for the intergrid conductivity mean. The other uses the Darcian mean in [14], Ky. The model 
using the Darucan mean will be set to adjust the time steps so that it converges to rmb < I0"* m in 
40 iterations or less. The model using the arithmetic mean will use exactly the same time steps, 
but wil be allowed to converge in 80 iterations or less. If the either model does not converge in 
the alloted number of iterations, then the time step is rent and reduced, 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(105) 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 re ts for the arithmetic mean model for np -40, Ax 2.I8 r, at t = 0, 
10, 0.512(10'), 1.024(10', 2.048(104) and 4.096(10) s. Figure 2b shows the results in the 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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Te Darcian mean model, by contrast, relaxes completely. to th just under saturation near a 
matric suction of 0.08 m, with no apparent change in pulse shpe

6 

41 

L2

so
OEPR XMie

4a

Figure 2a: AXrihmtic Mean Model 
initial pulse of y -- m between 0.35xi and 0.45x, 
relaxing and ftanslating with time, for up -=40 atIt 

0, 10, 0o512(10%), 1.024(10%), 2.048(10r) and 
4.096(10') , in th example fracture

i•4.096.000s

4' 
0 150O a. no 30o 

CEPT, Xj"n

FW-r 2b: Darcian Mean Model 
for up -40 running in paralel with Ch same tmne 

steps in h•e same fiacture and the same output 
times.

As the models progess, the atitbnctic mean model develops a persistent non-physical spike in 
matric suction at the top edge of the pulse (left on graph). This is a direct result ofviolation of 

tde min-max principle, as demonstrated in the thrce-point grid test in the questions above. The 
arithmetic mean model also develops seve oscillations in the peak of the pulse, producing many 

non-physical peaks that arc consistent with the concept ofmass clumping due to a differential 

errmo in hydraulic conductivity betwen wet-over-dry and dry-over-wet conditions. By contrast, 
the Darcian mean model is very smooth and well-behaved.

L
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Figure 3a: ArWthetic Mean Model 
Convergence to the fine-grid solution, for up- 40, 
100, 200 and 400, or Ak - 12.8,5.12, 256 and 1.29 
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Figure 3b: Darcian Mean Model 
Convergence to the fine-grid solution, for mp - 40, 
100, 200 and 400, orAx - 12.8, 5.12,2.56 and 1.2l 

m. Paralel time step iun with Arithmetic mean 
model.
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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, orAx = 12.8, 5.12, 2.56 and 1.28 m, att = 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 Darcian 
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 mmi-max principle. But in another example 
(Baker, 1999b), of infil•ration into a fracture to less then I cm, with space steps from 1.5 mm to 
21 rin, and an adaptive grid set to maintain a constant ratio between adjacent grid conductivities, 
using the arithmetic mean produced crrors'in the wetting front position of up to 1,75%, 
compared to 0.36% for an approximate Darcian mean. It may be that non-Darmian flow errors are 
tolerable in many cases, but this cannot be certified unless they are actually accounted.  

The oscillations in the leading edge of the pulse in the arithmetic mean model 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-Genuchten-style conductivity relation in 
Baker, et al. (1999a).  

Figure 4 shows how the matric suction spike evolves as a function of time and model vertical 
space step size, Ax. The trend, out to 83,886,100 s in model time, is for the non-physical spike to 
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 en-or. 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 onset and the apparent logarithmnic increase of the dry spike are not fully 
understood at this time.  

.9 

-33 

1.2D 

2 --- p _ 

1E51 11+2 1L.3 1E14 I&.S 1L,9 IE1: 15.3 
MODEL TIME (3) 

Figure 4: Trailing Edge Matric Suction Spike 
for arifthmeti mean model for up -40,60, 100,140,200, 280 and 

400, Ax = 12.8 to 1.28m; The grid point with the largest syike value at 
t = 8.39(10) s is tracked fromt - 10 to 8.39(100) s.  

Although it does not show well, note that even for np =400, Ax = 1.28 m, the grid point at the 
"trailing edge of the initial pulse rises from the initial condition of 2.95823 m to 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 wer 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 tothe upper boundary inflow of 4.74(10"4) nm/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- 1d.2 m case is just beginning to show. This does not bode iell 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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MAO Tragringa Develomnent 
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Objectives 

Upon completion of this lesson, each.  
participant will understand the process to 

initiate, develop, review, and process 
Scientific Notebooks 

"rth con~'oI d U• ef Scrintr No~boole for OCRWM VAcnt f QAI8OO, ReW. 2

[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 scientific notebook using a defined checklist for the 
compliance of AP-SIII.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 all 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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Describe the process for initiating a SN 

Define the review requirements for a SN 

Describe the data submittal requirements 

Describe the closeout and submittal process for a SN 
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Origin of SN Control 

> QARD 

= 11.2.2, Performing Scientific Investigations 

4 Use of SN 

" SN contents 

"* SN reviews, 

AP-SI. IQ, Scientific Notebooks 
* Identification and control 

* Entries & reviews 

* Submittal of data 

* Closure 

NRC Expectations 

T7t CojroI arnd Use e .d att Nabbooa lOCRk4A ActbA* OA9*ow Rev. 2

JNotes 

AP-SiII. IQ, 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 activities, 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, DOEIRW-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.

M&O Trald" & Devdopmer 40r24



Scientific Notebook Importance

Site Recommendation Report 

besign 

License Application

GA0soos, Rev. i

MRo T'ahrng & evelopmert

The Cm&W&I UM Le 'ietnWifio•xbob br OCR14•MAIbfts

Scientific Notebook Importance 

- Begins a chain-of-custody for scientific information 

- Provides the inputs, and in some cases, the foundation for higher-level documents 

Technical Databases 

Site Recommendation Report 

Requirements documents 

Design 

Ucense Application 

- Must be documented and reviewed correctly to ensure regulator confidence In our scientific process 
and determinations

5
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Scientific Notebook General Principles 

"* Bound/Binders 

"* Consecutively numbered pages 

- Permanently attach loose materials 

"* Avoid excessive blank space 

"* Reference all supplementary records 

"* Initial or sign, and date entries 

Th. ConMoE anW Us* of Snt NoM1 o M ftfr OCRMW Ae'ftv. GUM4 tV. 2

I

Scientific Notebook General Principles ot 
1. Scientific investigations shall be performed using 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 notebooks. 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 otherwise 
obvious; then initial and date the slash.  

5. Reference all applicable scientific 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-SIlI. IQ, Scientific Notebooks



MW 7�'agn1na £ Deyefow2ent 7o�24

Scientific Notebook General Principles 

"* Corrections and- legibility 

"• Security 

"* Table of contents 

"* Clear, concise, complete statements 

"* Failed experiments are important 

Thg Conb"I md (ee a kni Nobk s - MOCR tAaM ks QUWA0 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 correct Information or 
explanation, including 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 requirements 
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.

7
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Scientific Notebook Identification and Control 

a Obtain a document identifier (MI) from the SN Register 

You will be prompted for the following: 

Organization 

Beginning date 
S•'Titl 

First & last nome of responsible Investigator 

Responsible monager 

Ensure SNs are organized and unikuely marked 

b Document title1 bI, and all interfacing 
notebooks in initial or final notebook 

Vendgal Use Vf ,nfnA• Nom• aor taOCftJ, itt~s QAWX05 Rev. 2

[NotesI 

Obtain a document identifier for your scientific notebook through the Lotus Notes Scientific Notebook 
Register (SNR) database. Place the document identifier inside the front cover, on the first 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 tool to Identify, track, and 
monitor the Initiation and completion of the scientific notebooks. It can 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 scientific 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 uniquely 
marked with notebook Identifier, title and volume.  

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

2) For multiple related tasks, or task breakdown assignments, a "Master" notebook may 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 identifier that may have been assigned by another organization's procedure or 
process.

9
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Scientific Notebook Initial Entry
q" Record the following in the SN or reference an approved 

planning document: 
Work scope A objective 

• Proposed approach and primary tasks 

"Proposed technical methods or procedures to be used to 
c analyze, or study results 

•Ust of sample types 
list of test equipment planned to be used 

- Ib M&TE needing calibration 
- i•'rovide or reference calibration methods 

bescription of any procurement activities 

.*b of software 
10'D of standards and criteria 

*/ and Uneo Sr$cntfd Notboof•b WOCRMWfrAt 0488001 Rev. *

Record 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: 

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 available and appropriate, 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 appropriate, and indicate calibration schedule 
or frequency, if established.  

4) Description of procurement activity pertinent to the investigation such as calibration or 
analytical services.  

5) Identification of software to be used (include qualification status and Computer Software 
Configuration Item numbers).  

6) Identification of standards and criteria, as applicable, including acceptance criteria.

i 1



Scientific Notebook Initial Entry (cont.) 

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

" Any special tralning/quolification requirements 

. Environmental conditions 

- Potential sources of error 

Record the following In the SN: 

• List of personnel expected to contribute to SN 

I .nclude examples of signatures and Initials 

* iD responsible Investigator 

X ID cny relevant Inforrmation not included in 

Sreferenced work planning documents or 
procedures 

rhe cool and wuse or V -=nM' ,Ok jOCRIM Acti ZA CA3OOSN=, R. f

S.| Notes I 
7) Any special training/qualification including procedures, processes or skills; environmental 
conditions and accuracy precision or representativeness of results requirements (if different from the 
manufacturer's); and pertinent potential sources of error, as applicable.  

NOTE: In lieu of the above information, the title and number of the applicable approved planning 
document(s), approved Implementing documents, work Instructions, or other documents containing 
this Information may be referenced.  

8) A list of personnel expected to contribute to the notebook, including examples of their signatures 
,and initials. Leave reasonable space for modifications to this list Identify the name of the investigator 
who is responsible for the notebook and its contents." 

9) Additional relevant information that is not included In the referenced work planning documents, 
Implementing Procedures, or Technical Procedures, and any other information necessary to 
understand the research to be documented.

11

M&O Trwnfng ar D"veopmenW if OfJc



MAO Trani 3 Duvopmezt I,

Scientific Notebook 1nitial Entry (Cant.) 

Record the following in the SN: 
- Full citation of all work(s) referenced in SN 

* Quality status of inputs 

- Provisions for controls of any electronically managed date 
. ID of required QA verifications, witness, or hold points 

SCoordinate planning with organizations providing 
input to or using the results from SN 

SEnsure initial entry Is provided or referenced in 
concurrent volumes 

Initiate a compliance review of the initial 

entry (Attachment 2) 

Cotfl Wd Us* of Send* NoWtt bO WrOCRWMttvftfes *Ob Rev. 2

10) Full citation of all work(s) referenced in the notebook that is related to methodologies in the 

scientific investigation, and quality status, as appropriate.  

11) Provisions for controls of any electronically managed data 

12> Identification 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. Similarly, if applicable, provide an updated initial entry in 
effect at completion of a volume as a beginning to a new volume.  

Initiate a compliance review of the initial entry using review 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.

I
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Scientific Notebook Iti-Process Entries 

bocument 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 original Investigator 

perform *Step-by-step process of work performed 
o Any conditions that may adversely affect research 
- Ib of any samples. computer programs. or test.  

mo m ýeq uipment and calibration not previously described or 

o Ib of quality ttatus'of Inputs, including unqualified 
and accepted Inputs 
10I of rejected data 

- Investigation results 
etI i& *Changes to the Initial entry 

TMe CWOW~~ n Uae &O80nW, FdO~hOOftfrOCRWWACt~vftS M"900. 2e.

Document the following in sufficient detail to allow a Technical Reviewer to retrace the investigation 
and confirm the results, -or repeat the Investigation and achieve comparable results without recourse 
to the original 
Investigator.  
1) Step-byý-step process of the work performed, Including the accomplishment of prerequisite actions 
and any deviations from planned actions 
2) Any conditions that may adversely affect the res -earch described In each entry, if applicable 
3) Identification of any samples, computer programs, or test equipment and calibrations not previously 
described or referenced, including quality status, as appropriate 
4) Identification of any existing or accepted data that m ay be used in the investigation 
5) Identification of any Orejected* and/or non-Q data, if known 
6) Investigation results, including those that do not meet acceptance criteria 
7) Interim conclusions, if any 
8) Changes from or additions to the Initial entry, including methods used, names, Initials, and 
signatures of any new indivduals 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.I

13
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Scientific Notebook Review and Approval 
Responsible Manager or P1 (if not the investigator) Initiates a 

compliance review, a technical review, or both 

Compliance Reviews: 
SN activity completed and/or SN closure 

* Period since SN origination or last review Is I year 

Technical Review: 
" SN activity completed and/or SN closure 

Interim review is requested (data submittal) 
Period since SN origination or last review is 1 year 

iftE nd Us d~cIei N RM/P1 requests review (SN contributor leaves) 

)~Mu d W~e cf ,.tbrnf't Nobooft fwr OC Acffidt1be08 R"v. 2

l-Notes 

Initiate a Compliance Review or a Technical Review or both when: 
1) The activity that is being documented in the scientific notebook has been completed, 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 submission to the Technical Data Management System 
(TDMS) (Technical Review) 

3) The period since notebook origination or the previous review is approaching one year (Technical 
and Compliance Review) 

4) The Responsible Manager/PI deems a review desirable, such as when a major notebook 
contributor leaves the work activity (Technical Review).

iur• Tr•ft•m • nmA•nnJ.nnnf
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Scientific Notebook Review and Approval (cont.) 
"Responsible Manager or PI (if not the investigator) selects a 

Technical Reviewer and/or a Compliance Reviewer 

Technical Reviewer: 
* Capable of performing SN work 

bid not perform SN work 

Compliance Reviewer: 
* Familiar with overall QA program 
* Capable of determining adequacy of compliance 

with requirements of AP-S6II.1Q and any other 
Melated QA procedures 

WI WWd Um Of &*Oft • tboCbO fIf ?CRM tcvft GAS80 Rmev. 2

Select a Technical Reviewer who is capable of performing the described work, but who did not 
perform the work to 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 
submittal of any data to the TDMS (in accordance with Paragraph 5.6b).  

Documented justification for the supervisor to perform the Technical Review shall be made directly 
or referenced in the scientific notebook.  

- AND/OR-) 

Select a Compliance Reviewer for scientific notebook compliance who is familiar with the overall QA 
program, and is capable of determining adequacy of compliance with requirements of this procedure 
and other related QA procedures listed in Section 7.0.  

Evaluate and accept the Scientific Notebook Compliance Review following 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 or, if the notebook is 
full, reference the documentation that will become part of the record package for the notebook.

15
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Technical Reviewer 

•bocument review of 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 
•betall concerns about technique, interpretation. or documentation 
-Recommend further Investigation. if appropriate 

*Indicate. SN has been reviewed and is technically adequate by 
making an entry in SN or other review documentation 

-Include in entry beginning and end points of review

SNotes 

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 information is presented in sufficient detail (including use of released-software) to retrace the 
investigation and confirm the results or to repeat the investigation and achieve comparable results, 
without recourse to the original investigator.  

3) Any software used is suitable to the problem being solved.  

4) Any software used is within the range of validation testing.  

Indicate that the scientific notebook has been reviewed and is technically adequate upon completion 
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 andreview comments for the reviewed material.  

- OR

Add comments or refer to other review documentation that detail concerns about technique, 
interpretation, and documentation, and sign and date the comments.  

If appropriate, recommend further investigations by providing a statement to that effect in the 
scientific notebook, sign, and date.

M&O Trainng a Deveopment . 16024
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Compliance Reviewer 

•bocument review of SN (use checklist or equivalent): 

-Provide Justification for con-applicable criterion 
.'bocument non-compliance and provide explanation 
wDocument compliance and provide comments as appropriate 

-Return review documentation and SN to investigator for 
comment resolution 

**Submit completed review documentation as supplementary record 

-Reference review documentation In SN as close to end of SN 
segment reviewed/ 

The o•Jrow nd Vag of Sc*0n Mobbooft fcrOCW•/c*ft* t,9,, fv. A

S Notes 
Review and document the compliance review by completing a form equivalent to that shown in 
Scientific Notebook Compliance Review Worksheet (Attachment 2).  

1) Give justification of the nonapplicability of any criterion listed in the comment column.  

2) Document any noncompliance by checking the OR" column as being reviewed, and making a 
comment concerning the deficient condition in the comments column.  

3) Document compliance by checking the OR" column and provide supporting comments as 
appropriate to expand on the review results.  

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
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bato Submittal and Traceabilty 
Ensure relevant data used in analysis or that 
contributes to technical products or the 
collection of data is retrieved from the TOMS 
or TIC 

* Document rationale for use of accepted data 
1AW AP-SIII.2Q 

Submit all data produced by the SN 
investigations to the TDMS 1AW AP-SIII.3Q 

Data used as Inputs to technical products 
involving scientific investigation shall be 
referenced in the SN using DTNs 

..o.r e 

nWif Weboftho W' COCRMi AMIM QAISOOS ReV. 2

Notes 

Ensure that any relevant data used in analysis or that contributes to technical products or the 
collection of data is retrieved from the TDMS orthe Technical Information Center. If data retrieved 
from the Technical Information Center is to be considered accepted data, provide a rationale In 
accordance with AP-SIHl.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-SIII.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 involving scientific investigation shall be referenced in 
the scientific notebook using the TDMS Data Tracking Number (DTN).

I
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Scientific' Notebook Closure (Coant.)

Thvestigator closes-cout the SN when: 

_Activity that SN is doctimenting is completed and SN Is no 
longer needed 

crSN is full and Is being continued In another SN 

Entries In SN rare not of technical value (work or 
research is cancelled) 

- Wthin three months of last en"r, Unless d Statement 
of Intention to continue Is documented

Close out the scientific notebook when:, 

1) The activity that the scientific notebook is documenting is completed and the scientific notebook 
is no longer needed 

2) The notebook is full and Is being continued in another notebook 

3) It is determined that the entries in the scientific note book 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 alter the last technical entry.

19
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Scientific Notebook Closure (cant.).  

Investigator requests a compliance and technical review 

Investigator documents the closeout in a final entry.  
upon completion of reviews 

Include statement: 
'of readiness for clostre, and 

-attestment to accuracy and completeness 

Responsible manager ensures SN contains: 

-Updated and finalized Table of Contents 
ApvInvestigators attestment 

.. Technical reviewer-s sgnature and attestment 

Strf RM signs and dates approval for closure 
T n etieve -of 5SN 

The Confro wdu Use o Scdentf Notbaooft Mr OCRM AWt MQm AJS08W4ev ftV

J•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 entry at the end of the 
notebook, and notify the Responsible Manager ofthis 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 to the owner for resolution of comments.

M&O Trabfng & Development " O1f2A
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Records 
Investigator submits SN to R~ecords Processing Center. (RPC) 

SN package Includes: 
-All SNreferenced supplemental records 

- Checklists, 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 data,, If applicable 

SUpdate the SNR to Indicate SN closed 

It~w~ 11eV~nW Ior.. ~rOR'WcAm
Th.cc�

Submit the closed scientific notebook to the RPC. The scientific notebook shall be accompanied by: 

1) All scientific notebook referenced supplemental records, 
2) Appropriate documentation to support Subsection 5.6, such as compiled data and the Data 
Tracking Number, In accordance with AP-Slll.3Q.  
3) A memorandum signed by the P1, or the Investigator, or a copy of a signed entry at 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.  

Update the SNR database Ip 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 PI 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 

0 SN did not Indude enough details for Independent, qualifiled 
person to determine work performed 

0 'Initial entries in SN do not contain the required information 

0 SN not In accordanee with procedure requirements and QAIRb 

0 SN pages not reviewed because SN not available 

0 Traceability of date and SN not consistentfy documented 

0 Planning of scientific investigation not performed in accordance 
with QAftD 

0 Independent review not performed 

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

Tne Co/anr wW Use of SoonMt Nobbooft Mr OCRI4M Actiadt QAISOOS
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Lessons Learned and Suyjestions for Improvement 
Multiple notebooks, not cross 

referenced 

Opinions/thought processes/logic trains 
difficult to follow - try to add more 

explanatory statements 

Label sketches 

Data and/or calculations In computer 
files, -not referenced 

Project jargon and cryptic notations 

try to limit 
7he Confrol Usd Uof Sc•nr Nobbooft fr OCR Wftvi Actvlt 0G4S, 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.  

Opinions/thought 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 lair 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 a 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).

23
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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? 

Th CtWr &dW Usa ,fWen NoAbooks fr OCRMW Ac*Aftjs QAI8OOS Rev. f

Notes

24

M&fO Tra/ngn A Devetopmeig



The Control and Use of 
Scientific Notebooks for 

OCRWM Activities

- I

Scientific Notebook Compliance Review 
Worksheeto



OCRWM% Procedure 
Title: Scientific Notebooks 
Procedure No.: AP-SJJI.1ORev. O/ICN 0 Page: 16 of 17

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT 
SCIENTIFIC NOTEBOOK 

.COMPLIANCE REVIEW WORKSHEET Pa I Of. 2

SN: LocailID: Inveltigotor 

Title: 

Revieved ST. Peviewer Orgaro DOWa: 

Peview Aocqftd By: Accepterre Date: PecordSubntta Defte: 

Apolcable hWerwyatirg Decirnnt (lrxkxb Rev. No.): 

PAqimnewneitrria R NA Cocmrnts, (See Note) 

1. NOW**cl Madaon bzmkos: 

a. Udoque Wdnifierand Start Dote 

b. Us od So"eiiBookp~ho ecva ob 

d. Spacer for Tble ofWedrf 
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ATTACHMENT I 
HOL.19980217.02 

Work Plan for Integrated Site Model 
Revision 0 

December23,1997 

1.0 Work Scope 

This work plan is applicable to Integrated Site Model (ISM) work that is conducted under the 
M&O quality assurance procedures. This work encompasses all phases ofmodel development, 
including data compilation, data analysis, model construction, model analysis, and preparation of 
model products. Supervision of a Numerical Model Warehouse (MW) and translation of model 
components between software formats arem 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 a given fiscal year.  

1.1 Objective 

The objectives of the Integrated Site Model ([SM)'work are to provide the YMP with reference 
geologic frame~work and integrated rock properties models on which flow, transporit and 
performance assessment studies will be based; and to serve as a repository for preliminr 3D 
models and model components..  

12 Pzimaiy Tasks.  

Primary tasks of the ISM work include: 

1) Compilation and analysis. of input geological data, including detailed reviews ofpotent 
model input data provided by others; 

2) Consmtruction of a three-dimensional geologic model of rock units and faults at Yucca 
Mountain; 

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

4) Creation of model products (maps, cross sections, views, animations, illustrations) 
5) Preparation of reports of model results; 
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; 

7) Translation of model components between software formats 

"13 Use ofData 

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 documeit 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-SU.3Q) as appropirate, 
one notebook for each model version. Input geologic data will ficlude 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, magneti, 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, Le., the software 
will not be given free rein to construct surfaces based solely on mathematics. The modeler will 
control the assembly of falts and horizons into the geologically corrct 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 modeles 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 willi 
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 a model version, this will be documented in the scientific 
notebook for that version.  

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 properties or mineralogic model This constitutes integration of the rock 
properties models into the geologic framework to construct the integrated site model (ISM).  
When the ISM iteration is considered complete, this will be documented 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 Warehouse is maintained and managed by the Technical



Data Management System ds part of the YMP GENISES technical data base, and will physically 
reside along side GEMISES. The ISM modelers will maintain a separate computer facility for 
the exchange of preliminmy and interim models and data, and to serve as the receivor of models 
to be submitted to the NMW. The ISM work scope includes the translations between modeling 
"formats, and the selection of models to be submitted into the NMW formats. This process is also 
documented by scientific notebooL 

Software tools to translate model components will be constructed both by the ISM modelers (for 
simple cas) 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 components in a 
new format (comparable to translating between word processing document formats), they do not 
perform mathematical manipulations of data, and they do not produce new data or 
interpretations. Translations will be validated by comparison of outputs of the original model 
versus the translated version.

3.0 Applicable Standards and Criteria 

No applicable standards and criteria have been identified as applicable to the ISM effort.  

4.0 Developed Procedures and Implementing Documents 

Implementing documents specific to the modeling work will include M&O QA procedures QAP
SI-OQ (computer softw qualifiaio), QAP-SMI-IQ (scientific investigation control), AP
17.1Q (name##, QAP-SII-2Q (review of scientific documents and data), and QAP-SIl-3Q 
(scientific notebooks).  

5.0 Equipment 

No testing, field, or laboratory equipment will be used. Computers will be used for modeling.  

6.0 Records and Reports 

This work will be recorded in Scientific Notebooks by each involved investigator 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-SI-IQ. Records will be submitted in accordance with M&O QA procedure 
AP-17.lQ.  

7.0. Prerequisites, Special Controls, Environmental Conditions, Processes 

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

8.0 Computer Software



The 3D geologic modeling will. be conducted using Earthvisiori 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
OQ. The concept of "validation range" does not apply to geologic framework modeling software

9.0 Evaluation of Results 

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 borehole& 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&O 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 model 
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 geologic framework model include the M&( 
Wmed Geologic Disposal System (MGDS) Design, Performance Asses-ment 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.



"ATTACEMET 2

Section SA.2.B of Procedure QAP-SUL2 

B. if no previously approved work planning document exists, prepare a document 
that provides the following Information, as appropriate: 

1. definition of the work scope, objectives, and a list f the primary tasks 
involved; 

"2. identification of the scientific approach or tedical methods used to 
collect, analyze, or study results of applicable work; 

3. identification of applicable standards and cria; 

4. identification or development of appropriate procedures or other 
implementing documents; 

5. identification of field and laboratory testing equipment or other 
equipman; 

6. identification of; or provisions for the ideification of required records 
and report preparation (e.g., scientific notebooks and scientific 
documents);: 

7. identification of prerequisites, special controls, envimntal conditions, 
or processes; 

8. identification of any computer softwaic to be used that is subject to QARD 
requiremets, by computer type, program name, versionfevision number, 
Computer Software Configuration Item number, and validation range; 

9. provisions for determining the accuracy, precision, and reptesentativeness 
of results; and 

10. identification of any interfaces and interface controls that transcend 
boundaries between M&O areas including quality assurance (QA) 
verifications of the *ork to be performed; thein

.provide the work planning document to the Reponsible Manager.C.



ATrACtMENr 3

REVIEWER'S STATEMENT AND 
RESPONSIBLE MANAGER'S APPROVAL 

As a Reviewer for the organization, I have reviewed Rev. 0 of 
the Work Plan for Integrated Site Model, in accordance with the content criteria specified in 
QAP-SMI-I/Rev. 2, Section 5.1.23. I verify that the document meets review requirements and 
all of my mandatory comments have been resolved. (If this is not the case, so state and attach the 
m•andtory comments that were resolved by management)

Signature 

O ;gnzation

Date

As the Responsible Manager for the above document, I certify that a review has been conducted 
and that the document is ready for further action in accordance with Section 5.1.3 of QAP-SMI-1.

Signatur Date

Organization
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Scientific Notebook Compliance Review Worksheet 

VI; Local ID Same . Ownerz. Robert Clayton MOL.999052..020
Title: Inteirated Site Model (ISM) Version 3.0 
Reviewed By: Darrell Porter 
Review Accepted By__ __ __ __ 
Applicable Implementing Document (ncl Rev No.): -OAP-SI.-3. R2

Organization: M&O/NEPO 
Organization: M&O/NEPO. Date 03/30/99 
Date / I Record Submitted /__

Requirements/Criteria .. R.. l4A Comments: (SeeNote4) 

a. Unique Identifier and Start Date -- Ok 

b. Use of Bound Book X Ok 

c. Space for Table of Contents X Ok 

d. Continuous Paginiation XOk 

e. Reference any Preceding Notebook x Ok 

£ Legible and Reproducible X Ok 

a. Objective and Description of Work X OK 

b. Id of Scientific Approach or Technical Methods X Ok 
Used to Collect, Analyze, or Study Results 

c. ID of Applicable Standards and Criteria X Ok 

d. Equipment to Be Used Ok 

e. ID of M&TE and Calibration Requirements ZX Ok 

f. Special Training/Qualification Requirements 'NA OK; No special training is required 

g. ID of Prerequisites, Special Controls, Wk OK: There are no prerequisites, special controls, 
Environmental Conditions, Processes or Skills - environmental conditions processes or skills involved 

sl Accuracy, Precision, and Representativeness of , : Ok 
Results 

"i. Identification of Software OK; Considerable software involved but inadequate IdentificationofSoftware__. __ I N•: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 X Qi.k They are subject to annual audit 

m. ID of Required Records OK 

n. List of All SN Users/Signature/Initials X . Ok 

o. Designated Owner of SN X Ok 

p. Planning Coordinated with Organizations Ok 
Providing Input to or Using the Results _ __ ___,___.._

SN-M.&O-SCI-003,



Requirements/Criteria (Cont) [ NAI Comments (M&O-S -003 Cont) Pa 2o 

a. Description of Work Performed and Results X O.  
Obtained 

b. Compliance with QARD Supplement V NA OK: No data in this notebook is managed electronically 

c. Compliance with Modelling Documentation X OK 

d. Changes/Additions to Initial Entry Information X Ok 

e. Id of Any Unqualified (Existing) Data Used., X Ok 

f. Trace to Attachments/Related SNS X Ok 

g. Names who Performed Work X Ok 

h. Signature/date of Each SN Entry X Ok 

SDescription of Changes to Methods Used Ok 

j. Interim Conclusions as Applicable X Ok 

k Explanatory Statement When Dormant X Ok 

-4 Inta nr e I nd...  

a. Initial Entry Review Ok: Initial review is not used as a planning document 
b. Technical Review "W.

ThnaR w; Reviewed by McCleary on 03/17/99 

c. Compliance Review X Ok: Markers for Inconsequential corrections were made 

d. Any Referenced Material Needing Review X I_._ Ok 

e. Adversely Affecting Conditions X Ok 

f. All Comments Resolved X '__ Comments on 4.b must be resolved 

a. Independent Technical Review of Notebook NA' Notebook has not been closed out 

Compliance Review of Notebook NA ', - 44 

c. Statement of Acceptability by Manager NA " " '4 

d. Data Was Submitted to TDMS 14 A £ U 

e. Records Check NA , - , , 

f. Records Package Was Submitted- . NA. " " " "

Note I 

Note 2 

Note 3 
Note 4

Isocrtcklsktj Technical Review: a) Ability to rtrace investigations and confirm the results or b) repeat the investigation and achieve compara 
results, both without recourse to the original investigator.  
Compliance Review: A review of applicability, correctness, technical adequacy, completeness, accuracy, and compliance to 
established requirements.  
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, orjustification of non-applicabi
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4/!A eI LSM3.O File Naming Conventions 

General :.  

The following guidelines may help us keep straight the many files we will create for ISM3.0. Fi 

be named in the following general format: 
[id] [3][name][version].[sufix] 

where id=source or type identifier 3=ISM3.0 name-rock unit or fault name version=version 

of data or model and suffix-fle type.  

The id field will consist of the following: 
a--all relevent data; combined sources 
b~borehole-derived 
-eESF-derived 

• .. .°f.fault.  

i=isochore 
mwgeologic map contacts or traces 
x--measured section 
W--property 
s-surface; elevation 

Version can also be X=transposed ED-edited OLD=superceded RWC=Robb Clayton's edit 

EXP--exported file, etc. These will be the ONLY CAPITALIZED letters in file names.  

<sujfix>=flle type; .txt for ASCH text, .dat for Earthvision data, .xls for Excel spreadsheet, .yn 

translated files, and so forth.  

Examples: 
b3tpnm0O.dat 

is a data file with borehole data for unit tpmn, version 00.  
s3tpv389.2grd 

is a 2D grid file of a surface (elevation) for unit tpv3, version 89.  

id fields can be combined where appropriate: 
sm3pbt4O2.dat 

is a surface (elevation) data file with map-derived contacts for Paintbrush Group bedded tuff 4, 

02. In a combined id field like this, the i or s will always come first. The file: 

sa3pbt4l2.dat 
would be a surface data file for bedded tuff 4 with all data sources combined (map, borehole, 

12.  

Where items are self-explanatory, the full names will be used. Examples include topography.2i 

potentiometric.dat.  

Input Data



• The f d borehole contacts will be borestrat98ddt. The, location data of newly surveyed borehol, 

collars will be boreholes98.dat. Earthvision format files for display of holes as tubes will be 
boretube•s&dat. ESF contacts will be -in efstrat98.dat.  

Stratiajrhv 

All rock layers will be referred to by their officially approved lithostratigraphic name and abbreviatio2 
from Buesch and others OFR 94-469 and Sawyer and others GSA Bulletin 1994.  

Rock layer names will be spelled out in full in file names, beginning with formation. For example, ro 
layer Tptpmn will be named "tpmn". Calico Hills formation will be "ac". Bedded tuffs will take the 

* name of the overlying units. For example: 
i3pbt2RWE03.dat 

* "is an isochore data file for the Calico Hills formation edited by Bob Elayer, version 03.  

Faults 

Where named on a.geologic map, a fault will be given the map name. Otherwise, a simple name will 
given that relates the fault to a named fault or a geographic feature. For example: 

fm3dunew200.dat.  
contains map fault trace data ("fin") 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).  

Earthvision Files 

Because these files are-uniquely identified by their suffixes, no "id" field is needed.  

.seq: Sequence files fall into three categories: pre-horizon gridding, 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 gridding file. It is often important to separate the two and maintain them for fi&h, 
modification. Use of"pre" and "post" is a simple way to identify these files. For example: 

3preOO.seq 
will be the first sequence file constructed. It will be followed by 3postOO.seq. Other sequence files i 
for building test cases or submodels can be given similar short, descriptive names.  

-faces: The first .faces file built will mostý likely be 3allOO'aces, containing all horizons. Submodel 
could include 3paintOO.faces (Paintbrush Group units only), or 3crater00.faces (Crater Flat Group or 

Formulas,- Scripts, Graphics, etc.  

These files should be given descriptive names that will be easily identifiable long after we've forgot 
them.
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L Norma Biggar 
~ 01;20199 01:13 PM .  

To: Robert ClaytonWWRWDOE@CRWMS' Atndrew BuminghanVYM/RWDOE@CRwMs 

Subject Re: Scientific Notebook Review - ISM3.0 

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

Forwarded by Nonna Biggar/YM/RWDOE on 01/2899 01:07 PM 

01119/99 01:58 PM 

To: Norma B6ggarYM/RWDOE@CRWMS, Robert ClaytonYM/RWDOE@CRWMS, Darrell 
PorterFNM/RWDOE@CRWMS 

cc: 
Subject Re: Scientific Notebook Review 

Norma, Robb, Darrell, 
The attached correspondence gives the status back in November, and I guess that Is still the status. I am sympathetic to Robb.'s rational for not Including the "Q" status in the notebook, and I would certainly accept a short discussion in the notebook that explained the situation and referenced the pagesftables/figures in the report where the "QO status is indicated, but I still feel that the requirement cant be ignored. The notebook has to at least indicate where the Information exists And why it is not in the 
notebook directly.  
Jeff 

Jeff McCleary 
I 1/239808:39 AM.  

To: Robert ClaytorIINJWDOE@CRWMS 
cc: Norma Bigga rYM/RWDOE@CRWIMS 
Subject Re: Scientific Notebook Review 

Robb, 
You raise some valid points, and I agree that given the situation there is no point In going into much detail in the notebook. On the other hand, given my recent audit experiences, I am becoming an ever bigger fan of explicit statements In notebooks and repolts relative to any procedural compliance issues. What do you 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. ; of the 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 adirectly relied on" that you have on page 28.- I guess the mechanics would be that I would -write a review comment that there should be a more explicit statement on the Q status of the various model components - you would respond with the short discussion that rm proposing then I would sign off on the review. That should leave a clear trail for any later audit. See what Norma 

thinks and get back to me.  
Thanks, 
Jeff

.ý-, 9
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To: Jeff McCleay/YM/RWDOE@CRWMS 
cc: Norma BlggariM/RWDOE@CRWMS 
From: Robert Clayton/YMIRWDOE 
Date: 11/23/98 07:58:05 AM PST 
Subject: Re: Scientific Notebook Review 

Jeff, 

For the identification of QA status of data, I've alWys been relying on the report, not the notebook. I.  

never thought of that as a significant part of the notebook. For the ISM3.0, that list Is 3-4 pages long. 11 

QA status of those data is In flux, and has been all year as geophysical logs are [still being] reviewed. S 

any information rd put in the notebook would be subject to change.  

While I was completing the notebook, there was still some question as to the CA status of the mineralog 

and rock properties models. It turns'out the Mineralogic models are non-Q (software and data) and we') 

" , not quite sure yet about the rock properties models. Since those issues are really out of my hands and' 

are subject to the findings of audits and other scrutiny. rm not sure it's such a good idea for me to say ir 

my notebook what the QA status of someone else's model is. I could say what I know about it, but what 

would happen.if I say it's 0 and it turns out not to be? Would my notebook then be used to discredit the' 

ISM process? 

I'll be happy to take care of your comments In the notebook.  

Robb 

Jeff McCleary 

hJeff McCleary 
11/20I98 02:50 PM 

To: Norma BiggarYM/RWDOE@CRWMS, Robert Clayton/YM/RWDOE@CRWMS 
cc: 

Subject Scientific Notebook Review 

Norma and Robb, 
I completed my review today. I decided to re-read the whole thing to refresh my memory and also to 1o 

at things in light of the recent audit and data traceability issues. I think we are weak in the area of 

identifying "Q" and unon-QN data sources. There is no mention at all as to whether the rock properties a 

Smineralogic models are "GO or "non-C", and the distinction is there but somewhat buried in the rest of tt 

notebook. The procedure only requires that "non-Q" data be identified, but I would recommend, for the 

sake of clarity, that you provide a list of data inputs and their "Qstatus. If that is too cumbersome, just 

simply list the "non-QW data and state that all the rest are "QW.  

Robb - take a look at page 17, should the "Version 08d" at the bottom of the first paragraph be 308d' 

On page 19. should the "(case 1)" in the middle of the page on the right side be (case 2) [the original 

* interpretation as wr.itten sideways near the top]? 

I also re-read the procedure just before I did the review and other than a more explicit identification of C 

and non-0 data I think it is in good shape. Let me know if you have any questions.

Jeff
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Instructions for Scientific Notebook Reeister 

For any corrections or questions concerning this database Contact DarreU Porter.  

Getting Started 

The fist screen allows the user to read the file with sorting options. The "CREATE NOTEBOOK button also allows the creation of a notebook identifier. For 
other tasks of extending a notebook into a new volume or closing a notebook follow the instructions below.  

Important Note: It is not possible to create a number of choice. Upon creating a notebook identifier, the computer always gives the next higher number under the 
given 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 button 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, everything else is just a category header. These categories can be collapsed or extended by using the 
buttons in the action bar, which is located just above the viewing area.  

Creatin,! a Newy Scientific Notebook 

From the Main Menu click on the button label "Create Notebook".  

Completing the New Scientific Notebook 

You must choose an organization and subdivision before continuing.  

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

After clicking on this button six new fields will appear.  

You must complete everything on the form except the WBS Number before you can save the form.  

Saving the New Scientific Notebook 

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



Extendin a Scientific Notebook 

Choose one of the listing (e.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 labeled "Create New Volume" and "Close Notebook". Click on the "Create New 
Volume" button and the form will go into an edit mode.  

(NOTE: You must be the original author of the document to extend it, unless you 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 labeled "Save As New Volume" which is located where the "Create New Volume" 
button was prior to pressing it.  

Closin! a Volume of A Scientific Notebook 

From the Main Menu Button labeled "Opened Notebooks" double click on the Notebook you want to close. You should now see a completed form with two 
buttons above the fields labeled "Close Notebook" and "Create New Volume". Click on the button labeled "Close Notebook".  

Completing a closed notebook 

All fields must be completed, except for the description, which is located at the bottom of the form 

Saving a Closed Scientific Notebook 

Click on the button labeled "Save Closed Notebook." 
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Creating a Scientific Notebook .
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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 distrilution; 

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.
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