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Data Qualification Report: 
Borehole Stratigraphic Contacts 

Executive Summarv 

The data set considered here is the borehole stratigraphic contacts data (DTN: 
M098 1 lMWDGFM03.000) used as input to the Geologic Framework Model. A 
Technical Assessment method used to evaluate these data with a two-fold approach: 1) 
comparison to the geophysical logs on which the contacts were, in part, based; and 2) 
evaluation of the data by mapping individual units using the entire data set. Qualification 
of the geophysical logs is being performed in a separate activity. A representative subset 
of the contacts data was chosen based on importance of the contact and 
representativeness of that contact in the total data set. An acceptance window was 
established for each contact based on the needs of the data users. Data determined to be 
within the acceptance window were determined to be adequate for their intended use in 
three-dimensional spatial modeling and were recommended to be Qualified. These 
methods were chosen to provide a two-pronged evaluation that examines both the origin 
and results of the data. 

The result of this evaluation is a recommendation to qualify all contacts. No data were 
found to lie outside the pre-determined acceptance window. Where no geophysical logs 
are available, data were evaluated in relation to surrounding data and by impact 
assessment. These data are also recommended to be qualified. The stratigraphic contact 
data contained in this report (Attachment VII; DTN: M00004QGFMPICK.000) are 
intended to replace the source data, which will remain unqualified. 

Introduction 

This qualification activity was performed in accordance with Data Qualzjication Plan: 
Borehole Stratigraphic Contacts @I: TDP-NBS-GS-00000 l), which describes the 
scope, objectives, methods, QA procedures, and criteria for this activity. 

This activity was performed in conjunction with other activities to qualify borehole data. 
The other activities are documented in the following reports: 

Borehole core samples: Data QualrJication Report: Drill Core, Core Samples, 
Core Photos, Downhole Video, and Geophysical Logsfrom Boreholes, UE-25 a 
#I, EU-25 a #5, UE-25 a #6, UE-25 a # 7, UE-25 b #1, USG G-1, USGG-2, USG 
G-3, USG G-4, and USW GU-3 (DI: TDR-NBS-GS-000006) 
Geophysical Logs: Data Qualflcation Report: Composite Geophysical Logs 
@I: TDR-NBS-GS-000005) 
Topographic grid: Data Qualification Report: Topographic Grid @I: TDR- 
NBS-GS-000004) 
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Each step of this activity is documented in this report. This report is approved and signed 
by the qualification team. Qualifications of the team members are as follows: 

Robert W. Clayton 
Ph.D. in Geological Sciences, 8 years professional experience using geophysical logs and 
stratigraphic contacts data in subsurface exploration, including 6 years on the Yucca 
Mountain Project. Was not associated with acquisition of the contacts data. 

Clinton Lum 
Ph.D. in Geology, 7 years professional experience in Geology including 4 years on the 
Yucca Mountain Project. Was not associated with acquisition of the contacts data. 

Data Retrieval 

The borehole stratigraphic contacts data were requested and retrieved from the Technical 
Data Management System (TDMS). The data tracking number (DTN) is 
M0981 lMWDGFM03.000. The data were provided on 3.5 inch floppy disk with 
transcription verification files and a copy of the Technical Data Information Form. The 
transmittal letter, floppy disk, and a printout of the data are included in Attachment I to 
this report. The data are in Excel spreadsheet format, and were verified against original 
copies of the spreadsheet obtained from TDMS at the time of original data submittal. 
The data appear to be original and accurate. 

Data Plotting 

The borehole stratigraphic contacts data were plotted on a suite of geophysical logs for 
conduct of this activity. The TDMS retrieval Excel spreadsheet was first edited for 
plotting by removing redundant contacts data. The redundant data were included in the 
spreadsheet to accommodate the requirements of 3D modeling software, which requires 
all cells filled to allow calculation of rock layer thicknesses (repeated contact depths are 
used to denote zero thickness). Cells coded as "not formed," "not present; faulted", or 
otherwise with repeated numbers were deleted. This editing step was verified during the 
qualification process as the plots were checked against the input data. 

The contacts data were plotted on paper copies of the geophysical logs. While this could 
have been done by hand, to save time it was done using the plotting routine of 
QLA2IGES software, which was obtained from Configuration Management (CSCI 30005 
V1.O). QLA2lGES software qualification is in progress, and the software was designated 
non-Q at the time of this report. However, plotting the stratigraphic contacts on the 
geophysical logs provided a rigorous validation of the plotting software because any 
errors would become obvious during examination of the data due to the inter-related 
nature of the contacts data and the level of detail at which the data were examined. No 
problems were found. The data qualification team concludes that the current 
qualification status of the plotting software does not affect the results of this data 
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qualification because 1) the software plotting routine does not manipulate the data in any 
way, 2) the software was not used to develop or modify the data in any way, and 3) data 
qualification effectively validated the plotting software for this use. 

Oversize color copies of the plots are being submitted with this report to the Records 
Information System, where the originals will be stored for future examination. The plots 
were also made available to the reviewers of this activity. 

Selection of Data to be'Exam-ined 

Users of the Geologic Framework Model were queried to determine which contacts are 
most important to their analyses and the acceptance window (or tolerance) required for 
their analyses. The users queried are UZ FlowITransport Model (Jennifer Hinds) and 
Repository Subsurface Design (Robert Elayer). The query letter and their responses are 
listed in Attachment 11. 

Based on the responses, a list of contacts was chosen to be examined as a) the most 
important contacts that appeared on both users' lists, and b) a representative sample of 
the contacts data. The required acceptance window (plus or minus) is also listed (the 
smallest of the acceptance windows provided by the users were used). 

Tpcpv2ltop of PTn 10 ft. 
Tptrvlltop of TSw 10 ft. 
Tptpv3ltop of TSw3 5 ft. 
Tptpv2ltop of CHn 15 ft. 

These are the most important contacts used in the GFMIISM and downstream models. 
They are also the contacts where the acceptance window is most stringent, and so should 

' 
provide a rigorous test of the contacts data and an indication of the applicability of these 
data to the GFMIISM. The 5 meter acceptance window listed in Attachment I1 was 
rounded to 15 feet from the actual 16.4 feet for convenience in using the 10 foot grid 
interval on the geophysical logs plots (that is, a 15 foot window can be more easily 
determined visually than a 16.4 foot window). 

Because all contacts were acquired using the same methods and based on the same types 
of data, the Data Qualification Team determined that a sub-sampling of the borehole 
contacts data is a reasonable and valid examination of the data set. 

Attachment I11 is an oversize color cross section from the Geologic Framework Model 
version GFM3.1 through several boreholes. Geophysical logs are plotted at the borehole 
locations, except SD-6 for which no logs were available in the specialized format 
required for this type of plot. There is no vertical exaggeration in the cross section. The 
cross section demonstrates the large scale typical of the models which use the contacts 
data, and the relatively small impact of the acceptance windows. Because changing 
stratigraphic data by 15 feet (or more, in some cases) has negligible impact on the three- 
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dimensional models, the Data Qualification Team concluded that the acceptance 
windows provided by the data users are reasonable and applicable to 3-D modeling. 

Because no geophysical logs exist for the UZN series boreholes, these boreholes were not 
considered in this activity. 

Method of Examination 

The contacts data were evaluated by examining the plots of the contacts data for all 
boreholes side-by-side. Each contact was compared through the entire data set for 
consistency, geologic reasonability, and fit to geophysical curve signatures. The Q data 
from boreholes SD-6 and WT-24 were included in each comparison. In addition, maps 
were made of the thickness of the rock layer below each contact to provide an indication 
of the geospatial reasonability of each contact location. Because the thickness of each 
rock layer is inexorably linked to the stratigraphic package above and below it, thickness 
can be used as an indicator of the accuracy of a layer's top and bottom contact data. 
Thickness distribution of a layer should be reasonable in the context of the geologic 
setting. Thickness maps were also used because they were originally made as part of the 
Geologic Framework Model version GFM3.1 (DTN: M0990 1 MWDGFM3 1.000), and 
therefore provide a direct indication of the applicability of the contacts data to geospatial 
modeling. It should be noted, however, that the geologic setting at Yucca Mountain 
makes it difficult to evaluate the thickness maps because most units are highly variable in 
thickness and lithology from place to place. The thickness maps do provide, however, 
the only practical means to evaluate the contacts in their geospatial context, and are 
therefore a valuable tool. The thickness maps are included in Attachment IV. 

Attachment V shows typical geophysical log signatures for each of the examined contacts 
(which are the boundaries between the rock layers above and below) and the expected 
placement of each contact. Borehole SD-12 was used as the standard because of its good 
quality logs. The plotted data were compared against this standard to determine whether 
the contact lies within the required acceptance window. Downhole conditions, log 
quality, lateral variations in lithology, and known local conditions were accounted for in 
making this determination. 

Data that were determined to lie within the acceptance window were marked with a check 
( J )  on Attachment VI, the Contacts Data Examination Checklist. The checklist is the 
record of data evaluation by the data qualification team, and the plots of contacts on the 
geophysical logs (which are being submitted to the Records Information System 
concurrently with this report) are the record of what was examined. With these records 
and this report, the data qualification activity should be repeatable. 

Data for which questions arose were marked with a question mark (?) in Attachment VI, 
and were compared to the thickness maps and data from surrounding boreholes for 
geologic reasonability, fit to thickness trends, and impact of borehole conditions. 
Anomalies in the thickness maps were examined to determine their origins as geologic or 
data-related. Data-related anomalies were further examined to determine whether the 
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data should be accepted as qualified. If these examinations provided reasonable 
assurance that the contact is within the specified acceptance window, the contact was 
annotated with "okay" next to the question mark (?) on the Attachment VI checklist. 

Contacts data found not to be within the required acceptance window were labelled with 
an X on the Attachment VI checklist. (NOTE: The results of this activity found no such 
data). 

Observed LOP Sipnatures for Contacts 

The contacts shown in Attachment V are typical for the central Yucca Mountain site, but 
variations do occur due to geologic variability and local hole conditions. 

The contact at the top of unit Tpcpv2 (top of PTn thermal-mechanical unit) is at the upper 
inflection point of a downward-decreasing, smooth ramp on the density log. In many 
locations, a low density break occurs near or above this contact (WT-24 is a good 
example). The key to defining rock layer Tpcpv2 is that it includes the slope on the 
density curve. The top contact also coincides with prominent breaks (abrupt changes 
from high to low plateaus) in the gamma and resistivity curves (a good example is SD-6). 

The Tptrvl rock layer (at the top of TSw) includes the first high density peak below the 
low-density PTn rocks. In most holes, this layer is only a few feet thick. Gamma and 
resistivity curves typically have prominent breaks at the top contact (good examples are 
WT-24 and SD-6). 

The contact at the top of unit Tptpv3 (top of TSw3 vitrophyre) frequently has a low 
density zone at its top, typically related to borehole enlargement. In a few holes there are 
two or more additional low density (enlarged borehole) zones within the vitrophyre. The 
vitrophyre is characterized by relatively featureless log curves below the low density 
zones and to the lower density unit below (Tptpv2). Density values are typically at or 
above those of the overlying nonlithophysal zones. The top contact is usually (but not 
always) associated with prominent breaks in the gamma and resistivity curves (good 
examples are WT-24 and SD-6). 

The contact at the top of unit Tptpv2 (base of vitrophyre, top of CHn) is similar to the 
contact at the top of unit Tpcpv2, because the Tptpv2 rock layer includes the density 
curve slope. The top contact of Tpcpv2 is the break in slope from the relatively 
featureless high density unit above (Tptpv3) to the low density unit below (Tptpvl). 

Results 

All examined data were found to be within the required acceptance window. Table 1 
shows that no data were found to be outside the acceptance window. This result is not 
surprising in view of the rigorous technical review the data have previously received. The 
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contacts for which questions arose, but which were justified for Q recommendation are 
listed in Table 2, with justification. 

The contacts recommended to be qualified are listed in Attachment VII. Special case 
contacts are listed in Attachment VIII. The special case contacts are those for which no 
geophysical logs are available, or where the geophysical logs are of so poor quality that 
they can not be used reliably to determine contacts. These data are discussed in the 
following section. The UZN series boreholes are not listed in the attachments because 
they were not considered in this activity. 

I Borehole I Contact I D e ~ t h  I Justification for non-Q recommendation I 
1 -none- I -none- I I -none were found- 

Table 1. Data recommended as non-Q. 

I Borehole I Contact I D e ~ t h  I Justification for Q recommendation 

The Data Qualification Team determined that all of the examined contacts lie within the 
acceptance window. Because the remaining contacts data were acquired on a hole-by- 
hole basis using the same methods as the data examined here, and because the acceptance 
windows for the other contacts are larger, it is anticipated that a similarly high percentage 
of the other contacts would be found to lie within the acceptance window. 

b#l  
H-3 
H -4 
H -4 

Based on examination of the Attachment IV thickness maps, all examined contacts 
appear to be reasonable in their geologic and spatial context. The extreme thickness of 
layer Tpcpv2 in borehole WT-24 (Q data) was re-examined and determined to be 
reasonable. No other data anomalies were apparent. The anomalously thin Tptpv3 in 
borehole WT-1 is due to faulting, and so is acceptable. The Data Qualification Team 
concludes that thickness mapping of the units is a useful test of the contact data's 
adequacy for use in geoscientific modeling. 

The recommendation to qualify these data is limited by the acceptance windows stated. 
Applications which require contacts to be less than the acceptance windows used here 
should evaluate the data in that context. 

Table 2. Data requiring justification. 

Tptpv3 
Tptpv3 
Tptpv3 
Tptpv2 

S~ec ia l  Case Contacts Data 

For the contacts listed in Attachment VIII, no geophysical logs were available or the logs 
were of insufficient quality to be reliable in determining contact locations. These data 

1283 
11 94 
1185 
1209 

Gamma and Resistivity curves used instead of noisy Density curve 
Resistivity curve used instead of noisy Density curve 
Gamma and Resistivity curves used instead of noisy Density curve 
This unit is the density transition on noisy Density curve, in accordance 
with the definition of the unit 
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were evaluated by two methods: 1) comparison to data in surrounding boreholes, and 2) 
impact assessment. 

Comparison to surrounding data All special case contacts were used in construction of 
the GFM, during which the data were rigorously compared to data in surrounding 
boreholes and in the context of the geologic system. No data were found to be 
anomalous or unacceptable. Examples of thickness maps using these data are found in 
Attachment IV and the GFM Analysis Model Report (MOL.20000121 .0115, Figures 15 
through 27). The methods used to map the data are discussed in the GFM Analysis 
Model Report section 6.3. 

Impact assessment The impacts of all special case contacts were evaluated, and the data 
were found to be acceptable based on the following rationale: 

Potential impacts of the special case contacts are small because users of the GFM 
either a) abstract (subsample) the GFM so that precise details are not preserved, 
or b) do not use data outside the immediate potential repository footprint and 
repository host horizons (all special case contacts are either outside the footprint 
or outside the potential repository host horizons [Tptpul through Tptpln]). 
Boreholes b#l, G-2, H-6, J-13, NRG#l, 2,2b, 2c, 2d, and WT#6 are not located 
in the potential repository area and therefore changes in stratigraphic contacts are 
unlikely to adversely impact analyses and models related to safety and waste 
isolation. 
All special case contacts were obtained by the same principal investigators as the 
data recommended to be qualified and using the same processes, procedures, and 
criteria; therefore, the data are unlikely to be unacceptable. 
The lack of anomalies and continuity of the special case data in comparison to 
surrounding data suggests that the contact elevations are constrained by the 15 
foot (5 meter) acceptance window. This, and the fact that the special case data 
comprise less than 5% of the contacts suggest that the impacts of the special case 
data on the results of the GFM are small. 

Im~acts of Data Qualification 

The contacts recommended to be qualified (Attachment VII; DTN: 
M00004QGFMPICK.000) comprise 100% of the input contacts to the Geologic 
Framework Model version GFM3.1 @TN: M09901MWDGFM3 1.000), which is the 
primary customer for these data. The UZN series boreholes are not used as input to the 
GFM3.1, and were not considered in this activity. The source data @TN: 
M098 1 lMWDGFM03.000) remain unqualified. 

This qualification activity revealed no reason to suspect the technical quality of the 
borehole geophysical logs, the contacts, core, or other borehole data. 
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W Environmental 1261 Town Center Drive 
fety Systems Inc. Las Vegas, NV 89134 

702.295.5400 

QA: NIA 

Contract # DE-AC08-9 IRWOO 134 
LV.TDM.REK.07199-029 

July 14, 1999 

Robert W. Clayton 
M&O/URSGWCFS 
Yucca Mountain Project Office 
126 1 Town Center Drive 
Las Vegas, NV 89 134 

Dear Mr. Clayton: 

Subject: Transmittal of GFM3.0 input data in support of data 
qualification activities. 
DTN: M098 1 1MWDGFM03.000; TDIF: 307530 

The enclosed 3%" diskette contains a copy of the above referenced data. 
Gsa included on the diskette are the UNIX checksum x ~ d  Message Digest 
Algorithm (MD5) results that may be used to verify the integrity of this 
file transfer. 

Raymond E. Keeler 
MWDISPA DBA 

REK 

Enclosure: 
(1) Technical Data Information Form; 2 Pages 
(2) File list; 1 Page 
(3) 3%" diskette 

cc WIO encl.: 
S. J. Bodnar, M&O, Las Vegas, Nevada, MIS 423 

TRW Inc. 



YUCCA MOUNTAIN SITE CHARACTERIZATION PROJECT 
04/99 TECHNICAL DATA INFORMATION FORM Page 1 of 2 

DTN: M09811MWDGFM03.000 

Preliminary Data: - 

PART I Identification of Data 
Title of Data: 

Description of Data: T N P ~ ~ ~ R T ?  FRAMEW~RKFM~ O VA S~JPP- 

Data OriginatorIPreparer: BUESCHl 

Last Name First and Middle Initials 

1 I Data OriginatodPreparer Organization: 
U.S GEOLOGIC~ SURVEY I 

1 I Qualification Status: Q Un-Q Accepted Governing Plan: SCP I 

1 I WBS Number(s): 
1.2.3.2.2.1.1 I 

PART II Data Acquisition/Development Information 
~ ~ t h ~ d :  EQUATING AND CORRELATING LITHOLOGIC FEATURES TO BOREHOLE GEOPHYSICAL LOGS. 

Location(s): USGS, LAS VEGAS 

I I Sample ID Number(s): 
I 

I 

PART Ill Source Data DTN(s) 

5/5/1997 to 9/30/1997 Period(s): 
From: MMIDDNY To: MMIDDNY 

INPUT DATA TO GEOLOGIC FRAMEWORK 'MODEL GFM3 .0. SOME DATA WERE MODIFIED FROM DTN GS9801083 142 11.001 FOR 

BOREHOLES NRG#5 AND WT#16 TO CORRECT TYPOGRAPHICAL ERRORS AND OMISSIONS. THESE DATA WERE REVIEWED IN 

Checked by: 

I Comments 





filelist.txt 

P- r-5 4 5 

Volume in drive A is STRAT-PICKS 
Directory of A:\ 

CHECKS-1 TXT 70 07-14-99 7:53a checksum results-txt 
MD5-SI-1 SIG 340 07-14-99 7:53a md5-signature.sig 
PIX98U-1 XLS 226,816 07-14-99 7:53a pix98usgs.xls 
M09811-1 HTM 148 07-14-99 7:59a M09811MWDGFM03-000.html 

4 file(s) 227,374 bytes 
0 dir(s) 1,229,312 bytes free 

; @ 

/ 

. . 

~ ~ .................................................................. 



Disk also contains checksum 
results and MD5 signatures for 
verifying file integrity 
Disk written 14 July 1999 
*.html file contains a link to 
the most current information 
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Attachment I1 
Query Letter and Response from Data Users 



? 

To: Robert ElayerNM/RWDOE@CRWMS, Jennifer HindsNM/RWDOE@CRWMS 
cc: 

Subject: Tolerance (not social) 

Bob and Jennifer, 

For some record-keeping we're doing as we qualify the borehole data, I need from you the following 
information. We have discussed this topic many times in the past, but I need an updated record. 

* For your modeling activities, how close do you need the stratigraphic contacts (the input "picks" 
to the Geologic Framework Model) to be when compared to geophysical logs, core, samples, tests, 
and/or other downhole data? NOTE: This is a comparison of the picks to other borehole data, not to 
anything else. 

** Please list the GFM strata that are of high importance and those that do not apply to your 
modeling. 

Please be specific to strata and borehole (if necessary) in describing tolerance--for example, Subsurface 
Design may'need closer precision on the lower vitrophyre than on Tptrn, and may not be concerned with 
boreholes far removed from the repository area. 

Also consider this: If your modeling depends only on GFM surfaces (grids) and not on other specific 
borehole data, the "picks" tolerance probably does not matter in your modeling. I know the UZ model 
uses some other borehole data as we discussed in relation to UZ-14IUZ-1, but if those data can be placed 
in your model by strata and not by elevation without adverse effects on your model, tolerance is probably 
not stringent. That kind of information is central to this data qualification. 

Please carefully formulate your reply, as it will influence the format and outcome of our effort to qualify the 
"picks". For example, if your.requirements are plus-or-minus 5 feet and we find a contact outside that 
range when plotted on the geophysical logs, we will call it non-Q. 

Please reply with history by Friday July 9th.- Contact me with any questions. 

Thanks very much, 
-=- Robb -=- 

Stratigraphic Contacts Qualification Team Leader 
and Geologic Janitor 



To: Robert ClaytonNMIRWDOE@CRWMS 
cc: 

Subject: Re: Tolerance (not social) 3 

Gee, I wish I could remember exactly what number I gave during our previous discussions. What I am 
about to say is based entirely on engineering judgement. I am sure that for your determination of Q-ness 
based on needs of design and the UZ folks you will need some basis or justification for the numbers. I will 
try and give this, but it is still all based on engineering judgement. 

1. The only boreholes we have a direct interest are the ones within the repository siting area of the central 
block and those that penetrate through all or part of the repository host horizon. 

2. The stratigraphic section we have a direct interest include the units down from the surface to the upper 
part of the CHn thermallmechanical unit. Specifically, these include the TCw, PTn, TSwl, TSw2, TSw3, 
and top of CHn thermallmechanical units. 

3. Our top contact position tolerance for each lithostratigraphic unit within the above stratigraphic section 
is listed as follows 

TCw 
undiff. units +-15ft Importance to shaft and ramp siting and sealing only. - - .  

PTn 
top e - +-loft The nonwelded nature of these units make the location of the top 
and bottom contacts critical to shaft and ramp design and sealing. 
units within - +-15ft These units are variable in their thickness and 
distribution. They are not individually important to design except collectively as a total PTn 
unit. 

TSwl - 

CHn - 

Tptrvl +-loft Importance of this unit is that it defines the bottom of the 
nonwelded PTn units which is critical to shaft and slope design and sealing. 
Tptrn +-15ft This is above the repository and is not critical to design except in 
shaft and slope design. 
Tptrl +-15ft This is above the repository and is not critical to design except in 
shaft and slope design. 
Tptpul +-15ft This contact between the crystal-rich (above) and crystal-poor 
(below) is not critical to design. 
top of RHH +-15ft This gradational contact currently defines the upper limit of the 
repository siting volume, but this may be eliminated as a constraint in future work. 

Tptpmn +-15ft Gradational contact is not critical to design. 
Tptpll +-15ft Contact is not critical to design. 
Tptpln +-15ft Gradational and often times poorly defined contact is not critical 
to design. 

Tptpv3 +-5ft This is probably our most critical contact to know because the 
repository should avoid this vitrophyre unit. 

Tptpv2 +-15ft This defines the top of the nonwelded units in the CHn, but the 
repository will not penetrate to these depths, so it is not critical to design. 



Hope this is what you needed. I will be around tomorrow (Thursday) then will be out of town for 3-4 weeks 
(Phase II of our Idaho home). See Bob Saunders if you need to contact me. Cheers! 
Robert Clayton 

To: Robert ElayerNM/RWDOE@CRWMS, Jennifer HindsNMIRWDOE@CRWMS 
cc: 

Subject: Tolerance (not social) 

Bob and Jennifer, 

For some record-keeping we're doing as we qualify the borehole data, I need from you the following 
information. We have discussed this topic many times in the past, but I need an updated record. 

* For your modeling activities, how close do you need the stratigraphic contacts (the input "picks" 
to the Geologic Framework Model) to be when compared to geophysical logs, core, samples, tests, 
andlor other downhole data? NOTE: This is a comparison of the picks to other borehole data, not to 
anything else. 

** Please list the GFM strata that are of high importance and those that do not apply to your 
modeling. 

Please be specific to strata and borehole (if necessary) in describing tolerance--for example, Subsurface 
Design may need closer precision on the lower vitrophyre than on Tptrn, and may not be concerned with 
boreholes far removed from the repository area. 

Also consider this: If your modeling depends only on GFM surfaces (grids) and not on other specific ' 
borehole data, the "picks" tolerance probably does not matter in your modeling. I know the UZ model 
uses some other borehole data as we discussed in relation to UZ-14lUZ-1, but if those data can be placed 
in your model by strata and not by elevation without adverse effects on your model, tolerance is probably 
not stringent. That kind of information is central to this data qualification. 

Please carefully formulate your reply, as it will influence the format and outcome of our effort to qualify the 
"picks". For example, if your requirements are plus-or-minus 5 feet and we find a contact outside that 
range when plotted on the geophysical logs, we will call it non-Q. 

Please reply with history by Friday July 9th. Contact me with any questions. 

Thanks very much, 
-=- Robb -=- 

Stratigraphic Contacts Qualification Team Leader 
and Geologic Janitor 



July 7, 1999 

Robb, 

Here are LBNL's responses to your GFM3.1 - data qualification - tolerance queries. 
Please give me a call when you've had a chance to look this over. 

*For your modeling activities, how close do you need the stratigraphic contacts (the 
input 'Ipicks" to the Geologic Framework Model) to be when compared to geophysical 
logs, core, samples, tests, andlor other downhole data? NOTE: This is a comparison of 
the picks to other borehole data, not to anything else. 

The core based contacts are probably the most important from a data perspective. 

Please be spec@ to strata and borehole (ifnecessary) in describing tolerance .... Ifyour 
modeling depends only on GFM surfaces (grids) and not on other spec& borehole data, 
the ';DicksM tolerance probably does not matter in your modeling .... Please carefully 
formulate your reply, as it will influence the format and outcome of our efort to qual~jj 
the 'Ipicks". For example, ifyour requirements are plus-or-minus 5 feet and we jind a 
contact outside that range when plotted on the geophysical logs, we will call it non-Q. 

Well, I hate to be the bearer of unpleasant news, but we do, in fact, use many of the 
borehole stratigraphic picks for our work with the UZ model; thus, they will need to be 
evaluated for qualification. These contact elevations may be very important since they 
define intervals within which rock properties data (given to us as well ID, elevation or 
depth, and property value) and perched water data are groupedlassigned. 

Bo suggests that a tolerance of plus-or-minus 5 meters (everywhere) is sufficient when 
comparing the picks to other borehole data, especially for the thicker, repository layers, 
which are most important in our modeling studies. Does this number sound reasonable to 
you, or do you feel another value would be more appropriate? Regardless of the 
tolerance we agree upon, justification of our selection must be documented. This would 
likely be done with UZ model sensitivity studies, and it is something that we would want 
to begin fairly soon. Let me know what you think about this. I believe a joint effort is 
our only way to see this through successfully. 

In the meanwhile, we hope to narrow the scope of your efforts a bit with the information 
provided below. We may be able to reduce this list somewhat (though probably not 
drastically) by looking through all of the rock property data used as input to the UZ 
model and their precise elevationldepth, thus omitting layer picks for certain boreholes if 
no data were collected for that particular layer. Given the short notice and other 
schedules to work around, we have not yet had the chance to thoroughly go through each 
borehole data set. If, indeed, this is what you require, we may be able to complete that 
process next week. 



a 
** Please list the GFM strata that are of high importance and those that do not apply to 
your modeling. 

The table below lists the GFM3.1 stratigraphic intervals used in the UZ model and the 
boreholes for which the GFM3.1 file "pix99el.datN was used in UZ model development. 
In addition to the file "pix99el.datY" GFM3.1 isochores for each of these units (except for 
Tpcr and Tpcp) were used in UZ model deve1opment;as were the elevation files for the 
bedrock surface, the upper Tpcp, and upper Tpbt4 contacts. 

SD-6, SD-7, SD-9, SD-12, UZ-7a, UZ-14, UZ#16, and WT#24 are the most important 
boreholes because these are where the core saturation data come from. All except SD-6, 
UZ-7a, and WT#24 have data from the bedrock surface to the bottom of the borehole. For 
SD-6, we have data from depths 1 10 m to 171 m and 383 m to 653 m. For UZ-7a, we 
have data from depths 39 m to 235 m. For WT#24, we have data fiom depths 514 m to 
770 m. Other boreholes where we have in-situ data are NRG#4, NRG#5, NRG-6, NRG- 
7a, ONC#l, UZ-1, UZ#4, and UZ#5. Sorry we didn't have time to find the exact max 
depth for the data from these boreholes, but none of them go beyond the bottom of the 
Topopah. 

GFM3.1 
Strata 
Tpcr 
Tpcp 

TpcLD 
Tpcpv3 
Tpcpv2 
Tpcpvl 
Tpbt4 
Tpy 

Tpbt3 . 

Tpp 
Tpbt2 
Tptrv3 
Tptrv2 
Tptrvl 
Tptrn 
Tptrl 
Tptf 

Tptpul 
Tptpmn 
Tptpll 
Tptpln 
Tptpv3 
Tptpv2 
Tptpvl 
Tpbtl 
Tac 

Tacbt 
Prowuv 
Prowuc 

Boreholes for which "pix99el.dat" was used 

SD-6 
NRG-7a, SD-7, SD-9, SD-12, UZ#4. UZ-7a. UZ#16 
unit combined with Tpcp in UZ model; thus, layer pick is not crucial 
NRG#5, NRGB, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, UB16  
unit combined with Tpcpv3 in UZ model; thus, layer pick is not crucial 
NRG#5, NRG-6, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, UB16  
NRG#5, NRG-6, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, UB16  
NRG#5, NRG-6, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, U B 1 6  
NRG#5, NRGB, NRG-7a, SD-6, SD-7, SD-9, SD-12, U r n ,  UZ-7a, UB16  
NRG#5, NRG-6, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, U B 1 6  
NRG#5, NRGB, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, U B 1 6  
Unit is combined with Tpbt2 in UZ model; thus, layer pick is not crucial 
Unit is combined with Tpbt2 in UZ model; thus, layer pick is not crucial 
NRG#5, NRG-6, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, UB16  
NRG#5, NRGS, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#4, UZ-7a, UB16  
NRG#5, NRG-6, NRG-7a, SD-6(?), SD-7, SD-9, SD-12, UZ-7a, UZ#16 
Unit is combined with Tptrl in UZ model; thus, layer pick is not crucial 
Unit is combined with Tptrl in UZ model; thus, layer pick is not crucial 
NRG#5, NRG-6, NRG-7a, SD-6(?), SD-7, SD-9, SD-12, UZ-7a, UZ#16 
NRG#5, NRGS, NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ-7a, UZ#16 
NRG#5, NRG-7a, SD-6, SD-7, SD-9, SD-12, U B l 6  
NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ#16, W # 2 4  
NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16, W # 2 4  
NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16, W # 2 4  
Unit is combined with Tptpvl in UZ model; thus, layer pick is not crucial 
NRG-7a, SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16, W#24,  G-2 
SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16 
SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16 
SD-6, SD-7, SD-9, SD-12, UZ-14, UZ#16 



Layers Bullbt through Trarnlc are included in the UZ model where they lie above the 
water table, but their exact contact elevations are not essential since little or no data exist 
to characterize them hydrogeologically. 

GFM3.1 
Strata 

Prowmd 
Prowlc 
Prowlv 
Prowbt 
Bulluv 
BUIIUC 
Bullmd 
Bulllc 
Bulllv 
Bullbt 

Tramuv 
Tramuc 
Trammd 
Tramlc 

GFM3.1 strata that DO NOT apply to UZ modeling: 
RHH 
Tund (older Tertiary) 
Paleozoic 

Boreholes for which "pix99el.dat" was used 

SD-6, SD-7, SD-12, UZ-14, UZ#16 
unit is combined with Prowmd in UZ model; thus, layer pick is not crucial 
SD-6, SD-7, SD-12, UZ-14 
unit is combined with Prowlv in UZ model; thus, layer pick is not crucial 
unit is combined with Prowlv in UZ model; thus, layer pick is not crucial 
SD-6 
unit is combined with Bulluc in UZ model; thus, layer pick is not crucial 
unit is combined with Bulluc in UZ model; thus, layer pick is not crucial 
NIA, no rock property data 
unit is combined with Bulllv in UZ model; thus, layer pick is not crucial 
unit is combined with Bulllv in UZ model; thus, layer pick is not crucial 
NIA, no rock property data 
unit is combined with Tramuc in UZ model; thus, layer pick is not crucial 
unit is combined with Tramuc in UZ model; thus, layer pick is not crucial 



Attachment 111: 
Cross Section from GFM3.1 Showing Logs 
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Attachment IV: 
Thickness Maps 

p. IV-I of 5 



Attachment IV: Thickness maps Thickness of Tpcpv2 
contour interval 5 feet 



Attachment IV: Thickness maps Thickness of Tptrv 1 
contour interval 5 feet vu,/ rface ata 



Attachment IV: Thickness maps Thickness of Tptpv3 
contour interval 10 feet 



Attachment IV: Thickness maps Thickness of Tptpv2 
contour interval 10 feet 



Attachment V: 
Typical Geophysical Log Signatures for the Sample Contacts 





Attachment VI: 
Contacts Examination Checklist 
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98 
99 
100 
101 
'102 
103 

NRG#5 
NRG#5 
NRGM 
NRG#6 
NRGM 
NRGM 

Tptpv3 
Tptpv2 
Tpcpv2 
Tptrvl 
Tptpv3 
Tptpv2 

~)IA 
,,j/~ 
L/' 

J 

AJ/A 
M/A 

, '  
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I 18 
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130 
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133 
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135 

A 
NRG#7 
NRG#7 
NRG#7 
NRG#7 
ONC#1 
ONC#1 
ONC#l 
ONC#1 
p#l --- 
p#l 
p#l 
p#l 
SD-7 
SD-7 
SD-7 
SD-7 
SD-9 
SD-9 
SD-9 
SD-9 
SD-12 
SD-12 
SD-12 
SD-12 
uz-I 
UZ-I 
UZ-1 
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UZ#4 
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136 
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139 
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149 
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151 
152 
153 

155 
156 
157 
1 58 
159 
160 
161 
162 - 
163 
164 
165 

167 WT#3 . Tptpv2 4 

A 
UZ#5 
UZ#5 
UZ#5 
UZ#5 
UZ-6 

141UZ-6 
UZ-6 
UZ-6 
UZ-7a 
UZ-7a 
UZ-7a 
UZ-7a 
UZ-14 
UZ-14 
UZ-14 
UZ-14 
UZ#16 
UZ#16 
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Attachment VII: 
Data Recommended to be Qualified 

22-page spreadsheet numbered separately 
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37 
38 
39 
40 
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44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

A I B I C I D I E 
Re-evaluation of key subsurface lithostratigraphic contacts: FY97 milestone SPG39IM4. Typos and omissions corrected for input to GFM3.0 by R 
In addition to the lithostratigraphic contacts, the table contains values for the: 

1. vitric-zeolitic boundary (V-Z) 

2. type of contact at the top of each unit 

Green ceUs 
Blue cells 

Repository Host Horizon (RHH) identified by R. Elayer (MK M&O) based on character of geophysical logs 
Colon of headers indicate: Black - Q-status geophysical logs (mostly) and core or cuttings 

Blue - Q-status core or cuttings, no geophysical logs 

Resolution of contacts initially ch 
Modified contacts based on sugg 

Contact 
unit 

Not described 
aUwium 
Rainier Mesa Tuff, includes pre-Rainier Mesa Tuff bedded tuff 
rhyolite of Comb Peak 
Tiva Canyon Tuff (Tpc) nondivided 
Tpc, crystal-poor vitric densely welded subzone 
Tpc, crystal-poor viiiic moderately welded subzone 
Tpc, crystal-poor vitric nonwelded to partially welded subzones 
pre-Tiva Canyon Tuff bedded tuff 
Yucca Mountain Tuff nondivided 
pre-Yucca Mountain Tuff bedded tuff 
Pah Canyon Tuffnondivided 
pre-Pah Canyon W b e d d e d  tuff 
Topopah Spring Tuff (Tpt) crystal-richvitric nonwelded to partially welded zones 
Tpt, crystal-rich vitric moderately welded zone 
Tpt, crystal-rich vitric densely welded zone 
Tpt, crystal-rich nonlithophysal zone 
Tpt, crystal-rich lithophysal zone 
Tpt, lithic-rich zone 
Tpt, crystal-poor upper lithophysal zone 
Tpt, crystal-poor middle nonlithophysd zone 
Tpt, crystal-poor lower lithophysal zone 
Tpt, crystal-poor lower nonlithophysal zone 
Tpt, crystal-poor vitric densely welded subzone 
Tpt, crystal-poor vitric moderately welded subzone 
Tpt, crystal-poor vitric nonwelded to partially welded subzones 
pre-Topopah Spring Tuff bedded tuff 
Calico Hills Formation undifferentiated 
pre-Calico Hills Formation bedded tuff 
Prow Pass Tuff (Tcp) upper vitric(zeo1itic) nonwelded to partially welded zones 
Tcp, upper crystallized nonwelded to partially welded zones 
Tcp, crystallized moderately to densely welded zones 
Tcp, lower crystallized nonwelded to partially welded zones 
Tcp, lower vitric(zeolitic) nonwelded to partially welded zones 
pre-Prow Pass Tuff bedded tuff 
Bullfrog Tuff (Tcb) upper vitric(zeolitic) nonwelded to partially welded zones 
Tcb, upper crystallized nonwelded to partially welded zones 
Tcb, crystallized moderately to densely welded zones 
Tcb, lower crystallized nonwelded to partially welded zones 
Tcb, lower vitric(zeolitic) nonwelded to partially welded zones 
p re -Baog  W bedded tuff 
Tram Tuff (Tct) upper vitric(zeolitic) nonwelded to partially welded zones 
Tct, upper crystallized nonwelded to partially welded zones 
Tct, crystallized moderately to densely welded zones 
Tct, lower crystallized nonwelded to partially welded zones 
Tct, lower vitric(zeolitic) nonwelded to paaialty welded zones 
pre-Tram Tuff bedded tuff 
lower Tertiary units undifferentiated 
Palezoic and older units 
Vitric-Zeolitc boundary (noncrystallized rocks pervasively vitric versus zeolitic) 
Repository Host Horizon (top) 

type Symbol UE-25 A#l 
NC 0.0 
Qa 0.0 
Tmr 30.0 
T P ~  30.0 
T~c-un 30.0 
Tpcpv3 196.0 
T P C P ~  196.0 
Tpcpvl 205.0 
Tpbt4 210.0 
TPY 217.3 
TpbU 217.3 
TPP 218.2 
Tpbt2 245.9 
Tptrv3 266.8 
T P ~  273.0 
Tptrvl 275.6 
T ~ t m  279.5 
Tptrl 409.8 
Tptf 438.0 
Tptpul 438.0 
T ~ t ~ m n  673.0 
T P ~ P ~  745.0 
T P W  1084.0 
Tptpv3 1271.6 
T P W  1310.1 
Tptpvl 1324.6 
Tpbtl 1360.0 
Tac 1368.6 
Tacbt 1789.3 
Tcpuv 1832.2 
Tcpuc 1845.1 
Tcpm 1944.0 
Tcplc 2006.0 
Tcplv 2030.0 
Tcpbt 2331.4 
Tcbw 2333.2 
Tcbuc 2333.2 
Tcbm 2415.0 
Tcblc 
Tcbk 
Tcbbt 
Tctw 
Tctuc 
Tctm 
Tctlc 
Tctlv 
Tctbt 
Tund 
Pz 
V-Z 1360.0 
RHH 639.0 

UE-25 A#4 
0.0 
0.0 

30.0 
30.0 
30.0 

119.0 
119.0 
135.0 
150.7 
154.3 
179.2 
197.0 
273.6 
301.9 
309.0 
316.8 
317.0 
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1 than H-1, but Tctm is comespondingly thinner. Tke character of the upper part of Tctm 



Attachment VIII: 
Special Case Data Recommended to be Qualified 

3-page spreadsheet numbered separately 
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