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Dear Mr. Higginbotham:

Enclosed are responses and back-up information in response to
NRC comments contained in your letter of May 17, 1985, dealing
with the Shiprock Construction documents as well as your letter
of June 6, 1985, dealing with the Shiprock Final Remedial
Action Plan. Could you please provide your response regarding
the acceptability of this information as soon as possible. We
require a response prior to October 4, 1985 since the Shiprock
Remedial Action is currently in progress.

Should you have any questions on these issues, please contact

Mr. David Ball of my staff at (FTS) 844-3941, or Leon Stepp
with Jacobs Engineering Group at (FTS) 846-4030.
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RESPONSE TO NRC COMMENTS
OF MAY 17, 1985, ON
SHIPROCK CONSTRUCTION DOCUMENTS - SURFACE WATER HYDROLOGY

GENERAL COMMENTS

NRC Comments, together with responses are presented below. The remedial
action design was prepared in accordance with the RAP to meet the EPA
Standards. Compliance with certain NRC comments will significantly
increase costs because of requirements for larger size erosion pro-
tection material. The total cost increase has not been estimated, but
the cost of increasing riprap rock size and quantity in the ditches
alone is estimated to be about $1,723.000. It is also estimated that
erosion protection for side slopes will increase by 57% ($3,054,000).
Because the present design uses the maximum rock sizes locally avail-
able, any increase in rock size will require that a new source of
material be located and developed. Although investigations for another
rock source have not been made, a source of material probably does not
exist within about 30 miles of the site, and it may be necessary to
build or upgrade roads intc the source and develop a quarry to provide
material that can be processed to obtain larger riprap material.

ANALYSIS OF PRESENT DESIGN

The criteria used in the present design are discussed in the following
paragraphs.

The erosion protection for the permanent ditches has been desiagned for
the PMP event (the Design of Small Dams, Figure 20 and NRC Staff
Position Paper WM-8201, Part II11 A.2 were used).

The time of concentration and runoff intensity were calculated using the
8CS Curve Number Methods. The peak runoff was then calculated using the
Rational Method with coefficient of runoff equal to unity. Through=flow
in the rock layer was ignored.

The riprap size was selected using the Safety Factor Method (Rock Riprap
Desigr Methods, etc. NUREG/CR=~2684) using Factor of Safety equal to
unity and the average boundary shear.

Evaluating the present design (5-inch Dgg rock) using (local) maximum
shear stress as the criteria, Ditches 1, 4, 5 and 6, with 5-inch medium
size rock can withstand the maximum shear stress under the Small Dams
PMP event. Ditches 2, 3 and 7 with 5-inch Dgg rock can stand the
maximum shear stress under the 1,000-year storm event (NOAA Atlas 2,
Volume 4, New Mexico, 1973).
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ANALYSIS USING PROPOSED NRC CRITERIA

Several joint NRC/DOE committees are presently reviewing design criteria
to be applied to the UMTRA program. One of the considerations being

discussed is the cost to implement criteria. Of particular concern is
the cost to assure, absolutely, that stability is achieved for 1,000
years without maintenance. 1It is felt that the present design meets the
criteria that stability be achieved for at least 200 years, even when
analyzed for peak stress. This design is achieved using the largest
rock available within the vicinity of the site.

More conservative criteria can be applied at a greater cost. The
additional cost of the proposed NRC criteria is estimated to be in the
order of $4,777,000. This is based on an estimated additional cost of
$1,723,000 for drainage ditches and $3,054,000 for increased size and
thickness of erosion protection materials for the side slopes.

The erosion protection cover for the tailings embankmen* and the per-
manent drainage ditches has been re-analyzed using the-~'riteria con-

tained in the NRC Comments, and the total impact cof these changes is

discussed in the following paragraphs.

For the tailings embankment top, the specified 1-1/2 inch median size is
adequate. For side slopes, 8-1/2 inch median size rock is required.

The riprap layer thickness may have to be increased from 12 inches to 18
inches to accommodate the larger rock size on embankment side slopes. A
greater thickness of the transition layer (bedding) may be required for

the same reason.

Ditches 1, 4, 5 and 6 will require at least 7-inch and possibly 8.5=inch
median size rocks. Ditches 2, 3 and 7 will require 12-inch median size
rocks and the layer thickness will need to be increased to 18 inches. A
thicker transition layer (bedding) will also be required.

The flow depth in the ditches will be increased by about 2 feet in the
upper reach and by about 5 feet in the lower reach and at the junction.
This will require wider ditches.

Utilization of the proposed NRC criteria will significantly increase the
Shiprock Remedial Action costs, possibly as much as 50%, because of the
unavailability of larger rocks nearby the site.
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NRC Comments 1.A Use of Average Shear Stress for Riprap Design

The size of the riprap for protection of the drainage ditches was
determined by estimating the average shear stress over the entire ditch
cross-section. Because the adopted design cross=-section is basically a
rather inefficient one (the hydraulic radius is small relative to the
area of the flow, particularly in the outer flow areas away from the
center of the channel), the shear stress and resulting riprap size will
also be small if the shear forces are averaged across the entire
section.

In actuality, most of the flow will be concentrated in the center of the
ditch, with the outer edges of the ditch carrying proportionately very
little flow. This will produce much higher velocities and shear forces
in the center of the ditch. The rock protection for the ditches should
be designed for the velocities and the localized shear forces produced
at the most critical locations in the ditch, which for this design, is
the center of the ditch. The riprap size for the drainage ditches
should be re-analyzed in accordance with methods which account for
uneven flow distribution over the channel cross-section width and for
localized, rather than average, shear forces. Acceptable methods for
estimating the variation of velocities, discharges, and shear forces may
be found in Corps of Engineers EM 1110-2-1601, “"Hydraulic Design of
Flood Control Channels" and ETL 1110-2-120, "Additional Guidance for
Riprap Channel Protection."”

Response:

Use of average shear conforms with the RAP (Attachment A: Calculation
Summaries, Section 4.0), where it is implicitly assumed that total
collapse occurs when the average boundary shear stress exceeds the
critical shear stress and movement of Dgg particle size occurs when
the flocal) maximum shear stress exceeds the critical shear stress. The
use of maximum shear stress alone, using the design PMP, will increase
the Dsg riprap size for Ditches 1, 4, 5 and 6 from 2.25 inches to 4.14
inches. These ditches were protected with 5 inch Dgg riprap. For
Ditches 2, 3 and 7, the Dgg riprap size will increase from 3.85 inches
to 7.10 inches. The 5 inch Dgg riprap shown on the design plans is
adequate for a 1,000 year storm based on design rainfall and con=-
centration times. The current design provides for riprap with Dgg= 5
inches on all ditches, because the ditches form a continuation of the
embankment side slopes on which 5-inch rock is used.
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NRC Comments 1.C Inadequate Riprap Design at Channel Bends and Junctions

The size of riprap to be placed in curved sections of the channel was
concluded to be the same as for straight sections of the ditches.
However, there is an apparent incorrect conclusion drawn from the
results of calculations presented on Sheet 18/24 - Calculation No.
04-11-RO-02, dated 9/20/84. We conclude that the forces produced in the
curved channel portions will be considerably larger than the forces
produced in the straight portions. The riprap size in these areas
should be increased, acccrdingly.

We note from a review of Calculation 04-11-RO-02 Sheet 6/24 that there
is an intent to design channel junctions with a selected radium-of-
curvature to width (r/w) ratio. If the intent is to provide a r/w ratio
of at least 2, the selected factor of 1.84 for increasing shear stresses
is acceptable.

Otherwise, for different ratios, EM 1110-2-1601 provides acceptable
guidance for determining appropriate factors for increasing shear
stresses.

In addition, our review of the details of the channel junctions that
were provided on Drawing SHP-PS-10-0016, REV A, indicate that the
channel junctions, as designed, will be subjected to excessive shear
forces that have not been properly accounted for. These junctions are
apparently not designed using the proposed r/w ratio of 2 and do not
represent adequate transition zones for high velocity flow. We conclude
that the channel junctions should be redesigned. EM 1110-2-1601 (pp.
57-62) provides acceptable general guidance for designing channel
confluences.

It also appears that the roadway crossings through the diversion ditches
will develop very undesirable flow conditions. 1In any redesign of the
channel junctions, consideration should be given to redesigning the
roadway crossings so that undesirable flow currents are not created.

Response:

Under present design, the riprap protection for channel bends and
junctions can be made adequate by using Dsp = 7 inches. The maximum
shear stress in the bends can be koot equal to (local) maximum shear in
the straight channel by providing » minimum radius equal to twice the
water surface width. See pages 13, 15, and 18 of Calculation No. 04-07-
RO-02.
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The curved channel potions are being redesigned using current design
criteria. These designs may be modified if different criteria are
adopted.

NRC COMMENT 1.D PMP Rainfall Distribution and Reduction of Rainfall
Intensity

The peak flow in the drainage ditches was computed based on a reduction
of rainfall intensity (see sheet 7/24 - Computation 04-11-R0O-02) based
on Soil Conservation Service (SCS) methods. The NRC staff concludes
that this reduction is not appropriate for rainfall as severe as the
PMP. In most accepted computations of the runoff from a PMP, including
other accepted SCS methods, it is assumed that the peak burst of rain-
fall (with a duration corresponding to the time of concentration) occurs
at a time when previous rainfall has sufficiently saturated the ground
so that nearly total runoff occurs during the most critical period. We
conclude that any reductions in intensity are already accounted for by
the computation of the time of concentration. Since it appears that
peak flow rates in the ditches could be increased by about as much as
1/3 if nearly 100 percent runoff is assumed, we conclude that the cal-
culations should be revised to reflect more severe rainfall
intensities. (See also Comment 2.)

Resgonse:

The reduction in PMP rainfall intensity resulting from scil infiltration
by use of the SCS Method is equivalent to using the rational formula for
peak flow with a runoff coefficient, C = 0.75. For comparable topo-
graphy (rolling to hilly terrain), the Office of Surface Mining
(OSM/TR-82/2, Surface Mining Water Diversion Design Manual) recommends
runoff coefficient between 0.70 and 0.82 for tight clay under cul-
tivation. Therefore, the peak runoff estimated in Calculation No.
04-11-R0O-04 for ditch erosion protection is reasonably conservative.

The infiltration accounted for in this case will not be affected by the
high intensity PMP because of large void sizes and through-flow in the
riprap and bedding layers.
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NRC Comment 1.E Time of Concentration

The curve number (lag) method of computing the time of concentration for
the drainage ditches is not considered conservative for rainfall as
severe as the PMP. We conclude that the times of concentration will be
significantly smaller if other methods are used.

For example, in the design of Ditch D-1, the time of concentration for
flow over and through the rock layer on the 56-foot long, 45 percent
slope (595 feet long) is calculated to be 3.69 minutes.

Our review indicates that the latter method of computation is more
appropriate for PMP rainfalls and should be adopted for design of the
ditches.

Resgonse:

The time of concentration for the present design was developed using the
SCS curve number method for overland portion of flow. Hydraulics method
was used for channelized flow.

If the time of concentration is calculated using the method of
OSM/TC-82/2, the time of concentration will be decreased for all
ditches. The time of concentration will change from 15 minutes to 6.5
minutes for Ditches 2, and 3, and from 25 minutes to 18 minutes for
Ditch 7. By this shortening of time of concentration alone, the PMP
rainfall intensity will be increased by 55 percent (from 14.5 to 22.5
inches/hour) for ditches in the upper reaches, and by 22 percent (from
11.5 to 14.0 inches/hour) for ditches in the lower reaches.

NRC Comment 2.

The methodology for determining rainfall distribution and intensities,
as given in NRC Staff Technical Position Paper WM:-8201, has been
superseded by that given in the recently published Hydrometerological
Report No. 55 (March, 1984). The NRC staff no longer endorses the
methodology presented in WM-8201. WM-8201 was developed for use at
active uranium mill sites, most of which are located in Wyoming, east of
the Continental Divide. At the time of the development of WM-8201,
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reasonable guidance for rainfall distributions in that area was
uravailable and/or questionable. WM-8201 was formulated to provide that
type of general guidance, based on Corps of Engineers rainfall distribu-
tions. The recent publication of Hydrometeorological Report No. 55 has
indicated that certain areas in Wyoming will be subject to rainfall in-
tensities (especially of short duration) much greater than those given
in WM-8201. As a result, the NRC staff intends to make appropriate
modifications to WM-8201 to reflect the new data.

The modifications to WM-8201 will include recommendations to use the
rainfall distribution guidance that is developed in the Hydrometeoro-
logical Report that is appropriate for a given region. These modifi-
cations will be applicable to UMTRAP sites in general. For the Shiprock
site, in particular, the rainfall distributions given in Hydrometeoro-
logical Report No. 49 should be used, since this represents the most
current estimates of rainfall potential for this area of the United
States.

Extrapolation of the data for time intervals less than 15 minutes will
be necessary.

Res ponse:

The PMP magnitude and distribution were calculated for the present
design using the Design of Small Dams and WM-8201, as provided for in
the RAP.

If the PMP distribution and intensities are recalculated as given in the
Hydrometeorological Repcrt No. 49, the following changes would result.

The l-hour PMP would be changed from 8 inches (Ref. Design of Small
Dams) to 9.1 inches (Ref. HMP No. 49). This increase coupled with the
change in durational distribution from that in WM-8201 (NRC Hydrologic
Design Criteria, 1982) to that in HMR No. 49 would lead to higher PMP
intensities in embankment and ditch erosion protection design.

For the embankment, the PMP intensity would increase from 24 inches/hour
to 55 inches/hour for the 5-minute duration.

For ditches in the upper reaches, the increase in PMP intensity would be
110 percent (from 22.5 inches/hour to 47.5 inches/hour) and in the lower
reaches the increase will be 75 percent (from 14.0 inches/hour to 24.5
inches/hour).

The present design utilizes the erosion and riprap materials available
at the site. Other design criteria can be applied, but will result in
significant cost increases.
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NRC Comment 3.

Our review of the erosion protection to be provided for the filled-in
arroyos indicated thet the protection may not be adequate to meet EPA
long-term stability criteria. We conclude that the 1 vertical (V) on 2
Horizontal (H) fill slopes have not been adequately protected and that
the erosion protection for the toe of slopes may not be adequate to
resist flood velocities in the San Juan River. We disagree with your
conclusions that only minor erosion of the slopes will occur during
major rainstorms and that insignificant gully erosion on the slopes
should be expected. We conclude that the filled-in arroyos, as design-
ed, will experience significant erosion due to (1) erosion cf the toe of
the slope during high river stages, and (2) erosion of the slope due to
gullying and sheetwash. We further conclude that the arroyos could be
severely eroded due to the occurrence of relatively minor flood and
precipitation events.

Since it appears that the setback distance, coupled with rerouting of
the drainage, is adequate to meet EPA standards in those areas where the
existing escarpment is being cut back and re-shaped, additional pro-
tection should be needed only in the areas where the arroyos are being
filled. This additional protection is needed to assure that the arroyos
doe not re-form and eventually, through headcutting, extend into the
tailings stabilization area. We conclude that adequate protection has
not been provided to prevent these phenomena.

Accordingly, the erosion protection design for the filled-in arroyos
should be modified to prevent the re-development and growth of the
filled-in arroyos. The 1V on 2H slopes should be designed using similar
design methods to the remediated pile slopes, and the toe of the slopes
should be designed to resist velocities due to large floods in the San
Juan River.

RESEOTISG :

The present design provides pit run rock fill for arroyos for added
protection against erosion. In time the finer particles will be washed
away and the remaining larger sized pieces will form a self-armoring
rock cover. Our calculation (Calculation No. 04-390-05-00) indicates
that a 12-iuach thick rock layer of 3/4-inch median sized riprap will
completely contain the PMP runoff as throughflow.

Over the 1,000-year design life the escarpment will recede from the San
Juan River and form a naturally stable slope. It therefore is not
necessary to provide extensive protection for the arroyos as was pro-
vided for the tailings embankment.

When DOE/NRC final design criteria and parameters are resolved we will
review the design for erosion protection of the filled-in arroyos.

Because of the protection to the toe of the filled-in arroyos provided
by the bedrock in the escarpment face, erosion caused by occasional
flooding in the San Juan River is not expected to be severe. However,
the design of the toe of the filled-arroyo slopes is being reviewed
relative to potential flood damage.
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NRC Comment 4.

The larger rock that will be placed on the 1 Vertical (V) on 5 Hori-
zontal (H) side slopes of the remediated pile should be extended for a
short distance (say 30') up onto the flatter 4 percent slope. Since
this transition area represents a very critical area where a significant
amount of flow emerges from the rock layer, it is considered to be a
prudent measure to provide this extra degree of flood protection.

Response:

The present erosion protection design provides for Dgg, 5 inch rock

on the entire 20 percent slope, but this rock size is required only on
the lower portions of the slope, and the rock is larger than is required
in the upper part of the slope where it meets the flatter top slope.
Therefore, we do not feel that an additional transition to the top slope
is required.

If larger rock is extended onto the flatter slope, we suggest that the
larger rock be extended only 5 to 10 feet rather than 30 feet onto the 4
percent slope because of the limited availability of larger rock.

NRC Comment 5.

Additional information and design changes should be provided regarding
the erosion protection that will be provided at the outlet of Ditch
D-7. This area could become unstable, since a large amount of runoff
which formerly was discharged elsewhere is not being directed at this
area of the escarpment. Provide the details of, and bases for, the
erosion protection and transition design in this area.

Response:

Erosion protection at the 5-foot high outlet of Ditch D-7 is only re-
quired during construction. Bedrock (Mancos shale) outcrops about 350
east of the outlet, approximately 650 feet west of the toe of the
tailings embankment. Just as river and surface flows are not expected
to erode the 300-foot wide strip of Mancos shale along the north and
east sides of the site during the 200 to 1,000-year design life, the
outcrop east of the Ditch D-7 outlet will provide an outfall that will
be adequate for the specified design life.
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RESPONSE TO NRC GEOTECHNICAL COMMENTS
OF MAY 17, 1985 ON
SHIPROCK CONSTRUCTION DOCUMENTS (SPECIFICATIONS)

Comment 1. Disposal of Demolished Materials

(Section 02050, Demolition, Part 3-Execution, Section 3.3, Page 020508)

"Item 3.3.A(2) requires that non-radiocactively contaminated materials
and low-level radioactively contaminated materials shall be placed in
areas outside the tailings embankment. The low-level radioactively
contaminated materials shall be covered with a minimum thickness of 1
foot of earth cover. The contract documents do not indicate the pro-
posed location for such disposal nor do they identify specifications for
the type and engineering index properties for earth cover material.
These topics should be addressed in the specification/contract
documents."

Response:

Specification 02050, Item 3.3.A(2) requires that certain clean and low-
level contaminated materials be placed outside the tailings embankment.
These materials are actually already in place outside the embankment,
and are tc remain in place. The construction sub-contractor will be
informed of the lccations of these materials and of the fact that they
are to remain in their present locations.

The same item requires that the low-level radiocactively contaminated
materials mentioned above are to be covered with a minimum thickness of
one foot of earth cover. These materials will be covered by clean fill
placed as part of the site grading already shown on the drawings, so
that special materials will not be required.

Comment 2. Radon Barrier Materials

(Section 02200, Earthwork, Part 2-Products, Section 2.2B, Page 02200-3)

"Item 2.2.B specifies that the Radon Barrier materials shall be non=-
radiocactively contaminated sandy SILT available from the designated
borrow area, with a gradation of 50-100 percent passing a #200 sieve.
This gradation requirement may not be sufficiently restrictive. The
specified gradation should be compatible with the gradation used in the
radon cover thickness computation, the gradation used in the filter
criteria computation in sizing the bedding material beneath rock cover,
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and the gradation of the material used in developing the compaction
density-moisture criteria sued in the design. The gradation of the
material also impacts on compaction characteristic of the material and
on the long-term moisture content of the material. These parameters are
important in determining the effectiveness of the material as a radon
barrier. The above concerns should be considered in finalizing the
specification for the radon barrier material."

Response:

Specification 02200, Item 2.2.B requires that.the Radon Barrier Material
be silt having at least 50 percent passing the No. 200 sieve, obtained
from an approved source area. The approved borrow area is shown on the
Drawings. Grain size distribution curves for all the materials in the
approved borrow area meeting the above requirements are attached. All
of these materials are well-graded. None are gap-graded. The gradation
characteristics shown were used in determining bedding material gra-
dation, compaction criteria, and radon barrier source thickness
requirements. Thus all materials from the approved borrow meeting the
specification requirements are expected to be satisfactory as radon
barrier material. Additional radon attenuation tests are to be made on
the approved borrow material and the cover thickness will be adjusted as
necessary.

Comment 3. Relocation and Compaction of Slimes

(Section 02200, Earthwork, Part 3-Execution, Section 3.2, Page 02200-7)

"Items 3.2.A.7 & 8 specifies that pockets of slime located in tailings
designated to be relocated or otherwise disturbed shall be mixed with
sands and placed at the lower part of the tailings embankment. Also,
slimes which are not relocated or disturbed during construction shall be
mixed with or covered by sands to support the construction egquipment.
The specification for these items are not sufficiently restrictive.
Additional guidance on the minimum or acceptable ratio of the sand-slime
mixture and whether slimes and sands have to be premixed prior to plac-
ing or placed in alternate layers should be provided. This is an
important aspect of the tailings stabilization plan and specifications
should be very precise on the work to be performed."

Response:

Specification 02200, Items 3.2.A.7 and 8 require that slimes to be re-
located or otherwise disturbed or which will not support construction
equipment are to be mixed with sands. Mixing is required only for
construction purposes, not for radon attenuation. The construction
sub-contractor will be informed that other options, such as drying the
slimes, will also be acceptable, so long as the work is not excessively
delayed and the other specification requirements, such as compaction,
are met. The specifications require that all relocated tailings be
compacted, and the development of pockets of uncompacted slimes in the
embankment will not be allowed.



RESPONSE TO NRC COMMENTS - 13 =~

Comment 4. Compaction of Radon Barrier Materials

(Section 02200, Earthwork, Part 3-Execution, Section 3.2, Page 02200-8)

"Item 3.2.C specifies that the Radon Barrier material shall be compacted
to at least 95 percent of the maximum dry density (ASTM D 698) on the
wet side of the optimum moisture content. Your design calculations
assume a moisture content 3 percent in excess of the optimum moisture
content determined from laboratory tests. The specification should
state the acceptable range of moisture content in excess of the optimum
moisture content with due consideration of the swelling and shrinkage
characteristic of the clay mineral components of the soil."

Response:

Specification 02200, Item 3.2.C requires compaction of the Radon Barrier
to at least 95 percent of maximum dry density on the wet side of
optimum. The design calculations assume a moisture content of three
percent above optimum only for the purpose of computing unit weight and
degree of saturation values for the radon barrier layer.

Compaction curves for all the materials in the approved borrow area are
attached. As can be seen, the highest moisture content at which these
materials can be compacted to 95 percent of maximum dry density averages
3.6 to 3.9 percent above optimum. The effect of these variations on the
parameters calculated is not significant.

The question of the swelling and shrinkage characteristics of the Radon
Barrier materials was also raised. The materials are silts with low
plasticity, having low susceptibility to swelling and shrinkage.
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Comment 5. Gradation of Select Rock Material and Select Bedding
Material

(Section 02270, Erosion Protection, Part 2-Products, Section 2.1, Page
02270-3)

"Items 2.1.C.4A specifies the gradation for the Type B rock material
cover proposed for the tailings embankment side slopes, drainage
ditches, and intercept ditches. There is a 6-inch thick bedding
material between this rockfill cover and the radon barrier earth cover
over the tailings pile. The proposed gradation of the Type B rock
material and the select bedding material do not comply with the filter
criteria gradation requirement Djs5/Dgs.5. This is a design require-
ment and the specification of all the materials proposed for covering
the tailings embankment should conply with the filter gradation
reguirement."

Response:

Specification 02270, Item 2.1.C.4 gives gradation requirements for Type
B rock material and Select Bedding Materials. The requirements do not
meet the criteria Djg5/Dgs not to exceed five.

The purpose of this criteria is to prevent migration of fines from the
bedding material into the overlying rock material. The primary force
tending to cause this to happen is the rainfall which flows through the
voids in the rockfill.

The attached calculation shows that the velocity of water flowing in the
voids is less than the velocity required to cause erosion of the bedding
material. Therefore, the gradations specified are satisfactory.

Attachments: 1. Grain Size Analysis for Radon Barrier Materials
(1 sheet)

2. Compaction Test Data for Radon Barrier Materials
{1 sheet)

3. Calculation 04-390-06-00, Evaluation of Bedding
Material. Document No. 4005-SHP-C-01-01030-00.
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