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MEMORANDUM FOR: Docket File No. 40-8907

FROM: Raymond 0. Gonzales, Project Manager

Dawn L. Jacoby, Project Manager
Paul W. Michsud, Project Manager

SUBJECT: AMENDMENT NO. 10 TO SOURCE MATERIAL LICENSE SUA-1475 FOR
RECLAMATION AND CLOSURE OF THE UNITED NUCLEAR
CORPORATION (UNC) CHURCH ROCK MILL NEAR GALLUP, NEW MEXICO

In accordance with 10 CFR 40, Appendix A, the licensee, UNC Mining and Milling,
in a letter dated June 1, 1987, submitted a proposed reclamation and closure
plan for the Church Rock Mill, Review of the pruposed plan resulted in
numerous requests for additioral information, ‘eevaluation, and rtdosign. As a
result, additional information was provided by UNC Mining and Milling in
submittals dated January 20, May 23, June 29, July 26; and August 31, 1988;
February 23, 1989; and September 12, and Deceuber 4, 1990, Also reviewed

was a copy of a letter from UNC's consultant, Canonie Environmenta) Services
Corporation (Canonie), to UNC dated December 7, 1990, and a letter to NRC from
Canonie dated December 28, 1990. A chronology of review activities is listed
in Enclosure 1.

The state of New Mexico, as an Agreement State, was responsible for licensing
and regulating the Church Rock Mill until June 1986 when the NRC assumed
regulatory authority at the request of the Governor of New Mexico, At the time
the NRC assumed authority for regulating New Mexico uranium mills, the Church
Rock Mill was listed on EPA's National Priority List ror response action under
the Comprehensive Environmental Response Compensation and Liability Act of
1980, as amended (CERCLA).  The NRC and EPA thus had overlapping
responsibilities regarding remedial action at the Church Rock Mill. To ensure
that remedial actions occurred in a timely manner, the EPA and NRC entered into
a Memorandum of Understanding (MOU) on August 26, 1988. Under this MOU, the
NRC assumed the lead role for disposal area reclamation and closure activities.
EPA was to monitor those activities and provide review comments. The ohjective
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of obtaining EPA's comments is to ensure that activities conducted by NRC would
permit attainment of appropriate requirements under CERCLA, outside of the
byproduct disposal area. EPA indicated that they had no comments on this
licensing action,

BACKGROUND

The Church Rock Mil1 is owned by UNC Mining and H!lling which 1s a division of
United Nuclear Corporation. The mill operated from 1977 to July 1979 when a
breach in the tailings embankment occurred. Milling operations resumed in the
fall of 1979 after the breach was repaired and the spill was cleaned up. In
May 1982 the mil1 was placed in a standby mode due to a ressed uranium
market. During its operation from 1977 to 1982, the Church Rock Mill produced
approximately 3.8 million tons of tailings. A dam was constructed to form a
disposal area to contai~ *hose taflings. The disposal area, which occupied
approximately 100 ac.«s, was subdivided by cross dikes to form a South Cell, a
Central Cell, and a North Cell. Two borrow pits, No. 1 and No, 2, were
excavated within the central cell to provide additional tailin?o storage and
construction materials for the tailings retention structure. Figure 1 shows
the general locations of the mill facilities,

The tailings solution in the disposal area has been evaporated except for
Borrow Pit No. 2, which is currently being used for sterage of water extracted
from tailings seepage and ground water (Figure 1 shows the location of the
pit). A spray system is currently being used to evaporate the water from the
borrow pit. Once the borrow pit has been drained, it will be reclaimed by
backfilling with mi11 demolition debris, soil that is unsuitable for radon
cover, and other sofl as necessary. It is estimated that 500,000 cubic yards of
material will be required to fill Borrow Pit No. 2 to fina) grade.

GENERAL DESCRIPTION OF PROPOSED RECLAMATION PLAN

As shown in Figures 2 and 3, UNC's proposed reclamation plan consists of
stabilizing the tailings in place. The tailings wil)l be graded to allow
positive drainage off the pile top. A soil cover will then be placed over the
tailings to 1imit radon emanation to acceptable levels. To protect against
erosion, a soil/rock layer will be placed over the radon soil cover. The pile
too slopes will vary from less than one percent to about four percent. To
minimize the potentiai for erosion of the pile top, wide gently sloping swales
will be placed perpendicular to the slopes to l1imit runoff distances. These
swales will be lined with riprap. The embankment outsiocpes will be flattened
te 20 percent (5H:1V) and erosion protection will be provided by a layer of
riprap.

As shown on Figure 1, Pipeline Arroyo is an ephemeral channel that flows from
northeast to southwest along the western edge of the disposal area. The arroyo
has a massive bedrock outcrop adjacent to the taiiings pile. This outcrop,
which is designated as the “rickpoint" on Figure 2, stabilizes the arroyo by
minimizing the potential for headcutting. As a result, the arroyo upgradient
of the nickpoint 1s geomorphically stable, being characterized by a very flat
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gradient and a channel that is wide and shallow, In contrast, the arroyo
downgradient of the nizkpoint is fairly unstable, having a much steeper slope
and a deep, narrow channel.

Although the bedreck nickpoint in Pipeline Arroyo provides stability to the
upstream reach of the arroyo, it is not certain that the bedrock 1s continuous
across the entire valley. Therefore, in order to maintain the stable channel,
the licensee has proposed to reinforce the nickpoint by constructing a
rock=filled trench across the arroyo valliey. For Lhe arroyo reach dowrstream
of the nickpoint, the licensee proposes to leave the channe)l relatively
unaltered and to depsnd on the massive overbank ares to provide erovion
protection for the reclaimed tailings pile. Additional erosion protection
design features include a protective bench and rock-1ined runoff control ditch
at the toe of the tailings dam, and a low fiow channel aleng the west side of
Pipeline Arroyo. The purpose of these design features is as follows: The rock
filled trench (referred to as a buried jetty in Figur‘ 2) will provide
additional stability at the nickpoint, the protective banch will provide u
buffer between PMF flows in the arroyo and the toe of the tailings embankment,
the runoff control ditch will minimize erosion and prevent headcutting into the
tailings pile, and the low flow channel wil) route flows along the west side oV
Pipeline Arroyo as far away from the pile as possitle. Figure 4 shows typical
sections of the protective bench, runoff contral ditch, the Pipeline Arroyo low
flow channel and the buried jetty,

The South Diversion Ditch is an existing ditch that will require no
modifications. The existing North Diversion Ditch is also of adequate size.
This ditch, however, will be 311?ht1y modified by extending the novth end of
the ditch so that it will empty into Pipeline Arreyo north of the tailings
pile. 1In addition, riprap will be placed in the diten where required.

TECHNICAL EVALUATION OF THE PROPOSED RECLAMATION PLAN.

Review and technical evaluation of the proposed reclawation plan was divided
into seven sections as follows: 1) stability and ligquefaction analvses,

2) .ettlement, 3) radon attenuation, 4) surface water hydrology, 5 erosion
protection, 6) construction specifications, and 7) nost estimates. Each of
these sections s discussed below,

Stability and Liquefaction Analyses

Structural Stability

To demonstrate the stability of the re:laimed facility, a critical section was
selected at Station 48 + 00 (See Figure 2) and analyzed under static and
psevdodynamic loading. The section and the parameters used in the modeling are
illustrated on Figure 7-11 of the June 1, 1987, submittal. The physical
property values assumed for the homogeneous section are —onsidered rensonable
for the simplified section. The phreatic surface modeled represents a worst
case. An acceleration coefficient of 0.05g was used to simulate earthquake
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loading, The resulting lactor of safety of 5.0 for both loading corditions is
greater than required by Regulatory Guide 3.11 (NRC, 1%77) for static and
pseudodynamic ioadings. The site 16 located on the birder)ine between a
recommended acceleration coefficient of 0.05g and 0.10g on the Seismic 7one Map
(COE, 1983). The use of the lower coefficient in the licensee's analysis is
acceptable due to the resulting large factor of safety.

Although the licensee's analyses a‘e very limited, a review of availuble
discussions on the stahility of the existing facility indicates that the
operational structure met the requirements of Regul itory Guide 1.11. The
failure of the southern section of the tailings dam in July 1970 resulted in
analys s of the facilities' stability by numerous regulatory agencies and by
UNC. It was determined that the probable cause of the failure was differential
settlement of the foundation, cau:in? the embankment to experience internal
erosion under the action of the resulting crackigg. The emba’kment had been
constructed on collapsible soil deposits up to 100 feet in depth. Test rasults
indicated thet some of the foundation soils could be expected to collapse in
excess of 10 percent upon wetting, It was also determired that the embankment
s0ils were dispersive in tests where the pH of the dispirsive agent

approached 1.2. The estimated pH of the tailings solution at the time of
failure was 1.2. As the facility was filled with liquors, the fourdation soils
and the embankment experienced a wetting front, which collapsed the foundation
s0ils. This was supported by the observation of longitudinal cracks on the
upstream face of the embarkment prior to failure TYransverse cracks then
formed as a result of differential settlement alony the axis of the embankment.
As this cracking process allowed the tailings solu'ion to enter the embankment
the soils began eroding interrally, causing the embankment to breach. After
the failure, the embankment was repaired ~nd it has operated without signs of
distress since that time. Conterns of stwilar failures over the design life of
the reclaimed facility should therefore be neg'igible. The reclamation process
will enhance the stability of the facility by limiting infiltratior into the
structure and allowing the area to dewa'er.

Liquefaction

The licensee determined that the liguefaction potential of the facility was not
a design concern as the retention embankment was constructed of cempacted
earthen borrow material consisting of fine sand, sflt, and clay mixture. in an
unsaturated state. These materials were describud as "insensitive to
liguefaction."

As saturation is a requirement for the liguefaction phenomenon, the porential
for failure due to liguefaction will become negligible as toe facility
continues to dewater. Review of the available information indicates that tie
current embankment is not saturated and the amount of water entering the system
is to be minimized by the earthen cover. Therefore, the potential ‘o failure
due to liquefaction is minimal.
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Cont lusion

The licensee's evalua jon of the reclaimed disposal area is representative and
utilized acceptad e ¢ sthodology to establish the long term structural
stability. Therefire the reclamation plan satisfies the appiic.sle portions
of the requirementy of riieria 1, 6, and 12 of Appendix A to 10 CFR 40. The
plan contains the par.™ ter: ecessary to ensure the structyral stability of
the site with regard to ‘be control of -adiological hazards over the design
Jife without active mai~ ‘' nonce after reclamation 1s complete.

Settier)
To momio . .tiemerl within the disposal area, the licensee pro YRR 1
cttablich «ight settiement monuments located as shown on Figure 1 . @.°

Januar, 20, 1988, submittal. This figure also detaiis the monumen' w. :-% will
consist of a horizontal base plate measuring 2 feet by 2 feet by 4 107/ thick
placea on the exist//q tailings surface. A 3/4-inch steel rod will be
connected to the Y.«se ¢/ 'le and wiil extend a minimum of 12 inches above 1/
“inal surface of th, dispe -1 area. The locations of the monuments were
selected on toe ba. s of Ly thickness of regraded tailings over exist’.g
tailings ana,/Oor the & eas © axiwum thicknesses of fine tailings, v.ich ar
wmost suscepiible to consn)iuy ion,

‘he monuments wi'l be monitoyed daily during the first week following tailings
regrading and placement of each layer (11ft) of soil cove:. After the first
week, monitoring will be done monti:ly until approximately 90 percent of
tailings consolidation has occurred or until sufficient documentation exists to
dgemonstrate that no adverse effects are nccurring to the cover due to the
observed magnitudes and rates of settlements. he next 1ift of material wil)
ot be placed urtil _he previous 1ift has met he above criteria.

In the original plan, govaiited on Jure 1, 1987, it was estimated that the
initial le=inch 11ft would He in place for & years prior to placement of t.is
second 177, due to reclamac’on activity sequencing rather than consolidation
criteria.  This sequencing of ‘anstruct on was to have minimized the effect of
settleme:t by gradually loadin« <« disposal area and allowing intermediate
settlements to be complete prior id nlacerent of the next 1ift. With the
revised cover design described in tne Derember 4, 199C, submittal, this phased
constructien approach may ne longer be uossible and the settlement plan should
be revisited. The December 4, 1990, su, wittal dees not address settlement.

Conclusion

The licensee's settlement pian is not cle rly defined as it ‘as not been
revised to reflect recent design = vision, Theretore, th: ‘censee must
readdress his :sttlement plan to « jure that the long-term ar. ign requirements
relating to tie contrel of radiological hazards without active aintenance are
mrt as required in Criteria 1, 6, and 12 of Appendix A to 10 Ck) ~N,
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Radon Attenuation

Characterization of Materials

The exploration program for *the site was performed in 1986. Primary areas of
investigation included Pipeiine Arroyo, the alluvial plain to the north of the
disposal site, and the mill site. Results of previous investigations were also
considered. Borings assumed to be in tailings were also selectively used to
determine radiological parameters.

The laboratory testing program for the fine and coarse tailings included
in-place moisture contents, in-place densities, and specific gravities. A
standard Proctor test was performed on coarse tailings as they are to be
relocated over the fines. Radiological testing included radon diffusion
coefficient, radium content, and radon emanation coefficient determinations.
Eleven samples of coarse sands from three borings and nine samples of fine
tailings from four borings were selected for testing. Summaries of laboratory
test results are provided in Tables 2.5 and 2.6 of the December 4, 1990,
submittal.

Due to the medifications that have evolved since the original exploration
program was performed, the supporting data for the cover material have been
selectively restricted to results from the exploration of Pipeline Arroyo, the
stockpile located to the cast of the disposal area, and to the material that
has been placed on the north and central cell as interim cover. A summary of
the data that were considered in selecting representative cover parameters is
given in the Septemoer 12, and December 4, 1990, submittals. The laboratory
testing program for cover material included in-place moistures, classification,
compaction, and dispersivity testing. Permeability tests gnrforacd on interim
cover materia, reiulted in permeabilities ranging from 1C-® to 10-® centimeters
per second. Crumb tests performed on clay samples indicated no susceptibility
to dispersion. Although the laboratory testing program associated with the
embankment failure indicated that svils from the area may be dispersive when
tailings solutions with low pH are encountered, the possible migration of
tailings solution thruugh the cover should not be a design concern. A sample
was also selected for capillary-moisture relationship teésting. This test
determines the moisture content of fine grained soils for tensions between

1 and 15 atmospheres.

Selective test results from the exploration program on Pipeline Arroyo, the
existing stockpile, and testing of the interim cover on the north and central
cells were used to develop an acceptable gradatiocn envelope for potential cover
materials. This material can be expected to be non-dispersive and to exhibit
acceptable permeabilities to limit infiltration. Frost heave and cracking
should therefore not be a design concern. Material specifications were
provided which support this gradation envelope.
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The licensee did not convert the Rawls and Brakensiek mo.sture to a moisture
content resulting from a ratio of weights rather than volumes. The diffusion
coefficient was calculated by the computer model.

Evaluation

The licensee's analysis of radon attenuation contained severa)l calculation
errors associated with the selection of the long-iLarm moisture content: as
noted above. As this particular parameter can significantly affect the
required cover thickness, the licensee must reanalyze the radon cover afler
reconsidering the values assigned to long-term moisture. Also, the licensee
must determine an average fines percentage of the sand tailings so that the
Rawls and Brakensiek equation can be used when determining the appropriate
long-term moisture, or some other acceptable method should be considered. The
capillary-moisture test on the proposed cover soil was performed on a sample
that contained 67 percent fines. The minimum percentage of fines allowed in
the specifications is 40 percent which corresponds roughly to the lower

95 percent confidence limit of soils tested. The upper bound of the 95 percent
confidence 1imits is about 70 percent. The capillary-moisture relationship
test was performed on & soil sample having 67 percent fines which is
essentially the upper 95 percent confidence limit. Test results from a
material that represents the upper limit of the maximum fines percentage cannot
be considered a conservative representation of acceptable materials as
described by the specification. Therefore, this ~15 bar moisture value should
be considered an upper limit for long term moisture for the cover soil.

It was also noted that the data that were considered from the borrow sources
did not all meet the gradation specification. For example, almost one third of
the samples presented for the Pipeline Arroyo borrow did not meet
specifications and would be rejected as fill. By excluding th . data from the
density determination, it appears that a lower average density wouid be
expected for the soil cover. These changes in parameters may increase the
required cover depth.

Conclusion

Due to the errors and deficiencies in the selection of modeling parameters, the
licensee must reevaluate the model input and recalculate the required cover
thickness, It is expected that the required cover thickness will increase over
the 18 inches proposed by the licensee. Without adjustment in parameters or
further justification for the parameters that were assigned, it cannot be
concluded that the proposed plan will limit the average release rate of radon
to 20 picocuries per square meter per second as required by Criterion 6 of
Appendix A to 10 CFR 40.
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Surface Water Hydrology

Hydrologic Description and Conceptual Design

The Church Rock Mill and disposal areas are located at elevations ranging from
about 6950 to 7000 feet above mean sea level within the drainage area of
Pipeline Arroyo. As she - on Figure 1, Pipeline Arroyo is an ephemeral channel
that flows from northeast to southwest along the western edge of the disposal
area to a point about 2.5 miles southwest of the mill site where it joins tie
Rio Puerco. The drainage area of Pipeline Arroyo upstream of the disposal area
is about 17 square miles (See Figure 5).

A second drainage aea of approximately one square mile is located south and
east of the tailings disposal area. Surface water runoff frum this area is
currently intercepted and diverted away from the disposal area by the north and
South Diversion Ditches.

In order to comply with 10 CFR 40, Appendix A, wiich requires that tailings be
stabilized for a 1000-year period to the extent reasonahly achievable or in any
case for at least 200 years, UNC proposes to stabilize the tailings and
contaminated material in place and to protect them from flooding and erosion by
various desion features as discusced below.

Flood Determinations

The flood to be used for erosion protection design should be. one for which
there is reasonable ascurance that it will not be exceeded during the 1000-year
design life. Statistical analyses can be used to estimate the future frequer.cy
of flood events. However, these analytical methods are limited in that
extrapolation of the frequency curve does not provide defensible estimates of
flood probabilities much beyond the length of record, which is usually less
than 100 years. Because of this limitation, the design flood event cannot be
reasonably estime ed using historical records. Instead, it must be based on
estimates of probable maximum precipitation (PMP) for the particular geographic
area. Techniques for estimating PMP amounts are available in several reports
that have been published by the National Weather Service. The report that
covers the Church Rock area is Hydrometeorological Report (HMR) No. 49

(U.S. Department of Commerce, 1977).

The PMP values were estimated by the licensee using HMR No. 49. The average
rainfall that falls over a particular drainage area during a PMP event varies
with the size of the area; the smaller the area, the larger the average
rainfail. A l-hour PMP of 8. 33 inches was used as a basis for estimating a
Probable Maxiwum Flood (PMF) for Pipeline Arroyo which has a drainage area of
about 17 square miles. For the 1-square mile drainage area that drains into
the North and South Diversion Ditches, a 1-hour PMP of 8.4Z2 inches was used. A
I-hour PMP of 8.47 inches was used for both the embankment outslopes and the
pile top. For the runoff control ditch, the appropriate PMP was 8.33 inches.
Based on a review of the information provided by the licensee it is concluded
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that the l-hour PMP values were acceptably derived. PMP amounts for durations
of less than 1 hour were estimated by the licens2e by multiplying the 1-hour
PMP value by appropriate percentages. The percentages were those recommended
in NUREG/CR-4620 (Nelson and others, 1986) and are therefore acceptable.

The PMP design events meet or exceed the applicable portions of the
requirements outlined in 10 CFR 40, Appendix A, particularly Criteria 4 and 6
and are therefore acceptable for use in designing any required erosion

protection.
Probable Maximum Flood (PMF) Estimates

A design flood based on the PMP is called a PMF. PMF's are dependent not only
on the magnitude of the PMP but also on the amount of precipitation that is
lost mainly by infiltrating into the ground. Other important parameters are
the duration and temporal distribution of the PMP and the hydraulic
characteristics of the watershed. By considering all of these parameters, a
PMF can be estimated.

The PMF's for Pipeline Arroyo, the North and South Diversion Ditcnes, the
Runoff Control Ditch, and the swales on the pile top were estimated by the
licensee using a procedure developed by the Soil Conservation Service

(U.S. Department of Agriculture, 1972). This procedure accourtis for
irfiltration by considering vegetation type, density of vegetation, and
hydrologic soil classification. The PMF for Pipeline Arroyo was estimated to
be 26,300 cubic feet per second (cfs). For the North Diversion Ditch, the PMF
varied from 1080 cfs at the upstream end of the ditch to 5840 cfs at the
downstream end. The PMF for the South Diversion Ditch was estimated to be
about 1370 cfs, and for the Runoff Contro! Ditch the estimate was 52 cfs. (The
Pipeline Arroyo estimate was provided ir the May 23, 1987, submittal and the
Runoff Control Ditch estimate was in the December 4, 1990, submittal. Al
others were provided in the June 1987, submittal).

For the tailings dam outslopes and the pile top, the licensee used the Rational
Formula (Chow, 1959) which is a standard method for estimating flood
discharges. In using the Rational Formula, it was conservatively assumed that
the entirc PMP would result in runoff so that the runoff coefficient would be
equal to 1. In addition, when estimating the size of rock required for erosion
protection @ flow concentration factor of 3 was used.

To evaluate the adequacy of the licensee's calculations, spot checks were made
of the Pipeline Arroyo and South Diversion Ditch PMF's. This was done by
independently calculating PMFs for the two areas. A comparison between results

is show in Table 1.
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Table 1
PMF Peak Discharges (cfs)

Drainage Area Licensee Estimate NRC Estimate
Pipeline Arroyo 26,300 26,800
North Diversion Channel 1,37C 1,440

Based on this close comparison, it is concluded that the licensee's PMF
estimates are acceptable.

Water Surface Profiles and Channel Velocities

With the exception of Pipeline Arroyo, water surface elevations and velocities
were estimated by the licensee using Manning's equation (Chow, 1959). Water
levels and velocities were independently checked using procedures given in
Chow, 1959. Based on this independent evaluation, it was concluded that the
licensee's flood Tevels and flow velocity values estimated using Manning's
equation are acceptable.

For Pipeline Arroyo, water surface elevations and velocities were estimated by
the licensee using the HEC-2 computer program (COE, 1989). This program is a
standard computational model that is widely used and accepted for determining
water surface profiles. Since it is an acceptable ‘code for this particular
appiication, independent calculations are not required for evaluating the
information provided by the licensee. Instead, the information and computer
printout sheets provided by the licensee were independently reviewed and it was
concluded that estimates of water elevations and veiocitie. were reasonably
derived and are therefore acceptable.

Conclusion

The surface water hydrology design of the reclamation plan contributes to
meeting the requirements of Criterion 4 of 19 CFR Part 40, Appendix A, which
requires in part that embankment and cover slopes be either relatively flat or
be covered by self-sustaining vegetation or rock to minimize the potential for
erosion. Criterion 4 also requires that upstream drainage areas be minimized.
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The North and South Diversion Ditches meet this requirement by diverting flood
flows away from the reclaimed pile.

Erosion Protection

Pipeline Arroyo

As discussed above, the Pipeline Arroyo nickpoint will be reinforced by
construction of a buried jetty, as shown on Figure 2. The jetty will consist
of a stone-filled trench that will extend across the valley from the nickpoint
to the top of the protective bench along the toe of the tailings embankment,
The purpose of the jetty is to provide vertical centrol of the Pipeline Arroyo
channel bottom. This control will maintain the flat gradient of the arroyo
upstream of the nickpoint and thus maintain the long-term geonorphic stability
of Pipeline Arroyo. It will also ensure that flows will continue to pass over
the nickpoint. In addition, the proposed low flow channel will contain smaller
but more frequent flood events up to the 100-year flood and direct these flows
over the nickpoint as far away from tailings as possible.

In estimating the required riprap size for the buried jetty, the licunsee used
the Safety Factors Method (Simons and Senturk, 1977), together with the results
of the HEC-2 Computer analyses. The licensee's analysis indicated that a
median stone diameter (Dgo) of six inches is required. (Figure 4 presents
details of the buried jetty). An independent analysis was performed using the
Corps of Engineers' shear stress method (COE 1970). This analysis indicated
that a Dgo of six inches is adequate for the buried jetty and is therefore
acceptable.

The PMF water surface elevations in Pipeline Arroyo will be below the top of
the proposed protective bench. Thus the bench will protect the toe of the
tailings dam embankment and the runoff control ditch will be above the PMF
level. (See Figure 4 for a typical section of Pipeline Arroyo showing the PMF
water leve! in relation to the protective bench and runoff control ditch). The
average velocities and depths of the PMF along the 5H:1V sideslopes of the
protective bench were determined by the licensee using the HEC-2 computer
program. The results of this analysis indicated that during a PMF event, a
maximum average velocity of 6.4 feet per second would occur at station 57+475.
To determine the amount of scour that would take place during the PMF the
licensee used methods described by the Bureau of Reclamation (Pemberton and
Lara, 1984). This evaluation indicated that the maximum lateral erosion to be
expected would be less than five feet. As shown on Figure 4, the runoff
control ditch s located 14 feet from the protective bench and the toe of the
tailings embankmenrt is 40 feet away. Thus the licensee concluded that the
protective bench will provide adequate protection to the tailings pile.

The HEC-2 computer printout sheets and scour calculations provided by the
licensee were independently reviewed, and it was conciuded that estimates of
water levels, velocities and magnitude of scour along the protective bench were
reaconably estimated and are therefore acceptable.
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Pipeline Arroyo downstream of the nickpoint will be modified only slightly from
its present configuration. This will basically consist of filling in
depressions and headcuts in the overbank areas between the arroyo and the
tailings embankment. Erosion protection will be provided by the vast overbank
area between the arroyoc and the tailings pile. To demonstrate that the
material in the overbank area is adequate to provide the necessary erosion
protection, the licensee evaluated the potential for meander grown along.
Pipeline Arroyo. This evaluation was performed Fy first characterizing
existing meander patterns of Pipeline Arroyo and a nearby similar arroye that
is in its natural state. The characteristics were then applied to the proposed
arroyo configuration and potential impacts were identified by estimating the
magrnitude of potential meandering of the arroyo. On the basis of this study,
the licensee concluded that even if all of ihe meander growth were to occur in
the direction of the tailings, there wou'd be no release of tailings.

The potential for headcuts to form at the Pipeline Arroyo channel banks
downstream of the nickpoint was also addressed by the licensee and it was
concluded that although headcuts may form, the stability of the reclaimed
tailings will not be affected.

The information provided by the licensee was independentiy reviewed and it was
concluded that there appears to be no reasonable method to prevent geomorphic
changes in the deeply incised arroyo downstream of the r.ickpoint. Erosion and
arroyo widening is likely to continue until the arroyo is sufficiently wide to
contain a stabie channel. However, based on a review of appropriate
literature, it appears that this type of arroyo will attain a stable width when
the width to depth ratio is about ten. At present the arroyo is about 30 feet
deep. Therefore, a stable channel will be attained when the channel widens to
about 300 feet. The toe of the tailings cdam is about 400 to 450 feet from the
arroyo. Assuming that all arroyo widening occurs toward the tailings, the
overbank area is sufficiently wide to protect the tailings (See Memorandum to
Docket File No. 40-8907 dated January 22, 1991, which'is attached as

Enclosure 2).

North Diversion Ditch

As shewn on Figure 5, the North Diversion Ditch will intercept flows from a
small drainage area east of the tailings pile. The ditch is an existing
structure having a relatively uniform channel gradient of approximately 0.0075.
'sing Manning's equation the licensee estimated that during a PMF, velocities
in the North Diversion Ditch will average between 9 and 18 fps. Velocities of
this magnitude are considered to be erosive. However, since tailings are
located at least 300 feet from the North Diversion Ditch, the licensee
concluded that erosion protection is not required. Based on a review of the
licensee's calculations and an indepenclent calculation, the staff concluded
that the licensee's estimates of velocities in the North Diversion Ditch are
conservative. However, it was concluded that erosion protection is required at
two locations along the ditch where erosion along the outside banks of curves
in the ditch could potentially affect tailings. In response, the licensee
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proposed to provide riprap at the two locations shown on Figure 2. In
estimating the required riprap size, the licensee used the Maynord Method
(Maynord, 1987). This analysis indicated that a Dy, of 4.3 inches is required
at one curve and 5.5 inches at the other. Based on this analysis, the licensee
proposes to use a Dy, of six inches at both locations. The thickness of the
riprap layer will be nine inches and it will be underlain by a six-inch thick
filter layer. Based on an independent review of the licensee's calculations,
the riprap design of the North Diversion Ditch is acceptable.

South Diversion Ditch

The South Diversion Ditch also intercepts flood flows from a small drainage
area to the east as shown in Figure 5. The ditch is an existing structure,
generally trapezoidal in shape with a 15-foot bottom and 2H:1V side slopes.
The average gradient is about 0.003. Using Manning's equation the licensee
determined that the ditch is capable of convoying the PMF with sufficient
freeboard and thus no modification to the ditch is required. The licensee did
not provide flow velocity estimates for the South Diversion Ditch so an
independent calculation was made. This calculation indicated a maximum average
velocity of about 6 fps. This velocity is marginally erosion. However, since
the ditch is at least 500 feet from tailin?s. t is concluded that erosion
protection is not required for the South Diversion Ditch.

Pile Top

As shown in Figures 2 and 3, the tailings will be graded to drain toward both
the south and the north sides. In estimating the require riprap size for the
pile top, the licensee used an equation from NUREG/CR-4651, Volume 2 (Abt and
others, 1988) and a flow concentration factor of 3. The licensee's analysis
indicated that a Dgo ranging from less than 1 inch to 1.6 inches is required
for the pile top. On the basis of this evaluation, the licensee proposed a Dgq
of 1.5 inches for tie pile top.

An independent analysis was performed using the Safety Factors Method (Simons
and Senturk, 1977). This analysis indicated that & Dgg cf 1.5 inches is
adequate for the pile top.

The licensee proposes to place a minimum 3-inch depth of the required riprap on
the pile top. This will be followed by a four- to six-inch layer of soil which
will be compacted into the rock. The soil/rock matrix design was reviewed, and
it was concluded that it is acceptable. This conclusion is based on the
results of research performed by NRC (Abt and others, 1988), in which
laboratory research showed that when soil is compacied into a riprap layer, the
rock becomes more stable as the stones are tightly wedged together. In
addition, the soil fills the void spaces, further stabilizing the rock from
movement and providing a growth medium for vegetation.
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As shown in Figure 2, slopes as steep as about 7.0 percent will converge onto
the tailings surface from the east. To minimize the potential for erosion, the
licensee proposes to limit flow distances and thus flow velocities by
constructing branch swales perpendicular to the direction of flow. These
branch swales, shown in Figures 2 and 3, will convey flows to either the North
Cell Drainage Channe) or the South Cell Drainage Channel.

The branch swales will be trapezoidal in shape having minimum depths of 2 feet,
bottom widths of 10 or 20 feet and 3H:1V side slopes. The gradients of the
swales will range from 0.002 to about 0.009. For the swales, the licensee
sized the riprap using the Safety Factors Method {Simons and Senturk, 1977).
On the basis of this analysis, the licensee proposed a Dzo of 1.5 inches for
Branch Swales A through G and J. For Branch Swales H and I, the licensee
proposed a Dgo, of three inches. The licensee did not specify the thickness of
the riprap layers, Therefore, the licensee will be required to provide a
riprap thickness of at least 1.5 times the minimum Dgo or the D,qo size,
whichever is laraer. In addition, a 6-inch thick bedding layer will be
required under une riprap having a Dgo of three inches.

Runoff will be conveyed off the pile top by the South Cell Drainage

Channel (SCDC) and the North Cell Drainage Channel (NCDC). The SCDC will be
excavated into bedrock along part of its reach. In estimating the required
riprap size for the SCDC the license used the Maynord Method (Mayncrd, 1972).
This analysis indicated that a minimum Dgo of 24 inches is required. The
licensee did not specify the thickness of the riprap. Therefore, a thickness
of 1.5 times the minimum Dgo or the Dyop size, whichever is greater shall be
required by license condition. In addition, a suitable bedding layer shall
underlie the riprap. A design for the bedding must be provided by the licensee
fer review and approval prior to placement.

The licensee has not proposed erosion protection for the NCDC and has not
provided sufficient information to show that erosion prectection is not needed.
Therefore, they will be required to provide a riprap design for review and
approval, or provide justification showing why erosion protection is not needed
in the NCDC. s

Tailings Dam Outslopes and Runoff Control Ditch

The outslopes will be flattened to 20 percent (5H:1V). At the toe of the
outslopes, a ditch identified as the Runoff Control Ditch (See Figures 2, 3,
and 4) wilil prevent headcutting and provide stability to the outslopes. In
addition, the ditch will minimize the runoff that will contribute to flows in
Pipeline Arroyo. The riprap proposed for the outslopes is a 3-inch thick layer
having a Dgp of 1.5 inches. This Dgo was estimated using an equation described
in NUREG/CR-465]1, Volume 2 (Abt and others, 1988). The design discharge used
in this equation was calculated using the Rational Meth~4 (Chow, 1959) with a
runoff coefficient of one and a flow concentration factc of three, which is
conservative.
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For the Runoff Contrcl Ditch, the Ticensee estimated a Dgo ¢f 1.5 inches except
for the last 630 feet of the ditch where a Dgo of 3 inches is required. These
riprap sizes were estimated using the Safety Factors Method (Simons and
Senturk, 1977).

The information and calculations provided by the licensee were reviewed and an
independent calculation was performed for the riprap to be placed on the
tailings dam outslopes. Based on this review and analysis, it was concluded
that the riprap proposed for the tailings dam outslopes and Runoff Control
Ditch is acceptable.

Rock Durability and Gradaticn

'n the original reclamation plan provided in a submittal dated June 1, 1987,
the results of durability testing were provided for two samples of Todilto
limestone. Using the criteria in NUREG/CR-4620 (Nelson and others, 1986), the
licensee conciuded that the limestone was acceptable for use as riprap.
However, minimum durability requirements and gradation specifications were not
provided. Subsequently in a submittal dated December 4, 1990, the licensee
committed to provide specifications for riprap that will conform with

Appendix D of the NRC's staff technical position on "Design of Erosion
Protection Covers" dated August 1990.

With this commitment, it is concluded that adequately durable riprap will be
provided. However, once a rock source has been identified, the licensee will
be required to review its riprap designs and make modifications if necessary
and to submit these for review and approval. For example, a specific gravity
of 2.6 was used to size the riprap. If the specifications to be provided at a
later date allow the use of rock with a lower minimum specific gravity, the
riprap sizes may have to be increased.

Riprap and filter material gradation requirements were provided in the

December 4, 1990, submittal for each riprap size. The informatic ovided was
reviewed and compared to criteria recommended by the Corps of Eng rs (See
NUREG-4620, Nelson and others 1986). Based on this review, it appears that the
proposed gradations do not conform to accepted gradation criteria in that they
appear to contain an excessive amount of fine materials. The licensee will
therefore be required to provide the basis for the gradation design and justify
that it meets accepted gradation criteria.

Conclusion

Justification for various features of the erosion protection design has not
been provided. Without such justification, it cannot be concluded that the
proposed reclamation plan will provide adequate erosion protection to ensure
long-~term stability as required by Criterion 4 of Appendix A to 10 CFR 40.
Therefore, the licensee must provide additional information regarding the
bedding layers and the thickness of riprap to be used in the pile top swales
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and in the Scuth Cell Drainage Channel. Also, the proposed plan must be
modified to provide bedding and riprap in the North Cell Drainage Channel
unless the licensee can provide justification that it is not needed.
Construction specifications must be provided for compacting soil into the
riprap on the pile top and for the durability of the rock to be used as a
riprap source. Finally, assurance must be provided that the proposed riprap
gradations meet accepted engineering criteria.

Construction Specifications

The specifications for the project were initially submitted as Appendix B8 to
the June 1, 1987, submittal. Reguested revisions to the specifications have
resulted in specifications being scattered throughout numerous documents. For
the purposes of this review, the latest documents are considered to contain the
mest current information. This may negate information contained in previous
submittais. The September 12, 1990, submittal contains additional field
construction control specifications. The December 4, 1990, submittal contains
revisions to the specitications for materials and some construction control.
Revisions to the specification document were made in the January 20, 1988
subm:ttal. The placement specifications are contained in the June 1, 1987,
submittal.

Material Specifications
Radon Barrier Materials - The proposed plan requires the radon barrier soil be

classified as CL, ML, SM, or SC soils meeting the following gradation
requirements:

Sieve Size Percent Passing
3/4 inch 95 - 100
No. 4 90 - 100
No. 10 86 - 100
No. 40 €5 - 100
No. 100 50 - 100
No. 200 40 - 85

This gradction band is based on the results of field and laboratory tests from
the proposed borrow sources and the north and central cell interim covers. The
licensee did not propose any plasticity requirements for the materials.
(December 4, 1990, submittal).

Riprap - In Table 2.3 of the December 4, 1990, submittal, the licensee has
stated that the source for material to be used for riprap shall meet the
requirements of Appendix D of the NRC Staff Technical Position (STP) oun "Design
of Erosion Protection Covers," dated August 1990. The suitability of the rock
must be assessed by laboratory tests to determine the physical characteristics
of the rock. Several durability tests must be performed to classify the rock
as to being of poer, fair, or good quality. As a minimum, four test methods
must be selected for determining the acceptability of the rock.



Docket File 40-8907

The licensee has stated in the December 4, 1590, submittal that the rock will
be considered acceptable if it scores a minimum of 50 percent using the STP on
erosion protection. The STP states that a score of 50 is acceptable for
non=criticail areas such as top slopes, side slopes, and well-drained toes and
aprons. Four critical areas such as channels, control structures and enerqy
dissipation areas, a minimum score of 65 is required.

On the basis of the STP, a score of 50 is acceptable for the pile top
outslopes, and runoff control ditch. However, for Pipeline Arroyo and the
North and South Diversion Ditches a minimum score of 65 is required unless the
licensee can demonstrate that the cost of obtaining this higher quality rock is
clearly excessive

5011/Rock Matrix =~ The rock to be used in the soil rock matrix on the pile top
shall meet the same material specifications as discussed above for the riprap.

Placement Specifications

Relocated Contaminated Materials = The proposed specifications in the June 1,
1967, submittal require that a minimum of seven feet of coarse sand tailings
shall be placed over all fine tailings. The fina) tailings surface shall be
compacted to a minimum of 90 percent of the maximum dry density.

Radon Barrier - The proposed specifications (Section 4.3.3.4 of the June 1,
1987, submittal as revised in the January 20, 1588, submittal) require the
interim cover soils to be placed at optimum to plus 2 percent of optimum
moisture and to at least 90 percent of the Proctor maximum dry density. After
clearing and grubbing the existing interim stabilization cover, the remaining
interim cover shall be compacted to a minimum of 95 percent of the maximum dry
density at a moisture content of within two percent above the optimum mc sture.
Subsequent barrier soils shall be placed in loose 1ifts not to exceed
12 inches, within 2 percent above optimum moisture. anhd to at least 95 percent
of the Proctor maximum dry density (Section 9.3.3.& of the June 1, 1987
submittal)

Riprap - The specification proposed for placement of riprap in Section 5.3.4 of

the June 1, 1987, submittal requires that all riprap be placed to the depth and
grades sh n the Drawings The riprap shall be placed in a manner to ensure

that

the larger rock fragments are uniformly distributed and the smaller rock
fragments serve 111 the spaces between the larger rock fragments so that a
densely-placed, uniform layer of riprap of the specified thickness will result

Hand ired only to the extent necessary to secure the

or placement of the so0il rock matrix has
Therefore, the licensee will be required t
2C1fication should include procedures for

at least three inches thick and that the
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Construction Control

Classification Testing = The proposed specifications in the December 1, 1990,
submittal require gradation and Atterberg testing of the radon barrier once
every 1500 cubic yards of soil cover placed. The testing frequency to date has
been once every 6500 cubic yards placed. To ensure that the material that

has been placed as interim cover on the north and central cells meets the
specification, it will be tested at the higher frequency when it is conditioned
for final cover placement.

In-Place Testing = The specifications proposed in the September 12, 1990,
submittal require that the in-place density and moisture be determined once
every 2000 cubic yards of material placed, or a minimum of two tests for each
day of fill placement in excess of 150 cubic yards. The Derember 4, 1990,
submittal specifies that the sand cone method of in-place ¢ nsity determination
will be used exclusively.

Laboratory Testing = The propesed specifications require that a Proctor test be
performed once for every 15 field density tests, or once every 25,000 cubic
yards of material placed. One-point Proctors are to be performed once every

5 field density tests, or once every 10,000 cubic yards of material placed
(September 12, 1990, submittal).

Rock Quality Testing = In the September 12, 1990, submittal, the proposed
specifications require that one series of durability tests (specific gravity,
absorption, soundness, and L.A. Abrasion) be performed at 10,000 cubic yards
and 20,000 cubic yards of riprap placed. One test series will be performed for
every 10,000 cubic yards of riprap placed in excess of 3G,000 cubic yards. As
written, this specification is deficient in that a durability test will not be
performed at 30,000 cy. Therefore, tne specification must be revised to
include a test for each 10,000 cy including one at 30,000 cy. In addition, the
durability tests must be performed for each riprap sile.

Conclusion

Except for the lack of a specific material specification for riprap and the
soil/rock matrix, a placement specification for the soil/rock matrix and a
deficiency in the rock quality testing specification, the proposed construction
specifications and revisions are acceptable to ensure that the construction
process will suppo:t the design. However, the licensee must compile one single
document containing all specifications and revisions,

Cost Estimates

A detailed review of the reclamation plan cost estimates was performed. The
purpose of this review was to verify that all required reclamation activities
were included and funded at an appropriate level. Criteria 9 and 10 of

Appendix A to 10 CFR 40 contain the financial requirements which must be met.
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The licensee provided a cost estimate in their August 31, 1968, submittal.
This estimate was based on completion of each task by a third party, as
required. Activities were divided into three phases entitled, "Interim
Stabilization," "“Seepage Collection," and "Final Reclamation." Within each of
these phases, a breakdown of costs for individual tasks was provided. Unit
costs were provided for each activity and were extended using estimated
quantities of material and times. These costs were compared against industry
reference guides to verify their accuracy. Activities within the three phases
include costs for mobilization and demobilization, mill decommissioning and
demolition, earthwork, radiological monitoring, and ground-water remediation.
The August 1988 cost estimate did not include an amount for the state of New
Mexico gross receipts tax nor the Criterion 10 lony-term surveillance fee.

Revisions to the reclamation plan and their associated costs were submitted to
the NRC in letters dated December 4, 7, and 28, 1990. The cost data were not
detailed, but provided a sufficient basis for determining a surety amount. In
an effort to set a surety amount, the design modifications proposed by the
Ticensee and their associated costs as set forth in the December 4, 1990,
submittal were utilized as proposed. As set forth in preceding sections,
certain assumptions or design conditions may require further justification or
revision. Any such changes may affect the cost estimates and the required
surety amount.

In determining an acceptable surety amount, the base costs from the August 1988
cost estimate were escalated to December 1890 dollars using the change in the
Consumer Price Index (CPI-U). The licensee's estimated additional cost of
$983,000 contained in their December 4, 1990, submittal was then added to the
escalated 1988 costs. This amount was then increased by 15 percent to cover
contractor overhead and profit. To thic total was added a 15 p. rcent
contingency amount, an amount for the state of New Mexico gross receipts tax,
and the 10 CFR 40, Appendix A, Criterion 10, long-term surveillance fee. This
resulted in a total estimated reclamation cost of $16,392,000 as detailed in
Table 2.
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'he NRC review and independent verification of the licensee's reclamation cost
estimates indicates a sufficient basis exists for establishing a surety amount.
The required surety amount has been determined to be $16,392,000.

EVALUATION OF RECLAMATION PLAN AGAINST APPENDIX A CRITERIA

‘ A to 10 CFR 40 establishes criteria for the technicai, financial,
ownership, and long-term site surveillance criteria relating to the siting,
operation, decontamination, decommissioning, and reclamation of uranium milling
facilities. Each site-specific licensing decision is to be based on the
criteria in the appendix, taking into account the public health and safety and
the environment Decisions as to the ability of the design to meet “reasonably
ichievable" criteric must take into consideration the state of technology as
well as a comparison of the ecornomic cost to resulting benefit.

The following Appendix A criteria were considered for the proposed licensing
decision to amend Source Material License SUA-1475 in accordance with the
reclamation plan submittals, Criterion 2, 8, and 11 are not applicable for
review and approval of a reclamation plan and were therefore not considered.

Criterion 1

(riterion 1 addresses the general goal of siting and designing facilities to
provide for the permanent isolation of tailings and associated contaminants by
minimizing disturbance and dispersion by natural forces without the need for

ongoing maintenance. Items that were considered when evaluating the proposed
plan include

remoteness from peopulated areas: The Church Rock site is located in
McKinley Ceunty New Mexico, approximately 20 milés northeast of the City
of Gallup. The nearest resident to the site is approximately one mile
northwest of the site. Gallup is the largest community in the immediate
vicinity, having a 1990 census population of 18,802, McKinley County has
a 1 nsus population of 56,3562

Populat)

projections for these areas are difficult to make, due to the
o b

unpredictable iture of the uranium industry However, there is no reason

>
b} N ' |

to believe that there will be significant population increases within

ural conditions as they contribute to continued

zation and isolation of contaminants from ground-water sources
laimed disposal area wiil be capped with a cover system designed

to assure compliance with 10 CFR 40,
done under other licensing actions The

submitted on March 29, 1989, and approved
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NRC on June 12, 1989. Compliance standards were set in January 1989 and
the corrective action program became fully operational! prior to April 1,
1990. The licensee is currently implementing the corrective action
program to return ground-water quality to established standards.

3. Potential for minimizing erosion, disturbance, and dispersion by natural
forces over the long-term: The potential for erosion will be minimized by
several design feature:s as follows: The reclaimed pile top will be
covered by a soil/rock matrix which will prevent the formation of rills
and gullies. The embankment outslopes will be flattened and protected by

riprap.
Criterion 3

Criterion 3 sets below grade disposal as the prime option for tailings
disposal. Relocatior of the tailings to another site so that all the
contaminated material could be placed below grade is technically feasible;
however, the benefits over stabilizing the tailings in place would be
negligible. Since the existing facility is essentially sound, the cost of
disposing the contaminated materials below grade by relocating the disposal
area would be much greater than the benefit realized, making relocation
economically impracticable.

[f below grade disposal is not practicable, the disposal plan must provide
reasonably equivalent isolation of the tailings from natural erosional forces.
The Ticensee utilized PMP/PMF events to design the erosion protection for the
facility. Therefore, the tailings will be acceptably isolated from natural
erosional processes.

Crite.ion 4
Criterion 4 sets specific technical criteria for disposal of tailings.

Criterion 4(a) reauires that upstream rainfall catchment areas be minimized so
that the tailings are protected from floods. This criterion will be met by
directing runoff from upstream drainages around the reclaimed facility. The
only runoff on the embankment outslopes will be from precipitation that falls
directly on the outslopes.

Criterion 4(b) states that topographic features should provide good wind
protection. Relocation of the tailings pile to another site, which would
provide good wind protection, is technically feasible but the benefits over
stabilizing the pile in place would be negligible. Since the facility is
essentially sound, the cost of disposing the contaminated materials in an
alternate location that would offer good wind protection would be much greater
than the benefit realized. To minimize erosion due to wind, the tailings pile
will be covered with a soil/rock matrix, over the radon barrier.
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riteria 9 and 10 require that a financial surety arrangement be established to
issure that sufficient funds are available to carry out the decontamination and
decommissioning of the facility and the reclamation of the disposal area The
licensee's cost estimate includes such amounts for pertormance of reclamation
activities by a third party All costs and assumptions were independently
reviewed and revised or supplemented where appropriate to include acceptable
st estimates for activities to be performed under Source Material license

SUA=-1475 for decommissioning, decontamination, rec lamation, and long-term
surveillance of the Church Rock site fhe surety amount of $16,392,.000 is
sutticient to meet the requirements of 10 CFR 40, Appendix A, Criteria 9
and 10 License Condition No. 25 will be amended to reflect the surety
requirements., The lTicensee will be allowed 90 days from the issuance of the
amendment revising License Condition No. 25 to submit, for NRC approval, the

information and forms required to evidence a surety in an amount no less than
$16,392 . 600

iterion 12

Criterion 12 requires that the final disposition of tailings or wastes at

milling sites should be such that ongoing active maintenance is not necessary
to preserve isolation

with modifications to the proposed aesign, every reasonable concern has been
considered in the proposed erosion protection design of the facility. The
technical criteria in 10 CFR 40, Appendix A will be met, to the extent
reasonably achievable, by considering economics and by utilizing
state-of-the-art design methods and conservative design basis events.
Therefore, ongoing maintenance is not required to assure that the reclaimed
disposal area will remain effective for 1000 vears and that radon emanation
will be lTimited to an average of 20 pCi/m?s. There wtl] be, however, a
long-term program of surveillance and maintenance administered through a
license as required by Criterion 11 [t is expected that routine maintenance
will be performed as needed, but it is not required to preserve the facility

5\
Therefore, the requirements of Criterion 12 will be met

s &)

ndepender analyses ¢ the reclamation plan for the Church Rock
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LIUTC

'd numerol open i1tems in the design that are not

40, Appendix A Therefore, it » recommended that
2UA-1475 be amended by modifying License Condit

10N
L1

34 to read as follows
amendment, the licensee shall
the NRC, to cover the estimated
accomplished t \ ird party, for decommissioning and
i

decontamination ¢ Lthe m nd 1 1te, reclamation of anvy ta




waste disposal areas, ground~water restoration as warranted. ang the
long=term surveillance fee The amount of the surety shall be no less
than $16,392,000 Upon resolution of the exceptions identified in License
Condition No. 34, the licensece shall submit for NRC review and approval, a
proposed revision to the financial surety arrangement if the estimated
costs for resolving these exceptions exceed $16,392.000. The surety shail
be written in favor of the NRC for the purpose of complyina with

10 CFR 40, Appendix A, Criteria 9 and 10, and shall be continuously
maintained until a replacement is authorized by the NRC.

Anntal updales to the surety amount, required by 10 CFR 40, Appendix A
Criteria 9 and 10, shall be submitted to the NRC at least three months
prior to the anniversary of the effective date of the approved surety
instrument Along with each proposed revision or annual update, the
Incensee shall submit supporting documentation showing a breakdown
Costs and the basis for the cost estimates with adjustments for inflat.on,
changes in engineering plans, activities performed, maintenance of a

L5 percent contingency fee, and any other conditions affecting the
estimated costs for decommissioning and decontamination of the mill and
mill site, reclamation of the tailings and waste disposal areas, soil and
water sample analysis to confirm decontamination, long-term surveillance,
and ground water restoration as warranted. If the NRC has not approved a
proposed revision to the surety 30 days prior to the expiration date of

]

the existing surety arrangement, the licensee shall extend the existing
surety arrangement for one year,

The reclamation plan as described by the Ticensee's submittals dated
June 1, 1987; January 20, May 23, June 29, July 26, and August 31, 1988:
February 23, 1989; and September 12, and December 4, 1990, is approved.
The licensee shall provide by September 1, 1991, a single comprehensive
document describing the approved reclamation plan, including

YO ¢

specifications, after acceptable resolution of the following exceptions to
the approval

Ine proposed radon barrier shall be redesigned and submitted for NRC
approval based upon modification of the following modeling
parameters

1

ne proposed long-term moisture contents of the fine tailings
nda cover material shall be converted from the computed
volumelric moisture contents to weight ratio moisture contents
and shall also be substantiated as being representative of

long-term conditions

)

The Tong-term moisture content of the coarse tailings shall be
determined based on NRC acceptable methodology, as described in

Regulatory Guide 3.64 or equivalent
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3. The expected cover material density shall be determined based on
considering only test results from material that meets the
specification.

The licensee shall submit a settlement plan for NRC approval that
will provide a basis to demonstrate that the radon barrier will not
be compromised by subsequent settlement.

A 5-inch bedding layer shall be constructed under:eath the riprap in
the South Cell Drainage Channel and in the Branch Swales or
substantiate an alternative design. The submittal shall include the
median size (Dgo) and the gradation limits.

The licensee shall construct a riprap thickness of 1.5 times the
median stone size (Dge) or Dygp, whichever is greater, for the South
Ca11 Drainage Channel and the Branch Swales.

A riprap design for the North Cell Drainage Channel shall be
submitted for NRC approval based on procedures discussed in the
August 1990 Staff Technical Position, "Design of Erosion Protection
Covers for Stabilization of Uranium Mill Tailings Sites," or
equivalent,

Minimum durability specifications for the rock tu be used for erosion
protection shall be submitted for NRC approval. The specifications
shall comply with Appendix D of the August 1990 Staff Technical
Position, "Design of Erosion Protection Covers for Stabilization of
Uranium Mil) Tailings Sites," or equivalent.

The basis for the riprap gradation designs shall be submitted for NRC
approval and demonstrated that they meet acgeptable criteria.

The Ticensee shall provide material and placement specifications for
the riprap and soil/rock matrix. The specification shall include
procedures for testing to ensure that the riprap is at least three
inches thick and that the soil will be adequately compacted into the
riprap.

The rock scurce for the riprap to be placed in critical areas shall
have a score of at least 65 as described in Appendix D of the
August 1990 Staff Technical Position, "Design of Erosion Protection
Covers for Stabilization of Uranium Mill Tailings Sites."
Alternatively, a lower score of at least 50 may be acceptable if it



sive

can be demonstrated that the cost of obtaining adequate rock is
excess

the

The results of the durability testing used to determine
scores¢ discussed above shall be submitted for review and approval
by NR(
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ENCLOSURE 1

UNC CHURCH ROCK RECLAMATION PLAN CHRONOLOGY

40-8907
June 1, 1987 UNC submits reclamation plan.
Nov. 23, 1987 NRC requests additional information on gectechnical

portion of reclamation plan by January 8, 1988,

; Dec., 198 UNC requests extension to Jan. 15, 1988, for submittal of
’ geotechnical intormation.

Jan, 20, 1288 UNC provides partial -esponse to Geotechnical Information
request (5 days ’ate). Complete response has not been
provided to date.

Jan, 21, 1988 Meeting with UNC to discuss reclamation plan
and Q's that have ceen sent to UNC.

Mar, 22, 1988 NRC recuests infermation on surface water hydrology and
reclamation costs by April 22, 1988,

Apr. 1, 1988 UNC notifies NRC that they cannot meet Apri) 22, 1988,

deadline for hydrology and cost information, but will
submit information by May 22, 1988, unless NRC "has a
problem."

Apr. 22, 1988 NRC provides response to April 1, 1588, request for
extension which agrees to proposed date of May 23, 1988,
for hydrology information and establishes new dead)ines
of April 29, 1988, for submittal of ccst information,
Additional comments on the reclamation plan are included in
this letter, '

HMay 23, 1988 UNC provides response to March 22, 1988, and Apri) 22,
1988, NRC ouestions on reclamation plan. UNC does not
provide cost information.

May 31, 1988 Meeting with UNC to discuss remaining geotechnical
questions (from January 21, 1988, meeting); NRC staff
discusses initial review of UNC's May 23, 1988, submittal.
NRC and UNC discuss upgrade of license.

June 1, 1988 NRC sends geotechnical questions as follow-up to the

f January 21, 1988, and May 31, 1988, meetings; NRC requires
| responses by July 1, 1988,
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N responds Lo NR june 1, 198§ geotechnical questions

iddendum to reclamation plan which includes

gy, active ground-water program,

- blown cleanup, mill decommissioning, and reclamation
hedu e Lost estimate 18 not provided Meeting is held

t g1s acdendun

N§ end additional erosion protection guestions on

reclamation plen and requires UNC response by September 2,
la!

UNC provides responses to NRC questions on the reclamation
plan dated July 29, 1988

UNC provides detailed cost estimate for its tailings
reclamation plan

Meeting to discuss UNC's August 21,

responses

1988, hydrol oqy

NRC requests additiona) hvdrology information as a result
't UNC's August 31, 1988, submittal and the meeting held

on January 19 1 K¢

)

UNL responds to NRC's February 3, 1989, questions

NRC inspection and site visit of the Church Rock Mil)
&1te

NRC sends UNC 13 additional iwestions on the reclamation

plan These include geotechnical , geomorphologic, and
surtace watler/erasior protection cone erns Nk( requires
responses by August ] 99(
Meeting wit! NC 1 C s NRC's questions of June £y,
i
Meot ] further 1 5 were he on NRC's guestions
¢
e )
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juest iIT1Ty 1€ t | { ; 1 ‘IA 1n NK ing 29
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| Y yomitta remailt anged
ilephons 3 IN to NK N requested more time t
resj i t NK wuest f lune 29 1990, and A,")Vx‘t 11
! Nl W meetl wit! tant August 199
Angd get back t N wit! week
" <
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Sept. 12, 1990 UKC provides responses to questions 1+6 and 11+13 of NRC's
June 29, 1990, letter and question 9A of NRC's August 16,
1990, letter. Responses to questions 7 and 8 of the

June 29, 1990, letter and questions 98 and 9C of the
August 16, 1980, submittal were not provided.

Oct. 12, 1990 Meeting with UNC to discuss responses to comments provided
by UNC on September 17, 1990, and to obtain a commitment
from UNC for responding to the remaining comments in NRC's
June 29, and August 16, 1990, letters. The need for
having an adequate surety in place by the end of 1990 was
Hiscussed.

Nov. 01, 1990 Meeting with UNC consultant, Canonie Environmental, to
discuss studies done by consultant to date in preparing
report for submittal to NRC.

Dec., 04, 1990 UNC provides responses to questions 7 and 8 of NRC's
June 26, 1990, letter and questions 98 and 9C of the
August 16, 1990, letter,

Dec. 07, 1990 Canonie Environmental (consultant to UNC) provides
additional information to justify the project costs that
were provided in the December 4, 1990, submittal.

Dec, 28, 1990 Canonie Environmental (consultant tc UNC) provides letter
to UNC further gustifying the project costs in the
December 4, 1990, submittal., Copy of the letter was
provided to NRC for information.
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MEMORANDUM FOR: Docket File 40-8907
FROM: Joel P, Grimm, Project Manager
SUBJECT: REVIEW OF GEOLOGIC AND GEOMORPHIC ASPECTS OF THE

UNC~CHURCH ROCK RECLAMATION PLAN

BACKGROUND

10 CFR 40, Appendix A, requires uranium wil) operators to provide a disposal
site and tailings stabilization design to prevent the release of tailings for
1000 years, to the extent reasonably achievable, and, in any case, for at least
200 years. This correspondence provides partial results of reviews of the
reclamation plan submitted by United Nuclear Corporation (UNC) for the uranium
mill and taflings pile at Church Rock, New Mexico. Included in the plan were
design features to protect the tailings pile from erosive processes in the
nefghboring Pipeline Arroyoe. The purpose of this report 1s to provide a review
of geologic aspects of the site and form a basis for amending license
approving the reclamation plan.

Traditionally, the design basis used to meet the long~term stability
requirement in 10 CFR Part 40 1s protection of a tailings pile from extreme
events known as Probable Maximum Precipitation (PMP) and the Probable Maximum
Flood (PMF). Accordingly, UNC submitted a design including artificial
excavation of Pipeline Arroyo to dimensions capable of containing and passing a
PMF event without flooa flows along the tailings embankment.

Geomorphic Setting of the Site

Pipeline Arroyo and UNC's site occur in an area underlain by Cretaceous
candstones and shales. The rocks dip north-northeast about 3 degrees, forming
elongated sandstone cuestas and intervening vaileys underlain by irte vening
mudstones. The Pipeline Arroyo drainage basin is elongated parallel to the
cuestas and valleys, converging on and cutting through a narrow bedrock
constriction (fig. 1), draining south two miles to the Rio Puerco. In the
tailings area, the valley includes a flat valley floor 380 to 500 meters wide.
The drainage channel is found at the far western side of the valley. The
tailings occupy the greater part of the valley's floor to the eastern

hillslopes. i
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Pipeline Arroyo is a channel incised in excess of 10 meters adjacent to the
pile (fig. 2). The arroyo's vertical banks are subject to mass wasting and
erosion, as revealed by aerial photographs and field observations. The channel
gradient in the deeply incised area is approximately 0.018. The arroyo has
headcut upstream from the Rio Puerczo. Approximately one-third of the way
northward along the tailings pile, Pipeline Arroyo encounters resistant
sandstone bedrock in its channel. The channel rises steeply in a short
distance, resulting in a nickpoint that comes to nearly the same elevation as
the valley floor. The arroyo no longer occurs upstream, and the channel is
unincised on a wide valley floor (fig. 2). The unincised area is a sediment
storage area, maintaining & very low channel gradient of only 0.002 (Table 1).

Originally Proposed Design

The applicant's goal is stabilization of the pile for the required 1000 years,
using a PMF as the design basis. The applicant originally proposed to excavate
through the nickpoint, creating one continuous, straight, and deep channel from
the northern property boundary (fig. 2) to beyond the southern end iof o
tailings pile. The d-olgn‘1ucludodriouur1ng:thoxchannol’!n;uu:nnﬂjn

at the nickpoint, creating 2:1 sideslopes in the reach, tknocking idown
the vertical gully walls in alluvial reaches to 3:1 sidelopes,:and/s 1:::
the channel gradient upstream to about 0.008, and downstream up to 0. R
goal of this design was to contain the PMF within the excavated channel,
preventing high-velocity flow along the tailings embankment. The entire reach
of Pipeline Arroyo alony the tailings and up-valley would be channelized, and
would mostly occur in alluvium. Most importantly, the tailings embankment is
adjacent to the channel for a distance exceeding 400 meters, with no
intervening buffer area.

DISCUSSION
Current Geomorphic Processes in Pipeline Arroyo

The conditions and processes observed in Pipeline Arroyo are known as
rejuvenation, and occur in response Lo base-level Towering. For several
decades, geological and engineering field studies and laboratory simuiations
have been employed to determine the processes of basin rejuvenation.

Base~levei lowering creates a nickpoint where the tributary meets the main
channel, and the nickpoint begins to migrate up the tributary channel, creating
a gully. Once a nickpoint is formed, headcutting in the arroyo is quite rapid,
proceeding through a basin in time scales measured in years or decades (Schumm
and Hadley, 1957). Typically, the same depth of channe) degradation occurs
throughout the channel length, with the main impact felt early near the mouth
(Begin and others, 1980). The rate of gully growth at any station is initially
high, then slowly decreases.

Channels experiencing gullying display unstable conditions downstream of the
migrating nickpoint, evidenced by bank failures and high sediment loads (Schumm
and others, 1984; Meyer, 1989). Sediment is typically transported downstream
as bed Joad. The applicant has demonstrated that alluvium in this valley is
mostly sand sized. In arroyos with sandy bank material, bed load occurs as
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braided bars and the active channel occupies the e~iLire arroyo floor (Meyer,
1989). Both arroyo walls are nearly vertical, und the arroyo experiences large
amounts of widening by bank faflure and erosion (fig. 3) 'se findings
resemble existing conditions in Pipeline Arroye Unstable conditions continue
for extended periods of time, and stability is not achieved until large volumes
of sediment are removed, and sediment production upstream abates (Meyer, 19£9).

Effects of Channelization

Channelization causes artificia) straightening and shortening of a channel,
thus steepening its gradient. The steeper and concentrated flow results in
increased stream power, leading to channel incision and bank erosion as the
channel readjusts to the steeper gradient (Emerson, 1971).

Meyer (1989) summarizes numerous studies of the effect of channelization:

Channelized or straightened stream channels commonly respond 1ike
gullies. Vertical incision results from concentration of flow that
formerly spread over the valley floor. After or accompanying
downcutting, channel side walls erode, usually by lateral channe)
erosion and mass wasting of vertical banks. In channelized streams,
ten-fold increases in channel area are common, which are attributed
to both downcutting and bank-top wid ‘ing (Meyer, 1989; p. 3-4).

The result of channelization, therefore, is the same as arroyo formation by
nickpoint migration. A1l channel reaches downstream of the uppermost channe)
modifications are likely to display unstable conditions leading to channel

incision, arroyo widening by bank failures, and associated high sediment loads
in the channels.

Review of the Originally Proposed Design

A1l the typical unstable conditions associated with basin rejuvenation are
observed in Pipeline Arroyo, and are due to base-level lowering in Rio Puerco.
This area is probably in an early stage of basin rejuvenation which became
widespread beginning in the late nineteenth century (Cooke and Reeves, 1976).
Migration of Pipeline Arroyo's nickpoint, however, has halted on account of
encountering resistant bedrock in the channe).

Considering the site characteristics and geomorphic concepts discussed above,
It 15 concluded that geomorphic conditions downstrear of the nickpoint are
unstable, and the southern one-third of the tailings pile is in Jeopardy of
becoming involved in arroyo widening In addition, remova)l of the nickpoint
and channelization of the northern area will result in destabilization of that
area, including the area where no buffer area occurs between the embankment and
channel specifically, the unincised area's valley gradient is probably as
steep as 1s stable If a gradient steeper than 0.002 were stable, excess
sediment would have be deposited upstream to raise valley slope. Thus, the
northern part of the site will become susceptible to basin rejuvenation if
altered. Without considerable engineered enhancements to this design, it is
concluded that the proposal is not likely to provide stabilization of the
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tailings pite for the time period required in 10 CFR Part 40. These findings
were summarized in NRC correspondence dated June 29 and August 16, 1990,

Latest UPS|9H Mpdlfi(@(jgg§

UNC's submittal of December 4, 1990, provided significant design modifications
In consideration of the geomorphic concepts described above. The changes
consist of:

1) Changing the proposal to excavate the northern channel. Instead, the
existing channel will be altered only to provide a low-flow channe)
J0 feet wide from the northern property line to the nickpoint,
Erosion of the tailings embankment during extreme events will be
minimized by construction of an erosion resistant berm along the
embankment interceptor ditch at the calculated level of the PHF,

Abandoning the proposal to remove the nickpoint by excavation.
Instead, the nickpoint will be reinforced with a buried ripran letty
from the exposed bedrock, through the subsurface, to the tailings
embankment. This proposal will provide stable base Tevel for the
drainage basin north of the nickpoint.

Leaving the arroyo south of the nickpoint relatively unaltered. The
area known as the sacrificial slope will be regraded to promote sheet
flow of direct runoff. 1In sudition, the base of the tailings
embankment will be ringed by an interceptor ditch, and runoff from
«~ embankment will be diverted to a controlled structure. '

Relying on tle long-term stability of the nickpoint and its reinforcement by
the buried jetty, it 1s concluded that geomorphic stability north of the
nickpoint 1s reasonably assured for the required performance period of the
remedial action. This assurance is contingent upon the suitability of the
erosion resistant berm at the base of the embankment, and the buried rock Jetty
in the channel,

stability of the area downstream of the nickpoint is more difficult to assure
Based on the concepts discussed above, it is concluded that the incised arroyo
is geomorphically unstable Erosion and arroyo widening there seems likely to
continue, perhaps for decades or centuries, until the arroyo i1s sufficiently
wide to contain a stable channel (Meyer, 1989) Even formidable engineared
enhancements to the channel are Tkely to be undercut or sidecut by continued
arroyo growth The rate of arroyo growth is unpredictable The tailings
embankment now lies 130 to 150 meters from the arroyo. In larger drainage
basins, arroyos commonly *i..%awv width-depth ratios up to 100 (Meyer, personal
communication) Expzoimental evidence suggests smaller basins may stabilize
when the ratio is 10. Assuming all arroyo widening occurs eastward, the
sacrificial slope is perhaps suitably wide to protect the tailings embankment
The design, however, does not allow for a deeper arroyo, nor for a shift in the
arroyo's position in the valley
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In order to add assurance that the sacrificial slope will remain sufficient
throughout the performance period, the applicant proposes the following
enhancements:

1) The slope of the sacrificial area will be decreased to nearly zero
percent near the embankment. Therefore eroded gullies forming on the
slope will be unable to headcut to *he embankment.

2)  The area will be graded to promote sheet flow. fven though the slope
is relatively steep (2 to 9 percent), drainage area is small and
gully erosion will be limited.

3)  Runoff from the embankment will be diverted at a basal interceptor
ditch. This runoff will not contribute to ercsion of the sacrificial

slope.
CONCLUSIONS

Pipeline Arroyo is an example of an unstable drainage basin undergoing
“ejuvenaticn. While landscape stability and protection of the tafli is
difficult te assure, base level provided by a resistant nickpoint in arroyo
helps assure stabil’ty along the northern two-thirds of the u"ing.
embankment. The applicant's design to augment the nickpoint from channe)
to the embankment provides reasonable assurance that the northern part of the
tailings cell will not be affected by channe)l processes upstream of the

nickpoint.

Meanwhile, there appears to be no reasonable method to prevent ic
changes in the deeply incised arroyo downstream of the nickpoint. Given enough
time, erosive processes associated with base-~level lowering in the Rio Puerco
will run their course and remove much of the sediment_currently stored in the
valley which contains Pipeline Arroyo. The rate and extent of erosien is
difficult to predict. The applicant, however, has provided information to
conclude that the arroyo will not experience widening exceeding the sacrificial
area. ,

It is concluded that the proposed design and modifications will prevent
tailings instability to the extent reasonably achievable.

R D

Joel P. Grimm
Project Manager

Attachment :
As stated
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Table 1: Comparison of Physical Characteristics
of Pipeline Arroyo and its Channel Upstream
and stream of the Nickpoint Position

Upstream Downstream
Gradient 0.002 0.018
Bank Height approximately up to 10 meters
1 meter

Channel Form braided-sinuous braided
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Figure 2: Detailed topographic map of the approximate
tailings disposal area and its relationship to

Pipeline Arroyo.
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Figure 3: Model of arroyo development in different sediment,
bosed on field studies and laboratory simulations. Pipeline Arroyo
conditions are similar to those in the central column (from

Meyer, 1989; Figure 37).



