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APPEND:X B 

Exzizratery Studies Facility (ES?) Testing Requirements For Facility Design 

The :nformation orovided in this Appendix is preliminary design input 
supCcr::na.ore-Title II Design St..d•es for the ESF Reference Design Concept, 
anz is ..e first phase submittal of test related design information. The 

:nf:rmat:nis taken from Test pLanning Package 91-7, "Preliminary ESF TPP 
;.-Scort of Prelimnary Tit-e :: 7S7 Design Studies -- First Phase 

Submittal, Planned ESF :ests - North Ramp Access." The content and format of 
-he information is consistent w..n the Raytheon Services Nevada (RSN) reauest 
f:r Title -Design testing information (FS-YMP-5197).  

:wo additional ESFDR Appendix B design phased inputs will be developed for 
testing In the Calico Hilis and the Topopah Spring Main Test Level 

(including South Ramp Access). The purpose of these phased design inputs is 
to complete the design requirements for ESF testing prior to Title II Design.  

Supporting requirements from the ESFDR, Rev. 0, Appendix B (Sections 2.3 
through 2.9) for the above test design inputs, are provided for use in design 
study activities as preliminary, best available information, for development 
ýf the ESF Reference Design Concept. :nformation provided in TPP 91-5 is the 
:ost current and takes precedence over Sections 2.3 through 2.9 if 
dlssrepancies occur. Prior to the initiaticn of Title Ii Design, the North 
Ramp, Calico Hills, and the Tcopcpah Spring Main Test Level (including South 
Ramc Access) test des~gn inputs will be revised based upon prioritized needs 
-support Design Studies and Phased Title !I Design. This will include 
cIanges whicn result from SCPB revisions and selected facility configuration 
ant construction methods. These changes will be submitted as a formal 
revis::n of tne ESFDR.
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ERE-TITLE ~ SI-=-T ...  
PTANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: UNDERGROUND GEOLOGIC MAPPING 

5223 Section 8.3.1.4.2.2.4 (Act^•viy) 

Descr• •_ton of Activitv 

Geologic mapping and photogrammetry will be used to document lithologic and 
fracture variability throughout the vertical and horizontal extent of the 
underground excavations, to investigate structural features, and to provide 
siting data to confirm (or modify) planned test locations within the 
underground excavations. Geologists will take stereo-photographs of exposed 
rock surfaces of all openings in the ESF. These photographs will be analyzed 
cff-site using a computer-driven analytical plotter. Detail line surveys 
will be performed continuously along one wall of each drift or ramp (or at 2
m intervals if in a shaft). Detail line surveys consist of recording the 
characteristics of each fracture, geologic discontinuity, or feature which 
intersects a datum line. Regular sampling of the wail rock and fracture 
infilling will be part of the mapping process.  

Seoz:gic mapping will be performed in all ESF openings where items of 
ar-:".interest such as faults, special contacts, etc. are encountered, 

special small-scale mapping may be conducted.  

rmecial Rco,''A7::ve Requirements 

NIc special rooms required. Mapping will adjust to the opening configuration.  

interference Envelope 

We are trying to design the underground mapping to have minimal interference 
with both construction and other experimentation. Standoff distances are not 
applicable to this test.  

:cnst:raints/Controls 

1. Mapping must be conducted before installation of chain-link or wire 
mesh.  

2. Walls must be cleaned before photography for mapping.  

2. Utilities must be confined to the lower left or right quadrants or 
the invert of the ramp for 250 ft behind the trailing gear of the 
TBM.

6
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4. Geologists must have access -: one enoore circumference for sampring 
and mapping.  

Ti .... /Scedu1e Reauo'remen• s 

.. apping will begin as soon as construction starts, and will proceed with 
e:7cavaoion progress.  

ESF Desian/Test Support Reauirements 

zenerally, mapping will be done as close to the working face as possitle :o 
minimize any deterioration cf the rock, or nterfe.rence from around support.  
While the presence of rock bolts and plazes w:- not hinder processing cf the 

hnetos, rock pans, chain link fabroc, or wire mesh must not be installed 
u..til the walls have been cleaned and photograpned. The walls will be 
cleaned of all dirt, muck smear, or any o'ther encrusted materials by the use 
of a high-pressure air-water _lowpipe. . he air-water mixture of the blowpipe 
should be adjusted such that little or no free water is present on the walls 
during ceaning. A tracer will be added tc the cleaning water to allow 
detection of any penetration into tne wall rock.  

Mapping will be preformed on as much `f the exposed rock surface as possible.  
The location cf utiiis (fan lines, compressed air line, conveyor, water 
!ine, electrical cables) should be arranged in eacn. drift and ramp such that 
the maximum circumference of the tunnel is visible for mapping. We recommend 
"h.at one utilities be confined to the lower left or right quadrants cr the 
invert of the ramp if possible. Adequate illumination will be required for 
inscection of the walls, but strobe lighting for photography will be provided 
by one mapping team. The strobes reauire i10v AC power. Mapping will also 
require surveying support for location of photogrammetry control targets.  
:he accuracy of locations of geologic features depends on the accuracy of the 
surveyed target locations.  

Pr vision must be made to allow mapping geologists access to all parts of the 
-unnel circumference. We recommend some type of mapping platform be built, 
whn... would be equipped with multiple decks and/or levels, and an apparatus 
for mounting and aligning the photogrammetric camera for stereophotography of 
7he walls. This platform could also be used for placing and surveying of 
phot grarxetry control points, and hanging of wire mesh or chain line (after 
zcmpletinn of a section of mapping).  

We evpect the maximum advance rate of the TBM to be about 250 ft per day.  
For ohis reason, a 250-ft section is required behind the trailing gear in 
wn.c.n o conduct mapping. This section must be free of chain link fabric and 
wire mesh, and as free of obstruction from the utilities as possible. Behind 
this 250-ft area, miners will be free to install additional roof support, 
chain link fabric, or arrange utilities however they see fit. If ground 
conditions require fabric, mesh, or shotcrete closer to the machine than 250 
ft, steps will be taken to do mapping as close to the machine as possible.



,oliec__on of various samples will be done concurrent with mapping. Where.  
posszb-le, geologists will use pry Oars and hammers to remcve samples from :ne 
wall. Where smooth wails make :ra•-.-ona- sampling difficult, the use of a 
sma' . and hydraulic splitter may be an option. This would require the 
driýli4ng cf a 6-inch to i-ft deep hole adjacent to a fracture, about 1.25

.. ameter. The hydraulic splitter would be inserted into the hole and 
ed to split out a sample. Fract.ure filling minerals will also be sampled 

by usi pr Cars and hammers.  

A storage and staging trailer or building of at least 200-sq-ft is required 
on .ne surface with necessary amenities. A photographic laboratory (light
tight) approximately 8 x 13 ft with necessary amenities and one circuit with 
220 V, 20-A circuit.

8



PRE-T:L E - :3ES:GN STUD:ES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: SEISMIC TOMOGRAPHY/VERTICAL SEISMIC 
PROFILING AT THE ESF 

SCOB Secticn 8.3.1.4.2.2.5 (Activity) 

Descriti.on of Activitv 

The purpose of seismic tomography and vertical seismic profiling activity is 
:3 remotelv characterize subsurface fracture networks. Tests to be conducted 

are a) surface to ramp seismic imaging, b) borehole to borehole tomographic 
imaging, c) ramp to borehole seismic imaging, and d) strong motion seismic 
.. n • _o r i n g .  

Test (a) will be conducted in both the Topopah Springs ramp and the Calico 
Hills ramp. The zone over which the test will be conducted will be mainly in 

areas of suspected faulting, fracturing, and perched water which have been 

identifLed in the ramps from geologic mapping, surface mapping, or other 
geopnysicai or geological studies.  

Test (b) will be conducted in both the Topopah Springs and the Calico Hills 
.am.s io !etermine the behavior of the damage zone, map faults away from the 
ramps and/or zoned of perched water. The location will be in zones of 
pr.ncl..e lithclogy, areas of changing fracture and fault content, and zones 
:f any waner inflow.  

est (W) will be conducted if suspected faults or geologic anomalies may be 
present anead of the ramps to more accurately define the location and extent 
Zf tnese features that may significantly affect the integrity of the ramps.  

-est (d) will be passive monitoring of strong seismic ground motion at points 
of different lithoiogy and depth along the ramps.  

See Activity Description and Sketches 1, 2, and 3.  

Snecial Room/Alcove Requirements 

No special rooms or alcoves are needed. it is anticipated that all work can 

be done from the ramps or from already designed rooms. The exception may be 

an area required for the strong motion instruments (im3 ) when there is no 
area near a required location available.

9
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-rv c ori47lng is not needed or wanted, Only constraonts are space to set up 
inseru.ens in the ramps to perfcrm the tests and record data during the 

tes:s {a few sauare meters). Ground vibration from other activities should 
_e .ect -: a minimum.  

Because th.e purpose of this test is to measure ground vibration caused by the 
:ntrcducticn of energy from a specific source controlled by the seismic-test 

eam, other loud noises or equipment or machinery-induced vibration in or 
near th-le facility are not allowed while tests are in progress. No other 
special constraints are required to include this activity in the ESF testing, 
and no additional perturbation tc natural conditions (stress, temperature, 
r•...Sture, etc.) will result from this activity (i.e., no significant zone of 
onfl;ence results from this activity) if boreholes are dry-drilled. This 
test does not require dry-drilled boreholes.  

T~i n'Schedule �Reauirements 

Test "a", "a ", and "•" should be done as the ramps are excavated and 
anoma''es are encountered.  

-est "d" inst•ru,.mentation need not be emplaced until ramp construction is finished.  

7 .... ..n Tes' Suort Requirements 

':c sce zial r:oms or alcoves are required. It is anticipated that all work 
:an ce done from the ramps or from already designed rooms. The exception may 
ce an area reauired for the strong motion instruments (Im3) when there is no 
P...... =darea near a required location area. Horizontal boreholes (3.5-inch 
aiameter) will be required for each of the "b" and "c" type tests. The 
length of the boreholes will be a function of the zone of desired 
_nvestigatlon.  

ocr damage zone investigations, the minimum length will be 5 meters. The 
:istance between boreholes will be 1/2 to 1/3 the length. For more extensive 

_: r anead" or fault zone studies, the length of the boreholes may be up to 
ZC meters. No IDS support will be required except for one data line for 
eacn ocatlon of test "d". Temporary lighting and power, i10v/20 amp or 
22Cv.20 amp will be required for test "a", "b", and "c". The length of each 
test will be from one day to ten days. Test "b" may be repeated to determine 
temporal changes in the extent of the damage zone.
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PRE-TITLE :I :ESISN STUDIES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: OVERCORE STRESS EXPERIMENT IN THE 
EXPLORATORY STUDIES FACILITY 

SCFB Section 8.3.1.15.2.1.2 (Ac ivty 

Description cf Activity 

The overcore stress experiments will be performed to determine the in situ 
state cf stress above, within, and below the repository horizon, in that 
portion of the unsaturated zone penetrated by the ESF, to determine the 
extent of excavation-induced stress changes, and to relate stress parameters 
to rock-mass heterogeneities.  

Soon after access is available, small-diameter holes will be drilled to 
prescribed orientations and lengths (longer than three shaft or drift 
diameters). A stress sensor will then be installed, and the instrumented 
center hole will be overcored in stages. Stress data will be taken as the 
ins:rumentation of each stage is overcored.  

The test will be conducted in alcoves constructed from both the north and 
south ramps in the high lithophysal zone of the upper Tcpopah Springs welded 
nit, in alcoves on the main test level (one north end, one south end of 

blocK), and in the Calico Hills nonwelded unit at both the norzn and south 
ends of the tlock. The tests in the nonwelded Calico Hills may be either on 
"the Calico Hills test level or from the ramps in the unit. Tests conducted 
in ihe Calico Hills unit will include hydrofracture tests conducted with low
volume amounts of water. The Calico Hills test locations should be sited so 
as to nn: be near hydrologic tests or other water-sensitive tests.  

Location 

The test will be conducted in alcoves constructed from both ramps in the high 
iitncphysal zone of the upper Topopah Springs welded unit, in alcoves on the 

main test level (one north end, one south end of block), and in the Calico 
Hills nonwelded unit at both the north and south ends of the block. The 
tests in the nonwelded Calico Hills may be either on the Calico Hills test 
.eveL or from the ramps in the unit (if applicable) 

Scecial Room/Alcove Reauirements

14
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Thterference Enveicpe 

Test must be conducted at a distance equivalent to at least two opening 
diameters from the opening. The test must be located at least 50 ft from any 
heater test or be conducted prior to any heater test within 50 ft distance.  
_f water is used in drilling/coring, any hydrologic tests can be conducted 
several meters away. Tests conducted in the Calico Hills unit will include 
h.drofractre tests conducted with low-volume amounts of water. The Calico 
Hills test z' cations should be sited so as to not be near hydrologic tests or 
other water-sensitive tests.  

-onstraints/Controls 

The test should be separated from the nearest thermal test by a minimum of 50 
ft or should be completed before the heaters are energized. Flexibility in 
location of the tests is required because intact segments of core are 
required. Thus, the location, distribution, orientation and apertures of 
fractures need to be examined before tests are conducted. No mining, 
testing, or construction should take place in such a way as to influence the 
in situ stresses at the bottom of the test holes. Test holes should not be 
drilled near other instrument holes. Tests will be conducted within the 
approximately 50-ft-long boreholes extending downward and horizontally from 
the end of the excavation.  

Timinc Schedule Reauirements 

This test does not require any special timing relative to the ESF 
construction.  

ESF "esign/Test Support Requirements 

DriLing, including coring will be required. Dry drilling is not required.  
A mobile rcc.-testing facility (to be supplied by the test organization) will 
reauire an assigned space at the surface and utility hookups.

15



•RE-T:TLE : CES: N STUDIES 
PLANED ESF TES. - RAMP ACCESS 

PLANNED ACTIVITY NAME: MATRIX HYDROLOGIC PROPERTIES TESTING 

SCPB Section 8.31.1.2.2.3.1 (Activity) 

Cescrizticn of Activitv 

The purpose of the matrix hydrologic properties tests is to develop a 
comprenensive data base on matrix flux properties in the unsaturated-zone 
tuffs at Yucca Mountain. This activity includes collecting bulk and/or core 
samples, taken from the ESF. The samples may be obtained either from core 
oces cdrilled for otner tests or from core drilled specifically for the 

collection of core for matrix properties testing. The collected samples wii, 
ce packaged, labeled, and sent to a laboratory for various analyses.  

_ocaton 

Various locations along the length of the ramp and other areas in the ESF to 
dequately cnaracterize the matrix oroperties of the units. Samples will be 

required from near contacts; nortn, scuth, and middle of the block; and from 
-.. .c units encountered.  

Szecial F-crnAlcove Reauirements 

mall alcoves, large enough to contain a core rig, may be required in tne 
even- that additional coreholes are used to obtain samples for this test.  

interference Envelope 

Th!s test requi:rd, as much as possible, in situ, samples. The samples 
should be -cilected far enough from any wet-drilling operations to insure 
n,.-n...amna:ed samples.  

"-ntra0.nts !Controls 

?rcced res and design shall be developed to minimize the water contamination 
cf any zulk samples. Core holes shall be drilled dry and provide core of HQ 
size.  

"-i-m-'Schedule Requirements 

ýa-mces cc not need to be collected i!=,ediately after excavation, but should 
be coilected as soon as possible. This is important for natural water 
conzen: samples.



•-- • s•-- l• • • D~r"D•"''---- -'' 

£Sesian,'Test Sucucr: -,eo•- -eshnaS 

large size (estimated to be large enough not to pass a I-ft mesh) may be 

reauired for some samples. Samples should be collected as soon as possible 

after excavation of -t .e opening in order to avoid changes in the natural 
m cls::re s:ate.
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r.9=.-:_.. -i •~ES:GN STUDIES 
PLANNED ESF TESTS - NORTH RA.MP ACCESS 

PLANNED ACTIVITY NAME: INTACT FRACTURE TEST 

-CPB Secticn 9.2.1.2.2.4." (Ac: ivi4y) 

...scr.ct.n of Ac._vi,;t 

"ne intact-fracture test will be used to evaluate flud-flow and chemita 
-ransccr: properties and mechan.isms in relativelv undisturbed and variably 
stressed fractures to enhance understanding of physics of low and for flow 
Mcdeling.  

7rac:ure-sampDing locations will be selected on the basis of detailed 
frac:ure maps. At about !2 or more locations (to be determined), a small 
pilot hole will be drilled across a frac:ure, a rock bolt anchor will be 
installed, tie pilot hole will be cvercored, and the sample will be 
with.drawn. The sample will be packaged, laDeled, and transported to an off
site lazora:crv for intact-fracture analyses.  

-amc'e 'oatizns wil! be chosen by rne P7 after detailed mapping information 

-cecial .oom/Alccve Reauirements 

An alcove large enough to accommodate a core rig may be required.  

-- e...ce Envelooe 

>,itacle sample locations will be chosen by the PT. No interference envelope 
Ls Sef'ne ..  

.:n--raintsh'Controls 

- exi-iiy in sampling location is req- red to locate suitable fractures.  
zrilling and overcoring will be done using dry methods. Because only sample 
collection will be conducted in the ESF, no other special constraints on the 
layout are required. No hydrological, chemical, or thermal disturbance is 
expected from this activity.

lB
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PRE-T:-TE 17 DES GN STU2DES 
PLANNED ESF TESTS - NORTH AM? A"CESS 

PLANNED ACTIVITY NAME: RADIAL BOREHOLE TESTS IN THE ESF 

S~?B Sectin 10.3.1.2.2.4.4 (Activity) 

s•...... n of Activity 

The radial .crehole tests will investigate vertical and lateral movement of 
gas, water, and vapor on and across hydrogeologic contacts and within the 
various units.  

Five stratigraphic depths have been tentatively chosen as sites for drilling 
he "C•.nac Test Holes" (replace "Short Radial Boreholes) (See Sketch i).  

At each depth location, four 50-ft coreholes will be drilled parallel to the 
contact and each other, using air as the drillina fluid. A drilling and 
testing alcove will be required at each location. Core will be collected, 
packaged, labeled, and transported to an off-site laboratory for hydrologic 
analyses (fracture and matrix properties). The holes will be logged and 
s..rzeyed -or fracture and moisture data. Air-oermeabilitv tests in packed

inrva•s will be conducted to obtain gas permeability data. Cross-hole 
permeabllitv tests will be conducted across stratigraphic contacts with both 
gas and water. Lcng-term monitoring of matrix water potential, pressure, and 
-emperna...re will -.also be conducted; formation gases will be sampled 1..besmpe 
ceri:c•:---.  

':ine stratcracnhic depths have been tentatively chosen as sites for drilling 
.ne "An.S.tropy Test Holes" (replace long radial boreholes) (See Sketch 2) 

At- ----- ca--n, three 50-ft coreholes will be drilled horizontal, and 
cerzenice-c•. ar to the ramp. The first location will also serve to conduct 

e:tea p:rototype testing (also see Hydrochemistry Test). Air permeability 
test.ng wil te conducted in each borehole and between the three boreholes.  

cee ":escription of Activity" and Sketches 1 and 2.  

Se:ea' Room/Alcove Requirements 

Ccntact Test Alcoves: 

- Muist allow drilling of 4 - 50 ft deep ODX core holes 
parallel to the contact and each other.  

- Minimum of 20 ft off the ramp 

- Hcles 1 and 2 will be up to 10 ft apart and 7 ft above the 
contact.
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- Holes 3 and 4 wi!' be up D -ar and 7 ft below the 
contact.  

- Maximum dimensions are 24 ft wide, 26 ft height, 20 ft deep, these 

are dependent on the anale :'e ramp intersects the contact.  

An.sc:rocv Test Al... es: 

- Must allow drilling :f 3 - 50 ft deep OCX coreholes in an 

equiLateral triangle witn ma-xium of 15 ft sides.  

- Holes will be horizcntal and perpendicular to the ramp.  

- Dimensions are 24 ft wit.,4 22 ft heigh:, 20 ft off ramp.  

- Alcove is perpendicular :0 ramp.  

.nterferenCe EnveloPe 

Contact Tests: 

- :he holes need to be placed such that the stress relief effects of 

- he ramp ana alcove are m.n....ized.  

- The holes need to be placed such that other tests (excavation 
effects, fracture tests, etc.) will not interfere.  

Ani t�,-py Tests: 

- The holes need to be placed such that stress relief effects of the 

ramp and alcoves are minimized.  

- The holes need to be placed such that other tests will not interfere.  

^onstrainnts Controls 

?r3.is~n for data collection by the :DS must be available at each location.  

3:t-n te "contact" boreholes and the "anisotropy" bcreholes will be drilled 

:eep enough to be beyond the expected zone of mechanical and hydrologic 

fence of the openings, but need to be placed such that stress relief 

effects of the ramp and alcove are minimized. The boreholes also need to be 

claced so that other tests will not interfere. The "contact" holes will be 

uSed to monitor the movement of any construction water from the opening in 

order to measure the hydrologic zone of influence resulting from shaft 

const:ruction. These monitoring activities require no special constraints, 

nor do they alter the hydrologic or geochemical state of the rock mass.  
.. wever, at the stratigraphic contacts, cross-hole permeability tests will be 

run w:fn both gas and water. The water injected under low pressure is 

es:_-mated to influence a zone extending 10 m from the test location.



Geochemical effects are not expected t3 extend beyond the zone of J.flue.ce 
resultina from water movement. The air injected for this test will contain a 
tracer to allow discrimination. between the natural gas in pore spaces and the 
in-rected air. Since a portion cf the nydrochemistry testing is expected to 
-e .er'.rmed at the same iocatJon as hne radial borehcle test, the use of an 
air :racer will control the potential interference between tnese tests. No 
hermal or mechanical alterations to t:e rock mass will result from this 

-est.  

Timing/Schedule Requirements 

C.:ntact and anisotropy testing (Radial Borehole Tests) should be conducted as 
soon as feasible after excavation.  

7SE Design'Test Support Requirements 

An alcove of approximate dimensions of 26-ft high by 24-ft wide by 20-ft deep 
is reauired for each "Contact Location" and 22-ft high by 24-ft wide by 20-ft 
'eep for each "Anisotropy Location". The boreholes will be dry drilled and 
will require drilling support as well as electricity and compressed air. The 
facilit:y design and operational constraints shall allow periodic access to 
the test locations. Access should be provided as soon as feasible after 
•assage -f the TBM for both types of locations.

22



YMP/CC-0013, Rev. 5'r, ''1 I

These sites will r-2quire 
a total oL 4 - 50' ODX 

holes, 2 on each side of 
the contact.  

* We do also reserve the 

right to test across 
other interesting 
contacts that may be 
encountered in 
excavation
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Note: Figure not to scale 

Figure 1.2-4. Olagram showing tho relation of geohtydrofogiC units to stratlgraphiC 

units (modified from Montaxer and Wtlson. 1964).  

SKETCH 1: CONTACT TEST SITES (SCPB Section 8.3.1.2.2.4.4)
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Figure 1.2-4. Olegram showing the retation of gohydrologic units to 3tratlgraohic 
units (modified from Monltzer and Wilson. 19&4).  

SKETCH 2: ANISOTROPY TESTING (SCPB Section 8.3.1.2.2.4.4)
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: ..7T:)ES7N STUD:ES 
PLANNED E-cEL "E5_- - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: EXCAVATION EFFECTS TEST 

-::, ? .3. .2.2.4.5 (Activity) 

:esz:ricion --f Activity 

The excavation effects tests will measure stress changes in the near-field 
wall-rock as the ESF is excavated, and measure air-perrneability changes that 
resu:l f=rm one stress redistribution.  

Currenl'y, the Calico Hills ramp from the main ramp is being considered as a 
ccssot'e location for this test. 2ther similar locations may be included at 
ala-er date. A- each test .ocation, multiple small-diameter holes will be 

drilled parallel or sub-parallel to the unexcavated opening wall but set back 
selected distances from it. All holes are planned to be air drilled/cored, 
logged, and surveyed; some of the holes will be instrumented to monitor 
stress changes and some to monitor permeability changes as the excavation is 
advanced. Stress and permeability data will be taken in drill holes extended 
cevond tne excavaticn. Long-term permeability measurements will be made and 
temperature and moisture data collected. Additional holes may be drilled to 
h nandLe the instrumentation packages if they are determined to be necessary 
:......cr:ý,otvne testina.  

Anotner pcssizle location for excavation effects type testing is in the 
en•_neer..n.g ocre noes along the ramp alignments. Testing impacts are 
e.ceced to me minimal, but details are not yet developed.  

The c "nfi.urati:n and construction methods of the ESF have limited the areas 
nni :-is test can be performed. One area in the ESF that could 

accommodate tnis test is the area in the north ramp where the shaft to the 
tuffacecus beds of Calico Hills begins. Boreholes could be drilled and 
in..strumented prior to starting the Calico Hills ramps, and excavation effects 
data c:u1d be collected. A second possible site for the Excavation Effects 
-.es. S... nhe surface-based boreholes drilled in advance of the north ramp.  

The s:te cf the test is constrained by the available access to areas proximal 
:procosed excavations. This test will be conducted in areas that provide 

:nis Frox-mity.  

Special Room/Alcove Reauirements 

An alcove large enough to accommodate a core rig. After the boreholes are 
instrumented, the alcove will house the data acquisition equipment.
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nt-erference 7_nveloce 

This test must be located ad-acent to where a new mined opening is to ce 
excav.ated.  

Flex-til:- -s _he -.v s -.. .cnstraint identified for this 
is required for locatna dri.' n es for tests. The instrument holes will ce 
AriiLed at distances up to 50 ft from :he excavation. They will extend as 
much as ICO ft beyond the excavation creating a zone of potential mechanical 
interference. All holes will be drailled dry. No thermal, chemical, or 
hvdrcloaical alteration of the ro.ck mass is expected as a result o. ts 
act:;:i y.  

"4.,... hedule Reauirements 

The test must be performed in con4-"unction with the excavation of a new 
opening to allow for the acquisition of the excavation effects data.  

ESF :esign'Test Suppcrt Reauirements 

:nstrument leads at the test locaticn shall be protected from damage. A 
--ri---ng and testong alcove will be required for this test iJf conducted 

d neer-roun-.



PR_-TT-ZE :ES:2N STUDIES 
PLANNED ESF 7ESS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: PERCHED-WATER TESTING IN THE ESF 

SCB Section 9.3.1.2.2.4.7 (Activity) 

-escr.pticn of Act-`i; v 

mTe purpose of :.e perched-water test is to detect the occurrence, and 
delineate the lateral and verticaL extent, cf perched-water zones (if 
encountered) during excavation, to identify perching mechanism(s), and to 
samole the water for chemical analyses. Because there is significant 
ncertai.nty regarding the likelihood of encountering perched water, the 

perched-water test is categorized as a "contingency test." The form and 
dura:ion of the testing Is dependent upon the nature of any encountered 
perched-water.  

:f perched-water is encountered during excavation, one or more small-diameter 
hole(s) will be arilied to enhance drainage, facilitate collection of water 
samples, and allow flow and/or pressure measurements to be made. The hole(s) 
wli" a'so be instrumented and sealed during testing to obtain data on 
hydraulic pressure and water potential over time.  

!ocatio:n 

:ince -ne occur and character of the perched-water zones can not be 
c-�:d •:e actual locations can not be shown. Likewise, the type of 
-acil.... needed in which to conduct the testing can not be determined at this 
-:me.  

Scecia. R.oom'Alcove Reauirements 

A room large enough to contain a small, underground coring rig may be 
f .. , ing into a perched-water zone becomes necessary. This 

lc ove would be needed to remove the drilling rig out of the main traffic 
areas in the ESF.  

ie rnce EnveLope 

The percned-water test is not constrained by any interference envelope. The 
test wil* be conducted whenever and wherever perched-water is detected.
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Cons!rain•,sCntrols 

All boreholes will be drilled dry. -rcuting In the ESF will require a 
chemoal tracer to be added to the gr_ýut. Because of its nature and 
lc=ca:ion, no special constraints or. the layout or operation of the ESF are 
Lmposed by this experiment.  

Because thIs aoý.t-vi only involves sampling and drilling of sma1l-diameter 

n:les only, nc mechanical, chem-cal or tnermal alteration of the rock mass is 
expected.  

7imin_"Schedule Requirements 

-he perched-water testing should be initiated as soon as possible after it is 
d-etec:ed to insure that no data pertaining to the occurrence of perched-water 
is 13sz.  

ESF lesian'Test Suooort Reauirements 

All moisture or free water observed in the ESF will be sampled as soon as 
Possible after it is detected to insure that no date pertaining to the 
occurrence or perched-water is lost. An alcove may be required for drilling 
any ccreno-es or access in a main traffic area is a problem. Only normal 
•rollong and otner utilities are required.
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PRE-TTLE - _ESSN STUDIES 

PLAINNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: HYDROCHEMISTRY TESTS IN THE ESF 

S2B Secto:n 8.3.1.2.7.4.9 {Activity) 

Descriction cf Activit 

The hvdrchemistry tests will d.etermine the chemical composition, reactive 
mechanisms, and age of water and gas in pores, fractures, and perched-water 
zones within the unsaturated tuffs accessible from the ESF and/or affiliated 
core holes. The ESF wil1 crovide access for the collection cf gas, rock and 

possiblv perched-water samples. Two different types of boreholes will be 

used to obtain gas samples for this test. BorehoLes used as part of the 
Radial Bcreholes test will be used for long term gas sampling. In addition, 
snort (1-2 .) coreholes will be used to provide a gas sample at selected 
locations as soon as possible after mining.  

A) :n al' carts of tne ESF (Ramps, Drifts, Shafts, Alcoves, MTL) 

(See Sketch I and generalized North Ramp list) 

~eneral.zed Locations f. Vr . Hydrochem Boreholes in North Ramp: 

- .iva Canyon 3 locations long and short boreholes, evenly spaced 

-Near Bow Ridge Fault long and short boreholes, both sides 

- Bedded and Tiva Canyon contact long and short boreholes, both sides 

- Bedded Unit 1 location long and short boreholes 

- Bedded and Topopah Springs contact long and short boreholes, both 
sides 

- :-opopah Springs 3 locations long and short boreholes, evenly spaced 

- Drill Hole Wash structure 2 locations long and short boreholes 

Calico Hills Topopah Springs contact long and short holes, both 
sides 

- a-io Hills nonwelded 2 locations long and short boreholes, evenly 
spaced 

- aLico Hills vitric welded 2 locations long and short boreholes, 
evenly spaced



-2aico H~-is zeolitized welded 2 Loca:ions long and short 
coreholes, evenly spaced 

Szecial Pzcm'AICzve Requirements 

Alczves needed to set up equipment for two week tests out of traffic areas.  
Equipment will require about a 6 f•ct by S foot area. -arger sized alcoves 
needed -- nou'ene _rill r2g during drilling. - 3or most holes we can ,se tne 
acve req...red.. tne Radial Bcrencles test.  

interference Envelope 

Borehcle sampling locations need to be about 13 feet from ramps or drifts.  
Pumping of bcreholes could effect various pneumatic tests if held during the 
same timne oeriod within about 10 to 15 meters.  

_:nstraints Controls 

Tracer specifications must take into account requirements of other tests, 
,no, chlride tracers or chlorination prior to the completion of C:,3ý samrple co Lectio 

-i:ina Schedule Reauirements 

Az soon as pzssiole after mining, we will require a short 1-2 meter borehole 
o-r gas sampling at all locations. The larger/longer boreholes can wait (up 
- Severa. months), but should be conducted as soon as possible.  

ES7 :esi.n Test Suoport Requirements 

..ll water used in the ESF will be traced. All compressed air used in coring 
cr ::rlling will be tagged with SF6. Provide suitable space for gas sampling 
activi:ies and equipment at each Radial Borehole location. Large rock 
camp-es (bulk) or core (HQ size) will be required from various locations in 
"he ES7. :zre samples shall be dry and bulk shall have minimal disturbance 
- moisture content. One to two meter long boreholes will be required for 

gas sampli ng. Radial boreholes used for gas sampling should be more than 13 
-frm ramps or drifts. Access to a location early in the ESF construction 

_:oe purpose of conducting prototype testing in order to determine if the 
-2 m) holes are required at all locations or if the longer Radial 

5orencies are sufficient for gas sampling.
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•RE-ITL !:DES::N STUDIES 

PLANNED ESF .ESTS - NCRTH RAMP ACCESS 

PLANNED ACTIVITY NAME: HYDROLOGIC PROPERTIES OF MAJOR FAULTS ENCOUNTERED IN 

THE ESF 

Desrotr ... n of Act ivitv 

aCt4ivty is designed to provide hydrologic information in parallel with 

a cort.on of Activity 8.3.A.4.2.2.4 (geologic mapping of the exploratory 

shat: and drifts) . ALI faults encountered in the ESF will be characterized 

geocgi:caily under the geologic mapping activoty. Hydraulic properties of 

major faults encountered in the ESF will be determined in this activity. The 

ma-or faults or fault zones expected to be tested are the Bow Ridge fault, 

Chost Dance fault,a suspected fault in Drill Hole Wash, the Imbricate fault 

zone, anj the Solitario Canyon fault. 3ther faults will be tested if flow is 

coserved.  

:- tne Iasis of tne identificaticn of major fau'ts by the geologic mapping 

ac__-_vtI a hydrlIogic testing program will be implemented. This program 

w"l consist primarily of tests conducted in borenoles drilled through or 

paraLlel to fault zones and tests on core collected from the coreholes. The 

first activity will be the drilling and testing of a geothermal borehole.  

Sens:-ive temperature measurements made in the borehole will provide 

.-.dlaticns of any water movement in the fault zone. Air permeability tests 

w-'" te conductei between other boreholes to determine the permeability to 

air :;f te fault zones. Some boreholes will be instrumented to determine in 

.tu conditions of the rock mass and monitored for any changes in these 
-nzitrns over ti.me. Other sets of boreholes will be used for cross-hole 

water-intection tests. All water used for injection will be tagged with a 

-racer. Core recovered from the holes will be tested to provide a water

content Drofile across the fault zone. This profile may provide information 

relatiye to any recent moisture occurrence in the fault zone.  

L:oatins 

L. Bow Ridge Fault 
.ri Hole Wash Faults (maybe several sites) 

. host Dance Fault 
1. Solitario Canyon Fault 
:. imzricate Fault Zone 
6. All Major Faults not Previously identified 

Special Room/Alcove Requirements 

Alcýves will be required at each ramp crossing of a major fault. Sketch 1 

provides a general alcove concept for each test.



.terferen. e Enveloce 

- The holes need to be placed such that stress relief effects of the ramp 
and alcove are minimized.  

- The holes need to be placed such that other tests will not interfere.  

The hydrologic borehcies snall not be drilled until the 21 has determined 
that effects of ventilation in the opening have been detected in the 
geothermal borehole at that location and drilling of the hydrologic holes can 
proceed.  

... ina/Schedule Requreme' ts 

Testing should be conducted as soon as feasible after excavation.  

O Desian/Test Support Reauirerents 

Geothermal holes: one hole will be air cored, near horizontally, at each 
1:caticn at about 45 degrees to the opening as soon after identification of 
..e fault as possible. This borehole should be drilled from the ramp or 

or a small drilling alcove. :t may be necessary to construct a 
separate drilling alcove for the geothermal borehole. The intent is to have 
access to the borehole as soon as possible to reduce the effect of air 
exchange with the surrounding rock mass. These holes will be minimum of 200 
fn long.  

Hydrologic holes: four "cross-fault" test holes (40 ft) will be air-cored at 
each location. In addition, three "in fault" test holes (25 ft) will be 
.equ:ret at each location. Each location will require access to the IDS. An 
alcove for hydrologic holes will be required that provides access to both 
sides cf the fault near the ramp or drift, and also run parallel to the fault 
fcr approximately 80 to 90 ft with an approximately 20 ft offset.

32



YMPF c-001, Rev. 5/3,YM - e

Ramp

Alcove

4 - Cross Fault 
Test Holes ,4

3 - In Fault 
Test Hol 

(25')

SKETCH A: MAJOR FAULT TESTS 

33

(SCPB Section 8.3.1.2.2.4.10)

YMP/CC-0013, Rev. ..

S. ... . .. O4

Di 

..



?LAPNNE-D ESF :::S -5~J RAMP ACCESS 

PLANNED ACTIVITY NAME: GEOMECHANICAL ATTRIBUTES OF THE WASTE PACKAGE 
ENVIRONMENT 

S•9 ect=n @3.42.4.3 (S:udyv 

:escrit Ion of Actvit7y 

A series of heater tests is planned in the North Ramp of the ESF as the 
vtotype of the ESF tests. These tests are designed to characterize the 

gecmecnanical response of the rock in :'e near-field environment to the 
cnanging environmental conditions expected to occur over the lifetime of the 
reopos:t: Some tests will study the effect of a heating/cooling cycle on 
zne sa: = ty of rock blocks formed by excavation of the emplacement hole.  
:ther tests will assess the potential for spalling or other types of borehole 
breakout that may occur due to the heating/cooling cycle and associated 
changes in tne rock/fracture properties.  

o:r each :est, instruments wil "e installed to measure temperature, stress, 
and cisclacement as a function cf time and location. Rock cores and blocks 
wIoI a so ce =ctaIned tefore and after the thermal cycles for laboratory 
£etermnati on cf :thermal-mecnanical properties.  

The h.eaters in the -est will be cycled through heating and cooling stages and 
in scme cases temperatures and/or stresses may be imposed on the rock which 
a:e .zIner :.an t'cse expected in the potential repository. -he intent of 
testing at tnese higher temperatures and stresses will be to accelerate the 
rate at w.._.ýc rock deformation mechanisms occur. This may serve to bound the 
estimatles .f geomechanical deformation over time.  

lcation 

-he test w4'' be conducted in the non-lithophysal portion of the Topopah 
Spring Tuff unit (about 100 feet below the Tiva Canyon unit), away from major 
fau..ts.  

ýcecia" 'com/Alcove Recuirements 

An alcove!room will be required that is 40 feet long, twenty feet wide and 15 
feet iion. in addition, two alcoves, 12'x 12', one each for instrumentation 
and storage, will be needed.  

.nterference Envelope 

:he test area shculd be at least 30 feet from other activities, and 20 feet 
from ramp cr shaft.



CoInst:a ints '2ont-r:1 s 

Flexibility to adjust the test locations to avoid fracture zones.  

-iming!S.heduie Requirements 

The test shouli be initiated at least two years before second phase of the 
--F tests wic n are tied to the License Application Date (LAD).  

ESF Desinr./Test Sucoort Req=urernets 

The layout and the length of the drifts and the borehole layouts must be 
added to the ESFDR, or provided as test design input, as no tests for this 
study were included in the old SDRD.  

Dry drilling of boreholes up to 30" in diameter.  
Slotting of the rock (10'wide x l3'deep x 0.5" to I" aperature) 
Electric power: 2 circuits of 208V, 45 amp., voltage regulated power, 

several circuits of 120V, 30 amp, UPS instrument power 
Compressed Air: 10C psig shop a-r.  
3 Heater holes (4", 12", 30") 
Twentv four instrumentation holes for each heater hole.  
Ability to obtain cubic block samples 18"xlS"xlS".  
Transporting ability: To move, lift and load at least 1.5 tons.  
Surface trailer: A trailer pad of at least 12'x60' at the surface facility 

T'e trailer should house office, machine shop, and change rooms.
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-RE-::TLE: ]i]S!]N STUDIES 
......-. NORTH RP ACCESS 

PLANNED ACTIVITY NAME: REPOSITORY HORIZON NEAR-FIELD HYDROLOGIC 
PROPERTIES (EBSFT) 

SCPB Se-::cn 0.1.4.2.4.4.! (Actvilvit) 

:eSr_'-_'n of Activt 

a series of heater tests and infit-ration tests are planned in the North Ramp 
.f tne ES.' as tne prototype tests of the ESF tests. All are designed to 
4n.estigate mcisture movement and sau,:ratin conditions in the host rock 

ourtra 'eating and tooling periods of waste storage and to investigate the 
scale effects of the neater hole on the measured parameters. Some tests will 
measure :.e parameters during the thermal cycle using ambient moisture as the 

_ntal cndition. The other tests will include a simulated percolation 
event to examine the effect Of wa•-e percolating or diffusion through the 
rcck mass.  

7or eacn o= the tests, instruments will be installed in the rock mass around 
eneaters to measure temperature, moisture content, gas and liquid Core 

res-sure, Stress change, and displacement as a function of time and location.  
arocus gecpnvscal probes will be used to measure the moisture content in 

tne cock before, during and after thermal cycling. Rock cores will be 
ctained before and after the thermal cycles for mineralogical and 

zecn'emica analvses. Laboratory measurements of hydrologic properties ann 
.er-al-mec-anica- properties will be maae on similar samples.  

The -e--ers in the test will be cycled through heating and cooling stages.  
7-.e o.caton of tne period during which the heater is at maximum power and 
-'-e h.ermal loading for the heater are based on the criteria that the 
S_ ... •g .. nný....ns encompass a sufficiently large volume of rock to include 
several fractures within the dry hot region. Scoping calculations will be heat.,g and the duration of heating at 
u;sed t.o determlne the initial power of heatingadteduaino haiga 
the max..mu.. power.  

..e test will be conducted in the non-lithophysal portion of the Topopah 
Sprina :uff unit (about 100 feet below tne Tiva Canyon unit), away from ma:or 
faul.ts.



Soec:al Room/Aiccve ?.eauiremernts 

A...ve drifts totaling about 30 feet will- e required. There are two sets 
r drift: emplacement drift and instrumentatic-n drift. These two sets of 
if_ will be separated tv at leas: 25 feet vertically. 7.n addition, two 

InStr.-...en alcoves L2'2:.12' each and two storage alcoves 12'x!2' each will be 
needed.  

.. terference -n'ieboc 
E..veoce 

The test area should be at least 30 feet from other activity, and 50 feet 
f.oro ramp or shaft.  

::nstra--ntIs/:ntrols 

I. A -inimum of 25 feet vertical separation between the emplacement drift 
and the instrument drift.  

2. The width of the emplacement drift be at least 20 feet.  
2. At least 16" vertical and horizontal clearance at the collar of all 

_nstru.men: boreholes.  
4. e'-.-'__ .o ad4just the test locations to avoid fracture zones.  

. No rcK bolts are allowed witnin a region of the test region plus 5 

The heghts of the instrumentation drift be sufficient to provide for 

d•rlling of an array of boreholes that extends at least 15 feet 
v.ertia'y 

~imio Snei2e ?ecurements 

"he test shol.d be initiated at least two years before second phase of the 
7-- tests wnicn are tied to LAD.  

-S ... ..n Test Support Requirements 

7he layout and the length of the drifts are different from that in the ESFDR, 
and w-'- require either ESFDR revision, or test design input. The borehole 
layou:s are generally the same as in the ESFDR.  

-ry dralling of boreholes up to 30" in diameter.  

Electri: power: 3 circuits of 208V, 45 amp voltage-regulated power; several 
circuits of 120V, 30 amp UPS instrument power 

Ccmpressed Air: 150 scfm, 100 psig for air permeability measurement 
Five Heater holes (4", 12", and 30" in diameter) 
Twenty four instrumentation holes for each heater hole.  
At least two horizontal holes for the infiltration tests.
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.ranspcr~i'.g abi-.-:y,: :-o Tove, hand -:ad at leas". 1.5 tons.  
ýnf iltrat ion water : 'U'n-tracered' -:zr--ated J7-1 3 water, about 51CC 
gal, week.  
ýzur-face trailler: A trailer pad cof at. leas: -12'x 60' at the surface ffacýlitv 

Te trailer stoulli touse offire, macn4ne stop, and change rooms.
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~?E-T:TLE :: DESIGN STUDIES 
2LANIED ESF :ESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: REPOSITORY HORIZON ROCK-WATER INTERACTION 

-:: Z-B Sectio-n • 3 4 2 4 4 2 ( c i i y 

Desorimti:n of Activity 

-his actiijvi is to obtain sanples for laboratory zest of rock-water 
interactions at high :emperatures. The samples needed are 6 to 8 inch 
diameter cores or blocks of rock of similar sizes. The rock types to be 
studied include the lithophysal :opopah Spring tuff at the contact between 

he :iva Canycn and Topcpah Spring units, the welded Topopah Spring, the 

Sasal Vitrcphyre of the Topcpah Spring, and the top of the Vitric Calico 
Hills unit.  

Lccati^n 

Iarae diameter (6 to 9 in.) cores or blocks of sample from the lithophysal 
zcne cf Tocozah Soring turf at the contact of Tiva Canyon and Topopah Spring, 

cooah.. Scring WeLded unit, Basal Vitrophyre of Topopah Spring, and the top 

zf it r o: 'alc e : E IL Is uni2t.  

:ýcecial;-- RccrnýA!:Dve Reaulrements

.ict r- ;-reda.  

:nerferen- e Envelope

]:nstrar!.ts,'cntrcis 

- -ri'* and blast or dry coring to obtain the sample required.  

-:mi:=.Schedule Reauirements 

-his test is tied to the LAD.  

ESF Design/Test SuppCrt Reauirements 

Nc general ESF design requirements for this test. For test support, it will 
te necessary to obtain large diameter cores or blocks of rock sample.



PRE-T:TLE :: DESIGN STUDIES 
"A'qNNED ES TESTS - NORTH ?,AMP ACCESS 

PLANNED ACTIVITY NAME: ACCESS CONVERGENCE TEST AT THE EXPLORATORY STUDIES 
FACILITY 

Description :f Act:i4vi 

Access convergence tests are required to monitor rock-mass deformation around 
the accesses and measure in situ stress at the station where convergence is 
being measured.  

RccK-mass deformation around the access will be monitored at measurement 
stations using mul:lple-point borehole extensometers (MPBXs) placed at 120? 
intervals around the opening. The MPBX's primarily consist of anchors 
installed a: rp.designe.d depth. Movement in the rockmass is recorded as the 
anchcrs move. Deformations are measured across the ramp diameter and as a 
f..nc.on of distance from the access portal at multiple locations in the 
access. :n additicn to MPBX measurements, deformations are measured with rod 
extenscmeters a: each of the three measurement stations. Extensometer 
measurements wil. be made along diameters in the same plane as the MPBXs at 
C? from tne MP.X heads.  

:f a IS -',sed, each station will also include hydraulic pressure cells -n -e .er tcn r radial stress changes over time as construction 
cn:nes ceyon:: :e test location.  

:he tests wilL ce located in each thermal/mechanical unit encountered (one in 
eacn ;nit), preferably more than 100 meters from major thermal/mechanical 
=:ntacts and faults. At a minimum the tests should be performed with the 

TSw:, :Sw2, and in the Calico Hills.  

ocecial ?.ocm/Alcove Requirements 

- scec~aL room or alcove needed.  

"-.:erference Enveloce 

-The tests will sense rock mass displacements on a line approximately 15 
meters fr.m and perpendicular to the drift wall, floor, and ceiling. Tests 
wnhcn in any way affect the thermal/mechanical response in this region should 
ze -'^•e:
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Constrainlt5•Ofntr: s 

The tests should be installed sccn after 2.e excavation passes the pr posed 
test llcation. No cinstrasnt zn construction imposed by this test.  

.. rccse cf the test is to obtain defrcatizn, in sl:u stress and stress 
c:ange oue to the excavation activi:ies. However, it is not necessary that 

-'e stati:ns Ce instrumented irmmediate-v after face has been exposed. No 
drilling wIll te allowed near -ne MPBX and pressure ce'l stations.  

Ti4mina'chedule Reauirements 

The test instrumentation shouLJ be installed as close to the working face as 
ocssiz.le.  

E*F :esiqn/Test Support Reauirements 

Standard underarcund facilities for water, air, electricity for drilling will 

te used for these tests. No special experimental needs are identified.
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2ANNED ISF -S - TOR-H F.MP ACCESS 

PLANNED ACTIVITY NAME: DEMONSTRATION BREAKOUT ROOMS 

-e - ion of Act:v:tv 

These tests will be used to demc-.st-rate constructability and stabilitv of :.e 
underground coenings in the u=zer lirhophysal zone of the Topopah Spring 
.e.er (TSwl) in the upper demcns-ratoon breakout room (UDBR) and in welded 
fractured tuff (TSw2) on the main test level at lower demonstration breakou: room (_:B?.).  

Lzcai:n~r 

"The tes:s will be loýcated in the high lithophysal zone encountered in the 
..oroh ramp.  

Srecial Rc=m, Alcove Requirements 

The test itself consists of mining a separate room off the main access.  

-.e size of "he :BR openings will be consistent with the maximum width 
ciannea :or repository openings. The excavation techniques for the DBRs 
shnu: ce simiLar to the excavation techniques to be used for the repository 
Cennos. This test will evaluate mining techniques and rock support 
.e:. ...re.eni.s. Rock mass response will also be measured in the DBR 
exc _a,:I --• ns tv ;sing extensometers and convergence anchors.  

-- ne fre•.-eEnvelope 

The tes: will sense rock mass displacements on a line approximately 15 meters 
:r72m ana perpendicular to the drift wall, floor, and ceiling. Tests which in 

anv a affect the thermal/mechanical response in this region should be 

ns in -ýits 'Controls 

Flexibility in the orientation of the rooms is required to insure that 
desire4 alignment relative to local geological features, such as the 
prevaciing joint structure, is achieved. Adequate flexibility must exist to 
:2otate tne rooms depending on the geology of the test location. Other 
ccns:raints include a requirement :nat no other mining be performed within a



tf approximately 50 ft from the deepest Multioint Bcrehole 
7x:enscmeter (MPBX) anchors insralled in the walls of the opening while the 
test s 4S progress.  

-cc-eduie Reguremen:s 

.he test shouli be perfnormed (its mining) before ma'or excavation are 
per:ormed: in tne m7. No U-tn-act to construction of the ramp.  

FEF :esin'Test Supcrt Reauirements 

S-andard underground facilities f•,r water, air, and electricity for drilling 
will be used for this test. :he instrument heads will be placed in a recess 
at the waLls of the excavation. No other special experimental needs.
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PRE-T-,LE II :7ES3N STUTJZEs 
PLANNED ESF TES:S - L1ORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: HEATER EXPERIMENT IN TSwl 

3 Section 3 •..!i ..6. 1 (AiC tvt 

3escrir:::rn of Activity 

The heater experiment measures :termomechanaical and thermally induced 
nydrologic responses in high-ii:hophysal rock to verify scaling relaticnships 
needed for repository design and performance calculations.  

Locaticn 

The test will be loca:ed 4n the high li:thohysal zone encountered in the 
nzrth ramp (preferably in tne '_BR) 

=-ecial R?.om'Alccve PeauIreme:ns 

The test will be conducted in a separate room in the TSwl away from contacts 
and faults. It is creferable to use tne demonstration breakout room descr=ced :n Activity 8.3..1J5.1..5.2.  

ce Envelope 

:n the pccer demonstration breakout room (UDBR), a heater-emplacement hole 
wil ce arfiea approximately 8 feet (2.4 m) into the drift floor. Several 
istrumentation nholes parallel to the heater hole will be drilled and then 

neater and instruments (multiple point borehole extensometers (MPBX) and 
..ermccouples) will be installed. In a borehole near the heater, neutron ..zgs w'!l be run before, during, and after the heating cycle to monitor 

moisture content changes. After the heater is started, the rock response to 
..ermal.. loading, heat flow, and moisture changes will be monitored. Because 

test: is snort and affects only a small volume of rock, no special constraints 
are rea-.:red.  

:nstraints/Controls 

Sufficient flexibility should be provided to locate the test so that other 
activities in the UDBR are not adversely affected: this test should be 
L=cared about 10 m away from the next nearest test, and in an area of low 
traffic. Heat from this test cannot ze allowed to interfere with other 
tests.
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-izS�..-d - R.eaure.ments 

The :est snould be performed in a -imelv manner as it wiJl ep assess 'he 

7,acll4,f ssoring waste in, or in the vicinity of, high Iithophysal rock.  

_7: eslz..Test SuDcort Pequirements 

S ..... a....r ..d facilities for water, air, and electric•t• 4rr 

w ill e used for this test. The instrument heads will be oiaced -in a recess 

at the walls of the excavation. No other special experimental needs.
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- - - - -- - - .. .-- . s:UE:ES 

PLANNED ESF TE _H RAMP ACCESS 

PLANNED ACTIVITY NAME: PLATE LOADING TESTS 

5P3 S- .... n. 8....7..  

escr:ition of Activity

7he plate loading test loads caraie, i=_-' .,met lly opposed surfaces of rock 
for the purpose of deformation measurements.  
7xoerimen•al results can be used to cac=are rock mass modulus and inrerore: 
t:e deopn of the disturbed zone. -Lrs test will follw LSRM and AS7M 
standard testing procedures.  

Locatiron 

The tests will be conducted in eacn :f t-e thermal/mechanical units 
enc:nt.ered In the ramp. Most rests snbuld be away from thermal/mechanical 
ccntacts; some test locarions cro:.:ima to faults will be acceptable.

oer . a.. ..... al. ove Fea.uiementS.

wi-! be c:nducted :- alCoves e--ending from the access. The alcoves 
wrL- ce acproximately .5 ft wide by ! ft tall by 60 ft long. Five or more 

Smay .e performed i'n each alcve. Surfaces in the vicinity of the test 
cn=-1- -e reiarrveiy free of blast damage.  

nterference -nveince 

_he test should be 10 meters from the nearest test which altered the 
-. erma mecthan..ai properties of the rock.  

Ss t~g • mpedes traffic, therefore, test alcoves should be provided out o 

ne way.  

-Lmina.Schedule Requirements

The test should be performed in a timely manner as it will provide input to 
rac-iot design.
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PRE-T::LE ::-ES:ON STUDIES 
PLANNED ESF 77ES3S - NRTH. RAMP ACCESS 

PLANNED ACTIVITY NAME: EVALUATION OF MINING METHODS 

:escr-ction cf Activity

These tests will monitor and evaluate mining methods for ramp and drift 
openings, with emphasis on rock responses in a variety of lithologic and 
sructural settings that may be encountered in the long exploratory drifts.  

ahs a:tivity will be to develop recctmiendations for mining in the 
repcsi.cry. Mining investigations wil. include TBM performance measurements, 
=n' examination of induced damage, as appropriate.

The :ests will be conducted in all 
e 'untere .in the ramp.  

•zerzal Rocm'Alc:ve Req:irements

of the tnermal/mechanical units

i-nerference En7veloce 

';c special requi.rements.  

Sr.S-7!,n-s. Contr:os

7?s -test 'as no identified constraints.  

-'-:nz',Scedule Requirements 

As -ne exzavation proceeds.  

7-3 :esgqn/Test Support Requirements

S:andard underground facilities for water, air, and electricity for drilling 
will be used for this test. No other special experimental needs.
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I . ESIGN STU-IES 
PLANNED ESF ESsTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: MONITORING OF GROUND SUPPORT SYSTEMS 

C=P3 Section 9.3.!.:5.:.9.2 (Activity) 

Descrcti~n :,f Activity

Chis ac:~tivitwill develoc recomrmendations for a ground support in 'n 
:te reposc~-ry, based on evaluations of the grcund-support techniques used Ln 
th.e undergrcund excavations, and on experimentation with other ground-support 
configurations. This activity will be carried out in ramps and on tne main 
test level. The selection, installation, and performance cf the support 
svystems used will be monit.red. Experimentation with ground suppcrts will 

include pull tests on rock bolts. Cbservation of unsupported rock, strength 
measurements on shotcrete cores, and traiis of alternate ground-support 
confgurations from thcse prescribed for the ESF. The effects of heat on 
grcund succ!rt will be considered in the heated room experiment.  

The tests will be -onducted inr. all of the thermal/mechanical units 
~~~~ ... .. e e, n the ramp•.  

encount.erec n tne reamp 

:cec:' --=.'Alcove Reauir-ements

';o srec:a.... rocm/aiccve is required.  

interfernce envelcpe

ý!c interference envelope. However, pull tests may temporarily block movement 
of vehicles 'n ramp.  

oCnstra ... s/Controls

.. on. Identified for this activity.  

m-a =Schedule Requirements 

No conflict with facility construction.
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- "ES:GN STUD7ES 
?-ANNED ESF TESTS - NCRTH RAMP ACCESS 

PLANNED ACTIVITY NAME: MONITORING DRIFT STABILITY 

ec: cof Activit'v 

ese tests will monit-or drift c.. nvergence throughout the ESF, along accesses 
and in the Calico Hills. This aciivity involves monitoring drift 
ccnvergences and drift maintenance ac-_.v_ýies. Convergence measurement 
statýons will be selected by the ?r.ncial investigator. in the long drifts, 
=nvergence measurements will ce taken in a continuous manner, if practical.  

Rock-mass relaxation will be investigated in repository-scale portions of the 
long dri-s using multi.ple-p'n: breneo.e extensometers. Rock falls and 
maintenance activities will be documented.  

T*.e tests will be zonducted In each cf the thermal,'mechanical units 
en=....ered in t-e rar=.  

Szecial R?:mrAlcve Reauirements 

N: sce c'al roo,' alcove is required.  

S..... ..... Envelope 

Nc interference envelope.  

S. .....r ....C.ntrols 

Fi..elzi otservations of ground conditions will be necessary before final 
.z:aticns of measurement stations can be specified. The design of service 

•=r-oware in the drifts (such as ventilation ducts, cable trays, etc.) must 
acccrmodate these measurements. MPBX's and tape extensometer anchors should 

be installed as close to the advancing face as possible. Provision for data 
collection by the IDS must be available prior to beginning this test.  

Timing/"ctedule Requirements 

No conflict with facility construction. It is desirable to install the 
ins:rumentation as soon as practical behind the excavation equipment.



e.i..an,:Test Su,.crt Requirements

Standard underground facilities f:r water, air, and electricity for dri i'g 
w>il ze used for this test. To o:ter special experimental needs.
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?REE-T-:L :i :ES:GN STUDIES 
PLANNED ESF TESTS - NOCRTH RAMP ACCESS 

PLANNED ACTIVITY NAME: AIR QUALITY AND VENTILATION EXPERIMENT 

:escrict:ion of Activity 

mhe curccse of :hese tests is to assess the impact of site ctarac eristics •n 

•e ýaon requirements to ensure a safe working environment. This ac:ivi:ty 

csnsists of (1) measurements of radon emanation; (2) surveys of air-flow and 

cressur:e, temperature, and hur.idit• ; (3) determinations of air resistance 
:acoors; and (4) dust charac.er.zai•a•on. The radon emanation measurements 

wi17 be made in a dead-end drif: that has been sealed with a bulkhead at 
e'.• ...... m cond._ins and at var-ous rates of air..flow. Radon concentrations 

m.gh: also be measured 'n a boreol.e. The air auality and ventilation 
measurements are not expected to interfere significantly with other 
underground aotivities.  

The tests wil. be c:nducted :hhouou.t the E.. af'te construction is 

C:mnz eted. 'he end section of the drift to the Ghost Dance Fault will be 

seale w•-: a bulkhead to allow measurement of radon gas emanation.  

Scecal ?o=m'Alcove Reauirements 

"No szecial ro=m, acove is required.  

-.... ... re Envelope 

"c inte:erence envelope.  

- - - : --c/Controls 

ThiS exceriment will measure the rate of radon emanation from the TSw2 

:rmatoon and will be conducted on the main test level. Because this 

requures only periodic air sampling, no special constraints are required to 

include tnis activity in the ESF testing, and no additional perturbation to 

natura. cndeiions (stress, temperature, moisture, etc.) will result from 

-:no Schedule Reauirements 

--.. i t with facility construction.
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sign!Test Reaui:em.e.ný.S 

4zi=n,4ard ,,-.dergrcund fac;--*-.-es fý): wa,ýe--, a-r, and e-'ec--:--'c-4.:y fcr drilli,-.
w-ý--' --e used for t-lis test. No c---.er speciai experimental needs.
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PRE-T:::: -i DESIGN STUDIES 
PIA4NED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: LABORATORY TESTS (THERMAL AND MECHANICAL) USING 
SAMPLES OBTAINED FROM THE EXPLORATORY STUDIES 
FACILITY 

--C- B Sections 8.3.1.31 15.1.1.1 , 8.3-. .I 15.1.' i.2, 8.3.3 1.15.1. 1..I3, 8.3. .15.•1• .2.-., 

9.3.1.15.1.3.i, 8.3.1.15.1.3.2, 8.3.1.5.1.4.1, 8.3.1.15.1.4.2 (Activities) 

i. Density and Porosity Characterization (thermal properties) 
2. Volumetric Heat Capaci:y Characterization 
3. Therma Conductivity Characterization 
4. Thermal Expansion Characterization 
5. Compressive Mechanical Properties of :ntact Rock at Baseline 

-perimen Conditions 
6. Effects of Variable Environmental Conditions on Mechanical 

Properties (intact rock) 
7. Mechanical Properties of Fractures at Baseline Experiment 

Conditions.  
0. Effects of Variable Environmental Conditions on Mechanical 

Properties of Fractures 

:escric:ion of Aotivity 

7'e laboratory geoengineering properties test will provide bulk, thermal and 
.ec..an....a_ pr:perties data for evaluations of opening stability and related 
aesign and performance studies and/or modeling. Data from the laboratory 
:est wiL- aisc support analyses of the geomechanical and thermcmechanical 
field tests planned in the ESF. The ESF activities are basically the 
cIleotion, packaging, and labeling of the selected bulk samples or core 
taken from the shafts or drifts. The laboratory test activities are 
described individually in SCPB Section 8.3.1.15.1.  

The tests require sampling throughout the ESF. The tests are laboratory 

Sze:ial Room/Alcove Requirements

No special room/alcove is required.



":nterference Envelope 

,c inoerference envelope. Sarmrles should be :aken from r:ck that has not 
ceen r- si:urbed by excavation or :esting ccnd:itons. Dry coring may be 
re=,red In some cases.  

.. ne. Provide capabilities t- d' cores or collect samples and transport 
them to the surface for shipment to laboratories.  

.__zna Schedule Reauirements 

S... n..ict with facility construct.. n.  

ESF :esign/Test Suocrt- Requiremen:s 

Standard underground facilities for water, air, and electricity for drilling 
will Ce used for this test. No other special experimental needs. Capability 
-hcui exist to extract cores of various sizes up to 15 inches in diameter.  

S ' *d eist-to etrac cors o
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- - PRE-:::LE 

�ZES�N STtJDIE S

PE .... '-'"i ESSIGN STUDIES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT 

SCB Sect<-.= 9.3.2.5.6 (:nf:v-at-,= Need) 

Descriot'lon of Activity 

This SCP activity was originally proposed for the purpose of development and 

demonstration of special equipment. Further specific equipment needs have 
not been identified to date.  

To be determined.

Sceci-" P.-c,"n'A1cve Reauirements

To be determine• .  

.:ter:erence~ oo

To be determined interference envelope.  

cznst ra ts~ /Con~tro)ls 

None identified.  

Timinz,'S:edule Requirements

No conflict with facility construction.  

ESF. esign/Test Support Requirements 

Standard underground facilities for water, air, and electricity for drilling 
will be used for this test. No other special experimental needs are 
currently identified.
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PRE-T:TLE :7 DES:GN STUDIES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: IN SITU TESTING OF SEAL COM4PONENTS 

SCPB Secti4:n ?.3.3.2.2.3 (Study) 

.L ctvitv 

Because one of the 'sealing' concepts for the Yucca Mountain Project (YMP) is 
drainaae cf water through the highly fractured rock, two areas of 
characterizaioon are essential: first, characterizing the potential of 
4iscrete stru..ctural features to introduce water into the ramp, and second, 
cna.a.•-eroz~ng the ability of the rock mass to drain water by determining the 
rock mass hydraulic conductivity.  

Berause of the overall performance of the repository, including the 
cerf :rnanoe :f the sealing components, 4s, in part, tied to the air 
on- __'__cf the rock mass above the repository, measurements of air 

oonouot o:f discrete features and the bulk rock are necessary.  
7.eref:re, part ofr this activity involves determination of the air 
:onaucti of discrete features and t.e bulk rock to assess the potential 
for fl-:wut of the repository. A related test will involve contrasting the 
mo .i.f I.e- icermeatility zone (MPZ) in the main ramp with the MPZ in the 
parae ' .n:-doameter drifts.  

:-naiv, --e performance of sealing components, primarily backfilled crushed 
tuff ana engineered filter designs, will be evaluated. The primary concern 
is e -irat:on of fines under various hydrologic conditions and the 
ctenta. : these fines to migrate into the fractures and reduce the -... .uct.vi.y. Tests to support the borehole sealing program will 

as: ce perfocrmed primarily in the nonwelded and bedded tuffs.  

Two zaoegýries of tests are necessary in the sealing program: 

a. intrinsic permeability characterization of discrete structural 
features to evaluate water inflow and air outflow, 

c. assessment of selected rock mass locations to drain water and leak 
z-r, evaluation of sealing component performance, and 
cnaracterization of the modified permeability zone (MPZ) in the main 
-amps and in the drifts parallel to the main ramp.  

Looation 

The tests will be conducted in the densely welded Tiva Canyon unit, the 
bedded cuffs below the Tiva Canyon unit, and in the Topopah Spring unit.  
Locat:ons for the tests in the north ramp access are provided in Figure 1.
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Soecial ?com"AlCOv, Reaulrerents 

The locations for the sealing re-a:ed tests are defined on Figure 1.  

ategory A Test5in 
- Bow Ridge .ault 
- Characteristic fau-l' or fracture zone beneath alluvium downgrade 

from tne Bow Ridge fau_ 
- aracteristiz f r fracture zone downgrade from the 

alluvial area 
- Characteristic fault or fracture zones in the Topopah Spring 

Member (2 locaticns) 

The purpose in characterizing these structural features through air 
conductivity testing is to provide information that will be used to refine 
the design requirements for seals. If these structural features do not 
produce water, an alcove 6.1m x 6.1m x 3.1m (height) should be developed 
after construction of the main ramp and it should be located approximately 
..1m from the stuctura.. Aeature cF interest. There are five potential 
locations identified in the ramp. These locations are identified in Figure 1.  

Note: If water occurs i.n these ty•ical zones, no alcove is necessary.  
1owever, it will be necessary to mcnitor the inflows for the life of the 
faclt.y. Quantification of these inflows is as essential for the sealing 
program as it is for devel3ping a performance assessment model. Because this 
inf..mati.n has very broad usage, it is not necessary for this information to 
be acquired under the sealing program. In fact, the intrinsic permeability 
testing of major structural zones penetrated by the ramp may already be 
de-4ned tv otners in the project.  

aerv B esting 
- Tiva Canyon densely welded zone 

Middle and lower portion of the bedded tuff zone and the upper 
portion of the Topopah Spring unit 

- a :naracteristic portion of the densely welded, highly fractured 
:cpopah Spring unit 

each of these areas a 3.1m-diameter drift should be developed parallel to 
the main ramp and at the same inclination as the main ramp. These drifts 
should te at least three tunnel diameters from the main ramp. These drifts 
should also be developed using smooth wall blasting to simulate as closely as 
possible the conditions in the main ramp.  

..terference Envelope 

For all testing it is necessary that no water injection in the rock mass 
occurs prior to the air conductivity testing. The drifts for Category B 
testing should be at least 3 tunnel diameters away from the main ramp.
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Constarait.~nrl 

...... ra-or! boreholes, currently anticipated to:) be drilled at 1000 foct 
spacings along the alignment of the ramps, should not intercept the ramp. :f 
:eered to be necessary, the borehcLes should be offset from the ramp, perhaps 

tunnel diameters.  

:r'z :rillng of core holes in the test areas should be attempted first. The 
Z-n-n rcect drill.ing tech..aue will be used first. f resents 
unusual dlfficulties drilling should be performed using air foam.  

-:f ne test locations are to have multi-uses, then the floor shall be 
Protected from fines clogging the floor of the drifts by the placement Cf 
uecmembrane materials or equivalent. This applies only to the three drifts 
carallel to the main ramp.  

:n tne tnree, 3.1m-diameter drifts and the alcoves, the contractor shall 
mrzt tne zone of overbreak through either smooth wall blasting or 

p~resplitting.  

The initial testing of all areas will use air. Water injection should not 
:cc;r prior to the air testing.  

Eecause the tests evaluate drainage characteristics, no fluids from 
u.....rou.. repository excavation should be disposed of in the test areas.  

- -ne testing of sealing systems is needed under flooding scenarios, then a 
S......at amount of water may be required. If this is required, then a 

nr^. .... zone of influence may result. The impact of this zone of 
- -ez o•av tnen need to be analyzed.  

The fleor cf the main ramp shall be protected from fines entering the 
:raztures on the floor as soon as practical.  

ie -ecrire-4 for safety reasons, no grouting should be performed -n the 
r amp.  

"I.1 water -nflowsý should be monitored as soon as possible after the inflows 
are encountered.  

- - c-edule Requirements 

7est ng of the rock and the structural features can be performed any time 
f te development of the main ramp. The only exception to this will be 

..e measurement of water inflows as soon as possible after their occurrence.  

Es- Deslqn,7 est Support Requirements 

The three, 3.1m drifts shall be parallel to the main ramp and be at the same 
zraze as the main ramp.
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Excavated rock should be stcckpiled according to general stratigraphy, i.e., 
Tiva Canyon Member welded zones, n.nweded and bedded tuff zones, and the 

Topcpah Spring Member welded zones.  

?equired Test Support - For beto ca-tecries of testing standard facilities 
support, such as eiectrc:ity, water, and air, will be necessary. In addition 
Ie following support is required.  

Category A Tes:ing 

Each of the alcoves should be large enough for a drilling machine tnat 
can core a distance of apr.•-....ate.ly 20m. Two horizontal hcles will 

penetrate the fault cr fractured zone. The first hole will be drilled 

perpendicular to the structural feature and one will be drilled to 

intercept the fault plane at a currently unspecified angle. The 
_ntrinsic oermeability of the zone upgrade from the fault zone, at the 

fault zone, and downgrade r:= the fault zone will be characterized.  

testing will involve a data acquisiticn system and a system to 

determine the Jnntr_4nsic permeability of these zones, possibly a 

guarded-straddle-packer syst.em. 3ecause we intend to determine the 
permeability hrougn thne use c i _,n4ec•ion, a uniform supply of 
ccmpressed air will be necessary.  

:ategory B Testing 

Each--:f------ in-diameter drifts will require borehole drilling and 
c....g sucDcrt to characterize the natural fracturing and excavation 
Induced fracturing. in the main ramp the fractures along the same 
para--el seament as the 3.Im-diameter ramps will also be characterized.  
The nnr-er or the boreholes depends on tte nature of the fractured 
system. Testing similar to the Category A testing will be performed to 

characterize the fractured rock. Therefore, a uniform compressed air 
supply will be necessary. Because the bedded tuff drift will also w----.' bhe noecoessearigy. '• 

s..pcr: tne borehole sealing activity, it is anticipated that horizontal 
coring into the bedded tuffs would also be performed. The exact amount 
of driiing is not currently defined.  

Measurementrof the air conductivity at a drift scale will also be 
perf:rmed. This will require the pressurization of a segment of the 
drift and injection of a tracer. Because of the scale of this test, a 

larger compressed air supply will be necessary. The requirement of the 
size of the air supply depends on the quality of rock being evaluated.  
La2re-scale testing of the drifts will require construction of temporary 
oulkheads, constructed possibly of cinder blocks and sealed with gunite.  

Testing of seal designs will also be performed in these drifts. This 

"ype of testing would require the placement of temporary bulkheads and 
the placement of backfill through mechanical compaction and pneumatic 
emplacement. This would require material handling of graded materials 
to the seal test areas. The first series of tests would be performed in 

the Tiva Canyon drift. When adequate backfill and filter designs are 
dvlpdibackf ng operations will be performed in the deve-'opec more realistic bakfll 4 

bedded tuff and Topopah Spring tuff alcoves. Because mechanical 
compaction and pneumatic emplacement are both being considered to

Ep
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backf-il drifts and multiple designs may be used to seal the ramps anJ 
the underground facility, crushed tuff will be emplaced in the test 
"jrifts and removed from the drifLts several :imes. These multiple : ests 
will ze required to optimize the backfill and fllter designs.  

"-C-e: :f another underground test facility is defined, some of this seal 
emolacernen: testing need not be performed in these drifts. However, the 
selec:ea designs snould be emplaced in each zcne to validate the emplaced 
perf:or-ace :f t.e .ackfill and the filters. Par: of the test may involve 
-he 4n-ec::on 3f water i-nt, tne backfIll.
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?RE-TITLE 11 :ESIGN STU:IES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: CHLORIDE AND CHLORINE-36 MEASUREMENT OF PERCOLATION 
AT YUCCA MOUNTAIN 

S0C3 Se.:.:n 9 •." .2.2.2.1 (Activity) 

:escr:ition of Activity 

These measurements will be made at various depths to determine the rate of 
dater movement downward througn the unsaturated-zone tuffs using the 
ch-srrne-2A,'chloride concentration ratio. Large bulk samples from up to 30 
locations will be periodically collected, packaged, and labeled for 
latcratcry analysis as described in SCPB Section 8.3.1.2.2.2.1. Because of 
the requirement to extract pore water to conduct the chlorine-36 test, 
several nundred unds of samples may be needed at each sampling location.  

In the event that perched water is encountered, perched water samples will 
also be prwv.ded to Los Alamos.  

7his is a sample collecting activity. Along ramps samples will be collected 
every 100 m. For a vertical shaft, samples will be collected every 30 m.  
SampLes will also be required at contacts, faults, and fracture zones when 
enccannered in elither type of excavation. Each sample will consist of 0.0 tD 
200 Kg :f r:ck that has been loaded and sealed into 2Z8-L (55 gal.) drums.  

" _nnel tcoring is conducted dry, then chips can be used.  

Scer•a : .'m'A!ve Reauirements 

N: speciar :m•:or alcove is required.  

-nterference Envelope 

N:c Len~ifiable interference envelope, but samples must be collected avoiding 
any interferences from possible contamination by other sources of chloride 
and crzmide.  

Zons:raints 'ontrols 

Dry construction is the preferred ESF excavation method for this test. If 
"liquids are used then dry drilling will be used to obtain samples.
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Timina•..cedule Reauirements 

This test is an ESF sampling act'vitv and can be ccnduczed during facility 
cons:ruction without impact to constructiJon ac:ivities.  

ESF 2esizniTest Sucocrr Requirements 

Design and test suppcrt requirements will differ if a tunnel boring machine 
:s used w.th Liqu:as. :n that case, samples will have to be ccllected by 
drilling rather than using excavation cuttings. Only other required utility 
4s lights. Sampling locations will have to be surveyed. Sampling should 
fcliow completion of geologic mapping activities.
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7.-:T: M 'ES7_N STCTS 
ELANSD TESTS - NCRTH F.JkiP ACýCESS 

PLANNED ACTIVITY NAME: DIFFUSION TESTS IN THE EXPLORATORY STUDIES FACILITY 

:escrcrticn of Acti•-tv 

-he diffusion test in the ESF Tocopah Spring North ramp will use a specially 
cons:ructed alcove in non-welded material. Eac= test will require zorenoles 
dry-drilled, vertically downward, or subhorizontally in each alcove. Each 
tcle will be approximately 10 cm diameter for The upper 10 meters and about 4 
cm d:ameter for the bottom 45 cm. The bottom of each hole will serve as a 
source region for the tracer diffusion tests. The core reo:ved from the 
c ,m of each hole will be examined for fractures in order to minimize the 

possibililtv of fractures intersecting the source region. In addition, the 
boreholes will be examined for fractures using a downhole borescope.  

Abct !0 .l of solution co.ntaining a suite of tracers will be placed at the 
cottom of nte 4 cm diameter hole. One of the tracers will be bromide. The 10 

dm diameter hole will be sealed with an inflatable packer to isolate the 
£cttom of the hole from air pressure and humidity changes in the alcove while 
"diffusion occurs. The hole will then be overcored, and the bottom ocrtlon of 

he core will Ce sectioned and analyzed for tracer concentration as a 
cosition.  

The results of the diffusion experiments will be used to estimate the 
e'ec:._ve diffusion coefficients of conservative radionuclides in the 
unsaturated zone. There will be two sets of experiments performed. The 
-._.--a- experiment (3 months) will be performed to establish the length of 

. ..ereared and the size and type of overcoring needed to effect the 
r:anscort rate via diffusion through the unsaturated tuff unit. Then a 

Perood of one year will be required to conduct a conclusive experiment to be 
reccrted in a milestone report.  

7 nis test will be conducted in an alcove located near the middle of the non
welded Paintbrush Tuff Unit below the Tiva.  

4oeclal Room/Alcove Requirements 

An alcove that is 6-m in diameter is required. Drill hole will be located in 
center :f alcove so alcove should have sufficient height to accommodate 
drilling equipment. Hole will be dry drilled. The diameter of this hole is 
1cm over the first 10 -m and 4 cm over the next 0.45 m.
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:nterference Enveicce 

No test or additional construction within E m of this fac'lity.  

- nstrains/Controls 

S......u.:_n• and irifi.ng should be done dry. Minimize the introducýin, 
anr:e a z.nto the alzove.  

. in,'S..ed.l_ Reauire.ments 

2-his test must be initiated four years prior to the completion cf milestone 
R53 ~7 which is titLed 'Sign.-fcant Physical Processes Affecting Transport" 
Zeing conducted under the Retardation Sensitivity Study (WBS 1.2.3.4.1.5.1).  

7.... esn"./--s: Suzcort Requirements 

No differences from the ESFDR except the test will be conducted in non-welded 

sights, electriciy (110 and 220v), and compressed air.  
_nuSO be surveyed and geologic mapping should be completed prior to 

-es infatoon.
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PLANNED ES7 TESTS - MC?.:H RAMP ACCESS

PLANNED ACTIVITY NAME: HISTORY OF MINERALOGIC AND GEOCHEMICAL ALTERATION OF 
YUCCA MOUNTAIN

LeP serction of21.Ac .11i(ctiity

his study will include petrologic analysis of alteration sequences and 
struc:ures. Mineral growth sequences will be studied using an electron 
mrcorzre. Ages ofl alteration events wi.. be estimated using potassium
argon dating or clays and zecii..:es and electron spin resonance dating of 
auar:z and calit"e.  

Samples wiil be collected from the bottom of the Topopah Spring Member and 
the Calico Hills. The underground samples will provide large oriented 
samples of alteration products. Any natural gels found in the ESF will be 
sampled.  

aýmcles will be collected from the lower Topopah Spring and throughout the 
.......... ~n._. Samples of any gels encountered will be collected at any 

ooca:ion Un the facility.  

zceoa o cr.'W .... e Requirements

,o s-ecial room or alcove is needed.  

S ... .... .... ... elo~e

There :s no interference of other tests on this test. Samples can be 
c...ec..e. at any location (shafts/ramps) that has been identified by get og.st.  

Zonstraints!Controls

There are no special constraints required by this test.  

:/ming/Schedule Recuirements 

Tes: is sampling so can be conducted following excavation.  
sampled as soon as possible after exposure by excavation.

Gels must be



.�

ESF Desiqn St Sup cRt ?euirem.ernts 

This test is listed 4n the ESFF. under Mir'eralogy and Petrolcgy sampling.  

Requirements will change depending on the excavation method.  

Drili'ng may be required to collect samples. Geologic mapping should be 

cmrr.Lee and samp.e locations surveyed prior to sample collectiun.
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PRE-::T:E DESGN STTUDIES 
PLANNED ESF TES:S - NORTH RAIMP ACCESS 

PLANNED ACTIVITY NAME: FRACTURE MINERALOGY STUDIES OF THE EXPLORATORY 
STUDIES FACILITY 

S C• S e c tiCn ý .3 .1.3.2 .1.3 (Ac ti'vi t-y) 

Des:frition of Activity 

The fracture mineralogy studies will be conducted to determine mineralcgic 
var'aoi-iy throughout the Exploratory Studies Facility (ESF) to establish 

he time and conditions of fracture mineralogy deposition alteration, and to idenifyv fracture-coating mineral :vpes, sorptive characteristics, and health 
hazard pocen--al of fibrous zeolites.  

.ýrn addition to rineraloaic sampling by drilling cores and collecting samples 
f*rom walls and at the face in the ESF drifts, samples may be collected on the surface from the muck removed. The samples will be packaged and labeled for 
snipmen:t to a Los Alamos laboratory for detailed analyses, including age 
Jerermuna::-ions. The site parameters gathered by tnis act.i;vity are presented 

Sýu:v wo' be conducted throughout the facility where fractures are located.  

c~ial ?:Alcove Reauirements 

Nc scecial rz:m or alcove is needed.  

n-tererence Envelope 

-here IS no interference from other tests on this test.  

-"•'-•'-s ontro ls 

s..a...ts are clean walls and ability to obtain core when requested.  
Sampling sites will need to be surveyed.  

Timinz'Schedule Reauirements 

This is basically sample collection and it does not have to be performed 
. eo -gic mapping has been completed and drilling equipment is a va I baIe .

70



ESF' :esian.':est Suppor: Requirement:s 

-t-i3 :est is listed in the ESFCR .ýder X:U.era--zav and Ret-rclogy sarlplig.  
Rea-ulremernts will change depending c-. e excavatiorn method s.  

:ecendo4ing -n excavation technique, d-4rilling may be requi-red to obtainl samples 
fc: carac:erizatiofl.



PRE-::E i: ES:SN STUD:ES 
PLANNED ESF TSETS - NCR:H RAMP ACCESS 

PLANNED ACTIVITY NAME: BIOLOGICAL SORPTION AND TRANSPORT 

zCF3 Sec:.in 9.3..-3.4.2 (St dvi 

:escr:icti:n of. Activity 

.nderground operations will L-nrcuce microorganisms into the environment.  
his study will address the effects of these organisms on retardation (either 

positive or negative) of radionuclides. This study will determine tne growth 
of microorganisms in fluids used in excavation and drilling, evaluate the 
=nfluence of microorganisms on actinide mobility, and determine binding 
..nstants of microorganisms to actinides. Indigenous populations must be 
character~zed as well as introduced organisms.  

Microcrganisms will be cultured from samples collected by drilling and from 
tne ESE. These organisms will then be cultured in the presence of fluids 
expected to be introduced to examine growth. These microorganisms will also 
be used to examine actinide sorption characteristics.  

.est is sampling for i _crobial populations throughout the facility within all 

sa: at contacts.  

reoal ?m'Alcove Reau4i-rents 

, e speoial room or alccve.  

:nterference Envelope 

zamoles must be Collected in a manner to avoid any contamination by 
ti:_cgical sources. Either drill and blast or mechanical excavation methods 
can ce used given that sufficiently large sizes of muck can be collected so 
tat a .. O-gm sample can be collected aseptically.  

:ns-_raints/Ccntrols 

Ac. .itv to collect aseptic samples. -his activity is sample collection.  
Samples will be identified by the principal investigator. No constraints are 
imposed by this activity on either construction or other testing activities.  
Samples must Ce of sufficient size to minimize contamination so that 100-gm 
c: material can be collected aseptically. Either fluid used in excavation or 
chemicals used in blasting are not expected to affect samples if they are of 
su::ic~ent size so that coring can be employed to obtain aseptic sample.



":ningA'chedule Reauirements 

This is a sampiing activity so nc impact cn ccnstruction is expected.  

ESF Design/Test Support Reauirements 

This test is not currently liste. in the ESFDR. All test and facility 
requirements will A developed. Samples will have to be cclected 
aseptically.  

Samples must be of sufficient size so the aseptic techniques can be used.
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PRE-TITLE I: DESIGN STUDIES 
PLANNED ESF TESTS - NORTH RAMP ACCESS 

PLANNED ACTIVITY NAME: PETROLOGIC STRATIGRAPHY OF THE TOPOPAH SPRING MEMBER 

SC?2 Section 9.3.:.3.2.i.1 (Activity) 

Description of Activity

The goal for this activity is to determine the petrologic variability within 
the devitrified Topopah Spring Member at Yucca Mountain, and to define the 
stratigrapnic distributicn of this variability using samples taken from 
_cca:_cns throughout the TS member in the ESF. Studies of the distribution 
cf pnenocys: and rock matrix textures in this member have been shown to be 
u.seful. for defining stratigraphic position. Analysis will be conducted with 
X-ray diffraction. Chemical analyses will also be used to determine 
variability.  

Ti t -est will ce conducted throughout the Topopah Spring Member in the ESF.  

SPecial R .c'Am!Accve Requirements

No spec-4a room or alcove is needed.  

7 Eve' oae

int-erfe-rence envelope. Geologic mapping should be completed prior to this 
est.  

There are no constraints imposed by this activity.  

7=L~nzScthedule Re.uirements

Tils test Is sample collection so it should not interfere with construction.
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ESE Desian'Test Support Requirements 

This test was listed in the ESF•R under Mineralogy and PetrOlogy samplina.  
Requirements will change depending on the excavation method. No special 
e,:- rements are imposed on the design of the ESF. Ability must exist to 

rie ...... ed sampies and to transport samples to the surface.  

.i.L may be required to obtain samples for laboratory analyses.
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2.3 Scientific Manpower Requirements for Testing 

2.3.1 Definition of Test 

This testing integration study defines the recommended 

planning and design assumptions for on-site scientific 

manpower requirements to support ESF testing.  

2.3.2 Functional Requirements 

1. Provide the system design sufficient flexibility 

to accommodate ESF testing requirements.  

2.3.3 Performance Criteria 

1. The ESF should be designed to accommodate a 

nominal scientific workforce of 100 persons.  

2. Peak scientific manpower, during day shift in the 

first few months as the MTL test areas first 

become available, is estimated to be 120 people.  

2.3.4 Assumptions 

1. The analysis was based on a network of 670 test 

activities with resource loading. This network 

contained input from 19 PIs. The judgments and 

assumptions are discussed in a Los Alamos letter 

dated July 12, 1988
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(ESD-WX4-7/s8-7). Subsequent revision by the PIs 

allowed the recommended peak scientific manpower 

to be reduced to 120 people.  

2. This manpower estimate does not include 

A. Drilling crews 

B. Cable plant installation 

C. Construction activities 

D. Official visitors
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2.4 Laboratory/Office/Storage Space Requirements 

2.4.1 Functional Requirements 

1. Provide adequate space at the ESF, surface and 

underground, for each testing organization to be 

able to satisfactorily perform the following 

tests.  

Min/Pet Sampling Test (LANL) 
Hydrologic Properties Sampling Test 
(USGS-Hyd) 
Chlorine-36 Test (LANL) 
Geoengineering Laboratory Samples Test 
(SNL) 
Diffusion Test (LANL) 
Overcore Stress Test (USGS-Mech) 

2. Provide adequate space at the ESF, surface and 

underground, for each testing organization to be 

able to satisfactorily perform the following 

tests.  

Demonstration Breakout Room Test (UDBR 
and MTL)(SNL) 

* Plate Loading Test (SNL) 
* TSwl Heater Test (SNL) 
* Sequential Drift Mining Test (SNL) 
* Horizontal Boring Machine Test (SNL) 
. Excavation Effects Test (UDBR and 

MTL) (USGS-Hyd) 
* Intact Fracture Test (USGS-Hyd) 
* Equipment Development Test (SNL) 

3. Provide adequate space at the ESF, surface and 

underground, for each testing organization to be 

able to satisfactorily perform the following 

tests.
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Underground Geologic Mapping Test 
(USGS-Geo) 

. Vertical Seismic Profiling Test (LBL) 
* Shaft Convergence Test (SNL) 
* Radial Borehole Test (USGS-Hyd) 
* Perched Water Test (USGS-Hyd) 
. Hydrochemistry Test (USGS-Hyd) 

2.4.1 4. Provide adequate space at the ESF, surface 

and underground, for each testing 

organization to be able to satisfactorily 

perform the following tests.  

Evaluation of Mining Methods Test (SNL) 

Monitoring of Ground Support Systems 
Test (SNL) 
Monitoring Drift Stability Test (SNL) 
Air Quality and Ventilation Test (SNL) 

5. Provide adequate space at the ESF, surface 

and underground for each testing organization 

to be able to satisfactorily perform the 

following tests.  

* Canister Scale Heater Test (SNL) 
• Yucca Mountain Heated Block Test (SNL) 
* Thermal Stress Measurements Test (SNL) 

Rock Mass Response Test (SNL) 

6. Provide adequate space at the ESF, surface 

and underground for each testing organization 

to be able to satisfactorily perform the 

following tests.  

Infiltration Test (USGS-Hyd) 
Bulk Permeability Test (USGS-Hyd) 
Calico Hills Test (USGS-Hyd)
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2.4.1 7. Provide adequate space at the ESF, surface 

and underground for each testing organization 

to be able to satisfactorily perform the 

following tests.  

• Heated Room Test (SNL) 
• Engineered Barrier Design Test (LLNL) 

2.4.2 Performance Criteria 

la. 150 sq ft of office space and limited storage 

space at the ESF (surface) will be provided.  

lb. 150 sq ft of storage space for three rock 

collection bins. This space will be located near 

the ES-1 shaft, and will be common to the sample 

collection point at the ES-1 collar.  

1c. An alcove 10 ft x 10 ft x 16 ft will be provided 

at the MTL and the CHDR to perform the drilling 

for the Diffusion Test (see performance Criteria 

6c.) 

ld. Storage space for four nitrogen bottles will be 

provided in the Diffusion Test alcove.  

le. Adequate space will be provided in the drifts at 

the MTL and CHDR to perform overcoring for the 

Overcore Stress Test.  

lf. 1000 sq ft of space will be provided at the 

auxiliary pad for two semi-trailer units.  

(purpose?)
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2a. 200 sq ft of office space and limited storage 

space at the ESF (surface) will be provided.  

2b. The Demonstration Breakout Room will require an 

area 25 ft wide x 19 ft high x 150 ft long at both 

the UDBR and MTL. The 150 ft length begins at the 

corner of any opening perpendicular to the DBR 

drift and extends without any alcoves or openings 

within the drift for 150 ft.  

2c. A DAS will be provided for the SNL tests at the 

UDBR and the DBR at the MTL. It will require an 

area 17 ft wide x 14 ft high x 26 ft long.  

2d. Space for the TSwl Heater Test will be provided at 

the UDBR. At this time, no additional excavation 

is needed.  

2e. Space for the Plate Loading Tests will be provided 

at the UDBR and MTL. Approximately 15 plate 

loading tests will be performed in the ESF, and no 

additional excavation is planned at this time.  

2f. Space for the Excavation Effect Test will be 

provided at the UDBR and MTL. No additional 

excavation is planned at this time.  

2g. A DAS will be provided for the Excavation Effects 

Test at the UDBR. Dimensions for the DAS are 17 

ft wide x 14 ft high x 26 ft long.
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2h. Space for the Equipment Development Test will be 

provided at the MTL. No additional excavation is 

required at this time.  

2i. Three drifts will be excavated for the Sequential 

Drift Mining Test. Two instrumentation drifts 

will be 16 ft wide x 14 ft high x 180 ft long.  

The third (center) drift will be 25 ft wide x 10 

ft high x 180 ft long.  

2j. Two DAS alcoves are required for the Sequential 

Drift Mining Test. Each DAS alcove will be 17 ft 

wide x 12 ft high x 26 ft long.  

2k. An organization computer alcove is also required 

for the Sequential Drift Mining Test. This 

alcove is 20 ft width x 12 ft high x 25 ft long.  

21. Space for the Intact Fracture Test will be needed 

in the shaft for drilling purposes.  

3a. 100 sq ft of office space, storage space and lab 

lay down area at the ESF (surface) will be 

provided.  

3b. An alcove will be excavated at the MTL for storing 

equipment and supplies. This alcove will be 

constructed to afford no access to unauthorized 

personnel. The minimum dimensions will be 16 ft 

wide x 10 ft high x 20 ft long.  

3c. Alcoves will be excavated in the shaft rib at 

depths of 70.86 m (232.48 ft), 190.86 m (626.20
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ft) and 310.86 m (1019.92 ft) for the shaft 

convergence data collection units. The units are 

4 ft wide x 8 ft high x 4 ft deep. (Shaft 

Convergence Test 1 and 2 can share the data 

collection units with Radial Borehole Test 7.) 

3d. Alcoves for the Short Radial Boreholes will be 

excavated in the shaft rib at depths of 28.35 m 

(93 ft), 34.44 m (113 ft), 79.55 m (261 ft), 85.64 

m (281 ft), 120.69 m (396 ft), 243.22 m (798 ft), 

for the Radial Borehole Test data collection 

units. The units are 4 ft wide x 8 ft high x 4 ft 

deep (see performance criteria 3c). The alcove 

should be constructed to accommodate a shelf 

4 ft wide x 3 ft high x 4 ft deep. Total alcove 

dimensions will be 4 ft wide x 8 ft high x 4 ft 

deep.  

3e. The Hydrochemistry Test will require an alcove at 

the UDBR and MTL. The dimensions of this alcove 

are 10 ft wide x 10 ft high x 8 ft long.  

4a. 100 sq ft of office space and limited storage 

space at the ESF (surface) will be provided.  

4b. No additional excavation will be required for the 

Evaluation of Mining Methods Test, Monitoring of 

Ground Support Systems Test, and Air Quality and 

Ventilation Test.
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4c. Space will be provided at the end of the Ghost

Dance Fault drift to perform the Air Quality and 

Ventilation Drift. This portion of the drift will 

be sealed by a bulk head.  

5a. 100 sq ft of office space and limited storage 

space at the ESF (surface) will be provided.  

5b. An alcove at the MTL will be required for the 

Canister Scale Heater Test. The dimensions of 

this alcove are 14 ft wide x 14 ft high x 25 feet 

deep.  

5c. An alcove at the MTL will be required for the 

Heated Block Test. The dimensions of this alcove 

are 27 ft wide x 14 ft high x 27 ft deep.  

5d. A DAS alcove will be needed for the Canister Scale 

Heater Test and the Heated Block Test. The 

dimensions for this alcove are 25 ft wide x 12 ft 

high x 21 ft long.  

5e. An organizational computer alcove will be 

required. The dimensions for this alcove are 20 

ft wide x 12 ft high x 25 ft long.  

5f. Space for the Thermal Stress Measurements Test 

will be provided. No additional excavation is 

required for this test.  

5g. Space for the Rock Mass Response Test will be 

required at five locations throughout the MTL. No 

additional excavation is required for this test.
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6a. 100 sq ft of office space and limited storage, 

space at the ESF (surface) will be provided.  

6b. Space for the Infiltration Test will be provided.  

Dimensions for this test will TBD.  

6c. A DAS alcove is needed for this test. Dimensions 

for this alcove are 17 ft wide x 12 ft high x 46 

ft long. This DAS will be shared with the 

Diffusion Test.  

6d. Space for the Bulk Permeability Test will be 

provided. The Bulk Permeability Test is composed 

of four separate drill rooms, two at each end of 

service drift four, and two whose locations and 

dimensions will be determined at a later date.  

6e. A DAS alcove will be required for each separate 

Bulk Permeability Test. Dimensions for each of 

these alcoves are 17 ft wide x 12 ft high x 46 ft 

long.  

7a. 500 sq ft of office space and limited storage 

space at the ESF (surface) will be provided.  

7b. Space for the Heated Room Test will be required.  

No additional excavation for this test is needed.  

7c. The Heated Room Test will require an 

organizational computer alcove. Dimensions for 

this alcove are 20 ft wide x 12 ft high x 25 ft 

long.  

7d. The Heated Room Test will require a DAS alcove.
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The dimensions for this alcove are 17 ft wide x 12 

ft high x 26 ft deep.  

7e. 200 sq ft of space will be provided on the surface 

at the auxiliary pad for a machine shop trailer.  

7f. The Engineered Barrier System Field Tests will 

require subsurface storage space and alcoves for 

organizational computers as shown in Figures B

2.33-A to 2.33-C. The dimensions for each storage 

alcove and each computer alcove are 15 ft by 15 ft 

in horizontal dimensions and a minimum height of 8 

ft.  

7g. The Engineered Barrier Test requires two DAS 

alcoves. The dimensions for these alcoves are 17 

ft wide x 12 ft high x 26 ft long.  

7h. The Engineered Barrier System Field Test is 

composed of drifts as defined in Figures 2.33-A to 

2.33-C. The instrumentation drift which parallel 

the test drift are connected to the MTL by ramps.  

Constraints 

None
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2.5 Electrical Power Requirements for ESF Testing

Location: Shaft 

Test Name 

Shaft Wall Mapping 

Min/Pet Sampling 

Vertical Seismic 
Profiling (1) 

Shaft Convergence 
(1) (2) 

Hydrologic Properties 
Samples (1) 

Radial Boreholes 
(1) (3) 

Perched Water (1)

Volts 

120 

120 

120 

120 

120 

120

Phase 

Single 

Single 

Single 

Single 

Single 

Single

Watts 

600 

300 

300 

300 

150 

300

KUs 

Lights 

Instrumentation 

Instrumentation 

Instrumentation 

Logging 

Instrumentation

Hydrochemistry 

Chlorine-36 (1)
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2.5 Electrical Power Requirements for ESF Testing

Location: Upper Demonstration 

Ts NaeVolts 

Drift Wall Mapping 120 

Min/Pet Sampling 

Vertical Seismic 120 
Profiling (4) 

Upper Demonstration 120 
Breakout Room 

TSwl Heater Test 120

Overcore Stress

Hydrologic Properties 
Samples (4) 

Excavation Effects 

Plate Loading

120 
208 

120

120 

120 
120

Breakout 

Singe 

Single 

Single 

Single 

Single Single 
Triple 

Single

Single 

Single 
Single

Room 

600 

300 

1200 

300 
600 

1200 

600

600 

600 
300

Use 

Lights 

Instrumentation 

Lights 

Instrumentation 
Lights 
Heater 

TV Borehole 
Camera

Instrumentation 

Lights 
Instrumentation
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2.5 Electrical Power Requirements for ESF Testing 

Location: Main Test Level

Tes Nme

Drift Wall Mapping 

Min/Pet Sampling 

Vertical Seismic 
Profiling (4) 

Demonstration 
Breakout Room

Sequential Drift 
Mining 

Canister Scale 
Heater 

Heated Block 

Thermal Stress 

Heated Room

120

120 

120 

120 

120 

120 

120 
120 
208 

120 
120 
480 

120 
220 
480 

120 
120 
480

Phase 

Single 

Single 

Single 

Single 

Single 

Single 

Single 
Single 
Triple 

Single 
Single 
Triple 

Single 
Single 
Triple 

Single 
Single 
Triple

Watts M"

600

300

1200 

300 

2400 

600 

600 
300 

5000 

600 
300 

14000 

600 
300 

24000 

600 
300 

96000

Lights

Instrumentation 

Lights 

Instrumentation 

Lights 

Instrumentation 

Lights 
Instrumentation 
Heater 

Lights 
Instrumentation 
Heaters 

Lights 
Instrumentation 
Heaters 

Lights 
Instrumentation 
Heaters
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2.5 Electrical Power Requirements for ESF Testing

Location: Main Test Level 

Na Volts 

Horizontal Boring 480 

Plate Loading (5) 120 
120 

Rock Mass Response 120 
120

Evaluation of Mining 
Methods 

Ground Support 

Monitoring Drift 
Stability (6) 

Air Quality & (7) 
Ventilation 

Overcore Stress 

Hydrologic Properties 
Samples (4) 

Infiltration Test 

Excavation Effects 

Hydrochemistry Test

120 

120 

120 

120 

120 

120 
120 

120 

12

Phase 

Triple 

Single 
Single 

Single 
Single

Single 

Single 

Single 

Single 

Single 

Single 
Single 

Single 

Direct 
Current

10000 

2400 
600 

600 
300

900 

300 

150 

1200 

300 

1200 
300 

600 

1000

U." 

Power to Machines 

Lights 
Instrumentation 

Lights 
Instrumentation

Instrumentation 

Instrumentation 

TV Borehole 
Camera 

Lights 

Instrumentation 

Lights 
Instrumentation 

Instrumentation 

20 Peristaltic 
Pumps @ 50 Watts 
Each
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2.5 Electrical Power Requirements for ESF Testing

Location: Main Test Level 

Test Name Volts 

Diffusion Test (8) 120 
120 

Engineered Barrier 120 
Design 

120 

208 

208 

208

Single 
Single 

Single 

Single 

Triple

600 
300 

65000 

65000 

28000

Triple 56000 

Triple 25000

us9 

Lights 
Instrumentation 

Instrumentation 
(UPS Power) 

Misc. Equipment 

Heater (Voltage 
Regulated Standby) 

Guard Heaters 
(Standby Power) 

Misc. Equipment
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2.5 Electrical Power Requirements for ESF Testing 

Footnotes and Clarification Notes 

i. The lights for shaft wall mapping can be used.  

2. Shaft Convergence Test has three locations in ES-1.  

3. Radial Boreholes Test has eight locations in ES-1.  

4. The lights for Drift Wall Mapping can be used.  

5. Plate Loading is in DBR and drifts A, B, C of the Sequential 
Drift Mining Test.  

6. Location is in all three long drifts.  

7. Location is at the end of one of the long drifts.  

8. Many tests that will be repeated in the Calico Hills unit (if 
testing is done in that horizon) will have power requirements 
that can be assumed to be the same as the corresponding test at 
other locations in the ESF.  

9. Unless otherwise defined, normal lighting values from design 
handbooks for laboratories and offices are acceptable in the 
testing alcoves.  

10. Where no requirements for a specific test have been stated, this 
is intended to imply that no "special" requirements for power 
have been identified for that test.
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2.6 Water System Design Requirements For ESF Testing 

2.6.1 Definition of Study 

This testing integration study defines the water system 

requirements to support ESF testing.  

2.6.2 Functional Requirement 

1. Provide the system design with sufficient flexibility 

to accommodate ESF testing requirements.  

2.6.3 Performance Criteria 

1. Each test location will have water provided.  

2. All water will be tagged with a suitable tracer as 

defined in the Hydrochemistry Test requirements 

(2.3.29).  

3. All water use in or around the ESF for each activity 

will be monitored and appropriate quantity records 

will be provided to the Test Manager's Office.  

4. The Engineered Barrier System Field Test has a special 

requirement for up to 500 gal/week of pristine J-13 

water (no tracers).
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2.6.4 Constraints 

1. Unless otherwise defined, a supply line capable of 

providing an intermittent flow rate of 10 gpm to each 

test area is required.  

2. The water supply for each test shall be provided to an 

access coupling and an isolation valve near each test 

location.  

3. A monitoring system will be installed to monitor water 

in/water out of the ESF.  

4. Water leakage will be kept to a minimum and will be 

contained to the maximum extent possible.  

5. No chlorine may be added to the water used in 

underground construction until a performance 

assessment evaluation has been made to determine if 

such chlorine could be detrimental to waste package 

materials.  

2.6.5 Assumptions 

1. Standard mine plant water is acceptable.  

2. The test organization will be responsible for the 

distribution system downstream from the isolation 

valve.

2.6-2



YMP, Cc' 

2.6.5 3. Each organization will be responsible for adding a 

tracer to its respective test (if needed) subject to 

tracer limitations necessitated by other tests.  

4. Standards for water meter accuracy conforming to 

American Water Works Association standard C700-77 will 

be adequate.  

5. Water metering will be required, as a minimum, at each 

tracer injection location (Reference 2.2.29).  

6. Water usage quantity records will be collected and 

handled using procedures developed by the project and 

approved by the Test Manager. It is anticipated that 

a "best effort" criterion will apply.
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2.7 compressed Air System Design Requirements for ESF Testing 

2.7.1 Definition of Test 

This testing integration study defines the compressed air 

system requirements to support ESF testing.  

2.7.2 Functional Requirements 

1. The functional design requirement is to provide the 

flexibility in the compressed air system to 

accommodate ESF testing requirements.  

2.7.3 Performance Criteria 

1. Each test location will have compressed air provided.  

2. All compressed air will be tagged with SF6 tracer to a 

nominal concentration of 20 parts per trillion.  

2.7.4 Constraints 

1. Provision will be made to prevent the introduction of 

liquid water from the compressed air supply into tests 

that are sensitive to water, such as the Diffusion 

Test, the Bulk Permeability Test, the Engineered 

Barrier System Field Tests, and the Radial Borehole 

Test.
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2.7.5 Interfaces 

1. The compressed air supply for each test shall be 

provided to an access coupling and an isolation valve 

near each test location.  

2.7.6 Assumptions 

1. Standard mine plant compressed air is suitable for all 

test areas.  

2. The test organization will be responsible for the 

distribution downstream from the isolation valve.
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2.8 Common Sampling Design Requirements in the ESF 

2.8.1 Definition of Study 

Sample collection requirements occur whenever coring is 

required and as a part of four specific tests: 1) 

Mineralogy Petrology Sampling (2.2.2), 2) Hydrologic 

Properties Samples (2.2.21), 3) Chlorine 36 Test (2.2.31), 

and 4) Geoengineering Laboratory Samples (2.2.34).  

Control and collection procedures will be developed by the 

PIs and the Sample Management Facility staff.  

2.8.2 Functional Requirements 

1. The functional design requirement is to provide a 

system design and construction specifications with 

sufficient flexibility to accommodate ESF sample 

collection requirements.  

2.8.3 Performance Criteria 

1. Sample collection will be required to satisfy the 

Performance Criteria, Constraints and Assumptions 

contained in following specific test requirements:
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* Mineralogy Petrology Sampling (2.2.2) 

* Hydrologic Properties Samples (2.2.21) 

. Chlorine 36 Test (2.2.31) 

* Geoengineering Laboratory Samples (2.2.34) 

2. Core samples from coring operations (reference 

Appendix C of the ESF SDRD) in the ESF will be handled 

and controlled using procedures developed by the PIs 

and the Sample Management Facility staff.  

2.8.4 Constraints 

2.8.5 Assumptions
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2.9 Communications System Design Requirements for ESF Testing 

2.9.1 Definition of Study 

This testing integration study defines the communication 

system requirements to support ESF Testing.  

2.9.2 Functional Requirements 

1. The functional design requirement is to provide 

intercom and telephone service to all locations and 

tests given in the attached Summary ESF Communication 

Requirements.  

2.9.3 Performance Criteria 

1. Permanent intercom stations must be provided in each 

of the major IDS equipment enclosures. This includes 

the IDS Surface Facility, the Interim IDS surface 

enclosure, the Upper and Lower Demonstration Breakout 

Room IDS Data Acquisition Stations, the Main Test 

Level Alcove DAS and all the IDS Data Acquisition 

Stations distributed on the Main Test Level.  

2. Permanent intercom stations must be provided in each 

of the organizational computer enclosures and 

individual test alcoves.
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2.9.3 3. Plug-in intercom connections must be provided adjacent 

to other IDS components including: 

"* Each In-shaft Data Acquisition Station 

"* Each Zone Box associated with the sensor used 

to generate Site Characterization Data.  

4. The intercom system must be flexible enough to allow 

additional plug-in and permanent stations to be added 

as the need arises.  

5. The intercom system must provide the following 

capabilities: 

Point-to-point conversation between any two 

stations.  

* Full duplex conversational mode.  

* Simultaneous multiple conversations. For 

example, Station A must be able to converse 

with Station B while Station C converses with 

Station D. Each of these conversations must be 

totally independent of the other.  

* A master broadcast mode which allows a station 

to transmit and receive messages to all other 

stations on the intercom network.  

* Audible and visual signals to indicate when a 

station is being called.
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2.9.3 6. Multiline telephones will be provided in the surface 

IDS facility. These telephone sets will include a 

comm line capability to allow communication with the 

other stations in the IDS system.  

7. Single line telephone sets will be provided in each of 

the major IDS equipment enclosures including the 

Interim Surface enclosure, the Upper and Lower 

Demonstration Breakout Rooms, the Main Test Level IDS 

Alcove and each of the Main Test Level IDS Data 

Acquisition Stations. Each of these locations will be 

provided with a separate number.  

B. Single line telephone sets will be provided in each of 

the Organization Computer enclosures and individual 

test alcoves.  

2.9.4 Constraints 

1. The intercom and telephone systems cabling and 

equipment must be designed such that no detectable 

electromagnetic signals are induced into the IDS data 

acquisition equipment or any associated sensor.  

2. No data to be used for Site Characterization will be 

transmitted over the telephone or intercom systems.
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2.9.4 3. Both telephone and intercom systems will be powered 

from uninterruptable power supplies.  

4. The intercom system will be designed and constructed 
to prevent radio-frequency interference that could 
affect electromagnetic measurements to be made.  

2.9.5 Interfaces 

1. The IDS telephone units will be connected to the NTS 

telephone system.  

2.9.6 Assumptions 

1. The type of cabling or other media used to support the 
intercom and telephone systems is left to the 

designer.  

2. The features given are considered to provide the 

minimum level of support for IDS operations.  
Additional features are acceptable as long as they do 
not interfere with the basic operational requirements.  

3. This study does not address mining operations intercom 
or telephone requirements. While some of the 
equipment may have common components, it is beyond the 
scope of this study to define mining communications 

requirements.
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Summary of ESF Communications Requirements 

Intercom

Test Name 

Surface Facility 

Temporary Surface Facility 

IDS Alcove (DAS 14) 

Sensor Zone Boxes 

Fracture Mineralogy Studies in ES-1 

Topopah Spring Stratigraphy Test 

Alteration History Test 

Chloride and Chlorine 36 Test 

Fracture Mineralogy Studies in Drifts 

Diffusion Test 

Diffusion Test (DAS #6)(used also by Percolation Test) 
Diffusion Test (Pending) 

Eng. Barrier Design Test #1 (Vertical) 

Eng. Barrier Design Test #2 (Vertical)(see EDBT #1) 

Eng. Barrier Design Test #3 (Vertical)(see EDBT #1) 

Eng. Barrier Design Test (in DAS #9) 

Shaft Convergence Test #1 

Shaft Convergence Test #2

StationOrgn.  

I DS 

IDS 

I DS 

I DS 

LANL 

LANL 

LANL 

LANL 

LANL 

LANL 

IDS 
LANL 

LLNL 

LLNL 

LLNL 

IDS 

SNL 

SNL

Station

2.9-5

(

Permanent 

Permanent 

Permanent 

Plug-in 

No 

No 

No 

No 

No 

Permanent 

Permanent 
Permanent 

Permanent 

Permanent 

Plug-in 

Plug-in 

Intercom

Telephone 

Yes 

Yes 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

Yes 
Yes 

Yes 

Yes 

No 

No

Test 
Location 

Surface 

Surface 

MTL 

Each Box 

ES-i 

ES-i 

ES-1 

ES-1 

Drifts 

MTL 

MTL 
Calico Hills 

MTL 

MTL 

MTL 

NTL 

ES-i 

ES-1 

Test

"I9 
-( ) 

I.  

C.) 

I 
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Test Name 

Shaft Convergence Test #3 

Shaft Convergence Test #1 (see SRBT #4 for IDS) 

Shaft Convergence Test #2 (see SRBT 17 for IDS) 

Shaft Convergence Test #3 

Demonstration Breakout Room Test (Upper) 

Demonstration Breakout Room Test (Lower) 

Demonstration Breakout Room Test (Upper)(in DAS #1) 

Demonstration Breakout Room Test (Lower)(in DAS 13) 

Sequential Drift Mining Test 

Sequential Drift Mining Test (in DAS #10 and DAS #11) 

Heater Experiment in Unit TSwl (see UDBR Test, SNL) 

Canister Scale Heater Experiment 

Yucca Mountain Heated Block Test 

Thermal Stress Measurement Test (see UDBR Test, SNL) 

Thermal Stress Measurement Test (see LDBR Test, SNL) 

Heated Room Test 

Heated Room Test (in DAS #7) 

Development & Demonstration of Required Equipment 
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urgn. Station Telephone

SNL 

I DS 

I DS 

IDS 

SNL 

SNL 

IDS 

IDS 

SNL 

IDS 

SNL 

SNL 

SNL 

SNL 

SNL 

SNL 

IDS 

SNL

Plug-In 

Plug-in 

Plug-in 

Plug-in 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Plug-in 

Plug-in 

Permanent 

Permanent 

Plug-in

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

No

Locat ion 

ES-i ' 

(2 

ES-1 C 

C_> 

ES-1 1-, 

ES-i 

UBDR 

LDBR 

UBDR 

LDBR 

KTL 

NTL 

UDBR 

KTL 

MTL 

UDBR 

LDBR 
C) 

MTL 

MTL (' 

MTL

(
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Plate Loading Tests (UDBR) 1 10 to 20 

Plate Loading Tests (MTL) ] Unspecified 

Plate Loading Tests (Long Drifts) ] Locations 

Rock Mass Response Experiment 11 (Slot Strength) 

Rock Mass Response Experiment #2 (Slot Strength) 

Drift Stability Test 

Ground Support Systems Test 

Mining Methods Test 

Air Quality and Ventilation Test 

Seismic Tomography and Vertical Seismic Profiling 

Geologic Mapping of ES-1 

Geologic Mapping of ES-2 

Excavation Effects Test (UDBR) 

Excavation Effects Test (MTL) 

Excavation Effect Test (UDBR)(in DAS 12) 

Excavation Effects Test (MTL)(in DAS 116) 

Matrix Hydrologic Properties Testing 

Intact Fracture Tests 91

(

TACt "AM&A

Test 
Teephoe Location

Intercom 
Oran. station 

SNL Plug-in 

SNL Plug-in 

SNL Plug-in 

SNL Plug-in 

SHL Plug-in 

SNL Plug-in 

SNL Plug-in 

SNL Plug-in 

SNL Plug-in 

LBNL Plug-in 

U:Z No 

USGS No 

USGS Permanent 

USGS Permanent 

IDS Permanent 

IDS Permanent 

USGS Plug-in 

USGS Plug-in

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

No 

No

2.9-7

UDBR 

MTL 

Long Drifts 

LDBR 

UDBR 

Long Drifts 

Long Drifts 

Long Drifts 

Long Drifts 

ES-1 

ES-1 

ES-2 

UDBR 

MTL 

UDBR 

MTL 

ES-i 

ES-1

:1j 

C) 

(U

(n 

(a 
I-

• ) 

*Jj 

(t•



Test Name 

Intact Fracture Tests 12 

Intact Fracture Tests #3 

Intact Fracture Tests 14 

Intact Fracture Teats 15

Intercom 
Orqn. Station 

USGS Plug-in 

USGS Plug-in 

USGS Plug-in 

USGS Plug-in

Telephone

No 

No 

No 

No

Short Radial Boreholes Test

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial 

Short Radial

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes. Test 

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes Test 

Boreholes Test

#1 

12 

#3 

14 

15 

#6 

#7 

#8 

#1 

#2 

#3 

#4 

#5

(Pending) 

(used also by SCT 91)

Borehole. Test #6

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

IDS 

IDS 

IDS 

I DS 

IDS

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in

IDS Plug-in

2.9-8

Test 
Location 

ES-1 

ES-1 

ES-1 

ES-1

44j 

44 
44 

(-4 

C--, 

* ., 

,j) 

(I) 

444 

4.4

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No

No

ES-1 

ES-1 

ES-1 

ES-1 

ES-1 

ES-1 

ES-I 

ES-1 

ES-1 

ES-1 

ES-1 

ES-1 

ES-1 

ES-1

(CH)

'12 

'4 
(4 

C' 
5) 

.44 
a,

(
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Test Name

Short Radial Boreholes Test 97 (used also by SCT 12) 

Short Radial Boreholes Test 18 (Pending) 

Perched Water Test (if perched water encountered 

Hydrochemistry Test 

Long Radial Boreholes Test #1 

Long Radial Boreholes Test 12 

Long Radial Boreholes Test 13 

Long Radial Boreholes Test #4 

Long Radial Boreholes Test 95 

Long Radial Boreholes Test 16 

Seismic Tomography and Vertical Seismic Profiling 

Seismic Tomography and Vertical !iosmic Profiling 

Geologic Mapping of Drifts 

Geologic Mapping of Drifts (Pending) 

Geologic Mapping of Drifts 

Overcore Stress Test 11 

Overcore Stress Test #2 

Overcore stress Test #3

Intercom 
Qt atinOrqn.  

IDS 

I DS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

LBNL 

LBNL 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS

*PAl1 nhnn•

Plug-in 

No 

No 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

Plug-in 

No 

No 

No 

No 

No 

No

(

Test 
Tj^ru a - i

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No

2.9-9

ý ýý U Talenhona

ES-1 

ES-i (CH) 

ES-1 

ES-1 

ES-1 

ES-1 

ES-1 

ES-i 

ES-1 

ES-i 

MTL 

Long Drifts 

MTL 

Calico Hills 

Long Drifts 

ES-1 

ES-1 

ES-1

-4) 
(I 

C) 
S..  

II) 

& A 

) a 

S..  

'ti 

C) 

S.) 

.3, 

Cl)



Test Name

Percolation Test 

Percolation Test (see Diffusion Test) 

Bulk Permeability Test #1 (West) 

Bulk Permeability Test #2 (North) 

Bulk Permeability Test 13 (East) 

Bulk Permeability Test #4 (South) 

Bulk Permeability Test #I (West)(in DAS 15) 

Bulk Permeability Test #2 (North)(in DAS 914) 

Bulk Permeability Test #3 (East)(in DAS 113) 

Bulk Permeability Test 14 (South)(in DAS 110) 

Calico Hills Cross Hole Test (Pending) 

CH Drillholes at Contact (Pending)(see 1st CH Test) 

Calico Hills Drillholes at Ghost Dance Fault 
(Pending)(see 1st CH Test) 

Calico Hills Vertical Hole to Water Table 
(Pending)(see lot CH Test) 

Calico Hills Cross Hole Test (Pending)(in DAS 115) 

Perched Water Test (if perched water available)

Intercom

USGS 

IDS 

USGS 

USGS 

USGS 

USGS 

IDS 

IDS 

IDS 

IDS 

USGS 

USGS 

USGS 

USGS 

IDS 

USGS

Plug-in 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent 

Permanent

Permanent 

No

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes

Yes 

No

vrqn. Station Teleph

Calico Hills 

Calico Hills 

MTL

C) 
C) 

C, 

I.  
I.) 

*1) 
(1)

A dash (-) in a column indicates that this item has been previously 
another test (see the Test Name for the previous location).

2.9-10

(

addressed in

(

NOTES:

Test 
Location 

MTL C) 

C) 

MTL 
t .. j 

MTL 
CD 

Long Drift 
I JI 

Long Drift 

Long Drift 

HTL 

Long Drift 

Long Drift 

Long Drift 

Calico Hills 

Calico Hills 

Calico Hills "
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APPLICABLE REGULATIONS, CODES, STANDARDS, AND DOE ORDERS 

General 

The design and construction of the ESF shall be in accordance with all 
applicable parts of the following: 

CODE OF FEDERAL REGULATIONS (CFR) 

* 10 CFR 60, Disposal of High-Level Radioactive Wastes in Geologic 
Repositories 

* 10 CFR 960, General Guidelines for the Recommendation of Sites for the 
Nuclear Waste Repositories 

* 29 CFR 1910, Occupational Safety and Health Standards (OSHA) 

* 29 CFR 1926, Safety and Health Regulations for Construction (OSHA) 

0 30 CFR CHAPTER I , Mine Safety and Health Administration (MSHA) 

U.S. CONGRESS 

* Nuclear Waste Policy Act of 1982, Public Law 97-425 

* Nuclear Waste Policy Act Amendments of 1987, Public Law 100-203 

U.S. DEPARTMENT OF ENERGY (DOE) 

0 DOE Order 5400, Environmental Quality and Impact 
(Also refer to ESFDR Appendix J, "Exploratory Shaft Facility 
Environmental Requirements" which contains ESF-related environmental 
requirements) 

- DOE Order 5480.1B, Environmental Protection, Safety, and Health 
Protection Program 

- DOE/NV Order 5480.IB-20, Environmental Safety and Health Program 
for DOE 

- DOE Order 5480.4, Environmental Protection, Safety, and Health 
Protection Standards 

- DOE/NV Order 5480.4-17, Environmental Protection, Safety, and 
Health Protection Standards, July 2, 1986 

- DOE Order 5480.7, Fire Protection 

- DOE Order 5480.9, Construction Safety and Health Program
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DOE Order 5480.10, Contractor Industrial Hygiene Program 

DOE/NV Order 5480.10-26, Contractor Industrial Hygiene Program 

DOE Order 5481.1B, Safety Analysis and Review System 

- DOE/NV Order 5481.1B-21, Safety Analysis and Review System, 
January 25, 1988 

DOE Order 5482.1B, Environmental Protection, Safety, and Health 
Protection Appraisal Program 

DOE/NV Order 5482.lB-19, Environmental, Safety, and Health 
Appraisal 

DOE Order 5483.1A, 6-22-83, Occupational Safety and Health Program 
for Government Owned Contractor-Operated Facilities 

DOE Order 5484.1, Environmental Protection, Safety and Health 
Protection Information Reporting Requirements 

DOE/NV 54XA.1-2, NTS Traffic Regulations (proposed) 

DOE/NV 54XB.1-28, Laser Safety (proposed) 

* DOE Order 5900, Energy Information 

* DOE Order 6400, Construction and Engineering 

- DOE Order 6430.1A, General Design Criteria 

* DOE/RW-0005, Mission Plan for the Civilian Radioactive Waste 
Management Program 

* DOE/AD/06212-1, Site Development Planning Handbook 

* DOE/NV/00410-77, Reynolds Electrical and Engineering Company Safety 
and Health Program Plan, Nevada Nuclear Waste Storage Investigations 
Exploratory Shaft at Yucca Mountain 

0 UCRL- 15910, Design Evaluation guidelines for Department of Energy 
Facilities Subjected to Natural Phenomena Hazards, Draft (Rev. 4), 
May, 1989.  

& DOE/EP 0108, Standard for Fire Protection of DOE Electronic 
Computer/Data Processing Systems 

* DOE/EV 0043, Stand on Fire Protection for Portable Structures 

* DOE/EV 0051/1, Electrical Safety Criteria for Research and Development 
Activities 

* DOE/EV 06194-3, DOE Explosive Safety Manual
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0 DOE (U.S. Department of Energy), Site Characterization Program 
Baseline, YMP/CM-0011, Rev. 0, Las Vegas, NV, February 21, 1991 
nzel4 

STATE OF NEVADA 

* Nevada Revised Statutes (NRS) Title 40, Public Health and Safety 

- Chapter 444, Sanitation 

- Chapter 445, Water Controls , Air Pollution 

* NRS Title 46, Chapter 512, State of Nevada Health and Safety Standards 
for Open Pit and Underground Metal and Nonmetal Mines and Sand, 
Gravel, and Crushed Stone Operations 

* Nevada Administrative Code 

- Chapter 444, Hazardous Waste Disposal 

- Chapter 445, Water Pollution Control, Air Pollution 

- Chapter 512, 

& Department of Transportation (DH) 

- Standard Specifications for Road and Bridge Construction 

- Standard Plans for Road and Bridge Construction 

- Road Design Division, Design Manual, Parts 1 and 2 

Industrial and Professional Society Publications 

AMER-CAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS (ASSHTO) 

* A Policy on Geometric Design f Highways and Streets 

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) 

* Threshold Limit Values and Biological Exposure Indices 

AMER:CAN CONCRETE INSTITUTE (ACI) 

* ACI 301, Specifications for Structural Concrete for Buildings 

* ACI 304, Recomended Practice for Measuring, Mixing, Transporting 
and Placing Concrete 

0 ACI 305, Recommended practice for Hot Weather Concreting 

* ACI 308, Standard Practice for Curing Concrete
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* ACI 316, Recommended Practice for Construction of Concrete Pavements 
and Concrete Bases 

* ACI 318, Building Code Requirements for Reinforced Concrete 

* ACI 318.1, Building Code Requirements for Structural Plain Concrete 

0 ACI 347, Recommended Practice for Concrete Formwork 

PRESTRESSED CONCRETE INSTITUTE 

* Standards 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION (AISC) 

* Manual of Steel Construction 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

0 B31.3, Chemical Plant and and Petroleum Refinery Piping 

* C2, National Electrical Safety Code 

0 ANS-2.3, Standard for Estimating Tornado and Extreme Wind 
Characteristics at Nuclear Power Sites 

* ANS-2.5, Standard for Determining Meteorological Information at 
Nuclear Power Sites 

* ANS-2.8, Standard for determining Design Basis Flooding at Power 
Reactor Sites 

AMERICAN SOCIETY OF CIVIL ENGINEERS 

* 7-88, Minimum Design Loads for Buildings and Other Structures 

AMERICAN SOCIETY OF HEATING, REFRIGERATING, AND AIR CONDITIONING ENGINEERS 
(ASHRAE) 

0 i1985 Handbooks, Fundamentals 

* 1988 Handbook, Equipment 

* 1987 Handbook, HVAC Systems and Applications 

* 1986 Handbook, Refrigeration 

0 62, Ventilation for Acceptable Indoor Air Quality 

q 90, Energy Conservation in New Building Design
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME) 

* Boiler and Pressure Vessel Code: Section VIII, Division I, Unfired 
Pressure Vessel Code 

AMERICAN SOCIETY OF TESTING MATERIALS (ASTM) 

* A184, Standard Specification for Fabricated Deformed Steel Bar Mats 
for Concrete Reinforcement 

* A185, Standard Specification for Steel Welded Wire, Fabric, Plain, 
for Concrete Reinforcement 

* A615, Standard Specification for Deformed and Plain Billet-Steel Bars 
for Concrete Reinforcement 

* A775, Standard Specification for Epoxy-Coated Reinforcing Steel Bars 

0 C309, Standard Specification for Liquid Membrane-Forming Compounds for 
Curing Concrete 

* D1751, Standard Specification for Preformed Expansion Joint Filler for 
Concrete Paving and Structural Construction 

0 E488, Standard Test Methods for Strength of Anchors in Concrete and 
Masonry Elements 

AMERICAN WELDING SOCIETY 

* AWS DI.1 Structural Welding Code - Steel 

DIESEL ENGINE MANUFACTURER ASSOCIATION (DEMA) 

* Standard Practices for Stationary Diesel and Gas Engines 

:NSTRUMENTATION SOCIETY OF AMERICA (ISA) 

* Standards and Specifications 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

* 141, Recommended Practice for Electrical Power Distribution for 
Industrial Plants 

* 142, Recommended Practice for Grounding of Industrial and Commercial 
Power Systems 

* 387, Standard Criteria for Diesel-Generator Units Applied as Standby 
Power Supplies for Nuclear Generating Stations 

0 485, Recommended Practice for Sizing Large Lead Storage Batteries for 
Generating Stations and Substations 

. 583, Standard Modular Instrumentation and Digital Interface System
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0 595, Standard Serial Highway Interface System 

0 650, Qualification of Class 1E Battery Chargers and Inverters for 
Nuclear Power Generating Stations 

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS 

* Uniform Building Code (UBC) 

0 Uniform Mechanical Code (UMC) 

* Uniform Plumbing Code (UPC) 

NATIONAL ASSOCIATION OF PLUMBING-HEATING-COOLING CONTRACTORS 

0 National Standard Plumbing Code 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

* National Fire Codes 

* 22, Water Tanks for Private Fire Protection 

0 20, Centrifugal Fire Pumps 

* 24, Installation of Private Fire Service Mains and Their 
Appurtenances 

* 70, National Electrical Code

APPENDIX E-6



"-m' p - ?,ev. -=.- O1 71

APPENDIX F.1 

CROSS REFERENCE 10 CFR 60 TO ESFDR, VOLUME 1

-ý,013, Rev. : , :11 "mz, C: - -I -



iMF 2/-00.2, Rev. •-21,2- , ?.e;.  

10 CFR 60 Quote ESFDR Location 

10 CFR 60.15(b) 1.2.6.4 PC Ia.  
10 CFR 60.15(b) 1.2.6.5 PC Ia.  
10 CFR 60.15(b) 1.2.6.6 PC la.  
10 CFR 60.15(c)(1) 1.2.6.0 C C.(1) 
10 CFR 60.15(c)(1) 1.2.6.4 PC 2a.  
10 CFR 60.15(c)(1) 1.2.6.5 PC 2a.  
10 CFR 60.15(c)(1) 1.2.6.6 PC 2a.  
10 CFR 60.15(c)(1) 1.2.6.7 C B.  
10 CFR 60.15(c)(2) 1.2.6.0 C C.(2) 
10 CFR 60.15(c)(2) 1.2.6.4 PC lb.  
10 CFR 60.15(c)(2) 1.2.6.5 PC lb.  
10 CFR 60.15(c)(2) 1.2.6.6 PC lb.  
10 CFR 60.15(c)(3) 1.2.6.0 C C.(3) 
10 CFR 60.15(c)(3) 1.2.6.1.1 C A.  
10 CFR 60.15(c)(3) 1.2.6.4 PC 2b.  
10 CFR 60.15(c)(3) 1.2.6.5 PC 2b.  
10 CFR 60.15(c)(3) 1.2.6.6 PC 2b.  
10 CFR 60.15(c)(3) 1.2.6.8 C D.  
i0 CFR 60.15(c)(4) 1.2.6.0 C C.(4) 
10 CFR 60.15(c)(4) 1.2.6.6 PC 2c.  
10 CFR 60.74(a) 1.2.6.0 C D.  
10 CFR 60.74(a) 1.2.6.4 C A.  
10 CFR 60.74(a) 1.2.6.5 C A.  
10 CFR 60.74(a) 1.2.6.6 C A.  
10 CFR 60.74(a) 1.2.6.7 C C.  
10 CFR 60.74(b) 1.2.6.0 C D.[2] 
10 CFR 60.74(b) 1.2.6.4 C A.[21 
10 CFR 60.74(b) 1.2.6.5 C A.[2] 
10 CFR 60.74(b) 1.2.6.6 C A.[2] 
10 CFR 60.130 1.2.6.0 C E.  
":0 CFR 60.130 1.2.6.4 PC 2c.  
:0 CFR 60.130 1.2.6.5 PC 2c.  
10 CFR 60.130 1.2.6.6 PC 2d.  
10 CFR 60.131(b)(9) 1.2.6.0 C G.  
10 CFR 60.133(a)(1) 1.2.6.4 PC 2d.  
10 CFR 60.133(a)(1) 1.2.6.5 PC 2d.  
10 CFR 60.133(a)(1) 1.2.6.6 PC 2e.  
10 CFR 60.133(a)(2) 1.2.6.4 PC 2e.  
I0 CFR 60.133(a)(2) 1.2.6.5 PC 2e.  
10 CFR 60.133(a)(2) 1.2.6.6 PC 2f.  
10 CFR 60.133(a)(2) 1.2.6.7 C D.  
10 CFR 60.133(b) 1.2.6.4 PC 2f.  
10 CFR 60.133(b) 1.2.6.5 PC 2f.  
10 CFR 60.133(b) 1.2.6.6 PC 2g.  
10 CFR 60.133(b) 1.2.6.7 C E.  
10 CFR 60.133(d) 1.2.6.0 PC 2e.  
10 CFR 60.133(d) 1.2.6.4 PC 2g.  
10 CFR 60.133(d) 1.2.6.5 PC 2g.  
10 CFR 60.133(d) 1.2.6.6 PC 2h.  
10 CFR 60.133(d) 1.2.6.7 C F.  
10 CFR 60.133(d) 1.2.6.8 C E.
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10 CFR 60 Quote ESFDR Location 

10 CFR 60.133(e)(2) 1.2.6.4 PC 2h.  
10 CFR 60.133(e)(2) 1.2.6.5 PC 2h.  
10 CFR 60-133(e)(2) 1.2.6.6 PC 2i.  
10 CFR 60.133(f) 1.2.6.4 PC 2i.  
10 CFR 60.133(f) 1.2.6.5 PC 2i.  
10 CFR 60.133(f) 1.2.6.6 PC 2j.  
10 CFR 60.133(i) 1.2.6.4 PC 2j.  
10 CFR 60.133(i) 1.2.6.5 PC 2j.  
10 CFR 60.133(i) 1.2.6.6 PC 2k.  
10 CFR 60.134 1.2.6.0 C H.  
10 CFR 60.134(a) 1.2.6.4 PC 21.  
10 CFR 60.134(a) 1.2.6.5 PC 2k.  
10 CFR 60.134(a) 1.2.6.6 PC 21.  
10 CFR 60.134(a)(2) 1.2.6.6 PC 21.v 
10 CFR 60.134(b) 1.2.6.4 PC 2k.[2] 
10 CFR 60.134(b) 1.2.6.5 PC 2k.[2] 
10 CFR 60.134(b) 1.2.6.6 PC 21.[2] 
10 CFR 60.137 1.2.6.4 C B.  
10 CFR 60.137 1.2.6.5 C B.  
10 CFR 60.137 1.2.6.6 C B.  
10 CFR 60.137 1.2.6.7 C G.  

Sections Not Quoted verbatum 

(10 CFR 60.72 "satisfy req") 1.2.6.0 PC If.  
(10 CFR 60.112 "meet perf obj") 1.2.6.2 C F.  
(10 CFR 60.122 "meet req") 1.2.6.1 C C.iii 
(10 CFR 60.122 "meet req") 1.2.6.2 C F.  
(10 CFR 60.122(c)(1) "in accord") 1.2.6.1.4 C A.  
(10 CFR 60.141 and 142 "meet req") 1.2.6.4 C B.i 
(IC CFR 60.141 and 142 "meet req") 1.2.6.5 C B.i 
(10 CFR 60.141 and 142 "meet req") 1.2.6.6 C B.i 

Sections Not Addressed (See ESFDR Introduction) 

10 CFR 60.4 
10 CFR 60.16 
10 CFR 60.17 
10 CFR 60.21 
10 CFR 60.24(a) 
10 CFR 60.111(a) 
10 CFR 60.111(b) 
i0 CFR 60.112 
10 CFR 60.113(a) 
10 CFR 60.113(b) (2) 
10 CFR 60.113(b) (3) 
10 CFR 60.113(b) (4) 
10 CFR 60.122 
10 CFR 60.131(a) 
10 CFR 60.131(b) 
10 CFR 60.133(c) 
10 CFR 60.133(e)(1)
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10 
10 
10 
10 
10 
i0 

10 
10

CFR 
CFR 
CFR 
CFR 
CFR 
CFR 
CFR 
CFR

60.133(g) 
60.133(h) 
60.140 
60.141 
60.142 
60.143 
60.151 
60.152
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ESFDR Location 

1.2.6.0 PC If.  
1.2.6.0 PC 2e.  
1.2.6.0 C C.(1) 
1.2.6.0 C C.(2) 
-. 2.6.0 C C.(3) 
1.2.6.0 C C.(4) 
1.2.6.0 C D.  
1.2.6.0 C D.[2] 
1.2.6.0 C E.  
1.2.6.0 C G.  
1.2.6.0 C H.  
1.2.6.1 C C.iii 
1.2.6.1.1 C A 
1.2.6.1.4 C A.  
1.2.6.2 C F.  
1.2.6.4 PC Ia.  
1.2.6.4 PC lb.  
1.2.6.4 PC 2a.  
1.2.6.4 PC 2b.  
1.2.6.4 PC 2c.  
1.2.6.4 PC 2d.  
1.2.6.4 PC 2e.  
1.2.6.4 PC 2f.  
1.2.6.4 PC 2g.  
1.2.6.4 PC 2h.  
1.2.6.4 PC 2i.  
1.2.6.4 PC 2j.  
1.2.6.4 PC 2k.  
1.2.6.4 PC 2k.[2] 
1.2.6.4 C A.  
1.2.6.4 C A.[2] 
1.2.6.4 C B.  
1.2.6.4 C B.i 
1.2.6.5 PC la.  
1.2.6.5 PC lb.  
1.2.6.5 PC 2a.  
1.2.6.5 PC 2b.  
1.2.6.5 PC 2c.  
1.2.6.5 PC 2d.  
1.2.6.5 PC 2e.  
1.2.6.5 PC 2f.  
1.2.6.5 PC 2g.  
1.2.6.5 PC 2h.  
1.2.6.5 PC 2i.  
1.2.6.5 PC 2j.  
1.2.6.5 PC 2k.  
1.2.6.5 PC 2k.[21 
1.2.6.5 C A.  
1.2.6.5 C A.[2] 
1.2.6.5 C B.  
1.2.6.5 C B.i

10 CFR 60 Quote

(10 CFR 60.72 "satisfy req") 
10 CFR 60.133(d) 
10 CFR 60.15(c) (1) 
10 CFR 60.15(c) (2) 
10 CFR 60.15(c) (3) 
10 CFR 60.15(c) (4) 
10 CFR 60.74(a) 
10 CFR 60.74(b) 
10 CFR 60.130 
10 CFR 60.131(b)(9) 
10 CFR 60.134 
(10 CFR 60.122 "meet req") 
10 CFR 60.15(c)(3) 
(10 CFR 60.122(c)(1) "in accord") 
(10 CFR 60.122 "meet req") 
10 CFR 60.15(b) 
10 CFR 60.15(c)(2) 
10 CFR 60.15(c)(1) 
10 CFR 60.15(c)(3) 
10 CFR 60.130 
10 CFR 60.133(a) (1) 
10 CFR 60.133(a)(2) 
10 CFR 60.133(b) 
10 CFR 60.133(d) 
10 CFR 60.133(e) (2) 
10 CFR 60.133(f) 
10 CFR 60.133(i) 
10 CFR 60.134(a) 
10 CFR 60.134(b) 
10 CFR 60.74(a) 
10 CFR 60.74(b) 
10 CFR 60.137 
(10 CFR 60.141 and 142 "meet req") 
10 CFR 60.15(b) 
10 CFR 60.15(c) (2) 
10 CFR 60.15(c)(1) 
10 CFR 60.15(c)(3) 
10 CFR 60.130 
10 CFR 60.133(a) (1) 
10 CFR 60.133(a) (2) 
10 CFR 60.133(b) 
10 CFR 60.133(d) 
10 CFR 60.133(e) (2) 
10 CFR 60.133(f) 
10 CFR 60.133(i) 
10 CFR 60.134(a) 
10 CFR 60.134(b) 
10 CFR 60.74(a) 
10 CFR 60.74(b) 
10 CFR 60.137 
(10 CFR 60.141 and 142 "meet req")
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YMP CC-0072, Rev;. 5, 31

ESFDR Location

1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.8 
1.2.6.8

PC la.  
PC lb.  
PC 2a.  
PC 2b.  
PC 2c.  
PC 2d.  
PC 2e.  
PC 2f.  
PC 2g.  
PC 2h.  
PC 2i.  
PC 2j.  
PC 2k.  
PC 21.  
PC 21. [2] 
PC 21.v 
C A.  
C A.[21 
C B.  
C B.i 
C B.  
C C.  
C D.  
C E.  
C F.  
C G.  
C D.  
C E.

,Mi CC-2012, Rev. _: 1!

10 CFR 60 Quote

10 CFR 60.15(b) 
10 CFR 60.15(c) (2) 
10 CFR 60.15(c) (1) 
10 CFR 60.15(c) (3) 
10 CFR 60.15(c) (4) 
10 CFR 60.130 
10 CFR 60.133(a) (1) 
10 CFR 60.133(a) (2) 
10 CFR 60.133(b) 
10 CFR 60.133(d) 
10 CFR 60.133(e) (2) 
10 CFR 60.133(f) 
10 CFR 60.133(i) 
10 CFR 60.134(a) 
10 CFR 60.134(b) 
10 CFR 60.134 (a) (2) 
10 CFR 60.74(a) 
10 CFR 60.74(b) 
10 CFR 60.137 
(10 CFR 60.141 and 
10 CFR 60.15(c) (1) 
10 CFR 60.74(a) 
10 CFR 60.133(a) (2) 
10 CFR 60.133(b) 
10 CFR 60.133(d) 
10 CFR 60.137 
10 CFR 60.15(c)(3) 
10 CFR 60.133(d)

142 "meet req")
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YMP 1:-:23, Rev. V3 ? YMP,2->01, Re. 5 1 

SYSTEMS, FUNCT:ONS, ANZ REQU:RZMZNTS ANALYSIS 
FOR THE EXPLORATORY STUDIES FAC:L:TY (ESF) AT YUCCA MOUNTAIN 

The logic tree shown in this appendix identifies graphically the systems, 
functions and requirements for the ESF. it may be viewed as an activities 
tree for the ESF depicting how its mission will be accomplished.  

A description of the logic tree is as fcllows: Each major system is stated 
in a boid-lined rectangle. Lower-tier subsystems are identified in the 
rectangles immediately below the superior system. The systems are thcse 
identified in the ESFDR document text; i.e., 1.2.6.0 Exploratory Shaft 
Facility (ESF) identifies the main all-encompassing system, and 1.2.6.1 ESF 
site(s) identifies a lower-tier cr subelement system to 1.2.6.0. Main 
site(s) (1.2.6.1.1) is yet a lower-tier to 1.2.6.1 and so forth.  

Functions and Requirements are shown for each system in the thin-lined 
rectangle connected to the immnediate right of each system rectangle. The 
functions and requirements are listed in the rectangle and are identified as 
follows: 

F = Functional requirements 
PC - Performance Criteria 
IC - Interface Control requirements 
C = Constraints 
A = Assumptions 

2efinitions cf these elements are stated in the ESFDR Introduction.  

Numercus triangles containing at least one letter and possibly a number occur 
throughout the tree. These are "off-page connectors." As one proceeds 
downward from the top of the tree, an off page connector symbol means that 
the tree is continued on another page at the corresponding set of alphabet 
letters.
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EXPLU 
ST 
FA 

SYSTEM DEFINITION 
Surface and underground facilities 

(inckdin accesses and connecting 
drifts) and supporting systems 
required to support site characteri
zation testing at depth 

ESF SURFACE 
SSITE(S) UTILITIES 

1.2.6.1 1.2.6.2 ° --4
xB

(

F Functional Requirements 
PC Performance Criteria 
IC Interface Control Requirements 
C Constraints 
A Assumptions

ESFDRI 057 1 /b991

''3 

(J 

I.  

A) 
(I) 

( 4 

'LI 

I." 

C) 

C-, 

& 4 

AJ 
(I)

I



zAl \ 

SYSTEM DEFINITION 
Located on the surface, accom
modates structures, systems, 
and components for direct con 
stfuclion of shaft(s) and/or ramps 
to provide access to the under
ground site characterization 
areas but does not include initial 
construction and test support 
facilities.

AUXILIARY SITE(S)

, (

'�1 

C ) 
() 

C-) 

t.  
I -, 

-II 

a)

ESFDRI 057/3 26 91 (

MAIN SITE(S)

1226.11

F 1 
PC ta- lb 
IC None 
C A-B 
A 1

r�1 z 
U 
'-1 

bJ

(1 

A) 
a) 

C,) 

(.J 

Vt)

SYSTEM DEFINITION 

The Auxiliary Sile(s) consist of 
the areas prepared to support 
the ESF construction and 
operation

12.6.1.2 

F 1 
PC la- lb 
IC None 
C A-D 
A 1-2

I I



C

' 
L3 

SYSTEM DEFINITION 

AN features needed to provide 
vehicular access to al surface 
areas designated as required to 
suppot the ESF.

SITE DRAINAGE

ESFDRI 057/3 2% 91

C 

ACCESS ROADS

(

1.2.6.1.3 

F 1 
PC la - Id 
IC None 
C A-G 
A None

.'l 

C-, 

'3 

.t

(3 

(3 

( ) 
I.  

(14 

( 4 

4-.

SYSTEM DEFINITION 

Defined as those iems and 
measures utilized to control 
drainage and runoff water to 
pfeckude damage by erosion or 
fooding-

1.2.6.1.4

1 

None 
A 
None

SN 
4�4� 

C) 
(3 

.4, 

'I)



SURFACE UTILITIES

ESFORI 057/3 26 91 

(

�J.  
CU 
CU 
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C ) 
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() 
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(

BI 

SYSTEM DEFINITION 

Those systems, subsystems.  
components, and structures that 
supply electrical power to the 
ESF Site.

'Ii 

("1 

tl 
X

WATER SYSTEM

(2 

() 

*12 
(I)

ESFDRI 057/3 26 91

P 

POWER SYSTEM

(

-F

1.2.6.2.1
F 1 
PC la- Ii 
IC None 
C A-G 
A None

(2 (2 

(7 � 
C-., 
I..  
I.., 

(I) 

(1� 

'2.'

SYSTEM DEFINITION 

Those systems, subsystems.  
and comnponents that supply and 
distribute the potable and 
process water for ESF facilities.  
site preparation, and testing

1.2.6.2.2
F 1 
PC la - li 
IC None 
C A-G 
A 1



SANITARY SYSTEM

Bj3 

SYSTEM DEFINITION 

Those systems, subsystems, 
and components that provide 
for the collection, treatment, 
and disposal of sanitary sewage 
for the support of ESF opera
tions and during in Situ site 
characterizalion

COMMUNICATIONS SYSTEM

(
ESFOR I 05713 26 91 

(

�1

;1' 

C.-) 

-4

1.2.6.2.3

F 1 
PC la- Ic 
IC None 
C A-C 
A None

( ) 

C) 
C) 

(1) 

I,, 

I.

SYSTEM DEFINITION 

Those systems, subsystems, and 
components that provide equip
ment and services for linking the 
surface areas, the underground 
areas, and the facdities with each 
other and with al outside com
mercial communications systems.

1.2.6.2.4 

F 1 
PC la- Ig 
IC None 
C A-J 
A 1

"I 

() 
C-) 

() 
C) 

AI 
(D

I



(

SURFACE WASTEWATER SYSTEM

/B5 

SYSTEM DEFINITION 

Those systems, subsystems, and 
components thai provide equip
ment for collection, transler, 
treatment, and disposal of liquid 
non-sanilary wastes generated 
underground in the ESF during 
construction and operations.

COMPRESSED AIR SYSTEM

ESFDRiI 051/3 26 91

(

1.2.6.2.5 

F 1 
PC 1 
IC None 
C A-C 
A None

I.-" 

t) 

oJ

'U 

C) 

C) 

I.-..  

LI' 

( ., 

14..) 

I.

-S

SYSTEM DEFINITION

Those systems, subsystems, 
and components that provide 
the production and distribution of 
compressed air throughout the 
ESF.

1.2.6.2.6

F 1 
PC la- Id 
IC None 
C A 
A None

'11 X 

(-) 
C) 

C) 

C.) 

(D

I



SOLID WASTE DISPOSAL SYSTEM

AB7 

SYSTEM DEFINITION 

(TBD)

'�2 
'U 
I., 

.4 

.3..  

CD

C..  

C) 
C) 

C-.  
C) 
C..  

3C 
(1)

ESFDRI 057/3 26 91 

(

1.2.6.2.7 

PC 
IC (TBD) 
C 
A I

C) 

C') 

'A) 

/(1) 

(.3 

(C, 

'C-,

K (



( (

SURFACE FACILITIES 

*1) 

() 

SYSTEM DEFINITION 1.2.6.3 
AN the temporary and permanent F 1 - 3 
lacilities, systems, and services for PC la -3 
the surface buddings and lempo- IC 1 
rary structures that are required C A - E 

tc the support ol ESF operations A la-lb 
and in situ site characterization. ,_ 

I 

I.I 

VENTILATION TEST SUPPORT SITE PREPARATION FOR PARKING 
SSYSLTEM FACILITIES SSURFACE STRUCTURES AREAS 
,, 1 2.631 1.2632 12633 .2634 

X 

S STORAGE I IO AEIUEOTHER TEMPORARY 

FACILITIES 1 6 .12 .7STRUCTURESx'" 
1.2.6.3.6 1.22.6.3.7 X 

• ) 
1C-635 1.C63 

COMMUNICATION/ 
DATA BUILDING(S) 

12.6.3.9

ESFDR1 057/3 26 91



VENTILATION SYSTEM

SYSTEM DEFINITION 

Those surface systems, subsys
tems, and components that 
supply fresh air. conditioned if 
required, to the ventilation 
distribution system.

TEST SUPPORT FACILITIES

(,
ESFDR1 057 11/5 9 91 

(

1.2.6.3.1

F 1 
PC Ia- le 
IC None 
C A-D 
A 1

ra

C) 

C) 
F' 
F.-) 

�I) 
CD 

F.,) 

(1

SYSTEM DEFINITION 

Those surface facilities that 
accommodate the Principal 
Investigators' testing apparatus 
for equipment assembly, check 
out, and repair.

1.2.6.3.2

F 1 
PC I 
IC None 
C None 
A None

() 

C') 

CD 

-A F

I

I
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SITE PREPARATION FOR SURFACE STRUCTURES

(

( ) 

(-.) 

I..  

(I) 

C-,

() 

C-) 
S..  

K..) 

CD 

K 5K

ESFDRI 05713 26 91

SYSTEM DEFINITION 

AN of the lacilgiges, systems, and 
services required by the struc
lures during conslructlion and 
operation ol the ESF.

1.2.6.3.3

F 1 
PC la- lb 
IC None 
C None 
A None

ti-p 

(11 

'-4 

I-.  
I\J

PARKING AREAS

SYSTEM DEFINITION 

AN space and allowances for 
vehicle parking required to 
support construction, operation, 
and testing in the ESF.

1.2.6.3.4 

F 1 
PC la-le 
IC None 
C A-B 
A None

I

I



STORAGE FACILITIES

(') 

C., 

(D 

U'.l :4-

SHOP

C6ý

'11 

C) 

C) 

I.-) 

CD

* . I
ESFDRt 057 13/,5 9 91

(

SYSTEM DEFINITION I
AM areas, structures, and support
ing services to store equipment, 
supplies, and vehicles in a yard 
type environment.

- I

1.2.6.3.5

F 1 
PC la -c 
IC None 
C A-B 
A None

- I

SYSTEM DEFINITION 

AN of the facilities. systems, and 
services for the routine mainte
nance and repair of the construc
tion and testing equipment and of 
the equipment for maintenance of 
the grounds designated for the 
ESFI

1.2.6.3.6

F 1 
PC la-le 
IC None 
C A-E 
A 1

(

c') I 

W

I
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WAREHOUSE
*1J 

(3 

C) 

C � 

'I) 

('4 

( .' 

"I

() 

C) 

I1)

ESFDRI 057/3 26 91

- U

SYSTEM DEFINITION 

AN the lacililies. syslems, and 
services for the safe storage and 
dispensing of ESF materials that 
require indoor storage and are 
not stored in the open areas 
provided under 1 2.6.3.5, Storage 
Facilities.

1.2.6.3.7

F 1 
PC la- lb 
IC None 
C A-E 
A None

I"-, 

i( 
I-= 

to-

OTHER TEMPORARY STRUCTURES

SYSTEM DEFINITION

The systems and services that 
will be utilized for the offices, 
change rooms, first aid and 
underground rescue apparatus 
cerder, securiy offices, and 
space required to support ESF 
construction. scientific, opera
tions, and maintenance person
nel for the Site Characterization 
Program including site prepara
ion.

1.2.6.3.8

F 1 
PC la- le 
IC None 
C A-B 
A 1-2

I



COMMUNICATIONS/DATA BUILDING(S)

ESFDRI 057/3 )6 91 (

- 'U

I SYSTEM DEFINITION

Provides for all the facilities, 
systems, and services for the 
communications, data collection, 
and transmissions that are 
required to support construdcion 
and testing.

#ti 
'U 
;11 

in 

C--

1.2.6.3.9

F 1 
PC la- Id 
IC None 
C A 
A None

() 

() 
C) 

I .., 
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C-C

SYSTEM DEFINITION

STATIONS UI 

I INING 
1.26.4.2

_________________________________________ A

I 
STATIONS 

1.2.6.4.3 

A3

FURNISHINGS 

1.2 .6.4.41

I SUMP 12.646

ESFDR1 057/3 26 91

C 

SHAFT ACCESS

Those systems, subsystems, 
structures, and components 
which are comprised of the 
vertical engineered openings 
within a circular zone. whose 
radius is defined as the sum of 
the radius of the shalt, the lining 
thickness, and a nominal 5 feet 
beyond the linng, that connect 
the surface with the targeted 
horizons.

1.2.6.4 

F 1-2 
PC la-2k 
IC 1 
C A - Biii 
A None

:14 

0 
oil 
t-o

',11 

(') 

(2) 

C-, 

(I) 

(') 

(.5-

COi.l AR 

1.2.6.4.1

I 

HOIST SYSTEM 
1 12.6.4.5

*11 

(P 
(3 

C) 

'ii 
(I'
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COLLAR

Dl

I
LINING

I

,..,

SYSTEM DEFINITION 

Those components (e.g., 
concrete) which are provided 
to maintain the integrity of the 
intended opening.

ESFDR 1057 17/5 9 9)

K (

SYSTEM DEFINITION

The foundation at the uppermost 
portion of the shaft used to 
support the headframe and shaft 
construction activities.

1.2.6.4.1 

la - lb 
None 
A-B

(D 

()I

I

1.2.6.4.2 

F 1 
PC la - id 
IC None 
C A-C 
A None

Pý: 

le 

C.) 

A,i 

(|)

(

I



SYSTEM DEFINITION 

The initial underground opening 
at predetermined horizons 
adjacent to the shaft.

FURNISHINGS

ESFDRI 0571/3 26 91

(, ( 

STATIONS

(

12.64.3 

F I 
PC la- 1h 
IC None 
C None 
A None

•0 

UD 

I-S 

tD

() 

I 

L.

-9

SYSTEM DEFINITION 

Those structural steel sets 
consisting of bunions attached to 
fabricated brackets, which are 
fixed to the shaft waft or to other 
structural members.

1.2.6.4.4

F 1 
PC ta - It 
IC None 

C A-C 
A None
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C.) 
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I .1 

CT)
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HOIST SYSTEM

Z5

ESFDRI 057 19/5 9 91 

(

SSYSTEM DEFINITION I
Those systems and components 
for the transportation of person
nel and equipment between the 
surface and subsurdace to meet 
the needs of shalt construction 
and underground site characteri
zation testing.

1.2.6.4.5 

F I 
PC la- 1j 
IC None 
C A-I 
A None

X 
I.-

CL.  
C) 

4., 

*1) 

'I) 

4�� 

4.) 
I.  

'4.,

SUMP

SYSTEM DEFINITION 

The area at the bottom of the 
shaft, below the adjacent hori
zontal excavation, that contains 
collection and transfer equipment 
for the underground wastewater 
system.

1.2.6.4.6 

F 1 
PC la -Ic 
IC None 
C A-B 
A None ,__j

(•

"I 

() 

C) 

I.) 

A' 
(F

(

I
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RAMP ACCESS

Ik S, H2 0113 26 91

( C

SYSTEM DEFINITION

Those systems. subsystems.  
sructures. and components 
wach are comprised of the 
engWneeed openings with a 
nanel 5 koes beyond the 
excavated surlace that connects 
the ground suace with the 
lamoled horizons.
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ITI 
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1' 9 
C)
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() 

C) 
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PORTAL

SYSTEM DEFINITION 

Ramp Portal is the rock lace arid 
retaining structure at the upper
most porlion ol the ramp.

LINING

(
ESFDR2 057/3 26 91 (

1.2.6.5.1

F 1 
PC 1 
IC None 
C A-B 
A None

Itsj 

tV 

1-4 

IXJ

C) 
() 

C) 
C) 

U.) 

ft.  

(�Ji 

I.

SYSTEM DEFINITION 

Lining is those components 
which are provided to maintain 
integrity of the intended opening 
(e g, concrete)I

1.2.6.5.2 

F 1 
PC la- le 
IC None 
C A-C 
A None
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C) 

C�) 
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SYSTEM DEFINITION 

Station is the initial underground 
opening at the predetermined 
horizon adjacent to the ramp.

iao 

I3

RAMP FURNISHINGS

ESFDR2057- 22/5 9 91

( ( (

STATION

1< 

'U 

C) 
C) 

C) 

:4' 

ci' 

(a 

VI.)

1.2.6.5.3 

F 1 
PC la- le 
IC None 
C None 
A None

I SYSTEM DEFINITION
- p

Furnishings include fabricated 
brackets which are fixed to the 
ramp wall or other support 
members.

1.2.6.5.4

F 1 
PC la - 1c 
IC None 
C A-C 
A None
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C) 
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I.) 

(3 
(I)

ESFDR2 057/3 26 91

(

SUMP

I.' 

I-I 

0 
r') 
(�)

SYSTEM DEFINITION 

Sump is the area(s) within the 
ramp that contains the under
ground wastewater system col
lection and transler equipment.

12656 

F 1 
PC la- lb 
IC None 
C None 
A None

(K (

I
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UNDERGROUND EXCAVATIONS

I.' z 
U 
'.4 

4. I 

I,-)

OPERATIONS 
SUPPORT AREAS 

1.2661 

AF

I 
TEST 

AREAS 
1.2 6.6.2

C) 
(-) 

C') 
1* 

t AJ 

(Dt 

t ,

ESFDR2 057/3 26 91

( C

SYSTEM DEFINITION 

Underground Excavations are 
Ihose underground openings 
thai extend more than live leet 
beyond the accesses

(2 

I" 

01 

WJ 

(I)

1.2.6.6 

F 1-2 
PC la - 21 
IC I 
C A-B 
A 1

I 

I



OPERATIONS SUPPORT AREAS

SYSTEM DEFINITION 

Operations Supporl Areas are 
underground openings: dribt(s), 
refuge room(s), operations 
admin. area, underground 
shop(s). hunchroom(s), storage 
laclily(ies), maintenance 
shop(s), power disi. areas, fuel 
storage, and equipment storage.

TEST AREAS*

The tests that will be performed in these areas 
are defined in Appendices B & C of the ESFDR.

(
ESFDR2057/3 26 91 (

1.2.6-6.1 

F 1 
PC la - Ic 
IC None 
C A-B 
A None

tI 

I,

Sf 

(2 

C) 
C) 

1.) 

(D 

(3, 

4...) 

4.-..

SYSTEM DEFINITION 

Test Areas are openings exca
vated off the ESF access sla
lions at the upper demonstralion 
breakout room, the main test 
level, and other required levels.

1.2.6.6.2 

F 1 
PC 
IC None 
C A-B 
A None
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UNDERGROUND SUPPORT SYSTEMS

C) 
C) 

C) 
C) 
I...  
I-., 

CD 

U' 

(--J 
a.  

*43

POWER DISTRIOUTION 
SYSTEM 
126711 

G

I SYSTEM 12.67.
WATER DISTRIBUTION 

SYSTEM 
12,675

IDISTRKMJTION SYSTEM IIANDIW4OSYSTEMSI WRING SYS TE MS

an 

() 

C) 

a.,) 

21 
(ii 

a,'

ESF DR2 OSI/3 269go

(

SYSTEM DEFWIT ION 

[hose systems include ulmdalies.  
power. ipommuiiscawan. lights, 
ventilalion. water. wastewalor 
removal, compressed at. Ste 
prolecion. muck handing. sanii

talion. andS sately mconilorwig

1267 

PC la -3b 
Ic II 
C A-K 
A None

to' 

Li



C) 
C) 

C) 
C) 

i-i 

,AJ 

CD 

('I 

(-.J

POWER DISTRIBUTION SYSTEM

tll 

C) 
C) 

C) 

C) 

I-.  

'Ii 
CD 

4,4

ESFDR2 057/3 26 91

(

:&A 

tJ 

to1 

V3 

-I

SYSTEM DEFINITION 

Systems, subsystems, and 
components that distribute 
electric power to the under
ground system

-- I.

1.2.6.7.1

F 1 
PC la- id 
IC None 
C A-F 
A None

C (



C

() 

C>, 

(DI 

C-,)

VENTILATION DISTRIBUTION SYSTEM

C> 
() 
() 

I.  
C.) 

.3) 

CD* 

*1)'

ESFDR2 057- 28/5 9 91

(

LIGHTING SYSTEM

SYSTEM DEFINITION 

Systems, subsystems, and 
componerns that provide for the 
illurnination of the ESF under
ground areas.

s'

1,)

1.2.6.7.3 

F 1 
PC la - Id 
IC None 
C A-C 
A None

- U

SYSTEM DEFINITION !

Systems, subsystems, and 
components that allow fresh air 
to be supplied and exhaust air 
to be removed from the under
ground working areas.

1.2.6.7.4

F 1 
PC la - Ig 
IC None 
C A-I 
A I

I

I

¢



WATER DISTRIBUTION SYSTEM .t) () 

CD 

(..J 

(Ir, 

'4.

P-1 

"3

UNDERGROUND WASTEWATER COLLECTION SYSTEM

C) 
C) 

�AI 
Co 

I"

ESFDR2 057/3 26 91 

(

SYSTEM DEFINITION 

Systems. subsystems, and 
components that distribute waler 
within the underground lacility.

1.2.6.7.5 

F 1 
PC 1 
IC None 
C A 
A 1

SYSTEM DEFINITION 

Systems. subsystems, and 
componeols that collect, control.  
and transfer to the surface 
wastewater system (1.2.6.2.5).

1.2.6.7.6

F I 
PC la- It 
IC None 
C A 
A None
- h

(, (

I



(

COMPRESSED AIR DISTRIBUTION SYSTEM

C

'Ti 

() 
C) 

C) 
C) 
I-.  

(t� 

(U 

t..) 

�i) 
I-.

Po 

1"4 

CX

FIRE PROTECTION SYSTEM

Pt' 

()1 

C.,• 
C) 
P.

r11 

C.JC 

ESFDR2 057 30/5 991

(

SYSTEM DEFINITION 

Systems, subsystems, and 
components that distribute com
pressed air throughout the 
underground ESF facility.

1.2.6.7.7

F 1 
PC 1 
IC None 
C None 
A None

SYSTEM DEFINITION 

Systems, subsystems, and 
components that provide 
detection corrective response to 
extinguish fires.

1.2.6.7.8

F 1 
PC la- Ic 
IC None 
C A-C 
A None



MUCK AND MATERIAL HANDLING SYSTEMS

I--.

SANITARY FACILITIES

'U 

(2 
X 

CD 

CI) 

JI..  

(12

ESFDR2 057/3 26 91

(K

SYSTEM DEFINITION 

Systems, subsystems, struc
lures. equipment, and compo
nents that transport excavated 
rock (muck), materials. and 
equipment between surface and 
subsurface.

'U 

(2 

C) 
C) 
I--.  
(.) 

(D 

(.111.2.6.7.9

F I 
PC la- Ic 
IC None 
C A-E 
A None

SYSTEM DEFINITION 

System that provides for human 
waste collection.

1.2.6.7.10

F I 
PC la-ic 

None 
C None 
A None



(

MONITORING AND WARNING SYSTEMS

-I

("

'U 

() 

C_) 

I-.  

CDl

r)

'U 

C) 
() 

(-) 

C.) 
I
I..) 

CD 

(II

ESFDR205713 2691

("

SYSTEM DEFINITION 

System required to monitor 
underground conditions and to 
led onsite personnel of possible 

dangerous situations.

1.2.6.7.11

F 1 

IC None C lA- 11 

C NA-B



UNDERGROUND TEST SUPPORT*

* Tests are delined in Appendices B & C of the ESFDR.

ESFDR2 05711 26 91 (

[iý 

r-o 

C-) 
I.  

(a

() 

-. , 

_,Z 

UI

(-.  

I.-..  

rl 

C) 
C") 

;,J 

CDD

(



(

INTEGRATED DATA SYSTEM (IDS) SUPPORT
C) 
() 

I.  

(ii 

(.,

CI 

(D 

(It

ESFDR2 O57/3 26 91

( (

SYSTEM DEFINITION 

Providing lacilities as 
described in ESFDR 
Appendix B

t'r 

(.)

1.2.6-8.1

F 1 
PC 1 
IC 1-2 
C None 
A None

TEST SUPPORT

SYSTEM DEFINITION 

"Four types ol tests: 

"* Geomnechanic 
"• Near -lield and thermally 

pertudbed 
* Hydrologic and transport 

phenomena

12.6.8.2

F 1 
PC 1 
IC None 
C A 
A None

I



() 

C) 

CD) ESF DECOMMISSIONING AND CLOSURE .

(0I 

t.J 

I-"

SYSTEM DEFINITION 

Activities enacted to place ESF 
lacWIkies into permaneng non
operable and sale condition.  

I
I 

ACCESSES AND 
UNDERGROUND 

FACILITIES 
12.692 12

ESFDR2.057/3 26 91

(

I-, 

Gt) 

I..

1.2.6.9 

F 1 
PC la- Ic 
IC None 
C None 
A 1-2

SIl 

SURFACE 
FACILITIES 

1.2.6.9.1

(

'N 

'11 

() 
C) 

C) 
C.) 
F-.  
I.) 

2] 
'C,

(



(

'C 

'U 

(.) 

I--.  

w 

(J I 

I-.

ACCESSES AND UNDERGROUND FACILITIES

'U 

() 
() 

C.  

C) 

& �, 

4.,,

ESFDR2 0657/3 26 91

( (

SURFACE FACILITIES

SYSTEM DEFINITION 

AN lacilities, systems, and 
subsystems as defined in 
previous sections (ESF site, 
surface utilities, facilities, 
etc.).

'�0 

�-4 

0 
L.J

1.2.6.9.1 

F 1 
PC la- lb 
IC None 
C A-B 
A None

SYSTEM DEFINITION 

AN facilities, systems, and sub
systems descrbed in previous 
sections (accesses, under
ground excavations, utility 
systems, etc.). I

-I

1 
1 

None 
A 
None

I 

I
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APPENDIX H 

The terms and format of the Responsibility Matrix are explained as follows: 

Column (1), ESFDR Section, lists the requirements by ESFDR section number.  
Please refer to the ESFDR for the actual requirements.  

Column (2), DAA Recommendations, provides information that identifies the 
ESFDR requirements that correspond to DAA recommendations (see ESF Title I 
Design Acceptability Analysis and Comparative Evaluations of Alternative ESF 
Locations, Volume 1, Page 2-54 through 2-58). Typical references used to 
identify recommendations are C2-5 and C2-5,7. The C2 identifies this as a 
recommendation related to NRC Concern #2. The 5 and 7 identify specific 
Recommendations Numbers 5 and 7 related to NRC Concern #2.  

Column (3), Category, provides information regarding the verification of the 
ESF requirements to a source of authority. The status codes used in this 
category column are identified on the bottom of each page. TBV indicates 
this requirement is "TO BE VERIFIED." A second term in this column may 
appear as a TBD which indicated this requirement needs a quantified value or 
range and is "TO BE DETERMINED." 

Column (4), Responsible Organization, shows the organization(s) that have 
accepted responsibility to design and implement per that requirement. If two 
or more organizations appear in this column, responsibility may be shared or 
responsibility may be assigned to one organization. Resolution of disputes 
will be referred to higher authority as needed. The same is true for support 
organizations.  

Column (5), Support Organization, identifies the organizations that might 
provide analysis support for quantifying the requirement (i.e., value or 
range) and may or may not be the same as the Responsible Organization. This 
task will include verification of analysis, such as independent technical 
review. Other examples of support might be acquisition of permits or tests.

APPENDIX H-1



YMP.C2-$0"1, Rev.

(2) (3) (4) (5)
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.0 EXPLORATORY STUDIES FACILITY

1.2.6.0 

1.2.6.0 
1.2.6.0 
1.2.6.0 
1 .2 . 6. 0 

1.2 .6.0 

1.2.6.0 

1.2.6.0 

11.2.6.0 

1.2.6.0 

1.2.6.0 
1.2.6.0 
1.2.6.0 

1.2.6.0 
1.2.6.0 

1.2.6.0 

~.2.6.0 

1.2.6.0 

, .2.6.0 
i.2.6.0 

12.6.0 
1.26.0 

.. 2.6.0 
S.2.6.0 
1.2.6.0

DEF 
BI 
ARCS 
ARCS [2] 
ARCS [3] 
FR 1.  
FR 2.  
PC !a.  
PC lb.  
PC 1c.  
PC Id.  
PC Id.i 
PC 1d.ii 
PC 1d.iii 
PC le.  
PC if.  
PC 1g.  
PC in.  
PC Iih.  PC ii.  
PC 1j 
PC ij.i 
PC ij ii 

PC 1k.  
PC 2a.  
PC 2b.  
PC 2b. i 
PC 2b. ii 
PC 2b. iii 
PC 2b iv 
PC 2b. (end) 
PC 2c.  
PC 2c. i 
PC 2c. ii 
PC 2c.iii

NV 
NV 
NV 
NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK TBD 
NV 
NV 
NV TBD 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
NV 
OK 
OK 
OK 
NV 
NV 
NV 
NV 
NV 
OK 
NV 
NV 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
PO 
SNL 
SNL 
SNL RSN 
SNL 
LANL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL/RSN 
SNL/RSN 
SNL/RSN 
SNL/RSN 
SNL/RSN 
SNL/RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(3) Category: 
-K = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;

APPENDIX H-2

(I)

RSN/LANL/ SNL/'REECO 
RSN 

SNL 

PO/REEC 

SNL 
SNL/REECO 
SNL/REECO 
SNL/REECO

3) '-3



YM .....'2 01, Rev. ,

(I) (2) 
DAA

(3) (4) 
Resp

(5)

ESFDR Section Recommendations Category Org Sup Org

1.2.6.0 
1.2.6.0 
i.2.6.0 
1.2.6.0 

1.2.6.0 
1.2.6.0 
1.2.6.0 1.2.6.0 
1.2.6.0 
1.2.6.0 1.2.6.0 
1.2.6.0 
"1.2.6.0 
1.2.6.0 
1.2.6.0 
1.2.6.0 
1.2.6.0 
1.2.6.0 
"1.2.6.0 

.2.6.0 
.2.6.0 

1.2.6.0 
1.2.6.0 
126.0 
.2.6.0 

2.6.0 
1.2. 6.  
1.2. 6.0 
1.2.6.0 
.2.6.0 

"2.2 6.0 
1.2.6.0 
1.2.6.0 
1.2.6.0 

"1. 2 .6 .0 
1.2.6.0 

1.2.6.0

PC 2c.iv 
PC 2c.v 
PC 2c.vi 
PC 2d.  
PC 2e.  
PC 2f.  
PC 2f.i 
PC 2f.i.a 
ICR I.  
ICR 2.  
C A.  
C B.  
C C.  
C C. (1) 
C C .(2) 
C C .(3) 
C C .(4) 
CCi 
C C. ii 
C C. iii 
C C.iv 
o C.v 
C C.v[2] 
C C .v[3] 

CCvi 
CC C. vii 
0 C. viii 

C F 

C E .  

C F.  
C G.  
C G.i 
C H.  
C I.  
C J.  
C K.  
C L.  
C M.

C1-12, -20

.. 2.6.1. ESF SITE(S) 

1.2.6.1 DEF

NV 
NV 
NV 
OK 
OK 
OK 
NV 
NV 
OK TBD 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
NV 
OK 
NV TBD 
NV 
NV 
NV 
NV 
NV 
NV 
OK 
OK 
OK 
NV 
NV 
OK 
OK 
NV 
OK 
OK 
OK 
OK 
OK TBD 
OK

NV

RSN SNL/REECO 
RSN SNL/REECO 
RSN SNL 
SNL 
RSN SNL 
RSN 
RSN/LANL 
RSN/LANL 
PO T&MSS 
RSN 
PO 
REECO PO 
LANL 
LANL 
RSN LANL/SNL 
RSN LANL/SNL 
LANL RSN/SNL 
LANL/REECO 
LANL 
SNL/LANL 
RSN/SNL/LANL SNL/LANL 
LANL REECO 
RSN 
RSN 
LANL 
REECO 
SNL 
PO LANL 
LANL/SNL 
RSN 
SNL RSN 
RSN 
RSN LANL 
RSN REECO 
RSN 
RSN 
RSN 
REECO RSN 
RSN 
RSN 
RSN

RSN

(3) Category: 
OK = Verified source of authority; NV 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-3
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(1) 

ESFDR Section

(2) 
DAA 
Recommendations

(3) (4) 
Resp 

Category Org

BI 
ARCS I.  
ARCS 2.  
ARCS 3.  
ARCS 4.  
ARCS 5.  
ARCS 6.  
ARCS (end) 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC id.  
PC le.  
PC I f.  
PC 1g.  
PC lh.  
ICR 1.  
ICR (end) 
C A.

1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2 6.1 
1.2 6.1 
1.2.6.1 
1.2.6.1 
1.2 .6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 

.2.6.1 

..2.6.2.  
1.2.6.1 
!.2.6.1 
1.2.6.1 
1.2. .1 

1.2 6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2 .6.1 
1.2.6.1 
1.2 6.1 
1.2.6.1 

!.2.6. 1 1.2.6.1 
1.2.6.1 
1.2.6.1 
1.2.6.1

C1-1,2,4, 6,7,8,9, 
10, 11, 12, 14, 15, 17, 
18,19,20 

Cl-1, C2-6 
Cl-1, 2, 3, 4, 5, 6, 7, 
8,10,11,12,13,14, 
15, 16, 18, 19, 20 
C2-4

(3) Category: 
OK = Verified source of authority; NV= 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-4

(5) 

Sup Org

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
OK 
OK 
NV 
NV 
OK TBD 

OK 
OK 
NV TBD 
NV 
NV 

OK 
OK 
OK 
NV 
NV 
NV 
NV TBD 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK

B.  
C.  C.i 
C. ii 
C.iii 

D.  
E.  
F.  
F.i 
F. ii 
F.iii 
F.iv 
F.v 
G.  
H.  
I.  
J.  

K.  
L.  
M.

RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 

RSN

SNL 
SNL 

LANL 

LANL 
SNL/LANL 

LANL 
LANL

SNL 
RSN 
RSN 

RSN 
LANL/RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

y~Mp/C-00O"1, Rev. "11.?:
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(2) (3) (4)
DAA Resp 

ESFDR Section Recommendations Category Org

1.2.6.1 C N.  
1.2.6.1 C G.  

".2.6.1 A I.  
1.2.6.1 A 2.  
1.2.6.1 A 3.

1.2.66.  
1.2.6.1.1 
1.2.6.1.1 

1. 2. 6.: 1.2.6.1.1 
1.2.6.,1.  
1.2.6.1.1 
1.2.6.1.1 

1.2.6.i.1 
1.2.6.1.1 
1.2.6.1.1 

1.2.6.1.2 

1.2.6.1.1 
1.2.6.1.1 

1.2.6.1.2 

1ý.2.6.1.2 

1.2. 6.1.2 

IA..2.6.1.2 
1.2.6.1.2 

1.2.61.2

OK 
OK 

NV 
NV 
NV 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV

DEF 
BI 
FR 1.  
PC la.  
PC la. i 
PC la. ii 
PC !a. iii 
PC la. iv 
PC la. v 
PC Ia.vi 
PC !a. vii 
PC ia.viii 
PC la. ix 
PC la. x 
PC Ia. xi 
PC la.xii 
?C :b.  

C A.  
C B.  
A I.  

B I 
FR 1.  
PC la.  
PC .a. i 
PC 1a.i.a 
PC la.i.b 
PC .a.i.c 
PC la.i.d 
PC la.i.e 
PC la.i.f 
PC la. ii 
PC la.ii.a 
PC la.ii.b 
PC la.ii.c

NV 
NV 
OK 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV

RSN 
RSN 

RSN 
RSN 
RSN 

RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(5) 

Sup Org

REECO/LANL 
LANL 

LANL

LANL

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check

APPENDIX H-5
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(1) (2) (3) (4) (.5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.!-2 PC la.ii-.d NV RSN 
1.2.6.1.2 PC la.ii.e NV RSN 
1.2.6.1.2 PC la.ii.f NV RSN 
1.2.6.1.2 PC !a.ii.g NV RSN 
1.2.6.1.2 PC la.ii.h NV RSN 
1.2.6.1.2 PC la.ii.i NV RSN 
1.2.6.1.2 PC la.ii.j NV RSN 
1.2.6.1.2 PC la.iii NV RSN 
1.2.6.1.2 PC la.iii.a NV RSN 
1.2.6.1.2 PC la.iii.b NV RSN 
1.2.6.1.2 PC la.iii.c NV RSN 
1.2.6.1.2 PC la.iii.d NV RSN 
1.2.6.1.2 PC la.iii.e NV RSN 
1.2.6.1.2 PC la.iii.f NV RSN 
1.2.6.1.2 PC la.iv NV RSN 
1.2.6.1.2 PC la.iv.a NV RSN 
1.2.6.1.2 PC ia.v NV RSN LANL 
1.2.6.1.2 PC la.v.a NV RSN LANL 
1.2.6.1.2 PC la.v.b NV RSN LANL 
1.2.6.1.2 PC 1a.v.c NV RSN LANL 
1.2.6.1.2 PC ia.v.d NV RSN LANL 
1.2.6.1.2 PC la.v.e NV RSN LANL 
1.2.6.1.2 PC 1a.v.f NV RSN LANL 
1.2.6.1.2 PC ia.v.g NV RSN 
1.2.6.1.2 PC 1a.vi NV RSN LANL 
1.2.6.1.2 PC Ja.vi.a NV RSN LANL 
1.2.6.1.2 PC 1a.vi.b NV RSN LANL 
1.2.6.1.2 PC la.vi.c NV RSN LANL 
1.2.6.1.2 PC la.vi.d NV RSN LANL 
1.2.6.1.2 PC la.vi.e NV RSN LANL 
1.2.6.1.2 PC lb. OK RSN 
1.2.6.1.2 PC lb.i OK RSN 
1.2.6.1.2 PC lb.ii OK RSN 
1.2.6.1.2 PC 1b.iii OK RSN 
1.2.6.1.2 PC lb.iv OK RSN 
1.2.6.1.2 PC lb.v OK RSN 
1.2.6.1.2 C A. OK RSN 
1.2.6.1.2 C B. OK RSN 
1.2.6.1.2 C C. OK RSN 
.2.6.1.2 C D. OK RSN 
1.2.6.1.2 A D. NV RSN 
1.2.6.1.2 A 2. NV RSN

(3) Category: 
OK = Verified source of authority; NV 
(Blank) = Test not available for source

Not verified to source of authority;

APPENDIX H-6
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(i) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2.6.1.3 
1.2 .6.1.3 
1.2.6.1.3 

1.2.6.1.3 

1.2.6.1.4 
1.2.6.1.4 
1.2.6.1.4 
1.2.6.1.4 
1.2.6.1.4

"DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC Ic.  
PC id.  
C A.  
C B.  
C C.  
C D.  
C E.  
C F.  
C G.  

DEF 
BI 
FR 1.  
PC 1.  
C A.

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK TBD 
OK TBD 
OK 
OK 
OK 
OK 
OK

NV 
NV 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN

1.2.6.2 SURFACE UTILITIES

1.2.6.2 
1.2.6.2 
1.2 6.2 
1.2.6.2 
1.2.6.2 
1.2.6.2 
12.6.2 
122.6.2 
1.2.6.2 
i.2.6.2 
1.2.6.2 
1.2.6.2 
1.2.6.2 
i.2.6.2 
12.6.2 
1.2.6.2 
1.2.6.2 
1.2.6.2 
1.2.6.2 
1.2.6.2

DEF 
BI 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS 
ARCS

EP 
1.  
2.  
3.  
L 
I.  
SP 
1.  
2.  
UP 
1.  
2.  
3.  
WS 
1.  
2.  
3.

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(3) Category: 
OK = Ver.fied source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-7
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YMPc:-003, Rev. 5/21/91 YMPCC-2:2, .ev. 5.  

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.2 ARCS SS NV RSN 
1.2.6.2 ARCS I. NV RSN 
1.2.6.2 ARCS 2. NV RSN 
1.2.6.2 ARCS CS NV RSN 
'.2.6.2 ARCS 1. NV RSN 
1.2.6.2 ARCS SWW NV RSN 
1.2.6.2 ARCS 1. NV RSN 
1.2.6.2 ARCS 2. NV RSN 
1.2.6.2 ARCS CA NV RSN 
1.2.6.2 ARCS 1. NV RSN 
1.2.6.2 ARCS (end) NV RSN 
1.2.6.2 FR 1. OK RSN LANL 
1.2.6.2 PC la. OK RSN LANL 
'.2.6.2 PC lb. OK RSN 
1.2.6.2 PC Ic. OK RSN 
1.2.6.2 PC Id. OK RSN LANL 
1.2.6.2 PC le. OK RSN 
1.2.6.2 ICR 1. NV SNL 
1.2.6.2 ICR 2. NV RSN 
1.2.6.2 7CR (end) NV RSN 
1.2.6.2 C A. OK SNL 
.. 2.6.2 C B. OK RSN 
'.2.6.2 C C. OK RSN 
1.2.6.2 C D. OK RSN LANL 
.. 2.6.2 C E. CI-4 OK RSN 
'.2.6.2 C F. OK RSN 
-. 2.6.2 A 1. NV RSN 
1.2.6.2 A '.a NV RSN 
-.2.6.2 A ..b NV RSN 

1.2.6.2.i DEF NV RSN 
-. 2.6.2.1 DEF [2] NV RSN 
.2.6.2.1 BI NV RSN 

"i.2.6.2.1 FR 1. OK RSN 
1.2.6.2.1 PC la. OK RSN LANL 
1.2.6.2.1 PC lb. OK RSN LANL 
.. 2.6.2.1 PC ic. OK RSN 
"..2.6.2.1 PC Id. OK RSN 
-. 2.6.2.1 PC le. OK RSN 
*.2.6.2.1 PC if. OK RSN 
i.2.6.2.1 PC 1g. OK TBV RSN 
1.2.6.2.1 PC lg.i NV TBV RSN 
1.2.6.2.1 PC lg.ii NV TBV RSN 
1.2.6.2.1 PC lg.iii NV TBV RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check

APPENDIX H-8



YMP/ C C- 0 ̂13 , Re v.--- '3:. '- YM -? ev.

(2) (3) (4) (5)
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.2.1 
1.2.6.2.1 
1.2.6.2 1 
1.2.6.2.1 
i.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
12.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
1.2.6.2.1 
i.2.6.2. .  

1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
.2.6.2.2 

1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.26.22 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2 
1.2.6.2.2

PC ig. iv 
PC lg. v 
PC ig. vi 
PC 1g.v:i 
PC lg.viii 
PC ig. ix 
PC Ig. x 
PC lg.xi 
PC ih.  
PC ii.  
PC li.i 
PC li.ii 
PC lj.  

PC ;.J.  

C A.  
C B.  
CC 
C D.  

C E.  
C F.  
C G.  

DEF 
BI 
FR 1.  
PC !a.  
PC lb.  
PC ic.  
PC id.  
PC le.  
PC if.  
PC 1g.  
PC 1h.  
PC ii.  
C A.  
C B.  
C C.  
C D.  
C E.  
C F.  
C F.i 
C G.  
A 1.

TBV 
TBV 
TBV 
TBV 
TBV 
TBV 
TBV 
TBV

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
OK 
OK 
NV 
NV 
OK 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
OK 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified to source of authority;

APPENDIX H-9

(1)

REECO 
LANL 
LANL 

LANL 
LANL 

LANL 

LANL 

LANL

Ympicz-00!3, -,,ev. -: --'- !'-



YMP,'22-0013, •Rev. Y,3", v

(1) (2) (J) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.2.3 
1.2.6.2.3 

.2.6.2.3 
1.2.6.2.3 
1.2.6.2.3 
1.2.6.2.3 
1.2.6.2.3 

.2.6.2.3 
1.2.6.2.3 

1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
1.2.6.2.4 
12.6.2.4 
1.2.6.2.4 
i.2.6.2.4 
.2.6.2.4 
.2.6.2.4 
.2.6.2.4 

1.2.6.2.4 
12.6.2.4 
1..2.6.2.4 
.2.6.2.4 
.2.6.2.4 
.2.6.2.4 
.2.6.2.4 

1.2.6.2.5 
1.2 .6.2 .5 
1.2.6.2.5 
1.2.6.2.5 
1.2.6.2.5 
i. 2.6.2.5 
1.2.6.2.5 

i.2.6.2.6 
1.2.6.2.6 
1.2.6.2.6 
1.2.6.2.6 1.2.6.2.6

NV 
NV 
OK 
OK 
OK 
OK TBD 
OK 
OK TBD 
OK

DEF 
BI 
FR 1.  
PC la.  
PC cb.  
PC Ic.  
C A.  
C B.  
C C.  

DEF 
BI 
FR 1.  
PC la.  
PC Ib.  
PC 1c.  
PC Id.  
PC le.  
PC if.  
PC 1g.  
C A.  
C B.  
C C 
C D.  
C E.  
C F.  

C H.  
C I.  
C J.  
A 1.  

DEF 
BI 
FR 1.  
PC 1.  
C A.  
C B.  
C C.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV

NV 
NV 
OK 
OK TBD 
OK TBD 
OK TBD 
OK

NV 
NV 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN

SNL 

LANL 

LANL 

LANL 

SNL/LANL 
SNL/LANL 

LANL 
LANL

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-10
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Ymp c-0013, R.ev. 5/31/91 YMPOC:-0013, Rev - -j 

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.2.6 PC -c. OK RSN LANL 
1.2.6.2.6 PC id. OK RSN 
1.2.6.2.6 C A. OK RSN 

1.2.6.3 SURFACE FACLITIES 

i. 2 .6.3 DEF NV PO RSN/LANL 
1.2.6.3 BI NV RSN 
1.2.6.3 ARCS NV RSN 
1.2.6.3 ARCS 1. NV RSN 
1.2.6.3 ARCS 2. NV RSN 
1.2.6.3 ARCS (end) NV RSN 
1.2.6.3 FR 1. OK RSN 
1.2.6.3 FR 2. OK RSN 
1.2.6.3 FR 3. OK RSN 
1.2.6.3 PC !a. OK RSN 
1.2.6.3 PC la.i OK RSN 
1.2.6.3 PC la.ii OK RSN LANL 
1.2.6.3 PC la.iii OK RSN 
1.2.6.3 PC ia.iv OK RSN 
1.2.6.3 PC ia.v OK RSN LANL 
1.2.6.3 PC la.vi OK RSN LANL 
1.2.6.3 PC la.vii OK RSN LANL 
1.2.6.3 PC !a.viii OK RSN LANL 
1.2.6.3 PC ia.ix OK RSN 
1.2.E.3 PC la.x OK RSN 
1.2.6.3 PC la.xi OK RSN 
1.2.6.3 PC :a.xii OK RSN 
1.2.6.3 PC 1a.xiii OK RSN 
1.2.6.3 PC la.xiv OK RSN 
1.2.6.3 PC 1a.xv OK RSN 
1.2.6.3 PC la.xvi OA RSN 
1.2.6.3 PC la.xvii OK RSN 
1.2.6.3 PC la.xviii OK RSN 
1.2.6.3 PC la.xix OK RSN 
1.2.6.3 PC la.xx OK RSN 
1.2.6.3 PC la.xxi OK RSN 
".2.E.3 PC lb. OK RSN LANL 
1.2.6.3 PC ic. OK RSN 
1.2.6.3 PC Id. OK RSN PO/LANL 
1.2.6.3 PC le. OK RSN 
1.2.6.3 PC if. OK RSN 
1.2.6.3 PC 1g. OK RSN LANL 
1.2.6.3 PC lh. OK RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check

APPENDIX H-il
N.-



YM2 22-X:z, ?.ev. -

(1) (2) (J) (4) (0 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

12.6.3 P( 
1.2.6.3 P( 
1.2.6.3 P( 
1.2.6.3 P( 
i.2.6.3 I 

.2. 6.3 1~ 
1.2.6.3 C 
1.2.6.3 C 
~.2.6.3 C 

.. 2.6.3 C 
1.2.6.3 C 
1.2.6.3 A 
1.2.6.3 A 
i.2.6.3 A 

1.2.6.3.1 
1.2 .6.3.1 
1.2 .6.3.1 
1. 2. 6.3. 1 

12. 6.3. 1 
1..2.6.3.1 
1..2.6.3.1 
1.2.6..  

1.2.6.3.1 
"1.2.6.3.1 
1.2.c6.3.1 
1.2.6.3.1.  

1.2.6.3.2 
ý..2.6.3.2 
1.2.6.3.2 
i..2.6.3.2 

1.2. 6.3 .3 
1.2.6.3.3 
1.2.6.3.3 
1.2.6.3.3 
~..2.6.3.3 

1.2.E.3.4 
1.2 .6.3.4 
1ý.2.6.3.4 
1.2 .6 .3.4 
1.2.6.3.4

C Ii.  
C 2a.  
C 2b.  
c 3.  
CR 1.  

.R (end) 
A.  
B.  
C.  
D.  
E.  
I.  
l.a 
l.b 

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC Ic.  
2C Id.  
PC le.  
C A.  
C B.  
C.  
C.  

A i.  

DEF 
B I 

FR 1.  
PC i.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  

DEF 
BI 
FR 1.  
PC la.  
PC la.i

OK 
OK 
OK 
OK 
NV 
NV 
OK 
OK 
OK 
OK 
OK 
NV 
NV 
NV 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV

NV 
NV 
OK TBD 
OK

NV 
NV 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN

LANL 
LANL 

LANL 
LANL 
LANL 

LANL

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified to source of authority;

APPENDIX H-12
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YMPc c-0 03, Rev. 5, 3 -,, YMF c:-232, ?.ev. - -. -.

(2) (3) (4) (5)
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 
1.2.6.3.4 

1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
.. 2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 
1.2.6.3.5 

1.2.6.3.5 
1.2.6.3.5 i.2.6.3.5 

1.2.6.3.6 
1.2.63.6A 
1.2.6.3.6 
1.2.6.3.6 
1.2.6.3.6 
1.2.6.3.6 

1.2.6.3.6 
1.2.6.3.6 
1.2.6.3.6 
1.2.6.3.6

PC la. ii 
PC la.iii 
PC a. iv 
PC La .v 
PC a. vi 
PC lb.  
PC Ic.  
PC Id.  
PC le.  
C A.  
C B.  

DEF 
BI 
FR 1.  
PC la.  
PC la. i 
PC la. ii 
PC la.iii 
PC a. iv 
PC 1a.v 
PC La. vi 
PC la.vii 
PC la.vfii 
PC la.ix 
PC :a.x 
PC la.xi 
PC lb.  
PC :c.  
C A.  
C B.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC id.  
PC le.  
C A.  
C B.  
C C.

OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-13

(1)

LANL 

LANL 
LANL 
LANL 
REECO



YM ' /-0013, ReV. 5', ; Me

(1) (2) (3) (4) (5)
DAA Resp 

ESFDR Secticn Recommendations Category Org Sup Org

1.2.6.3.6 C D.  
1.2.6.3.6 C E.  
1.2.6.3.6 A 1.

i.2.6.3.7 
.2. 6.3.7 

1.2.6.3.7 
1.2 .6.3.7 
1.2.6.3.7 
,.2.6.3.7 
.2. 6.3.7 
.2.6.3.7 

1.2.6.3.7 
.2.6.3.7 

1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2..6 3.8 
1.2.6.3.8 
1.2.6.3.8 
i.2.6.3.8 
,.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2 .6.3.8 
1.2.6.3.8 
1.2.6.3.8 
1.2.6.3.8 

1.2.6.3.9 
.. 2.6.3.9 
1.2.6.3.9 

2. 6.3.9 
1.2.6.3.9 
1.2 .6.3.9 
1.2. 6.3.9 
1.2 .6.3.9 
1.2 .6.3.9 
1.2.6.3.9 
1.2.6.3.9

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
C A.  
C B.  
C C.  
C D.  
C E.

DEF 
BI 
FR 1.  
PC la.  
PC ia. i 
PC la. ii 
PC la. iii 
PC !a. iv 
PC 1a.v 
PC ia. vi 
PC :b.  
PC ic.  
PC Id.  
PC le.  
C A.  
C B.  
A 1.  
A 2.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC Ic.  
PC 1c. i 
PC 1c. ii 
PC 1c. iii 
PC Ic. iv 
PC 1c.v

OK 
OK 
NV 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
LANL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN/LANL 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 
LANL 
LANL

LANL 

LANL 

LANL 

LANL 

LANL 
LANL 
LANL 
LANL 
LANL

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified to source of authority;

APPENDIX H-14

-ýMP/Cc3-00', rev. : =



YMP!C-O012, Rev. 5/31/91 YMPC-C003, Rev. 5,31. K 

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.3.9 PC ic.vi OK RSN LANL 
1.2.6.3.9 PC 1c.vii OK RSN LANL 
1.2.6.3.9 PC 1d. OK LANL 
1.2.6.3.9 C A. OK RSN 

1.2.6.4 SHAFT ACCESS 

1.2.6.4 DEF NV TBV RSN 
1.2.6.4 BI NV RSN LANL 
1.2.6.4 ARCS NV RSN 
1.2.6.4 FR 1. OK RSN 
1.2.6.4 FR 2. OK RSN 
1.2.6.4 PC !a. OK LANL/PO LANL 
1.2.6.4 PC la.i NV RSN LANL 
1.2.6.4 PC 1a.ii NV TBD RSN LANL 
1.2.6.4 PC 1a.iii C3-1 NV RSN LANL 
1.2.6.4 PC ia.iv C2-I0 NV TBD RSN LANL 
1.2.6.4 PC lb. OK RSN LANL 
1.2.6.4 PC ic. OK RSN 
1.2.6.4 PC Ic.i C3-3 NV RSN LANL 
1.2.6.4 PC ic.ii NV RSN LANL 
1.2.6.4 PC Ic.iii NV TBD RSN LANL 
1.2.6.4 PC lc.iv NV TBD RSN LANL/SNL 
1.2.6.4 PC 1d. OK RSN 
1.2.6.4 PC id.i NV TBD RSN LANL/SNL 
1.2.6.4 PC id.ii NV RSN 
1.2.6.4 PC 1d.iii C2-2 NV TBD SNL LANL 
1.2.6.4 PC id.iv NV RSN 
i.2.6.4 PC !d.v NV RSN 
1.2.6.4 PC id.vi NV LANL SNL 
1.2.6.4 PC Id.vii NV TBD LANL 
1.2.6.4 PC id.viii NV RSN SNL/LANL 
1.2.6.4 PC 1d.ix NV TBD SNL LANL 
1.2.6.4 PC 1d.x NV RSN LANL 
1.2.6.4 PC 1d.xi NV RSN LANL 
1.2.6.4 PC Id.xii NV TBD SNL SNL/LANL 
1.2.6.4 PC le. OK RSN 
.2.6.4 PC if. OK RSN 

1.2.6.4 PC If.i NV RSN 
1.2.6.4 PC 1f.ii NV RSN LANL 
1.2.6.4 PC 1g. OK RSN 
1.2.6.4 PC lh. OK RSN 
1.2.6.4 PC lh.i NV RSN 
1.2.6.4 PC lh.ii NV RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check
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Ymp-cc-0313, Rev. 5/3:,iM

(1) 

ESFDR Section

(2) 
DAA 
Recommendations

(3) (4) 
Resp 

Category Org

1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
.. 2.6.4 
1.2.6.4 
i.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
.. 2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4 
1.2.6.4

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;
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(5) 

Sup Org

PC ii.  
PC li.i 
PC ii.ii 
PC 1i.iii 
PC lj.  
PC lj.i 
PC lj.ii 
PC 2a.  
PC 2a.i 
PC 2a.ii 
PC 2a.ii.a 
PC 2a.ii.b 
PC 2a.ii.c 
PC 2a.ii.d 
PC 2a.ii.e 
PC 2a.ii.f 
PC 2a.iii 
PC 2a.iv 
PC 2a.v 
PC 2b.  
PC 2b.i 
PC 2b.ii 
PC 2b .iii 
PC 2b. v.  
PC 2c.  
PC 2d.  
PC 2d. i 
PC 2d. ii 
PC 2d. iii 
PC 2d. iv 
PC 2d. v 
PC 2e.  
PC 2e.i 
PC 2e.ii 
PC 2f.  
PC 2g.  
PC 2g.i 
PC 2g.ii 
PC 2g.iii 
PC 2g.iv 
PC 2h.  
PC 2h.i 
PC 2h.ii 
PC 2h.iii 
PC 2i.

C1-6 

C1-6

OK 
NV 
NV TBD 
NV 
OK 
NV 
NV 
OK 
NV 
NV TBD 
NV 
NV 
NV 
NV 
NV 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
OK 
NV TBD 
NV TBD 
NV TBD 
NV 
NV TBD 
OK 
NV 
NV TBD 
OK 
OK 
NV 
NV TBD 
NV TBD 
NV TBD 
NV 
NV 
NV TBD 
NV 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
LANL 
SNL 
SNL 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
SNL 
SNL 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN

LANL 

LANL 

LANL 
LANL 
LANL 

SNL/LLNL 
LANL 

LANL/ SNL 
LANL/SNL 
LANL 

SNL 

LANL 

LANL 

SNL 
LANL 
SNL 
SNL 

LANL 

SNL/LANL 

LANL



YMPc:-CG:R, ?.ev. *'3>.' iMP,CZ-00"3, Rev.  

( ) (2) (3) (4) (5) 
DAA Resp 

ESFOR Section Recommendations Category Org Sup Org 

1-2.6.4 PC 2i.i NV RSN 
1.2.6.4 PC 2i.ii NV RSN 
1.2.6.4 PC 2i.iii NV RSN 
1.2.6.4 PC 2i.iii.a NV TBD RSN 
1.2.6.4 PC 2i.iii.b NV TBD RSN 
1.2.6.4 PC 2i.iii.c NV TBD RSN 
1.2.6.4 PC 2i.iii.c NV TBD RSN 
1.2.6.4 PC 2i.iii.d NV TBD RSN 
1.2.6.4 PC 2i.iv NV RSN 
1.2.6.4 PC 2i.iv.a NV RSN 
1.2.6.4 PC 2i.iv.b NV RSN 
1.2.6.4 PC 2i.iv.c NV RSN 
1.2.6.4 PC 2i.iv.d NV RSM 
1.2.6.4 PC 2i.v NV RSN 
1.2.6.4 PC 2i.v (end) NV RSN 
1.2.6.4 PC 2i.v.a NV TBD SNL SNL 
1.2.6.4 PC 2i.v.b NV RSN 
1.2.6.4 PC 2i.vi NV TBD RSN LANL/SNL 
1.2.6.4 PC 2i.vii NV TBD RSN SNL/LANL 
.2.6.4 PC 2i.viii NV RSN 
L.2.6.4 PC 2j. NV RSN 
-. 2.6.4 PC 2j.i NV RSN LANL 
1.2.6.4 PC 2j.ii NV RSN 
1.2.6.4 PC 2j.iii Cl-18 NV TBD RSN 
1.2.6.4 PC 2k. OK RSN SNL/LANL 
1.2.6.4 PC 2k. [21 OK RSN SNL/LANL 
-. 2.6.4 PC 2k.i NV RSN SNL/LANL 
1.2.6.4 PC 2k.ii Cl-17 NV RSN 
"1.2.6.4 PC 2k.iii NV RSN SNL/LANL 
".2.6.4 PC 2k.iii.a NV RSN SNL/LANL 
!.2.6.4 PC 2k.iii.b NV RSN SNL/LANL 
1.2.6.4 PC 2k.iii.c NV RSN SNL/LANL 
!.2.6.4 PC 2k.iii NOTE NV RSN SNL/LANL 
1.2.6.4 PC 2k.iv NV RSN 
1.2.6.4 PC 2k.v NV RSN SNL/LANL 
1.2.6.4 ICR 1. NV RSN 
1.2.6.4 ICR (end) NV RSN 
1.2.6.4 C A. OK PO LANL 
1.2.6.4 C A. (21 OK LANL SNL 
1.2.6.4 C A.i NV TBD RSN LANL 
1.2.6.4 C B. OK RSN 
i. 2 .6.4 C B.i NV RSN LANL 
1.2.6.4 C B.ii NV TBD RSN LANL 
1.2.6.4 C B.iii NV RSN LANL 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check
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YMP/cC-O013, Rev. 5/31,YP O e

(I)(2) (3) (4) • 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.4.1 
1.2.6.4.1 

.2.6.4.1 
~.2.6.4. 1 1.2.6.4.1 

1.2.6.4.1 
1.2.6.4.1 

1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2.6.4.2 
1.2. 6.4.2 
1.2.6.4.2 

1.2.6.4.3 
1.2.6.4.3 
1.2.6.4.3 
1.2.6.4.3 
1.2.6.4.3 
i .2.6.4.3 

1.2.6.4.3 
1.2.6.4.3 
1.2.6.4.3 
1.2.6.4.3 

1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2. 6.4.4 
!.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
C A.  
C B.  

DEF 
BI 
FR I.  
PC la.  
PC lb.  
PC !c.  
PC id.  
C A.  
C B.  
C C.

DEF 
BI 
FR 
PC 
PC 
PC 
PC 
PC 
PC 

DEE PC 

B I 

FR 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC

i , 

la.  
Lb.  

id.  
le.  

1g.  
1h.

NV 
NV 
OK 
OK 
OK 
OK TBD 
OK 

NV 
NV 
OK 
OK 
OK TBD 
OK 
OK 
OK 
OK 
OK

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

I.  
la.  
lb.  
Ic.  
id 
le.  
if.  
if.i 
if.ii 
if.iii 
If.iv

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 

LANL 

LANL 

LANL 
LANL 

LANL 

LANL 
LANL 
LANL 
LANL 
LANL 
LANL

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;
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ymp/ic -00-3, .Rev. ... .
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YMP.i c-o001, Rev. - ;.31/91

(i) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.4.4 
1.2. 6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 
1.2.6.4.4 

1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
12.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 
1.2.6.4.5 

1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6 
1.2.6.4.6

PC lf.v 
PC lf.vi 
PC if.vii 
PC if.viii 
C A.  
C B.  
C C.  

DEF 
DEF [23 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC id.  
PC le.  
PC if.  
PC ig.  
PC lh.  
PC !i.  
PC lj.  
C A.  
C B.  
C C.  
C D.  
C E.  
C F.  
C G.  
C H.  
C I.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
C A.  
C B.

OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

NV 
NV 
OK 
OK 
OK 
OK 
OK TBV 
OK

1.2.6.5 RAMP ACCESS 

1.2.6.5 DEF 
1.2.6.5 BI

NV TBV 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 
LANL 

LANL 

LANL 

LANL 

SNL

RSN 
RSN

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified to source of authority;
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YMP. R,-SO ! ev . =z _1 -' i



MP -03, Rev. 5 3 .. 1 Rev. E , j 

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.5 ARCS NV RSN 
1.2.6.5 FR 1. OK RSN 
1.2.6.5 FR 2. OK RSN 
1.2.6.5 PC la. OK RSN LANL 
1.2.6.5 PC 1a.i NV RSN LANL 
1.2.6.5 PC ia.ii NV TBD RSN LANL 
1.2.6.5 PC la.iii C3-1 NV RSN LANL 
1.2.6.5 PC lb. OK RSN LANL 
1.2.6.5 PC 1c. OK RSN 
1.2.6.5 PC ic.i C3-3 NV RSN LANL 
1.2.6.5 PC ic.ii NV RSN LANL 
1.2.6.5 PC Ic.iii NV RSN LANL 
1.2.6.5 PC 1c.iv NV RSN 
1.2.6.5 PC lc.v NV RSN 
1.2.6.5 PC Id. OK RSN 
1.2.6.5 PC ld.i NV TBD RSN LANL 
1.2.6.5 PC id.ii NV RSN LANL 
1.2.6.5 PC ld.iii C2-2 NV TBD RSN LANL 
1.2.6.5 PC id.iv NV RSN LANL 
1.2.6.5 PC Id.v NV RSN LANL/SNL 
1.2.6.5 PC ld.vi NV LANL SNL 
1.2.6.5 PC ld.vii NV TBD LANL 
1.2.6.5 PC ld.viii NV RSN LANL 
1.2.6.5 PC ld.ix NV TBD RSN LANL 
1.2.6.5 PC id.x NV RSN LANL 
1.2.6.5 PC Id.xi NV RSN LANL 
i.2.6.5 PC id.xii NV TBD RSN SNL/LANL 
1.2.6.5 PC le. OK RSN 
1.2.6.5 PC if. OK RSN 

1.2.6.5 PC 1f.i NV RSN 

1.2.6.5 PC 1f.ii NV RSN 
1.2.6.5 PC Mf.iii NV RSN 
1.2.6.5 PC If.iv NV RSN 
1.2.6.5 PC if.v NV RSN 

1.2.6.5 PC Ig. OK RSN 

1.2.6.5 PC ih. OK RSN 

1.2.6.5 PC lh.i NV RSN 

1.2.6.5 PC lh.ii NV RSN 
1.2.6.5 PC Ii. OK RSN 
1.2.6.5 PC li.i NV RSN 

1.2.6.5 PC li.ii NV RSN 
1.2.6.5 PC li.iii NV RSN 
1.2.6.5 PC 1i.iv NV TBD RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check
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YM ,:K-CC13, Rev. 5/31;M,

(1) (2)
DAA

(3) (4) 
Resp

(5)

ESFDR Section Recommendations Category Org Sup Org

1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2. 6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2. 6.5 PC 
1.2.6.5 PC 
1.2 .6.5 PC 
1.2 .6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC 
1.2.6.5 PC

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;
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li.v 
lj.  
lj.i 
1j.ii 
2a.  
2a.i 
2a.ii 
2a.ii.a 
2a.ii.b 
2a.ii.c 
2a.ii.d 
2a.ii.e 
2a.ii. f 
2a.iii 
2a.iv 
2a.v 
2b.  
2b.i 
2b.ii 
2b.iii 
2b.iv 
2c.  
2d.  
2d.i 
2d. ii 
2d.iii 
2d. iv 
2d.v 
2e.  
2e.i 
2e.ii 
2f .  
2g.  
2g.i 
2g.ii 
2g.iii 
2g. iv 
2g.v 
2h.  
2h. i 
2h.ii 
2h. iii 
2i.  
2i.i 
2i.ii

C1-6 

C1-6

NV 
OK 
NV 
NV 
OK 
NV 
NV TBD 
NV 
NV 
NV 
NV 
NV 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
OK 
NV TBD 
NV TBD 
NV TBD 
NV 
NV TBD 
OK 
NV 
NV TBD 
OK 
OK 
NV TBD 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
NV 
NV TBD 
NV 
OK 
NV 
NV

RSN 
RSN 
RSN 
RSN 
SNL 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
TBD 
RSN 
RSN 
RSN 
RSN 
LANL 
RSN 
RSN 
RSN 
RSN

SNL/LANL 

SNL/LANL 
LANL 

LANL 

LANL 
LANL 

SNL 
SNL 
LANL 

SNL

YMPi/CC - 0 013, Rev. i7



(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Reconmendations Category Org Sup Org 

!.2.6.5 PC 2-i.iii NV RSN 
1.2.6.5 PC 2i.iii.a NV TBD RSN 
1.2.6.5 PC 2i.iii.b NV TBD RSN 
1.2.6.5 PC 2i.iii.c NV TBD RSN 
1.2.6.5 PC 2i.iii.d NV TBD RSN 
1.2.6.5 PC 21.iv NV RSN 
1.2.6.5 PC 2i.iv.a NV RSN 
1.2.6.5 PC 2i.iv.b NV RSN 
!.2.6.5 PC 2i.iv.c NV RSN 
1.2.6.5 PC 2i.iv.d NV RSN 
1.2.6.5 PC 2i.v NV RSN 

1.2.6.5 PC 2i [end] NV RSN 
1.2.6.5 PC 2i.v.a NV TBV SNL SNL 
1.2.6.5 PC 2i.v.b NV RSN 
1.2.6.5 PC 2i.vi NV TBD RSN LANL/SNL 
1.2.6.5 PC 2i.vii NV TBD RSN LANL/SNL 
1.2.6.5 PC 2i.viii NV RSN 
1.2.6.5 PC 2-. OK RSN 
1.2.6.5 PC 21.1 NV RSN 
1.2.6.5 PC 2j.ii NV RSN 
1.2.6.5 PC 2j.iii CI-18 NV TBD RSN 
1.2.6.5 PC 2k. OK RSN 
1.2.6.5 PC 2k. [2] OK RSN 
7.2.6.5 PC 2k.i NV RSN 
1.2.6.5 PC 2k.ii CI-17 NV RSN 
1.2.6.5 PC 2k.iii NV RSN 
1.2.6.5 PC 2k.iii.a NV RSN 
1.2.6.5 PC 2k.iii.b NV RSN 
1.2.6.5 PC 2k.iii.c NV RSN 
1.2.6.5 PC 2k.iv NV RSN 
1.2.6.5 PC 2k.v NV RSN 
1.2.6.5 ICR 1. NV RSN 
1.2.6.5 ICR (end) NV RSN 
1.2.6.5 C A. OK RSN LANL 
1.2.6.5 C A. [2] OK RSN 
1.2.6.5 C A.i NV TBD RSN LANL 
.L2.6.5 C B. OK RSN LANL 
1.2.6.5 C B.i NV RSN 
1.2.6.5 C B.ii NV TBD RSN LANL 

.. 2.6.5 C B.iii NV RSN LANL 

1.2.6.5.1 DEF NV RSN 
1.2.6.5.1 BI NV RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check

APPENDIX H-22



YMP/CC-0013, Rev. 5/31/,Me

(2) (3) (4) (5)
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.5.1 
1.2.6.5.1 
1.2.6.5.1 
1.2.6.5.1 

1.2. 6.5.2 
1.2.6.5.2 
1.2.6.5.2 
1.2 .6.5.2 
1.2 .6.5.2 
1.2.6.5.2 
1.2.6.5.2 
1.2. 6.5.2 
1.2 .6.5.2 
1.2.6.5.2 
1.2.6.5.2 

1.2.6.5.3 
1.2 .6.5.3 
1.2.6.5.3 
1.2.6.5.3 
1.2.6.5.3 
1.2.6.5.3 
i.2.6.5.3 
1.2.6.5.3 

1.2 .6.5.4 
2.2 6.5 4 

..2 6.5 4 
1.2.6.5.4 
1.2 .6.5. 4 
1.2.6.5.4 
1.2.6.5.4 
1.2 .6.5.4 
1.2.6.5.4 
1.2 .6.5.4 
1.2.6.5.4 
1.2.6.5.4 
1.2 .6 .5.4 
1.2.6.5.4 
1.2.6.5.4 
1.2.6.5.4 
1.2.6.5.4

FR 1.  
PC 1.  
C A.  
C B.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC 1d.  
PC le.  
C A.  
C B.  
C C.  

DEF 
BI 
FR 1.  
PC la.  
PC 1b.  
PC ic.  
PC Id.  
PC le.

OK 
OK 
OK TBD 
OK

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC Ic.  
PC 1c.i 
PC Ic.ii 
PC lc.iii 
PC ic.iv 
PC lc.v 
PC lc.vi 
PC lc.vii 
PC lc.viii 
C A.  
C B.  
C C.

RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 

LANL 
LANL 
LANL

LANL 
LANL 
LANL 
LANL 
LANL 
LANL 
LANL

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-23

(1)

YMP/c---0013, Rev. z 31 ý'-



YMP cc-0013, Rev. 5/21.y!

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.5.5 This number not used 

1.2.6.5.6 DEF NV RSN 
1.2.6.5.6 B! NV RSN 
1.2.6.5.6 FR 1. OK RSN LANL 
1.2.6.5.6 PC Ia. OK RSN 
1.2.6.5.6 PC lb. OK RSN 

1.2.6.6 UNDERGROUND EXCAVATIONS 

1.2.6.6 DEF NV TBV RSN 
1.2.6.6 BI NV RSN 
1.2.6.6 ARCS NV RSN 
1.2.6.6 FR I. OK RSN LANL 
1.2.6.6 FR 2. OK RSN 
1.2.6.6 PC la. OK RSN LANL 
I.2.6.6 PC !a.i NV RSN LANL 
1.2.6.6 PC ia ii NV RSN LANL 
1.2.6.6 PC la.iii NV RSN LANL 
1.2.6.6 PC la.iv NV TBD RSN 
1.2.6.6 PC Ib. OK RSN LANL 
1.2.6.6 PC 1b.i NV RSN 
1.2.6.6 PC 1b.ii NV RSN LANL 
1.2.6.6 PC 1c. OK RSN 
1.2.6.6 PC 1c.i NV RSN LANL 
1.2.6.6 PC Ic ii C3-3 NV RSN LANL 
1.2.6.6 PC lc iii NV RSN LANL 
i.2.6.6 PC 1c.iv NV RSN LANL 
i.2.6. 6 PC 1c.v NV RSN LANL 
1.2.6.6 PC 1c.vi NV RSN LANL 
".2.6.6 PC ic.vii NV TBD RSN LANL 
1.2.6.6 PC Ic.viii NV TBD RSN 
1.2.6.6 PC 1c.ix NV TBD RSN 
1.2.6.6 PC lc.x NV RSN 
1.2.6.6 PC id. OK RSN 
1.2.6.6 PC ld.i NV RSN LANL 
1.2.6.6 PC Id.ii NV TBD SNL LANL 
1.2.6.6 PC id.iii NV TBD SNL LANL 
"1.2.6.6 PC ld.iv NV TBD RSN LANL 
".2.6.6 PC id.v NV RSN 
1.2.6.6 PC ld.vi C2-2 NV TBD SNL LANL 
i.2.6.6 PC id.vii C2-7 NV RSN LANL 
1.2.6.6 PC id.viii C2-2 NV RSN LANL 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check 

APPENDIX H-24



YM.;C-0013, Rev. 5/31/ ? ! V :;"".,Zs7

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

.. 2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
i.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

12.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

.. 2 .6.6 1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

1.2.6.6 

1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6

PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-25

Id. ix 
!d.x 
id.xi 
id.xii 
ld.xiii 
ld.xiv 
Id. xv 
Id. xvi 
ld.xvii 
le.  
le.i 
if.  
if.i 
if.ii 
if.iii 
1g.  
1h.  
!h.i 
lh.ii 
lh.iii 
1h.iv 
ii.  
!i.i 
ii.ii 

li.iii 

2a.  
2a.i 
2a.ii 
2a.ii.a 
2a.i.i.b 
2a.ii.c 
2a.ii.d 
2a.ii.e 
2a.ii.f 
2a.iii 
2a.iv 
2b.  
2b.i 
2b.ii 
2b.iii 
2b.iii.a 
2b.iii.b 
2b.iii.c 
2c.  
2c.i

C2-3 

C2-5 

C1-6 

C1-6 

Cl-14 
C1-15 

Cl-13

NV 
NV TBD 
NV 
NV 
NV TBD 
NV 
NV 
NV 
NV TBD 
OK 
NV TBD 
OK 
NV 
NV 
NV 
OK 
NV 
NV 
NV 
NV 
NV 
OK 
NV 
NV 
NV 
OK 
NV TBD 
NV TBD 
NV 
NV 
NV 
NV 
NV 
NV 
NV TBD 
NV TBD 
OK 
NV 
NV TBV 
NV 
NV 
NV 
NV 
OK 
NV

LANL 
RSN 
RSN 
SNL 
SNL 
RSN 
RSN 
RSN 
SNL 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL/SNL 

LAL/REECO 

LANL 
LANL 
LANL 
LANL 

LANL 

LANL 

LANL 

LANL 

LANL 
LANL 

LANL 

LANL 
LANL 
LANL 
LANL 
LANL 

LANL 
LANL



Y'MP,CZ-O13, Fey. 5/31/,9-

(1) 

ESFDR Section

(2) 
DAA 
Recommendat ions

(3) (4) 
Resp 

Category Org

1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
i2. 6.6 
1.2.6.6 
1.2. 6.6 
1.2.6.6 
1.2. 6.6 
1.2. 6.6 
1.2.6.6 
1.2.6.6 
2.2.6.6 
i.2.6.6 
1.2.6.6 
1.2.6 6 
1.2.6.6 
1.2.6 6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;

APPENDIX H-26

(5) 

Sup Org

PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC 
PC

2c.ii 
2c.iii 
2c.iv 
2c.v 
2c.vi 
2c.vii 
2c.viii 
2c.ix 
2c.x 
2d.  
2e.  
2e.i 
2e.ii 
2e .iii 
2e. iv 
2e.v 
2f.  
2f.i 
2f.ii 
2f.iii 
2f.iv 
2g.  
2g. i 
2g. ii 
2g. iii 
2h.  
2h. i 
2h .ii 
2h. iii 
2h. iv 
2h. v 
2h. vi 
2h. vii 
2i.  
2i.i 
2i. ii 
2i. iii 
2i.iv 
2i.v 
2j.  
2j .i 
2j.ii 
2j .iii 
2j.iii.a 
2j.iii.b

C1-16,C2-5,-9 

C1-9 

Cl-12 

C1-2

NV TBV 
NV TBD 
NV TBD 
NV TBD 
NV 
NV TBD 
NV 
NV TBV 
NV TBD 
OK 
OK 
NV 
NV TBV 
NV 
NV TBD 
NV 
OK 
NV 
NV TBD 
NV 
NV 
OK 
NV TBD 
NV 
NV 
OK 
NV 
NV 
NV TBD 
NV 
NV TBD 
NV TBD 
NV TBD 
OK 
NV 
NV 
NV 
NV 
NV 
OK 
NV 
NV 
NV 
NV TBD 
NV TBD

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
SNL 
RSN 
SNL 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 

LANL 

LANL 

LANL 
LANL 
LANL 
LANL 

LANL 
LANL 

LANL 
LANL 

LANL 

LANL 

LANL 

LANL 

LANL 
LANL 
LANL 
LANL

YMPicc-cov!- , ev. .19



AMP 1C:-O03, Rev. :/.... MP'CC-O•2, e.,Rev.

(1) (2)
DAA 

ESFDR Section Recommendations

(3) (4) 
Resp 

Category Org

1.2.6.6 
1.2.6.6 
12.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
!.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 

.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2 .6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2. 6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6 
1.2.6.6

PC 2j.iii.c 
PC 2j.iii.d 
PC 2j.iv 
PC 2j.iv[2] 
PC 2j.v 
PC 2j.v.a 
PC 2j.v.b 
PC 2j.v.c 
PC 2j.v.d 
PC 2j.vi 
PC 2j.vi(2] 
PC 2j.vi.a 
PC 2j.vi.b 
PC 2j.vii 
PC 2j.viii 
PC 2j.ix 
PC 2j.x 
PC 2k.  
PC 2k. i 
PC 2k. ii 
PC 2k. iii 
PC 2k. iv 
PC 2k.v 
PC 21.  
PC 21. [2] 
PC 21.i 
PC 21.ii 
PC 21.iii 
PC 21.iv 
PC 21.v 
PC 21.vi 
PC 2i.vi.a 
PC 21.vi.b 
PC 21.vi.c 
PC 21.vi.d 
ICR 
ICR (end) 
C A.  
C A. [2] 
CA.i 
C A..ii 
CB.  
CB.i 
C B. ii

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified 
check

to source of authority;

APPENDIX H-27

(5) 

Sup Org

C2-1 

C!-19

NV TBD 
NV TBD 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV TBV 
NV 
NV 
NV 
NV TBD 
NV TBD 
OK 
NV 
NV 
NV TBD 
NV 
NV 
OK 
OK 
NV 
NV 
NV TBD 
NV 
NV 
NV 
NV 
NV TBD 
NV TBD 
NV TBD 
NV 
NV 
OK 
OK 
NV TBD 
NV 
OK 
NV 
NV TBD

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSM 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
SNL 
RSN 
RSN 
RSN 
RSN

SNL/LANL 

LANL 
LANL 

LANL 

LANL 

LANL 

LANL 

LANL 
LANL 
LANL

-----------------------------



yymp,..-Q013, Rev. 5,'3;

(1) 

ESFDR Section

(2) 
DAA 
Recommendations

(3) (4) 
Resp 

Category Org

1.2.6.6 C B.iii 
1.2.6.6 A 1.

1.2.6.6.1 
.. 2.6.6.1 
1.2.6.6.1 
1.2.6.6.1 
1.2.6.6.1 
1.2.6.6.1 
1.2.6.6.1 
1.2.6.6.1 

1.2. 6.6.2 
1.2.6.6.2 
1.2.6.6.2 
1.2.6.6.2 
1.2.6.6.2 
1.2.6.6.2

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
C A.  
C B.  

DEF 
BI 
FR 1.  
PC 1.  
C A.  
C B.

1.2.6.7 UNDERGROUND SUPPORT SYSTEMS

1.2.6.7 
1.2.6.7 
i.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
i.2.6.7 
1.2.6.7 
1.2.6.7 
1.2.6.7 
i.2.6.7 
1.2.6.7 
1.2.6.7 
i.2.6.7 
1.2.6.7 
1.2.6.7 
I1.2.6.7 
1. 2. 6.7

DEF 
BI 
ARCS G 
ARCS G 
ARCS E 
ARCS E 
ARCS E 
ARCS L 
ARCS U 
ARCS U 
ARCS U 
ARCS W 
ARCS W 
ARCS W 
ARCS U 
ARCS U 
ARCS V 
ARCS V 
ARCS V 
FR 1.  
FR 2.  
FR 3.  
PC la.

1.  
2.  
1.  
2.  
3.  
1.  

P 1.  
P 2.  
P 3.  
S 1.  
S 2.  
s 3.  
wCS 
wCS 
SDC 
SDC 
SDC

(3) Category: 
OK = Verified source of authority; NV = 
(Blank) = Test not available for source

Not verified to source of authority;

APPENDIX H-28

(5) 

Sup Org

NV 
NV 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK

RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 

LANL 
LANL 

LANL 
LANL 

LANL 
LANL 
LANL 
LANL

NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
NV 
OK 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

1.  
2.  
1.  
2.  
(end)

LANL

YM iC -C=2 1ev .2 1 .i



YMP2,CC-G00J, Rev. 5/31/91 YMP/CC-G313, Rev. , 

(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.7 PC lb. OK RSN LANL 
1.2.6.7 PC Ic. OK RSN 
1.2.6.7 PC id. OK RSN LANL 1.2.6.7 PC le. OK RSN LANL 
1.2.6.7 PC if. OK RSN 
1.2.6.7 PC 2a. OK RSN LANL 
1.2.6.7 PC 2b. OK RSN 
1.2.6.7 PC 3a. OK RSN LANL 
1.2.6.7 PC 3b. OK RSN 
1.2.6.7 ICR 1. NV RSN 
1.2.6.7 ICR (end) NV RSN 
1.2.6.7 C A. OK RSN 
1.2.6.7 C B. OK RSN 
1.2.6.7 C B.i NV RSN 
1.2.6.7 C C. OK RSN LANL 
1.2.6.7 C C.i NV RSN LANL 
1.2.6.7 C D. OK RSN 
1.2.6.7 C D.i NV RSN 
1.2.6.7 C D.ii NV RSN 1.2.6.7 C E. OK RSN LANL 
1.2.6.7 C E.i NV TBD RSN LANL 
1.2.6.7 C E.ii NV RSN LANL 
1.2.6.7 C E.iii C3-3 NV TBD RSN LANL 
!.2.6.7 C F. OK RSN 
1.2.6.7 C F.i NV RSN 
1.2.6.7 C F.ii NV RSN 
1.2.6.7 C F.iii NV RSN LANL 
>.2.6.7 C G. OK RSN 
.. 2.6.7 C G.i NV RSN LANL 
L.2.6.7 C H. OK RSN LANL 
:.2.6.7 C i. OK RSN 
1.2.6.7 C J. OK RSN 
>.2.6.7 C K. OK RSN 

-2.6.7.1 DEF NV RSN 
.. 2.6.7.1 BI NV RSN 
1.2.6.7.1 FR 1. OK RSN 
:.2.6.7: iPC la. OK RSN 
".2.6.7.1 PC lb. OK RSN 
".2.6.7.1 PC ic. OK RSN 
.. 2.6.7.1 PC id. OK RSN LANL 
1.2.6.7.1 C A. OK RSN 
1.2.6.7.: C B. OK RSN 
1.2.6.7.1 C C. OK RSN 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(BlanK) = Test not availatie for source check
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(1) (2) (3) (4) (5)
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.7.1 
1.2.6.7.1 
i. 2 . 6 . 7 . 1

C D.  
C E.  
C F.

OK 
OK 
OK

RSN 
RSN 
RSN

,.2.6.7.2 This number not used

1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
1.2.6.7.3 
i.2.6.7 .3 
1.2.6.7.3 

1.2.6.7.4 
1.2 .6.7.4 
1.2 .6.7.4 
1.2.6.7.4 
1.2.6.7.4 
1.2.6.7.4 
1.2.6.7.4 
1.2.6.7.4 
:.2.6.7.4 
1.2.6.7.4 
1.2. 6.7.4 
1.2.6.7.4 
1.2.6.7.4 
1 2 .6.7 .4 
1.2.6.7.4 
1.2.6.7.4 
1.2. 6.7.4 
1.2.6.7.4 
1.2.6.7.4 
1.2.6.7.4 

1..2.6.7.5 
1.2.6.7.5 
1.2. 6.7 .5 
1.2.6.7.5 
1.2.6.7.5 
1.2.6.7.5

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC Id.  
C A.  
C B.  
C C.  

DEF 
BI 
FR I.  
PC la.  
PC lb.  
PC 1c.  
PC Id.  
PC le.  
PC if.  
PC 1g.  
C A.  
C B.  
C C.  
C D.  
C E.  
C F.  
C G.  
C H.  
C I.  
A 1 

DEF 
BI 
FR 1.  
PC 1.  
C A.  
A 1.

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;
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NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
LANL 
RSN

LANL 
LANL 
LANL 

LANL 
LANL 

LANL 

LANL

NV 
NV 
OK 
OK 
OK 
NV

,,• -•0 Rev. -: - '- :
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(1) (2) 
DAA

(3) (4) 
Resp

(5)

ESFDR Section Recormendations Category Org Sup Org

1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
i.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 
1.2.6.7.6 

1.2.6.7.7 
1.2.6.7.7 
1.2.6.7.7 
1.2.6.7.7 

1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 
1.2.6.7.8 

1.2.6.7.9 
1.2 .6.7.9 
1.2.6.7.9 
1.2 .6.7.9 
1.2 .6.7.9 
1.2.6.7.9 
1.2.6.7.9 
1.2.6.7.9 
1.2.6.7.9 
1.2.6.7.9 
1.2.6.7.9

DEF 
BI 
FR I.  
PC !a.  
PC lb.  
PC lb. i 
PC lb. ii 
PC lb. iii 
PC lb. iv 
PC lb. v 
PC ic.  
PC 1c. i 
PC id.  
PC le.  
PC if.  
C A.  

DEF 
BI 
FR 1.  
PC 1.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
C A.  
C B.  
C C.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
C A.  
C B.  
C C.  
C D.  
C E.

NV 
NV 
OK 
OK 
OK 
NV 
NV 
NV 
NV 
NV 
OK 
NV 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
REECO 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 

LANL 

LANL 

LANL 
LANL 

LANL 

LANL 

LANL

(3) Category: 
OK = Verified source of authority; NV 
(Blank) = Test not available for source

Not verified 
check

to source of authority;
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(1) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org

1.2.6.7.10 
1.2.6.7.10 
1.2.6.7.10 
1.2.6.7.10 
1.2.6.7.10 
1.2.6.7.10 

1.2.6.7.11 

1.2.6.7.11 
1.2.6.7.11 
1.2.6.7.11 
1.2.6.7.11 
1.2.6.7 .11 
1.2.6.7.11 
1.2.6.7. 11 
1.2.6.7.11 
1.2.6.7.11 
1.2.6.7.11 
1.2.6.7.11

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC 1c.  

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
PC ic.  
PC id.  
PC le.  
PC le. i 
PC if.  
C A.  
C B.

NV 
NV 
OK 
OK 
OK 
OK 

NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
OK 
OK 
OK

REECO 
REECO 
REECO 
REECO 
REECO 
REECO

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

LANL 
LANL 
LANL 

LANL 

LANL 

LANL

1.2.6.8 UNDERGROUND TEST SUPPORT

1.2.6.8 
1 .2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
i .2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8 
1.2.6.8

DEF 
BI 
ARCS 
FR 1.  
PC la.  
PC lb.  
PC Ic.  
PC id.  
PC le.  
PC if.  
ICR 1.  
C A.  
C B.  
C B.i 
C C.  
C C.i 
C D.  
C D.i 
C D.ii 
C D.iii 
C E.  
C E.i

Ci-il 

Cl-14 

C1-6,C2-2

NV 
NV 
NV 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
NV 
OK 
OK 
NV TBD 
OK 
NV TBD 
OK 
NV 
NV TBD 
NV TBD 
OK 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
LANL 
RSN 
RSN 
RSN 
RSN 
LANL 
LANL 
RSN 
RSN 
LANL 
RSN 
RSN 
RSN 
LANL 
RSN 
LANL

LANL 
LANL 
LANL 
LANL 
LANL 
LANL 

LANL 
SNL 
LANL 

LANL 
LANL 
LANL 
LANL 
LANL 
SNL 
LANL

(3) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified 
check

to source of authority;
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(i) (2) (3) (4) (5) 
DAA Resp 

ESFDR Section Recommendations Category Org Sup Org 

1.2.6.8 C E.ii C1-5 NV TBD SNL LANL 
1.2.6.8 C E.iii NV TBD SNL LANL 
1.2.6.8 C E.iv NV RSN LANL 
1.2.6.8 C E.v NV RSN LANL 
1.2.6.8 C E.vi NV RSN LANL 
1.2.6.8 C E.vii NV RSN LANL 
1.2.6.8 C E.viii C1-5, C2-8 NV TBD RSN LANL 
1.2.6.8 C E.ix NV RSN LANL/SNL 
1.2.6.8 A 1. NV LANL RSN 

1.2.6.8.1 DEF NV RSN LANL 
1.2.6.8.1 BI NV RSN LANL 
1.2.6.8.1 FR 1. OK RSN LANL 
1.2.6.8.1 PC 1. NV RSN LANL 
1.2.6.8.1 ICR 1. NV RSN LANL 
1.2.6.8.1 ICR 1. (end) NV RSN LANL 
1.2.6.8.1 ICR 2. NV LANL LANL 
1.2.6.8.1 ICR 2.i NV LANL LANL 
1.2.6.8.1 ICR 2.ii NV LANL LANL 

1.2.6.8.2 DEF NV RSN LANL 
1.2.6.8.2 DEF "23 NV RSN LANL 
1.2.6.8.2 DEF [3) NV RSN LANL 
1.2.6.8.2 DEF [4) NV RSN LANL 
1.2.6.8.2 BI NV RSN LANL 
1.2.6.8.2 FR 1. OK RSN LANL 
1.2.6.8.2 PC 1. OK RSN LANL 
!.2.6.8.2 C A. OK RSN 

1.2.6.9 ESF DECOMMISSIONING AND CLOSURE 

1.2.6.9 DEF NV RSN 
1.2.6.9 BI NV RSN 
1.2.6.9 ARCS NV RSN 
1.2.6.9 FR 1. NV RSN LANL 
1.2.6.9 PC la. OK RSN 
1.2.6.9 PC lb. OK RSN LANL 
1.2.6.9 PC 1c. NV RSN 
1.2.6.9 A 1. NV RSN LANL 
1.2.6.9 A 2. NV RSN LANL 

(3) Category: 
OK = Verified source of authority; NV = Not verified to source of authority; 
(Blank) = Test not available for source check
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(1) 

ESFDR Section

1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 
1.2.6.9.1 

1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2 
1.2.6.9.2

(2) 
DAA 
Recommendations

(3) (4) 
Resp 

Category Org

NV 
NV 
OK 
OK 
OK 
NV 
NV 
NV 
NV 
OK TBD

DEF 
BI 
FR 1.  
PC la.  
PC lb.  
C A.  
C A.i 
C A.ii 
C A.iii 
C B.  

DEF 
BI 
FR 1.  
PC 1.  
C A.  
C A.i 
C A.ii 
C A. iii 
C A.iv

NV 
NV 
OK 
OK 
NV 
NV 
NV 
NV 
NV

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 

RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN 
RSN

(2) Category: 
OK = Verified source of authority; NV = 

(Blank) = Test not available for source
Not verified to source of authority; 
check

APPENDIX H-34

(5) 

Sup Org

LANL 
LANL 
LANL

----------------------------------------
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APPENDIX I: PERFORMANCE ASSESSMENT ANALYSES 

I.1 Introduction 

This appendix presents the relationship between the NRC regulations governing 
the design, construction, and operation of the Exploratory Shaft Facility 
(ESF) and the ESF design requirements (ESF DR) for which analysis support is 
necessary. Summaries of the analyses defined to address a subset of these 
requirements and their application to the ESF DR are also included.  

The relationships among ESF DR requirements, the NRC 10 CFR 60 requirements, 
and support analyses are discussed in Section I.l. Summaries of support 
analyses defined to date and recommendations derived from the results of the 
analyses are presented in Section 1.2. The ESF DR sections requiring support 
analyses and the corresponding 10 CFR 60 requirements are included in Section 
1.3.  

Table I.1 contains a list of the analyses defined to date. These analyses 
were defined to quantify criteria in Chapters 0 through 5 of the ESF SDRD 
benchmark 5 and were grouped by disciplines: hydraulics, rock mechanics, 
thermal, chemical, and safety. Since their definition, the SDRD has evolved 
into the ESF DR of which these analyses are applicable but not exhaustive.  
Analyses 1--9 have been completed while analyses 10 and 12 are integral parts 
of the design and construction process and are ongoing. These analyses are 
based on available data and on the present conceptual understanding of the 
processes and mechanisms perceived active at Yucca Mountain and may be refined 
as better understanding evolves throutn site characterization and through 
additional analyses, which will address uncertainties and the sensitivity of 
the results to alternate conceptual models. Recommendations based on the 
results of these analyses are intended to provide guidance for applying 
engineering judgment during the design, construction, and operation of the 
ESF. Additional analyses will be defined as appropriate, through interactions 
among analysts, architectural engineers, and investigators responsible for 
site characterization activities.  

Table 1.2 presents the ESF DR sections requiring analyses support; their 
relationship with the 10 CFR 60 regulations for the design, construction, and 
operation of the ESF; and the current status of support analyses. Table 1.2 
is the reference baseline for analysis support for the ESF DR. Support 
analyses are identified by analysis number (from Table I.1) in the final 
column of Table 1.2. This and other descriptive notes are included at the end 
of Table 1-2.  

1.2 Analyses Sumary 

The analyses summarized in this appendix are based on widely used conceptual 
and mathematical models that incorporate our present understanding of 
processes and mechanisms ongoing at Yucca Mountain. It should be emphasized 
that the results of these analyses may not agree with results of similar 
analyses based on alternate conceptual models. As our knowledge of the site 
increases these uncertainties may be reduced or removed by future analyses.
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TABLE I.1 Analyses Supporting ESF Design

Title 

Surface Construction Water Movement 
Shaft Construction Water Movement 
Sewage and Settling Pond Water Movement 
Water Entry into Shafts Through Rock Mass 
Surrounding Shaft Collar & Liner 
Shaft and Main Pad Blasting Effects 
Shaft and Collar Creep 
Shaft and Collar Thermal Stress 
Far Field Thermal Effects 
Systems and Components Important to Safety 
Hydrologic and Geochemical Effects of Tracers 
Hydrologic and Geochemical Effects of Chemicals

APPENDIX 1-2

Analysis 
Number 

1 
2 
3 
4 

5 
6 
7 
8 
a 

10 
"*1



Table 1.2 Analysis Support for the ESF 

10 CFR ESFODR Status 

Requirement Requirement ESF DR Description Subs ystem I.ESF..... DR SA 

60.15(b) 
60.15(c)(1) 1.2.6.1 C A. Lirit potential for adverse impacts on repository performance Main site TBD 

60.15(c)(1) 1.2.6.4 PC 2a.i Lpit potential for adverse impacts on repository performance Shaft TBD * 

60.15(c)(1) 1.2.6.6 PC 20A. Limit potential for adverse impacts on repository performance Ramp TBD * 

60.15(c) (1) 1.2.6.6 PC 2aj Limit potential for adverse impacts on repository performance MTL TBD 

60.15(c)(1) 11.26.7 C 8,1 Limit potential for adverse impacts on repository performance UU , ,x.  

60.1i5(c)(1) 1 .Z.6.4 PC 2a.U All materials or substances shlla be reviewed before used Shaft TBD 11 

60.1 5(c)(1) 1.2.68. PC 20 Ail materials of substances shaU be reviewed before used Ramp TBD 11 

60.1I 5(c)(1) 12..6 PC 2a.#I AN mateials or substances shall be reviewed before used UE TBD 11 

60.15(c)(1) -- *2,4 PC 21v1 : MaMaei s mOW program Shaft TBD 1II 

60.15(c)(i) 1.2• ,KP 2atv MOrialS o•ol Pogram Ramp TBD 11 

60.15(c)(1(I) 1.2.6.6 PC 2a.i Mosdaft OWWW progrsm UE TBD 11 

60.15(c)(1) 12.8.4 PC ldJx Evakuae cheical content of blasting agents & explosives Shaft TBD * 

60.15(c)(1) 1.2,6.5 K IdJx Evaluame herntcal content of blasting agents & explosNes Ramp TBD * 

m 60.15(c)(1) 1.2.6.6 PC ld.Xlt Evaluate chleical conteot of blasting agents & explosives UE TBD * 

6 60.15(c)11) 1.2.6.4 PC 2gJ Limit water use in underground construction to 16 gal/ton of rock execav. Shaft 

,< 60.15(c)(1) 1.2.6.6 PC 2g.ii Lmit water use in underground construction to 15 gal/ton of rock execav. Ramp * 

60.15(c)(1) 1.2.6.6 PC 2h.lv Lit water use In underground construction to 15 gal/ton of rock execav. UE * 

60.15(c)(2) 
60.15(c)(3) 1.2.6.8 C DOii Boreholes shall not penetrate TSW2 base without evaluation UT TBD * 

60.15(c)(4) 12.86.0 C 0.11 Contrd all ubstances & tracers 10,11 

60.1 5(c) (4) 1.2.6.0 C Civ Hydrocarbons & seovents comply with performanocrterarequbremens TBD 11 

60.16 
'1 

(I

(



Table 1.2 Analysis Support for the ESF (cont.) 

10 CFR ESF DR Status 
Requirement R euirement ESF DR Description Subsystem ESF DR SA 

60.21 (c)(1)(ii)(D) 
60.21 (c)(11) 
60.111 
60.112 
60.113(a)(1)(i) 
60.130 
60.131 (b) (2) 
60. 131 (b)(4)(i) 
60.133(a)(1) 12.64 PC ldidi Accsmss shah be located so as to not Interfere with each other Shaft * 2 
60.133(a)(1) 1.2* PC l d odsess shall be located so as to not interfere wlth each other Ramp 2 
60.133(a)(1) I,2AS PC2. pack o.bewn dlfts >m two drft iarmters UE TV f 
60.133(a)(2) 1 2.6.4 PC 20.1 Design COa to prevent sonfic water inflow during floods Shaft * 4 
60.133(a) (2) 1.2.8.5 PC 21.11 Desi portal to prevent uignulcant water inflow during floods Ramp TBD f 
60.133(b) 

, 60.133(d) 1.2.6.1 C F.i WaterOW 10ed consistert with performance oboctives Surface 1 
60.133(d) 126.4 PC d.vi Fluklde & mateials shall be evaluated before used Shaft 11 

S60.133(d) 1 2.6.6 PC dvi Flukds & materials shall be evaluated before used Ramp 11 
60.133(d) _1.Z6.6 PC ldIx Filds & materials shall be evaluated before used U 11 
60.133_(d). 1.2,8.4 PC 2g9. Water uM I•stoper to lim lnveaNs avg.saturation to Shaft TBO 21 
60.133(d) 1.2.6.6 PC 2g9lA Water use in constJoper. to limit increase in avg. saturation to - Ramp TBD 21 
60.133(d) 1.2.6.8 PC 2h.v Water use In conetJoper. to limit increase in avg. saturatiot to UF TBD 2f 
60.133(d) !.2AB C E.I Water use in ting. to mlt increase in avg. saturation to UT TBD 2f 
60.133(d) 1,2.6.7,6 PC 10 Proper dispomal of *fd recovere dring consuction Shaft 3.11 
60.133(d) 1.2188 C E.v Proper disposal of fluids recovered during construction UT 3.11 
60.133(d) 12•.&7.6PC lb.I Gmtmeracto system etc. tol k e water irlow from rock Shaft 4 

( C 

(4) 

(I

(



Table 1.2 Analysis Support for the ESF (cont.) 

10 CFRSb ESFsDR Status 
Requirement Reluirement7 ESF DR Description Subs stem ESF DR SA 

60.133(d) 1.2.6.4 PC WdAiit Water use in const.Ioper. shall not cause interference of tests Shaft * 2 

60.133(d) 1.2.6.5 PC ld.11i Water use In constJoper. shall not cause Interference of tests Ramp * 2 

60.133(d) 1.2.6. PC I d.vi Water use In constJoper. shall not cause interference of tests UF TBD f 

60.133(d) 1.2.6.8 C Ei Lmit wider use to limit effects on waste containment & isolation UT TBD * 

60.133(d) 1.2.6.4 PC Id.vN Tag fluids gases, and other materials Shaft TBD 10 

60.133(d) 12.8.5 PC ld,vk Tag fluids, gases, and other materials Ramp TBD 10 

60:.13-35(d_ 1.2.6.0 PC ld.x Tag fluids, gases, and other materials LJE TBD 10 

60.1 33(e)(2) 12.8.4 PC 2hJ Locate acveses to limit potential mech. & hydrological interference Shaft TBD 2" 

60.133-e)(2) 12AS P 2h.# Loc4. baxcses to limit potential mech. & hydrological interference Ramp TBD 21 

60.133(f) 12,641 C CJ OWall o ignotlcantly Increase pathway/reduce performance Main site TBD 5 

60. 133(f) 1.2.. 1 *CI CA can" b.flat• to limit damage to prevent creating perf. pathways Main site 4,5 

60.133(Q) 12.6.4 PC 2.va SlM k Induced change in permeability < .5 opening dimension < I O.M. Shaft TBD 5 

60.133() _ 12.8.6 PC 2Lva Bast kduced change in permeability < .5 opening dimension < 1 O.M. Ramp f 

60.133(1) 1.2.6.6 PC 2:4,vl Blast induced change in permeability < .5 opening dimension < 1 O.M. UE TBV 5 

60.133(f) 1.2.6.4 PC 21iie Areas w/o ttrmal load, dakncal closure rate decreasing after con"t. Shaft f 

60.133(1) 12.6.5 PC 2I.Ma Areas w/o thermal load, daimetrical closure rate decreasing after const. Ramp 

S60.133(•) 1.2.6.6 PC 2Jiia Areas w/o thermal load, closure ratedecmeasing after const. Drifts TBD f 

60.133(1) 1.2.6A4 PC 21.Wb Areas with thermal load, closure rate <= 3 times thermoelastic Shaft f 

60.133(f) 1.2,6.5 PC 20,11b Areas with therma load, closure rate <,; 3 times theMn0elaswic Ramp 

60.133(1) 1 2.6.6 PM 21b Aram Wi thermal Ioad cloeure rate <= 3 times thennoelasti Drifts TBD f 

60.133(f) 1-2.8.4 PC 2LvA Use controlled bLasting to limit excavation induced damage Shaft TBD 5 

60.133(f) 12.8.5 PC 21.vi Use tunnel borng machine to imit excavation Induced damage Ramp TBD 5 

60. 133(- 1.2.6.0 PC 2).x, Controlled drilng and blasting methoos shall provde for site char, UE f 
60.133(h) 

.4' 

(1)

!



Table 1.2 Analysis Support for the ESF (conc.)

10 CFR ESFDR Status 
Requirement Requirement ESF DR Description S...... - bsstem ]ESF DR SA 

60.133(i) 1.2.6.4 PC 2j.i Consider thermomechanical response of host rock & ground water Shaft 6f 
60.133(i) 1.2.6.5 PC 2j.i Consider thermomechanical response of host rock & ground water Ramp 61 
60.133(i) 1.2.6.6 PC 2k.i Consider thermomechanical response of host rock & ground water UE 61 
60.133(i) 1.2.6.4 PC 2j.1i The finer shaH withstand pressures exerted along its length... Shaft TBD 7 
60.133(i) 1.2.6.5 PC 21.Wii The liner shall withstand pressures exerted along its length... Ramp TBD I 
60.133(i) . 12.6.6 PC 2k.Wl The liner shall withstand pressures exerted along its length... UE TBD : 
60.133(i) 12.6.6 PC 2k.v Thermal effects shall not increase temp. in TSw3 or CHn above 115 C UT 8 
60.134 
60.137 
60140()_ 
6&.140(d)(1) 

12.6.2.3 C B. Location of sewage ponds to be determined by PA SS * 3 
. 12.62.5 C A. Dispose of "quid wastes In an environmentaly safe way MWS TBD 11 

12.62.6 C B. Location of wastewater ponds to be determined by PA MWS 3 

Column Definiton Colun Definition 
Subsystem Status ESF DR 

MTL Main test level TBD To be determined 
MWS Mine wastewater system TBV To be verified 
SS Sewage system Removal of TBD or TBV 
TA Test areas Status SA 
UE Underground excavation Number Analysis number from Table 1.1 
UF Underground facilities (indicates that results from that analysis apply) 
USS Underground support system Results from the 11 analysis apply; 
UT Underground testing more analysis may be required 
UU Underground utilities f Future analyses are required
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Recommendations based on these analyses are provided only as guidance and 
will be evaluated and revised through continual interactions among the 
architectural engineers, analysts, and investigators responsible for site 
characterization. Thus, refinement of the results is an ongoing and 
iterative process, which must complement site characterization.  

1.2.1 Analysis 1. Surface Construction Water Movement Above the Repository 

Purpose 

To provide numerical criteria for limiting the amount of water that can be 
placed on the surface above the repository and for determining the lateral 
extent of water as it flows within the mountain due to the application of 
water at the surface.  

The calculations were performed in accordance with SNL internal documents 
Problem Definition Memos PDM 72-28 (one-dimensional) and PDM 72-29 (two
dimensional).  

A series of one-dimensional calculations were made using TOSPAC to estimate 
changes in saturation at depth and to provide input to the two-dimensional 
calculations. The two-dimensional calculations were performed using NORIA-SP 
to substantiate the one-dimensional results and to determine the lateral 
movement of the water within the mountain due to application of water at the 
surface.  

The physics associated with water transport at the surface are complicated 
and include unpredictable unknowns such as the weather and surface topology.  
Thus, the amount of water that will enter the mountain can only be inferred 
frcm measurements of rainfall, surface evaporation, run-off, the amount of 
water applied on the surface and through a surface water balance. Because 
only the water that enters the mountain can effect repository performance and 
underground tests, these calculations were posed in terms of the amount of 
water penetrating the surface rather than the amount of water applied to the 
surface. This minimizes complications and uncertainties associated with 
surface water balances and scenarios for water application in the 
calculations.  

The result of this analysis shows that 16 cubic meters of water per square 
meter of surface area can enter the mountain without increasing the 
saturation at the repository horizon within 10,000 years. Additionally, the 
lateral extent of the water is confined to within four times the assumed pad 
surface area. Using the Title I design area for the ESF pad and roads this 
corresponds to 6.256 million cubic meters of water.  

These values apply to ESF DR requirement 1.2.6.1 C F.i.  

Recommendation: The results of Analysis 1 indicate that a goal for the amount 
of water used by operations on the shafts/ramps surface sites which limits 
the total water budget to 2 gallons/yard2 /day over a five-year period will 
not impact the performance of the repository in 10,000 years (1.2.6.1 C F.i).  
Following discussions with constructors, a similar value consistent with 
standard practices may be considered as a more practical limit.
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The problem definition memos (which include citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 
codes 72/12147/PDM 7 2 -28/1.0/QA and 72/12147/PDM 72-29/1.0/QA.  

1.2.2 Analysis 2. Analyses of Shaft Construction Water Movement 

Purpose 

To estimate the potential for water used in the construction of shafts and 
ramps to interfere with experiments conducted in the surrounding host rock.  

The calculations were performed in accordance with the SNL internal document 
Problem Definition Memo PDM 72-30.  

One-dimensional calculations using NORIA-SP were performed to determine 
construction water movement from shafts and drifts. The results and 
conclusions for drifts may also be applied to ramps. These calculations are 
extensions of the analyses performed by Eaton and Peterson [1988] but at 
higher construction water requirements and higher retention factors (i.e., 
for more water entering the surrounding host rock). The calculations were 
performed as summarized below: 

Shafts 
Geometry 

One-dimensional axisymmetric 
Shaft radius: 2.21 m 
Modified Permeability Zone (MPZ): one diameter 

Parameters 
Yucca Mountain Stratigraphic Units: Tiva Canyon, Paintbrush, 
Topopah Springs, Calico Hills 
Construction water used: 2.856 cubic meters per meter of shaft 
Retention factor 

Without ventilation: 15 percent 
With ventilation: 10, 15, 20 percent 

Drifts 
Geometry 

One-dimensional cartesian 
Wall dimensions: height im, length 25 m 
Modified Permeability Zone (MPZ): 2.76 m 

Parameters 
Yucca Mountain Stratigraphic Units: Topopah Springs, Calico Hills 
Construction water used: 2.918 cubic meters per meter of drift 
Retention factor 

Without ventilation: 15 percent 
With ventilation: 10, 15, 20 percent 

The results of these calculations show that ventilation removes the retained 
construction water and dries out the surrounding rock.
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The penetration of water into the rock at constant values of saturation 
change is illustrated as a function of time. These curves provide bounds for 

evaluating the interference of construction water with experiments conducted 
in the surrounding host rock and remove the TBD's associated with ESF DR 
requirements 1.2.6.4 PC ld.xii, 1.2.6.5 PC l.d.xii, 1.2.6.4 PC ld.iii, and 
i.2.6.5 PC ld.iii. These curves also provide the hydrological information to 
remove TBD's in requirements 1.2.6.4 PC 2h.ii and 1.2.6.5 PC 2h.ii.  

Recommendation: The results of Analysis 2 indicate that a goal for the amount 

of water used in the construction of the Title I shaft design shall be 
limited to 230 gallons/foot of advance (1.2.6.4 PC 1d.iii and 1.2.6.5 PC 
id. iii). Following discussions with constructors, a similar value consistent 
with standard practices may be considered as a more practical limit.  

Recommendation: The results of Analysis 2 indicate that a goal for the 
distance between accesses (shafts and ramps) that limits potential 
hydrological interference between the accesses is 15 m (1.2.6.4 PC ld.xii, 
1.2.6.5 PC ld.xii, 1.2.6.4 PC 1d.iii and 1.2.6.5 PC 1d.iii). Following 
discussions with constructors, a similar value consistent with standard 
practices may be considered as a more practical limit.  

The problem definition memo (which includes citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 
code 72/12147/PDM 72-30/1.0/QA.  

1.2.3 Analysis 3. Analyses of Sewage and Settling Pond Water Movement 

Purpose 

To estimate the potential for water leakage from settling ponds in the muck 
storage area and discharged from the sewage pond system to interfere with 
experiments conducted in the ESF.  

The calculations were performed in accordance with Problem Definition Memo 
PDM 72-31.  

Calculations were performed to evaluate both sewage ponds and settling ponds 
using the conditions summarized below.  

Sewage ponds 

The potential effects of the sewage pond locations were investigated by 
performing calculations at two locations; one near the edge of the repository 
block and the other approximately two miles east of the repository boundary.  
These calculations predicted water movement from the sewage ponds at the two 
locations. These locations were selected to correspond to the Title I design 
for the locations for muck settling ponds and sewage ponds.  

The Title I design was used for sewage pond size and the pond was assumed to 
be unlined and to contain a constant 1.83 meters of sewage for five years.
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Settling ponds 

Water movement from settling ponds and the effects of leaks in pond liners 
were predicted by calculations for leakages which correspond to 100, 10, and 
1 percent of the Title I design settling pond surface area. Leaks were 
assumed to be discrete with negligible impedance to flow and the depth of the 
pond was assumed to be a constant 3.05 m.  

These calculations show that water leakage from settling pond in the muck 
storage area and in the location of the sewage ponds have no effect on the 
saturation at the repository horizon and will not interfere with experiments 
conducted in the ESF. These results remove the TBD's associated with ESF DR 
requirements 1.2.6.2.3 C B. and 1.2.6.2.5 C B. and apply to requirements 
1.2.6.7.6 PC le and 1.2.6.8 C E.v. for fluids with transport properties 
similar to water.  

Recommendation: The results of Analysis 3 indicate that the proposed location 
of the sewage pond beyond the perimeter of the repository subsurface facility 
referenced in Title I will not interfere with site characterization 
activities (1.2.6.2.3 C B.).  

Recommendation: The results of Analysis 3 indicate that the proposed location 
of the wastewater system referenced in Title I will not interfere with site 
characterization activities (1.2.6.2.5 C B.).  

Recconmendation: The results of Analysis 3 indicate that fluids with transport 
properties similar to water recovered during construction and testing can be 
disposed of in settling ponds to avoid potential impacts on performance 
(1.2.6.7.6 PC le, and 1.2.6.8 C E.v).  

The problem definition memo (which includes citations for the data used, 
-its of assumptions, and results) from which these conclusions and 

recommendations were drawn can be found in SNL's YMP record center under file 
code 72/12147/PDM 72-31/1.0/QA.  

1.2.4 Analysis 4. Water entry Into Shafts Through Rock Mass Surrounding 

Shaft Collar and Liner 

Purpose 

To determine the amount of water entering the shaft through the near-surface 
fractu:re network.  

These calculations were performed in accordance with the SNL internal 
document Problem Definition Memo PDM 76-08.  

Three scenarios considered in this study are as described below (Fernandez 
et al., 1989): 

(1) The rainfall rate scenario in which the flow of water into the 
fractures is controlled by the rate of rainfall. Rain falling in 
excess of the fracture network's ability to absorb water is
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assumed to drain off of the ES pad. This implies that no 
restoration of the ES occurs and that the engineered drainage 
features around the ES pad will function to maintain drainage.  

(2) The sheet flow scenario in which sheet flow is assumed to occur over the 
pad. This scenario assumes that no restoration of the ES pad occurs and 
that the amount of water entering the fracture network is limited only 
be the network's ability to absorb water.  

(3) The channel flow scenario in which channel flow is assumed to occur to 
Coyote Wash. This channel is 82 m away from the Exploratory Shaft at 
its closest point. This calculation showed that the ES is outside of 
the zone of influence of floodwaters in Coyote Wash and did not 
contribute to water inflow to the ES.  

These analyses were performed under the assumption that no remedial measures 
were performed in the vicinity of the shaft to limit water inflow into the 

rock matrix. In fact the retarding effect of an alluvial cover was 
conservatively neglected.  

The primary conclusion of this analysis is that the water entry into the 
exploratory shaft by way of the rock mass behind the shaft collar is less 
than the storage and drainage capacity of the shaft sump under the host rock 

conditions. Performance implications associated with this water flow are not 

expected. For this reason no design constraints are imposed on the shaft 

collar to limit the permeability of rock behind the collar. This conclusion 
removes the TBD associated with ESF DR requirement 1.2.6.4 PC 2e.ii and 
applies to requirements 1.2.6.7.6 PC lb.i and 1.2.6.1 C C.ii.  

it is necessary to emphasize that should significant water entry occur behind 

the shaft collar as a result of shaft excavation, remedial measures may be 

applied. These remedial measures include grouting the fractures near the 

collar and restoring the pad area at closure using the strategies to control 
in.f...tration given in Section 8.3.2 of Fernandez et al. (1989).  

Reccmmendation: The results of Analysis 4 indicate that significant water 

inflow from a flooding event during site characterization and repository 
operation will not adversely impact testing in the underground portion of the 

repository if standard engineering practices are employed during construction 
for the shaft collar (1.2.6.4 PC 2e.ii).  

The problem definition memo (which includes citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 

code 70/12471/PDM 76-8/1.0/QA.
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1.2.5 Analysis 5. Shaft and Main Pad Blasting Effects 

Purpose 

To provide quantitative estimates of the extent of fracturing which may 
result from blasting used to excavate the shaft and bring the pad area to 
grade. The blast design will be assessed to determine the length of 
fractures predicted to extend from blast holes.  

This evaluation was performed in accordance with the SNL internal document 
Design Investigation Memo DIM 257.  

As assessment of the extent of fracturing in preparation of the pad, collar, 
and shaft for the Exploratory Shaft Facility has been completed. The 
investigation provides background and guidance for determining if controlled 
blasting can be used to limit excavation-induced damage to the rock. For 
this analysis a preliminary conceptual design for the pad was used because no 
reference design for the pad existed. For the collar and shaft the extent of 
fracturing was based on a report entitled "NNWSI Exploratory Shaft Facility 
ESF Controlled Blasting Report (Study No. 4 of !!) Revision 1" by Fenix & 
Scisson, Inc. (1987).  

For the pad, the assessment indicates that if the Tiva Canyon unit is locally 
high in lithophysal content, then surface preparations (which must include a 
cut and fill operation) could be com=leted by ripping. If the Tiva Canyon 
unit is low in lithophysal content, a bench blast design is conceived to 
minimize damage. This information applies :o ESF DR requirements 
1.2.6.1 C C.i and 1.2.6.1 C C.ii.  

For the shaft, a review of the blast design prepared by Fenix and Scisson 
indicates that damage caused by blasting could extend 3 to 4 feet (0.9 to 
1.2 m) beyond the excavation wall. The comments on this design provide a 
means to understand and possibly decrease the expected blast-induced damage.  
This information applies to ESF DR requirements 1.2.6.4 PC 2i.va and 
1.2.6.6 PC 2j.via.  

The empirical methods used in this analysis specifically were not developed 
for tuff and may not be directly applicable. Computer analysis methods 
employing a more quantitative approach will be conducted as the required data 
(e.g., dynamic rock properties) become available.  

Recommendation: The results of Analysis 5 indicate that a goal for the 
extension of blast-induced fracturing into intact rock should be limited to 
less than 1 m using controlled blasting (1.2.6.4 PC 2i.va and 
1.2.6.6 PC 2j.via). Following discussions with constructors, a similar value 
consistent with standard practices may be considered as a more practical 
"imit.  

Recommendation: The results of Analysis 5 indicate that excavation methods 
incorporating ripping in high lithophysae material and a bench blast design 
for low lithophysae material should be considered to limit damage to the 
underlying rock mass (1.2.6.1 C C.i and 1.2.6.1.C Cii). Following 
discussions with constructors, other excavation methods consistent with 
standard practices may be considered.
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The design information memo (which includes citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 
code 60/12147/DIM 2 5 7 /1.0/QA.  

1.2.6 Analysis 6. Shaft and Collar Creep 

Purocse 

The purpose of this analysis is to estimate the potential for rock creep and 
its effect on the shaft and collar.  

This analysis was performed in accordance with the SNL internal document 
Design Investigation Memo DIM 256.  

This investigation provides background and guidance to assess if total 
closure of the rock around the shaft is expected to be less than 76 mm (3 
inches) in 100 years and if the diametrical closure will average less than 1 
mm per year.  

The thermal and mechanical environment in the vicinity of the shafts 
(unlined) for the 100-year operational period is reviewed in light of 
potential time- dependent deformation mechanisms. Magnitudes of creep 
strains will be on the same order as the magnitudes of the instantaneous 
elastic and plastic strains resulting from excavation of the shaft (-10-3).  
Data from existing tunnels in rocks having mineralogies, structures (joints, 
fractures, and deformation), and overburden similar to those at the Yucca 
Mountain site suggest that creep deformation is not likely to lead to 
deformations that produce instability. Calculations of the creep strain in 
granitic rocks at temperatures and stresses more severe than those expected 
at the ESF result in creep strain magnitudes that are on the same order as 
the elastic and plastic strain magnitudes expected in tuff. The most 
significant unknown in this study is the potential magnitude of creep along 
fractures. It is concluded that creep strains on favorably oriented 
fractures may exceed the estimated matrix strains. The strain magnitudes 
postulated based on the review of available information can be accommodated 
in an appropriate liner design for the ESF.  

Data available for predicting the creep strains at the ESF are sparse. The 
potential creep phenomena should be further studied through an integrated 
laboratory and field experimentation program and monitoring program coupled 
w.nh analyses.  

This analysis applies to the thermomechaftical response of the rocks in ESF DR 
requirements 1.2.6.4 PC 2j.i, 1.2.6.5 PC 2j.i, and 1.2.6.6 2k.i.  

Recommendation: The results of Analysis 6 indicate that the thermomechanical 
response of the host rock matrix and surrounding strata to time-dependent 
deformation mechanisms will be comparable to the instantaneous elastic and 
plastic strains (_ 10-3) resulting from excavation of the shaft 
(1.2.6.4 PC 2j.i, 1.2.6.5 PC 2j.i and 1.2.6.6 2k.i). Following discussions 
with constructors, a similar value consistent with standard practices may be 
considered as a more practical limit.
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The design information memo (which includes the citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn may be found in SNL's YMP record center under file 
code 60/12147/DIM 2 5 6 /1.0/QA.  

1.2.7 Analysis 7. Shaft and Collar Thermal Stress 

Purpose 

The purpose of this analysis is to provide quantitative estimates of the t.hermal stresses expected on the shaft liner and collar, through the shaft 
breakout zones, the main test level, and along the main access drifts in the 
potential repository.  

The analysis was performed in accordance with the SNL internal document 
Problem Definition Memo PDM 75-13 Rev C.  

The computer code STRES3D was used to predict the temperature, stress and 
strain resulting from the emplacement of heat generating high-level waste.  This model simplifies the geometry of the potential repository as a semi
infinite elastic half space. The panels containing waste are modeled as four exponentially decaying source terms for the first 1,000 years after waste 
emplacement and six source terms for times of 1,000 to 10,000 years. Waste 
is assumed to be emplaced within 25 years. A total of 130 plate elements 
were used to model the waste panels.  

The thermally-induced axial stress (vertical) change at the location of ESI and ES2 indicate a stress decrease at all times. The thermally-induced 
horizontal normal stresses are compressive at elevations below 3450 ft 
elevation (in and below the TSw2) at both shaft locations with negative 
stress changes generated near the surface.  

At the ESl location, changes in the north-south and east-west horizontal 
stresses peak at approximately the same value at 2000 years. The maximum 
north-south horizontal stress change is approximately 1.8 MPa and the maximum 
east-west horizontal stress change is approximately 1.7 MPa. The maximum 
vertical stress ctange at the ESI location occurs 300 years after the start 
of waste emplacement and is approximately 2.2 MPa (negative).  

At the location of ES2, the maximum temperature is slightly less than that 
for ESI. The maximum vertical stress change is 1.6 MPa (negative) and occurs 
at 300 years. The maximum north-south horizontal stress change occurs at 
2000 years at a value of approximately 1.7 MPa (compressive). The maximum 
east- west horizontal stress change of approximately 2.1 MPa (compressive) 
occurs at 500 years.  

The temperature changes at the upper and lower breakout rooms are 
significantly lower than at the MTL. The temperatures and stress changes at 
the MTL are strongly dependent on the location relative to the closest 
waste emplacement panels.
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Stress and temperature changes along the centerline of the mains and the 
exploratory drifts are presented. The temperature at the centerline of the 
main drifts will reach approximately c7? C (a change of 32? C). For the 
exploratory drifts, which later function as panel access drifts, temperature 
changes of approximately 70? C are predicted and the horizontal compressive 
stress at the drift location is predicted to increase by 11 MPa.  

The numerical values presented are based on thermal and thermomechanical 
properties which are cited in PDM 75-13 Rev. C., and are sensitive to the 
repository layout, waste emplacement loading density, and the in situ site 
conditions.  

The analysis applies to ESF DR requirement 1.2.6.4 PC 2j.iii.  

Recommendation: The results of Analysis 7 indicate that the thermal and 
thermomechanical response of the host rock at the location of ES1 and ES2 
indicates a decrease in vertical stress of less than 2 MPa due to waste 
emplacement at 100 years (1.2.6.4 PC 2j.iii).  

Recommendation: The results of Analysis 7 indicate that horizontal stresses 
increase at the ES locations on the order of 0.3 MPa (maximum north-south 
horizontal stress change for first 100 years) and on the order of 1.3 MPa 
(maximum east-west horizontal stress change due to thermal loading of the 
repository). The maximum vertical stress is expected to decrease on the 
order of 1.7 MPa for the same time frame (1.2.6.4 PC 2j.iii).  

The problem aefinition memo (which includes citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 
code 70/124232/PDM 75-13 Rev. C/I1.0/QA.  

1.2.8 Analysis 8. Far Field Thermal Effects 

Purnose 

To provide three-dimensional far-field predictions for the temperatures 
surrounding a potential repository.  

The analysis was performed in accordance with the SNL internal document 
Problem Definition Memo PDM 75-13.  

The thermal calculations were conducted as part of the thermal-mechanical 
calculations using STRES3D and are discussed in analysis 7. The results of 
this analysis applies to ESF DR requirements 1.2.6.4 PC 2j.i and 
1.2.6.6 PC 2k.v.  

Recommendation: The results of Analysis 8 indicate that the thermal and 
thermomechanical response of the host rock at the location of ESI and ES2 
indicates a net decrease in the vertical stress of approximately 1.7 MPa at 
100 years after waste emplacement (1.2.6.4 PC 2j.iii).
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Recommendation: The results of Analysis 8 indicate that the maximum 
temperature from waste emplacement at the TSw3-CHn boundary will be less than 
45?C (1.2.6.6 PC 2k.v).  

The problem definition memo (which includes citations for the data used, 
lists of assumptions, and results) from which these conclusions and 
recommendations were drawn can be found in SNL's YMP record center under file 
codes 
70/124232/PDM 75-13 Rev. C/1.0/QA.  

1.2.9 Analysis 9. Systems and Components Important to Safety 

Purpose 

To perform a technical review of the documentation identifying Items 
Important to Safety, Items Important to Waste Isolation and the Quality 
Activities List.  

The documents describing the Q-List, the Quality Activities List and the 
Project Requirements List have been reviewed and published by the Quality 
Review Board as YMP/90-55, YMP/90-56, and YMP/90-57 respectively. The 
results of this analysis apply to 10 CFR 60.151, which is excluded from the 
ESF DR. (See the introduction of the ESF DR for the explanation.) 

Recommendation: Items and activities to be included as Items Important to 
Safety, Items Important to Waste Isolation and the Quality Activities List 
are identified in the results of Analysis 9.  

1.2.10 Analysis 10. Analyses of the Hydrologic and Geochemical Effects of 

Tracers 

Purpose 

To identify, characterize and control tracer tagging compounds and to 
evaluate their potential effects on experiments and waste isolation.  

Analysis 10 and 11 have been combined into a Memo of Understanding (MOU 
330011) among YMP participants which creates a control committee for tracers 
and materials including water which will be used at Yucca Mountain. This 
document formalizes the relationships required to perform the work described 
in Analyses 10 and 11.  

Recommendation: Analysis 10 is ongoing as part of memorandum of understanding 
330011. The region of influence related to hydrological and geochemical 
effects of tracers is assumed to be similiar to the area influenced by water 
(1.2.6.0 C C.iii). After the tracers have been identified and their 
transport properties characterized, analyses may show that the transport of 
certain tracers may significantly differ from the transport of water.  

The analysis applies to ESF DR requirements 1.2.6.0 C C.iii, 
1.2.6.4 PC ld.vii, 1.2.6.5 PC ld.vii and 1.2.6.6 PC ld.x.
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1.2.11 Analysis 11. Analyses of the Hydrologic and Geochemical Effects of 

chemicals 

Purpose 

To identify, characterize, and control materials and chemicals and to 
evaluate their potential effects on experiments and waste isolation.  

Analysis 10 and 11 have been combined into a Memo of Understanding (MOU 
330011) among YMP participants which creates a control committee for tracers 
and materials including water which will be used at Yucca mountain. This 
document formalizes the relationships required to perform the work described 
in Analyses 10 and 11.  

This analysis applies to ESF DR requirements 1.2.6.4 PC 2a.ii, 1.2.6.5 
PC 2a.ii, 1.2.6.6 PC 2a.ii, 1.2.6.4 PC 2a.iv, 1.2.6.5 PC 2a.iv, 1.2.6.6 PC 
2a.iii, 1.2.6.0 C C.iii, 1.2.6.0 C C.iv, 1.2.6.4 PC ld.vi, 1.2.6.5 PC ld.vi, 
1.2.6.6 PC Id.ix, 1.2.6.7.6 PC le, 1.2.6.8 C E.v, 1.2.6.2.5 C A..  

Recommendation: Analysis 11 is ongoing as part of memorandum of understanding 
330011. The region of influence related to hydrological and geochemical 
effects of hydrocarbons and solvents is assumed to be similiar to the area 
influenced by water (1.2.6.0 C C.iv). After the materials and chemicals have 
been identified and their transport properties characterized, analyses may 
show that the transport of certain materials and chemicals may significantly 
differ from the transport of water.  

References 

1. Eaton, R. R. and A. L. Peterson, 1990. Computed Distribution of 
Residual Shaft Drilling and Construction Water in the Exploratory 
Facilities at Yucca Mountain, Nevada, in: Proc. Int'l. High-Level 
Radioactive Waste Management Conference, April 1990.  

2. Fernandez, J. A., T. E. Hinkebein and J. B. Case, 1989. Selected 
Analyses to Evaluate the Effect of the Exploratory Shafts on Repository 
Performance at Yucca Mountain. SAND 85-0598, Sandia National 
Laboratories.  

1.3 NRC Requirements and ESF DR Sections Requiring Analysis Support 

10 CFR 60.15(b) 
Unless the Comission determines with respect to the site described in the 
application that it is not necessary, site characterization shall include a 
program of in situ exploration and testing at the depths that waste would be 
emplaced.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.15(c)(1) 
Investigations to obtain the required information shall be conducted in such 
a manner as to limit adverse effects on the long-tern performance of the 
geologic repository to the extent practical.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

In accordance with 10 CFR 60.15(c)(1), the location, 
design, construction, and operation of the 
shall incorporate aspects specifically directed at 
limiting the potential for adverse effects on the long 
term performance of the repository.  

!.2.6.1 C A. * main site and auxilliary sites 
1.2.6.4 PC 2a.i * shaft 
1.2.6.5 PC 2a.i * ramp 
1.2.6.6 PC 2a.i * main test level 
1.2.6.7 C Bi * underground utilities 

All materials or substances to be used underground 
shall first be reviewed for potential effects on 
engineered barriers and waste isolation. They may be 
used only following review and approval, and only in 

10 CFR 60.15(c) (1) 

those areas where use has been approved, and subject to whatever controls are 
established. Such materials or substances include, but are limited to, the 
following: 

a. Concrete and other cementitious materials, such as 
shotcrete and grout.  

b. Ground support materials, including chemical/resin 
anchorages.  

c. Water (pH and organic content) and any additives 
to water for identification (tracers) or 
construction, operation, or testing.  

d. Hydrocarbons and solvents.  

e. Organic materials.  

f. Explosives and blasting ancillaries, including the 
introduction of pressurized drilling water into 
the rock, and the chemical residues that are the 
products of blasting.
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1.2.6.4 
1.2.6.5 
1.2.6.6 

1.2.6.4 
1.2.6.5 
1.2.6.6

PC 
PC 
PC 

PC 
PC 
PC

2a.ii 
2a.ii 
2a.ii 

2a.iv 
2a.i.v 
2a.iii

1.2.6.4 PC ld.ix 
1.2.6.5 PC ld.ix 
1.2.6.6 PC ld.xiii

-- refers to shafts 
-- refers to ramps 
-- refers to underground excavations 

A materials control program shall be implemented to 
enable establishment of limits on the inventory of 
materials left after decommissioning.  
-- refers to shafts 
-- refers to ramps 
-- refers to underground excavations 

The chemical content of the blasting agents and 
explosives shall be evaluated during their selection 
process and the chemical content of the blasts 
sampled, recorded, and the data used as necessary to 
preclude adverse effects on in situ site 
characterization.  
-- refers to shafts 
-- refers to ramps 
-- refers to underground excavations

10 CFR 60.15(c) (1)

1.2.6.4 
1.2.6.5 
i.2.6.6

PC 
PC 
PC

2g.i 
2g.ii 
2h.iv

The amount of water used in construction and 
operations shall be limited to that required for dust 
control and proper equipment operation so as to limit 
the effects on the containment and isolation 
capability of the site. The maximum quantity of 
water (based on use during construction) shall not 
exceed 15 gallons per ton of rock excavated.  
-- refers to ramps 
-- refers to shafts 
-- refers to underground excavations

10 CFR 60.15(c) (2) 
The number of exploratory boreholes and shafts shall be limited to the extent 
practical consistent with obtaining the information needed for site 
characterization.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.15(c) (3) 
To the extent practical, exploratory boreholes and shafts in the geologic 
repository operations area shall be located where shafts are planned for 
underground facility construction and operation or where large unexcavated 
pillars are planned.
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1.2.6.8 C D.iii

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

Boreholes drilled from the main test level shall not 
penetrate significantly below the base of the TWw2 
host rock, unless the impacts of doing so, on the 
waste isolation performance of the site, have been 
evaluated and found to be acceptable.

10 CFR 60.15(c) (4) 
Subsurface exploratory drilling, excavation, and in situ testing before and 
during construction shall be planned and coordinated with geologic repository 
operations area design and construction.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.0 C C.iii All substances and tracers intended to be added to 
water to be piped underground for such purposes as 
drilling and dust control shall first be reviewed for 
potential to affect site characterization testing, 
repository testing or monitoring, and waste isolation.  
They may be added only following review and approval.

10 CFR 60.15(c) (4)

1.2.6.0 C C.iv Use of hydrocarbons and solvents underground shall 
comply with criteria to be determined by performance 
assessment.

10 CFR 60.16 
Before proceeding to sink shafts at any area which has been approved by the 
President for site characterization, DOE shall submit to the Director, for 
review and coment, a site characterization plan for such area. DOE shall 
defer the sinking of such shafts until such time as there has been an 
opportunity for Commission coments thereon to have been solicited and 
considered by DOE.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.21(c) (1) (ii) (D) 
The assessment shall contain the effectiveness of engineered and natural 
barriers, including barriers that may not be themselves a part of the 
geologic repository operations area, against the release of radioactive 
material to the environment. The analysis shall also include a comparative 
evaluation of alternatives to the major design features that are important 
to waste isolation, with particular attention to the alternatives that would 
provide longer radionuclide containment and isolation.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.21(c)(11) 
The safety analysis report shall include a description of design 
considerations that are intended to facilitate permanent closure and 
decontamination or dismantlement of surface facilities.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.111 
(a) Protection against radiation exposures and releases of radioactive 
material. The geologic repository operations area shall be designed so that 
until permanent closure has been completed, radiation exposures and radiation 
levels, and releases of radioactive materials to unrestricted areas, will at 
all times be maintained within the limits specified in Part 20 of this 
chapter and such generally applicable environmental standards for 
radioactivity as may have been established by the Environmental Protection 
Agency.  

(b) (1) The geologic repository operations area shall be designed to preserve 
the option of waste retrieval throughout the period during which wastes are 
being emplaced and, thereafter, until the completion of a performance 
confirmation program and Comission review of the information obtained from 
such a program. To satisfy this objective, the geologic repository 
operations area shall be designed so that any or all of the emplaced waste 
could be retrieved on a reasonable schedule starting at any time up to 50 
years after waste emplacement operations are initiated, unless a different 
time period is approved or specified by the Comission. This different time 
period may be established on a case-by-case basis consistent with the 
emplacement schedule and the planned performance confirmation program.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.112 
The geologic setting shall be selected and the engineered barrier system and 
the shafts, boreholes and their seals shall be designed to assure that 
releases of radioactive materials to the accessible environment following 
permanent closure conform to such generally applicable environmeantal 

standards for radioactivity as may have been established by the 
Environmental Protection Agency with respect to both anticipated processes 
and events and unanticipated processes and events.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None
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10 CFR 60.113(a) (1) (i) 
The engineered barrier system shall be designed so that assuming anticipated 
processes and events: (A) Containment of HLW will be substantially complete 
during the period when radiation and thermal conditions in the engineered 
barrier system are dominated by fission product decay: and (B) any release 
of radionuclides from the engineered barrier system shall be a gradual 
process which results in small fractional releases to the geologic setting 
over long times. For disposal in the saturated zone, both the partial and 
complete filling with groundwater of available void spaces in the 
underground facility shall be appropriately considered and analyzed among 
the anticipated processes and events in designing the engineered barrier 
system.  

(ii) In satisfying the preceding requirement, the engineered barrier system 
shall be designed, assuming anticipated process and events, so that: (A) 
Containment of MIR within the waste packages will be substantially complete 
for a period to be determined by the Commission taking into account the 
factors specified in ?(b) provided, that such period shall be not less than 
300 years nor more than 1,000 years after permanent closure of the geologic 
repository: and 

(B) The release rate of any radionuclide from the engineered barrier system 
following the containment period shall not exceed one part in 100,000 per 
year of the inventory of that radionuclide calculated to be present at 1,000 
years following permanent closure, or such other fraction of the inventory 
as may be approved or specified by the Comission; provided, that this 
requirement does not apply to any radionuclide which is released at a rate 
less than 0.1% of the calculated total release rate limit. The calculated 
total release rate limit shall be taken to be one part in 100,000 per year 
of the inventory of radioactive waste, originally emplaced in the 
underground facility, that remains after 1,000 years of radioactive decay.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.130 
Sections 60.131 through 60.134 specify minimum criteria for the design of the 
geologic repository operations area. These design criteria are not intended 
to be exhaustive, however. Omissions in ?? 60.131 through 60.134 do not 
relieve DOE from any obligation to provide such safety features in a specific 
facility needed to achieve the performance objectives. kll design bases must 
be consistent with the results of site characterization activities.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None
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10 CFR 60.131(b) (2) 
The structures, systems, and components important to safety shall be designed 
to withstand dynamic effects such as missile imacts, that could result from 
equipment failure, and similar events and conditions that could lead to loss 

of their safety functions.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.131(b) (4) (i) 
The structures, systems, and components important to safety shall be designed 

to maintain control of radioactive waste and radioactive effluents, and 

permit prompt termination of operations and evacuation of personnel during 

an emergency.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None

10 CFR 60.133(a) (1) 
The orientation, geometry, layout, and depth of the underground facility, and 
the design of any engineered barriers that are part of the underground 
facility shall contribute to the containment and isolation of radionuclides.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.4 PC id.xii 
1.2.6.5 PC ld.xii 

1.2.6.6 PC 2e.ii

Location of a shaft relative to any other access shall 
be such that testing in either access will not be 
adversely affected by activities in the other.  
-- refers to shafts 
-- refers to ramps 

The spacing between adjacent ESF drifts shall be a 
minimum of two drift diameters (using the maximum 
diameter of either opening and considering the closest 
proximity of any part of each opening) consistent with 
obtaining reliable and adequate information from site 
characterization, except where required otherwise by 
specific test requirements.

10 CFR 60.133(a)(2) 
The underground facility shall be designed so that the effects of credible 
disruptive events during the period of operations, such as flooding, fires 
and explosions, will not spread through the facility.
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1.2.6.4 PC 2e.ii 
1.2.6.5 PC 2e.ii

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

The * shall be designed to prevent significant 
water inflow from a flooding event during site 
characterization and the planned period of repository 
operation, such that testing in the underground 
portion of the ESF and waste emplacement are not 
adversely affected.
* 

*
shaft collar 

ramp cortal

10 CFR 60.133(b) 
The underground facility shall be designed with sufficient flexibility to 
allow adjustments where necessary to accommodate specific site conditions 
identified through in situ monitoring, testing, or excavation.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.133(d) 
The design of the underground facility shall provide for control of water or 
gas intrusion.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

i.2.6.1 C F.i 

1.2.6.4 PC Id.vi 
1.2.6.5 PC ld.vi 
1.2.6.6 PC ld.ix

The amount of water used in site preparation and 
operations should be limited to that required for 
sanitation, dust control, compaction of engineered 
fill material, and proper equipment operation so as to 
limit the effects on the containmen: and isolation 
capability of the site.  

Fluids and materials planned for use in the * 
shall be evaluated with respect to intended use and 
possible effects on site characterization or other 
testing, and appropriate controls implemented.

* 

*

Shaeon. it 
ramp 

ESF underground facility

10 CFR 60.133(d) 

Water use in * shall be generally consistent with 
repository design goals to limit the increase in 
average percent saturation of the repository horizon 
to [TBD] percent, and limit the increase in the local 
percent saturation to [TBD] percent in waste 
emplacement areas.
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1.2.6.7.6 PC le.  
1.2.6.8 C E.v 

1.2.6.7.6 PC !b.i

1.2.6.4 
1.2.6.5 
1.2.6.6

PC Id.iii 
PC Id.iii 
PC id.vi

Fluids recovered during * operations shall 
be disposed of in such a way to avoid potential for 
performance impacts.  

* ,,r~o ~?1$ , -- rf~v $., ~hF$
* testing

Water handling and control underground shall be 
designed for all credible inflows, including inflow 
from penetration of fault structures or from perched 
water horizons, use of fire protection sprinklers, and 
from water line breakage.  

The amount of water used in the construction * 

shall be limited to preclude interference with tests.  
* and operation of the shaft 
* of the ramp 
• of the underground facility

1.2.6.8 C E.ii

1.2.6.4 
1.2.6.5 
1.2.6.6

PC 
PC 
PC

Id.vii 
Id.vii 
Id.x

The amount of water used in testing and operations 
shall be limited so as to limit the effects on the 
containment and isolation capability of the site.  

Fluids, gases, and other materials used in ESF 
construction and operations, and/or injected into the 
rock mass, shall be appropriately tagged. Selection 
of tracers shall consider, but not be limited to: (1) 
the possible future need to account for the mobility 
and disposition of all such materials as part of site 
characterization, and (2) the effects of tracers on 
site characterization.  
-- refers to shafts 
-- refers to ramps 
-- refers to underground excavation

10 CFR 60.133(e) (2) 
Openings in the underground facility shall be designed to reduce the 
potential for deleterious rock movement or fracturing of overlying or 
surrounding rock.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

An adequate distance between accesses shall be 
provided to limit potential mechanical and 
hydrological interference between the accesses and to 
reduce the potential for deleterious rock movement so 
they do not impact the capability to reliably and 
adequately characterize the site.
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1.2.6.4 PC 2h.ii 
1.2.6.5 PC 2h.ii

Mic:-c Re, vey. -,

-- refers to shafts 
-- refers to ramps

10 CFR 60.133(f) 
The design of the underground facility shall incorporate excavation methods 
that will limit the potential for creating a preferential pathway for 
groundwater to contact the waste packages or radionuclide migration to the 
accessible environment.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.1 C C.i

1.2.6.1 C C.ii

1.2.6.4 
1.2.6.5 
1.2.6.6

PC 
PC 
PC

1.2.6.4 PC 
1.2.6.5 PC 
1.2.6.6 PC

2i.va 
2i;. va 
2j .via

2i.iiia 
2i.iiia 
2j.iia

The design and construction of the site (civil 
improvements) for the permanent and non-permanent ESF 
structures, systems, and components shall not 
significantly increase the preferential pathways for 
groundwater or radioactive waste migration to the 
accessible environment or otherwise significantly 
reduce the ability of the site to meet the performance 
objective as stated in the approved SCP.  

Foundations for equipment, buildings, and structures 
shall be constructed using excavation methods such as 
controlled blasting to limit damage to the underlying 
rock mass, to the extent that it could affect the 
adequacy or reliability of information fr:m site 
characterization. Methods shall be designed by the 
responsible organization to facilitate investigation 
and monitoring of such effects during and after 
construction.  

Blast-induced changes to the average in situ 
permeability of the rock beyond a dimension (into the 
rock) equal to one half of the maximum opening 
dimension shall be less than one order of magnitude.  

-- refers to shafts 
-- refers to ramps 
-- refers to underground excavations 

10 CFR 60.133(f)

In areas not affected by thermal load, * 
decreasing at all times after construction.  
* diametrical closure-- refers to shafts 
* diametrical closure-- refers to ramps 
* closure-- refers to underground excavations

rate

In areas affected by thermal load, closure rate no 
greater than three times that predicted by 
thermoelastic models.
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-- refers to shafts 
-- refers to ramps 
-- refers to underground excavations

1.2.6.4 PC 2i.vii 

1.2.6.5 PC 2i.vii

1.2.6.6 PC 2j.xii

Where required or preferred, the shaft and shaft 
stations shall be constructed using controlled 
blasting methods, to limit overbreak and damage to 
the surrounding rock mass, which could affect the 
adequacy or reliability of information from site 
characterization. The methods shall be designed to 
provide for the requirements of specific site 
characterization tests, such as limitations on the 
extent of excavation-induced damage, or the type of 
ground support that may be installed. The methods 
shall be designed to facilitate investigation and 
monitoring of excavation effects during and after 
construction.  

The typical cross section of the ESF ramp shall be 
constructed using a tunnel boring machine, to limit 
the damage to the surrounding rock mass, which could 
affect the adequacy or reliability of information from 
site characterization. Ramp stations and other 
secondary excavation may be developed by controlled 
drilling and blasting methods. The excavation methods 
shall be designed to provide for the requirements of 
specific site characterization tests, such as 
limitations on the extent of excavation-induced 
damage, or the type of ground support that may be 
installed. The methods shall be designed to 
facilitate investigation and monitoring of such 
effects during and after construction.  

10 CFR 60.133(f) 

If the shaft or ramp breakouts and main test level of 
the ESF are constructed using controlled drilling and 
blasting methods to limit overbreak and damage to the 
surrounding rock mass; the methods shall be designed 
to provide for the requirements of specific site 
characterization tests, such as limitations on the 
extent of excavation-induced damage, or the type of 
ground support that may be installed. The methods 
shall be designed to facilitate investigation and 
monitoring of excavation effects during and after 
construction.
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10 CFR 60.133(h) 
Engineered barriers shall be designed to assist the geologic setting in 
meeting the performance objectives for the period following permanent 
closure.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.133(i) 
The underground facility shall be designed so that the performance objectives 
will be met taking into account the predicted thermal and thermomechanical 
response of the host rock, and surrounding strata, groundwater system.

1.2.6.4 PC 2j.i 
1.2.6.5 PC 2j.i 
1.2.6.6 PC 2k.i

1.2.6.4 PC 2j.iii 
1.2.6.5 PC 2j.iii 
1.2.6.6 PC 2k.iii

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

The predicted thermal and thermomechanical response of 
the host rock and surrounding strata and the 
groundwater system shall be considered in the ESF 
design.  
-- refers to shafts 
-- refers to ramps 
-- refers to underground facilities 

The * liner shall withstand pressures exerted 
along its length and around the entire perimeter under 
anticipated conditions, including reaction to 
thermally-induced stresses resulting from thermal
loads.  

*
shaft 

ramp 
underground excavation support system

10 CFR 60.133.(i)

1.2.6.6 PC 2k.v The ESF shall be designed so that the thermal effects 
of ESF testing do not result in temperatures in excess 
of 115 degrees C in either the TSw3 or CHn units, 
compatible with the performance measure for the 
repository listed in Table 8.3.2.2-4 in Volume VI, 
Part B, of the Site Characterization Plan for the 
Yucca Mountain Site.
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10 CFR 60.134 
(a) Seals for shafts [and ramps] and boreholes shall be designed so that 
following permanent closure they do not become pathways that compromise the 
geologic repository's ability to meet the performance objective for the 
period following permanent closure. (b) Materials and placement methods for 

seals shall be selected to reduce, to the extent practical: (1) The 

potential for creating a preferential pathway for groundwater to contact the 

waste packages or (2) for radionuclide migration through existing pathways.  

(b) Materials and placement methods for seals shall be selected to reduce, 

to the extent practical: (1) The potential for creating a preferential 

pathway for groundwater to contact the waste packages or (2) For 
radionuclide migration through existing pathways.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.137 
The geologic repository operations area shall be designed so as to permit 

implementation of a performance confirmation program that meets the 
requirements of Subpart F of this part.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.140(c) 
The program shall include in situ monitoring, laboratory and field testing, 

and in situ experiments, as may be appropriate to accomplish the objective as 
stated above.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None 

10 CFR 60.140(d) (1) 
The program shall be implemented so that: 
(1) It does not adversely affect the ability of the natural and engineered 

elements of the geologic repository to met the performance objectives.  

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT: 

None
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The following ESF DR 
requirements: 

1.2.6.2.3 C B.  

1.2.6.2.5 C A.  

1.2.6.2.5 C B.

requirements are not direct descendants of 10 CFR 60 

Sanitary wastes shall be disposed of by means of 
collection piping from all buildings and trailers and 
discharged to a sanitary waste disposal system located 
beyond the perimeter of the proposed repository 
subsurface facility a distance to be determined by 
performance assessment. The sewage system shall be 
designed to prevent interference with site 
characterization activities.  

Liquid wastes that cannot be disposed of on the ESF 
site in an environmentally acceptable manner shall be 
removed from the site for disposal in an appropriate 
facility.  

The surface mine wastewater collection system shall 
discharge to a wastewater pond consistent with 
location constraints to be determined by performance 
assessment. The surface mine wastewater system shall 
be designed, operated, and maintained in such a way as 
to prevent interference with the site characterization 
activities.
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EXPLOPATCRY SILFT .;.-:Y -?.ZENENTAL RUQ MENTS 

_. N -NTRODUCT=.0N 

:he purpose ct :his aczendi.:: the Expicratcry Shaft Fa:ili:y (ESF) 

?.eaurements Document Is to .rcvide a brief, but comprehensive, presentation 

tf he= environmental re.auirements (Federal, State, and 1oca1) that applv to 

7_3-7 act-vities. These rec.airements affect all chases cf the 7SF process, 

rom :pe_.mtting bef:zre wcrk is allowed to conmuence, throuch :cnstruc:-on, 

:-erati:n, and closure. -nclusion of these recairements in the des:an of 

e tarac:erizat4-in a::i4-:es *s essential to ensuring that the activities 

are o:nducted -in a manner that will prote-t, maintain, and restore environ

mental zuaityv; mnz.nize potential threats to the environment, and :cmply 

•t-' env-:rnrmental reaLeat:ions and policies.  

_.2 "V.V:EW CF THE ENVIRONMENTAL PROGRAM 

The .S. Department of Energy (DOE) is committed to performing its 

aot_.v:-ies 'n an enviro-.mentallv safe and scund manner, and will comply with 

a!l azplioable environmental statutes and regulations. To fulfill: this 

_:-mrmimen: at the Yucca Mountain site, the DOE has established an environ

mena:e procram that assures that site characterization studies will be 

:nducted in such a way that applicable environmental regulatory and 

:rogrammatic reauirements are met. The Yucca Mountain Site Characterization 

ro-ret- (YMP) environmental program is structured to satisfy the statutory 

rea-zrements of the Nuclear Waste Policy Act (NWPA), as amended; the National 

.nvirocnmental Policy Act (NEPA); the Atomic Energy Act (AEA); and other 

avolioable statutes, regulations and DOE Orders.  

The YMP environmental program has been delineated in documents 

;reviously issued by the DOE. The Environmental Management Plan describes 

now the program is managed and integrated with other parts of the YMP.
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* nra. n_4 State ,Z~t..::nreurmen an"; :- r:fersna 
- . ~ ,and a ea n, are presented i 

7_vir-nmer:a! Req-u~az:r*;, and ::cjansez..a 'ZRZ=: -CE, :;esa) . -h 7Z.  

...es:r!*:es '-:w zhne T.M ~~ds:.~ .vr .na.requlat-s%-:v rx'.:= ents 
-: raza Ae:::a:_:cn, an-,- izentifies the ~ a.nnecessary-V 

cr:rara~r. rzaurmet tenz --- erneted by tne as r~ 
t-:te NWPA as ameanded, are Set f -tý -he Evircnmenta. Monit:=rnz ana 

-a n an (EMI-2 "_=, L38;Th, . ?;.eclamation reaauirernents a:ooll:atre= 

are :ne Rz~arnat::n :mplemenzaticn Plan (RUP; :F 
..~,ana' the :e-uiement s -:: '-e sa:.*sfiec. for :l-e Envircnmenta. :=:a-: 
-:aeme: (:S)will '--- defined ..n. :n-e --S :=,zemntation ?:an, t

::evaret after E:5' sc.nmse:_ýn.s -.ave been held. -Zata-'=- rea-ul~ ed 
z-, these c:ans is :_anned: an:ý zerf:re:d as dieszrib'-ed in the Envir:cn~ental 

-ied 1tiv:':Pl.ans '_FAXPs).  

- .3 :ZEFPEN: J 

7he do c:,.men:s men::oned in the previous section represent var-4ous 
=_e=men:s :_4 thne YýT envirormental program. T-.getther, they (and certain 

nz ssentia: t: this docxmenn) =rcvide a network of clans d4es--zned t: 
:nue:nat the Yucca Mountain environinent is protected throughout the period 
site :nazao:erization study. Not all ;or-tiors of the plans are relevant 
Z-~ ao::-_vitzes, h.owever. The remainder cf this document uses ýr.:ormat:nn 

o~ov:ea n apn=ot i ate sectizns cf these various Plans to define the 
:ea-ulzemerts that must be satisfied t.o comply with Federal, State, and 1ooal 
envi::onenz:a regulations during the performance of ESF activiti:es.  
R=c=,:rement~s are given for each of the major environmental areas of6 otncern 

=.., air, water, biological resources, h-azardous waste management, etc.) 
ýkeiv :: be affected by ESF activities.
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. A"A-R .T, as amended (P... 4 USC -431- 642; 4C ZFR -53, 

z, -E 81.200-21.400, 1�:: :•; Zi% EO l-,88 NRS 445.401 s: seq; 

:;evac-a Admin..strative Code 44-2.43C-4459-- , 

The ::ean Air Act (CAA, _"7-) establishes Federal poclicy for preserving 

ant innan:;n- the cuality ct the Matin' s air resources t' orctect the 

hea1th ana welfare. The Act ensures, throuch a State-issued permit proaram, 

that adexa.a:e steps are taken t: ccntrcl the release cf air contaminants from 
in:us:::al crocesses and land-distur::ngactivities. Section l18 cf the 

t reaul:ss Federal agencies t: ::m=ly with al: Federal, State, interstate, 

and ::cal :reuirements regarding the control and abatement of air pollution 

4n the saw.e manner, and to the same extent, as any non-governmental entity.  

n i•0, the EPA approved Nevada's plan to implement and enforce the 

AA Nevada's State :mplementation Plan (SIP]) . On May 30, :988, the EPA 

zran:et Ne.aaa the authority t. implement the "Prevention of Significant 

-rc.- . (PSD) Proaram. Authority to reaulate radioactive air 

em:ss.ns nas been retained by the EPA, however. Responsibility for 

iMpLementing and enforcing the CAA in Nevada resides with the Nevada Zivision 

Envir:naental Prctecticn (NDEP).  

to the ESF 

Sie characterization activities such as construction and operation cf 

she .-;!_tory shaft, operation of concrete-batch plants, and land 

:s:-rzcanz=s from field testing and site preparation will generate 

particulate and gaseous emissions of air pollutants. The origin of most 

particulates will be non-point sources, e.g., drilling, blasting, rock 

:emoval and storage, surface grading and leveling, wind erosion, vehicle 

travel, an: diesel and gasoline engines. Permits will be required for the 

oerf:=:ranc of many of these activities.

2-i
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An A;r Quality Surface 1szurtance Permit s required befcre any 
.and-distuzbinq activities are init:ated (-AA and Nevada Revised 
Statutes [NRS 445.4c:-Ec::) A strategy fczr :ust minimization, in 
par:i:u.:Lar, -us: te ie: .n an, Pan f::z surface-disturb:ing 

Sstationary sources opc'ntsources) :f air emissions shall comply 
w::h the ac: i:able crcvts.:ns of the AA, as amended (42 -SC -401), 
which may inclu de Preventz :n of Signifizant Deterioraticn (S-I) 
pe-.i::n :, zr offset Pcliyv :.eview, -r both. Federal reaulazions 

per:ainina :: :oorniance wi:h :he CAA include: 40 CFR 50 (National 
?r:-ary and Secondary Am-'ie.- A.itC Quaitzy Standards) and 40 CFR 60 
(Standards of Perf:.-mance for New Stationary Sources). The YMP shall 
::mply with the State :r lozal standards included under the 

st:oulations of NRS Chapter 445.4C0-601 for Air Quality - (:1 Permit 
to Construct, (2) Prevention sf Significant Deterioration, and (3) 
Perm.it to Operate.  

- R.e-istration Certificates 

Recistration Certificates are required for all new sources 
,property and/or equipment) that may emit air contaminants, 
.ncluding concrete batch plant, shaker plant, and ESF Exhaust 

Shaft.  

A separate Registration Certificate is required for each new single 

source of contaminants pricr to the czcnuencement of the activity 

generating the contaminants.  

The Registration Certificate for a point source will be denied if 

the point source (1) will prevent the maintenance of State and 

"national ambient air-cuality standards; (2) is contrary to the 

State's air-pollu:ion :cntrol strategy; (3) will cause a violation

2-2
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40 R .-F i 6 New -curce erf-fr.mance Standards and Na:•ona_ 

Emission Stanaards f.r HazardouS Air Pollutants); or (4) if 

best available technolcoy is no: defined and adcpted as an emission 

limitatl.. f:r the source.  

Exer=n::ns :o these recuiremen:s :hat are Dertinent to site 

zharacteriza:icn a: Yucca Mountain include air-conditicning 

eau~nmen: or fuel-burning equipment that has a heat-incu: rating of 

less than 4,300,000 Btu ter hour; motor vehicles and in:ernai 

com.us:i:n engines; incinerators wizh rated burning capacity cf 

less then 25 pounds per hour; storage ccntainers for gasoline, 

petroieum adis:iia:es, or cher vclatile organic compounds having a 

cacla y :f less then 40,000 gallcns; e~ripment used solely for the 

prccessinz :4 :o.cd for h.,man :cnsumption; disturbina less than 20 

acres per year of :cpscil; and process weight rates cf less than 50 

pounds -er hour.  

Operating Pem_-m.s 

A valid Reas:ration Certificaze for the source must be in-hand 

before an Operating Permit is issued.  

An Cperating Permit is required within 180 days after start-up for 

each new source that emits or may emit air contaminants. it is a 

document issued and signed by the Air Quality Officer (AQO) that 

approves the operation of a new or existing single source of air 

contaminants. The Operating Permit may or may not include 

stipulations.  

After obtaining an Operating Permit, the operator (in this case, 

the DOE) is responsible for maintaining emissions of air pollutants 

wi:hin the limits specified in the permit.

2-3
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:2 ~~z:sare eiceedd -:ri s:leduled mainenan~ce Cr'~ squlm-.: 
malfunzoicns ~::zur, :te :oerazcz i s required t: :ifzrm h A,
ZOOhi 24 hours and prepare a written report to be sentt: the 
State withi Z das te event (Nevada Administrative Ode 
445.07).
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. EV!.-: WATER -- (W, (Nevada A'i-iais:rat-ve Code "-3.225-340: 534.40-;10 

3a:kcrzun: 

.he State of Nevada :e.uires a ce-rmit for the aopropriati=n of State 

waters. .-:e ourpose of a Water Aporzoriation Permit is to prevent -zssible 

in-...eren= :with or-or water z-h-ts and/or i-mprooer use of waters n-: 

lezallv avai:able f:r use. The Nevada State Engineer's Office administers 

Nevada water law.  

t -he ESF 

.......aracterization aas will reauire water. These reauirements 

are curren-r:v based on the use !f water from Well J-13, but apply to water 

fr:m any well at the site.  

Se:'_remen-.s f:r ;-he ZSF 

- .a:er withdrawal zannot start until a permit is obtained.  

- ::nsýruction of new facilities, including pumps and the water 

t::e'ne to the ESF, cannot begin until a permit is obtained.  

- Water use must not exceed quantities allowed by the permit.  

- F-p tests are generally excluded from a permit but the exclusion 

must be requested for each pump test.  

- Arnv dam that will be i0 feet or more in height or, if less than 10 

feet in height, will impound more than 10 acre feet of water, must be 

approved by the State Engineer at :east 30 days before construction 

is to begin.
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4.0 :RINK:NG WJATER ??.CTEZ::ZN 

4 AFE F.:RNK:NG WATER AkT CF :94, as amended (P . 93-522; 42 7SC 

-40 FR 124, 141, 142; EO :2088; 'RS 445.361 et seq; Nevada 

AdAzinzstrazive C:de 445.244-445.420) 

Ba.:k-round 

:he Safe :inking Water A=: iSDWA, 1ý74) -:an:s the EPA authorl:Y :l 

reaulate pulil: drinking water supplies by establishing drinkina water 

rezuati:ns, deaeIca::nz au:hcritv fcr enforcement :f drinking water standards 

the States, and pr:te:t: ng aquifers from such things as injection of 

wastes and ctner materials into wells.  

:n 197S, the EPA approved Nevada's program for enforcing the drinking 

water standards established by the EPA. The Nevada Division of Health within 

the Nevada :epar:tmen: :f Human Resources is the agency responsible for this 

enfc::ement.  

crns:ru:t:cn charazzeristizs of water-supply wells are addressed in NAC 

445.3-H trcugh 445.400. Storage and distribution specifications required 

=•- a -.- 4rinkinq water supply are discussed in NAC 445.410-445.418.  

Ao:iz:abill:': tothe ESF 

A drinking water system is planned for the ESF. By definition, the 

water supplv is considered a 'public water supply* since it will probably 

servc:e '5 or more connections or 25 people for more than 60 days per year.  

;.ecuirements for the ESF 

- A permit is needed to construct a drinking water system (NAC 

445.3 7C-445.420).  

- :rinking water must meet the standards set forth in 40 CFR 141 and 

NAC 445.244 to 445.262.

4-1
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The water quali:y monitzr-n: svs:em shall h :lne a il to 

.ra I av e t ie cap a i i y -.  

sample, measure, and analy:e ftly^scal, chemical, and biolocical 
conditions consistent wizh the requirements of the Clean Water Act 
(CWA, 1972) (33 USC 1251) and the S:WA (42 USC 300f). Such 
:apability must also be ccmpatible with the type and range of 
::ncentra:i:ns/occurrences of :onditions specified in the governing 

regulations (C.g., 40 CFR 122, 125, 141, 142, 143, and State and 

local regulations).  

- eriodi: testing of the system's water quality (at the discretion of 
the State Health Office:, but probably monthly for bacteriological 
content) will be required.  

4.2 UNDERGROUND :NEE-CTZ'N CONTROL ?ROGRAM OF THE SAFE DRINKING WATER ACT OF 
"194 (91 Stat. 1397; ?.L. 93-523; 42 USC 300h (Part C); 40 CFR Part 124, 
'44-147; Chacter 445 of the Nevada Administrative Code, Sections 1 
througn 96.1; NRS 445.131-445.354.  

3ackzr:und 

Federal agencies engaged in any activity resulting in an underground 

~ecti:n that may jeopardize a drinking water supply must comply with all 
Federal, State, and local reauirements concerning underground injections.  
The EPA cranted the State of Nevada's Division of Environmental Protection 
the authority to implement and enforce an underground injection control (UIC) 
crogram. Nevada's UIC program seeks to prohibit the pollution of existing 
and potential sources of underground drinking water in Nevada. Exemptions to 
:.taining a permit would be granted only if the affected groundwater is not 
n.w, and will not be, a source of drinking water, or if the total dissolved 
solids of the affected groundwater exceeds 10,000 milligrams per liter but 
the water is not reasonably expected to become a supply of drinking water 
(Chapter 445 of the Nevada Administrative Code, Section 30).

4-2



t,-A es DrODC Sed fcr the ESF :naracter.e the hydr::.zqzc envý.:,nMent 

:f Yucca Mount~ain may reur i use :fr tacers. The State cf Nevada has 

:ýeterztuned that :-e use :f :za:ers must te reaulated under the U: =::--ram.  

zzea-u:4rsments ::cr the ESF 

- A. cerm-it must be ottained 4-:r any activitv that in1cludes underground 

in'.ecticn (NRS 445.:K-374).  

- -ra-ers added t: the water svstem must be cf a compcsti:4:n and 

:nceantration cc.Toatitle with the sanitary waste disposal sys-tem.  

- :~fi~trat znsudies usina tracers may requir-e a permit.

4-3
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S. FEZL WATER PCLLUT:DN C-NTROL !:T, as amenaed bv the Clean Water Act 

-z ::7-, and the WATER •UAL:TY AC F 198', as amended (33 USC 
1-!376; 33 ZFR 209, 320, 322-330; 40 ZFR ::0, Z2, :, , 

:2:-Z5, 029, :23, 036, 23C, 40:, and 403; EC 117-15; 7- 172088; Nevada 

Acdmnistrative Code 445.70- 445.241) 

The Federal Acts cited :n tzis section are referred to collectively 

throuahout the remainder cf this discussion as "the Clean Water Act." The 

'Iean Water Act (CWA, 0972) establishes Federal policy for restcr-ng and 

maintaining the chemical, physical, and biological integrity of the Nation's 

waters. ;.aong other things, the Act provides for the EPA or Federally

author:zed States to irnulement perat programs for regulating the discharge 

of oc'lutants to navigable waters from any point source, as follows: 

e Tit:e :V of the Act (i.e., Permits and Licenses, Section 402, the 

National Pollutant Discharge Elimination System [NPDES]) is 

ai:runistered by the State of Nevada; 

* Federal effluent limitations for direct discharges, and pre-treatment 

s:andards for discharges into publicly-owned treatment works (Title 

::: :f the Act) are enforced by the EPA; 

* A program to regulate the discharge of oil and hazardous substances 

(Section 111 of the Act) is enforced by the EPA; and 

9 A permit system for the use of dredge and fill material (Section 404 

of the Act) is administered by the U.S. Army Corps of Engineers.  

.. 1.1 NPNES Permit Proaram 

Backaround 

Section 313 of the CWA directs Federal agencies to comply with all 

Federal, State, interstate, and local requirements regarding the control and
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ata.ement :f water pcllut•:zn :n e same manner, and t: the same e=9tn, as 
any .. n-a:vernment .- i 

:n •e•tember 9, 975p, :-he •PA approved Nevada's NPDES permit croaram ana 
au'-.:r-zed Nevada t: implemen an=.. enforce the program. The Nevada nepart
men: :f Envir:.-mentza protectj:n (NDEP) is the agency respons-b!_e fSr issuing 

:rZenvin; NPDES pe•mi-s.  

..- cpi yili.v to the -SF 

Water-related activit.ies wh.hzh may require an NPDES permit include all 
.in- source discharges. -xamples of these are sewage treatment facilities, 

m-ne waste-water ponds, rock storage piles, pump tests, drinking-water 
supplies, mcnit:ring and inn'eti:n wells, and infilt-ration studies.  

..ea'ý;:ernents fo~r :hz-ES 

- AN NPDES •ermit must be obtained for effluent discharges.  

.All waste waters shall be treated and disposed of in accordance with 

NPDES oermit conditions.  

- N'S perm.its may contain written effluent limitations based on a 
.arieyv of criteria, including the effects of the discharge on the 
receiving waters and the use of these receiving waters (Nevada 

A•ministrative Code 445.155).  

- The permit may also require, at the discretion of the Water Quality 
Z fficer (WQO), the installation, use, and maintenance of equipment to 
monitor specified pollutants, and that monitoring records be 
retained, generally for three years.



f ronin:orqng is required, the results of the monitoring wil2 be 

:eocrted to the WQO on a schedule specified in the m but not 

less freauently than once a year.  

- _he WQO has the authority to enter any premises where a permitted 

t.scnarze 's located f4r zurpcses of accessing and copying records, 

inspecting mcnitoring equipment, and sampling discharges. The costs 

of any test associated with these visits are the responsibility of 

the DOE.  

- :-nv modifications of the facility or increases in the rate cr type of 

perm:tted discharge must be reported to the WQO. f the modifica

ti'ns exceed permit conditions, a new NPDES permit must be obtained.  

.n NPDES per:mi can be modified, suspended, or revoked by the WQO if, 

amcn; other things, the terms of the permit are violated.  

- A permit is valid for no more than 5 years. Renewal must be made to 

the WQO within 180 days of expiration.  

.1.2 ::r=s :f Bnaineers Section 404 Permit 

Backor=und 

Ar.v Federal agency, State or individual that plans to dredge, fill, 

mcc1ifv, or discharge into navigable waters or waters of the United States, as 

defined in :he CWA, must first receive a Section 404 permit from the U.S.  

Army Corps of Engineers (Corps) (Section 404 of the CWA [33 CFR 320.2(g)]).  

Section 404 establishes Federal policy for restoring and maintaining the 

chemioal, physical, and biological characteristics of the Nation's waterways.  

Aoclicabi~itv to the ESF 

On April 28, 1988, the DOE submitted an informal opinion to the Corps 

-:ncerning the applioability of Section 404 of the CWA to site character

4iaticn at Yucca Mountain, and requested a formal determination by the Corps

5-3
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regarding Section 404 Perm- ..:.n. appaoliza ::. S ite charactezi:atucn w:ll 
exu:. _e re-routing small segments :f several Jry washes along the east side 

Yu:ca Mountain. The Corps conducted an on-site inspecti:n at Yucca 
:.:un:ain cn October 13, !989. 'n November 15, :989, the Ccrps made a formal 
e:e-.minaticn that re-routina of washes f:r site characterization would 
eraw _e Se:ti n 404 permitting, :: be authorized under a Nationwide General 
e.m:. This type of Section 404 oerm:t allows the discharge of dredaed or 

material into isolated, ncntidal waters of the United States, including 
we:lands that are not part of a surface :ributary system to interstate waters 
:f the United States. The Corps included the Y.MP in a nationwide permit on 
Aucus: 1-, 1990. Any significant changes in ESF design may require a review 

--r zurrent Section 404 permit.  

.eaui:rements for the ESF 

A Section 404 permit must be obtained (or modified) before Yucca 

Mountain washes can be altered.  

.2 NEVADA WATER POLLT•:ON CNTROL LAW, (NRS 445.`31-354) 

-he Nevada Water Pollution Contrcl Law was enacted to maintain the 
;uality :f the waters of the State of Nevada for public health and enjoyment, 
;rz::_4n ...of animal life, operation of existing industries, the pursuit of 

"a ue, and the economic development cf the State. This law is 
administered by the NDEP which requires that discharges of pollutants into 
:.e subsurface be controlled if the potential for contamination of 
zr:undwa:er supplies exists. :f the NDE? determines that there is a 
pztentiai for contamination, the agency will generally require, through 
issuance of zero-discharge permits, that impoundments be lined sufficiently 
"to prevent seepage of pollutants into the ground.

"5-4



""Z---2 , Rev. Rev. YM . .. , .ev.  

3ite:haracterizaiCfn a-t-v-t-as such as the constru:ti:n and use :f 

sewage !aucons and mud and cu:ttirac :s, must be evaluated :: determ-n.e their 

tentia -: zcontarainate aroundwa:er supplies.  

"Reau:reme"ts.f. h.C ESF 

- discharae permit will be :btained cr zero-discharae dercnstrated 

f:r all ponds and water impcundments.  

- Runcff from disturbed areas will be controlled to -minimize arosion 

(see Reciamation Section).  

- Runcff from potentially contaminated areas (e.g., parking .:ts) will 

be contr:lled.  

.3 ScA: ARY AND SEWAG-r-( :-N SvYSEM REGULAT:ONS (NAC 445.179-122; 

4A1.750-840) 

ack:rcu:nd 

The curpose :f this permit authority is to regulate the design, 

-ons:ucion, and operation of sanitary and sewage collection systems and to 

arant coerating permits for such facilities in an effort to prevent :r limit 

.discharges :f pollutants into waters cf the State. NDEP administers this 

regulauIoa.  

A.coi:a-4 itv to the ESF

The ESF will require a sanitary and sewage collection system.
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P.eaurements f:r :he ESF 

A ermit will be required f:r sanitary and sewaae c•llecrtin • r 

::eatment systems.  

- he T esi : fhe system must :=mply with NAC 445.140-174.  

- Cznstruzti:n plans must be prepared by a licensed engineer.  

- The facility must be located outside of the floodplain.  

-The ultim.ate disposal of sludge fr:m the wastewater treatment 

facllities shall be perf:rmed in accordance with the requirements of 

Section 405 cf the CWA, in addition to any applicable permit 

::nditi:ns.
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-. ... "N-ER ....::N ;.N:- -- :z"..y AZT 2=- i.E', as amended (. . " 4-E50; 

42 E907-;987; 40 OFR "_64, 240-24T, E-264, ZEE, 27C, '1, and 250; 

..- S -'.400 at seq. N;eva*:a r:xrinistra:l.e :de 444 . :hr~uah 44 "48, 

Yanazemen: and discosaI sf=•_1-4 and nazar::us wastes (ex:ludin; 

_ C wastes) shall 'e ::ndu::ed in' a::crdan:e with the reaui.e.men:s of 

R-e .es:r.:e 2:nser-ia:i:n. an.d Rec:verv Ac= (RCRA), as amended, wni:h .inc.udes 

?.:.:G..:er- II `:r hazardous wastes. The EPA has authorized -:he State of 

:Nevada :: a-t.mi.:-er Subtitle Z:ý-f RCRA, regula:ing the management "n 

Sn:sal -= azar:aus wastes.  

-- ESF 

£_. a::ivi:ies may requie- the use of hazardous materials and the 

zene:a:i:.-: both solid and hazardous wastes. The proper handling and 

tlsp:sa! :f s:_it and hazardous materials will :require :cmpliance wi:h 

va .:s fe-era' and s:ate recauations. Repcrting requirements in the event 

-n:-'uded. Ac4ivities covered in this section include hazardous 

na-:ria*s, landfills, use cf insecticides and pesticides, toxic substances, 

--rans::r-ation of hazardous materials.  

:.eaui:emen-s for the ESF 

- -se of hazardous materials cnsite must receive prior approval from 

:'e Yucca Mountain Site Characterization P:cject Cffize (YMPO), as 

Der AP-6.13.  

- The use c- hazardous materials onsite must conform to the auidelines 

.:r:vided in the Hazar:ous Materials Management and Handling Program 

kH!ViHP)
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":eT:irements f:: manaaemen: a:: :is:csal :f hazar:zus wastes :us: 
te satisfied .r. a:ccrdanze w::: S.b e - - f ?.zRA.  

-se :f underground st:raze tanks must be in acccrdance wi:h Sutt._--e 

- 7se:f :rcy:ced and re:cvsred ma:erials shall be given hi:h ririt-"y, 
as required by Subtitle .  

- N:n-hazardcus solid waste will be recollected and hauled •: an 
C:_:veI lanfil...., as rezqured by NRS 444.440-620.  

-i-t ::ntamina:ed w,.t. spi:led oil cr fuel must be disposed cf in an 
apr:ved landfi2l or ty anc:her approved method.  

-.2 ............. ! .....RONENT-- RESPONSE, :OMENSATION AND : rABI:-IY ACT 

:ERZA) :f ~980, as amended by the Superfund Amendments and 
saut::oriza:icn Act of :986 (SARA) (42 USC 9601 et seq; 40 CFR 30C, 302, 

2 -0, and 372; Executive Orders "2286, 12288, and 12580) 

7RZ:.A (as amended by SARA), also known as nSuperfund," was created in 
::5;. The a:: provides for the clean-up of, and emergency response t:, 
:azar:.:s substances released into the environment, and for the clean-up cf 
-azarb:us waste sites that present a substantial danger to public health and 
welfare. The emergency response and clean-up cf hazardous substances 
:eleased into the environment shall be conducted according to CERCLA.  

A*.iz:ab!li:v to the ESF 

The use cf hazardous materials at the ESF will require that materials be 
:ranspcrted, handled, stored, and disposed of properly, and may result in 
sti::s rec-iring corrective action.

6-2
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- Anv svils cf `azardcus s-=s!:an:-es muts te -eported t avvrzpriate 

aaencies and cfficia~s, and te :esaned upi: z:zp!m;iane wit- :-he 

Suverfund Act.  

-ý7 -srsonnel. mmust re z:ained in the Dr:per han,414n- :f 

'zazardous substances a.-d in response a:tizns to be taken in -:he event 

:f a spi:..  

"- se cf hazar-4ous mater:a..s must ::mDiv with Zznmnur 4i:Y-Riaht-T: -Know 

r:au!ar:::ns u.nder Til f AA 

- rans~ocrtatin :f' a:! *aa'rdous materials r: tie Yucca Mounta-n site 

must meet the reauir-emenzs --f :he Hazardous Material ransoocrtation 

Act A9 'UC :801; 49 CFR :-8 

-The hnandling, -use, and disoosal of any toxic substances shall ccmplv 

wit :n reu_:ments of the c~xic Substances Co-ntrol! Act (TSOA), as 

amended (1! USK 260).) 

-:he use cf zesticndes shall comioly with the requirements :f the 

F-ederall :nse!=icide, Funaicide, and Rodentizide Act (FIF-r~, P.1.2-140 

anrd -L.:.95-3 96) .



YMPMF'c-~ :C3:'Rv 9 ev.  

-. • B:ZCG:ZAI RSCUtr "Tr:T:N 

ENDANG7RED SPE:P c A7- a-.s amended: :6 USC 

-543; 50 C Secti:ns .::, a nd :-94-94; =0 ZFR Parrs :31 

222, 226, Z27, 4C02, 424, and 453-45-3).  

nFderal activ.-v :r Feierailv-supported activi:y must -e perf.:rmed 

in ::m=Liance with the Endangered Soecies r%: (ESA, :973) .Accordinly, any 

:ederal activity that c:ul -! -- -affe= -. ected fish, wildlife, .r 

--eaeua:n, or destro'v :r alt:er :e specfi:c habitat cf p:rtected species, 

must te designed to avoin :r =-:-:ate a!: potentially adverse impacts.  

CC*4ii:abi'i? v t: -C 

The desert :tr:tose, existina at the Yucca Mountain site, has been 

isted as a Federally-protected, threatened soecies. ESF a-ývitieS W4:1 

reauire the performance cf surface-disturbing work having the potential to 

af-e t the desert torto:se. Actions taken during site characterization must 

-:t -e-eardize t:e continued existenze cf this soecies.  

--ei:re'ments for :he ESF 

The f:- lowing constraints are derived from reauirements set forth in the 

=ii:-ical C inion (30) rendered by the U.S. Fish and Wildlife Service 

(MoNae:, 1990) and are consistent with accepted revisions to the BO.  

- Threatened or endangered species must be protected, in compliance 

with the ESA, as stipulated In the BO.  

- ?rior to any land disturbance, a preactivity survey must be conducted 

by cualified Project Offize-designated participants to deterine if 

the proposed activity will impact any important biological resources.

7-!
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zersc nne! working at tesite MUSt :=Dle-e :-e ena 
..ezu~izerents Tra;,in r:ra Ez 

n,7 harassment cf :he :e=sert t:r-o~se 4-S t.- be avc-4ded. Neith~er the 
an:mal :ý:self nzIr it:s zu.:==w 4s t~be :-uchqed :r ý:stur ed __j ct.er 

ied :.:s-. Stay at -east ten feet away rz::.an 
_-.rrw S-Y _'=hes c az~er ;.n height:=t width.  

a desert ::rz:rise I's seen in1 the ccnstructizcn area, wcrk shall 
eaeand the Yucca Mountain Prcject ZIffice (YMO) and the rrt-_ec: 

z-:e Manager shall be:tiid may be necessary -Fcr a cuafified 
t:relttate the:r:::~.se before work may resume.  

~;-:d i~tn~any an:rma's wniz'n may be zrcss~ng rsads --r trails.  

- e= arti::;~ants are requir--d to notify the Y~eO Lm.iediate'-l upon 
-nding an 4n~lured cr tead-----se.  

Z:vered trash containers will be provided so that f:)od and ct!her 
zartaae Is ýdiscarded in a manner that will not attract ravens.
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a.0 RCHAE-CG:Z;: ESCURCZ PRTE:T:N 

- . .A..CNAL HISTOR: ZPESEVAT::N A o :366, as amended (16 USC 470 et 

s.; R Parts 6C, E!, 6, 65, 67, 68, and 800; Executive Order 

-l9•, 5:- OR:C STES, U:::Z:NGS, AN AND.:U:._ES ACT, as amended (16 

U. :::-4E.) �A.•C•EOL-:Z .. ID HSTOR:C PRESERVAT;ON ACT (16 S 

469-4E9c) 

N L U FREEDOM ACT CF 9, (?.,. 35-341; 42 USC 

99;.;36 CFR Part 296; 43 FR Part 7) 

_-S T (6 USC 43, 432, and 433; 25 CFR 261; 36 CFR 296; 43 

*FR 3 and 7) 

E :.;L - RESCURCES PRCTEC:T:N .AC :f !979, (16 USC, Sectizns 

47Caa-4"011; 36 CFR 296; 43 CFR 7) 

Backzrcun: 

The =:al :f a:: of the laws listed above, in terms of Federal 

a~zi7:_-es, is to ensure consideration of the values of historic properties 

Ln :arrying :u: Federal activities, and to make every effort t: identify and 

-:-tia:e m:zaz:s t: significant historic properties. The National Historic 

At: (NHPA) is the principal authority to which the DOE will 

respocnd with reaard to the protection of historic properties. The NHPA 

rea'.,ires a-- Federal agencies to take into account the effects of their 

uniertzkn;s (e.g., site characterization) on historic properties, and to 

all:w the Advisory Council on Historic Preservation (ACHP) to coment on the 

adequa:y :f the agency's plans. Historic properties are defined as any 

properties included in, or eligible for inclusion in, the National Register 

:f Hist:r:: Places.  

•o ........ v tc the ESF 

The Y.2 area contains many historic sites and artifacts which require 

under the NHPA, Antiqui:ies Act (AA), the American Indian

8-1
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Reli::ous Freedom Act 'ARFA), and the Archaeclczi:al Resources FrteCtion 
Act (ARPA). The impFermentat.:n f "PraarLa~mti- Agreement" between the 
DOE and the ACHP will satisfy the Y-1-'s cczmm:ments and responsibilities 
.nder these various Acts.  

.. ... ...... . .. ... =- ESF 

The f!llowing constraints established to Protect archaeological 
resources are consistent with applJiable Federal, State, and local 
environmental. regula:i:ns.  

A preactivity survey must be conducted by qualified YMPO contractcrs 
to deternine -f the proposed activity will affect archaeological 
resources.  

-f archaeclog:zal resources are identified within the area proposed 
-or the aotivity, it may be necessary to relocate the activity, to 
recover data from the site prior to trenching, or to designate an 
":nclusion Area" for the activity. An :nclusion Area should clearly 
delineate an area within which surface-disturbing activities are 
restrý:ted. Any area beyond the :nclusion Area boundary is 
off-iLmits to equipment and personnel to prevent inadvertent 
-isturbance cf an archaeological resource.  

. site-specifio Data Recovery Plan shall be prepared by a designated 
archaeologist and approved by the ACHP prior to recovering data from 
the site.  

:f archaeological resources are discovered within the area approved 
fcr activity, work shall cease and the YMPO Operations Control Branch 
and Project Site Manager will be notified.

8-2
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9.0 REZLAMAT::N 

Bazkarcund 

":n ::mnpliance w-i•h the NWPA, as amended, -he .:E has developed a program 
- h re--amatton of areas aisturbed by si:e chara:teri:a:icn. This 

=rogram requires that disturbed land be returned to a stable ecclcgical state 
with a fco and -roduc:ivitv similar to its predisturbed state.  

Acc*i:aoi4itv to the ESF 

BLM Riaht-of-Way-Reservations and the NWPA Section 113 (b) () (A) require 
-'at areas altered yv si:e characteri:ati:n activities be reclaimed. A.ny 
surface-disturbing a:tivities to be undertaken at Yucca Mountain under the 

-rview of the YM must be planned in accordance with the Reclamation 
:.plementatucn Plan (RIP; DOE, 1991) 

Reauirements fcr the _..  

- Reclamation activities will be carried out as described in the RIP.  

- A preact:ivit-y survey must be conducted to determine biotic, soil 
tv•e, and reclamation capabilities of each site.  

- zurface-disturbing activity reclamation specifications shall include 
considerations to minimize dust and other environmental impacts.  

- Guidelines in the RIP should be f:llowed, including requirements for: 

* Site inventory 

* Site clearing 

* Topsoil storage and management

9-1
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The . .•-A, as amrended, and 4 te-A reouare he 

:a & :_ia' s and ra,:;::-r:a- mcn-tr:n: at :-e Yu.:a Mountain s4:te.  

71e :"E, -e EPA, and the NRC each have established rules, requlati:ns, and 

:r:ers zer.aining to radiziziial health and safetv. :n heevnt :f 

-:s or dupi-.:ati:ns amcnc the radiclz:gioal requirements listed in the 

M:.a.Mountain Regulatory Comvliance Plan (.MP/90-23, September, "990), the 

r :irement holding-he hiqhest authcri-v will :-revail. :n general, .- ur~i 

laws are the mos: authcri:at:ve, followed by the Code of Federal Reculations, 

-re-- ?:si-_::ns and NRC -uidance. Department Zrders are the least 

na.e. "..n tne arsence o" more authoritative requirements, however, 

- :harao-eriza-n ac.ivi:ies w:il be zarried out in oompiiance wi:h DOE 

r rlat-i t radiogical : health, safety and envirc.nmen:a- protection, 

as Jesr!'bed 4n the Radiol:oical Monitoring Plan (DOE, 1990) 

:-s ant'izipaed that four potential sour.es of radioactive materials 

=- e:.:st at the Yucca Mountain site during site charao'.erizaticn.  

Release cf naturally-occurring radionuclides from mining 

actlvii.es; 

2. Discharge of groundwater, expected to contain only natural 

background radioactivity, to the surface; 

-. Resuspension of radioactive materials previously depcsited during 

nuclear testing at the NTS; and 

4. Release of short-lived radioactive tracers as part cf 

;echydr.ol.gca modeling, and the small potential fcr release :f 

radioactive material during well-logging activities.

10-1
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:ecause :nyv a small .. ',.e :f r::=, w:U.e ire: and a sm.a-ll a.n: 
7r:un'-water released t: t:e surfaz= :ua':n zSe i: Iasae a,
es:ate: :-a: ra=z:aat:ve releases 411L. :n,, a small fracý:in sf 
-e :ua:. :a:ikr::und radia:i:n alwayss cresen:, and w n a 

• _ • n f i ~ a : r a i z i : z a l i m p a c : .  

.te .esusp.ensi o pevi .. depsi. radi:a:ive materia.s during 
sire :nara::erizatizn is a'so exDecte: b-e insignif--ant compared to 

-•ak~r:un: tezause cf :he Lzw ::nzentratýin of raaioa::ve daterials 

=resen: in :ie e:."sting environmenz. Hwever, estnmates presented in the 
Znvirz•.mentam: Assessment (DOE, i-86) nav Include inherent uncertaint-es 

:ause =as: radi:.oaica. monit:rin: a: and around the Yucca Mountain site 
.as "Ceen 1i:ed. 7: veryv that there will be no sianificant inpact, as 

manda:ed t-,%:h Envir:nmental Mcnitzrzng and M4tiia:ion Plan (ENIAP; :ICE, 
"?":a), radioloenoal monitoring will be Zonduzted in the areas :f (1) 

ra:::a; mae trerial concentrations :n air, soils, biota, and grzundwater; 
and (Z) external radiation back-r.und 

Fa. m -s ':r the ESF 

- The ESF shall o:mp. ly with the requirements of the Yucca Moun:ain 
-r:.- ..... adiologioal Moni::rin; P-an (RMP; DOE, 1990) 

::-ns.s:en: with the requirements of DOE Order 5480.:., equipment is 
::nsidered to be potentially :cntaminated -4 it has been used or 
st::ed in a controlled area that has contained unconfined radioactive 
material. Prior to its use, such equipment must be surveyed to 
de:ermine whether both removable and total surface contamina:ion is 
-reater than the levels specified in ZCE Order 5400.5.  

The T&MSS Radiological Field Programs Department should be n::ified 
a: least three weeks prior to initiation of an activity.  
Nctlfizaticn shall include date, duration, and description cf all 
field activities being initia:ed so that potential changes to the 
radioloaioal data can be reccniled consistent with the E P.

"* -2
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-l. LAN•D A:ES 

1. ::RAL LAND Z-LIZY AND M ANEM=- " _NT T (?. " 4-57Q; 43 US: 

1,:-.784; 42 ZFR 280C) 

5aCk zr : =: 

The Federal Land Policy an.. Management Plan (FLPMA) establishes U.S.  

3:vernmen: policy with regard :: rn:verrment -owned lands administered by the 

Bureau of land Management (B3M). FLPMA mandates :hat such lands be managed 

n a manner tha: w-ill2 ) -rot-•c:• th cuali:v of scientific, scenic, 

his:o:ioa:., eocloaical, enviro~en: al, and archaeciogical values; (2) 

preserve and protect oer:ain our-to lands in their natural condition; (2) 

:rvide f::d and haca: :z: f-z ish n a :mest4c animals; and (4) provide for 

zu::cr re:zeat:-n and human oc:cuan:cv and use.  

Adzlizat.iitv :: the 7SF 

Federal activities requiring access to, and activity on, public lands 

require co=riiance with the FLPMA. Because the Yucca Mountain site is 

art:.ally =n BLM-administered putlic land and BLM-administered Air Force 

-t n because activities will occur on BLM lands, as well, DOE compliance 

with 3'M :ec-airemen:s for access and use of this land is mandatory.  

The _CE obtained access to the BLM and Air Force lands for site 

onaracterization thrzugh Rights-cf-Way granted in January 1988 and October 

8989.  

Reauirements for the ESF 

:n issuing these Rights-of-Way, the BLM has stipulated specific 

environ.ental requirements which include: 

- Access approval for the activity must be confirmed by the Project 

Cffice.

YMP'•- 0.., ey. 5 ,
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- A -- " -f :he ELM Ri`n:-cf-Wav FReserva:izn (ROWR) Aareemenet 'ELM, 
2,98; eLM, 289) ius .a: -he -:z-_i-_ when wcrk :s beln, 
:::n-u".ct in :te f IaI 

-:i:u.a::cns iis:ed in :he RWR Agreement (BLM, 1938; BLM, 19"9) must 

- ff-rzad Jrivina or parkina is c:rhitited unless -Decificallv 

permitted in wri:ing bt :he YMIPO. Any access route or area :f 
disturbance w4-. be specifically approved through the environmental 
review Process. Enistina :raizs may be used if pricr environmental 

approval is obtained.  

- zand and gravel must be cbtained from a source authorized by a BLM 
free-use eri•: :r from a duly permitted ccmmerzial source.  

oZre hcles and wells =:ntaininq poctentially usable water should be 
aft ,n a manner wh.ch facilitates their development as water 

sour:es. Prior to termination of the agreement or abandonment 
Cf the holes/wells, the DOE will consult BLM to determine if the 
ho:es w'll be sealed and zapped, plugged, cr turned over :o the BLM 
as Is.  

The :C- Is required to fulfill all requirements applicable :c the 
NEPA, as well as all requirements fo-r mitigation, stabilization, and 
rehabilitation, as described in the Plan of Development and listed in 
Secti:ons 4.1.1.4 and 4.1.2.6 of the Yucca Mountain Environmental 
Assessment (DOE, 1986). This responsibility will continue until :he 
requirements are met, regardless of expiration of the Right-cf-Way 

reservation.
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Exe::.verder (EO) !1:-88 reauires that =eazh Federal aaencv take action 

:er..sk :--f d -`amaae, zmln.Mze the mact:f zflt :n '.--=an 

saet, eal'th, and welfare, and restcre and creserve :46e naturral ant 

- values served by f:zdpla-ins.  

A:i.-:es ;:arnied within the :20-year flzcdplain at :-e Yucca Mzuntain 

ýte requize certain comnpliance acti:ns (EXECUT:VE ORDER ::-988, £:OOZPLA:.N 

XYtNxAG7vN'_ as ý. lemented by IC CFR Par,: 1022).  

._aU_::eents _:Z the S 

- A=~ aztivity :znducted in a floodplain must be preceded by a 

f::cdplain/wetlands assessment, in compliance with 10 CER Part 1_022.  

- Al:ernatives t: building in t-he defined 100-year flcodplain must ýbe 

";entifiei a~nd, considered.  

-zruztures/facilities built in the 'flood~lain should be desi-zned to 

'-:t mzinirnze effects on the flcodplain and protect the 

s:=rcuz-ue/facilities in the floodplain.

*:2-1
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DCE (U.S. Department of Energy), 1990. "Radiological Monitoring Plan," 
Y'-P/88-14, YMSCP, Las Vegas, Nevada.  
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40 CFR Part 60, 1987. Title 40, "Protection of Environment," Part 60, 
"Standaris of Performance for New Stationary Standards,' U. S. Government 
Printing Office, Washington, D.C.  
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40 CFR Part 129, 1987. Title 40, "Protection of Environment," Part 129, 
"Toxic Pollutant Effluent Standards," U.S. Government Printing Office, 
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Dredged or Fill Material," U.S. Government Printing Office, Washington, 
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43 CFR Part 3600, 1988. Title 43, "Public Lands: Interior," Part 3600, 
".Mineral Materials Disposal; General," U.S. Government Printing Office, 
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50 CFR Par: 450, 1986. Title 50, "Wildlife and Fisheries," Part 450, 
"General Provisions: Endangered Species Exemption Process," U.S.  
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Government Printing Office, Washington, D.C.  
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APPENDIX K 

The ESF Title I Design Acceptability Analysis and Comparative Evaluation of 
Alternative ESF Locations (DAA) was, in part, a review of the adequacy of ESF 
Title I design for three concerns expressed by the NRC. The three concerns 
are listed on page INTRO-2 of this document. This appendix contains the text 
of the criteria used in the review to evaluate ESF design. Appendix 1-3 of 
the DAA contains a detailed discussion of the development process for the 
criteria.  

This appendix enables the user to correlate DAA criteria with corresponding 
ESFDR criteria, and to understand how the criteria implement higher-level 10 
CFR 60 requirements. The references shown in parentheses indicate the 
location of a corresponding statement in the ESFDR.  

Some of the 10 CFR 60's (and corresponding DAA criteria) do not directly 
influence the ESF design and consequently do not appear in the ESFDR text.  
These have been listed in the ESFDR Introduction under the section titled 10 
CFR 60 Requirements. They have been separated into the following five 
separate categories.  

i. The 10 CFR 60 requirements that regulate the handling and control of 
radioactive material do not appear in the ESFDR because it is 
anticipated that radioactive waste will not be used during the ESF 
testing. These are identified as (I-1) under the DAA number.  

2. Similarly, the 10 CFR 60 requirements for structures systems and 
components that protect the public's radiological health and safety do 
not appear in the ESFDR because such structures would not be needed 
where there is no radioactive material. These are identified as (1-2) 
under the DAA number.  

3. The administrative requirements of 10 CFR 60 do not appear in the 
ESFDR because they are covered elsewhere and are irrelevant to the ESF 
design. These are identified as (1-3) under the DAA number.  

4. There are 10 CFR 60 requirements that do not appear in the ESFDR 
simply because they cannot be evaluated or implemented at this time.  
These are identified as (1-4) under the DAA number.  

5. Finally, the ESFDR has been revised to eliminate all requirements 
applicable to actual performance confirmation program because these 
belong in the SCPB. These are identified as (1-5) in the DAA number.  

Additionally, there are some DAA requirements pertaining to underground 
testing that do not appear in the ESFDR Volume 1 but will be incorporated in 
the test plan reference Appendix B in ESFDR Volume 2. These are identified 
as (TP) under the DAA number.

APPENDIX K-I



".M• ::-OO:, Rev. 3: : YMP ....... .e;.  

The criteria list is arranged in a structured fashion that is based upon a 
four element reference code, that contains information about the specific NRC 
concern (first element), 10 CFR 60 requirement (second element), ESF physical 
system (third element), and criterion (fourth element).  

The specific requirements of 10 CFR 60 that are addressed by the criteria 
!ist are different for each NRC concern. The requirements that are relevant 
to each concern are indicated on the attached correlation matrix. Within the 
reference code, the specific requirements of 10 CFR 60 relevant to each of 
the NRC concerns are assigned a sequential number for each of the NRC 
concerns.  

The third element of the code is based on the nine fourth-level elements of 
the ESF Physical System Description. These elements are: 

1. ESF SITE 6. UNDERGROUND EXCAVATIONS 
2. SURFACE UTILITIES 7. UNDERGROUND SUPPORT SYSTEMS 
2. SURFACE FACILITIES 8. UNDERGROUND TEST SUPPORT 
4. SHAFT ACCESS 9. ESF DECOMMISSIONING AND CLOSURE 
5. RAMP ACCESS 

The fourth element of the code is a sequential numbering of the criteria for 
each specific entry number under an ESF Physical System Element.
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The ESF design, construction, and operations should not compromise the ability 

of the sire to isolate waste.  
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1.1 Requirement 60.15(d)(1): investigations to obtain the required information 
shall be conducted in such a manner as to limit adverse effects on the long 
term performance of the geologic repository to the extent practicable. * 

1.i.1 Site

(1.2.6.1CA)
i.1.i.i The design of the main pad shall incorporate aspects 

specifically directed at limiting the potential for 
adverse impacts on the long term performance of the 
repository, and construction and operation of the main 
pad shall be performed in a manner that limits the 
potential fcr adverse impacts on the long term 
performance of the repository.

1.1.2 Surface Utilities

(1.2.6.2CA)
'1..2.1 The design of the surface utilities, including the waste 

water ponds and water handling system, shall incorporate 
aspects specifically directed at limiting the potential 
for adverse impacts on the long term performance of the 
repository, and construction and operation of the surface 
utilities shall be performed in a manner that limits the 
potential for adverse impacts on the long term 
performance of the repository.

" .1.4 First shaft

"-.1.4.1 
(1.2.6.4PC2a.i)

The design of the first shaft shall incorporate aspects 
specifically directed at limiting the potential for 
adverse impacts on the long term performance of the 
repository, and construction and operation of the first 
shaft shall be performed in a manner that limits the 
potential for adverse impacts on the long term 
performance of the repository.

1.1.5 Second shaft

i.1.5.1 The design of the second shaft shall incorporate aspects 
specifically directed at limiting the potential for 

(1.2.6.5PO2a.i) adverse impacts on the long term performance of the 
repository, and construction and operation of the second 
shaft shall be performed in a manner that limits the 
potential for adverse impacts on the long term 
performance of the repository.

1.1.6 Underground excavation

1.1.6.1 
(1.2.6.6PC2a.i)

The design of the underground excavation shall incor
porate aspects specifically directed at limiting the 
potential for adverse impacts on the long term 
performance of the repository, and construction and 
operation of the underground excavation shall be 
performed in a manner that limits the potential for
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adverse impacts of the long term performance of the 
repository.  

1.1.7 Underground utilities 

1.1.7.1 The design cf the underground utilities shall incorporate 
(1.2.6.7CB.i) aspects specifically directed at limiting the potential 

for adverse impacts on the long term performance of the 
repository, and construction and operation of the 
underground utilities shall be performed in a manner that 
limits the potential for adverse impacts on the long term 
performance of the repository.  

1.1.8 Underground testing 

1.1.8.1 The design of the underground testing program shall 
(TP) incorporate aspects specifically directed at limiting the 

potential for adverse impacts on the long term 
performance of the repository, and implementation and 
operation of the underground testing program shall be 
performed in a manner that limits the potential for 
adverse impacts on the long term performance of the 
repository.  

1.1.8.2 Prior to implementing the underground testing program, or 
(TP) prior to implementing additional tests, an evaluation of 

the potential impacts of such testing on the waste 
isolation capability of the site shall be performed.  

1.1.9 Decormnissioning 

1.1.9.1 The first shaft, second shaft, all underground 
(1-2) excavations, and all boreholes shall be constructed to 

allow backfilling and sealing as necessary to limit the 
release of radioactive material to the environment.  

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60 

Requirement involves consideration of criteria developed under other 10 CFR 
Part 60 Requirements. Rather than listing each of those criteria here, a 
matrix indicating those criteria that were considered in the evaluation of 
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this 
r)ocument.
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1.2 Requirement: 60.15(d)(3) To the extent practical, exploratory boreholes 
and shafts in the geologic repositcry operations area shall be located where 
shafts are planned for underground facility construction and operation or 
where large unexcavated pillars are planned.  

1.2.4 First shaft

1.2.4.1 
(.2.6.OPC2c.v) 

1.2.4.2 
(1.2.6.4PC2b.i)

The shaft pillar is the buffer zone surrounding the shaft 
beyond which any instability of other underground 
openings has a negligible effect on shaft stability.  
Within the shaft pillar area, all facilities and openings 
shall be designed to be stable for a 100 year life and to 
limit any adverse effects on the stability of the shafts 
that could impact the ability of the site to isolate 
waste.  

The exploratory shafts shall be located, to the extent 
practicable, where shafts are planned for the repository 
facility.

1.2.5 Second shaft

1.2.5.1 
(1.2.6.OPC2c.v) 

1.2.5.2 
(1.2.6.SPC2b.i)

The shaft pillar is the buffer zone surrounding the shaft 
beyond which any instability of other underground 
openings has a negligible effect on shaft stability.  
Within the shaft pillar area, all facilities and openings 
shall be designed to be stable for a 100 year life and to 
limit any adverse effects on the stability of the shafts 
that could impact the ability of the site to isolate 
waste.  

The exploratory shafts shall be located, to the extent 
practicable, where shafts are planned for the repository 
facility.

1.2.6 Underground excavation

1.2.6.1 
(1.2.6.6PC2b.i) 

1.2.6.2 
(1.2.6.6PC2b.ii) 

1.2.6.3 
(1.2.6.06PC2b.iii.c)

Exploratory boreholes shall be located so that they do 
not intersect any underground openings.  

For sealing purposes, exploratory boreholes shall be 
located a minimum distance of 15 m from any underground 
opening.  

Borehole alignments and location shall be monitored, 
surveyed, and the results included on all underground 
working maps.
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1.2.8 Underground testing

1.2.8.1 MPBH boreholes shall be located in pillars to the extent 
(1.2.6.8CD.i) practicable.

1.2.8.2 
(1.2.6.8CD.1 ii)

Boreholes drilled from the underground portion of the ESF 
shall not penetrate significantly below the base of the 
:sW2 host rock, unless the impacts of doing so, cn the 
waste isolation performance of the site, have been 
evaluated and fcund to be acceptable.
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1.3 Requirement: 60. 2 1(c)(1)(ii)(D). The assessment shall contain - The 
effectiveness of engineered and natural barriers, including barriers that may 
not be themselves a part of the geologic repository operations area, against 
the release of radioactive material to the environment. The analysis shall 
also include a comparative evaluation of alternatives to the major design 
features that are important to waste isolation, with particular attention to 
the alternatives that would provide longer radionuclide containment and 
isolation.  

1.3.4 First shaft 

1.3.4.1 The exploratory shaft locations should be selected, 
(:-2) consistent with other goals of site characterization, to 

limit impacts on isolation.  

1.3.4.2 The exploratory shaft ground support system should be 
(:-2) selected, consistent with other goals of site 

characterization, to limit impacts on isolation. If the 
support system is determined to be important to waste 
isolation a comparative evaluation of alternatives shall 
be performed.  

1.3.4.3 The exploratory shaft diameter should be selected, 
(:-2) consistent with other goals of site characterization, to 

limit impacts on isolation. if the diameter is determined 
to be important to waste isolation a comparative 
evaluation of alternatives shall be performed.  

1.3.4.4 The exploratory shaft liner should be designed, 
(-2) consistent with other goals of site characterization, to 

limit impacts on isolation. If the liner is determined to 
be important to waste isolation a comparative evaluation 
of alternatives shall be performed.  

1.3.4.5 The exploratory shaft operational seals should be 
(:-2) designed, consistent with other goals of site 

characterization, to limit impacts on isolation. If the 
seals are determined to be important to waste isolation a 
comparative evaluation of alternatives shall be 
performed.  

1.3.5 Second shaft 

1.3.5.1 The exploratory shaft locations should be selected, 
(:-2) consistent with other goals of site characterization, to 

limit impacts on isolation.  

1.3.5.2 The exploratory shaft ground support system should be 
(!-2) selected, consistent with other goals of site 

characterization, to limit impacts on isolation. If the 
support system is determined to be important to waste 
isolation a comparative evaluation of alternatives shall 
be performed.
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1.3.5.3 The exploratory shaft diameter should be selected, 
(1-2) consistent with other goals of site characterization, tC 

limit impacts on isolation. If the diameter is determined 
to be important to waste isolation a comparative 
evaluation of alternatives shall be performed.  

1.3.5.4 The exploratory shaft liner should be designed, consis
(1-2) tent with other goals of site characterization, to limit 

i.npacts on isolation. If the liner is determined to be 
important to waste isolation a comparative evaluation of 
alternatives shall be performed.  

1.3.5.5 The exploratory shaft operational seals should be 
(:-2) designed, consistent with other goals of site character

ization, to limit impacts on isolation. If the seals are 
determined to be important to waste isolation a 
comparative evaluation of alternatives shall be 
performed.  

4-3.6 Underground excavation 

1.3.6.1 The Exploratory Shaft Underground Facility layout, 
(1-2) including drift size, should be designed, consistent with 

other goals of site characterization, to limit impacts on 
isolation. If the layout is determined to be important to 
waste isolation a comparative evaluation of alternatives 
shall be performed.  

1.2.6.2 The Exploratory Shaft Underground Facility support system 
(i-2) should be designed, consistent with the other goals of 

site characterization, to limit the impacts on isolation.  
If the support system is determined to be important to 
waste isolation a comparative evaluation of alternatives 
shall be performed.  

1.3.6.3 The Exploratory Shaft Underground Facility operational 
(1-2) seals should be designed, consistent with other goals of 

site characterization, to limit impacts on isolation. If 
the seals are determined to be important to waste 
isolation a comparative evaluation of alternatives shall 
be performed.
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1.4 Requirement: 60 .2 1(c)(11). The Safety Analysis Report shall include: A 
description of design consideration that are intended to facilitate permanent 
closure and decontamination or dismantlement of surface facilities.  

1.4.1 Site

(1.2.6.1-CB)
1.4.1.1 The pad shall be designed to permit the ground to be 

restored to a contour compatible with its initial 
conditions.

1.4.4 First shaft

1.4.4.1 
(1.2.6.4.2CD) 

1.4.4.2 
(1.2 .6.4PC2k.ii) 

1.4.4.3 
(1.2.6.4.4CC)

The shaft liner shall be designed to be removable prior 
to permanent closure.  

To prevent complications of seal evaluations and 
emplacement and limit chemical alteration in future seal 
environments, no pressure grouting shall take place 
during the construction period of the shaft at locations 
of potential seal testing or emplacement. Specifically, 
no pressure grouting shall be performed within 50 feet of 
the original ground surface and within 50 feet (above and 
below) the contact of the Pah Canyon and Topopah Spring 
tuffs.  

Furnishings in the shafts shall be designed to be 
removable, if necessary, prior to permanent closure.

1.4.5 Second shaft

1.4.5.1 
(1.2.6.5.2CC) 

1.4.5.2 
(1.2 .E.?PC2k.ii) 

1.4.5.3 
(1.2.6.5.4CC)

Shaft liners shall be designed to be removable prior to 
permanent closure.  

To prevent complications of seal evaluations and 
emplacement and limit chemical alteration in future seal 
environments, no pressure grouting shall take place 
during the construction period of the shaft at locations 
of potential seal testing or emplacement. Specifically, 
no pressure grouting shall be performed within 50 feet of 
the original ground surface and within 50 feet (above and 
below) the contact of the Pah Canyon and Topopah Spring 
tuffs.  

Furnishings in the shafts shall be designed to be 
removable, if necessary, prior to permanent closure.

1.4.6 Underground excavation

1.4.6.1 
(1.2.6.6PC2h.ii)

(1.2.6.7CH)

The drainage plan for the ESF and long exploratory drifts 
should be consistent with postclosure sealing concerns.

1.4.6.2 Nonpermanent components in the underground openings shall 
be designed to be removable, if necessary, prior to 
permanent closure.
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1.4.9 Decommissioning 

1.4.9.1 The first shaft, second shaft, all underground 
(1-2) excavations, and all boreholes shall be constructed to 

allow backfilling and sealing as necessary to limit the 
release of radioactive material to the environment.

APPENDIX K-1I



1.5 Requirement: 60.74 (a) DOE shall perform, or permit the Commission to 
perform, such tests as the Commission deems appropriate or necessary for the 
administration of the regulations in this part. These may include tests of: 
(1) Radioactive waste, (2) the geologic repository including its structures, 
systems, and components, (3) radiation detection and monitoring instruments, 
and (4) other equipment and devices used in connection with the receipt, 
handling, or storage of radioactive waste. (b) The tests required under this 
section shall include a performance confirmation program carried out in 
accordance with Subpart F of this part.  

1.5.8 Underground testing 

1.5.8.1 The testing program and underground layout shall be 
(T?) designed with sufficient flexibility that tests that are 

deemed appropriate by the NRC can be performed. Prior to 
incorporating such tests, an evaluation of potential 
impacts on waste isolation shall be performed.  

1.5.8.2 Performance confirmation testing shall be carried out to 
(TP) meet the requirements of 10 CFR 60, Subpart F. Prior to 

incorporating such tests, an evaluation of potential 
impacts on waste isoLation shall be performed.
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1.6 Requirement: 60.112 The geologic setting shall be selected and the 
engineered barrier System and the shafts, boreholes and their seals shall be 
designed to assure that releases of radioactive materials to the accessible 
environment following permanent closure conform to such generally applicable 
environmental standards for radioactivity as may have been established by the 
Environmental Protection Agency with respect to both anticipated processes and 
events and unanticipated processes and events. * 

I.6.1 Site 

1.6.1.1 The Exploratory Shaft Facility pad shall be designed and 
(1.2.6.1C..ii) constructed so that it does not lead to creation of 

pathways that compromise the repository's capability to 
meet the performance objective of 10 CFR Part 60.112.  

1.6.2 Surface Utilities 

.. 6.2.1 The surface utilities shall be designed and constructed 
(!.2.6.20F) so that they do not affect the capability of the 

repository to meet the Performance Objective of 10 CFR 
60.112.  

1.6.4 First shaft 

1.6.4.1 The shaft opening shall be designed and constructed so 
(:-4) that, following permanent closure, it does not become a 

pathway that compromises the repository's ability to meet 
the performance objectives of 10 CFR Part 60.112.  

1.6.5 Second shaft 

1.6.5.1 The shaft opening shall be designed and constructed so 
(:-4) that, following permanent closure, it does not become a 

pathway that compromises the repository's ability to meet 
the performance objectives of 10 CFR Part 60.112.  

!.06.6 Underground excavation 

1.6.6.1 The Exploratory Shaft Facility underground excavation 
(:-4) shall be designed and constructed so that, following 

permanent closure, it does not become a pathway that 
compromises the repository's ability to meet the 
performance objective of 10 CFR Part 60.112.  

.. 6.7 Underground Utilities 

1.6.7.1 The underground utilities shall be designed and 

(1-4) constructed so that they do not affect the capability of 
the repository to meet the Performance Objective of 
10 CFR 60.112.
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1.6.8 Underground testing 

1.6.8.1 The testing program shall not affect the capability of 
(TP) the underground repository to meet the performance 

objective of 10 CFR 60.112.  

1.6.8.2 Borehole openings shall be designed so that, following 
(TP) permanent closure, they do not become pathways that 

compromise the repository's ability to meet the 
performance objectives of 10 CFR Part 60.112.  

1.6.9 Decommissioning 

1.6.9.1 The first shaft, second shaft, all underground 
(7-4) excavations, and all boreholes shall be constructed to 

allow backfilling and sealing as necessary to limit the 
release of radioactive material to the environment.  

SThe approach adopted for evaluation of the adequacy of this 10 CFR Part 60 
Requirement involves consideration of criteria developed under other 10 CFR 
Part 60 Requirements. Rather than listing each of those criteria here, a 
matrix indicating those criteria that were considered in the evaluation of 
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this 
Document.
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1.7 Requirement 60.ll3(a)(1)(i): The engineered barrier system shall be 
designed so that, assuming anticipated processes and events: (A) Containment 
of HLW will be substantially complete during the period when radiation and 
thermal conditions in the engineered barrier system are dominated by fission 
product decay; and (B) any release of radionuclides from the engineered 
barrier system shall be a gradual process which results in small fractional 
releases to the geologic setting over long times.  

1.7.6 Underground excavation 

1.7.6.1 The underground excavation shall be designed to assist or 
(1-4) not detract from the capability of the repository to 

ensure substantially complete containment and a release 
of radionuclides that is a gradual process after the 
containment period, and construction and operation of the 
underground excavation shall be performed in a manner 
designed to assist or not detract from the capability of 
the repository to ensure substantially complete 
containment and a release of radionuclides that is a 
gradual process after the containment period.  

2.7.7 Underground utilities 

1.7.7.1 The underground utilities shall be designed to assist or 
(1-4) not detract from the capability of the repository to 

ensure substantially complete containment and a release 
of radionuclides that is a gradual process after the 
containment period, and construction of the underground 
utilities shall be performed in a manner designed to 
assist or not detract from the capability of the 
repository to ensure substantially complete containment 
and a release of radionuclides that is a gradual process 
after the containment period.  

i.7.8 Underground testing 

1.7.8.1 The underground testing program shall be designed to 
(TP) assist or not detract from the capability of the 

repository to ensure substantially complete containment 
and a release of radionuclides that is a gradual process 
after the containment period, and construction and 
operation of the underground testing program shall be 
performed in a manner designed to assist or not detract 
from the capability of the repository to ensure 
substantially complete containment and a release of 
radionuclides that is a gradual process after the 
containment period.
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1.8 Requirement 6 0. 1 1 3 (a)(1)(ii)(A): Containment of HLW within the waste 
packages will be substantially complete for a period determined by the 
commission taking into account the factors specified in 60.113 (b) provided 
that such period shall not be less than 300 years nor more than 1000 years 
after the permanent closure of the repository. * 

1.8.6 Underground excavation 

1.8.6.1 The underground excavation shall be designed to assist or 
(:-4) not detract from the capability of the repository to 

ensure substantially complete containment for a period 
not less than 300 years nor more than 1000 years after 
the permanent closure of the repository, and construct'-n 
and operation of the underground excavation shall be 
performed in a manner designed to assist or not detract 
from the capability of the repository to ensure 
substantially complete containment for a period not less 
than 300 years nor more than 1000 years after the 
permanent closure of the repository.  

1.8.7 Underground utilities 

1.8.7.1 The underground utilities shall be designed to assist or 
(i-4) not detract from the capability of the repository to 

ensure substantially complete containment for a period 
not less than 300 years nor more than 1000 years after 
the permanent closure of the repository, and construction 
of the underground utilities shall be performed in a 
manner intended to assist or not detract from the 
capability of the repository to ensure substantially 
complete containment for a period not less than 300 years 
nor more than 1000 years after the permanent closure of 
the repository.  

i..8 Underground testing 

1.8.8.1 The underground testing program shall be designed to 
(TP) assist or not detract from the capability of the 

repository to ensure substantially complete containment 
for a period not less than 300 years nor more than 
1000 years after the permanent closure of the repository, 
and implementation and operation of the underground 
testing program shall be performed in a manner designed 
to assist or not detract from the capability of the 
repository to ensure substantially complete containment 
for a period not less than 300 years nor more than 
1000 years after the permanent closure of the repository.  

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60 
Requirement involves consideration of criteria developed under other 10 CFR 
Part 60 Requirements. Rather than listing each of those criteria here, a 
matrix indicating those criteria that were considered in the evaluation of 
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this 
Document.
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1.9 Requirement 60.113(a)(1)(ii)(B): The release rate of any radionuclide frcm 
-he engineered barrier system following the containment period shall not 
exceed one part in 100,000 per year of the inventory of that radionuclide 
calculated to be present at i000 years following permanent closure. * 

1.9.6 Underground excavation 

1.9.6.1 The underground excavation shall be designed to assist or 
(T-4) not detract from the capability of the repository to 

ensure that the release of radionuclides does not exceed 
a rate of one part in 100,000 per year of the inventory 
of radionuclides calculated to be present at 1000 years 
following permanent closure, and construction and 
operation of the underground excavation shall be 
performed in a manner designed to assist or not detract 
from the capability of the repository to ensure that the 
release of radionuclides does not exceed a rate of one 
part in 100,000 per year of the inventory of 
radionuclides calculated to be present at 1000 years 
following permanent closure.  

1.9.7 Underground utilities 

-. 9.7.1 The underground utilities shall be designed to assist or 
not detract from the capability of the repository to 
ensure that the release of radionuclides does not exceed 
a rate of one part in 100,000 per year of the inventory 
of radionuclides calculated to be present at 1000 years 
following permanent closure, and construction of the 
underground utilities shall be performed in a manner 
designed to assist or not detract from the capability of 
the repository to ensure that the release of 
radionuclides does not exceed a rate of one part in 
100,000 per year of the inventory of radionuclides 
calculated to be present at 1000 years following 
permanent closure.  

1.9.8 Underground testing 

1.9.8.1 The underground testing program shall be designed to 
(TP) assist or not detract from the capability of the 

repository to ensure that the release of radionuclides 
does not exceed a rate of one part in 100,000 per year of 
the inventory of radionuclides calculated to be present 
at 1000 years following permanent closure, and 
construction and operation of the underground excavation 

*The approach adopted for evaluation of the adequacy of this 10 CFR Part 60 
Requirement involves consideration of criteria developed under other 10 CFR 
Part 60 Requirements. Rather than listing each of those criteria here, a 
matrix indicating those criteria that were considered in the evaluation of 
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this 
Document.
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shall be performed in a manner designed to assist or not 
detract from the capability of the repository to ensure 
that the release of radionuclides does not exceed a rate 
of one part in 100,000 per year of the inventory of 
radionuclides calculated to be present at 1000 years 
following permanent closure.
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1.10 Requirement: 60.130: Sections 60.131 through 60.134 specify minimum 
criteria for the design of the geologic repository operations area. These 

design criteria are not intended to be exhaustive, however. omissions in §§ 
60.131 through 60.134 do not relieve DOE from any obligation to provide such 
safety features in a specific facility needed to achieve the performance 
objectives. All design bases must be consistent with the results of site 
characterization activities.  

1.10.1 Site

(1.2.6.ICE)
1.10.1.1 Pad operation and construction should limit adverse 

chemical changes by controlling the use of 
hydrocarbons, solvents, and chemicals.

1.10.4 First shaft

1. 10.4.1 
(1.2.6.4PC2a.ii) 
(1.2.6.4PC2a.iii) 

1.10.4.2 
(1 .2.6.4PC2a.ii.a) 
(1.2.6.4PC2a.ii.b)

Shaft operation and construction should limit adverse 
chemical changes (type, quantity and location) 
particularly to pH and organic content of ground water, 
by controlling the use of hydrocarbons, solvents, and 
chemicals.  

The usage of cement, shotcrete, and grout for bolt 
anchors or other rock mass support for shaft 
construction and operations should not exceed 
requirements for proper construction or safety 
considerations.

1..0.4.3 The chemistry of any water used in shaft construction, 
(1.2.6.4PC2a.ii) or operation should be compatible with postclosure 

requirements to isolate and contain waste.

1. 4.4 
(1.2.6.4PC2a.ii.c) 

1..10.4.5 
(1.2.6.4PC2a.iv)

Fluids and materials planned for use in the shaft shall 
be evaluated with respect to intended use for possible 
effects on the capability of the site to isolate waste, 
and appropriate controls instituted.

A materials control program should be 
enable establishment of limits on the 
materials left after decommissioning.

implemented to 
inventory of

(1.2.6.4.2CD)
1.10.4.6 The capability to enhance postclosure performance by 

removing shaft liners shall be retained.

1.10.4.7 
(l.2.6.4PC2a.v)

The shaft shall be designed with construction controls 
that enable flexibility in closure, such as the 
location of seals, so that a seismic event is unlikely 
to compromise the ability of the facility to isolate 
wastes.
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1.10.4.8 
(1.2.6.4PC2a.ii-) Construction and operations should be executed in a.  

manner that contributes to or does not detract from 
isolation capability of the site; for example by 
limiting organics in drilling fluids, construction 
materials, and explosive residues from blasting.

.. i3.5 Second shaft

1.10.5.1 
(1.2.6.5PC2a.ii) 
(1.2.6.5PC2a.iii) 

1.10.5.2 
(1.2.6.5PC2a.ii.a) 
(1.2.6.5PC2a.i-i.b) 

1.10.5.3 
(1.2.6.SPC2a.ii) 

1.10.5.4 
( .2 .6.5PC2a.ii.c)

Shaft operation and construction should limit adverse 
chemical changes (type, quantity and location) 
particularly to pH and organic content of ground water, 
by controlling the use of hydrocarbons, solvents, and 
chemicals.  

The usage of cement, shotcrete, and grout for bolt 
anchors or other rock mass support shaft construction 
and operations should not exceed requirements for 
proper construction or safety considerations.  

The chemistry of any water used in shaft construction, 
or operation should be compatible with postclosure 
requirements to isolate and contain waste.  

Fluids and materials planned for use in the shaft shall 
be evaluated with respect to intended use for possible 
effects on the capability of the site to isolate waste, 
and appropriate controls instituted.

1.10.5.5 
(.2.-.56 PC2a. iv)

A materials control program should be 
enable establishment of limits on the 
materials left after decommissioning.

implemented to 
inventory of

(1.2.6.5.2CC)
1.10.5.6 The capability to enhance postclosure performance by 

removing shaft liners shall be retained.

1.10.5.7 
(i.2.6.5PC2a.v) 

1.10.5.8 
(1.2.6.5PC2a.ii)

The shaft shall be designed with construction controls 
that enable flexibility in closure, such as the 
location of seals, so that a seismic event is unlikely 
to compromise the ability of the facility to isolate 
wastes.  

Construction and operations should be executed in a 
manner that contributes to or does not detract from 
isolation capability of the site; for example by 
limiting organics in drilling fluids, construction 
materials, and explosive residues from blasting.

1.10.6 Underground excavation

1.10.6.1 The ESF shall be designed with a minimum distance of 
(1.2.6.6PC2c.i) 75 feet between the centerlines of the adjacent ESF and 

waste emplacement drifts.
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1.10.6.2 
(1.2.6.6pC2a.ii) 

1.10.6.3 
(1.2.6.6PC2a-ii.a) 

(1.2.6.6PC2a.ui.b) 

1.10.6.4 
(l.2.6.6PC2a.ii) 

1.10.6.5 
(1.2.6.6PC2a.ii.c)

Underground facility operation and construction should 
limit adverse chemical changes (type, quantity and 
location) particularly to pH and organic content of 
ground water, by controlling the use of hydrocarbons, 
solvents, and chemicals.  

Underground facility construction and operation should 
limit cement, shotcrete, and grout for bolt anchors or 
other rock mass support to that required for proper 
construction.  

The chemistry of any water used in underground 
excavation construction or operation should be 
compatible with postclosure requirements to isolate and 
contain waste.  

Fluids and materials planned for use in the underground 
excavation shall be evaluated with respect to intended 
use for possible effects on the capability of the site 
to isolate waste, and appropriate controls instituted.

1.10.6.6 A materials control program should be implemented to 
(i.2.6.6PC2a.iii) enable establishment of limits on the inventory of 

materials left after decommissioning.

1. 10. 6.7 
(1.2.6.6PC2a.iv) 

1.10.6.8 
(1.2.6.6PC2a.ii)

The underground excavation shall be designed with 
construction controls that permit flexibility in 
closure, such as the location of seals, so that a 
seismic event is unlikely to compromise the ability of 
the facility to isolate wastes.  

Construction and operations should be executed in a 
manner that contributes to or does not detract from 
isolation capability of the site; for example by 
limiting organics in drilling fluids, construction 
materials, and explosive residues from blasting.

1.10.7 Underground utilities

1.10.7.1 Utility systems, including the water distribution and 
(1.2.6.7CD.i) mine wastewater collection systems, shall be designed 

so that, in the event of seismic activity, the ability 
of the facility to isolate waste will not be 
compromised.  

1.10.8 Underground testing 

1.10.8.1 Fluids and materials planned for use in the shaft shall 
(1.2.6.8CE.i) be evaluated with respect to intended use for possible 

effects on the capability of the site to isolate waste, 
and appropriate controls instituted.
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1.10.8.2 The testing program should limit adverse chemical 
(TP) changes (type, quantity and location) particularly to 

pH and organic content of ground water, by controlling 
the use of hydrocarbons, solvents, and chemicals.  

1.10.8.3 The testing program should be executed in a manner that 
(:P) contributes to or does not detract from the isolation 

capability of the site; for example, by limiting 
organics in drilling fluids and explosive residues from 
blasting.  

1.10.8.4 The chemistry of any water used in the testing program 
(TP) should be compatible with isolation and containment 

objectives.
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1.11 Requirement: 60.133(a)(1) The orientation, geometry, layout, and depth 
of the underground facility, and the design of any engineered barriers that 
are part of the underground facility shall contribute to the containment and 
isolation of radionuclides.  

1.!1.4 First shaft

.11.4.1 
(1.2 . 6. 4 Pg_2d _`I.ii)

The shaft configuration (shaft location, shaft 
diameter, shaft separation, and shaft depth) should 
contribute to or not detract from the isolation 
capability of the site.

1.11.5 Second shaft 

>1.1.5.1 The shaft configuration (shaft location, shaft 
(!.2.6.3PC2d.iii) .. ameter, shaft separation, and shaft depth) sht.1d 

contribute to or not detract from the isolatic 
capability of the site.  

..11.6 Underground excavation

"!.11.6.1 
(1.2 .6.6P~C2e .v) 

1.1:1.6.2 
1.2.6.6PC2e.i) 

1.11.6.3 
i.2.6.ECla.ii)

The underground facility configuration (drift location, 
orientation, geometry, and drift sizes) should 
contribute to or not detract from the capability of the 
site to isolate and contain waste.  

Overburden above the potential repository horizon must 
be > 200m.  

if possible, confine Main Test Level facility to TsW2, 
although TsW1 can be considered.

1.11.6.4 Location of underground facility should stay within the 
(1.2.E.6PC20.i) conceptual perimeter drift boundary, except as needed 

to characterize areas outside that boundary, taking 
into account any potential impacts on the waste 
isolation capabilities of the site.

i.11.6.5 
(1.2. 6. EPC2b.ii) 

1.11.6.6 

(1.2 .E.2e2e.ii) 

1.11.6.7 
(1.2.6.6PCib.i)

The distance of underground facility openings from 
exploratory boreholes drilled from the surface should 
be at least 15m.  

The spacing between adjacent ESF drifts shall be a 
minimum of two drift diameters (using the maximum 
diameter of either opening, and considering the closest 
proximity of any part of each opening).  

The number of interconnections between the dedicated 
test area and the repository should be limited to as 
few as possible, consistent with access and ventilation 
needs.
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1].11.6.8 
(1.2.6.6PC2h.ii)

The drainage plan for the ESF and long exploratory 
drifts should be consistent with repository operations 
and postclosure sealing concerns. Specifically, 
drainage in the dedicated test area should be toward 
ES-i and drainage in long drifts should be compatible 
with repository grades.
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1.12 Requirement: 60.133(a)(2) The underground facility shall be designed so 

that the effects of credible disruptive events during the period of 

operations, such as flooding, fires and explosions, will not spread through 

the facility.  

1.12.1 Site

(1.2.6.1PC~b)
1.12.1.1 The areas around the shaft collar shall be designed and 

constructed to prevent water inflow from the probable 
maximum flood.

1.12.2 Surface Utilities

(I.2.6.2CC) 

(1.2.6.2CD)

1.12.2.1 Water storage tanks should be located, or protection 
provided to preclude water inflow to ESF following a 
possible tank failure.  

1.12.2.2 Piping shall be designed to preclude or limit possible 
water inflow to the ESF following a pipe rupture.

1.12.4 First shaft

1.12.4.1 The exploratory shaft shall be designed so that the 

(i.2.6.4PC2e.i) effects of credible disruptive events (e.g., flooding, 

fires, and explosions) shall be limited from spreading 
through the facility.  

1.12.5 Second shaft 

1.12.5.1 The exploratory shaft shall be designed so that the 

(1.2.E.S5C2e.i) effects of credible disruptive events (e.g., flooding, 

fires, and explosions) shall be limited from spreading 
through the facility.

1.12.6 Underground excavation

(1.2.6.6PC2f
1.12.6.1 The Exploratory Shaft Underground Facility shall be 

.i) designed so that the effects of credible disruptive 

events (e.g., flooding, fires, and explosions) shall be 

limited from spreading through the facility.

1.12.6.2 
(1.2.E.6PC2f.iv) 

1.12.6.3 
(1.2.6.6PC2f.ii) 

1.12.6.4 
(>.2.6.6PC2f.iii)

The drainage plan for the ESF and long exploratory 
drifts should be designed to ensure that the effects of 
flooding shall be limited from spreading through the 
facility.  

Materials should be selected such that effects of fire 
do not produce geochemical effects that impact waste 
isolation capabilities of the site.  

The underground facility should be designed to limit 
any spread of fire, which could produce geochemical 
effects that impact waste isolation capabilities of the 
site.
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1.12.6.5 
(1.2.6.6PC2h.vii)

Operational seals shall be provided where necessary to 
control the spread of water through the facility.

1.12.7 Underground utilities

(1.2.6.TCJ)
1.12.7.1 Water lines in ESF should be outfitted to limit water 

inflow to ESF following a possible line rupture.

1.12.7.2 
(1.2.6.7.6PC1b.v)

(1.2.6.7.8CA)

Effective redundant minewater discharge systems should 
be provided to limit possible impacts on the isolation 
capability of the site.

1.12.7.3 Fire suppression agents shall be selected such that 
they do not produce geochemical effects that adversely 
impact waste isolation capabilities of the site.
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1.13 Requirement: 60.133(b) The underground facility shall be designed with 
sufficient flexibility to allow adjustments where necessary to accommodate 
specific site conditions identified through in situ monitoring, testing, or 
excavation.

1.13.6 Underground excavation

1.13.6.1 

1.13.6.2 

(!.2.6.6PClb.i) 

1.13.6.3 
(1.2.6.6PCib.ii)

The ESF should be designed so as not to interfere with 
the flexibility of the repository to accommodate 
specific site conditions.  

The number of interconnections between the dedicated 
test area and the repository should be limited to as 
few as practicable.  

The area of the ESF underground excavations shall be 
limited to that necessary for conducting the needed 
site characterization and performance confirmation 
tests.
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1.14 Requirement: 60 .133(d) The design of the underground facility shall 
provide for control of water or gas intrusion.  

1.14.1 Site 

1.14.1.1 The amount of water used in construction, and 
(1.2.6.lF.i) operations, of the main pad should be limited so as to 

limit the effects on tne containment and isolation 
capability of tne site.  

1.14.1.2 Water use in pad construction shall not adversely 
Deleted impact goals to limit the average saturation of the 

repository horizon to <75% and limit the local 
saturation to 90%.

1.14.1.3 
(1.2.E.ICF.ii)

1. 14.1.4 
(.2 .6. 1CF.iii) 

1.14.!.5 
(1.2.6.ICF.iv)

Construction of the main pad shall be performed in a 
manner to avoid blockage of natural surface water 
drainageways and avoid creation of surface water 
impoundments that could impact post-closure 
performance.  

MPBHs or other surface drilled exploratory boreholes 
associated with the ESF shall be drilled dry.  

MPBHs shall incorporate a standpipe or other measures 
appropriate and adequate for protection against the 
effects of maximum credible floods during the period 
when MPBHs are accessible prior to borehole plugging 
and sealing.

1.14.1.6 Construction water shall be 
for dust control and proper 
consistent with performance

limited to that required 
equipment operation 
objectives.

(1.2.6. F6v) 

(1.2.6.103)

1.14.1.7 Construction procedures shall enable removal of excess 
water.  

1.14.1.8 Operating procedures shall be developed to ensure water 
entering the ESF is managed appropriately, including 
quantity, location, and water balance.

1.14.2 Surface Utilities

(1.2.6.2ZE)
1.14.2.1 Fluids recovered from sanitary uses or during construc

tion operations should be disposed of in such a way as 
to avoid potential for performance impacts, for example 
in lined ponds.
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1.14.4 First Shaft

1.14.4.1 
(1.2.6.4PC2g.i) 

1.14.4.2 
(1.2.6.4PC2g.ii) 

1.14.4.3 
(1.2.6.6PC2h.ii)

The amount of water used in construction and 
operations, should be limited so as to limit the 
effects on the containment and isolation capability of 
the site.  

Water use in shaft construction should be generally 
consistent with repository design goals to limit the 
average saturation of the repository horizon to <75% 
and limit the local saturation to <90% in waste 
emplacement areas.  

The drainage plan for the ESF and long exploratory 
drifts should be consistent with repository operations 
and postclosure sealing concerns. Specifically, 
drainage in the dedicated test area should be toward 
ES-i, and drainage in long drifts should be compatible 
with repository grades.

1.14.4.4 The shafts should be separated to maintain reasonable 
(l.2.6.4PCli.iii) distances for power and instrument cabling and water 

piping as well as to provide for redundancy in mine 
water discharge.

1.14.4.5 
(1.2.6.4PCld. ii) 

1.14.4.6 
(1.2.6.4PC2g.iii) 

1.14.4.7 
(1.2.6.4PC2g.i) 

1.14.4.8 
(1.2.6.4PCld.i) 

1.14.4.9 
(1.2.6.4PC2g.iv)

Appropriate gravity drainage and/or pumping systems 
shall be incorporated into the shaft and underground 
facilities for draining water away from testing and 
other working areas to suitable collections point(s) 
for further treatment and/or disposal.  

Operating procedures shall be developed to ensure water 
entering the ESF is managed appropriately, including 
quantity, location, and water balance.  

Construction water shall be limited to that required 
for dust control and proper equipment operation.  

Construction procedures shall enable removal of excess 
water.  

Operational seals shall be provided where necessary to 
control the intrusion of water into the facility.

1.14.5 Second shaft

1.14.5.1 
(1.2.6.5PC2g.ii)

The amount of water used in construction and 
operations, should be limited so as to limit the 
effects on the containment and isolation capability of 
the site.
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1.14.5.2 
(1.2.6.5PC2g.iii) 

1.14.5.3 
(1.2.6.5PC2g.i)

Water use in shaft construction should be generally 
consistent with repository design goals to limit the 
average saturation of the repository horizon to <75% 
and limit the local saturation to <90% in waste 
emplacement areas.  

The drainage plan for the ESF and long exploratory 
drifts should be consistent with repository operations 
and postclosure sealing concerns. Specifically, 
drainage in the dedicated test area should be toward 
ES-i and drainage in long drifts should be compatible 
with repository grades.

1.14.5.4 Appropriate gravity drainage and/or pumping systems 
(1.2.6.5PCld.ii) shall be incorporated into the shaft and underground 

facilities for draining water away from testing and 
other working areas to suitable collections point(s) 
for further treatment and/or disposal.

1.14.5.5 
(1.2.6.5PC2g.iv) 

1.14.5.6 
i1.2.6.5PC2g.ii_) 

1.14.5.7 
(.2.6.5PCid.i)

Operating procedures shall be developed to ensure water 
entering the ESF is managed appropriately, including 
quantity, location, and water balance.

Construction water shall be 
for dust control and proper 
consistent with performance

limited to that required 
equipment operation 
goals.

Construction procedures shall enable removal of excess 
water.

1.14.5.8 Operational seals shall be provided where necessary to 
(l.2.6.SPC2g.v) control the intrusion of water into the facility.

7.14.6 Underground excavation

S14.6. 1 
(!.2.6.6PC2h.iv)

The amount of water used in construction and 
operations, should be limited so as to limit the 
effects on the containment and isolation capability of 
the site.

1.14.6.2 Water used in construction and operations should not 
(1.2.6.6PC2h.v) adversely impact the repository design goals to limit 

the average saturation of the repository horizon to 
<75% and limit local saturation to <90% in areas of 
waste emplacement.

1.14.6.3 
(1.2.6.6PC2h.ii)

The drainage plan for the ESF and long exploratory 
drifts should be consistent with repository operations 
and postclosure sealing concerns. Specifically, 
drainage in the dedicated test area should be toward 
ES-i and drainage in long drifts should be compatible 
with repository grades.
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1.14.6.4 
(1.2.6.6PC2h.iv) 

11.14.6.5 
(1.2.6.6FC2d.iv) 

11.14.6.6 
(1.2. 6.6PC d.v) 

1.14.6.7 
(1.2.6.6PC2h.vi) 

1.14.6.8 
(1.2.6.6PC2h.vii)

Construction and operating water shall be limited :3 
that required for dust control and proper equipment 
operation consistent with performance goals.  

Construction procedure shall enable removal of excess 
water.  

Appropriate gravity drainage and/or pumping systems 
shall be incorporated into the shaft and underground 
facilities for draining water away from testing and 
other working areas to suitable collections point(s) 
for further treatment and/or disposal.  

Operating procedures shall be developed to ensure water 
entering the ESF is managed appropriately, including 
quantity, location and water balance.  

Operational seals shall be provided where necessary to 
control the intrusion of water into the facility.

1.14.7 Underground utilities

(1.2.6.7CF.i)
1.14.7.1 Appropriate gravity drainage and/or pumping systems 

shall be incorporated into the shaft and underground 
facilities for draining water away from testing and 
other working areas to suitable collections point(s) 
for further treatment and/or disposal.

(1.2.6.7.6PC2 b.4) 

1.14.7.3 
(.2.6.7 .6PCib.ii)

The groundwater collection and control system shall be 
designed to include possible inflow from penetrations 
of fault structures during geologic drifting or from 
perched water horizons during shaft sinking and 
facility development,in addition to expected inflows.  

The storage and pumping system shall be designed to 
provide the capacity to handle emergency situations 
such as unexpected inflow of water or water line 
breakage at a peak rate of 250 GPM, or a steady flow of 
20 GPM.

1.14.8 Underground testing

1.14.8.1 The amount of water used in testing and operations, 
1.2.6.8CE.ii) should be limited so as to limit the effects on the 

containment and isolation capability of the site.

1.14.8.2 
(1.2.6.8CE.iii)

Water use in testing should be generally consistent 
with repository design goals to limit the average 
saturation of the repository horizon to <75% and limit 
the local saturation to <90% in waste emplacement 
areas.
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1.14.8.3 MPBHs or other surface drilled exploratory borehcles 
(l.2.6.8CE.iv) associated with the ESF shall be drilled dry.  

1.14.8.4 Testing water should be limited to that required for 
(1.2.6.BCE.ii) dust control and proper test operation consistent with 

performance goals.  

1.14.8.5 Testing procedures shall require removal of excess 
(1.2.6.8CE.vi) water.

1.14.8.6 
(..2.6.8CE.vii) 

1.14.8.7 
(1.2.6.8CE.viii) 

1.14.8.8 
(1.2 .6 .CE. ix)

Any cleaning of ESF walls to facilitate photogrammetry, 
mapping, or other testing shall be done using 
compressed air/mist using control procedures.  

Test procedures must be developed to ensure water 
entering the ESF is managed appropriately, including 
quantity, location, and water balance.  

Gaseous products used in characterization should not 
produce geochemical effects that impact waste isolation 
capabilities of site.
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1.15 Requirements: 60.133(e)(2) Openings in the underground facility shall be 
designed to reduce the potential for deleterious rock movement or fracturing 
of overlying or surrounding rock.  

1.15.4 First shaft

1.15.4.1 
(1.2.6.4PC2i.ii) 

1.15.4.2 
(i.2.6.4PC2h.ii)

The shaft shall be designed to provide stability and tc 
reduce the potential for deleterious rock movement or 
fracturing that may create a pathway for radionuclide 
migration.  

An adequate distance between shafts should be provided 
to reduce potential mechanical interference between the 
two shafts.

1.15.5 Second shaft

1.15.5.1 
(1.2.6.5PC2i.ii) 

1.15.5.2 
(.2.6.5PC2h.ii)

The shaft should be designed to provide stability and 
to reduce the potential for deleterious rock movement 
or fracturing that may create a pathway for 
radionuclide migration.  

An adequate distance between shafts should be provided 
to reduce potential mechanical interference between the 
two shafts.

.-15.6 Underground excavation

1.15.6.1 
"(.2.6.6PC2j.ii) 

1.15.6.2 
(.2.6.6?C2i.v) 

(:.2.6.6PC2j.ii) 

1.15.6.3 
(1.2.6.6PC2e.ii) 

1. 15. 6.4 
(1.2.6.6PC2c.ix)

The underground excavation be designed to provide 
stability and to minimize the potential for deleterious 
rock movement or fracturing that may create a pathway 
for radionuclide migration.  

The design of underground openings and their supports 
shall utilize pillar and opening geometries that limit 
stress concentration to acceptable levels, so as to 
minimize the potential for deleterious rock movement or 
fracturing that may create a pathway for radionuclide 
migration.  

The spacing between adjacent ESF drifts shall be a 
minimum of two drift diameters (using the maximum 
diameter of either opening, and considering the closest 
proximity of any part of each opening).  

The ESF shall be designed to be consistent with the 
repository design goal to limit the extraction ratio to 
less than 30%.
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1.16 Requirement: 60.133(f) The design of the underground facility shall 
incorporate excavation methods that will limit the potential for creating a 
preferential pathway for groundwater to contact the waste packages or 
radionuclide migration to the accessible environment.  

.16.1 Site 

1.16.1.1 Excavation techniques used for pad construction shall 
(1.2.6.1CC.ii) control overbreak of rock and limit disturbance to the 

integrity of the adjoining rock mass.

1.16.4 First shaft

1.16.4.1 
(1.2.6.4PC2i.viii) 

1.16.4.2 
(1.2.6.4PC2i.i) 

1.16.4.3 
(1.2.6.4PC2i.vi) 

1.16.4.4 
(1.2.6.4PC2i.v.a)

The exploratory shaft construction method should be 
selected, consistent with other goals of site 
characterization, to limit impacts on isolation.  

Excavation techniques used for shaft and station 
construction shall control overbreak of rock and limit 
disturbance to the integrity of the adjoining rock 
mass.  

Drill and blast specifications should include controls 
related to types and amounts of explosives, shot 
patterns, and hole depth in order to limit the 
magnitude and extent of blast-induced permeability.  

The excavation methods should be compatible with 
repository design goals to limit permeability changes 
beyond 3 m from the walls of the excavation to less 
than one order of magnitude.

1.16.5 Second shaft

1.16.5.1 
(1.2.6.5PC2i.viii)

The exploratory shaft construction method should be 
selected, consistent with other goals of site 
characterization, to limit impacts on isolation.

1.16.5.2 Excavation techniques used for shaft and station 
(1.2.6.5PC2i.i) construction shall control overbreak of rock and limit 

disturbance to the integrity of the adjoining rock 
mass.

1.16.5.3 
(1.2.6.5PC2i.vi) 

1.16.5.4 
(1.2.6.5PC2i.v.a)

Drill and blast specifications should include controls 
related to types and amounts of explosives, shot 
patterns, and hole depth in order to limit the 
magnitude and extent of blast-induced permeability.  

The excavation methods should be compatible with 
repository design goals to limit permeability changes 
beyond 3 m from the walls of the excavation to less 
than one order of magnitude.
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1.16.6 Underground excavation 

1.16.6.1 Excavation techniques used for ESF construction shall 
(1.2.6.6PC2j.i) control overbreak of rock and limit disturbance to the 

integrity of the adjoining rock mass.

`.16.6.2 
(1.2.6.6PC2J.x)

Drill and blast specifications shall include controls 
related to types and amounts of explosives, shot 
patterns, and hole depth in order to limit the 
magnit:ude and extent of blast-induced permeability.
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1.17 Requirement: 60.133(h) Engineered barriers. Engineered barriers shall 
be designed to assist the geologic setting in meeting the performance 
objectives for the period following permanent closure.  

1.17.4 First shaft 

1.17.4.1 Engineered barriers in the shafts shall assist the 
(1-2) geologic setting in limiting the release of 

radionuclides to the accessible environment.  

:.17.5 Second shaft 

1.17.5.1 Engineered barriers in the shafts shall assist the 
(:-2) geologic setting in limiting the release of 

radionuclides to the accessible environment.  

1.17.6 Underground excavation 

1.17.6.1 The engineered barriers in the underground excavation 
(1-2) must be designed such that other systems, structures, 

and components of the ESF and the candidate repository 
do not eventually become ground-water flow paths and do 
not promote the release of radionuclides to the 
accessible environment.  

1.17.6.2 The engineered barriers in the underground excavation 
(I-2) shall not preclude the repository from creating a waste 

package environment that favorably controls chemical 
reactions affecting waste package performance.  

1.17.9 Decommissioning 

1.17.9.1 The first shaft, second shaft, all underground 
(1-2) excavations, and all boreholes shall be constructed to 

allow backfilling and sealing as necessary to limit the 
release of radioactive material to the environment.
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1.18 Requirement: 60.133(i) The underground facility shall be designed so 
that the performance objectives will be met taking into account the predicted 
thermal and thermomechanical response of the host rock, and surrounding 
strata, groundwater system.  

"! .. 4 First shaft 

1.18.4.1 The shaft liner shall withstand pressures exerted along 
(1.2.6.4PC2;.iii) its length and around the entire perimeter under 

anticipated conditions, including reaction to thermally 
induced stresses resulting from thermal loads.  

1.18.5 Second shaft 

1.18.5.1 The shaft liner shall withstand pressures exerted along 
(1.2.6.5PC2j.iii) its length and around the entire perimeter under 

anticipated conditions, including reaction to thermally 
induced stresses resulting from thermal loads.  

1..9.6 Underground excavation

1.18.6.1 
(1.2.6.6PC2k.i) 

1. 8.6.2 

(1.2.6.6PC2k.iii) 

1.18.6.3 
1(.2.6.6FC2k.iii) 

1.18.6.4 
(1.2.6.EPC2k.iv)

The ESF shall be designed, taking into account the 
predicted thermal and thermomechanical response of the 
host rock and surrounding strata so that the 
performance objectives of the repository can be met.  

The ESF shall be designed such that the thermal and 
thermomechanical effects of ESF operations and testing 
do not produce failure of intact rock, nor gross rock 
mass failure, along potential pathways from the 
repository to the accessible environment.  

The ESF shall be designed so that the thermal and 
thermomechanical effects of ESF operations and testing 
on the groundwater system, do not significantly 
increase the saturation of the host rock in the waste 
emplacement area.  

The underground excavation support system shall be 
designed to withstand pressures under anticipated 
conditions, including reaction to thermally induced 
stresses resulting from thermal loads.

1.18.8 Underground testing

1.18.8.1 
(1.2.6.6PC2k.iii)

The ESF shall be designed such that the thermal and 
thermomechanical effects of ESF testing does not 
produce failure of intact rock, nor gross rock mass 
failure, along potential pathways from the repository.  
to the accessible environment.
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1.18.8.2 
(1.2.6.6PC2k.iii)

1.18.8.3 
(1.2.6.6PC2k.v)

The ESF shall be designed so that the thermal and 
thermomechanical effects of ESF testing on the 
groundwater system, do not significantly increase the 
saturation of the host rock in the waste emplacement 
area.  

The ESF shall be designed so that the thermal effects 
of ESF testing do not result in temperatures in excess 
of 1,50C in either the TsW3 or CHn units.
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1.!9 Requirement: 60.137 The geologic repository operations area shall be 

designed so as to permit implementation of a performance confirmation program 
that meets the requirements of Subpart F of this part.  

1.19.6 Underground excavation 

1.19.6.1 The underground excavations shall be designed to 

(1.2.6.6CB.i) accommodate the performance confirmation tests required 
by 60.141 and 60.142, and taking into account any 
potentially adverse impacts these excavations could 
have on the waste isolation capabilities of the site.

(TP)

1.19.8 Underground testing 

1.19.8.1 The testing program shall accommodate the performance 
confirmation tests required by 60.141 and 60.142, and 
taking into account any potentially adverse impacts 
these tests could have on the waste isolation 
capabilities of the site.
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1.20 Requirement 60.140(d): The program shall be implemented so that: (1) it 
does not adversely affect the ability of the natural and engineered elements 
of the geologic repository to meet the performance objectives. * 

1.20.8 Underground testing 

1.20.8.i The design of the performance confirmation testing 
(TP) program shall incorporate aspects specifically directed 

at limiting the potential for adverse impacts on the 
long term performance of the repository, and implemen
tation of the performance confirmation testing program 
and operation of the facility shall be performed in a 
manner that limits the potential for adverse impacts on 
the long term performance of the repository.  

-The apcroach adopted for evaluation of the adequacy of this 10 CFR Part 60 
Requirement involves consideration of criteria developed under other 10 CFR 
Part 60 Requirements. Rather than listing each of those criteria here, a 
matrix indicating those criteria that were considered in the evaluation of 
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this 
Documen:.
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NRC CONCERN NO: 2 

The ESF design, construction, and operations should not compromise the ability 
to characterize the site.  
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2.1 Requirement: 60.74 (a) DOE shall perform, or permit the Commission to.  
perform such tests as the Commiss:on deems appropriate or necessary for the 
administration of the regulations in this part. These may include tests of: 
(1) Radioactive waste, (2) the geologic repository including its structures, 
systems, and components, (3) radiation detection and monitoring instruments, 
and (4) other equipment and devices used in connection with the receipt, 
handling, or storage of radioactive waste. (b) The tests required under this 
secticn sha'l include a performance confirmation program carried out in 
accordance with Subpart F of this part.  

2.1.4 First shaft 

2.1.4.1 The structures, systems, components and operation of the 
(1.2.6.4CA.i) exploratory shafts shall be designed to accommodate 

additional tests that may be required by the NRC for site 
characterization and performance confirmation.

2.1.5 Second shaft

(1.2.6.5CA.
2.1.5.1 The structures, systems, components and operation of the 

i) exploratory shafts shall be designed to accommodate 
additional tests that may be required by the NRC for site 
characterization and performance confirmation.

2.1.6 Underground excavation

2.1.6.1 The dedicated test area should include adequate allowance 
(1.2.6.6CA.i) for additional testing that may be required by the NRC.  

2.1.6.2 The dedicated test area shall be designed to support such 
(1.2.6.6CA.i) additional testing as may be required by the NRC without 

disruption of or interference with testing in progress or 
planned testing.

2.1.7 Underground Utilities

(1.2.6.7CC.

(TP) 

(TP)

2.1.7.1 The structures, systems, components, and operation of the 
2) shaft breakouts and main test level of the ESF shall be 

designed to accommodate additional tests that may be 
required by the NRC for site characterization and 
performance confirmation.

2.1.8 Underground testing 

2.1.8.1 The underground test program shall be designed to 
accommodate the requirements of 10 CFR Part 60.74.  

2.1.8.2 The testing program shall be designed to be able to 
accommodate additional testing that may be deemed 
appropriate by the Commission.
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2.1.8.3 Prior to initiation of additional tests requested by ;he 
(TP) Commission, an analysis of the potential for the tests 

to affect the ability of the site to be characterized 
shall be performed.
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2.2 Requirement 60.130: Sections 60.131 through 60.134 specify minimum design 
criteria for the design of the geologic repository operations area. These 
design criteria are not intended to be exhaustive, however. Omissions in 
¶ 60.131 through 134 do not relieve the DOE from any obligation to provide 
such safety features in a specific facility needed to acheive the performance 
objectives. All design bases must be consistent with the results of site 
characterization.  

2.2.4 First Shaft

2.2.4.1 
(1.2.6.4PCid.vi)

Fluids and materials planned for use in the shaft shall 
be evaluated with respect to intended use and possible 
effects on site characterization or other testing, and 
appropriate controls will be implemented.

2.2.5 Second Shaft

2.2.5.1 
1.2.6.5PCid.vi)

Fluids and materials planned for use in the shaft shall 
be evaluated with respect to intended use and possible 
effects on site characterization or other testing, and 
appropriate controls will be implemented.

2.2.6 Underground Excavation

2.2.6.1 
(1.2.6'.6PCi-d.i-x)

Fluids and materials planned for use in the ESF 
underground facility shall be evaluated with respect to 
intended use and possible effects on site 
characterization or other testing, and appropriate 
controls will be implemented.

2.2.9 Underground Tests

2.2.8.1 Fluids and materials planned for use in testing in the 
(.2.E.8CE.i) ESF shall be evaluated with respect to intended use and 

possible effects on site characterization or other 
testing, and appropriate controls will be implemented.
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2.3 Requirement: 60. 133(a)(2) The underground facility shall be designed so 
that the effects of credible disruptive events during the period of operations 
such as flooding, fires and explosions, will not spread through the facility.  

2.3.1 Site 

2.3.1.1 The areas around the shaft collar shall be designed and 
(1.2.6.1PCib) constructed to prevent water inflow from the probable 

maximum flood such that testing in the underground 
portion of the ESF is not adversely affected.

2.3.4 First Shaft

2.3.4.1 
(l.2.6.4Pr-2e.i"i)

The exploratory shaft collar shall be designed to prevent 
significant water inflow from a maximum credible flooding 
event during site characterization and the planned period 
of repository operation, such that testing in the 
underground portion of the ESF is not adversely affected.

2.3.5 Second shaft 

2.3.5.1 The exploratory shaft collar shall be designed to prevent 
(l.2.6.5?C2e.ii) significant water inflow from a maximum credible flooding 

event during site characterization and the planned period 
of repository operation, such that testing in the 
underground portion of the ESF is not adversely affected.  

2.3.6 Underground Excavation

2.3.6.1 
(1 .2 .6.E PC .iii) 
(>.2 .6.6Pcd.iv) 
(>.2.6.6PC2f.i) 

2.3.6.2 
(1.2.6.6PC2f.iv) 

2.3.6.3

The Exploratory Shaft Underground Facility shall be 
designed so that the effects of credible disruptive 
events shall be limited from spreading through the 
facility and affecting characterization.  

The drainage plan for the ESF and long exploratory drifts 
should be designed to ensure that the effects of flooding 
shall be limited from spreading through the facility and 
affecting characterization.  

The presence of combustible materials in the underground 
facility shall be controlled and limited such that 
testing in the ESF is not adversely affected.

2.3.7 Underground utilities

2.3.7.1 
(1.2.6.7.6PCib.v) 

2.3.7.2 
(:.2.6.7.8PC'a)

The ESF shall have redundant mine water discharge systems 
to control and limit the impact of water intrusion on 
testing in the ESF.  

The underground portion of the ESF shall incorporate a 
fire protection system to control and limit the impact of 
a credible fire on testing in the ESF.
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2.3.7.3 
(1.2.6.7CD.ii) 

2.3.7.4 
(1..2.6.7.6PCib.i)

The underground utility system shall be designed to 
control and limit the impact,of utility system fa~iures 
caused by credible disruptive events such as fire, 
explosion, or seismic events, on site characterization 
and other testing.  

The mine water collection, control, and removal system 
shall be designed with capacity for emergency situations 
such as unexpected inflow or water line breakage, inflow 
from penetrations of fault structures during drifting, or 
from perched water encountered during shaft sinking and 
ESF develocment, such that the capability to adequately 
characterize the site is maintained.
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2.4 Requirement: 60.133(b) The underground facility shall be designed with 
sufficient flexibility to allow adjustments where necessary to accommodate 
specific site conditions identified through in situ monitoring, testing, or 
excavation.  

2.4.4 First shaft

2.4.4.1 

2.4.4.2 
(i.2.6.4PCla.iv)

The configuration of the shaft shall be adequate to 
support site characterization testing, and future testing 
that may be reasonably expected for site 
characterization. This shall include an allowance to 
accommodate site specific conditions encountered in the 
shaft without adversely affecting testing that is planned 
or ongoing.  

The design of ES-l shall include flexibility to deepen 
the shaft to at least 1,500 feet, or approximately 100' 
deeper than the Topopah Spring/Calico Hills unit contact, 
without adversely affecting other testing that may be 
ongoing. Such flexibility shall consider aspects of 
hoisting capacity, underground utilities, ground support, 
and muck handling.

2.4.5 Second shaft

2.4.5.1 
(..2.6.SPC~c.ii)

The configuration of the shaft shall be adequate to 
support site characterization testing, and future testing 
that may be reasonably expected for site 
characterization. This shall include an allowance to 
accommodate site specific conditions encountered in the 
shaft without adversely affecting testing that is planned 
or ongoing.

2.4.6 Underground excavation

2.4.6.1 
(1.2.6.6PCld.xiv) 

2.4.6.2 
(.2.6.6PC1c.iv) 

2.4.6.3 
(1.2.6.6PClc.iv)

The ESF shall be designed so that testing areas are 
separated from possible repository shop, training, 
operations, or waste emplacement areas, to limit adverse 
effects from activities in these areas on future testing, 
including performance confirmation, in the dedicated test 
area.  

The design of the shaft breakouts and main test level of 
the ESF shall: (1) limit the extent of interference 
between tests and (2) limit interference between ESF 
construction and operation activities and testing 
activities.  

The design of the shaft breakouts and main test level 
shall have sufficient flexibility to: (1) relocate 
experiments as necessary to limit interference between 
tests and aid in ensuring that test location acceptance 
criteria are met, (2) incorporate additional tests, as
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2.4.6.4 
(..2 .6.6?C2g. iii) 

2.4.6.5 
(1.2.E.6PClc.iii)

needed, in the dedicated test area, (3) allow development 
and testing in other areas as needed ( e.g. southern 
portion of repository block or Calico Hills Tuff), and 
(4) accommodate schedule changes as needed.  

A contingency plan shall be established for underground 
excavation to accommodate unexpected or site specific 
conditions that may be encountered, such as highly 
fractured zcnes, lithophysae-rich zones, perched water, 
or pathways for significant water movement.  

The ESF underground excavation shall be of adequate size 
to support site characterization testing and future 
testing that may be reasonably expected for site 
characterization. This shall include an allowance to 
accommodate site specific conditions encountered in the 
dedicated test area, and capacity to extend an 
exploratory drift from the main test level, if necessary, 
up to approximately .0,000 feet to other parts of the 
repository block.

2.4.7 Underground utilities

The design of underground utilities for the ESF shall be 
capable of supporting expansion of the main test level 
for additional testing and an exploratory drift from the 
main test level, if necessary, up to approximately 
10,000 feet to other parts of the repository block.  

The underground utilities for the ESF shall not preclude 
monitoring and investigation of in situ conditions, and 
shall be designed to accommodate site specific 
conditions, construction, and operation of the ESF.
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2.5 Requirement: 60.133(d) The design of the underground facility shaUL 

provide for control of water or gas intrusion.  

2.5.4 First shaft

2.5.4.1 
(iý.2.6.4PCid.iii 

2.5.4.2 
(.i.2.6.4PCld.i) 

2.5.4.3 
(1.2.6.4PCli.iii)

The amount of water used in the construction and 
operation of the shaft should be limited to preclude 
interference with tests.  

Shaft construction and operating procedures shall require 

the removal of excess water to preclude interference with 
tests.  

The shafts should be separated to maintain reasonable 
distances for power and instrument cabling and water 
piping as well as to provide for redundancy in mine water 
discharge to preclude interference with tests.

2.5.5 Second shaft

2.5.5.1 
(1..2.6.5PCld.iii)

The amount of water used in the construction and 
operation of the shaft should be limited to preclude 
interference with tests.

2.5.5.2 Shaft construction and operating procedures shall require 
(.2.6.SPCld.i) the removal of excess water to preclude interference with 

tests.  

2.5.6 Underground excavation

2.5.6.1 

2.5.6.2 
(l.2.6.6PCld.iv) 

2.5.6.3 
(>.2.E.6?PC1d.v) 
(>.2.6.6PC2h.ii) 

2.5.6.4 
(1.2.6.6PCld.viii) 

2.5.6.5 
(>.2.6.6PCld.vii)

The amount of water used in construction and operations 
of the underground facility should be limited to preclude 
interference with tests.  

Underground facility construction and operating 
procedures shall require the removal of excess water to 
preclude interference with tests.  

The drainage plan for the ESF and long exploratory 
drifts should be consistent with repository operations 
and not impact the capability to characterize the site.  
Specifically, drainage in the dedicated test area should 
be toward ES-i and that in long drifts should be 
compatible with repository grades.  

Construction methods shall be designed and implemented so 
that the effects of fluids, gases, or other materials 
used do not adversely affect the adequacy or reliability 
of information from site characterization.  

Methods for dust control and cleaning of walls in the 
underground portion of the ESF shall be designed to limit 
adverse effects on the adequacy and reliability of 
information from site characterization.
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2.5.6.6 
(1.2.6.6PCld.x)

Fluids,gases, and other materials used in ESF 
construction and operations, and/or injected into the 
rock mass, shall be appropriately tagged. Selection of 
tracers shall consider, but not be limited to: (1) the 
possible future need to account for the mobility and 
disposition of all such materials as part of site 
characterization, and (2) the effects of tracers on site 
characterization.

2.5.7 Underground utilities

2.5.7.1 
( .2.6.7.6PClb.i) 

2.5.7.2 
(1.2.06.7CF.iii)

The mine water collection, control, and removal system 
shall be designed to accommodate inflow from penetrations 
of fault structures during drifting, or from perched 
water encountered during shaft sinking and ESF 
development such that the capability to adequately 
characterize the site is maintained. The mine water 
control system shall be designed with capacity fcr 
emergency situations such as unexpected inflow or water 
line breakage.  

The design of the ESF underground utility system, 
including ventilation, shall facilitate monitoring of 
moisture influx to the ESF from the rock mass and from 
ventilation, and moisture efflux from mine water removal 
and ventilation exhaust to limit possible impacts on the 
capability to adequately characterize the site.

2.5.8 Underground Testing

2.5.8.1 The amount of water used in testing in the shaft should 
be limited to preclude interference with tests.  

2.5.8.2 Test procedures shall require the removal of excess
ri)

2.5.8.3 
(i .2. •-. CE.vi4ii)

water.

Test procedures shall be developed to ensure that water 
entering the ESF is managed appropriately, including 
quantity, location, and water balance.
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2.6 Requirement: 60.133(e)(2) Openings in the underground facility shall be 
designed to reduce the potential for deleterious rock movement or fracturing 
of overlying or surrounding rock.  

2.6.4 First Shaft

2.6.4.i1 
(1.2.6.4PC2i..ii) 

2.6.4.2 
(1.2.6.4PC2h.ii)

The shaft shall be designed to provide stability and to 
reduce the potential for deleterious rock movement or 
fracturing that could impact the capability to reliably 
and adequately characterize the site.  

An adequate distance between shafts shall be provided to 
limit potential mechanical and hydrological interference 
between the two shafts to the extent that it could impact 
the capability to reliably and adequately characterize 
the site.

2.6.5 Second Shaft

2.6.5.1 
(1.2.6.5PC2i.ii) 

2.6.5.2 
(1.2.6.5PC2h.ii)

The shaft shall be designed to provide stability and to 
reduce the potential for deleterious rock movement or 
fracturing that could impact the capability to reliably 
and adequately characterize the site.  

An adequate distance between shafts shall be provided to 
limit potential mechanical and hydrological interference 
between the two shafts to the extent that it could impact 
the capability to reliably and adequately characterize 
the site.

2.6.6 Underground excavation

2.6.6.1 
(1.2.6.6PC2i.iv) 

2.6.6.2 
(1.2.6.6PC2i.v) 

2.6.6.3 
(1.2.6.6PC2e.ii)

The main test level of the ESF shall be designed to limit 
overall response to excavation, including rock fall, 
considering all planned drifts and future drifting that 
may be performed in the dedicated test area, consistent 
with obtaining adequate and reliable information from 
site characterization.  

The design of underground openings and their supports in 
the ESF shall utilize pillar and opening geometries that 
limit stress concentration, changes in rock mass 
permeability, and changes in rock mass deformability to 
levels consistent with acquiring adequate and reliable 
information from site characterization.  

The spacing between adjacent ESF drifts shall be a 
minimum of two drift diameters (using the maximum 
diameter of either opening and considering the closest 
proximity of any part of each opening) consistent with 
obtaining reliable and adequate information from site 
characterization.
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2.6.8 Underground testing 

2.6.8.1 The ESF shall be designed to limit mechanical, 
(1.2.6.6.2CA) hydrologic, or gecchemical interference between 

underground tests that may be associated with damage to 
the rock mass caused by excavation.
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2.7 Requirement: 60.133(f) The design of the underground facility shall 
incorporate excavation methods that will limit the potential for creating a 
preferential pathway for groundwater to contact the waste packages or 
radionuclide migration to the accessible environment.  

2.7.1 Site

2.7.1.1 
(l.2.6.1CC.ii)

The main pad shall be constructed using excavation 
methods that will limit damage to the underlying rock 
mass to the extent that it could affect the adequacy or 
reliability of information from site characterization.  
Methods shall be designed to facilitate investigaticn and 
monitoring of such effects during and after construction.

2.7.4 First Shaft

2.7.4.1 
(1.2.6.4PC2i.vii)

The shaft and shaft stations of the exploratory shaft 
shall be constructed using controlled blasting methods, 
to limit overbreak and damage to the surrounding rock 
mass, which could affect the adequacy or reliability of 
information from site characterization. The methods shall 
be designed to facilitate investigation and monitoring of 
such effects during and after construction.

2.7.5 Second shaft

2.7.5.1 
(1.2.6.SPC2i.vii)

The shaft and shaft stations of the exploratory shaft 
shall be constructed using controlled blasting methods, 
to limit overbreak and damage to the surrounding rock 
mass, which could affect the adequacy or reliability of 
information from site characterization. The methods 
shall be designed to facilitate investigation and 
monitoring of such effects during and after construction.

2.7.6 Underground excavation

2.7.6,1 
(1.2.6.6PC2j.x)

The shaft breakouts and main test level of the ESF shall 
be constructed using controlled blasting methods, to 
limit overbreak and damage to the surrounding rock mass, 
which could affect the adequacy or reliability of site 
characterization. The methods shall be designed to 
provide for the requirements of specific site 
characterization tests, such as limitations on the extent 
of excavation-induced damage, or the type of ground 
support that may be installed. The methods shall be 
designed to facilitate monitoring and investigation of 
excavation effects during and after construction.
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2.8 Requirement: 60.137 The geologic repository operations area shall be 
designed so as to permit implementation of a performance confirmation program 
that meets the requirements of Subpart F of this part.  

2.8.1 Site

(1.2.6.1!CD)
2.8.1.1 The ESF site shall be designed to facilitate appropriate 

performance confirmation measurement and monitoring to 
obtain adequate and reliable information about the site.  
The performance confirmation program shall include 
measurement and monitoring of the performance of the ESF 
site to the extent that aspects of the site are part of 
the geologic setting that could contribute to the waste 
isolation performance of a repository.

2.8.4 First shaft

2.8.4.1 
(1.2.6.4CB.ii) 

2.8.4.2 
(i.2.6.4CB.iii)

(:-5)

The configuration of the shaft shall be adequate to 
support performance confirmation testing, and future 
performance confirmation testing that may be reasonably 
expected for site characterization. This shall include an 
allowance to accommodate site specific conditions 
encountered in the shaft without adversely affecting 
testing that is planned or ongoing.  

The shafts of the ESF shall be designed to facilitate 
performance confirmation testing to obtain adequate and 
reliable information about the site, during and after 
construction, as required for the geologic repository by 
10 CFR 60, Subpart F.

2.8.4.3 The shafts of the ESF shall be designed so that baseline 
performance confirmation data can be acquired, pertaining 
to parameters and natural processes that may be 
significantly altered by site characterization. In 
addition, the ESF shall be designed to facilitate 
monitoring of changes to the baseline condition of 
parameters that could affect performance of a geologic 
repository.

2.8.5 Second shaft 

2.8.5.1 The configuration of the shaft shall be adequate to 
(1.2.6.5PCB.ii) support site performance confirmation testing, and future 

performance confirmation testing that may be reasonably 
expected for site characterization. This shall include an 
allowance to accommodate site specific conditions 
encountered in the shaft without adversely affecting 
testing that is planned or ongoing.
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2.8.5.2 
(1.2.6.5CB.iii)

(1-5)

.M2

The shafts of the ESF shall be designed to facilitate 
performance confirmation testing to obtain adequate and 
reliable information about the site, during and after 
construction, as required for the geologic repository by 
10 CFR 60, Subpart F.

2.8.5.3 The shafts of the ESF shall be designed so that baseline 
performance confirmation data can be acquired, pertaining 
to parameters and natural processes that may be 
significantly altered by site characterization. in 
addition, the ESF shall be designed to facilitate 
monitoring of changes to the baseline condition of 
parameters that could affect performance of a geologic 
repository.

2.8.6 Underground excavation

(1.2.6.6CB 

(:-5)

2.8.6.1 The shaft breakouts and main test level of the ESF shall 
.iii) be designed to facilitate performance confirmation 

testing, during and after construction, as required for 
the geologic repository by 10 CFR 60, Subpart F.  

2.8.6.2 The shaft breakouts and main test level of the ESF shall 
be designed so that baseline performance confirmation 
data can be acquired, pertaining to parameters and 
natural processes that may be significantly altered by 
site characterization. In addition, the ESF shall be 
designed to facilitate monitoring of changes to the 
baseline condition of parameters that could affect 
performance of a geologic repository.

2.8.6.3 
"(1.2.6.6CB.ii)

2.8.6.4 
(1.2.6.6PClc.iv) 

2.8.6.5 
(:.2.6.6PClc.iv)

The ESF underground excavation shall be of adequate size 
to support performance confirmation testing and future 
testing that may be reasonably expected for performance 
confirmation. This shall include an allowance to 
accommodate site specific conditions encountered in the 
dedicated test area.  

The design of the shaft breakouts and main test level of 
the ESF shall: limit the extent of interference between 
characterization tests, performance confirmation tests 
and ESF construction and operation activities.  

The design of the shaft breakouts and main test level 
shall have sufficient flexibility to: (1) relocate 
experiments as necessary to limit interference between 
tests, (2) incorporate additional performance 
confirmation tests, as needed, in the dedicated test 
area, and, (3) accommodate schedule changes as required.
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2.8.7 Underground Utilities

2.8.7.1 The design of underground utilities for the ESF shail be 
(1.2.6.7CG.i) capable of supporting the performance confirmation 

testing.

2.8.7.2 
(1.2.6.7CE.ii)

(TP)

The underground utilities for the ESF shall not preclude 
monitoring and investigation of in situ conditions, and 
shall be designed to accommodate site specific 
conditions, construction, and operation of the ESF.

z.8. 8 Underground testing 

2.8.8.1 Performance confirmation testing shall be conducted in 
the ESF during and after construction, to meet the 
requirements which pertain to such testing in the 
geologic repository as stated in 10 CFR 60, Subpart F.
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NRC CONCERN NO: 3 

The ESF design, construction, and operations should provide representative 
data.  
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3.1 Requirement: 60.15(b) Unles ne Commission determines with respect to 
the site described in the applica.ý-on that it is not necessary, site 
characterization shall include a program of in situ exploration and testing at 
the depths that wastes would be emplaced.  

3.1.4 First shaft

3.1.4.1 
(l.2.6.4PCla.i) 

3.1.4.2 
(1.2.6.4PCla.iii)

Shaft design and construction shall provide access for 
site characterization activities to be performed at the 
planned waste emplacement horizon.  

Selection of the horizon for the main test level shall be 
based on evaluation of stratigraphic information sources 
available during construction (e.g., from the MPBH 
activity, geologic mapping of the shafts, and a probe 
corehole drilled ahead of the shaft face in portions of 
the shaft) with respect to explicit horizon criteria.

3.1.5 Second shaft

3.1.5.1 
(!.2.6.5PC1a.i) 

3.1.5.2 
(1 .2.6.5PCla.iii)

Shaft design and construction shall provide access for 
site characterization activities to be performed at the 
planned waste emplacement horizon.  

Selection of the horizon for the main test level shall be 
based on evaluation of stratigraphic information sources 
available during construction (e.g., fr:m the MPBH 
activity, geologic mapping of the shafts, and a probe 
corehole drilled ahead of the shaft face in portions of 
the shaft) with respect to explicit horizon criteria.

3.1.16 Underground excavation 

3.1.6.1 The ESF main test level shall be constructed at the 
(i.2.6.62CIa.ii) planned repository horizon.  

3.1.8 Underground testing

3.1.8.1 Underground testing shall be conducted in a facility 
constructed at the planned repository horizon.
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3.2 Requirement: 60.15(d) (2) The number of exploratory boreholes and shafts 
shall be limited to the extent practical consistent with obtaining the 
information needed for site characterization.  

3.2.4 First Shaft 

3.2.4.1 The number and depth of exploratory shafts shall be 

(l.2.6.4PC'b) consistent with obtaining needed information for site 
characterization, while contributing to acquisition of 
representative data.  

3.2.5 Second Shaft 

3.2.5.1 The number and depth of exploratory shafts shall be 
(1.2.6.5PClb) consistent with obtaining needed information for site 

characterization, while contributing to acquisition of 
representative data.  

3.2.8 Underground testing 

3.2.8.1 The number and length of exploratory and monitoring 
(TP) boreholes drilled from the underground portion of the ESF 

shall be consistent with obtaining the needed information 
for site characterization.
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3.3 Requirement: 60.15(d)(3) To the extent practical, exploratory boreholes 
and shafts in the geologic repository operations area shall be located where 
shafts are planned for underground facility construction and operation or 
where large unexcavated pillars are planned.  

3.3.8 Underground testing 

3.3.8.1 Exploratory, monitoring and testing boreholes shall be 
(TP) located where pillars are planned in the repository 

underground facility to the extent practicable.  
Implementation of this criterion within the designated 
test area of the ESF shall be consistent with obtaining 
the needed information for site characterization.
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3.4 Requirement 60.74 (a)DOE shall perform, or permit the Commission to 
perform such tests as the commission deems appropriate or necessary for the 
administration of the regulations in this part. These may include tests of: 
(1) Radioactive waste, (2) the geologic repository including its structures, 
systems, and components, (3) radiation detection and monitoring instruments, 
and (4) other equipment and devices used in connection with the receipt, 
handling, or storage of radioactive waste. (b) The tests required under this 
section shall include a performance confirmation program carried out in 
accordance with Subpart F of this part.  

3.4.8 Underground testing 

3.4.8.1 The area set aside for future site characterization and 
(TP) performance confirmation testing, shall be representative 

of the overall designated test area with respect to rock 
characteristics that control acceptability of test 
locations.
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3.5 Requirement: 60.133(b) The underground facility shall be designed witn 
sufficient flexibility to allow adjustments where necessary to accommodate 
specific site conditions identified through in situ monitoring, testing, or 
excavation.  

3.5.4 First shaft

3.5.4.1 
(1.2.6.4PCic.i)

The shaft design shall have the flexibility needed to 
ensure that the location, orientation, geometry, and 
configuration of each test can be modified, as necessary 
to meet specific test location acceptance criteria for 
each test in the shaft, in response to actual site 
conditions encountered during construction.

3.5.5 Second shaft

3. 5.5. 1 
(1.2.E.5PC1c.i)

The shaft design shall have the flexibility needed to 
ensure that the location, orientation, geometry, and 
configuration of each test can be modified, as necessary 
to meet specific test location acceptance criteria for 
each test in the shaft, in response to actual site 
conditions encountered during construction.

3.5.6 Underground excavation

3.5.6.1 
(1.2.6.6PCic.ii)

The design of the shaft breakouts, and the layout of the 
main test level of the ESF, shall have the flexibility to 
ensure that the location, orientation, geometry, and 
configuration of each planned test can be modified, as 
necessary, to meet specific test location acceptance 
criteria, in response to actual site conditions 
encountered during construction.

3.5.7 Underground utilities 

3.5.7.1 The design of the underground utilities shall provide the 
(1.2.6.7CE.iii) flexibility needed to support required flexibility in the 

design of the shafts, shaft breakouts, and the layout of 
the main test level of the ESF.

APPENDIX K-62


