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Waste Isolation Impact Evittlon
Plugging of Boreholes UE.25 NRG I and UE.2S RF 3, 3B, 5, 9, I and 11

1. INTRODUCTION

I. I Purpose

This waste isolation valuation was performed in response to two ette requests (for boreholes
NRC I and RF 3, 3B and 5) and a verbal request (for boreholes RF 9, 10 and 11) from the
Yucca \Mountain Site Characterization Project Office CYMPO) to assess potential waste Isolation
impacls of the planned plugging of these boreholes, plus remorndum from Los Alamos
National Laboratory (LAN'l) to evaluate he cement to be used (Ref. 1. 2 and 3). This evaluation
supersedes the waste Isolation attachment to an arlier response (Ref. 4).

1.2 Ealuation Approach

This is a largely qualiaulive cvaluation based on nformation In the referenced documents. No
new quantitative analyses were performed with the exception of quantitative comparisons of
available information. A checklist (see last page) was used as guidance to ensure that no
potential activities and impacts were overlooke4

1.3 OUalit Assurance

The proposed activity will affect natural barners at the Yucca Mountain sime which ae listed In
Appendix A of the Q-List. Accordingly, this report was prepared as a qualihy-affecting activity
According to CRWMS M&O Quality Administrative Proccdure QAP.3-5 Development of Techni.
cal Documents. Sonx of the referenced data may not have been approved for quality-affecdng
activities and the referenced analyses may not have been performed as quality-affectin& activities
or under software QA requirements. The extent and possible effect of non-qualified data on the
evaluations, conclusions and recommendations of this repon were not determined.

d 2. EVALUATION

2.1 Evaluation of-UE4SNMGI

NRC- is located about 0.88 miles east and outside of the conceptual perimeter drift boundary
(CPDB) and inside of the conceptual contolled ares bounday (CCA) (Ref. 7). The borchole
is about 150 feet deep. The bottom of the hole Is about 330 feet above the Topopah Spring level
of the north ramp. Per Exploratory Studies Facility (ESF) Phase IA design drawings, NRG I
Is approximately on the center line of the planned swter tunnel, about 60 feet from sz headwall,
near the tunnel invert crest between the up-slope from the entance and fh down-slope toward
the Topopah Spring level

Pase 3 of I I
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Due 1to the disianceKul NRG I from the concepttal reposito'rnd potential repository expansion
areas tRef. 13). thermal effects of a potential repository on the borehole sealant, which could
afrect the sealant's stability, re expected to be negligible.

Due to the RG I location and the geomcty of the site. N1RO- is unlikely o mpact waste
isolttion. The bottom of the borehole is at a higher levation than the conceptual repository.
Thus. no r3dionuclides will be transported by water out of the borehole, Gaseous radionuilides
would be impeded by seals in the ramp before they would reach the borehole,

The drill and blast techniques to be used in the construction of the enunce ramp could induce
fractures in the sealant material which could open pathways for water from the pound surface.
The borehote 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 leaking down the borehole to now toward
the repository. The amounts am 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 areas. Water leaking Into
the tunnel during the ESF and potential repository operational phases can be removed with other
infiltrting water by sump pumps before it flows to the potential repository a.

Due to the distance of the borehole from the conceptual repository and potential repository ex.
pan sion yreas, and since It is downdlp from the conceptual repository and potential repository ex.
pans ion areas (Ref. II and 12), any seepage into the tock is expected to flow away from the con.
ceptual repository and potential repository expansion aras (Ref. 8 and 9)

Concerns were recently expressed by the YMP Assessment Team with regard to some assump-
tions and results In two SNL reports which form the basis for conclusions on water infiltration
froni the surface to the conceptual repository. SNL has provided evidence, however, that the
conclusions are still valid due to the high conservatism In their assumptions and as indicated by
new analysts (Ref. 10).

2,2 Evaluation of Ut-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 alonS the existing road leading to the planned ESF norh potal pad f. 6). Ts boe.
holes are 301 and 11 feet deep, respectively. The bottoms of the holez are about 1SO feet below
and 130 feet above, respectively, the Topopah Spring level of the north ump.

RF 5 Is located about 0.88 miles east and outside of the CPDB, inside the CCAB (Ref. 6), and
near the planned ESF topsoil and rock storage areas. It is above a potendal rpository expansion
area (Ref. 13.) The borehole Is 122 feet deep. The bonom of the hole is about 420 feet above
the Topopah Spring level of the north ramp.

Due to the distance of all three boreoles from fte conceptual repository, themal effects of a
potential repository on the borehole sealant, which could affect the sealant's stability, Are ex-
pected to be negligible.
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Due to he borcho-catons and the geonty of th set. 3B and RF S are unlikely to im.
p~it waste isolation of the currcnt conceptual repository. The bottoms of the borcholes are at
hinher levations than the conceptual repository: thus. no radionuclides will be transported by

iter out o the hole, There is no direct path for release of gascous radionuclides. nd their
rclese %kould be impeded by the mile of tuf between the CPDB and the borcholes.

LAnie the other boreholes, RP 3 extends to an elevation lower than the conceptual repofitory
horit.on. lt is also geologically downdip fron the conceptual repository and potential repository
expansion area. Per geologic cross-sections by Scott and Bonk (Ref. 11). the bouom of RF 3 is
to%% ard the bottom of the Tiva Canyon uff. Because this is above thc Topopah Spring ruff. the
potential repository horizon, water-bom radionuclides are not expected to reach the borehole.
For the same reasons as for RF 3B and S (.e.,. principally the borchole's distance from the con-
ceptal repository and potential repository expansion area) gaseous radionuclide releases from
RF are expected to be insignificant or nonexistent

Raytheon Service Nevada (RS'N) reports that all RF boreholes contain cast Iron casings and resi-
dual polymer drilling mud which would be saled In the boreholes (Ref. 17). Tbe cast iron
casings. if left In place, are expected to corrode and provide pathways for water.

Due to the distance of the boreholes from the conceptual repository, however, and since they are
downdip of the conceptual repository (Ref. 11 and 12), any leakage of water Ino the boreholes
and transport of foreign materials is not expected to reach the conceptual repository (Ref. 8 9,
and 10).

Due to the location of borehole RF 5 above a potential epository expansion area. this borehole
could provide pathways for water from the ground surface and foreign materials fm the bore-
hole itself to potential epository expansion horizon and for gaseous radionuclide releases from
a potentia rpository expansion horizon to the ground surface. he stability of the sealant could
be affected by repository temperatures, but this is ulkely since the bottom of the borehole is
more than 400 feet above a potential repository expansion horizon.

2.3 Eva luation f UE2S RF 9. 10, and 11

Boreholes RF 9 10, and II are located about 0.94, 099. and 1.0 miles, respectively, east and
outside of the CPDBinside the CCAB (Ref. 6). and uphlsl of or above the planned ESF north
portal pad. These boreholes are 106, 60, and 78 ft deep, respectively. The bonoms of the
holes are about 300, 340, and 320 feet, respectively, above the Topopab Spring level of the north
ramp.

These borcholes have already been sealed. Based on the same rasoning as given for borehole
NRC3 1, these boreholes a not expected to Impact waste Isolation.

2.4 Sealant Efaluatonx

The planned sealant for the boreholes is a nat cement slwy OI.e, without sand or aggregate)
composed of Wpe 11 Portland cemenL However, as Licasto et al. (Ref. 14) noAd, Mere is con-
side mble evidence that the adjustment of the composition of the Portland cement matrx of con-
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rett mItCrials to hker silica contents more closely mamch.Wte composiuon ot the host rock
Is nans of generating greater stability and probable long-term durability In scaling materuals-
Ref. 14). The addition of excess silica cts to consume calcium hydroxide, the weaker

conFonenl of the hydrated matix.

In their evaluation of mionra and rout formiulations, Licastro e al. (Ref. 14) chose three for
furth:r sudy: xpansive mixtures 82-22 and 82-30 and nonexpansive miture 84-12. All'thrce
have low peminabilides (less than 10' Darcy) and are less permteable than the rock, which is
eperted to have pncmabilities greater than 1 Darcy Ref. 16). Mixtures 82-22 and 812
seem o be appropriate sealants. The first. $2*22. is the closest w the bulk composition of the
nonwclded and welded tuff. and the latter. 84-12 hs a similar composition. This is desirable
as. It is pesumed that the closer the bulk chemisoy of a material is to its emplacement
environment. the lower is the potential for the modification of the material bulk chemistry.
Ther,:lore. the potential modification of its physical and mechanical properties will also be lower"
iRef. 14).

Mixture 84.12 has a reduced sulfate content and high silica, so that a intemediate pH is
maintained and there Is a lessened potential of the sulfate reacting as a radionuclide complexing
agent. It was noted by Scheetz and Roy (Ref. 1S) that aluminum substitution nto the tobennorite
structure increases the themal stability of the mixture. Mixtur 82-22 has the highest alumina
content of the three listed above, and therefore more Al-substituted tobermorite could be formed.
Also, when there Is coupled alkali plus aluminum substitution n tobennorite, material is
generated which has ion xchange properties fvorable for radionuclide sorption.

The specific properties of the type ll Portland cement proposed for the borehole plugging were
not provided, only that they satisfy ASTM Standard C 150-89. 'Me mnimum compressive
strength for a C 10-89 cement after seven days s 17.2 MPA. However, the experimentuily
measured 7-day compressive strenphs for the 82-30 grout (no sand included), 82.22 mortar (with
sand). and 84-12 mona (with sand) are 99.1 MPa, 77.5 MPa, and 86.9 MPa, respectively, and
are therefore significantly songer than type I Portland cement.

3. CONCLUSIONS AND RECOMMENDATIONS

&cpmmndation l, Due to the locations and depths of the boreholes except borehole RF 5.
they are not expected to impact waste isolation for the current conceptual repository &a potential
repository expansion areas. T7hus, leaving the casings n place and sealing with the planed nieat
cement slny is acceptable, except for borehole RF S.

Rccommendation 2. ecause borehole RIF S could provide a potential pathway for surface water
to a potential repository expansion horizon and for asos ndionuclide eases fto that expa.n
sion horizon to the surface, removal of the borehole casing and a bener salant hn the planned
cement slurry should be considere A ixture Is recommended whose compressive strength is
high, whose bulk chemisry Is similar to that of the host tuff, and whose permeability Is at les
as low as the host tuff. Mixtures 84-12 and 82-22 are good candidate sealants. Pie charts and
tables of the compositions, obtained from Scheetz and Roy (Ref. IS), are aached.
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Rtiecommendation 3. 'ilyses are rcommended to devermink significance of the aboic path.
ways if borehole RF will not be sealed as recommended.

Re innendation 4. During the blasting of the starter tunnel, fractures could bc induced in the
.viert scal of borehole !'RG-t. Due to the location of the borehole, this is not expected to
impawt waste isolation. Thus, delaying the saling until after the excavation of the starter tunnel
is nt necessary.
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TABLE I

B-ibK CHE.MICAL COMPOSITION GROUTS

Grout
(wt %)

Oxide 82-22 84.12

siO3 64.16 61.98
AIO3 4.50 4.19
FezO 2.74 1.10
CaO 25.88 27.52
MgO 1.83 4.65
MInO 0.12 0.17
Nato 0.10 0.10
X(O 0.48 0.2?
P201 0.11 0.02

Total 99.92 100.00

TABLE II
BULK CIEMICAL COMPOSITIONS OF GROUTS

WITHOUT SAND AGGREGATE

Grout
(wt %)

Oxide 82-22 84.12

Si0 38.60 48.45
AhOs 7.74 5.44
Felos 4.72 1.59
CaO 44.689 37.69
MgO 3.14 6.05
MnO 0.04 0.22
N&30 0.15 0.13
K 20 0.83 0.40
P20S 0.18 0.04

Total 99.99 100.01
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CHECKLIST OF
GENERAL CONCERN'S REGARDING IMPACTS ON WASTE ISOLATION

CONCERNS C ON DI ENT S

1, Water

A. Surface Sources

1. Road watering fat dust control ?'0t applic3ble

. Drill pad dust convol Not applicabIe

! | ~3. Equipment washdown Not Applicek{
. N:aluml surface runoff Not £ppliC3ble !l

S. Accidena ;aer spillac Not applicable

B. Lnderground

1. Water loss during drilling

a) Norngl Not applicable

b) Fishing Not applicable

_ - C) Vn1ip=Cd Not applicable

2. Recovered or produced during illin

a) Perched wster Not applicable

- J b) Water able Not pplicable|

11. Materials (other than ivater)

A. Used In surface construction

1. Building material .Not pplicab

1. Leaates from rock & muck pUes Not applicable

B. Used In borehole conhtructon and/or sealing

1. Grout for surface casings Not applicable

2. Drilling fluid See secton 22

3. Oher materiuls left In boeholes See sections 2.2, 23 and 2.4
IIL Other considerations

A. Physical & chemical chuacteristcs of sells See section 2.4

B. Seals may not achievc dedgn bcjives See secdon 2.4 and recommendations

C. Cu-and-fill for roads, pds, Inches & pits Not applicable

D. Bustng 5See section 2.1 and recommendaion
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