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1.2 REPOSITORY DEVELOPMENT SUITABILITY

The Act requires that each guideline be used in evaluating the
suitability of the site for characterization, but that in evaluating the
suitability of the site for development as a repository, only those
guidelines that do not require characterization need be used. Only five
of the eighteen proposed siting guidelines were determined to not require
site characterization prior to assessing site suitability for development
as a repository. These five techntcal guidelines dealt with human
intrusion, surface characteristics, population density and distribution,
environmental protection, and socioeconomic impacts. The candidate site,
when evaluated against each of the five guidelines, did not reveal any
disqualifying factors applicable to the Hanford Site (see Section 3.2).
The preliminary conclusions drawn after evaluating each of the five
guidelines are presented In Section 3.1.-
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Tue 6A~Y- 4 eSJ .L~bever,'the-
intra-f low structure of~some of the thicker flows (greater` toan 30 meters
(100 feet)) does show considerable continuity and uniformity within,-the
Pasco Basin."
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.e '7 * results of laoratory and field testing indicate that the

volume of unfilled fractures is small, as attested by the low total
fracture porosity and permeability.,"
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a 4e-sR Pe poor quality of groundwater in the Grande Rond'e
Bstsrestricts Its use for these purposes. A/
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Tte e. '5I-4CeS, 01 e low permeability measured In boreholes for the basalt-flow
interiors indicate these portions of the flows will provide the
isolation necessary to prevent the radionuclides reaching the
accessible environment in concentrations above established

:guidelines. /
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AeT S4 s 04%s [
faults ha e been identified on the Hanford Site that woulc

ave an adv verse impact on a repository constructed at thereference repository location~U
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hAere positive resolution of the criteria requirements cannot be
satisfied by technical data, performance-assessment modeling will be
conducted.
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1.

)iL 5454k e flow tops and dense flow 1nteriors of the Grande
Ronde Basalt are overall hydraulically tighter than the shallower basalts
and produce less groundwater than shallow basalts.,'.
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PI: �3 e 2- I D j F'n �/a J)e also

tf.EA 4 7 f '. t e groundwater movement is generally in an east to southeast
-'dire ion within the Cold Creek syncline beneath the Hanford Site. Oata
on hydrologic properties, hydraulic heads, and groundwater chemistry
indicate that lateral groundwater flow takes place primarily through -
-permeable flow tops and sedimentary intrbteimf'
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g3e
I-A X~j~odeling of the near-field groundwater flow system argund a

deltng o e -r seository indicates that the groundwater flow paths are primarily
controlled by the more permeable flow tops between successive.flows.
Results of modeling also indicate that the minimom groundwater travel-
times from the repository site to the accessible environment, a distance
defined by the EPA in its proposed regulations (EPA, 1982) as
10 kilometers (6.2 miles), appear to be.greater than 10,000 years. The
very small quantities of radionuclides, which do ultimately travel to the
accessible environment, appear to remain small and well below the
EPA-proposed regulations.

Over the past several years, a number of far-field hydrologic
modeling studies have been conducted by independent organizations. Each
study had limiting assumptions and used the most recent data available at
the time of the study. Traveltimes were estimated for groundwater
movement between the repository and a discharge point at the Columbia
River, a distance of 8 to 60 kilometers (5 to 35 miles) depending on the
assumed flow path. Traveltimes estimated exceeded 13,000 years.
Regardless of the different assumptions used, these estimated
pre-waste-emplacement traveltimes are significantly longer than the
NRC-proposed technical criterion (NRC, 1981a) of a 1,000-year miniyym
traveltime between the repository and the accessible environment.
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6,4 S ft least three candidate
repository horizons, the Umtanum, Cohassett, and McCoy Canyon flows,
appear to meet the thickness, lateral extent, and depth requirements
needed for construction of an underground facility and for assurance that
the projected releases of radionuclides would be less than those specified
in Section 960.3-2 of the proposed siting guidelines (DOE, 1983),."
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3.1.3.1.2.1 Summary of Available Information. Available borehole
data (five boreholes) indicate that throughout the reference repository
location, the Cohassett flow is 73 to 81 meters (239 to 266 feet) thick, -
the McCoy Canyon flow is 34 to 45 meters (110 to 147.5 feet) thick, and
the Umtanum flow is 60 to 71 meters (197 to 232 feet) thick. All three
candidate repository horizons appear to be laterally continuous throughout
the reference repository location and the northern Pasco Basin (see
Fig. 3-3). The candidate repository horizons are known to occur at least
27.8 kilometers (16.7 miles) north, 26.4 kilometers (15.8 miles) east,
13.6 kilometers (8.2 miles) south, and 21.4 kilometers (12.8 miles) west
of the center of the reference repository location. at
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'r e. C4 'Ilased on-data for basalt, numerical models are-being developed to
address questions regarding groundwater traveltimes and radionuclide
- concentration releses to the accessible environment under both
undisturbed and reasonable scenario conditions."
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Ae.
& e geohydrologic regime in basalt beneath the Hanford Site has

characteristics favorable to waste containment and isolation. These
include a tectonic setting undergoing a very low rate of deformation, rock
layers of low permeability, plus groundwater traveltimes and potential

radlonuclide release rates well within recommended Federal guidelines. A
summary discussion of present and future hydrologic conoitlons, hydrologic
modeling, shaft construction, and dissolutlon features follows."
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Wroundwater chemistry provides direct long-term evidence of the
water's history. Present data have identified distinct groundwater
chemistries in the shallow versus deep basalts, each with distinguishable
isotopic signatures. i I
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If E74 S 4 1e- Q B ecause
of the greater-than-normal occurrence and length of fracturing in
structurally disturbed areas (e.g., Umtanum Ridge-Gable Mountain
anticline) (see Fig. 3-3), water is considered to seep vertically through
such structures to a larger extent than in nondisturbed areas."/J
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Th< &A ';24e&
j' ydraulic head data collected from within the reference repository

location are being integrated with Hanford-wide information to develop a
more complete understanding of the groundwater system. Within the Saddle
Mountains Basalt beneath the reference repository location, head
elevations decrease with depth from 137.to 127 meters (449 to 417 feet).
Lower heads with depth are characteristic of groundwater recharge areas
such as found in the shallow basalts along the western Hanford Site. Head
elevations are rather uniform within the Wanapum and Grande Ronde Basalts
in the reference repository location, averaging 123 + 1.5 meters
(403 + 5 feet) above mean sea level. These generally uniform head
distriTbutions are common jn the Cold Creek syncline and are interpreted as
indicating an area of lateral-groundwater movement--that portion of the
groundwater system not undergoing major recharge or discharge. The
average areal head gradient In the deep basalts is a low
10-4 meter/meter (foot/foot). Groundwater from the reference repository
location appears to move southeasterly./
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|echhydrochemrncil and isotopic
shifts (coupled with-small vertical hydraulic head gradients) are believed
to delineate flow system boundaries and suggest the lack of significant
vertical mixing of groundwaters in structurally nondeformed areas._
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'9odeling of the near-field groundwater flow system around a
repository indicates that the groundwater flow paths are primarily
controlled by the more permeanle flow tops between successive flows.
Results of modeling also indicate that the minimum groundwater traveltimes
from the repository site to the accessible-enviroment, a distance defined
by the EPA in its proposed regulations (EPA, 1982) as 10 kilometers
(6.2 miles) appear to be greater than 10,000 years. The very small
quantities of radionuclides, which do ultimately travel to the accessibTe
environment, appear to remain small and well below the EPA-proposed
reg l ations.

Over the past several years, a number of far-field hydrologic
modeling studies have been conducted by independent organizations. Each
study had limiting assumptions and used the most recent data available at
the time of the study. Traveltimes were estimated for groundwater
movement between the repository and a discharge point at the Columnia
River, a distance of 8 to 60 kilometers (5 to 35 miles) depending on the
assumed flow path. Traveltimes estimated exceeded 20,000 years.
Regardless of the different assumptions used, these estimated
pre-waste-emplacement traveltimes are significantly longer than the
NRC-proposed technical criterion (NRC, 1981a) of a 1,000-year minimum
traveltime between the repository and the accessible environment.N"
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AREA s 4a4es, t ._ -AEcc
e demonstrated in the Site Characterization Report (DOE, 1982c)

the local geologic and hydrologic'setting can be characterized and
mode ledf -
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kghcertarnty In understanding the geohydrologic regime is a
function of basic data input, the conceptual model, the numerical models,
and how uncertainty propagates from each of these model levels to the next
higher one. The degree of approximation or error in the numerical codes
will be checked in the process of code verif1cation and benchmarking./
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/fe- Ey 5A o le .Sj A enear-field and far-field
models use the concept of an "equivalent porous continuum" to represent
the major basalt flows and confined aquifers. "
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The very low solubility properties of major radionuclides
(technetium, uranium, plutonium, americium) in the reducing (anoxic)
environment of the deep basalt plays in even greater role than sorption in
maintaining release rates below the proposed release criterion.
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'Vs noted in Section 3.1.3.2.1.1, far-field hydrologic modeling hasbeen performed by several independent organizations. Each study concludedthat under pre-waste-emplacement conditions, groundwater traveltimes fromthe repository to the accessible environment substantially exceeded the1,000-year proposed criteria."
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lo'cenarios initially considered applicable
consisted of the following natural, man-induced,.and repositbry-induced
events for the first 10,000 years following repository decommissioning:

e Fault zone directly or indirectly connecting the repository with
the Diosphere

* Shaft seal degradation or failure

* Intrusion by borehole

* Loss of integrity due to microearthquake swarm zone

* Intrusion by basaltic dike.
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' reliminary analysis of the consequences of a microearthquake event
centered at the repository indicates no significant effects over the
10,000-year period of interest!.1
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S-Isi - iM e basalt geohydrologic
environment can be characterized and appears to be a suitable setting for
the long-term isolation of radionuclides qpder nondisruptive and
reasonable disruptive scenario conditions-J
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t( LA EA
' Pie geochemistry of the groundwater In the reference repository

location and surrounding area tends to be buffered by reaction with
basalts that constitute the bulk of the rocks at depth. Because of the
relatively high rock-to-water ratios and because the rock and groundwater
compositions do not change appreciably with time and the thermal gradient
remains constant, changes in groundwater chemistries would most likely
result from an influx of oxygenated surface waters. Such an influx is
likely to be very slow; both theoretical considerations and experimental
results indicate that such water would react with basalt and become
strongly reducing. Thus, oxidization conditions are not expected to
persist. 1
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TABLE 3-2. Environmental Conditions in the Candidate
Repository Horizons.

Flow
Parameter

Cohassett McCoy Canyon Untanum

Depth range* (m) 912.3 - 992.1 1,059.2 - 1,099.4 1,099.4 - 1,170.1.
Mean temperature (OC) 51.2 - 56.0 58.2
Mean hydrostatic
pressure (MPa) 9.2 10.4 11.0

pH 9.5 + 0.05 9.5 1 0.05 9.5 + 0.05
Eh (V) -0.45 + 0.07 -0.45 + 0.07 -0.45 + 0.07
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11N A ese theoretical and experimental studies generally confirm
that the strongly reducing and alkaline groundwaters encountered In a
tuclear waste repository in basalt result in lowered solubilities for many
Bey radionuclides. Specifically, reducing conditions led to the formation
of low oxidation states for many radionuclides that inhibit production of
,table complex species. In addition, it appears that the high pH promotes
the precipitation of most actinides in the form of oxides and hydro;:ides.
Lnsufficient solubility data are available for other important
radionuclides. Static and dynamic (flow-through) experiments that will
address this question are in progress.'
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i'ssing Bleniawskl's (1979). geomechanics classification system, the

rock mass rating values for all three candidate flows are in reasonable
agreement. Only one of the six parameters in the system (specifically the
rock quality designation) differs for the flows. With all three flows in
the *good rock" category, estimated rock mass strength and roof support
requirements would be the same.,"
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Kb seismic
events have been related to specific structure within the Pasco Basin. "
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-e L=A- Cii 4 a 4v 5 "a'Ilts of major
displacement are not anticipated in the shallow-dipping synclinal strata
on the basis that only a few tectonic features that have been found in the
thousands of meters of core drilled within the Pasco Basin synclines and
on the basis of mechanical.analvsissctudles conducted by Price_{1982V'
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Seismicity in the central Columbia Plateau Is-confined to a thin
28-kilometer (17.5-mile) crust and is characterized by temporally and
spatially limited swarms of low magnitude (less than 3.5) shallow
earthquakes that may be characteristic of brittle deformation in basalt.1
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Uncertainties regarding the location of folds or faults, geologic(long-term) and contemporary rate of deformation, geologic structures, andseismicity of the geologic setting with respect to the site will beaddressed during detailed site characterization. These specific studiesto resolve uncertainties are necessary to make a final conclusion thatseismic factors will not lead to a projection of radionuclide releasesgreater than those discussed in Section 960.3-2 of the proposed sitingguidelines (DOE, 1983).
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