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\_  Waste Isolation Jmpact Evi.ation
Plugging of Borcholes UE-25 NRG 1 and UE-28 RF 3, 3B, 5, 9, 10 and 11

. INTRODUCTION

1.1 Purpose

This waste isolation cvaluation was performed in response to two letier requests (for boreholes
NRG | and RF 3, 3B and S) and a verbal request (for boreholes RF 9, 10 and 11) from the
Yucca Mountain Site Characterization Project Office (YMPO) to assess potential waste isolation
impacts of the planned plugging of these boreholes, plus a memorandum from Los Alamos
Nartional Laboratory (LANL) to evaluate the cement to be used (Ref, 1, 2 and 3). This evaluation
supersedes the waste {solation attachment to an earlier response (Ref, 4).

1.2 Evaluation Approach

This is a largely qualitative evaluation based on information in the referenced documents. No
new quantitative analyses were performed with the excepdon of quantitative comparisons of
available information. A checklist (see last page) wes used as guidance to ensure that no
potental activities and impacts were overlooked.

1.3 Quality Assurance

The proposed activity will affect natural barriers at the Yucca Mountain site, which are listed in
Appendix A of the Q-List. Accordingly, this report was prepared as a quality-affecting activity
according 10 CRWMS M&O Quality Administrative Procedure QAFP-3-5 Development of Techni-
cal Documents. Some of the referenced data may not have been approved for quality-affectng
activities and the referenced analyses may not have been performed as quality-affecting activities
or under software QA requirements. The extent and possible effect of non-qualified data on the
evaluations, conclusions and recommendations of this report were not determined.

: 2. EVALUATION

2.1 Euvaluation of UE-28 NRG |

NRG-1 is located about 0.88 miles east and outside of the conceptual perimeter drifs boundary
(CPDB) and inside of the conceptual controlled area boundary (CCAE) (Ref, 7). The borehole
is about 150 feet deep. The botiom of the hole is about 330 feet above the Topopah Spring level
of the north ramp. Per Exploratory Studies Facility (ESF) Phase 1A design drawings, NRG 1
Is approximately on the center line of the planned stanter tunnel, about 60 feet from the headwall,
near the tunnel invert crest between the up-siope from the enance and the downslope toward
the Topopah Spring level. ‘
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Due o the distance™of NRG 1| from the conceptyal repositohvﬁnd poteniial repository expansion
areds (Ref. 13), thermal effects of a potential repository on the borehole scalant, which could |

- affect the sealant’s stability, are expected to be negligible.

Due 0 the NRG | location and the geometry of the site, NRG-1 is unlikely to impact waste
isolation. The botiom of the borehole is at a higher elevation than the concepiual repository.
Thus. no radionuclides will be transported by water out of the borehole. Gaseous radionuclides
would be impeded by seals in the ramp before they would reach the borchole,

The drill and blast techniques 1o be used in the consmruction of the entrance ramp could induce
fractures in the sealant material which could open pathways for water from the ground surface.
The borehole is located about 60 feet from the entrance to the tunnel, approximately at the peak
of the tunnel invert. This could result in some water teaking down the borehole to fiow toward
the repository. The amounts &re expected to be small, however, and impeded by future ramp
seals: consequently, this water would infiltrate into the rock underlying the tunnel before it
reaches the conceptual repository and potential repository expansion arcas. Water leaking into
the tunnel during the ESF and potential repository operational phases can be removed with other
infiltrating water by sump pumps before it flows 1o the potential repository area,

Due 1o the distance of the borehole from the conceptual repository and potential repository ex-
pansion areas, and since it is downdip from the conceptual repository and potential reposttory ex-
pansion areas (Ref, 11 and 12), any seepage into the rock is expected to flow away from the con-
cepual repository and potential repository expansion areas (Ref. 8 and 9).

Concerns were recently expressed by the YMP Assessment Team with regard to some assump-
tions and results in two SNL reponts which form the basis for conclusions on water infilzration
frony the surface (o the conceptual repository. SNL has provided evidence, however, that the
conclusions are stll valid due to the high conservatism in thelr assumptions and as indicated by
new analyses (Ref. 10).

2.2 Evaluation of UE.25 RF 3, 3B, and §

RF 3 and RF 3B are located about 1.1 miles east and outside of the CPDB, inside of the CCAB,
and along the existing road leading to the planned ESF north portal pad (Ref. 6). These bore-
holes are 301 and 111°feet deep, respectively. The bettoms of the holes are about 180 feet below
and 130 feet above, respectively, the Topopah Spring level of the north rmmp.

RF 3 is located about 0.88 miles east and outside of the CPDB, inside the CCAB (Ref. 6), and
near the planned ESF 1opsoil and rock storage areas. It is above a potential sepository expansion
area (Ref. 13.) The borehole is 122 feet deep. The botiom of the hole is about 420 feet ebove
the Topopah Spring level of the north ramp.

Due to the distance of al three boreholes from the conceptual repository, thermal effects of 2
potential repository on the borehole sealant, which could affect the sealant’s stability, ere ex-
pected to be negligible. ‘
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Due 10 the borehol—beations and the geometry of the siieN’ 3B and RF § ase unlikely 10 im-
pact waswe ivolation of the curtent conceptual repository. The bottoms of the boreholes are at

. higher ¢levations than the conceptual repository; thus, no radionuclides will be transported by

witer out of the hole, There is no direct path for release of gascous radionuclides. and their
release would be impeded by the mile of twulT between the CPDB and the boreholes.

Unlike the other boreholes, RF 3 exiends to an elevation lower than the conceptual repository
horizon. It i also geologically downdip from the conceptual repository and potential repository
expansion area. Per geologie cross-sections by Scott and Bonk (Ref, 11), the bottom of RF 3 is
tow ard the bottom of the Tiva Canyon twff. Because this is above the Topopah Spring tuff, the
potential repository horizon, water-bomn radionuclides are not expecied to reach the borehole, -
For the same reasons as for RF 3B and § (l.c., principally the borchole's distance from the con-
cepiual repotitory and potential repository expansion area) gascous radionuclide releases from
RF & are expected 10 be insignificant or nonexistent

Raytheon Service Nevada (RSN) reponts that all RF boreholes contain cast Iron casings and resi-
dual polynier drilling mud which would be sealed in the boreholes (Ref. 17). The cast iron
casings. if left in place, are expected 1o corrode and provide pathways for waier,

Due 10 the distance of the boreholes from the conceptual repasitory, however, and since they are
downdip of the conceptval repository (Ref. 11 and 12), any leakage of water into the borcholes
and transport of foreign materials is not expected to reach the concepiuel repository (Ref. &, 9,
and 10).

Due 10 the location of borehole RF § above a potzntial repository expansion area, this borehole
could provide pathways for water from the ground surface and foreign materials from the bore«
hole its¢lf to a potential repository expansion horizon and for gaseous radionuclide releases from
a potential repository expansion horizon to the ground surface, The stabdiliry of the sealant could
be affected by repository temperatures, bus this is unlikely since the bottom of the borehole is
more than 400 feet above a potentit] repository expansion horizon.

2.3 Evaluation of UE.25 RF 9. 10, and 11

Boreholes RF 9, 10, and 11 are located about 0.94, 0.99, and 1.0 miles, respectively, east and
outside of the CPDB,inside the CCAB (Ref. 6), and uphill of or above the planned ESF north-
portal pad. These boreholes are 106, 60, and 78 feet deep, respectively. The boroms of the
holes are about 300, 340, and 320 feet, respectively, above the Topopah Spring level of the north
ramp.

These boreholes have already been sealed. Besed on the same reasoning as given for borehole
NRG 1, these boreholes are not expected 10 impact waste Isolation.

24 Sealant Evsiuations

The planned sealant 'for the borcholes is a neat cement shury (i.c., without sand or aggregate)
composed of type II Portland cement. However, a5 Licastro et al, (Ref. 14) noted, "There is con-
siderable evidence that the adjustment of the composition of the Pontland cement matrix of con-
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vrete m:ueria!s o h\p{er silica conterits nore closely matchivwg/ the composition of the host rock
is 2 means of generating greater stability and probable long-term durability in sealing maerials™

- (Ref. 14). The addition of excess silica acts 1o consume calcium hydroxide, the weaker

comgonent of the hydrated matrix.

In their evaluation of mortar and grout fomulations, Licasto et al. (Ref. 14) chose three for
further study: expansive mixtures 82-22 and 82-30 and nonexpansive mixture 84-12. All'three
have low permeabilities (less than 10" Darcy) and are less permeable than the rock, which is
expected 10 have permeabilities greater than 10 Darcy (Ref. 16). Mixtures 82.22 and 84-12
seem to be approprite sealants, The first, 82.22, s the closest to the bulk composition of the
nonwe¢lded and welded tuff, and the later, 84-12, has a similar composidon. This is desirable
as, "It is presumed that the closer the bulk chemiszy of & material is to its emplacement
environment. the lower is the potentia! for the modification of the materia! bulk chemisty.
Therefore. the potential modification of its physical and mechanical properties will also be lower”

(Ref. 1d),

Mixture 84-12 has & reduced sulfate content and high silica, so that an inermediate pH is
maintained and there is a lessened potential of the sulfate reacting as 1 radionuclide complexing
agent. It was noted by Scheetz and Roy (Ref. 15) that aluminum substirurion into the obermorite
structure increases the thermal stability of the mixture. Mixture 82-22 has the highest alumina
content of the three listed above, and therefore more Al-substituted 1obermorite could be formed.
Also, when there is coupled alkali plus aluminum substitution In tobermorite, material is
generated which has jon exchange properdes favorable for radionuclide sorprion,

The specifie propenties of the type 11 Portland cement proposed for the borehole plugging were
not provided, only that they sausfy ASTM Standard C 150-89. The minimum compressive
swength for & C 150-89 cement after seven days is 17.2 MPa. However, the experimentally
measured 7-day compressive strengths for the 82-30 grout (no sand included), 82-22 mortar (with
sand), and 84-12 monar (with sand) are 99.1 MPa, 77.5 MPa, and 86.9 MPa, respectively, and
are therefore significantly stronger than type II Pontland cement,

3. CONCLUSIONS AND RECOMMENDATIONS

Recommendation |. Due to the locations and depths of the boreholes, except borehole RF S,
they are not expected to impact waste fsolation for the eurrent conceptual repository and potential
repository expansion areas. Thus, leaving the casings in place and sealing with the planned neat
cement slurry is acceptable, except for borehole RF §.

Recommendation 2. Because borehole RF S could provide & potential pathway for surface water
10 & potential repository expansion horizon and for gaseous radionuclide releases from that expan-
sion horizon to the surface, removal of the borehole casing and & bener sealant than the planned
cement slurry should be considered. A mixture is recommended whose compressive swength is
high, whose bulk chemistry is similar to that of the host tuff, and whose permeability is at least
as low as the host wif, Mixtures 84-12 and §2-22 are good candidate sealants, Pie charts and
tables of the compositions, obtained from Scheetz and Roy (Ref. 15), are anached.
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Recommendation 3. \‘A/nalyses are recommended to determinéNé signlficance of the above path-

ways if borehole RF 5 will not be sealed as recommended.

Recommendation 4. During the blasting of the siarier tunne), fractures could be induced in the
cemert seal of borehole NRG-1. Due to the location of the borehole, this is not expecied 10
impact waste isolation. Thus, delaying the sealing until after the excavation of the starier tunne)
iS nOt necessary. .
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Fig. 1. Schematic represantation of (2) 82-22 merter and (b) 84-12 grout compositions
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~ TABLEI

BAVK CHEMICAL COMPOSITION \_/GROUTS

Crout

(wt %)
Oxide 82-22 84-12
Si0, 64.16 61.98
Al O, 4.50 419
Fe;0, 2.14 1.10
Ca0 25.88 27.52
MgO 1.83 4.65
MnQO 0.12 0.17
Na;O 0.10 0.10
K;0 0.48 0.21
P20s 0.11 0.02
Total 90.02 100.00

TABLE 11
BULK CEEMICAL COMPOSITIONS OF GROUTS

WITHOUT SAND AGGREGATE

Grout

(wt %)
Oxide 82-22 84.12
$10, 38.60 48.45

. AlO, 1.7¢ 544

Fe 04 4.72 1.59
Ca0 44.69 37.69
Mg0 .4 6.05
MnO 0.04 0.22 .
Na,0 0.15 0.13
K30 0.83 0.40
P20; 0.18 0.04
Total 09.89 100.01
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CONCERNS

CHECKLIST OF
GENERAL CONCERNS REGARDING IMPACTS ON WASTE ISOLATI

ey p——

COMMENTS y

Water

— ——

A. Surface Sources

1. Road watering for dusi contral

Not applicadle

2, Drill pad dust convol

Not applicable

3. Equipment washdown Not applicable ﬂ
4. Nawra) surface runoff Not applicable "
S,  Accidental waier spillage Not applicable
B.  Underground
I Water loss during drilling i
3) Normal Not applicable i
b) Fishing Not applicable
¢) Unexpected Not applicable
3. Recovered or produced during drilling
2)  Perched water Not applicable
b)  Water table Not applicadle
II. Materials (other than water)
A,  Used in surface construction
1.  Byilding materials Not applicadle
3. Leachates from rock & muck piles Not spplicadle
B.  Used in borehole construction and/or sealing
1, Grout‘ for surface casings Net applicable
2.  Drilling fluids See pection 2.2

3.  Other materials lefe in boreholes

See secions 2.2, 2.3 and 2.8

I1L

Other considerations

A,  Physical & chemical characierisiics of seals

See section 3.4

8.  Scals may not achieve design cbjectives

See secdon 2.4 and recommendations

C.  Cut-and-fill for roads, pads, trenches & pits Not applicable
D,  Blastng lSee section 2,1 and recommendations
= - —
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