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Dear Mr. Gillen:

On May 9, 2001, Ted Johnson, NRC and Art Kleinrath, DOE visited the Ambrosia
Lake Facility as a follow-up to an earlier inspection where the inspector observed rilling
of the soil along the southern toe trench of Pond #1. During the follow-up visit, several
issues were discussed including excessive rilling along the northern Pond #1 toe trench
and the potential for head-cutting from the run-off along the drainage north of Pond
#1. As a result of these discussions, Rio Algom retained a consultant, Maxim
Technologies, to review these items and to prepare a design for the erosion protection
facility for Pond #3 as required by License Condition 53E.

The attached report provides the design of the head-cutting control and toe
protection facilities to be constructed along the northern edge of Pond #1. Rio Algom
believes that these designs are not part of the requirements of License Condition 53,
but are a proactive approach to address potential long-term maintenance issues
resulting from erosional characteristics that were not anticipated in the original,
approved designs. The report also includes the design of the erosion protection
facilities for Pond #3 as required by License Condition 53E.

If you have any questions, pleas call me at (405) 858-4807.

Sincerely,
~ (/
William Paul Goranson, P.E. \Z}LL
Manager, Radiation Safety, Regulatory QQ
Compliance and Licensing
Enclosures RN
CC:  Jill Caverly, NRC b )
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Pond 1 North Embankment Erosion Protection — Ambrosia Lake Mill, New Mexico

INTRODUCTION

This design report was prepared by Maxim Technologies, Inc. (Maxim) for Rio Algom Mining Company,
LLC. (Rio Algom) as part of their agreement for engineering services dated July 2001. Maxim has been
retained to evaluate flood and long-term erosion conditions at the Ambrosia Lake Facility near Grants,
New Mexico and to prepare designs for the long-term stability of tailings and evaporation ponds at this
uranium mill tailings disposal site. This report provides the basis for the design required by the second of
four tasks inciuded in the agreement. Task Two addresses erosion concerns at the toe of the north
embankment of Pond 1, a reclaimed tailings pond, and consists of designing a channel/run-off apron for
the north embankment of Pond 1. Figure 1 is a schematic representation of the area of concern in the
current study.

Pond 1 is a reclaimed tailings disposal site and was used for burial of byproducts produced at the mill.
The embankment of Pond 1 is constructed with a radon barrier and overlying rock cover serving as
erosion protection. The following report provides a design to prevent erosion of the embankment toe from
run-off from the north embankment slope. For purposes of this design effort, it has been assumed that the
erosion protection channel/apron shall only handie precipitation that falls on the north embankment slope
or within the channel/apron limits. Local topographic information supplied by Rio Algom indicates
precipitation that falls on the Pond top surface will run-off to the south and drain into the south diversion
channel and then into the Arroyo del Puerto, which is down stream of the north embankment of Pond 1
and our proposed erosion protection system. The area north of the proposed erosion protection system
drains to the north and away from the site on moderate to steep slopes. Therefore, no other flows are
anticipated to enter the channel/apron. The proposed erosion protection system for the north
embankment toe of Pond 1 is a combination of an apron designed to withstand the hydraulic jump of the
flow running of the steeper embankment slope and onto the flat toe surface and a channel design that will
withstand that longitudinal flow that is anticipated to run adjacent to the embankment toe. The greatest
design requirements for developing apron protection and channel protection were used to develop the
design configurations that follow.

The analysis conducted for this design is consistent with Nuclear Regulatory Commission {NRC)
guidance, particularly, Design of Erosion Protection for Long-Term Stabilization (Johnson 1999). This
guidance, referred to as NUREG-1623 in this report, requires, in most cases, that erosion protection be
designed for a 1,000-year life to minimize future maintenance issues. Because flood events with a 1,000
year recurrence interval are difficult to quantify, the guidance recommends use of the probable maximum
precipitation event (PMP) for design purposes. PMPs can be derived for various parts of the United
States using appropriate hydrometeorological reports. The report that addresses New Mexico east of the
continental divide is Hydrometeorological Report No. 55A, Probable Maximum Precipitation Estimates —

‘United States between the Continental Divide and the 1 03 Meridian (Hansen et al. 1988). Appropriate

PMPs are used to develop runoff hydrographs and determine the probable maximum flood (PMF) for an
area of concern. The final step in the design process is to apply the PMF to the appropriate erosion

control design method. Guidance for design of riprap erosion protection is found in Appendix D of
NUREG-1623.

This design report is limited to those items affecting design of the north embankment of Pond 1 erosion
protection, namely, the run-off issues mentioned previously. Methods of analysis are described for
design issues inciuding derivation of the PMP and calculation of the appropriate PMFs. The calculation of
the riprap sizing is then described, and the report concludes with a discussion of other issues that affect
the design.

1.0 PMP CALCULATION

Maxim verified the PMP calculation performed by others following the methods outlined in
Hydrometeorological Report No. 55A (Hansen et al. 1988). The PMP rainfall depth calculated previously
for the 1-hour local storm was 9.6 inches with no areal reduction. Maxim’s calculation of the PMP depth

Rio Algom Mining Company, LLC. -1-
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Pond 1 North Embankment Erosion Protection — Ambrosia Lake Mill, New Mexico

arrived at a 9.5 inch value for the 1-hour, 1-square mile local storm, slightly less than the previously
calculated value of 9.6 inches. Because the values are so similar, we used the slightly higher, previously
determined values in our calculations. Calculation sheets are attached in Appendix A.

2.0 DESIGN BASIS

A run-off erosion protection channel/apron is needed along the north toe of the Pond 1 embankment to
prevent scour from undercutting the tailings rock cover during extreme run-off events. Another erosion
concern at the toe of the embankment is the potential for longitudinal flow along the toe due to moderate
slopes adjacent to the toe. Therefore, the general approach for this analysis consisted of two tasks with
the greater design requirements controlling the final design configurations.

1) Determining the apron requirements based on run-off analysis for the north embankment of
Pond 1 in accordance with NUREG-1623, Appendix D, Section 6; and

2) Determining open channel requirements to control the run-off and longitudinal flow from the
north embankment by an open channel in accordance with NUREG-1623, Appendix D,
Section 2 and 3.

Each of these analyses is described separately in this section of the report.

The development of this design is based on the 1 hr. local PMP depth for Pond 1 of 9.6 inches. The 13.4-
acre catchment area includes essentially impervious covered tailings. In these calculations it is assumed
that the entire catchment area is capped with a rock cover and is impervious. This catchment drains to
the north, down the 5H:1V embankment slopes and exits in an existing internal apron that is constructed
along the entire Pond 1 embankment toe. Visual observations during site visits have indicated that minor
erosion has occurred outside the internal apron on the adjacent unprotected natural soils; therefore,
redesign and replacement of the existing apron is necessary. Replacement of the existing apron will be
required in order to install the new channelfapron. The proposed design is an external channel/apron that
will replace the current internal apron. The catchment area is shown on Figure 2.

2.1 EROSION PROTECTION APRON FLOW

For the 13.4-acre catchment, a time of concentration was calculated for two slope lengths; a mid length
slope and a long slope, to evaluate using two rock sizes in the erosion protection apron design. The two
slope lengths are 350 ft in length and 575 ft in length, producing time of concentrations of 1.5 minutes and
2.6 minutes, respectively. Both time of concentrations are at or near the smallest incremental rain
duration provided by Nelson et all (1986) for developing a PMF depth. Therefore the shortest increment
rainfall duration of 2.5 minutes was used for both slope lengths in developing the 2.5 minute PMP depth.
The 2.5 minute PMP depth for a local storm of 9.6 inches is 2.64 inches. Using a runoff coefficient of 1.0,
the Rational Method gives a unit peak flow of 0.5 cfs/ft and 0.819 cfs/ft. for this catchment with respect to
the two slope lengths of 350 and 575 ft. Using a maximum embankment slope of 20 percent and a flow
concentration factor of 2.5, the method of Abt et al. (1998) predicts a rock dso of 6.0 inches for the slopes
shorter than 350 ft and 7.8 inches for slopes between 350 ft and 575 ft. Calculations are found in
Appendix B.

2.2 EROSION PROTECTION CHANNEL FLOW

Due to the moderate longitudinal slopes at the toe of the north embankment of Pond 2, a second design
approach was evaluated for providing erosion protection at the toe of the north embankment of Pond 1.
The moderate slopes may possibly induce longitudinal flows along the embankment toe, which may
cause instability of the embankment by erosion. This approach places an open channel/apron at the
base of the slope that will catch the precipitation that falls on the embankment slope and runs off. The

Rio Algom Mining Company, LLC. -3-
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Pond 1 North Embankment Erosion Protection — Ambrosia Lake Mill, New Mexico

open channel/apron approach takes into consideration NUREG-1623 erosion control apron parameters
as well as NUREG-1623 channel parameters and the Army Corp of Engineers, Hydraulic Design of Flood
Control Channels, design methods (ACE 1995). Per a phone discussion with Mr. Ted Johnson of the
Nuclear Regulatory Commission (NRC), the parameters provided within the NUREG-1623 shall be
adequate for design of open channels, using Sections 2 and 3 of Appendix D, the Abt and Johnson
Method.

For development of the erosion protection channel/apron, the 13.4-acre north embankment was
subdivided into two sections, the first being a 5.1-acre section comprising the upper (upstream) half of the
north embankment length. The 5.1-acre section was segregated from the 13.4-acre section because of
its upstream location and the flatter longitudinal slopes existing at the base of the embankment slope. By
dividing the erosion protection channel/apron into two sections a smaller, more cost effective design was
provided for the upper section.

The second subdivision is the remaining 8.3-acres which is the lower (downstream) half of the
embankment length. Greater longitudinal slopes exist in this section; slopes as steep as 7.7% are
indicated by the topographical information provided by Rio Algom.  Design flow included the total flow
exiting the upper section as well as that which is added to the erosion protection channel/apron by
precipitation that falls on the lower embankment section and runs into the channel/apron.

For design of the upper section, the time of concentration was developed using the maximum flow length
for this area, 1,195 ft., starting at elevation 7,026 ft. and ending just above the increasing slope grades at
the embankment toe midpoint, at elevation 6,990 ft. For this flow length, the time of concentration was
calculated to be 7.0 minutes. From Nelson et all (1986), a 7.0 minute PMP depth for a iocal storm of 9.6
inches is 5.09 inches. The Rational Method gives a peak flow of 221 cfs for the upper section.
Calculations are found in Appendix C.

-For the design of the lower section, the time of concentration was developed using the maximum flow

length for this area, 2,100 ft., starting at 7,026 ft. elevation (same start location used in upper section
calculations) and ending at the intersection of the toe north toe of Pond 1 and the north corner of Pond 3,
elevation 6,935 ft. The time of concentration takes into consideration the flow length of the upper section
as well as the lower section. Calculations with these parameters indicated a time of concentration for
design of the lower section of 9.5 minutes. Using the Nelson et. all (1986) and a 10 minute time of
concentration value, the 10 minute PMP depth for a local storm of 9.6 inches is 5.95 inches. The Rational
Method give a peak flow of 480 cfs for the entire system, which was used in determining the lower section
erosion protection channel/apron configuration.

23 CHANNEL CONFIGURATION

The channel/apron configurations were developed using the results of the flow calculations noted above
in conjunction with NUREG-1623 Sections 2 and 3 and Flow Pro 2.0, a hydraulic design software for
steady-state open channel flow. The software was used to develop a flow depth in the proposed
channel/apron sections. All other channel/apron dimensions were developed using recommendations
from the NUREG-1623 and relations established by Abt et al. (1998). The more protective of the
requirements for developing a channel configuration between channel design and apron design was
chosen for each part of the channel/apron development. Manning’s roughness value was developed
using equation D-8 of Section 3 in the NUREG-1623. The roughness value was then entered into the
Flow Pro 2.0 modeling software with an estimated channel width greater than or equal to the D50 of the
calculated apron rock size times 15 (the requirement for apron width from Section 6 of the NUREG), and
the calculated flows noted above for the appropriate channel/apron section. For the upper section a D50 =
6.0 inches was used and for the lower section a D50=7.8 inches was used for calculating the minimum
channel/apron width. The Flow Pro modeling software outputs the depth of flow in the channel with the
above noted input parameters.

Rio Algom Mining Company, LLC. -5-



Pond 1 North Embankment Erosion Protection — Ambrosia Lake Mill, New Mexico

Using the outputs of the Flow Pro modeling software and the requirements for apron and channel
construction outlined in the NUREG 1623 report; two erosion control channel/apron sections were
developed.

In an effort to reduce the number of rock gradations used to complete several design tasks for erosion
control at the mill site, the channel configurations were adjusted appropriately to fit a common rock size of
other design tasks. A rock of D50=9.2 inches was previously selected for use in an erosion control design
at the mill site, the same rock size has been selected for use in this erosion control project. Calculations
for developing the channel/apron are shown in Appendix D. Typical channel/apron configurations and
location are shown on drawing Sheets 3 and 4 with the transition between the two sections detailed on
Sheet 5 of Appendix E.

3.0 OTHER DESIGN/CONSTRUCTION CONSIDERATIONS

As part of this erosion protection design, the existing erosion control apron must be removed and the
subgrade properly re-graded such that run-off from the embankment flows into the proposed
channel/apron. It is recommended that the entire existing apron be removed as part of the proposed
construction and replaced with this proposed channel/apron.

The outflow section for this proposed channel/apron is to be designed as part of a later design task at the
mili site. The design is not provide within this report due to the continued construction at the Pond 3
disposal pond at the mill site. Existing elevations are anticipated to change and alterations of the
discharge slopes and elevations would be expected if a discharge apron was developed at this time.
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APPENDIX C

CHANNEL FLOW CALCULATIONS
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APPENDIX D

CALCULATIONS FOR POND 1 CHANNEL PROTECTION
CHANNEL DESIGN CONFIGURATION CALCULATIONS
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Task 2 Channel Design - Channel Lower 1/2 - inputs to get channel Depth

1. MANNING OUTPUT

"OPEN CHA

ASSUMPT!ONS & EQUATIONS
Mannings Value, n ~ 0.0456(Ds0 * S)*0.156
S = Slope
Note: NUREG CR-1623, Section 3, Appendix D

CALCULATION Using Army Corp. Of Engineers (ACE) Method (ACE 1991)

T 00417

0.062
9.2 inches

(?i H;*E\
”_ h ;;‘:v'fﬁatefsl
Hes glom %




Task 2 Channel Design - Channel Upper 1/2 - Inputs to get Channel Depth

1. MANNING OUTPUT

OPEN CHANNEL DESIGN - NUREG CR-1623

ASSUMPTIONS & EQUATIONS
Mannings Value, n ~ 0.0456(Dso0 * S)*0.156
S = Slope
Note: NUREG CR-1623, Section 3, Appendix D

CALCULATION: Using Army Corp. Of Engineers (ACE) Method (ACE, 1991)

Inputs Value: Units Qutput Value Units
S 0.022 n 0.0335
Dsor 6.5 Ibs/cu. ft
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DESIGN DRAWINGS




X CONSTRUCTION NOTES:

1. The erosion protection channel/apron shall be constructed adjacent to
the existing internal apron constructed within the Pond 1 north
embankment slope. As part of the new erosion protection channel/apron
construction, the existing internal apron will be removed and
reconstructed as shown on design Sheets 2 and 3. Horizontal location of
stationing for channel/apron is approximate.

2. The lines and grades of the proposed channel/apron route shall match that
of the existing ground surface along the Pond 1 embankment toe. The
existing grades provide the necessary slope grades, flow rates and flow
patterns for proper channel/apron stability.

3. Two erosion protection channel/apron configurations are provided for the
north embankment of Pond 1. The two configurations shall be transitioned
on the flatter upper slopes (approximately between Station 9+50 and
10+50) and completed in 100.0 ft. See Sheet 4 of 5 for details.

4. The channel/apron beyond STA 18+00 shall be completed as part of later
design work at the Ambrosia Lake Mill.

5. Horizontal Location and Stationing Of Channel/Apron is Approximate.

W/L
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PLAN VIEW
Not To Scale

END OF UPPER CHANNEL/APRON AND START OF

LOWER CHANNEL/APRON CONFIGURATION
(Approximate Location of Steeper Slopes Along Toe)

DISCHARGE CHANNEL - Task 3
(Section to be completed in Task 3)

END OF TOE CHANNEL/APRON - Task 2

Profile Developed From Aerial Survey Supplied by Rio Algom Mining Company, LLC. ( 5.0 ft Contour )
Horizontal Location and Distances Are Approximate and Used Only

For References Due to The 5 ft Contour Provided By Rio Algom Mining Company, LLC. As A

Base Map. The Proposed Channel/Apron Shall Start At The Crest of

The Pond 1 Toe and Run Adjacent to the Toe. The Crest of the Toe
is Located West of the Existing Tank Placed on the Soil Pile Shown Above.

w 2 @ _ R
, :_; > N 9 v v oy (Approximate Intersection with Pond 3)
EXISTING TANK ON SOIL PILE 0 3 — 5 T ] a AN v 9 .
S P AT > a v
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2 QRTA 0+47 = S S x = I-}-J R = > ; )
<3 =4 + & Iy
%, \- STA0+00 S 8 § & T 7 o™
START OF UPPER TOE ) S S S g s
CHANNEL/APRON O .
CHANNEL/APRON CONFIGURATION S
CONFIGURATION, STA -0+96 TRANSITION AREA, TO BE STA 10+50 STA 18+00
Flow Breakline COMPLETED IN 100 FT
PROFILE VIEW
0.84% Not To Scale
0.77%
1.59% 1.44% Transition Section; STA 9+50 to STA 10+50
1.52%
7,007 98— / / 2.20%
700641 —— e
7003 — 7.70%
6,997.34 ——
6,992.95 =i
UPPER CHANNEL/APRON DESIGN
6,977.56 ——
6,967.59
2.42%
6,953.73
LOWER CHANNEL/APRON DESIGN

6,943.65
6,938.82

STA -1+13 STA 0+47 STA 9+50 STA 10+50 STA 18400

NOTE: AMBROSIA LAKE MILL
RIO ALGOM MINING COMPANY, LLC.

GRANTS, NEW MEXICO
NORTH EMBANKMENT TOE CHANNEL/APRON

PROJECT No. 1680030-200

FILE NAME: 1B90D30T2S2.DWG
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CHANNEL/APRON STATION -1+13 to STATION 9+50

Existing Embankment Rock Cover
Existing Rock Filter Layer
o Where Applicable, Compacted Fill
| 1 Shall Be Placed To Provide The Minimum
First Layer of Barrier Soil Existing Toe ENE Mowsm wmmmmrri&dtdsvgig ol
—2 Drainage Into The Channel/Apron.

/——Exilﬁuﬂmnchv:timfl’mpoudTopofChmd Elevation (See Note 5)
i 1%

. A [ ——
' I = ¥ o | 8’ '
63— _ 5 :

\7 _-—__-_‘-____
Becond Layer of Barrier Soil
Third Layer of Barrier Soil 2 ‘§ e
) Remove & Replace Existing Filter Layer ' 28 50
Mill Tailings With New Dg,5=1" Filter Rock — 1| Filter{Sand Layer 6" In Depth
2 Ler D, ;1" Filter Rotk Layer 6" In Depth
5 —f i 15.4° I: 9.1’ L 12.8°
Remove Existing Apron Rock SCALE: 1in=5 ft
(= e ™ e ™|

CONSTRUCTION NOTES:

1. The upper portion of the Pond 1 erosion protection channel/apron shall
be constructed adjacent to the existing Pond 1 internal apron. Estimated
length of channel/apron is 1,100 ft. The channel/apron shall extend
from the existing water tank at the north end of Pond 1 to where the
longitudinal slope along the Pond 1 embankment toe exceeds 2.5%.

2. The existing internal apron of the Pond 1 embankment shall be removed
andmphcedasuhomabovemhthatthenpmnahﬂlprovideposiﬁve
drainage into the newly constructed channel/apron.

3. The bottom of the channel/apron shall be constructed flat from side slope
to side slope to prevent concentrated flows.

4. Rock Riprap for erosion protection shall be placed in conformance with
Appendix F of Design of Erosion Protection for Long-Term Stabilization,
U.S. Nuclear Regulatory Commission's NUREG -CR1623 Draft Report
unless otherwise specified in the Pond 1 Embankment Toe Erosion
Protection Report or the included Design Drawings.

5. Where applicable, compacted fill may be placed on the exterior to
construct an embankment that will provide the minimum 3.0 ft of depth
for the channel/apron. The fill required to construct the embankment shall
consist of material excavated from within the channel/apron trench. The
fill shall be compacted to a minimum of 95% of maximum density as
determined by ASTM D-698 and within +/- 2% of optimum moisture
content. Each lift of fill shall not exceed a loose thickness of 10 inches.
The embankment shall maintain the 2H:1V slope on its interior and a
5H:1V or flatter slope on the exterior. The embankment shall have a crest
width of not less than 5 fi.

6. The exterior slope of the channel/apron shall be constructed with
2H:1V slopes. The interior slope shall match the existing
embankment slope, approximately SH:1V.

7. The channel/apron excavation shall be constructed with bottoms

12. The channel/apron erosion protection rock shall be constructed on
free of loose debris, vegetation and muddy surfaces.

6" of bedding/filter rock ofdimneterdsgl" conforming to the

8. The erosion protection bedding/filter material shall be placed at a following gradation:
minimum thickness of 6" along the length of the channel/apron. The Sieve Designation ~ Percent Passing
bedding/filter material shall extend up the 2H:1V side slopes and 3n 100
endﬁushwlththseﬁsﬁnggmtmdelevmon.Beddmg/ﬁlter o 80 - 90
materials shall be spread and compacted in one layer. 3/4" 20-70

9. Existing erosion protection rock disturbed during construction of the 3/8" 10-30
channel/apron shall be replaced such as to maintain existing slopes No4 0-10

and riprap conditions as approved previously by the U.S. Nuclear
Regulatory Commission. Care shall be taken in removing and

13. The channel/apron erosion protection filter rock shall be
constructed on 6" of bedding/filter sand conforming to the

stockpiling the riprap such that the material is not degraded or following gradation:
otherwise damaged. Rock degraded or otherwise not in ; " .
conformance with the NUREG 1623 due to removal and Sieve Designation  Percent Passing
replacement methods shall be replaced with similar approved No.4 100
materials, Care shall be taken such that existing tailings are not No.10 80 - 100
disturbed during erosion protection channel/apron construction. No.20 36 - 76

10, The channel/apron shall be covered with a minimum of 28" of d 5 o 10-%

=9.2" rock. The rock shall be extended up the side slopes to the

existing grade on the exterior and interlock with the existing interior
rock placed on the Pond 1 embankment slope as shown above. CO¢
11. The channel/apron erosion protection rock shall be constructed of a AMBROSIA LAKE MILL
rock diameter dg;=9.2" conforming to the following gradation: RIO ALGOM MINING COMPANY, LLC.
Sieve Designation ~ Percent Passing GRANTS, NEW MEXICO
15" 100 POND 1 TOE EROSION PROTECTION T NN LSRIEN TN
12" 70 - 90 CHANNEL/APRON, STA —1+13 to 9+50
g.. (3,0 '135 PROJECT No. 1690030-200 DRAWING BY: RLH 3/5/02
SHEET 3 of 5
FILE NAME: 1690030T253.DWG REVIEWED BY: WHB




Existing Embankment Rock Cover
Existing Rock Filter Layer
o
. | 1 )
First Layer of Barrier Soil

CHANNEL/APRON STATION 10+50 TO STATION 18+00

Existing Toe PMF Elevation

Second Layer of Barrier Soil

Third Layer of Barrier Soil
Remove & Replace Existing Filter Layer

—

Mill Tailings

CONSTRUCTION NOTES:

1. The lower portion of the Pond 1 erosion protection channel/apron shall
be constructed adjacent to the existing Pond 1 internal apron. Estimated
length of channel/apron is 800 ft. The channel/apron shall extend from
the end of the proposed upper channel/apron to the north corner of Pond
3 where it ends along the toe of Pond 1. The remaining portion of the
channel that extends from the toe of Pond 1 to the Arroyo del Puerto will
be designed as part of a later design for the Ambrosia Lake Mill.

2. The existing internal apron of the Pond 1 embankment shall be removed
and replaced as shown above such that the apron shall provide positive
drainage into the newly constructed channel/apron.

3. The bottom of the channel/apron shall be constructed flat from side slope
to side slope to prevent concentrated flows.

4. Rock Riprap for erosion protection shall be placed in conformance with
Appendix F of Design of Erosion Protection for Long-Term Stabilization,
U.S. Nuclear Regulatory Commission's NUREG -CR1623 Draft Report
unless otherwise specified in the Pond 1 Embankment Toe Erosion
Protection Report or the included Design Drawings.

5. Where applicable, compacted fill may be placed on the exterior to
construct an embankment that will provide the minimum 3.0 ft of depth
for the channel/apron. The fill required to construct the embankment shall
consist of material excavated from within the channel/apron trench. The
fill shall be compacted to a minimum of 95% of maximum density as
determined by ASTM D-698 and within +/- 2% of optimum moisture
content. Each lift of fill shall not exceed a loose thickness of 10 inches.
The embankment shall maintain the 2H:1V slope on its interior and a
5H:1V slope on the exterior. The embankment shall have 4 crest width of
not less than 5 ft. ‘

6. The exterior slope of the channel/apron shall be constructed with
2H:1V slopes. The interior slope shall match the existing
embankment slope, approximately SH:1V. {

10.3

e ) 6.3’ J
2 i ' \ 2B’
With New Dy 1" FigrRock ot 0 o pock | 1| - §

Where Applicable, Compacted Fill
Shall Be Placed To Provide The
Minimum Trench Depth Of 3 ft. A

5 ft Wide Berm Width Shall Be
Provided With Postive Drainage Into
The Channel/Apron.

(See Note 5)

‘ /—ExisﬁnsﬂmmdﬁlevlioummpoudTopofChmolElwﬁon

20

D5 0=9.2

[0 1

211’ -

12.8° o

Filter Sand Ldyer 6" In Depth

D, ;1" Flter Rock Layer 6" In Depth

15.4' e

SCALE: 1in=5ft
(= ™= e =

7. The channel/apron excavation shall be constructed with bottoms
free of loose debris, vegetation and muddy surfaces.

8. The erosion protection bedding/filter material shall be placed at a
minimum thickness of 6" along the length of the channel/apron. The

12. The channel/apron erosion protection rock shall be constructed on
6“ofbeddmgiﬁltwruckofdmmetcrd "l“oonformmglnme
following gradation:

Sieve Designation ~ Percent Passing

bedding/filter material shall extend up the 2H:1V side slopes and 3" 100
end flush with the existing ground elevation. Bedding/filter 2" 80 - 90
materials shall be spread and compacted in one layer. 3/4" 20 - 70
9. Existing erosion protection rock disturbed during construction of the i{s; (110 ; 30 :
o. - |

channel/apron shall be replaced such as to maintain existing slopes
and riprap conditions as approved previously by the U.S. Nuclear
Regulatory Commission. Care shall be taken in removing and

13. The channel/apron erosion protection filter rock shall be
constructed on 6" of bedding/filter sand conforming to the

stockpiling the riprap such that the material is not degraded or following gradation:
otherwise damaged. Rock degraded or otherwise not in . " "
conformance with the NUREG 1623 due to removal and Sﬂ—m—“’:nj“ on —w’l‘;?
replacement methods shall be replaced with similar approved » "
materials. Care shall be taken such that existing tailings are not g"'lo 20-100
disturbed during erosion protection channel/apron construction. Ngio 18:;{6)

10. The channel/apron shall be covered with a minimum of 28" of d 5 No.100 0-10

=9.2" rock. The rock shall be extended up the side slopes to the
existing grade on the exterior and interlock with the existing interior

rock placed on the Pond 1 embankment slope as shown above. , C,()g
ll.mwapronuo:improtepﬁmmkshaﬂl?econshugtedofa AMBROSIA LAKE MILL

e S RIO ALGOM MINING COMPANY, LLC.

fove Designation  Percet Passing GRANTS, NEW MEXICO MAXIM

i;.. .:3090 POND 1 TOE EROSION PROTECTION |Tecuworosies ine
on 30:55 CHANNEL/APRON, STA 10+50 TO STA 18+00
6" 0-10 PROJECT No. 1680030-200 DRAWING BY: RLH 3/5/02

FILE NAME: 18B0030T254.DWG REVIEWED BY: WHB SHEET 4 of 5
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POND 3 EROSION PROTECTION
AND
EROSION PROTECTION FOR THE AREA NORTH OF POND 1
AMBROSIA LAKE MILL, NEW MEXICO
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Grants, New Mexico 87020

Prepared by:

Maxim Technologies, Inc.
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Pond 3 Eraosion Protection and Pond1 North Erosion Protection Area — Ambrosia Lake Mill, New Mexico

INTRODUCTION

This design report has been prepared by Maxim Technologies, Inc. (Maxim) for Rio Algom Mining
Company, LLC. (Rio Algom) as part of an agreement for engineering services dated July 2001. Maxim
has been retained to evaluate flood and long-term erosion conditions at the Ambrosia Lake Facility near
Grants, New Mexico and to prepare designs for the long-term stability of tailings and evaporation ponds
at this uranium mill tailings disposal site. This report provides the basis for the design required by the
third of four tasks included in the agreement. Task three addresses potential erosion of the surface and
embankment slope of Pond 3. As part of an addendum to Task 3, this report addresses potential erosion
on approximately 20 acres north of the north embankment of Pond 1. Also included in this design report is
the completion of the Pond 1 North Embankment Erosion Protection Channel/Apron, herein referred to as
the Discharge Channel. Figure 1 is a schematic representation of the three (3) areas of concern in the
current study.

Pond 3 is a contaminated soils disposal site currently under reclamation by Rio Algom. The tailings
disposal site was used in the past for burial of byproducts produced at the Ambrosia Lake Mill. The
current reclamation activities for Pond 3 include but are not limited to placement of general site waste
soils, re-grading of the pond surface contours, and contouring of the east embankment. The re-contouring
activities at Pond 3 were not completed at the time of this design report submittal. This report provides a
design to limit erosion after completion of the re-contouring activities of the foliowing areas: the surface,
the east embankment and the east embankment toe of Pond 3, and the interface between the Pond 1
embankment toe and the Pond 3 surface. Local topographic information supplied by Rio Algom indicates
precipitation that falls on the Pond 1 embankment slope that interfaces with Pond 3 will run-off to the east
and onto the surface of Pond 3. As part of this design, the surface of Pond 3 will be re-graded such that
the precipitation from the Pond 1 embankment slope that flows onto the surface of Pond 3 and the
precipitation that falis onto the Pond 3 surface will run across the surface of Pond 3 as sheet flow toward
the east embankment of Pond 3, where it will then flow down the embankment and into the Arroyo del
Puerto basin. Through the design process for erosion protection of this area, the east embankment of
Pond 3 was determined to be within the Probable Maximum Flood (PMF) extent of the Arroyo del Puerto;
therefore, the design for erosion protection of the east embankment was based on longitudinal flows
created by the PMF in the Arroyo del Puerto.

Included in this report is a design for erosion protection of approximately 20 acres of generally
undeveloped land adjacent to the north embankment of Pond 1. This area slopes away from the
embankment to the northeast at an average grade of 7.5%. The Nuclear Regulatory Commission (NRC)
has described the area as an area of concern for erosion caused by local storm events. The area is
bound to the south by the Pond 1 embankment toe and a proposed erosion protection toe channel/apron
for Pond 1, to the immediate west by a ridge that will act as a dividing line between this area and the mill
facilities for runoff, to the east by the Arroyo del Puerto, and to the north by a proposed diversion channel
placed appropriately through analysis of head-cutting directions depicted by the local topographic
information provided by Rio Algom. Within this area are slopes in excess of 10%; however, these areas
are limited in extent. Part of the erosion protection design for this area is the re-grading of the area and of
slopes greater than 7.5%. The erosion protection design for this area is to re-contour the steeper slopes,
to place erosion protection rock to limit local erosional head-cutting that could eventually impact the toe of
Pond 1, and to capture flows from this area and discharge them to the Arroyo del Puerfo via an
engineered diversion channel.

The last erosion design included in this report is a discharge channel for the north embankment erosion
protection channel/apron of Pond 1. The discharge channel will be used to direct flow captured in the
channel/apron from the toe of the north embankment of Pond 1 around the north limits of Pond 3 where it
will discharge through an energy dissipation outlet apron into native soils of the Arroyo del Puerto.

Erosion protection for the areas discussed above consists of seven items:

1. Toe erosion protection apron placed at the interface of Pond 1 and Pond 3,

Rio Algom Mining Company, LLC. -1-
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Surface erosion protection for Pond 3,

Erosion protection for the east embankment of Pond 3,

Toe erosion protection apron placed at the toe of the east embankment of Pond 3

Surface run-off protection of the area north of Pond 1,

Diversion channel construction along the northern limit of the area north of Pond 1,

Discharge channel construction from the end of Pond 1 north embankment channel/apron to the
Arroyo del Puerto basin.

NO oA WN

This design report is limited to those items affecting design of the erosion protection areas outlined
above. In the next section of this report, general methods of analysis are described including derivation
of the PMP and calculation of the appropriate PMFs. In the following section, the design basis for each
design item is presented. The report concludes with a discussion of other issues that affect the design.

1.0 METHODS

The analysis conducted for these designs are consistent with Nuclear Regulatory Commission (NRC)
guidance, particularly, Design of Erosion Protection for Long-Term Stabilization (Johnson 1999). This
guidance, referred to as NUREG-1623 in this report, requires, in most cases, that erosion protection be
designed for a 1,000-year life to minimize future maintenance issues. Because flood events with a 1,000
year recurrence interval are difficult to quantify, the guidance recommends use of the probable maximum
precipitation event (PMP) for design purposes. PMPs can be derived for various parts of the United
States using appropriate hydrometeorological reports. The report that addresses New Mexico east of the
continental divide is Hydrometeorological Report No. 554, Probable Maximum Precipitation Estimates —
United States between the Continental Divide and the 103" Meridian (Hansen et al. 1988). Appropriate
PMPs are used to develop runoff hydrographs and determine the probable maximum flood (PMF) for an
area of concern. The final step in the design process is to apply the PMF to the appropriate erosion
control design method. Guidance for design of riprap erosion protection is found in Appendix D of
NUREG-1623.

Maxim verified the PMP calculation performed by others following the methods outlined in
Hydrometeorological Report No. 55A (Hansen et al. 1988). The PMP rainfall depth calculated previously
for the 1-hour local storm was 9.6 inches with no areal reduction. Maxim's calculation of the PMP depth
arrived at a 9.5 inch value for the 1-hour, 1-square mile local storm, slightly less than the previously
calculated value of 9.6 inches. Because the values are so similar, we used the slightly higher, previously
determined values, in our calculations. Calculation sheets are attached in Appendix A.

For areas which are exposed to the PMF from the Arroyo del Puerto, the approach consisted of two tasks
with the greater design requirements controlling the final design configurations.

1) Determining the erosion protection requirements based on run-off analysis for sheet flows
down slopes as well as across pond surfaces in accordance with NUREG-1623, Appendix D,
Section 2; and

2) Determining open channel and/or toe apron requirements to control the run-off andfor
longitudinal flow from a PMF event by an open channel or apron in accordance with NUREG-
1623, Appendix D, Sections 3, 4, and 6.

The study of longitudinal forces of the PMF for the Arroyo del Puerto drainage was conducted using HEC-
1 (USACE 1990) and the PMF water-surface profile in the vicinity of Pond 3 was determined using HEC-
RAS (USACE 1988). Previous correspondence from Quivira Mining Company to the Nuclear Regulatory
Commission (QMC, 1990) indicated that the accepted PMF for Arroyo del Puerto at the Ambrosia Lake
Millsite is 78,000 cfs. There are no indications how this PMF was calculated and we do not know the
duration of the storm event used or if it was a local or general storm. Therefore, we reviewed several
potential storm durations and types for the Arroyo del Puerto.
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The Arroyo del Puerto basin contains 57.6 square miles upstream of the Ambrosia Lake Mill. Because no
information was developed on the run-off characteristics of this basin, we used the same Soil
Conservation Service curve number that was used on the Montanosa Mesa drainage, 73.4. The lag time
was chosen to be 0.6 of the time of concentration or 1.83 hours. Areal reduction factors for the 57.6
square mile basin were used. We investigated the 1-hour and 6-hour local storms and the 6-hour, 24-
hour, and 72 hour general storms with these basin characteristics and found that the highest value for the
PMF was obtained with the 6-hour local storm which produced a peak flow of 75,200 cfs. This seemed to
confirm the value of 78,000 cfs found in the QMC letter of 1990. We chose to use the higher value
originally reported in all our subsequent calculations. Our calculations for the 6-hour local storm are
included in Appendix A,

We constructed a hydraulic model of the Arroyo del Puerto in the vicinity of the Ambrosia Lake Mill and
routed the 78,000 cfs peak flow through this area to determine the elevation of the flood water in the
vicinity of Pond 3. We used existing topography from the Quivira Mining Company map with the following
exceptions:

1. Arroyo del Puerto was rerouted to a new alignment east of its existing position in the vicinity
of the mill. The new channel rejoins the original channel near the north-east corner of Pond
9.

2. The Pond 3 embankment was assumed to be constructed to a final elevation of 6936 feet at
its eastern edge and to have a slope of 6 percent.

3. The existing groundwater dewatering trench was assumed to be backfilled.

4. Pond 9 was assumed to be removed and have a final elevation of 6917 feet.

With these assumptions, the elevation of the water surface at the northern edge of Pond 3 is about 6935
feet or one foot lower than the top of the embankment. The flood profile declines rapidly as it moves
south along Pond 3 and attains an elevation of about 6917 feet at its southern extent. Note that these
water surface elevations are very sensitive to assumptions about final topography in this area. Results of
the HEC-RAS model for Arroyo del Puerto are found in Appendix A.

2.0 DESIGN BASIS

This section of the design report describes in detail the basis for the seven design items listed previously.
The individual catchment areas and a description of the catchment surface type are briefly described for
each design area. Visual observations during site visits were used to aid in fitting an appropriate design

to limit erosional effects. The areas of erosion protection designs at the mill site are depicted on Sheet 1
of the design drawings.

As part of this erosion protection design, rock sizing was developed. The sizes were based on previous
erosion protection design tasks at the Ambrosia Lake Mill to reduce the number of rock size gradations.
Rock grading of D5 = 1.0, 3.2, and 9.2 inches have been previously selected for use in erosion protection
systems at the mill site. These rock sizes have been used as the basis for rock sizing for this design task.

2.1 EROSION PROTECTION APRON — POND 1 AND POND 3 INTERFACE

This 31-acre catchment area consists of an embankment slope that is covered with a radon barrier and
erosion protection rock. The embankment slopes downward to the east from a crest elevation of
approximately 7,025 ft. Because of continuing re-contouring work being performed by Rio Algom at Pond
3, the embankment toe elevation is not yet determined; therefore, an elevation of 6,938 ft has been
assumed for design purposes. The design grade of the embankment is 20%, according to Rio Algom.
This value was verified to be between 17% and 20% by the topographic information supplied by Rio
Algom. For the 31-acre catchment, a time of concentration was calculated for the longest slope length
measured at the east embankment of Pond 1, 520 ft. With the noted siope length and the elevation
change of the embankment, a time of concentration of 1.92 minutes was determined. This time of
concentration is near the smallest incremental rain duration provided by Nelson ef. al (1986) for
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developing a PMP depth. Therefore the shortest incremental rainfall duration of 2.5 minutes was used for
developing the PMP depth. The 2.5 minute PMP depth for a local storm of 9.6 inches is 2.64 inches.
Using a runoff coefficient of 1.0 (rock covered surfaces with no infiltration), the Rational Method gives a
unit peak flow of 0.76 cfs/ft for this catchment. Using a maximum embankment slope of 20% and a flow
concentration factor of 2.5, the method of Abt et al. (1998) predicts a rock dsp of 7.5 inches for the erosion
protection apron at the Pond 1 and Pond 3 interface. Calculations are included in Appendix B. The
detailed erosion protection apron design and minimum apron configurations are shown on the design
sheets included in Appendix E.

From the available rock sizes noted above, a rock ds, of 9.2 inches was selected for construction of the
apron. The apron configuration was based on 15 times the ds, for the apron width and three times the dsg
for the apron depth (NUREG 1623). For the Pond 1 embankment toe apron width, the predicted rock size
of dsp = 7.5 inches was used for this calculation, making the channel width 9.4 ft. At the wishes of Rio
Algom, the apron depth was based on a rock dso of 9.2 inches for ease of placement of the larger rock
into the apron, which exceeds the thickness requirement of NUREG 1623.

2.2 SURFACE EROSION PROTECTION — POND 3 SURFACE

The surface of Pond 3 at the time of this design study had not yet been regraded to its final configuration.
Current reclamation activities at the mill site include the placement of waste site soils in Pond 3 where
they will be covered and an erosion protection system placed. As part of the erosion protection system
for the surface of Pond 3, Rio Algom has committed to placing a rock erosion protection layer. Whether
the rock layer was required by run-off or not, Rio Algom has indicated that a rock layer will be placed to
limit erosion caused by run-off as well as wind erosion of the soil barrier layer.

Although the finished pond surface elevation and slope conditions of the pond surface were not yet
determined at the time of this study, it is anticipated that a 33 acre area will be covered. Based on
conversations with Rio Algom, the pond surface was near a completion elevation; therefore, an assumed
elevation near the current elevation was used to complete erosion protect designs. Included in this
estimated elevation is the 12-inch thick cover layer, which results in an estimated elevation of 6,938 ft for
the western limits of Pond 3 where the toe of Pond 1 intersects the Pond 3 surface. For design purposes,
a pond surface grade of 0.3% for Pond 3 was established to prevent ponding or concentrated flows
across the pond. With the start elevation of 6,938 ft at the toe of Pond 1 and a maximum horizontal
surface length of 700 ft across Pond 3, the minimum ending elevation of the pond surface at a 0.3%
grade will be 6,936 ft. The minimum elevation of the Pond 3 surface is approximately 1 ft above the
highest elevation estimated for a PMF of the Arroyo del Puerto basin. This maximum PMF elevation will
occur at the northeast end of Pond 3 and quickly lower in elevation as the PMF progresses south along
the Pond 3 embankment. At the southeast limits of the Pond 3, the embankment will not be affected by a
PMF event according to the calculations. Therefore, the PMF in the Arroyo del Puerto was not
considered when designing protection for the surface of Pond 3.

For this 33-acre catchment area, a time of concentration was calculated for the longest surface slope
length measured starting at the west limits of Pond 3 and ending at the furthest east point of the Pond 3
surface, assuming that the pond surface will be finish graded to drain perpendicular to the Pond 1 toe.
With these limits, a measured slope length of 700 ft was established for design purposes. With the noted
slope length of 700 ft and the 0.3% grade of the surface, a time of concentration of 11.6 minutes was
determined. Because the Pond 1 embankment flows will be discharged onto the Pond 3 surface, the time
of concentration for the precipitation that falls onto the embankment was added to the time of
concentration calculated for the Pond 3 surface, making the total time of concentration equal to 13.52
minutes for the system. This time of concentration was then used to obtain the PMF depth using the
incremental rain duration provided by Nelson ef. af (1986). The incremental rainfall duration of 13.52
minutes was used for developing the PMP depth of 6.72 inches for a local storm of 9.6 inches. Using a
runoff coefficient of 1.0 (used for rock covered surfaces and no infiltration) and the Rational Method, a
unit peak fiow of 0.84 cfs/ft for this catchment was calculated. With a maximum surface slope of 0.3%, the
method of Abt et al. (1988) predicts a rock dsq of 0.4 inches for the erosion protection layer of Pond 3
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surface. Calculations are included in Appendix B. The detailed erosion protection design is shown on the
design sheets included in Appendix E.

With an available rock size of dsp of 1.0 inch adequately meeting the required rock size, the surface
erosion protection for Pond 3 wili consist of dsp = 1.0 inch rock. The surface erosion protection rock will be
placed three inches thick which meets the one times the dyo of the selected rock size for proper
placement of the erosion protection layer (NUREG 1623).

2.3 SIDE SLOPE EROSION PROTECTION — POND 3 EAST EMBANKMENT SLOPE

For the side slope erosion protection design of the east embankment of Pond 3, we used the same
assumptions of finish elevations for the Pond 3 surface. For design purposes we assumed an
embankment crest elevation of 6,936 ft and a toe elevation of 6,923 ft. Because the Pond 3 embankment
toe terminates in the Arroyo del Puerto basin, the toe elevations will vary, and the crest elevation will also
vary due to the slope projection of 0.3% along varying horizontal surface lengths of Pond 3. For design
purposes, we measured a slope length of 60 to 70 ft at the mid-point of the east embankment of Pond 3,
which also corresponds with the longest horizontal flow surface length of Pond 3. This combination yields
the greatest potential flow volume that the embankment slope should experience during a PMF event. Rio
Algom indicated for designh purposes that the embankment slope would be constructed at a 20% grade.
For design calculations a slope length of 65 ft was used. The actual length may vary slightly; however, a
slight length change should not affect design results.

For the design of the erosion protection system of the embankment slope, two different precipitation
events were evaluated. The first was the local PMP that would fall on the slope of Pond 1 and run-off to
the surface of Pond 3 combined with the run-off accumulated from rain that falls onto the Pond 3, which
will run-off the pond surface, and onto the embankment slope. The second event was a PMF that could
occur in the Arroyo del Puerto basin. After evaluation of the two separate storm events, it was found that
the PMF that could occur in the Arroyo del Puerto would produce the larger erosional forces. The
calculations for the rain event that would fall onto the surfaces noted above and run-off and down the
embankment slope are included in Appendix B; however, because the controlling design criteria are
developed by a PMF in the Arroyo del Puerto, only that flow is used for design purposes. The velocity and
depth of flow determined from the hydraulic analysis were used to determine the riprap sizes on the
embankment slope of Pond 3. Calculations for this analysis are found in AppendixB.

For rock sizing to prevent erosion caused by the longitudinal flows, the Army Corp of Engineers method
for riprap sizing (ACE 1995) was used. With over-bank flow velocities in the Arroyo del Puerto of 11 fps at
a depth of 10 ft, the ACE method predicts a dsg of 12 inches. The slope erosion protection rock layer will
be placed at a thickness of one times the dyy Of the selected rock size or 12 inches (NUREG 1623).

24 EROSION PROTECTION APRON - POND 3 EAST EMBANKMENT TOE

Again, assumptions were made as to the location of the east embankment toe of Pond 3 due to the on-
going reclamation work at Pond 3. For design purposes the embankment toe elevation of 6,923 ft was
assumed. The toe apron will dissipate energy from run-off from a 60 to 70 ft long slope constructed at a
20% grade that crests at an elevation of 6,936 ft. The measurement of the slope length is taken from the
mid-point of the east embankment of Pond 3 which corresponds with the longest horizontal surface flow
length of Pond 3. The largest flows from a PMP would be experienced at this point. For design
calculations a slope length of 65 ft was used. The actual length may vary slightly; however, a slight length
change should not affect the design results.

For the design of the erosion protection system of the embankment slope, two different precipitation
events were evaluated. The first was a local PMP that would fall onto the slope of Pond 1, Pond 3 and
run-off onto the Pond 3 east embankment slope where it will flow across the toe apron and into the Arroyo
del Puerto basin. The second event was a PMF that could occur in the Arroyo del Puerto basin., After
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evaluation of the two separate storm events, the PMF that could occur in the Arroyo del Puerto would
produce the larger erosional forces. The calculations for the rain event that would fall onto the surfaces
noted above and run-off to the embankment slope and across the apron are included in Appendix B;
however, because the controlling design forces that the embankment could experience are developed by
a PMF in the Arroyo del Puerto, only that flow is used for design purposes. The velocity and depth of flow
determined from the hydraulic analysis were used to determine the need for riprap in the embankment toe
apron of Pond 3. Calculations for this analysis are found in Appendix B.

For rock sizing to prevent erosion caused by the longitudinal flows at the toe of the embankment, the
Army Corp of Engineers method for riprap sizing (ACE 1895) was used. With over-bank flow velocities in
the Arroyo del Puerto of 11 fps at a depth of 10 ft, the ACE method predicts a dsg of 12 inches. However,
for apron design, dimensions are based on slope runoff rock size, which is 8.5 inches. The apron width
was based on 15 times this dsg (NUREG 1623) resulting in a channel width of 10.7 ft. For the apron
depth, the dse of 12 inch rock size was used. For ease of placement of the larger rock into the apron
Algom, a thickness of three times ds results in an apron depth of 36 inches which exceeds present
guidance by NUREG 1623.

25 NORTH EROSION PROTECTION AREA — SURFACE PROTECTION

The 20 acres of undeveloped land adjacent to the north embankment of Pond 1 were investigated for the
need of an erosion protection surface rock layer. The investigation was concentrated on the rainfall that
would fall directly on this area and run-off potentially producing head-cutting that might undermine the
north embankment channel/apron and embankment slope of Pond 1. Through analysis of the PMP on the
area, it was determined that an erosion protection rock layer to be necessary to prevent potential head-
cutting. The area is generally bound by topography that limits the area of flows into the system; therefore,
only analysis of direct rainfall on this area was studied.

Minor head-cutting due to local rain events was visually observed in this area during site visits. The
location of the head-cutting was used as the north boundary of the area to be rock covered for erosion
protection. The head-cut area will be re-contoured and an engineered diversion channel constructed in its
place to prevent future head-cutting. The diversion channel design is presented in the next subsection of
this report, North Erosion Protection Area — Diversion Channel. The area south of the diversion channel,
designated as the North Erosion Protection Area, will require a rock cover to prevent erosion during
rainfall. To provide an effective rock cover, the slopes greater than 7.5% will need to be regraded to
slopes equal to or less than 7.5%.

This catchment basin has a maximum elevation of 7,005 ft and a discharge elevation of 6,926. For the
time of concentration analysis, a slope length of 1,700 ft was used over a drop in elevation of 79 ft. With
the noted slope length and the elevation change of the area, a time of concentration of 7.82 minutes was
determined. This time of concentration was then used to obtain the PMP depth using the incremental rain
duration provided by Nelson et. a/ (1986). The incremental rainfall duration of 7.82 minutes was used to
develop the PMP depth of 5.2 inches for a local storm of 9.6 inches. Using a runoff coefficient of 1.0
(rock covered surfaces with no infiltration) and the Rational Method, a unit peak flow of 1.6 cfs/ft for this
catchment was calculated. With a maximum surface slope of 7.5%, the method of Abt et al. (1998)
predicts a rock dsg of 2.2 inches for the erosion protection layer for the North Erosion Protection Area
surface. Calculations are included in Appendix B. The detailed erosion protection design is shown on the
design sheets included in Appendix E.

2.6 NORTH EROSION PROTECTION AREA — DIVERSION CHANNEL

In the north erosion protection area just described, minor head-cutting caused by past rainfall was visually
observed during site visits. Rainfall that falls in the area flows toward the Arroyo dei Puerto producing
head-cut erosion that is directed west toward the mill site. An investigation into an appropriate erosion
control method determined that head-cutting could be prevented by placing an engineered diversion
channel at this location. This approach places an open channel at the base of the slope that will catch the
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precipitation that falls on the north erosion protection area. The open channel design is based on
NUREG-1623 channel design (Appendix D, Section 3) and the Army Corp of Engineers, Hydraulic Design
of Flood Control Channels, design methods (ACE 1995). According to a phone discussion with Mr. Ted
Johnson of the Nuclear Regulatory Commission (NRC), the parameters provided within the NUREG 1623
shall be adequate for design of open channels, using Sections 2 and 3 of Appendix D, the Abt and
Johnson Method. The diversion channel terminates at an apron in the Arroyo del Puerto basin.

For development of the erosion protection channel, the 20-acre north erosion protection area was divided
into three segments because of the varying slopes and catchment areas along the diversion channel.
The first segment extends from Station 0+00 to 9+00 where the channel is relatively gentle and the flows
are relatively small. For design of the first segment, the time of concentration was developed using the
maximum flow length for this area of 900 ft starting at elevation 7,007 ft and ending just above the
increasing slope grades at elevation 6,989 ft. For this flow length, the time of concentration was
calculated to be 6.6 minutes. From Nelson et al (1986), a 6.6 minute PMP depth for a local storm of 9.6
inches is 4.8 inches. The estimated catchment basin size is 2.2 acres. The Rational Method gives a peak
flow of 97 cfs for the first channel segment. The channel was sized based on this flow and a two percent
slope. The rock was sized using the method of Abt et af (1998) with a correction for side slope according
to ASCE (1995). A rock size of Dsy = 9.2 inches adequately protected a channel with a bottom width of
three feet. Calculations are found in Appendix C.

The second segment runs from station 9+00 to 17+00 which is the steepest terrain traversed by the
channel. Because the channel slope varies in this segment, the minimum slope of five percent was used
to size the channel and the maximum slope of eight percent was used to size the riprap protection. The
time of concentration was calculated based on a top elevation of 7,007 feet, a base elevation of 6,939
feet, and a channel length of 1,700 feet. The resulting time of concentration is 8.3 minutes; the
corresponding incremental rainfall is 5.4 inches, and the rainfall intensity is 39 in/hr. Using a catchment
basin size of 7.4 acres, the peak flow for the PMP is 288 cfs. A channel bottom width of 20 feet was used
to contain this flow and a rock size of Dsy = 9.2 inches adequately protected this channel on the steepest
grades. Calculations are again found in Appendix C.

For the final segment of the channel, the slope is much flatter and the diversion channel will cross a low
area that will need to be filled. A slope of 0.9 percent was selected for this segment beginning at station
17+00 and ending at 27+01.The time of concentration calculation was based on a start elevation of 7,007
feet, a base elevation of 6,926 feet and a channel length of 2,701 feet. The resulting time of concentration
is 13.2 minutes; the incremental storm depth is 6.7 inches; and the rainfall intensity is 30.5 inches. Using
the Rational Method with a catchment area of 16.3 acres, a peak flow of 497 cfs results. A channel with a
bottom width of 28 feet will keep the water surface below three feet deep and allow protection of the
channel with a rock size of Dsp = 9.2 inches. Calculations are included in Appendix C.

A hydraulic jump develops between the steeper second segment of the diversion channel and the flatter
third segment. In this reach, a hydraulic model was developed using HEC-RAS (USACE, 1998) to
determine hydraulic conditions near the hydraulic jump. It was concluded that the channel needed
additional height to contain the jump for a distance of about 25 feet. In addition, the transition area has
been designed according to the apron design criteria found in NUREG-1623, Appendix D, Section 6 in
order to dissipate the energy in this area. This requires placing rock with a Dsg = 17 inches for a depth of
4.3 feet for the area of the expected hydraulic jump. Calculations are found in Appendix C.

27 POND 1 CHANNEL/APRON - DISCHARGE SECTION

Runoff from the north embankment of Pond 1 collects in a apron/channel designed in Task 2 that runs
eastward towards the Arroyo del Puerto. Under this task, a discharge channel is designed to connect the
apron/channei to the Arroyo del Puerto, circumventing Pond 3 on the north. The discharge channel
begins with a transition section 25 feet long to convert the apron/channel to a normal channel with 2:1
side slopes. In the next 25 feet, the channel rock size is increased and thickened to accommodate the
expected hydraulic jump as the grade flattens. The channe! then returns to the typical rock size and
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follows two large radius curves to join with the north erosion area diversion channel at the discharge
apron. Curve radii were set about eight times the channel width to prevent increased erosion potential
(ASCE, 1995).

The time of concentration calculation for the channel is based on a drop from 7,026 feet at the top of
Pond 1 to 6,926 feet at the discharge apron. The length of the slope is 2,706 feet and the resulting time
of concentration is 12.2 minutes. The incremental PMP depth for this period is 6.5 inches, and the rainfall
intensity is 31.7 in/hr. Using a catchment basin of 15.7 acres, the expected discharge according to the
Rational Method is 498 cfs. A channel with a 25-foot bottom width was designed to accommodate this
flow on a 1.75 percent grade. The rock was sized according to Abt ef af (1998) and a factor of 1.2 to was
used to allow for the increased tractive force on the side slopes (ASCE, 1995). A Ds, = 9.2 inch rock
provides adequate protection of the channel under these conditions. Calculations are found in Appendix
D and Appendix E contains drawing sheets for the discharge channel.

The discharge channel shares a common discharge apron with the north erosion protection area
diversion channel. The intent of the discharge apron is to slow water velocities to 4 ft/sec. to prevent
scour of the native silty clays found in the Arroyo del Puerto basin. The apron is built on a slope of 0.5
percent, and an apron width of 80 feet reduces the velocity of the combined flows of the two channels
(995 cfs) to less than 4 ft/sec. A toe is constructed at the edge of the discharge apron to prevent scour
beneath the apron. The toe depth is determined from by the equation presented in Abt et af (1996),
which is recommended in Section 4 of Appendix D of NUREG-1623. For a one-hour PMP of 9.6 inches
falling on the combined area of 32 acres, 1,115,000 cubic feet of water will runoff an impermeable
surface. Assuming all water runs off in one hour (a worst-case assumption), the average flow rate is 310
cfs. Using these values in the scour equation, a scour depth of just under six feet results. The toe is
designed to extend to a six-foot depth with a 2H:1V slope.

Wingwalls also extend for an additional 25 feet beyond the apron to protect the corners of the apron. The
wing walls are constructed with a rock toe extending to a six-foot depth with 2H:1V side slopes. Before
covering the rock toes with compacted native materials, the contractor should work filter rock into the
upper portion of the rock to prevent the loss of native material in voids.

3.0 OTHER DESIGN/CONSTRUCTION CONSIDERATIONS

The erosion protection methods outlined in this design report are based on current engineering practices
for erosion control at uranium mill sites. For these erosion protection methods to perform as intended, a
“durable rock” should be used. The erosion protection methods outlined above have been developed
around the use of “durable rock” as characterized in Section 7.2.1 Procedures for Assessing Rock
Quality, (NUREG 1623 & 4620). If suitable rock meeting the criteria set forth by NUREG 1623 and 4620
is not available, oversizing of the rock is permissible per Section 7.2.2 Oversizing Criteria (NUREG 1623).
If oversizing of the selected rock sizes in this design report is required due to the lack of “durable rock”,
the erosion protection methods provided in this report should be reviewed. Depending on the magnitude
of the change, the change in rock size could affect channel capacity and apron capacity as well as the
rock thickness.
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Profile: PF 1

HEC-RAS Plan: ADP PMF River:

Arroyo del Puert Reach: Ambrosia Mill

:Reatl er'Sta Min: S CHEW, : f
)i A :
78000.00 6938.00 6950.23 6950.23 6852.03 1.00
78000.00 £6933.06 6947.21 6946.20 6948.42 0.005968 12.40 8063.01 2156.39 0.61
78000.00 6930.47 6945.79 6946.66 0.002788 8.88 10649.12 1819.70 0.42
78000.00 6928.82 6943.34 6945.36 0.007485 14.16 6895.15 1257.27 0.69
78000.00 6924.36 6938.21 6940.49 0.004540 11.20 8856.19 1674.95 0.54
78000.00 6919.30 6934.77 6936.09 0.005033 12.15 8746.61 1747.90 0.57
78000.00 6911.06 6926.21 6927.77 0.006100 13.18 8072.49 1660.94 0.62
78000.00 6905.00 6920.54 6919.80 6921.62 0.005331 12.65 9668.55 2324.85 0.59
F\mbr_csla-Mll 78000.00 6904.00 6816.59 6916.59 6919.12 0.005642 17.14 7020.86 1247.15 0.86
{Ambrosia:Mill : 78000.00 6893.00 6907.57 6907.33 6809.55 0.006007 19.05 7643.78 1482.35 0.80
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POND 1 AND 3 APRON, SURFACE AND EMBANKMENT CALCULATIONS
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APPENDIX C

DIVERSION CHANNEL CALCULATIONS
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Task 3 Channel Design - Channel - Inputs to get channel Depth
No.1

1. MANNING OUTPUT

ASSUMPTIONS & EQUATIONS Where K=Ave Fiume Data (ACE 1994)
Mannings Value, n ~ K(D90)*0.16667
D90 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)
Note: Army Corp. of Engineers - Hydraulic Design of Flood Control Channels (1991)

. Of Engineers (ACE) Method (ACE, 1991)

‘1 g

CALCULATIION: Using Army Corp




Task 3 Channel Design - Channel - Inputs to get channel Depth

No. 2
1. MANNING OUTPUT

ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)
Mannings Value, n ~ K(D90)"0.16667

D90 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)
Note: Army Corp. of Engineers - Hydraulic Design of Flood Control Channels (1991)

CALCULATION: Using Army Corp. Of Engineers (ACE) Method (ACE, 1991)

TR SR




Task 3 Channel Design - Channel - Inputs to get channel Depth

No.3
1. MANNING OUTPUT

'O
Jio

ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)
Mannings Value, n ~ K(D90)*0.16667
D90 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)
Note: Army Corp. of Engineers - Hydraulic Design of Flood Control Channels (1991)

CALCULATION: Using Army Corp. Of Engineers (ACE) Method (ACE, 1991)

T Dso. | 12 | inches

uTt

2. CHANNEL DEPTH OUTP
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HEC-RAS Plan: Plan 02 River: Pond1diversion Reach: lower

Profile: PF 1

each ver: St Q- Tolal
: (il
498.00 6943.67 6945.85 6946.18 6947.38 0.0500865 9.93 50.16 26.09 1.26
498.00 6938.67 6940.77 6941.12 £6942.26 0.052044 9.78 50.83 28.42 1.29
498.00 6936.17 6938.32 £938.62 6838.73 0.0485389 8.55 52.14 28.589 1.25
488.00 6934,82 6937.05 8§937.37 69838.49 0.049952 9.64 51.64 28.52 1.26
4988.00 6933.67 6835.80 6936.12 6837.24 0.049952 9.64 51.64 28.52 1.28
498.00 6933.45 £936.36 $935.47 6836.76 0.008986 5.05 98.56 39.65 0.56
498.00 6933.22 6936.14 6936.53 0.008939 5.04 98.73 39.67 0.56
498.00 £6932.77 6935.68 £934.80 6936.08 0.008986 5.05 98.56 39.65 0.56
498.00 6931.87 6334.78 6833.90 6935.18 0.008007 5.08 98.48 38.65 0.57




Elevation (ft)

Pond 1 Diversion Plan: Plan 02

lower
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Task 3 Channel Design - Channel - Inputs to get channel Depth

DISCHARGE CHANNEL
1. MANNING OUTPUT

ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)
Mannings Value, n ~ K(D90)*0.16667
D30 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)
Note: Army Corp. of Engineers - Hydraulic Design of Flood Control Channels (1991)

CALCULATION: Using Army Corp. Of Engineers (ACE) Method (ACE, 1991)

12 5

5 CHANNEL DEPTH OUTPUT
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Profile: PF 1

HEC-RAS Plan: Plan 01 River: Pond 1 Discharge Reach:}
i Min:Ch

ach Ri ta &
6952.00 6953.94 6954.32 6955.37 0.060015 9.61 51.84 3355 1.36
6946.00 6947.94 6948,32 6948.37 0.060015 9.61 51.84 3355 1.36
6943,00 6944.94 6945.32 6948.37 0.060018 9.61 51.84 33.55 1.36
6941.50 6843.44 6943.82 6944.87 0.060015 9.61 51.84 33.55 1.36
6940.00 6941.75 694217 6943.30 0.064753 9.99 49.84 3200 1.41
6939.56 6942.11 6941.73 6942.77 0.017541 6.48 76.89 35.21 0.77
6939,12 6941.67 6942.33 0.017576 6.48 76.83 35.21 0.77
6938.24 6940.80 69540.41 6941.45 0.017508 €47 76.94 3522 0.77
6936.49 6938.05 6938.66 6939.70 0.017506 6.47 76.94 3522 0.77
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DESIGN DRAWINGS
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Notes:
Task 3 Consists of Seven (7) Design Items; (See Item Areas Located On This Drawing)

1. Erosion Protection Apron Along The Toe of The East Embankment of Pond 1,
(See Sheets 2 and 3)
Surface Erosion Protection For Pond 3, (See Sheets 2 and 4)
Erosion Protection for The East Embankment Slope for Pond 3, (See Sheets 2 and 4)
Erosion Protection Apron for The Toe of Pond 3, East Embankment, (See Sheets 2 and 5)
Surface Run-off Erosion Protection of The Area North of Pond 1, (See Sheets 6 and 7)
Diversion Channel Constructed Along the North Limits of Item 5 That Drains Into
The Arroyo del Puerto Channel, (See Sheets 6, 8 and 9) See Sheet 13 for Discharge
Apron.
7. and, Discharge Channel Constructed From the End of The North Erosion
Protection Channel/Apron of Pond 1 For Discharging Into The Arroyo del Puerto
Channel, (See Sheets 10, 11 and 12) See Sheet 13 For Discharge Apron
Construction
Background:
The North Embankment Toe Erosion Protection Channel/Apron Was Part Of
Previous Design Work (Task 2) for The Quivira Mill Site Erosion Protection Plan.
The Flow From This Channel Will Be Discharged Into the Arroyo del Puerto
Channel Via An Extention Described In Item 7 Above.

The South Embankment Erosion Protection Channel/Apron for Pond 1 is Part of Future
Design Tasks to Prevent Erosion At the Quivira Mill Site.

The Arroyo del Puerto Armored Channel Is Part of Future Design Tasks For Erosion
Control at The Quivira Mill Site.
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