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ABSTRACT OF REVIEW: APPROVED BY: K qp %’ [ t',“,' ,

The report under review presents a methodology for delineating
hydrostratigraphic units in the Palo Duro Basin. The methodology
delineates the distribution of porosity (total porosity assumed
equal to effective porosity) and permeability within the strata
of the Wolfcamp Series that lies below the evaporite sequence
that has been assumed to be an aquitard. The methodology uses
data derived from drill cutting sample logs, core logs, porosity-—
log cross plots, and empirical porosity—-permeability
relationships for limestone, sandstone, and shelf margin and non-—
shelf margin dolomite.

Williams and Associates considers the product contained in this
report to constitute progress — toward the definition of
hydrostratigraphic uniﬁsfin”fhe Falo Duro Basin. The only major
concerns that we have regarding the material contained within
this report are the manner in which permeability is measured and
the fact that total porosity is assumed to be equal to effective
porosity. In addition this report differs from the other reports
which assume the Wolfcampian Series to constitute a sinagle
hydrostratigraphic unit {(aquifer). We also have several minor
concerns regarding the limitations of the data base.
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BRIEF SUMMARY OF DOCUMENT:

The report under review presents an estimate of the geographic
distribution of the following hydrogeologic parameters: average
porosity, average matrix  permeability, and the product of
permeability and thickness for non-shaly Wolfcamp sediments.
Lithofacies correlations for the Brown Dolomite and the
Wolfcampian Series strata were derived from analyses of sample
logs, core 1logs, and porosity logs. The results of porosity
. distribution studies were  incorporated with empirical
porosity/permeability relationships for dolomite, limestone, and
sandstone. Average permeability and the product of permeability
and thickness trends were mapped.

The report states that sonic logs are sensitive to intergranular
porosity but are insensitive to secondary porosity. Neutron logs
are sensitive to hydrogen concentrated in fluids (water, oil, or
gas). Density logs are sensitive to the electron density of the
formation. The report states that the analyses of Wolfcamp
lithology and porosity have demonstrated that the simultaneous
analvysis of neutron and density 1logs more accurately identify
limestone and dolomite lithologies. The neutron—-sonic crossplot
{(simultaneous plot of neutron and sonic geophysical log
responses) is less accurate in identifying limestone and dolomite
lithologies;s the less accurate identification is due to an
insensitivity to secondary porosity. The report states that "A
one-to-one association between neutron—-density crossplot—-derived
porosity and core-plug derived porosity ... also was found" (p.
3. Shaly intervals were distinguished from non-shaly strata by
anomalously high neutron and density porosities.

Log responses were resolved on a three-foot interval. Published
cross plot - charts from -Schlumberger (1979} were used For
interpreting porosity and lithology from log data. Cross plot

derived 1lithologies were compared with sample logs and core logs
in nearby wells. The report notes that cross plotting results
are influenced by mineralogy. The presence of silica (5i0=2) and
shale are two mineralogies which affect cross plotting results
significantly.

The dependence of permeability on porosity was evaluated based on
permeability measured in laboratory analysis of core plugs. The
log normal association between permeability and porosity is
illustrated in figures included in the report under review. The
report states that limestone and dolomite each show a two sloped
increase in the log of permeability corresponding to a linear
increase in porosity. The report states that "Shelf-margin
dolomites are distinguished ¥from non-shelf-margin dolomites by
higher permeabilities associated with equivalent porosities" (p.
S). A high porosity/low permeability zone is found in an oolitic
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sequence found in the northwestern part of the study area. The
northwestern part of the study area is near the Oldham-Deaf Smith
County line. The report states that the Granite Wash was
characterized by &a linear increase in the log of permeability
which was associated with a linear increase in porosity. The
distal Branite Wash sediments form a permeability-porosity
relationship distinct from that of the proximal Granite Wash
deposits. The report states that the proximal Granite Wash
deposits have an exceedingly high permeability relative to
porosity values from the same cores.

The report makes three basic assumptions for the purposes of
determining the ageographic distribution of the hydrogeoclogic
parameters of porosity and permeability. These assumptions are
"All non-shaly porosity is intergranular and interconnected or
effective.”" In addition, "Discreet lithologic packages of porous
zones can be treated as pure dolomite, limestone, or sandstone
for purpose of establishing porosity-permeability relationships”
is assumed also. The third assumption is: "Permeability
parallel to bedding is isotropic with respect to its compass
orientation" (p. 6-7).

Lithologic columns were constructed for 27 wells for the Wolfcamp

strata. A "Thickness—weighted average porosity for non-shaly
intervals in the Brown Dolomite and subjacent Wolfcamp strata,
was calcul ated for each well anee" "Comprehensive

hydrostratigraphic characterization of each Wolfcamp lithologic
unit entails assessing the geographic distribution of geologic
parameters {(for non—-shaly intervals), thickness-weighted-average
porosity (Oavgl).: thickness—weighted-average permeability (kavg).,
and permeability—-thickness production <(k x h)." The -report
states that the Brown Dolomite and subjacent strata in the
Wolfcamp Series were treated as individual units. The arithmetic
mean was used to determine the thickness—-weighted-average
porosity. - The arithmetic mean also was used to determine the
thickness—-weighted—average permeability. The report points out
that the permeability-thickness product (k 3 h)  approaches
transmissivity; transmissivity is dependent upon the intrinsic
matrix permeability, fluid density, and viscosity.

The report presents a Ffigqure to illustrate the net thickness
trends for shale. The report presents a sequence of figures for
the Brown Dolomite and the Wolfcamp strata which is subjacent to

the Brown Dolomite. The sequence of Ffigures includes the
distribution of thickness—-weighted—average porosity, average
permeability and permeability—-thickness product. The axes of

increased porosity are comparable between the Brown Dolomite and
the Wolfcamp strata. The preferred orientation for increased
porosity is north—-northwest to south—-southeast. Trends of
agreatest permeability are oriented north—-south to northwest-—
southeast for both the Brown Dolomite and Wolfcamp strata.
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The information contained in the report under review is important
to the Waste Management Program because of the stratigraphic
relationship of the Brown Dolomite and Wolfcamp Series strata to
the vyounger Permian salt aqguitard sequence. This report is
important also because it demonstrates also that the Wolfcamp
Series can be broken into more than one hydrostratigraphic unit.
This report is the Ffirst TBEG report that reaches this
conclusion. - The predominant vertical head gradient in the
section suggests downward leakage from the Permian salt aquitard
to the Wolfcamp strata. The apparent relatively high porosity

and high permeability of portions of the Wolfcamp sediments also
are important +to the program because the Wolfcamp sediments may
constitute the preferred hydrogeologic conduit along which
radionuclides could be transported to the accessible environment.

This report 1is important also because it presents a new
methodology for site characterization wherein borehole geophysics
and laboratory data are correlated with field data (sample logs,
albeit somewhat limited) - to try and define hydrostratigraphic
units in the Wolfcamp  Series. The definition of
hydrostratiaoraphic units is important to the program for the
purposes of developing the conceptual models of flow, appropriate
testing plans, and the assessment of ground water travel times in
the basin. '

The "Deep-Basin Brine Aquifer" is referred to in several reports
reviewed to date. These reports (Senger and Fogg, 19843 Kaiser,
1985; Orr and Senger, 1984: Senger, 1984) refer to the Wolfcamp
Series as an aquifer. We do not believe that the Wolfcamp Series
should be referred to as an aquifer. Our review of OF-WTWI-1984-
44 presents our views on this use of the term aquifer.

PROBLEMS, DEFICIENCIES, QE'LIMITATIDNS OF REPORT:

The report states that the results of this study may be used to
predict the location of potentially favorable reservoir
parameters. The report states that future drilling targets for
hydrocarbon resources may be ascertained from the results of this
study. We believe the most important aspect of this study is its
relevance to the disposal of high level radiocactive waste and not

the determination of reservoir properties for hydrocarbon
production. The results of this study may be very useful for the
determination of site characterization plans. The issues

considered by the Nuclear Requlatory Commission and the
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Department of Energy both are oriented toward determining the
most probable groundwater flow paths and the determining of
groundwater travel time. The results of this study can be used
to orient the field program for quantifying the parameters which
are required for determining flow path and ground water travel
time. The report is the first  report we have reviewed that
divides the Wolfcamp Series into more than one hydrostratigraphic
unit, Previous reports (cited above) treat the Wolfcamp Series
as a single aquifer.

The report has made use of geophysical logs to an extent which
has not been conducted at the other sites to date. The use of
geophysical logs in this manner should be investigated further.
We wish to point out that these indirect methods of determining
hydrogeologic parameters are subject to interpretation and
definite data limitations. This fact is not pointed out in the
report under review. Specifically, the determinations of
porosity based on geophysical logs are limited to the volume of
material which the 1log has encompassed within its range of
sensitivity. The small volume of influence limits the capability
of the geophysical logs to detect secondary porosity on a scale
that might be detected by other means of in-situ hydrogeologic
testing such as tracer tests. The apparent cross correlation of
porosity derived from borehole geophysical 1logs and porosity
determined +from laboratory analyses of core-plugs is limited by
the inherent problems associated with laboratory tests. The core
represents a very small volume of the formation sampleds: the core

has had its internal stresses released as it was extracted. The
reinstitution of stresses is problematical with respect to
measurements of porosity and permeability. FPermeability is

determined by an empirical relationship developed from core data:
permeability measurements are subject to the same constraints
noted for porosity.

Permeability data are derived from core analyses. These
permeability values are not compared or correlated to in-situ
measurements of permeability. Permeability values derived from
testing core are believed to be lower than in-situ measurements
of permeability. Values of permeability obtained by in-situ
testing can be categorized by the method of testings small scale
single well tests usually vield lower values of permeability than
large scale multiple well tests or values derived by inverse
modeling (Bredehoeft et al, 1983). The differences in values
obtained by different methods of testing are believed to be due
to the volume of material that is stressed during testing. Core
samples constitute the smallest volume of material tested. In-
situ tests stress varving volumes of material depending upon the
type of test conducted and the duration of the test. Inverse
modeling usually incorporates the largest volume of material.
Secondary porosity—-permeability features are more apt to be
incorporated into the volume of material tested as the size of
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the volume increases. The values of permeability measured by
testing will increase as these secondary permeability features
are incorporated in the test volume.

The report points out another problem associated with the
analysis of geaophysical logs. Mineralogy (silica and shale) can
affect the interpretation of +the 1log data. The mineralogy
introduces another uncertainty into the analysis of log data.

The assumptions of the report should be reiterated because they
severely constrain the results: of the study. The first
assumption states that total porosity is equal to the
interconnected porosity (effective porosity). The second
assumption = assumes that each of.  the 1lithologic =zones is
homogeneous. The third assumption assumes isotropic conditions.
The limitations are common. to analytical solutions and are
commonly encountered in most methods of analysis.

The report states, as noted 1in Vthe brief summary, that the
permeability—thickness product approaches transmissivity but is

not equal to transmissivity. The report uses intrinsic
permeability which does not reflect fluid density and fluid
viscosity. Incorporation of these two parameters into the

product would produce values of transmissivity. The report does
not plot true transmissivity as noted in the brief summary. This
point should be kept in mind when reviewing the data. The values
of fluid density and fluid viscosity are not noted in the report
under review. It would be useful for the data to be included in
order for the reviewers to be able to make an independent
assessment of the permeability-thickness product maps.
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Hanford strugglmg with.

By JOHN K. WILEY
Associated Press

RICHLAND - Permanent disposal of hlghly ra-
dioactive defense wastes has been pending for 40
years, “but it’s certalnly something you need to get
started next year,” says a Hanford waste manage-
ment official.

Jerry D. White, director of the U.S. Department
of Energy’s defense waste management program at
the Hanford nuclear reservation, said cleanup of
the radioactive liquids and =olids stored there is
expected to take at Jeast 30 years. :

Tight budgets and policy changes in the mterim
. could stretch that to 50 years or more, he said.

Although new storage tanks are designed to last
~ that long, efforts toward permanent dlsposal need

‘to begin now, White said. oy
~ “It's nothing you need to do (completely) next
' year, but it's certainly something you need to get
started next year,” he said. L

Most of the wastes, left over from more than 40
years of weapons production, are stored near the
center of the nuclear reservation in reinforced con-
crete tanks lined with carbon steel. The Energy De-
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turing of nucledr weapons.
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partment is preparing a draft environmental im- { the one that is finally chosen, mainly because of
pact statement outlining its plans for permanent) public concerns over the safety of the tanks, some
dlsposal of the wastes. ¥ of which already have begun to leak.
Hanford stores 62 percent of the nation’s hith
level defense wastes, byproducts of the manufac- {' he aaid..

White said the 1,500-page document. expected to) es in a repository would involve considerable risks,
be released in March, details four possibl( “lu- ‘ es;( "ally to workers, he said.
tions, including:

‘® Processing the wastes by draining or rnlnlng;radloactlve materials, White said. “But trying to
them from the tanks, sealing them in glass, and ' dig up all the defense wastes (for burial in a reposi-
placing them in steel canisters in a proposed “deep . ) is like taking someone with a slight head cold
geologic” repository. This would take care of 98 | and putting them in intenisive care.”
percent of the defense wastes at Hanford, he said.

o Stabilizing the wastes in place, by c0verlng all) lmrylng some of the ihore dangerous wastes in
storage and dump sites with protective barriers, ' unde;

e A “réference alternative” that calls for proc- 'the less harmful ones in place, he said.

essing of readily retrieved high-hazard wastes for . - Whatever . options are chosen, Whlte gaid he”‘
project begins with the most serious-

storage in repositories and stablllzlng dlfﬂcult-to— ihopes the

retrieve wastes in place. ‘ problems: the single-walled tanks. .
© Do nothing. This option would simply contlrme i - “The end process of the EIS is a record of deci-

the practice of storing the defense wastes in the ; sion,” he said. “When we get to that end, we hopeto

double-walled tanks and monitoring them for leaks, get a decision early on for the single-walled tanks.”

White said he doesn’t think the last option. wlllbe ’l'here are about 58 mllllon gallons of defense
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“I don’t think it is acceptable, but lt’s an option,”"
The optlon of digging up and storing all the wast- i

ere Is always someé risk involved” in handling

What is chosen likely will be a combination of
repositoriés and etablllzlog some of

¢

nuclear weapons waste

astes stored in 149 single-walled and 20 double-
walled tanks in the 200 area near Hanford’s chemi-

_cal reprocessing plants, said Bill Heine, Rockwell's

waste program manager.

Rockwell, chief contractor on the reservation,
anages the “tank farm” where defense wastes
are stored.

The single-walled tanks, some of them 40 years
old, no longer are in active service, the Energy
Dlepartment said. A number of the tanks have be-
leaking, and a program to “stabilize” the wast:
es by pumping out and evaporating the liquids is
ed to be completed in the 1990s.

'| However, radioactive solids called “salt cake," '
d-like studges and slurry materials, still remain

Unlike thé proposed civilian nuclear waste
tory.— which wotild bring spent fuel rods tor
ge from reactors across the nation — the de-
se wastes already are at' Hanford and must be
It with, said White,

1 The proposed civilian high-level waste reposi-
ry is a side issue in the disposal of defense wast-.
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| DOE plans massive public
education plan on waste site

Assoclated Press

radioactive defense wastes than

sal options, says a top. Hanford
waste management official.

gram has been criticized by citi-
zen activist groups, such as
Greenpeace and the Washington
Public Interest Research Group. -
Richard Wilde, Rockwell Han-
ford’s -environmental impact
“coordinator, sald ~the series of
-open houses ‘and public -
workshops in Washington and
Oregon are intended to broaden
public knowledge and solicit pub--
lic comment on defense wastes at

' miss the chance to explain dispo-

The Energy Department’s pro- )

- Hanford.

RICHLAND — The Depart- g
ment of Energy would rather be -
- criticized for a $1.S million pub-
lic education program on highly

Wilde shrugs off criticism of

the program’s costs and motives.
--*“I would rather be subjected to
that criticism ... as long as every-
‘body who wants to gets involved”
in the public comment process,
he said.

‘Karen Wheeless, spokeswoman
for the Energy Department’s
Richland office, said the $1.5 mil-
lion-allocation is to fund a six- to~
eight-month program that includ-
es the open houses, public

- workshops, public heanngs and
hearings before various congres-
monalmdstateagencxes — e

“The first draft of the Hanford -
defense waste environmental im-
pact statement is expected to be
issued in March.

The period for comment on the .
defense waste EIS is 120 days,

.- Wilde said, noting that the nor-

mal comment period is 90 days.
“One of the groups expected to
‘have something to say is the
Hanford Education Action
League.

“We have been concerned

~ about (defense wastes) for a long
- time,” said the Rev. William

.Houff of Spokane, the group’s
president. ,
“We consider it a more serious
-issue than the (proposed civilian
nuclear - waste) repository, one
“hat is enormously greater be-

Vuse itis already in process," he

Det'ense wastes have been

|~

——| _—gram_is_to.be.sure that (the de-.

st“orea‘o‘n “the “Hanfordmaclear ——
reservation since the mid 1940s.
- Because the wastes already
‘e stored there, decisions on
to permanently dispose of
them will be easier to make,
Wilde said. S ‘ »
“We're going at this in a very
positive way,” Wilde said. “We're

- taking an existing situation and - .

making it better.”

Even the Washington State Nu-
clear Waste Board concluded
“many people feel that moving
the defense -waste - currently
stored at Hanford into & perma-

~ nent disposal facility will be an

improvement over the way de-
fense wastes are now stored.” :

But the board, in an informa-

tion paper issued in January, also

concludes that “the main objec-

tive of the state’s review pro-
fense . waste EIS proposals) are -
technically sound and that all po-
tential options are thoroughly
analyzed.” .

- The planned open houses and
workshops were scheduled to an-
swer the public’s questions about.
possxble health risks, Wilde said. -

_+ ~“The EIS is comphcated be-
cause we are trying to tackle ev-
erything at once,” said Wilde of
the 1,500-page document. The
technical nature of the subject
“makes it hard to understand and
makes it hard to explain to the
public.”

Some of the open houses will
be held before the document is
‘released, while the workshops
will be held after the EIS is is-
sued, said Wheeless




