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Dear Leo,

On September 6, 1984, and October 4, 1984, your office provided comments
on the final Remedial Action Plan (RAP) for the Shiprock inactive uranium
mili tailings site. Discussion toward resolution of those comments has
been ongoing between your technical staff and our Technical Assistance
Contractor staff (TAC) since our receipt of your first set of comments,

I understand that agreement has now been reached on all technical comments
except size and durability of the erosion control rock cover, The
specific resolution of each NRC comment is found in the following
enclosures to this letter:

1. Remedial Action Plan and Site Conceptual Design for Stabiliation of
the Inactive Uranium Mill Tailings Site at Shiprock, New Mexico, Revised
Final, December, 1984,

2, Shiprock Remedial Action Plan and Site Conceptual Design NRC
Comments, September 6, 1984, and DOE Responses December 7, 1984,

3. Shiprock Remedial Action Plan and Site Conceptual De51334NRC
Comments, October 4, 1984, and DOE Responses, December 7, 1984,

As in the case of the Salt Lake City site, I understand that the NRC can
now provide conditional concurrence on the Shiprock RAP, and will sign the
RAP signature page which you should receive from the Navajo Tribe within
the ext few days. Final NRC concurrence will be provided upon successful
res0lution of the rock size and durability questions.

We continue to have reservations regarding NRC's concurrence role with
the environmental, health and safety; radiologica! support; and quality
assurance/quality control aspects of the RAPs, Therefore, these remain
open items to be resolved on a generic basis during negotiation of the
pending DOE-MRC Memorandum of Understanding.
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DEC 14 N

Mr. Leo Higginbotham -2-

I wish to thank the NRC technical staff for its diligent efforts in work-
ing with our TAC staff in resolving the technical concerns about the
Shiprock RAP, and I look forward to receiving your conditional concurrence

and the signed signature page.

Sincerely, X
J

n G. Themelis, Project Manager
Uranium Mill Tailings Project Office

3 Enclosures

cc w/o enclosures:
J. Baublitz, NE-24, HQ
L. Stepp, JEG



SHIPROCK REMEDIAL ACTION PLAN AND SITE CONCEPTUAL DESIGN
NRC COMMENTS, SEPTEMBER 6, 1984
AND
DOE RESPONSES DECEMBER 7, 1984



1.

NRC COMMENTS
SHIPROCK RAP

COMMENT:

Slope Stability and Seismic Risk Evaluation (Page 61, Section 10, Attach-
mcn% A to Appendix E): The Remedial Action Plan (RAP) proposes a slope of
five horizontal to one vertical (5H:1V) for the 50-foot-high tailings em-
bankment. Figures 10.1 and 10.2 of Appendix E to the RAP show the existing
conditions and the critical cross-section used in the stability analysis.
The critical cross-section through the embankment slope shows a layered
stratigraphy that includes a soft slime layer, The RAP presents a stabil-
ity evaluation using a slip circle method of analysis. A major portion of
the failure surface of the critical slip circle passes through the slime
layer. Only the long-term stability of the slope was investigated. The
minimum calculated factor of safety is 2.5 for the static case, and 1.5 for
the pseudo-static case (using a seismic coefficient of 0.13).

The slip circle method of slope stability analysis is not appropriate for a
cross-section with layered stratigraphy, particularly with a very soft lay-
er, The sliding wedge method of stability analysis with the failure plane
through the soft layer (slime) is more applicable in this case, and will
yield a factor of safety lower than that determined by the slip circle meth-
od. The slope stability analysis presented in the RAP should be revised us-
ing the sliding wedge method of analysis.

The physical and strength properties of the slime layer are based on min-
imal data: four sets of moisture content and in-situ dry density data from
four borings, two sets of Atterberg limits, one multi-stage triaxial test
on a remolded sample, and one set of direct shear tests on remolded samples
(SHP PSCR). Tne strength parameters (C=0;9 =15°) were assigned on the ba-
sis of engineering judgement because all the strength tests were conducted
on samples at dry densities significantly higher than the in-situ dry densi-
ty of the slime layer. The test data indicate that the in-situ moisture
content of the slime is higher than its liquid limits, and the in-situ dry
density of the slime ranges between 52 pcf and 73 pcf. Because the slime
is the softest material in the tailings embankment, its strength propcrties
control the scability of the embankment slope. The strength parameters for
input into a sliding wedge analysis should be established based on results
of additional tests on samples at in-situ densities or, as an alternate, it
should be shown by a parametric stability analysis that the slope is sta-
ble, r:on for a very conservative assessment of the strength properties of
the slime,

The RAP presents results of the long-term analysis only, whereas stability
of the embankment slope both at the end-of-construction condition and the
long-term condition should be investigated. Appropriate shear strength
parameters, particularly for the slime, should be used in the stability
analysis for the end-of -construction condition,




The seismic design criteria mentioned in the RAP is a Maximum Credible
Earthquake (MCE) of magnitude 5.75 with a peak ground acceleration of 0.13
g. The seismic design criteria mentioned in the PSCR is an MCE magnitude
.75 with a peak ground acceleration of 0.05 g. This discrepancy in the
PSCR should be rectified.

The slope stability anmalysis presented in the RAP should be revised in ac-
cordance with the above comments,

RESPONSE :

The slope was evaluated using a wedge analysis. Three trial wedges were
taken, as shown in the attached analysis. The minimum factor of safety was
found to be 1.7 for stripping of the cover, which assumes a shallow failure
plane in the slimes just below the tailings-cover interface. The safety
factor increases with increasing depth into the slope and equals the safety
factor (2.5) obtained in the circular arc analysis. The minimum obtained
is still above the accepted factor of safety of 1.5. For seismic loading
conditions, the factor of safety for the shallow failure plane is reduced
to 1.1. This value increases for deeper failure planes.

In order to evaluate the effect of varying slimes material friction angle
values upon the safety factor, additional analysis of the wedge was per-
formed. The factor of safety versus friction angle was plotted and is
shown in the attached calculations. A factor of safety of 1.5 still is
obtained even when the friction angle is reduced to 10 degrees.

Appropriate material properties of the embankment and foundation materials
are not available for end-of-construction analysis. The only layer which
may be affected by end-of-construction instability would be that of the
slimes layer where there may be a potential for excess pore pressures to de-
velop. Analyses were performed which indicate that the required material
properties of the slimes of® =0 and (=325 psf are required for a factor of
safety of 1.3. Blow counts of the slimes indicate a minimum cohesion of
1000 psf, therefore, the siope will be stable during and immediately follow-
ing construction,

The PSCR will include wording to document the use of a 0.13 g ground accele-
ration.

COMMENT :

Liguefaction Analysis (Page 63, Section 10, Attachment A to Appendix E):
Your response to comment No. 5L stated that the slimes within the tallings
embankment have a potential for liquefaction when subjected to seismic load-
ing. The RAP presents factor of safety against ligquefaction at two loca-
tions for sand only, and does not discuss the ligquefaction potential for
the slimes. Liquefaction potential of the slime should be addressed in the
RAP,




RESPONSE :

As stated in the RAP (Page 64, Section 10, Appendix E), the tailings
slimes were analyzed for liguefaction. Only the slimes have a potential
for Tiquefaction because they are the only soils in the embankment that ap-
proach saturation. Where slimes are not saturated, they will not Tiquefy
under seismic loading.

Seed and Idriss (1982) present methods of analysis for sands and silty
sands. They also discuss the effects of soil gradation upon the analysis
(Pages 107 and 108). They conclude that more fines in the analysis result
in a more conservative estimate of liquefaction potential due to reduced
blow counts in the finer grained soil. Therefore, the analysis using the
curves presented by Seed and Idriss will be conservative for the s!imes
within the tailings pile. The wording within the RAP will be changed to
clarify the analysis.

In addition to the conservatisms of the analysis, the slimes appear to ex-
hibit some cohesion and there is no true water table in the embankment.
Rather, the slimes are zones which will range from partially-saturated to
saturated. If liquefaction were to occur in the s)imes, it would be limit-
ed to small pockets and would result in differential settlement of the em-
bankment rather than slope failure,

COMMENT :

Gully Reconstruction on Escarpment (Page 72, Section 11, Attachment A to
Aggondix E): DOE's response to the NRL comment on this item (comment No,

is very general. The RAP does not provide enough information to enable
an assessment of the stability of the gully reconstruction. However, we
recognize that the design is intended to protect the escarpment from long-
term erosion and does not have a significant effect on the stability of the
tailings embankment. The surveillance and maintenance of these reconstruct-
ed gullies on the escarpment should be a part of the long-term surveillance
plan for the Shiprock site. A specific commitment tc this should be includ-
ed in the RAP,

RESPONSE :

A specific comment will be included in the RAP incorporating long-term sur-
veillance and maintenance of the reconstructed gullies,

COMMENT :

Filter Layer (Pagr. 27, Section 4, Attachment A to Appendix E): The RAP
commits to using a graded filter between the rock cover and the earth cover
beneath it, It should be clearly stated that this graded filter is in addi-
tion to the seven feet of earth cover on top of the tailings. If the thick-
ness of the earth cover is reduced so that the total thickness of the earth
cover and the filter is seven feet, then the radon barrier thickness calcu-

lations should be revisec and submitted to NRC for concurrence.



RESPONSE :

The thickness of the radon barrier and the cover is seven feet. The filter
material is in addition to the seven-foot thickness of the radon uarrier.
This will be clearly stated in Page 27, Section 4, Attachment A to Appendix
E of the RAP. It is already shown on Figure E.5.5, page £-30 of Appendix

COMMENT :

Gravel/Cobble Rock Cover (Page E-13, Paragraph 4): The RAP states that
gravel and cobble are available from the proposed borrow source and, if nec-
essary, they will be recovered from the alluvium by screening. Since these
have to meet the long-term durability criterion, the RAP should provide
more data on the selection, placement, and testing for these materials.

RESPONSE :

The rock used for erosion protection will be screened out of the borrow
source, Before the material is placed, it will be tested by the Remedial
Action Contractor (RAC) for its grain size distribution and durability,
Additionally, once construction has started, the RAC will conduct an ongo-
ing testing program which will ensure that the material meets the specifica-
tions for material selection, testing and placement. These specifications,
to be performed and followed by the RAC, are described in the following
paragraphs. _

Material selection, testing, and placement

The sources from which the rock will be obtained should be selected well in
advance of the time when the stone will be required for placement., The ac-
ceptability of the rock should be determined by service and/or by suitable
tests., If testing is required, suitable samples of rock should be taken us-
ing Standard Practices for Sampling Aggregate (ASTM 075), at least 60 days
prior to the start of construction. Additionally, the approval of some
rock from a borrow area will not be construed as constituting the approval
of all rock taken from the borrow area.

[f service records are not available or do not exist, resistance to disinte-
gration from the type of exposure to which the stone will be subjected
should be determined by any or all of the following tests, depending on the
rock to be used and the site climatic conditions.

1. One of the parameters needed in the design of the size of rock required
for erosion protection is the specific gravity. Additionally, the spe-
cific gravity and absorption (ASTM C127) can be used to evaluate the du-
rability of a rock. The specific gravity of a rock is an indicator of
its strength., The higher the specific gravity, the better the quality
of the rock. The specific gravity is also a good indicator of a rock's
ability to withstand cycles of freezing and thawing.




Absorption by itself is not a good indicator of a rock's freeze/thaw
characteristics. However, a low absorption is a desirable rock proper-
ty in that it indicates the rock will not disintegrate rapidly due to
salt action and mineral hydration.

It is recommended that suitable rock have a specific gravity greater
than 2.60 and an absorption less than 1 percent.

2. When riprap must withstand abrasive action from material transported by
streams or large flow on or adjacent to the pile, the Los Angeles
Abrasion Test should be wused. Wwhen the abrasion test in the Los
Angeles Machine (ASTM Cl31 or C535) is used, the stone shall not have a
percentage loss of more than 40 percent after testing. For ASTM Cl3l,
the ratio of the loss after 100 revolutions to the loss after 500 rev-
olutions should not exceed 20 percent for material of uniform hardness.
Likewise for ASTM (535, the ratio of loss after 200 revolutions to the
loss after 1000 revolutions should not exceed 20 percent.

3. In locations subject to freezing or where the stone is exposed to salt
water, the Sulfate Soundness Test (ASTM (88) should be used. After
five cycles, stone should not have a loss exceeding 10 percent if sodi-
um sulfate is used, or 15 percent if magnesium sulfate is used.

4, A better guide to weathering which may be used in place of Item 2 above
is AASHTO Test 103 for ledge rock, Procedure A, From this test, the
stone should not have a loss exceeding 10 percent after 12 cycles of
freezing and thawing,

5. Another method which can be used to evaluate durability of a particular
rock is the hardness test as determined by the Point Load Test; or the
Schmidt Rebound Hammer, [f the Point Load Test is used, a value >300
is acceptable., [If the Schmidt Hammer is wused, a value of <25 is
acceptable.

It must be recognized that considerable judgement is required during site
evaluation and selection of laporatory testing procedures. T:e index tests
selected are dependent on the availability of laboratory test equipment,
There is sufficient similarity among the various tests described to judge
the durability of a rock source with a minimum amount of testing. A great-
er number of tests should be run on rock types that have been judged to be
marginal during site investigations.

Should any of the rock being evaluated for use as erosion protection not
meet the recommended standards for acceptable rock durability, a new rock
source should be sought within a reasonable distance from the site,

If any alternate rock source of better durability cannot be found, the size
of the rock should be increased to take into account the degradation of the
rock with time, The increase in size is subjective but it is proposed that
the rock size be increased by the percentage that the rock fails a
criteria,



when placing the rock, each load of rock should be reasonably well-graded
from the smallest to the maximum size specified. Gradation can be con-
trolled by visual inspection or, if the rock size is not greater than three
inches, the rock gradation can be physically tested using U.S. standard
sieves of the appropriate sizes.

COMMENT:

Quality Control/Quality Assurance (Page 41): The RAP presents only gener-
al guidelines on the QA program. sSpecific details such as the type of qual-
ity control tests, frequency of such tests, and procedures to address
instances of non-compliance should be provided in the RAP or in a separate
document for concurrence by NRC.

RESPONSE :

The quality control/quality assurance requirements in regards to type of
test, frequency of test, and non-compliance procedures were outlined in the
SCD, by the TAC, but based on prior comments received from the NRC these re-
quirements are being transferred to the RAPs for each site. The details
for implementation of these requirements will be addressed in a site-
specific remedial action inspection plan developed by the RAC and concurred
on by the UMTRA Project Office and the TAC.

COMMENT:

Health and Safety Plan (Section 6.0 and Appendix D): We will need to
review the contractor's impliementation plan, Health Physics Monitoring Plan
(MK -UMTRA-3), before concurring on the health and safety aspects of the
Shiprock Remedial Action Plan. Because the Shiprock Health and Safety Plan
has not yet been incorporated into the Health Physics Monitoring Plan, a
complete NRC review of the Shiprock health and safety is not possible.

RESPONSE :

The Shiprock Health and Safety Plan prepared by M-K will be available for
your review in December 1984,

COMMENT :
Radon Barrier (Section 2.0, Attachment A to Appendix E): In your re-
sponse to comments on the dra , you have provided reasonable an-

swers to NRC questions on radon barrier mode! methodology. However,
because of the complexity of the design assumptions used to model the site,
the TAC may have difficulty implementing the design in the field., For exam-
ple, the model would require construction of 2.5-foot layers of tailings
and cover with different parameter values specified for each layer, A sim-

pler mode] would allow easier design implementation and would be more rep-



resentative of final site conditions. A three or four layer mode! is
suggested - two layers of tailings (6 to 10 feet of lesser contaminateg
material on top) and one or two cover layers.

The TAC's job is further complicated because the instructions in the RAP
are at times contradictory. For instance, Section 1.0, I1.B.2. states that
sands will be placed in the top six feet of tailings while Tables 1.2 and
2.4 show sands in the upper ten feet,

RESPONSE :

The modeling of 2.5-foot layers is done to correspond to actual pile data
taken at incremental depths of 2.5 feet. These data are then used in the
RAECO code to compute the cover thickness. [t is not intended to be a con-
struction specification,

We have checked our calculation using the fewer layers as the NRC suggest-
ed. The results are essentially identical to that which is presented in
the RAP.

As far as the comment regarding 10 feet of sands (based solely on radium
content), the low radium content material exists in place so therefore it
will remain at that location. Only in fill areas will less than 10 feet of
sand be present. However, an overall average of 10 feet of low activity ma-
terial will result,

The RAECO will be rerun when the final grading and construction sequence
has been ¢stablisned for the final design, No specifications of the design
parameters are considered appropriate at this time., The RAP has been
changed to clarify this matter.



SHIPROCK REMEDIAL ACTION PLAN AND SITE CONCEPTUAL DESIGN

NRC COMMENTS, OCTOBER 4, 1984
AND
DOE RESPONSES, DECEMBER 7, 1984




1.

NRC COMMENTS
SHIPROCK RAP

COMMENT :

Attachment A, Section 4.0, p. 25: It is our position that the design meth-
od for sizing of Tong-term erosion protection for the embankment side
slopes is not adequate to meet EPA long-term stability criteria. We con-
clude that the proposed erosion protection could be damagad by rainfall
much less intense than the PMP,

Further, we do not agree that the rockfill hydraulics method (Stephenson,
1959) is the best available method for determining the size of erosion pro-
tection on embankment slopes to resist long-term sheet flow and gully ero-
sfon. This method does not account for future conditions likely to occur
over a 1000-year period; we disagree with your conclusion that this method
will account for areas of flow concentration which will form due to settle-
ment, turbulence, and random flow spreading. We believe that a conserva-
tive analytical method (wnich assumes that areas of flow concentration will
occur) should be used.

An acceptable method of analysis to resolve our concerns would be to assume
that areas of flow concentration occur near the downstream toe of the em-
bankment and that the erosion protection provided must resist the PMP sheet
flow velocity which occurs in that area. Conservative design assumptions
should be used to determine such parameters as drainage areas, Manning's
‘n' values, times of concentration, rainfall intensities etc.

Additionally, the method used to compute the rock size for the flatter top
slopes of the embankment is not considered adequate. The method outlined
above (which accounts for concentration of flow) should also be used to de-
sign the rock protection for the top of the pile.

RESPONSE :

Included after Comment 2.

COMMENT:

Attachment A, Section 4,0, p, 26: It is our position that the velocity
of flow at the toe of the side slopes will be greater than your computed
value of 2 feet per second (particularly if flow concentration occurs). It
fs doubtful that a 050 rock size of less than 7-8 inches will have any prac-
tical value other than to reduce wind erosion potential, Therefore, it is
our position that the D50 rock size for the side slopes and the ditches be
at least 7-8 inches to account for energy dissipation at the toe of the
slopes and for flow concentration,




RESPONSE TO 1 AND 2:

As noted previously, the calculation used to size the rock erosion protec-
tion for the embankment side slopes is conservative. The method is based
on flume studies which accurately represent the design flows and slopes.
Random flow spreading and local flow turbulence are accounted for in the de-
sign equation. Slope changes resulting from differential settlement after
cover placement are calculated to be less than 0.3 percent sloping in any
direction, which is within the tolerances for placement of the cover materi-
al. Little flow zoncentration is expected to develop in the 2 percent top
slope or 20 percent side slope. The safety factors associated with the
time of concentration determination and the flow rate factor of safety of
1.2 associated with the hydraulic design equation provide a conservative
design.

We were unable to find any references or published research which discuss
the use of flow concentrations in the design of erosion protection; there-
fore, this office disagrees with NRC position and philosophy stated above.

COMMENT:

Page E-13: Based on our visual examination of rock from your proposed

rrow area, we believe that some of the rock may be of relatively poor
quality. As a result of this potential poor quality, the average riprap
sizes and layer thicknesses may need to be increased to provide a rock pro-
tection layer that can meet EPA long-term stability criteria.

The two durability tests which you have proposed (p. E-13) are not consid-
ered to be adequate to determine if the rock is of acceptable quality.
Based on our review, we conclude that you should provide a commitment to
perform the tests 'isted in the table below. The table provides examples
of acceptable criteria for rock durability,

Test Criteria
l. Specific gravity 22,60
2. Absorption <0.5%
3. Sodium Sulfate weight loss <5. %
4. Freeze-Thaw weight loss (250 cycles) <0.5%
5. LA Abrasion (100 revolutions) <5, %

If the rock does not meet these specifications (USBR Standaras for Judging
Rock Durability - Depuy and Ensign - 1965) for good quality rock, provide a
commitment to increase rock sizes when the rock-selection task is performed
by the State, If the rock does not meet the above criteria you should dis-
cuss the need to increase average rock sizes to meet the EPA longevity stan-
dard. Wwhen rock does not meet the above specifications you should also
provide a commitment to demonstrate that rock of better quality is not read-
ily available and that the best rock economically available will be used.



RESPONSE:

We agree that four of the tests listed should be run on rock sources that
are proposed for erosion protection, however, we do not agree with the cri-
teria listed.

For the absorption test, a criteria of <1.0 percent is considered reason-
able. Although you have not specified the number of cycles involved with
meeting the Sulfate Soundness Test (Criteria, based upon ASTM standards, we
propose that the loss after (5) cycles be <10.0 percent. Assuming ASTM
C535 for large aggregate is the standard used in the LA Abrasion Test, a
loss of <40.0 percent after 1000 revoiutions is proposed.

The expense and time involved in Freeze-Thaw Testing should preclude its
routine use to determine rock durability unless the other tests indicate
the rock to be of marginal adequacy.

We concur that if the rock fails the criteria, rock size should be in-
creased proportionally to the percentage by which the rock fails the
criteria.

The roc, used for erosion protection will be screened out of the borrow
source, Before the material is placed, it will be tested by the Remedial
Action Contractor (RAC) for its grain size distribution and durability.
Additionally, once construction has started, the RAC will conduct an ongo-
ing testing program which will ensure that the material meets the specifica-
tions for material selection, testing, and placement, These spec-
ifications, to be performed and followed by the RAC, are described in the
following paragraphs.

Material selection, testing, and placement

The sources from which the rock will be obtained should be selected well in
advance of the time when the stone will Le required for placement, The ac-
ceptabilit of the rock should be determined by service and/or by suitable
tests, If testing is required, suitable samples of rock should be taken us-
ing Standard Practices for Sampling Aggregate (ASTM D75), at least 60 days
prior to the start of construction, Additionally, the approval of some
rock from a borrow area will not be construed as constituting the approval
of all rock taken from the borrow area.

If service records are not available or do not exist, resistance to disinte-
gration from the type of exposure to which the stone will be subjected
should be determined by any or all of the foliowing tests, depending on the
rock to be used and the site climatic conditions.

1. One of the jarameters needed in the design of the size of rock required
for erosion protection is the specific gravity. Additionally, the spe-
cific gravitv and absorption (ASTM C127) can be used to evaluate the du-
rability of a rock., The specific gravity of a rock is an indicator of
its strength. The higher the specific gravity, the better the quality
of the rock, The specific gravity is also a good indicator of a rock's
ability to withstand cycles of freezing and thawing.



Absorption by itself is not a good indicator of a rock's freeze/thaw
characteristics. However, a low absorption is a desirable rock proper-
ty in that it indicates the rock will not disintegrate rapidly
due to salt action and mineral hydration,

It is recommended that suitable rock have a specific gravity greater
than 2.60 and an absorption less than 1 percent.

2. When riprap must withstand abrasive action from material transported by
streams or large flow on or adjacent to the pile, the Los Angeles
Abrasion Test should be used. When the abrasion test in the Los
Angeles Machine (ASTM C131 or (C535) is used, the stone shall not have a
percentage loss of more than 40 percent after testing, For ASTM (131,
the ratio of the loss after 100 revolutions to the loss after 500 rev-
olutions should not exceed 20 percent for material of uniform hardness.
Likewise for ASTM (535, the ratio of loss after 200 revolutions to the
loss after 1000 revolutions, should not exceed 20 percent.

3. In locations subject to freezing or where the stone is exposed to salt
water, the Sulfate Soundness Test (ASTM (88) should be used. After
five cycles, stone shoula not have a loss exceeding 10 percent if sodi-
um sulfate is used or 15 percent if magnesium sulfate is used.

4. A better guide to weathering which may be used in place of item 2 above
is AASHTO Test 103 for ledge rock, Procegure A, From this test, the
stone should not have a loss exceeding 10 percent after 12 cycles of
freezing and thawing,

5. Another method which can be used to evaluate durability of a partic-
ular rock is the hardness test as determined by the Point Load Test; or
the Schmidt Rebound Hammer, [f the point load test is used, a value
>300 is acceptable. If the Schmidt Hammer is used, a value of <25 is
acceptable.

It must be recognized that considerable judgement is required during site
evaluation and selection of laboratory testing procedures. The index tests
selected are dependent on the availability of laboratory test equipment,
There is sufficient similarity among the various tests described to Jjudge
the durability of a rock source with a minimum amount of testing. A great-
er rnumber of tests should be run on rock types that have been judged to be
marginal during site investigations,

Should any of the rock being evaluated for use as erosion protection not
meet the recommended standards for acceptable rock durability, a new rock
source should be sought within a reasonable distance from the site,

If an alternate rock source of better durability cannot be found, the size
of the rock should be increased to take into account the degradation of the
rock with time, The increase in size is subjective but it is proposed that
the rock size be increased by the percentage that the rock fails a
criteria,

when placing the rock, each load of rock should be reasonably well-graded
from the smallest to the maximum size specified, Gradation can be



cortrolled by visua. inspection or, if the rock size is not greater than
three inches, the rock gradation can be physically tested using U.S. stan-
dard sieves of the appropriate sizes.

COMMENT

Section 3.6, p. 14: The Shiprock RAP does not characterize adequately
background groundwater quality, As discussed in Section 2.4, pages 7-8,
“any degradation of groundwater quality should be evaluated in the context
of background groundwater quality and the available Quantity of ground wa-
ter" and “site assessments must include monitoring programs sufficient to
establish background groundwater quality and to identify the present move-
ment and extent of contaminant plumes." Consequently, objective evaluation
of water quality data collected upgradient hydraulically from the Navajo
Mill is required to characterize the extent and movement of contaminated
groundwater, in addition to identifying potential beneficial uses of affect-
ed groundwater resources.

The RAP characterizes the quality of groundwater that is upgradient hydrau-
lically from the Shiprock UMTRAP site, but not necessarily representative
of background groundwater quality. As characterized in the RAP, upgracient
groundwater quality is poor with extremely high concentrations of total dis-
solved solids, sulfate, magnesium, and sodium, and high concentrations of
calcium, chloride, and bicarbonate. Anomalous!ly high concentrations of
ammonium, nitrate, and heavy metals in wells 3H, 4H, 12A, 6GT, 56T, 96T,
and 10GT indicate potential contamination of the shallow groundwater system
by uranium recovery operations at the Navajo Mill at Shiprock. The RAP
does not evaluate the causes of this contamination and, therefore, cannot
conclude whether these high constituent concentrations (e.g., up to 5800
mg/1 of N03 in well 4H) are associatea with uranium recovery operations
at Shiprock;

The RAP recognizes tacitly that upgradient groundwater quality may not rep-
resent background water quality by stating “the highest of the uranium val-
ues reported for some upgradient wells may represent residual contamination
due to radial flow away from the pile during active milling" (pg. 14),
Monitoring wells most distant from the Shiprock tailings piles (e.g., wells
3H, 4H, 12A) monitor groundwater that contains higher uranium concentra-
tions than groundwater sampled in some wells very near the piles (e.g.,
wells 8, IH, and 7)., Although the RAP recognizes the potential for ground-
water flow radially away from the tailings piles and evaporation pond dur-
ing and after operation of the Navajo Mill, it does not assess the extent
of this flow or integrate water quality data with such a hydraulic
assessment,

Comparison of water quality data collected by Dames and Moore (1982) and
TAC (1983) findicates significant changes have occurred in the concentra-
tions of constituents in shallow groundwater beneath the Shiprock site dure
fng the last couple years, For example, the concentration of nitrate (as
NOL<N) in well OM-7 in 1982 was determined to be 0.1 mg/1. In compar-
!san the concentration of nitrate in groundwater extracted from well DM.7
in 1‘03 was four orders of magnitude greater (1.e., 1600 mg/1) than the con-
centration determined in 1982, Based on the considerations listed above,



the NRC staff concludes that the hydrogeologic assessments in the Shiprock
RAP do not characterize shallow background groundwater quality.

In addition, groundwater quality analyses documented in the Shiprock RAP,
EA, and PSCR, do not contain sufficient information to allow detailed exter-
nal review, These analyses should be accompaniaed by information such as
the date of sample collection, name of the analytical laboratory, analyt-
ical methods and procedures, performance of analytical laboratory on qual-
ity control samples (i.e., blanks, spikes, standards, and splits), and any
specific observations by individuals who collected or analyzed the samples
relevant to water qualitv uetermination.

This information should also include calculated ion balances (charge bal-
ances) based on concentrations of major cations and anions in water sam-
ples. Several groundwater gquality samples have charge balance errors
greater than 5 percent (see for example croundwater quality analysis of a
sample from well 6 GT, Table 4.4, Shiprock Processing Site Characterization
Report [UMTRA-DOE/AL-0042]). Significant charge balance errors challenge
the validity and accuracy of water quality analyses.

RESPONSE :

RAP Section 4.4, "Water Quality," and Attachment A to Appendix £ have been
modified to indicate that background water gquality may not have been deter-
mined, and to discuss why background water quality cannot and need not be
determined for the limited shallow ground-water system.

COMMENT:

Section 4.4, Pg. 19: The RAP states that the shallow groundwater system
In the Shiprock region is unusable because of its poor quality, yet it does
not cite a reference or provide information necessary to support the conclu-
sion. This conclusion should be supported by citing references ana/or sup-
piying appropriate water quality analyses of groundwater from shallow
aquifers in the vicinity of the Shiprock site.

RESPONSE :

RAP Section 4.4 has been amended to delete the reference to bad quality wa-
ter on a regional basis. Section 4.4 and Attachment A to Appendix £ have
been amended to provide additional discussion of why background quality in
the shallow system has not and need not be determined.

COMMENT :

Section 4.4, Pg. 19: The RAP does not establish background quality of
groundwater within alluvial sediments in the modern flood plain of the San
Juan River, The RAP should be revised to include sufficient information to
establish defensibly background groundwater quality in the alluvium along

‘the San Juan River northeast of the Shiprock site.



RESPONSE :

RAP Section 4.4 and Attachment A to Appendix E, Section 8, have been amend-
ed to indicate that the water quality of the alluvium is assumed to be the
same as that of the river. Section 4.4 states that this is “good quality"
water,

COMMENT
Appendix D, Section D.3, Page D-22: Please provide "DOE-approved" proce-

dures for groundwater sampling and analysis, which are referenced in
Section D.5.4.

RESPONSE :

The referenced DOE-approved procedures for ground-water sampling and anal-
ysis are attached.

COMMENT:

Section 3.2, Pg. 12: The RAP states that raffinate from the solvent ex-
traction circuit was discharged into separate evaporation ponds, yet it
does not include a description or location of these ponds. Contaminant mi-
gration from these ponds into shallow groundwater may account for anomalous
concentrations of constituents such as NH and NO identified in
ground water samples from the Shiprock site. fhe RAP shoald be amended to
characterize the distribution of contaminant sources and the migration of
associated contaminants in shallow groundwater,

RESPONSE

Attachment A to Appendix E, Section 8, has been amended to include a Figure
(8.7) which shows the former raffinate pond area.

COMMENT:

Section 3.6, Pg. l4: The RAP identifies the presence of groundwater con-
tamination associated with uranium recovery operations at the Shiprock
site. It does not, however, characterize the extent of this contamination,
relative concentrations of contaminants in groundwater, and the distribu-
tion of contaminant sources. This characterization, as commented previous-
ly, 1is hampered partially because of an inadequate establishment of
background groundwater quality and inadequate characterization of the shal-
low ground water flow system bereath and in the vicinity of the Shiprock
site (see comment numbers 6 and 14). Once background groundwater quality
is established defensibly and the groundwater flow system is better under-
stood, the RAP should be revised to characterize the extent of groundwater
contamination beneath and in the vicinity of the Shiprock site. The NRC
staff recognizes that the establishment of background groundwater quality

may obviate revisions to the present characterization of the extent of con-

tamination depending on the use potential of the shallow groundwater
system,



In addition, the RAP does not characterize adequately the extent of ground-
water contamination in the alluvial sediments in the floodplain of the San
Juan River. As stated in the letter from Leo Higginbotham to John Baublitz
dated Jure 22, 1984, the characterization of groundwater contamination at
the Shiprock Site does not completely satisfy the EPA regulations. The RAP
does not justify why contamination is not expected to be present in shallow
groundwater in the alluvial sediments along the San Juan River northeast of
the Navajo Mill, According to a reference cited in Attachment A to the
RAP, the U.S. Public Health Service observed six seeps flowing at rates be-
tween 0.5 and 20 gpm in 1960 along the bluff northeast of the Shiprock
site. Analyses of samples of the seeping water indicated that the water
contained high concentrations of uranium (e.g., 4.8 mg/1; see page 43 of
Attachment A to Shiprock RAP). This contaminated water probably recharged
the alluvium along the San Juan River northeast of the mill site.

Other evidence that supports indirectly the existence of grounawater contam-
ination in the alluvium along the river includes the deposition of wind-
blown tailings on the flood plain and in the arroyo north of the Shiprock
site (see Figure 4.1 in the RAP; note that the north arrow in this figure
is incorrect). Leaching of these tailings by infiltrating surface water
could be expected to increase concentrations of tailings contaminants
(e.g., uranium, arsenic, etc.) in shallow groundwater. Quring a site visit
in December, 1983, NRC staff observed numerous seeps and marshy areas in
the arroyo north of the mill site ingicating the possibility that the arroy-
0 acts as a conduit for shallow groundwater flow into the alluvium along
the river. [If the arroyo is a conduit for preferential groundwater flow,
it is likely that contaminants migrated in groundwater away from the
Shiprock site within the arroyo into flood plain sediments during operation
of the Navajo Mill. The Engineering Assessment of the Shiprock site by
Ford, Bacon and Davis, (DOE/UMT-0104, 1G8l1) records the presence of a small
pend in the flood plain alluvium near the incision point of the arroyo in
the bluff northeast of the mill site. Although the purpose of this pond is
unknown, the NRC staff assumes in the absence of contrary information that
the pond contained effluents from the Navajo Mill.

Section 3.6.2 of the Shiprock EA states that alluvium along the San Juan
River near the Shiprock site could yield large quantities of groundwater,
Water for the residents of Shiprock is pumped from the San Juan River up-
stream of the UMTRAP site indicating that water from the river is suitable
for domestic use (see Shiprock PSCR, page 89). To characterize the extent
of groundwater contamination, DOE should sample groundwater within the al-
Tuvium or justify defensibly why shallow groundwater in the alluvium cannot
be considered a potential water resource during the next 1000 years.

RESPONSE :

See responses to comments #4 & #6. Section 3.6 has been amended to provide
additional discussion of the boundaries and limited extent of the shallow
terrace system. The RAP has been amended to note that the San Juan flood-
plain has been sampled to determine the presence of contamination in the
floodplain, Analysis results are expected by December, 1984, Those re-
sults will be added to the PSCR as they become available.
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COMMENT :

Section 4.4, Pg. 19: The RAP states that hydrologic testing indicates
that radionuclides in the shallow groundwater system are migrating slowly
across the site. This statement needs additional clarification including
identification of the migrating radionuclides, the extent of the migration,
rates of migration, direction of migration, and the information to support
this conclusion,

RESPONSE :

Section 4.4 of the RAP has been amended to state that the radionuclides are
primarily uranium. Cection 3.6 has been amended to provide further speci-
fic discussions of which radionuclides are present in the ground-water. The
statement in Secticn 4.4 is meant to imply that radionuclides move concur-
rently with the ground water. In a complicated geochemical setting such as
Shiprock, with no apparent downgradient area, it is difficult to measure
and provide an objective measurement of extent, direction, and rates of
movement of contaminants.

COMMENT :

Section 4.4, Pg. 19: During the site visit by NRC staff in December,
1983, Leon gtepp, TAC, collected several samples of contaminated sediments
in a hoiding pond northeast of the mill site. The purpose of this sampling
was to determine whether these sediments contained organic contaminants
from the discharge of steam-cleaning operations that drain into the pond.
Seepage from this pond probably flows into the unconsolidated sediments in
the arroyo northeast of the mill., The discharge of organic effluents from
the Navajo Mill may have caused groundwater contamination by constituents
that may not be suspected in uranium mill tailings leachate or raffinate
seepage. The results of the sampling and analysis, however, are not provid-
ed in the RAP, EA, or PSCR for Shiprock. The RAP should provide the re-
sults of these analyses and assess the impact of the discharge of these
contaminants on shallow groundwater quality,

RESPONSE :
The purpose of the sampling was not to determine whether the sediments con-

tained organic contaminants but instead to check for toxic metals (EP toxic-
ity). The results of that testing on two samples are as follows (in ppm):

LY 2
Silver cmm- less than 0.02 ---- less than 0.0z
Chromium ———— less than 0,05 ~--- less than 0.05
Cadmium ——— 0.029 ——— 0.041
Lead ———— less than 0.05 «--- less than 0.05
Arsenic ———— 0.018 ———— 0.031
Selenium c——- 0.019 ———— 0.015
Mercury ——- less than 0.001 ---- less than 0.001
Barium ———— less than 1.0 «--- less than 1.0
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The four samples measured for radium indicated the following:

26.6 + 1.4 pCi/g
5.3 +0.7 pCi/g
1.1 +0.2 pCi/g

26.5 + 1.4 pCi/g

The above information will be added to the PSCR.

The water samples recently taken from the floodplain below the arroyo north-
2ast of the mill are being analyzed for total organic carbon. That informa-
tion will also be added to the PSCR when available.

COMMENT:

Section 3.6, Pg. 13: The RAP describes the existence of shallow, discon-
tinuous, perched groundwater lenses beneath the Shiprock site and above the
saturated, upper portion of the Mancos Shale. Below the saturated, weath-
ered Mancos Shale, according to the RAP, exists a 400-foot thick sequence
of unsaturated, low permeability Upper Mancos Shale. The Gallup Sandstone
exists below the Upper Mancos Shale. The first useable aquifer beneath the
Shiprock site is reported to be the Dakota Sandstone, which is separated
from the tailings by about 2100 feet of nearly impermeable, unsaturated
Mancos Shale (see page 14). The information provided in Section 8 of
Attachment A, as discussed below, 1is inadequate to support these
conclusions.

As presented in Attachment A, the shallow, perched, discontinuous ground-
water lenses in alluvium beneath the site “"sere identified by a vertical
head differential of greater than 10 feet in paired wells." These head dif-
ferentials are identified in two well pairs: OM-3 and DM-3A/l; and DM-11/1
and DM/11/2. Evaluation of hydraulic heads measured in these well pairs
and well construction details indicate that the head differentials in these
well pairs do not prove the existence of shallow, discontinuous perched,
groundwater lenses beneath the site,

Wells DOM-3 and DM-3A/1 are completed at different depths within the alluvi-
um and Mancos Shale beneath the tailings piles. According to Table 8.1 of
Attachment A, well DM-3 is completed in both the alluvium and Mancos Shale
with a screened interval extending from 25.4 to 29.4 feet below the ground
surface. In comparison, well DM-3A/1 is perforated in two discrete inter-
vals from 35 to 45 feet and 52 to 54 feet below the ground surface. Water
levels measured in well DOM-3A/1 represent a composite head that exists
across the entire perforated interval, because the monitoring interval is
large compared to that of a piezometer that monitors hydraulic head at a
point in a groundwater flow system. Consequently, a well like DM-3A/1 will
average hydraulic heads exerted across the interval from 35 to 54 feet be-
low ground surface. The significance of "head-averaging" is greater in
flow systems with vertical flow components compared to those where ground-
water flow is predominantly horizontal.

For lack of more precise information, the NRC staff assumes that monitoring

wells like DM-3A/1 measure the hydraulic head that exists at the center
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point of the perforated interval. The elevation distance between the
centerpoints of the perferated intervals in wells DM-3 and -3A/1 is 17.7
feet. A maximur water level difference of 11.4 feet was recorded between
these wells on December 14, 1983, Assuming plausible vertical hydraulic
gradients less than 1 ft/ft, the water level differences measured in these
wells may be explained without reliance on a conceptual mode! that involves
muitiple perched, discontinuous groundwater lenses. Consequently, water
level differences greater than 10 feet do not prove the existence of these
discontinuous lenses, contrary to conclusions in the RAP.

The existence of a large vertical gradient in shallow groundwater beneath
the Shiprock site is consistent with a conceptual model where groundwater
flows vertically beneath the site towards discharge locations along the San
Juan River bluff, depending on the vertical hydraulic conductivity of al-
Tuvium and the Mancos Shale beneath the site. Consistent with this model ,
the elevated water levels in wells DM-3 and DM-11/2 (evaluated similarly to
the assessment for DM-3 and -3A/l noted above) represent hyaraulic heads in
the upper portion of the shallow groundwater system beneath the Shiprock
site, Evaluation of the water levels recorded in wells DM-3, DM-3A/1,
OM-11/1, and DM-11/2 may indicate the existence of a large hydraulic gradi-
ent (0.64 ft/ft in wells DM-3 and -3A/l; 0.69 ft/ft wells OM-11/1 and -
11/2) vertically downward bene.th the Shiprock site. Evaluation of these
data, however, are complicated by well construction details (e.qg.
filterpack interval, casing perforations, etc.) and natura) heterogeneities
of the hydrogeologic units in which the monitoring wells are completed. In
the absence of additional characterization of the hydrogeologic system at
Shiprock, it should be assumed that the “shallow, discoatinuous, perched”
groundwater Jlenses are not discontinuous, but rather represent the upper
portion of the shallow groundwater system beneath the Shiprock site.

The Gallup Sandstone is identified in the RAP as the uppermost bedrock agui-
fer 400 feet beneath the Shiprock site. Based on information contained in
Callahan and Harshbarger (1955), the NRC staff agrees with DOE that present
use of this aquifer is not likely because water sources of higher guantity
and quality are available currently in deeper aquifers, alluvial aquifers,
and the San Juan River, C(allahan and Harshbarger report that the Gallup
Sandstone is a flowing artesian aquifer in the Shiprock area and contains
concentrations of total dissolved solids from 1240 ppm to 2440 ppm (based
on 2 analyses). The (RC staff notes, however, that increasing water de-
mands in the western San Juan Basin during the next thousand years may moti-
vate groundwater extraction from the Gallup Sandstone near Shiprock.
Consequently, the potential for contaminant migration from the shallow
groundwater system to the Gallup Sandstone should be assessed to support re-
medial action decisions at Shiprock.

The thickness estimate of the Mancos Shale, an established co~fining unit
in the Colorado Plateau, beneath the Shiprock site is not supported by geo-
logical reasoning in the RAP. The RAP should be revised to include informa-
tion that supports the thickness estimate of the Mancos Shale above the
Gallup Sandstrne at the Shiprock site. The RAP should also be revised to
include information about the uze of groundwater from the Gallup Sandstone
in the San Juan Basin, where such use exists.

The Lower Mancos Shale is underlain by the Dakota Sandstone, the uppermost
useable bedrock aquifer in the Shiprock Area (Callahan and Harshbarger,
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1955). Callahan and Harshbarger (1955) report the total thickness of the
Upper and Lower Mancos Shale and Gallup Sandstone at the Shiprock School
two miles north of the Shiprock s:te is about 1135 feet. In comparison,
the RAP states that the Dakota Sandstone is separated from the Shiprock
tailings by about 2100 feet of nearly impermeable, unsaturated Mancos
Shale. These two conclusions are inconsistent; the RAP should be revised
to explain or remove this inconsistency. In addition, the NRC stafi consid-
ers it unlikely that the Mancos Shale is unsaturated down to the Dakota
Sandstone because the Mancos Shale confines two artesian aquifers: the
Gallup Sandstone and Dakota Sandstone. The staff does not consider the
packer permeability test and moisture content data included in Dames and
Moore (1982) adequate to conclude that the Mancos Shale is unsaturated be-
neath the shallow groundwater system and above the Dakota Sandstone at the
Shiprock site. Consequently, it should be assumed that the entire sequence
below the weathered Mancos Shale to the Dikota Sandstone is saturated, un-
less hydrogeologic data and assessments are developed that prove defensibly
that the sequence is not saturated.

RESPONSE :

Attachment A to Appendix E, Section 8, has been mofified to provide refer-
ences for visual identification of the perched layer. The description of
the thickness of the Mancos Shale and the depth to the Gallup Sandstone has
been modified to reflect information from 2 wells within about 1/4 and 1/2
mile of the tailings, respectively (Attachment A to ,\ppendix E, Section 8).
The RAP does not rely solely on the low saturation ov the shale, but rath-
er its low permeability as a barrier.

COMMENT :

Section 3.6, Pg. l14: The RAP states that the flow direction within the
shallow groundwater system in alluvium and weathered Mancos Shale is toward
the northeast. Evaluation of water levels recorded at Shiprock, however,
indicates that shallow groundwater is also flowing to the northwest and
west (see water levels in wells completed in both the alluvium and Mancos
Shale). The assessment of flow direction is complicated, as noted earlier,
by details of monitoring well construction and heterogeneities of the
hydrogeologic system. Dames and Moore (1982; see Plate 8) report that shal-
Tow groundwater flows to the northwest, north, and northeast from beneath
the Shiprock mill site. Grounawater flow directions and rates in the mill
site area may be particularly important in assessing the migration of seep-
age from evaporation ponds away from the site. The RAP should be revised
to characterize the rates and directions of contaminated groundwater migra-
tion away from the Shiprock site.

RESPONSE :

The RAP has been revised throughout to state that ground-water flow direc-
tions vary, and to emphasize that the net ground-water flow is to the
northeast. An alternate potentiometric map has been added (Figure 8.8,

Appendix E, Attachment A) and explained which shows that ground-water flow

is generally to the northeast.
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COMMENT:

Appendix E, Section 2.2.2, Pg. E-5: This section (paragraph 2) does not
mention the existence of the Gallup Sandstone beneath the Shiprock site.
This omission should be corrected. On page E-6, the word “relatively"
should be inserted before the phrase “impermeable shale" in paragraph 1.

RESPONSE :

The RAP has been amended to include the suggested changes.

COMMENT:

Appendix E, Section 2.2.2, Pg. E-6: Water quality samples from monitor-
ing wells reported to De nearest the recharge area of the shallow ground-
water system at Shiprock are probably not representative of background
groundwater quality as indicated by anomalously high concentrations of con-
stituents such as NH,, NO,, Se, and Mn. The statement to the contrary
in the RAP should be r%vise

RESPONSE :

The RAP statement about background water quality has been revised. An ex-
panded discussion of water quality in the shallow system has been added.

COMMENT:

Appendix E, Section 2.2.2, Pg., E-6: Calculations of net infiltration at
Shéproci in the RAP are not necessarily conservative and are complicatad by
invalidity of several assumptions that affect the calculations. The NRC
staff agrees with DOE that a conservative approach to calculate net infil-
tration at Shiprock is to assume that groundwater flow beneath the site is
recharged only by infiltration (i.e., through-flow from the area southwest
of the site upgradient hydraulically is negligible). The staff concludes,
however, that several of the other assumptions are non-conservative and in-
valid. These assumptions include the following:

a) Vertical groundwater flow is assumed to be negligible; as previously
stated, the vertical hydraulic gradient measured in wells DM-3, -3A/1,
-11/1, and -11/2 is large (0.65 ft/ft) indicating that vertical flow
may be significant beneath the Shiprock site.

b) Groundwater flow is ascumed to be from south to north-northeast; as com-
mented previously, the directions of shallow groundwater flow have not
been fully characterized; based on available information, groundwater
flows away from the site toward the northwest, north, ncrtheast, and
may also flow to the west and southeast.
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c) The hydraulic gradient is averaged across the site along a transect
that is oblique to the direction of the maximum hydraulic gradient; be-
cause this direction does not parallel the direction of the maximum hy-
draulic gradient and aquifer anisotropy is not considered, the
groundwater flow rate is underestimated.

d) The cross-sectional area of flow is assumed to be constant beneath the
pile; this assumption is inconsistent with available information and un-
derestimates the groundwater flow rate.

e) Geometric mean of hydraulic conductivity (K) based on 26 slug tests is
assumed to represent the average hydraulic conductivity of the
hydrogeologic units beneath the Shiprock site; geometric means of hy-
draulic conductivity may overemphasize the low values of K and underem-
phasize high K values, depending on the distribution of K in space.
Without knowledge of this distribution, the NRC staff prefers a more
conservative approach such as assuming that the highest measured value
of K represents the K of the hydrogeologic units beneath the site. In
addition, vertical hydraulic conductivities, which are required to esti-
mate migration of contaminants, have not been characterized at the
Shiprock site.

f) Infiltration calculations do not account for irrigation of the piles,
seepage from raffinate evaporation ponds, or the transient behavior of
the shallow groundwater system probably induced by the elimination of
these recharge sources.

9) Seepage along the San Juan River bluff is assumed to occur evenly along
the Dbluff; this assumption is inconsistent with observations of the
site (e.g., U.S. Public Health Service Report, 1962; observations of
TAC; observations of NRC staff) and is nonconservative. Seepage occurs
at isolated seeps along the bluff, so the exposed surface area and sur-
face evaporation are reduced compared to evenly distributed seepage
along the bluff. Observations by the Public Health Service record flow
rates of these seeps between 0.5 and 20 gpm.

These invalid and non-conservative assumptions preclude objective eval-
uation of the infiltration estimate at the Shiprock site. Althougn the
NRC staff agrees with DOE that infiltration rates are probably low at
Shiprock, the staff concludes that the infiltration rates estimated in
the RAP are not necessarily conservative and that additional character-
ization and/or evaluation of the hydrogeologic system at Shiprock would
be necessary to support conservative infiltration estimates.

RESPONSE

The low flow of the shallow system has been further substantiated by refer-
ence to visual observations below grade and to how easily flow is intercept-
ed (Attachment A to Appendix E, Section 8), One of the assumptions has
been substantiated by visual nbservations. Additional discussions of flow
in the shallow system have been added. It is felt that observations of the
shallow system fully substantiate the conclusion that volumetric flow is
low and infiltration must therefore be low.
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COMMENT

Appendix E, Attachment A, Section 8, Pg. 41: The RAP supports the conclu-
sion that infiltration to the water table at Shiprock is negligible by cit-
ing unpublished data collected at the Riverton UMTRAP site in Riverton,
Wyoming. The validity of this support cannot be assessed until these data
are provided; the RAP should not support conclusions by referencing unavail-
able information. In addition, the validity of conclusions about the behav-
for of moisture migration at one site must be carefully assessed in light
of the differences and similarities between these sites. The RAP does not
provide a detailed comparison. The RAP should provide the Riverton data,
analyses, and conclusions along with a comparison of the characteristics of
the two sites to support the conclusion that infiltration to the water ta-
ble at Shiprock is negligible.

RESPONSE :

Attachment A to Appendix E, Section 8, has been amended to provide a pub-
lished reference for the Riverton data. [t has been stated that there are
differences between the two sites. The passage in question is not meant as
a major portion of the analysis, but to provide a useful comparison in lieu
of other data.

COMMENT :

Section 3.6: The RAP does not provide any information about the
attenuative capacity of unsaturated and saturated hydrogeologic units at
Shiprock to determine contaminant transport. Depending on the conclusions
of characterization of background groundwater quality, groundwater flow
rates and directions, and the extent of contamination, the RAP may require
revisim to evaluate the attenuative capacity of hydrogeologic units in the
unsatur.ted and saturated zones necessary to evaluate contaminant transport
away from the Shiprock site,

RESPONSE :

The RAP has bee revised (Section 3.6, Attachment A to Appendix £, Section
8) to provide a further discussion of background water quality and extent
of the ground-witer system. It is felt that these discussions preclude the
need to evaluat: the attenuative capacity of the hydrogeologic units,

COMMENT:

Section 3.6: Pending corpletion of additional hydrogeologic characteriza-
tion (e.g., background groundwater quality, extent of groundwater contamina-
tion, groundwater flow rites and directions), the RAP may require revision
to address the considerations listed in 4U CFR Part 264.94 (b) and compli-
ance with relevant water quality standards.
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RESPONSE :

The amended discussion of the hydrogeologic system should obviate further
consideration of 40 CFR Part 264.94,

COMMENT:

Appendix A, Section 3, Pg. A-8: The RAP does not provide relevant
Federal, State, and Tribal surface water and/or groundwater quality crite-
ria that will not be exceeded during remedial actions at Shiprock. The RAP
should provide all relevant water gquality criteria (e.q9., wew Me) .. 0 Human
Health Standards for Griundwater, New Mexico Surface Water Quality
Criteria, etc.).

RESPONSE :

The remedial action is sub ect to applicable Federal, state, and Navajo
Tribal regulations. These ajplicable regulations, including water gqrality
related regulations, have be:n identified in consultation with the Navajo
Tribe, State of New Mexico, and identified Federal agencies and are de-
scribed in Appendix * of the RAP, The determination of criteria (or, more
Tikely, effluent standards) that must be met during the remedial action
will be made by the a,.nropriate agency(ies) in response to permit applica-
tions submitted by the WAC. Inclusion of this information in the RAP is
not considered appropriate.

COMMENT:

Appendix E, Attachment A, Section 5.0, Pg. 30: The RAP implies that a
waste water retention Dasin will be designed without a low-permeability lin-
er because seepage from the basin is considered to be insignificant, yet
this section does not predict the approximate quality of water to be col-
lected in the waste-water retention basin from runoff, dewatering, decon-
tamination, and other sources of waste water, Section 4.1 of the Shiprock
PSCR (see page 56) reports that the hydraulic conductivities of shallow, un-
consolidated alluvium and weathered Mancos Shale beneath the Shiprock site
range from 1E-3 om/s to 1lE-5 om/s. The combination of these moderately
high hydraulic conductivities and poor quality waste water retained in the
basin may degrade shallow groundwater quality beneath the site, depending
on background quality of this groundwater. The RAP should be revised to
consider potential degradation of shallow groundwater quality and justify
the design of the waste water retention basin.

RESPONSE :

The RAP has been revised to note that the waste-water retention basin will
be designed with a low-permeability liner. Consultztion with the RAC has
disclosed that preliminary design of the retention basin includes the fol-
lowing features:

'a) One foot of recompacted Mancos Shale on the pond bottom and7two feet on

the sides which will result in permeability of less than 107" om/sec.
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a3.

24,

b) Average li-foot water depth from the top of the overflow weir to the
pond bottom,

COMMENT:

Section 5.0: Pending completion of additional hydrogeological character-
ization at the Shiprock site (e.g., background groundwater quality, extent
of contamination, grouncwater flow rates and direction), the RAP may re-
quire revision to address the factors listed for consideration in 40 CFR
Part 192.20 (3) in deciding whether to implement remedial actions for pro-
tection and restoration of affected aquifers. )

RESPONSE :

The RAP has been amended {(Section 3.6; Section 8, Attachment A to Appendix
E) to further discuss the ground-water system, This should obviate the
need to further discuss factors in 40 CFR Part 192.30.

COMMENT :

Appendix D, Section D.5.4., Pg. D-22: The RAP states that additional
waste water treatment will be required when monitoring indicates discharge
standard: are exceeded and discusses discharge of potentially-contaminated
water from the site. In contrast, Section 6.0 of Attachment A states that
all waste water will be retained and evaporated, so waste water treatment
is unnecessary. These sections should be revised to remove the apparent
inconsistency. If waste water discharge from the site during remedial ac-
tions is unlikely, but may occur, a contingency treatment plan should be
prepared to achieve compliance with discharge standards. As noted earlier,
prediction of expected waste water quality may be required to prepare con-
tingency plans for waste water treatment.

RESPONSE :

Since the waste-water retention basin has been designed for evaporation of
runoff from at least the 10-year 24-hour storm, no discharge is expected
during the remedial action. Appendix D of the RAP will be modified to de-
lete the requirement for sampling the water in the waste-water retention
basin,

COMMENT :

Appendix E, Attachment A, Pg. 44: The RAP states that cover installation
on the stabilized *ailings pile will not affect significantly water infil-
tration to the water table beneath the site. As stated in Section 9 of
Attachment A of the RAP, however, cover installation is expected to reduce
infiltration., This reductica in infiltration may affect the shallow ground-
water system. The RAP should be revised to evaluate potential impacts of

.cover installation; this evaluation should be consistent with the back-

ground quality of shallow groundwater and its potential resource value.
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In addition, the third paragraph of part [l of Section 9 should be revised
to read ". . . support an increasing amount of vegetation, and net
infiltration to the waler table will likely decrease as plant transpiration
increases."

RESPONSE :

Appendix E, Pgs. £-5, E-6, E-14, and E-15 along with Attachment A, Section
8, describe the present infiltration as negligible in terms of ground-water
recharge. The poor quality of the near surface aquifer is documented and
the change in infiltration rate is demonstrated to be so small as to have
an unmeasurable impact, positive or negative, on ground-water usability .
The suggested wording change in Part [I, Section 9.0, is not considered
critical to understanding the sentence which is considered correct as
printed.

COMMENT:

Appendix E, Section E.3.2.4., Pg. E-12: The RAP does not provide esti-
mates of the hydraulic properties of the cover materials. Estimated proper-
ties are required to estimate post-remedial action infiltration into the
cover and the moisture content of the cover materials, an important param-
eter in determining radon diffusion in earthen covers. This section states
that the design moisture contents for the cover are consistent with mois-
ture contents measured in local undisturbed soil samples. The NRC staff
concludes, however, that in-situ moisture contents of surrounding soils may
not be representative of moisture contents in disturbed, compacted earthen
covers during the term of stabilization. This information is, therefore,
inadequate to predict moisture infiltration into the cover and tailings,
and moisture contents of the embankment cover. The RAP should provide the
hydraulic characteristics of design covers along with calculations demon-
strating that moisture contents will be maintained at or above 5 to 7.5
percent.

RESPONSE :

Test pits were aug in the proposed borrow material and samples tested for
their grain size, specific gravity, permeability and compaction properties.
The results of these tests show that the averace properties of the borrow
material are a sandy silt with an averag: of 68 percent minus a 200 mesh
sieve and 13 percent clay. The specific iravity will be 2.64 and will be
compacted to 95 percent of standard Proctos. This corresponds to a density
of 111.0 pcf and a moisture content of 15 percent.

Using these average properties and cor-elations developed by Rawls et al,
(1982) and Gupta and Larson (1979) for predicting the moisture content ver-
sus bar suction (computer printout attached), the 15 bar moisture varied
from 5.4 percent to 10.7 percent and the 2 bar moisture content varied from
7.6 percent to 12.3 percent. We have checked these correlations against ac-
tual data and we have found that for soils with similar properties, the
Gupta and Larson correlation more closely predicts the moisture content at
various bar suctions. Using this correlation, we would have predicted a
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long-term moisture content in excess of 10 percent. However, since we did
not have any actual data, we chose the more conservative number of 5 per -
cent in the tcp foot and 7.5 percent in the remaining depth of the layer.

we also feel these numbers are conservative based on the fact that the
sandy silt will be placed at a moisture content of 13 percent to 15 percent
and that the cover material will have a rock layer placed over it which
will help the soi! return moisture over the long term (PNL, Beedlow, 1984).

COMMENT:

section 4.4, P. 19: The RAP states that there is no evidence of water
quality degradation of the San Juan River. Sediment sampling for toxic met-
als and radionuclides associated with the Shiprock UMTRAP site, however,
has not been performed recently because of the "limited value" of addition-
al sampling and analysis (see Shiprock PSCR, Page 90). The data cited in
the PSCR to support this conclusion were collected in November of 1960, on-
ly six years after the Navajo Mill was constructed. These sediment ana-
lyses, therefore, may have been performed before substantial degradation of
river sediment had occurred. Without additional sediment composition data
and analyses of these data, conclusions about contamination of river sed-
iments at Shiprock cannot be supported.

RESPONSE :

The SHP EA, pages 101 to 112, provides water quality data for the period
1962 to 1977. These data and the work of others (USGS, GECR, EPA) show
that there is no evidence of water quality degradation. Further sampling
of river water or sediments would not contribute to the conclusions reached
in the RAP,

COMMENT:

Glossary: Definitions of the terms “groundwater," “hydraulic gradient "
"vadose," and “potentiometric surface" are not consistent with standard def-
initions. Appropriate definitions of these terms may be found in standard
references such as U.S.G.S. Water Supply Paper 1988 (1972) and ASTM Special
Technical Publication 746 (1981).

RESPONSE :

These definitions have been revised.

COMMENT:

Attachment A, Pg. 54: The perforated interval for monitoring well
OM-3A/2 should exgena from 25.5 feet to 29.5 feet below the ground surface,
The description of this well in Table 8.1 is incorrect.




29.

RESPONSE :

The table nas been corrected.

COMMENT:

Bibliography, Pg. S51: The reference listing of USGS Professional Paper
521-A %s incorrect. Tiiis listing should be “Cooley, M.E., Harshbarger,
T.W., Akers, J. P.,, Hardt, W. F., and Hicks, O. N., 1969. Regional
Hydrogeolo of the Navajo and Hopi Indian Reservations Arizona, New
ggéico, an% Utah, United States Geological Survey, Professional Paper 321-

RESPONSE :

The reference has been corrected.
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SECTION B8.2.9

DATE June 22, 1984
EFFECTIVE June 22, 1984
SUPERSEDES March 27, 1984
PAGE | oF 8

- |Albuquerque Operations Manual

WATER SAMPLING/PRESERVING/SHIPPING
AND TESTING

1.0 PURPOSE
To ensure that field programs for the collection of ground wa-
ter quality data are conducted properly.
2.0 PROCEDURE

Field programs consist of three parts: pre-field procedures,
field procedures, post-field procedures.

2.1 Pre-Field Procedures

The following steps will be taken no less than 10 days
before leaving for the field.

Sample locations will be determined by the Site Hydrogeo-
! logist ana approved by the Project Hydrogeologist, Site
Manager, Manager of Engineering, and Contracts Manager,
The analytical laboratory will be told:

0 Approximately how many samples it will be receiving.

0 Approximately when it will receive them,

o The set of analytes.

o The type of bottles and preservatives it will provide
(See EPA-GOO/U-79-020, Methods for Chemical Analysis
of Water and Wastes, 1983), and where to send them.

Also, all equipment will be checked to ensure that it is

working properly. Supplies of reagents, solutions, fil-
ters, etc., will be checked to ensure there is enough on

/’/ hand.

These steps will be documented on the pre-field check-
list (Attachment 1).
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2.2

Field Procedures

This section consists of two parts: field measurements
and sample collection.

2.2.1

2.2.1

Field measurements

General

All field measurements and comments will be re-
corded on the water quality field form (Attach-
ment 2). All lines on the field form will be
completed. If some steps were not taken or not
applicable, so indicate 1in the appropriate
space. The forms are to be completed with non-
water soluole black ink, not felt tip type pens
or pencils. If any procedures are not performed
as prescribed, the reason must be stated on the
field form,

Final field measurements are to be taken after
at least three bore volumes have been pumped
from the well and as close to the time of sam-
pling as is practicable.

|

1. Connect the probe to the meter and immerse
it in a flow through cell soon after pumping
has begun. This will reduce or eliminate
drift,

2. Bring the standard solutions to the temper-
ature of the water in a flow through bath.
If the meter has a temperature adjustment,
set it to the temperature of the water.

3. Calibrate the meter immediately before tak-
ing the measurement. The cal1£rat1ng solu-
tions must bracket the sample: either pH =
2.0 and pH = 4.0, or pH = 7.0 and pH = 4.0,
or pH = 7.0 and pH = 10.0.

4., Adjust the slope as follows.

Field Measurements (Continued)

o Put the probe in the pH = 7.0, or the pH
= 4.0 solution if the pH is Iess than
4.0, and adjust the reading to 7.0 or

‘.0.
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5.

0 Put the probe in the other solution and
adjust the reading to 2.00, 4.00, or
10.00 as appropriate.

0 Repeat the above steps until adjustment
is no longer required.

Clean the probe and that portion of cable
which will be downhole with distilled water
and clean tissues.

Put the probe downhole or in a flow through
cell. Downhole measurements are preferred.
Record measurement within 5 minutes or after
drift has ceased, whichever is sooner.

Immediately rinse and dry the probe and put
it in each calibrating solution for about 30
seconds. Records the readings.

Notes:

0 ODuring storage and between measurements,
keep the probe immersed in pH = 4.0 solu-
tion.

0 Rinse the probe in agistilled water and
at dry with a clean tissue completely
efore putting it in a calibrating solu-

tion. Rubbing the probe may cause a stat-
ic charge which will disrupt measure-
ments.,

0 Keep hoses leading to the flow through
bath or cell out of direct sunlight as
the water can heat up quickly at low dis-
charge rates.

Temgerature

Measure temperature downhole or in a small flow
through cell. Downhole measurements are preferr-

ed. Record measurements periogically throughout
the time of pumping.

Notes:

o0 The field thermometer must be calibrated

against a lab grade thermometer. Do this be-
fore going to the field.
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o If a flow through cell 1is used, place it
close to the well head. Keep the cell and
discharge hose out of direct sunlight,

Electrical Conductivity

The conductivity meter will be calibrated with
at least three standard solutions, the extremes
of which bracket the samples. This will be done
at least three times during the field program:
before sampling, after the first day of sampl-
ing, after sampling is completed. If there are
significant differences between the first two
calibrations, the meter must be calibrated each
sampling day. A recora of each calibration will
be kept and the temperature of each calibrating
solution will be recordead.

1. Clean probe and cable with distilled water
and clean tissues.

2. Measure conductivity downhole or in a flo.,
through cell. Downhole measurements are ,re-
ferred. Record conductivity perior.cally
throughout the time of pumping. Record the
position of each setting on the meter,

Notes:

0 Rinse the probe in distilled water ang dry it
completely before putting it in a calibration
solution,

0 Most conductivity probes produce an
electrical field which may be disturbed if
the probe is near a solid object. Therefore,
keep the probe at least 2 inches away from
cell walls when making measurements in flow
through cells. Keep lead weights at least 6
inches above the probe. This does not apply
to the martek x probe.

Alka]initz

Digital Titration
1. Eject a few drops of titrant from the tip of

the titrator and wipe the tip with a clean
tissue. Re-set the counter to 0000.
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2. Bring the temperature of the pH = 4.0 stan-
dard solution to the temperature of the sam-
ple in a flow through bath. C(Calibrate the
meter just before taking the measurement.

3. Rinse the titration flask and graduated cyl-
inder in sample water. Remove droplets of
water from the flask by shaking it vigor-
ously.

4, Measure 100 ml of unfiltered sample in the
graduated cylinder and pour it into the
flask.

5. Rinse and dry the pH probe and put it into
the flask. Titrate the sample until the pH
reaches 4.5, Record the alkalinity and the
lot number of the titrant.

Notes:

o The samp’e alkalinity may begin changing once
it is brought into contact with the atmos-
phere. Therefore, do not allow the sample to
stand before taking the measurement,

o Swirl the flask while titrating and keep the
tip of the titrator immersed in the sample.

0 Watch the pH meter closely, as the drop in pH
to 4.5 or below is usually sudden.

o Titrate with the 1.6 N sulfuric acid first,
I1f the alkalinity is less than 30 mg/1 as
CaC0.,, measure alkalinity using 0.16 N sul-
furif acid.

Buret Titration

To be added.
Eh

To be added.

2.2.2 Sample Collection

General

( To prevent cross-contamination, sample wells
which are unlikely to be contaminated before
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2.2.2

Sample Collection (Continued)

those which may be contaminated. When sampling
domestic wells, ask for information rygarding
depth, completion interval, use, diameter, etc.
Take water from domestic wells as close to the
well head as is practicable and downhole if pos-
sible. Do not take samples downstream of any
device which alters water quality, such as water
softeners., Put location of domestic wells on a
map.

Samples are to be taken after at Jleast three
bore volumes have been pumped from the well,
Make a note of any odors, colors, etc., that are
noticed during pumping.

1. Drain pump hoses to ensure all old sample
water is expelled.

2. Pump approximately 2 L of distilled water
through the hoses. Continue pumping unti]
all distilled water is expelled.

3. C(Clean outside of hoses with distilled water
and tissues before putting them down the
hole., Set the intakes approximately 1 foot
above the top of the screened interval.

4, Disassemble the filter apparatus and discard
the old filter, Thoroughly rinse all sur-
faces which come in contact with the sample
in gistilled water,

5. With clean hands, install a new filter,
touching it oniy along its perimeter. Allow
no dirt or dust to blow onto the cleaned
apparatus or filter, Re-assemble the appara-
tus.

6. Before taking any samples, run a few hundred
ml of sample water through the filter,

7. Fill the sample bottles. Allow no dirt or
dust to Llow into bottles or bottle caps.

8. Add appropriate preservatives immediately
atter filling bottles. Note the amount and

type.
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2.2.2

Sample Collection (Continued)

9.

10.

10.

Rinse 1inside of bottle caps with filtered
water and screw onto bottle. Shake the
bottle to mix the preservative,

Pour a few drops of acidified samples onto
litmus paper to check the pH. If the pH 1is
too high, add acid as appropriate and note
the amount added.

Rinse inside of bottle caps with filtered
sample and screw caps on tightly., Seal bot-
tles with electrical tape or parafilm,

Notes:

0

While filling, and once the sample 1s in the
bottle, do not allow it to touch anything but
the bottle walls. Never stick anything
into the sample.

Do not smoke near open sample bottles.
Keep samples out of direct sunlight,
If the filter becomes clogged, replace it as

above, repeating steps 4 through 6. Do not
clean it, back flush it, etc.

Labeling and Transport

1.

3.

If bottles are unlabeled, label them with
masking tape, wrapping the tape completely
around the bottle. Include the following
information: sample [.D., sample type, type
and amount of preservative added, date and
time sample taken, approximate electrical
concuctivity,

Immediately put the samples into an insulat-
ed container with ice or “blue ice."

Put the address and telephone number of the
UMTRA Project Office and the name of a con-
tact in the insulated container,

Tape the container with strapping tape for
shipping, Ship the samples so they arrive
at the lab no later than 36 hours after they
were taken, Tell the lab when they will be
arriving.
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2.2.2 Sample Collection (Continued)

5. Schedule sampling so that samples do not
arrive at the lab after 4 p.m, on a Friday
or on a Saturday or Sunday.

Split Samples

1. Thoroughly rinse the split jug with about 1
gallon of distilled water. Drain througn
both the inlet and outlet tubes.

2. Pump approximately 10 L of filtered sample
water into the split jug. Rinse thoroughly
and drain through both the inlet and outlet
tubes.

3. Pump more than enough filtered water into
the split jug to fill both sample sets.
Swirl the jug to thoroughly mix the water,

4, Dispense sample types consecutively, That
is, fill one lab's anion bottle immediately
after the other's, one lab's metals bottle
immediately after the other's, etc.

2.3 Post Field

1.

Clean field equipment,

Replace expended items, filters, reagents, etc.
Report and repair broken equipment,

Examine electrical conductivity and temperature cal-

ibrations. Adjust data as indicated and note on
field forms.

Make copies of field forms and give the originals to
Document Control. Give final field values to data
base administrator for inclusion in technical data
base.

Approved liz :
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GROUND WATER SAMPLING RECORD

SITE ID:
LOCATION ID:
SAMPLE 1D:
STATIC WATER LEVEL (FT)
SAMPLE DEPTH (FT)
SAMPLING DATE
SAMPLING TIME:

START

COMPLETE

FINAL FIELD VALUES:

pH (S.U.):

Ec (umhos/cm)
Eh (millivolts)
TEMP. (°C):
ALKALINITY (mg/l CaCO3):
LOCATION DESCRIPTION

Page 1of 2

DOWN
SURFACE MOLE

TOTAL VOLUME oM

DATE | TIME WITHODRAWN (s.u)] ¢ em | to0) COMMENTS
(Gals) KBore Volumes)|
0.0 0.0 - - - START PUMPING

NUMBER OF ONE-LITER

CONTAINERS .

COLLECTED: i
50 mi

SPECIFY OTHERS:

CONTAINER SIZE MNONACIDIFIED (no.) ncngﬂl_g (no.) VOL_._:gg (mi)

COMMENTS:

FIELD REP (8):




GROUNDWATER SAMPLING RECORD

Page 2 of 2

BORE VOLCALCULATION

SAMPLING INFORMATION
(a/2)29 (hy=hy)

DEPTH TO WATER (hp) (FT.)
DEPTH OF WELL (h{)(FT.)

WITHDRAWAL METHOD
SAMPLING METHOD

WELL DIA (FT.) FILTER 8IZE
BORE VOL. (FT.)3 THERMOMETER ID
DEPTH TO SCREEN (FT.) Ec/pH/Eh METER ID's

CALIBRATION INFORMATION
DATE/TIME OF LAST Ec CALIBRATION
TIME OF pH CALIBRATION
pH AFTER MEASUREMENT FOR STANDARD pH

pH AFTER MEASUREMENT FOR STANDARD SOLUTION pH
Eh OF CALIBRATING SOLUTION >
Eh READING IN CALIBRATING SOLN. AFTER MEASUREMENT
TEMP. OF CALIBRATION SOLN. (°C) -

SHIPPING INFORMATION
LAB(S) SHIPPED TO:
DATE(S) SHIPPED:
METHOD OF BHIPMENT:

NOTES:




EQUIPMENT CHECKLIST
(Fill oyt 9!l blanks pripr 30 _leeving éor figlg)

g _BFTER Yes No Carrents

suftficient volume &
sutticient volume 7
sutticient volume 10
vials ftor butters

BEASENTE 8 BCTTLES

Litmus pacer

Nitric acid (pres.)
Sulituric acid (pres.)
not reauirec

Other reasents

not recuirec

Reauired samp /e botties

1 TDE samc/es (sm)

No. of sampies B
x 1 anion sample (sm/l@)
x 1 metal sample (sm/is)
x __ ragic. sameles (lg)
x @extras ©  emall large
contingency: omall large
TOTAL: small large
S tticient botties &
Yes . No Carments
ck pipette (for TDS)
rubber bulb present i
Alkalinity kit
ck reagent volumes J———
ck glass for breakage
g METER(s) Mactek Esalpeis Comrents

ck electrode:
tull ot tluid
plass intact

ck by immersing in
tar water

e reauired, sust expiain under Comegnis



EQUIPMENT CHECKLIST (Continued)
(Fill put @!! blenks erigr 30 leaving fo- ¢igi g)

pH_METEE (eont’d) Ma-tek Cszlpsic Comments
ck calibrate it
rinse, il i,

replace cae

Temp probe: ck in
tac water
hot water -

.
mn
f

-~

y

Es METEF Comreris

ck battery ok deac

gk in tas water ok feuisy

ck asai nst

calibration solution
calibration soliution
solution teme
congductivity

ot sgiution

En meter
Zobe! ! solution
calibrate

HAND—+ELD THEROETER

temp ice® water
temp versus lab
thermometer

QTHER_EQUIPTENT Commenis

saueeze bottle

scid dispersette

deionized
santity ____ wealions

distillied H&D — nllors

sanp | ing conta iner

water level sounder — battery check
hand tase .
steel tave c——

cloth Lowe (s Or wipes




EQUIPMENT CHECKLIST (Continued)
(Fillout a!! b anks pripr 310 leaving fo- ¢ eo'd)

EIELD FORS AND MISCE.ANEQLE COUIPMENT:

Expected noc. of samples ______ No. ot torms
Clisboard with cover Same e ticket book
Maps = marked with we!| locations

we!|l information (comeletion, desth, etc ) ____
Field instruction bosk
Key(s) tc we!lls) _____ To be picked ue at
Large clean botties (35 gal.)
Large clean pails (35 sal )
WD-40 (tor locks) transparent tace
Marking pen Strapping tape (nylon)
Coclers Blue ice

Shipping address of labls):

Phone numbers and contact:

BLMPS A0 FILTEES

Gas Pyme
Pume

last date weed Bettery check

unit working ok Power cord

B s e e G el el s e



EQUIPMENT CHECKLIST (Conc!uded)
{Fill out @'l blenks erior 30 leaving fp- tie'd)

BAES AND FILTERS (cortinued)

logic unit logic unit cord
regulator wrenches T L
Hoses
gondition air hose
length
L3
Perista'sic Pome

battery cable Rechargeat e battery

2 pume heads Battery charges
clear? yes no
tubing ength

Filter system:

pPuUmMP NiDP IR Filter unit less

Inspect ¢ilter housing for cracks

Number ot tilters Filter size
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METHODS FOR CHEMICAL ANALYSIS
OF WATER AND WASTES

March 1983
Second Prinung June 1982
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OFFICE OF RESEARCH AND DEVELOPMENT
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INPUT INFORMATION:

SITE 1D =SHIPROCK
SAMPLE 1D =BORROW MATERIAL

% SAND = 31.5
% SILT = 5.3
% CLAY = 13.2

" ORGANICS

= 0

ORY DENSITY = 111
SPECIFIC GRAVITY = 2 44

PRECIPITATION = 7 [INCHES
LAKE EVAPORATION = 60 INCHES

OUTPUT INFORMATION:

1S. BAR

10. BAR
SAR
BAR

BAR

MO ISTURE
MOISTURE
MOISTURE
MOISTURE
MOISTURE

' MOISTURE

BAR MOISTURE

. BAR
BAR
BAR

. BAR

MOISTURE
MOISTURE
MOISTURE
MOISTURE
MOISTURE

CONTENT
CONTENT
CONTENT
CONTENT
CONTENT
CONTENT

CONTENT
CONTENT
CONTENT
CONTENT
CONTENT
CONTENT

BY
BY
BY
BY
BY

GUPTA &

GUPTA &

15 BAR MOISTURE CONTENT BY BAUMER

FOR KAOLIN DOMINATED =
FOR HONTHORILONITE DOMINATED =

LARSON
LARSON
LARSON
LARSON
LARSON

LARSON

L BRAS

. b4

LONG TERM MOISTURE CONTENT BY ROGERS =

HER

%

8.07

%
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