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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.
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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 included 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 handle 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 11,000-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 0 3rd Meridian (Hansen et a/. 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 including 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 channel/apron. 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 d50 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 local 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.

2.3 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 D5o=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 D5o=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
mill 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 B
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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

4 RJA IMIKMIc niITDIIT

2. CHANNEL DEPTH OUTPUT

OPEN CHANELDESIGHN - NUREG CR-I623.
ASSUMPTIONS & EQUATIONS

Mannings Value, n - 0.0456(D50 * S)^0.156

S = Slope

Note: NUREG CR-1623, Section 3, Appendix D

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

.Input,sq ; :IW,jif, , Units
S 0.062 n 1 0.0417

D50s 9.2 inches



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(D5o * S)AD.156

S = Slope

Note: NUREG CR-1623, Section 3, Appendix D

2. CHANNEL DEPTH OUTPUT

Ip t h, c .f ....

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

Inputs Value Units I Output I Value i Units

S 0.022 n 1 0.0335

1750 6.5_ lbs/cu7 ft

lb 4 �
ep rFlowrateI . ��RoughnessI

..� ,

-1
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CONSTRUCTON NOTES.

1. The orion proteo mme ron Wal be eond ado sjcant to
the exitig inltm apron constrcted within Mhe Pond I north
eminbmnw ope. As put of the new eosion prowton chmannl/apron
consmi th existng hitrl apron wvI be renoved nd
reconsttd as shown on deign Sheetr 2 and 3. Horizont locaon of

tonimg for obsonel/apton is arvimate.

2 The lines and rades of the prqomod cbnelapron ute sall match tt
of the eiting grond urfce On the Pond I emban nt toe. The
existing pgdes prvide the necery siope gad., flow ras and flw
potters prom dcanmnelron Stability.

3. Two wotn proection chmel/apron cnfigutiom prvided for te
noth anbankmrnt of Pond 1. The two onfiafio s be bitoned
on the flm per ulopes (q omately betwtm Station 9+50 and
10+I4) d wmpleted in 100.0 3 SeeShit 4 of 5 for dailL

4. The aolUapron beyond STA 100 shal be conweed r pert ofatbr
deign work at th Ambrosia ke Mill.

5. Hrzoual Locaion nd Stiong Of Cha nApron is Approxnte

I
I

NORTH

1 in = 250 ft

AMBROSIA LAKE MILL
RIO AL5OM MINING COMPANY, LLC.

GRANTS, NEW MEXICO
POND 1 TOE EROSION PROTECTION

PROJECT NM 1SWOJ_-2DD

FIE NAKE: 1rSOtI.DWC

7 OWING BY,: RLH 3/5/02

I REWE BI: WMD

CO-z.
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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)

EXISTING TANK ON SOIL PILE

APPROXIMATE CREST -

OF AREA

START OF UPPER TOE
CHANNEL/APRON
CONFIGURATION, STA -0+96

-I H
..A 3'k

C40
!TA 04

STA 0+00

Breakline

Hf4i

o 0 + + +
47 03 C

CHANNEL/APRON CONFIGURATION
TRANSITION AREA, TO BE
COMPLETED IN I00 FT

_-j

END OF TOE CHANNEL/APRON - Task 2

(Approximate Intermection with Pond 3)

D4 1
-1 IH -

+ Nl
o E+

4

"I
C3

.

STA 10+50

V +
o 0

CS
STA 18±00

PROFILE VIEW
Not To Scale

r 77%

1/90 IM44% 1.52%

-U:E CHANNEL/AN DESIGN

- IJPPER CHANNEL/APRON DESIGN -I

I______________________________________________

2,/ Tr.itio Section; STA 9+50 to STA 10+50

J 2.2 Z.

--L/

STA 9+50

7 701/.

g ~~~~~4,99%

6.93%N

.04%

2,42%

____ LOWER CHANNEL/APRON DESIGN

NOTE:

Profile Dovdoped From AeRial Survey Supplied by Rio Algom Mining Company, LLC. ( 5.0 f Contour)

Horizor, Lod Lcion and Dipt9ACC A,R Approxion c, md Usd Only
For Refuxcps oue to The 5 ft Conetor Provided By Rip Algom Mining Compay, LLC. As A

Ba.MMp. Th<PrposedChsn,/Aprds Shdl StatAtTheCre tof
ThePondI ToeandRR.AdjacSttPthCTow Th.Cre,IoftflToe
is Lctd W3t of th Existing Tsk Placed i the Soil Pile Showus Above.

S~~~~~~~~~~AM B ROS I A -LA-KE MIL L.
RIO ALGOM MINING COMPANY, LLC.

GRANTS, NEW MEXICO
NORTH EMBANKMENT TOE CHANNEL/APRON

FILE NAME. 110032T2.DSLG
REVEED BY: WHO

c-oc

MAHT W-La l ,,,

SHEET 2 of 5

I _

- 0.84%

7rs.tx
1,006241 -

1 937 3z=
6,91.395 -

377r+ -[

Cm13 --- I

6,93.73 -

694w65 -
6,93t12 -

STA -1+13 STA 0IA7 STA IS+00STA 10+50

PRDJWT W. 169OD30-ZW
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CHANNEL/APRON STATION -1+13 to STATION 9+50

,akRockCovr
-Edst Rwck Fe1t*m

S

FIt Lay of BsI Sodil _ xisfg 10T

of aCsl Ekyrnao

Where Applicable. Comportd Fll
Shall Be Paced To provide The Minimm
Tmwh Def Of 3 A S ft Wide Bm
vWidh Sha Be Pvided With Pori
Dump Ino The ChaneelApon.
(Se NoW 5)

Gizs

Ranove & R,kteplace Esiag Fitor l
WfthN.wD5rl FhlRockR

Remv Ex APso

D1 =9.2"so
FiItM Sand Layer 6" In DeDph

D =l"Filtarko50

-12.B'

t laer 6" In Dept

SCALE: I in = 5 ft

jpNSTRUCTIONNOTES:

1. The ppFe ponion of the Pond I erosion prtection dh tllapon hid
be aosucted ndjacent to tho existing Pond I internal apcn. Etatdd

lacgth of cb_mqdtpmn l1,100 fL The oharVaprcn shal extmd

frnmto exi sn watertk at ite nornh edof Pond Ito wre tbe
leia dina slope alg the pond I embnbnent to exceeds 2.5%

2. The existig in l aron of to Pond I emlnenmt shll be raoved
and replacd - shown above srch that to apon sall povide poslive
dr-i into th newly cnsodcbd chmnet/pron.

3. The botm of tb chanmlts;rOn shalo b conduUcted fiat Sfm sidesoPe

to de dlope t prevent concated flow1.

4. Kock Rip for etoion protion ha be placed in con6rmce vwith

Appeni P ofDuMp lfBmm PmANttnle.Jbr Lag-Tn Stabialmsin,
U.S. Nucear Regulaory Coiaon's NURES -CR1623 Drft Repot
unes otherwise scified in tbe Pond I Eankment Toe Eroson
Pmrection Repot or te inde Dein Dmvwia.

5. Where appcab compated fi may be placedontoeteior to

owatut - _bakzat tha wil provide the _mim 3.0 ft of depth
fcr to chanekapwn The fCl reqied to consrct te embkment sa
consist of mail excnbtd ftn within the ch. elVprcn trenh. The

fill shll be compted to a Min of 95% of mn imn density a
dmined by ASTM D4-9S nd within +/- 2% of optLmun mistime
contbt Eh ihft of fiLl sl not xcweed. lon thicknes of 10 indba.
The embankment shall maintin the 21 IV - on l it maxior nd a

5H. IV or flawer slope on the terior. The entamnt shal bav a crert

widt of nt Ilmu 5 fl
6. TIeM exio slope of tochDneVaprof shall b co,ulwnd with

2r: IV sopeC. The imdi SloPe match the xist
embakment slopem s5Hroximallr 51: IV.

7. Th c e o e vo sI be oiansucted with bttm.
fre of looe debis, vgetmcn *d muddy mxrls.

8. The erosion gntcdc beddingftr Haei sall S be placed at a
mnimm thckn of 6" along fte lnh of the channelapwrn. The

bedding/flt maial all extd up the 21L IV side uio and
id flsb with the eitng -mnd elevat. Beddigft

mmaia sal be sjed nd compued in one layer

9. Existing osm poto rock distutbd during cawbhn of dn
ehamue/apron sll be rplaced ueb h to muintan existing slops

ad rinp conditions appoved previously by the U.S. Nuclear
Riplaty Cm _ Ca "sl be take in nDmoviq nd
ODsto ig t drnp such tht the matra . not degraded or
otherwise damaged Rock deraded or ocwis nti n

conformance witb to tUREG 1623 de to removl ad
replcnt m e sshalbereplacedwithsimIl approved
nm iark Cm Wa be Wke such thte tilings - not
d istd durng erosion ptetone s daneVapr consnwiuti

10. Theeb chmeUe/apwn da be cowved wit. ninimmn of 28" ofd 5 0

=9.2" ro Th. wrocksha beextied uptaide uoPetotbe
exdtng - to exteri ad dit k witthe efxitg ig ior
rock placed o th Pod 1 embalanc slope - shown above.

I1. Tbe amnepr eroon po cDion rock shal be constructed of.

rok diameter d0.j2 cenfonmng to tellfowmg gmdeao

Steve D e d0ion P 0ceting

15- 100

12"
9"
6"

70 - 90
30 - 55
0 - 10

12. The caneVron erosion protetion rock shl be cohsted on
6 of beddig'ilbr rock of dtiane dard confrming to te
followng padation:

Steve Denotation Fwemct Pnidn

3" 100

2;-
3/4"

No.4

W0- 90

20 - 70
to -30
0-10

13. The dhnnel/apon erosion prection file rOck shall be
consuted n 6" of beddinfilter amd conformng to the
following padation:

Sbve Deoaion Focen P ain
No.4 100

No.10
No.20
No.40
No.100

so0 100
36 - 76
10 - 20
0-10

AMBROSIA LAKE MILL
RIO ALGOM MINING COMPANY, LLC.

GRANTS, NEW MEXICO -
POND 1 TOE EROSION PROTECTION T7oFwLoCIIs Moc

CHANNEL/APRON, STA -1+13 to 9+50
P~J~C. N. .UJ-0 W~OB~tl350

R. F 11UiEI If IF 5 W

D| n ii w n 9 3//Ij FIU h SL * , - - --

,n.

- LtaeTr of aier Soil

-Third Iytr oMlaxrsSol

_MiT=lUS'

con

SSHEET 3 of 5
PitUM No. 18901D30-200
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CHANNEL/APRON STATION 10+50 TO STATION 18+00

/ExhiSoS ET sixt Rock CoCC

- Eskin Rock Fits Lay

-FinastyrofTfbar soil

- 10.3'

Wb. Applcsbb, Compced Fill
Shall Be Pced To Provide Tbc
M inm Truwh Deph Of 3 fl A
5 ft Wid Bann Width Sball Be
Provid With Pative Drainage Ino
The CbhaznIApron.
(Sfl Note 5)

Exl Tor j FM Elevate

/ / ~~~~~~~~~~E^dtig OtidHEvicPopc Top of Chaiio Eleao

I.' r,_'

I- Seo.ofyer of BunsSoil

\- m b Lae3 Defad BrSoil

Remoe &: Rqce Egsting Fft aIer

x m No TW iWh 50e D"FiltRo
5

1

Sa nd L4yT 6' In Depth

t tD5 =1"EilteRockLd
50

ye 6" In Depth

SCALE: I in = 5 ft

CONSTRUCTIONNOTES:

I. The lower potion ofth Pond I ersion pr on /dqAe r snhall
be cn ct 4sCen to the taitSin Pond I ltemq pmn. Estmted
lkngth of chumnevapon 800if. Th chlmeVUpron .1 extnd fom
ft ed of te proosd uppe cWmYaSW t pon to nobrh coaner of Pond
3whereftendaa dg t toeofPondl.T be ining poporon ofthe
cthanel tie extosd, from the too of Pod 1 to the Annyo del mnto will
be doeiged a pt of later dein forte Amkoia Lake Mill.

2. Th existing ald apon of the Paod I lmbnknt ihu be removed
nd replaced shown abo s theaon shall provide poitive

drainage into the newly constructed channl/aprmn.

3. The bottom of the chanvpgw shall be onstucted fiat from sid pe

to side slp to prven ceta flows.

4. Rock Rirap fo eroo potedon shll be plced din corn ce with

Appendix F of Daign of ra,on PrmtCnfOLfor Lng-T71 SVabdkW10o,
U.S. NuoolsRegulatoty Commisson NUREG -CR1623 Draft Report
unls othrwie speV fied in te Pond I Emhbnkmnit Toc Erosion
Protetion Report or the inchaled Desin Dawig.

5. W acpplicable compad fill my be pld on tb exterior to
consturt an Embondnt that will provide to rniimn 3.0 ft of depth
for tb channel/apr The fil rquaied to consruit the embrn t sall
cMsRst of Mtro l ecAatd from withm the chm V/apra frw. The
fill sll be copced to a minimum of 95% of mrximn density a
detrmined by ASTM D-698 amd wilhin +- 2% of optimm moiste
contat Each lift of f1i shall not excrd a looe tdiIkess f 10 iches
The eitmikmat shall maain to 2HL IV slope on its itrior ad a
SIt IV on the etri. Tht emblmtt shll haw A cret width of
not kw than S fL

6. The etio slope of tbe chbspn bhall boe omfTucted with
2H:IV slop T nerior lop all w tch th existing
embarkment slope, aprlOMatly SH IV

7. The channe/pron cavation shal be conMufcted with bottlms
free of loose drbris, vegetadion md muddy sudfys.

8. Teero ion protection beddinfilter matial sal be plaee at a
mini=um thicdess of 6" alog tb legth of tb channel/apron. The
bedding/fhiter matmial shall extend up th 2H: IV side slops md
nd flush with the eising gromd dation. Bedding/fier

mrkials shadl be ped and compwted in one Iayer.

9. Existing erosion protction mock distubtd dDring otntaction of to
cbmel/apon shall be replaced suc ru tD maitin exsting slope
and riprap condition approved previousy by the U.S. Nucla
Reltoy C Tii _ C reoha be taen in m vig and
dsccpding the rinp msch tbat the mnterid is not degraded Or
otherwise damaged. Rock degmded or otherwise not in
confdrmance with te NUREG 1623 du to removal nd
r rplement meoho d be relacedwith simi approved
marial. C ae be t sch tht isngtAiin not
disturbed during ion protection chanellapron consruction.

10. The charnnel/apron ha be covered with a mfinmm of 28" of d 50
=9.2" rock. The rock shal be extnded up the side sope to the
exstig grde o the ecrior and itlock with the xiting interior
rock placed on te Pond I embanent slope a shown above.

I1. The chmaed/pqron erosion protion rock shl be constrced of .
rock diameter 10-92 cn conerming to te following graon:

SimevD to PercentPr
15" 100

12-
9-
6"

70 - 90
30 - 55
0 - 10

12. The chdaneVprn edoon protection rock shl be consuctd on
6 of beddingfit trock of diameter d=-l"confrmigtDthe
following grdtor5

Sim D imoatmn Percent Pasint
3' 100
r 80-90
3/4" 20 - 70
3/8- 10- 30
No.4 0-10

13. The chellat crosion protectio filtr r rok shal be
consucd on 6" of beddmig/filter and conforming to the
following gradation

Simv Designation

No.4
No.O
No.20
No.40
No.100

Percent Parsin
100
80 - 100
36 - 76
10 -20
0 - 10

AMBROSIA LAKE MILL
RIO ALGOM MINING COMPANY, LLC.

$RANTS, NEW MEXICO AjM
POND 1 TOE EROSION PROTECTION ToatLI.c. 1-E

CHANNEL/APRON, STA 10+50 TO STA 18+00
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0R'SNO sY: Or, 3/5/02

BREYEllD sff WHO
SHEET 4 of 5

I

5

I

( 05

I

I
I
I

L

I1



4-LI

- 0

0

I-

6 0 04

-I oo 0

0 m~

.<Z r
on ~ 0L

<ZZO- cn c

0 <F-~

0 0

C) zi-n-

0-

04)
(D 4

zo 

u

0

0

0z

I I I

-I



EROSION

DESIGN REPORT
POND 3 EROSION PROTECTION

AND
PROTECTION FOR THE AREA NORTH OF POND 1
AMBROSIA LAKE MILL, NEW MEXICO

Prepared for:

Rio Algom Mining Company, LLC.
P.O. Box 218

Grants, New Mexico 87020

Prepared by:

Maxim Technologies, Inc.
10601 Lomas NE, Suite 106

Albuquerque, New Mexico 87112

(; f2 9i 200C

April 22, 2002



TABLE OF CONTENTS

Page

INTRODUCTION .................................................................................. 1

1.0 METHODS .................................................................................. 3

2.0 DESIGN BASIS .................................................................................. 4
2.1 Erosion Protection Apron - Pond I and Pond 3 Interface ......................................................... 4
2.2 Surface Erosion Protection - Pond 3 Surface ........................................................................... 5
2.3 Side Slope Erosion Protection - Pond 3 East Embankment ..................................................... 6

2.4 Erosion Protection Apron - Pond 3 East Embankment Toe ..................................................... 6
2.5 North Erosion Protection Area - Surface Protection ................................................................. 7
2.6 North Erosion Protection Area - Diversion Channel ................................................................. 7
2.7 Pond 1 Channel/Apron - Discharge Section ............................................................................. 8

3.0 OTHER DESIGN CONSIDERATIONS .................................................................................. 9

4.0 REFERENCES .................................................................................. 9

LIST OF FIGURES

FIGURE 1 ............................................................................................................................................. 2

LIST OF APPENDICES

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

PMP and PMF Calculations

Pond 1 and 3 Apron, Surface and Embankment Calculations

Diversion Channel Calculations

Discharge Channel and Apron Calculations

APPENDIX E Design Drawings



Pond 3 Eraosion Protection and Pond 1 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 following 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 falls 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 t.he 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 Puerto 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 I 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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Pond 3 Eraosion Protection and Pondl North Erosion Protection Area - Ambrosia Lake Mill, New Mexico

2. Surface erosion protection for Pond 3,
3. Erosion protection for the east embankment of Pond 3,
4. Toe erosion protection apron placed at the toe of the east embankment of Pond 3
5. Surface run-off protection of the area north of Pond 1,
6. Diversion channel construction along the northern limit of the area north of Pond 1,
7. Discharge channel construction from the end of Pond 1 north embankment channel/apron to the

Arroyo del Puerto basin.

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. 55A, Probable Maximum Precipitation Estimates -
United States between the Continental Divide and the 103rd 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 and/or
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 1998). 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 D50 = 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 slope 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 et. 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 a!. (1998) predicts a rock d50 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 d50 of 9.2 inches was selected for construction of the
apron. The apron configuration was based on 15 times the d50 for the apron width and three times the d50
for the apron depth (NUREG 1623). For the Pond 1 embankment toe apron width, the predicted rock size
of d50 = 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 d50 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 cormplete 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 I 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 et. al (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 flow of 0.84 cfs/ft for this catchment was calculated. With a maximum surface slope of 0.3%, the
method of Abt et al. (1998) predicts a rock d50 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 d50 of 1.0 inch adequately meeting the required rock size, the surface
erosion protection for Pond 3 will consist of d50 = 1.0 inch rock. The surface erosion protection rock will be
placed three inches thick which meets the one times the d1oo 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 design 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 Appendix-B.

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 d50 of 12 inches. The slope erosion protection rock layer will
be placed at a thickness of one times the d1oo of the selected rock size or 12 inches (NUREG 1623).

2.4 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 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 d50 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 d50 (NUREG 1623) resulting in a channel width of 10.7 ft. For the apron
depth, the d50 of 12 inch rock size was used. For ease of placement of the larger rock into the apron
Algom, a thickness of three times d5c results in an apron depth of 36 inches which exceeds present
guidance by NUREG 1623.

2.5 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. al (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 d50 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-culting caused by past rainfall was visually
observed during site visits. Rainfall that falls in the area flows toward the Arroyo del 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 al (1998) with a correction for side slope according
to ASCE (1995). A rock size of D50 = 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 D50 = 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 D50 = 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 D50 = 17 inches for a depth of
4.3 feet for the area of the expected hydraulic jump. Calculations are found in Appendix C.

2.7 POND I 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/channel 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 channel 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 et a! (1998) and a factor of 1.2 to was
used to allow for the increased tractive force on the side slopes (ASCE, 1995). A D50 = 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 a! (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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.: lots) K. K::...;g:(ft-:: j.... (:fiRifi): ;: . SQl) .: I3.. :' :-5J:E(rfQ<):g -. -i:(8/fl); : *i ...4.Vq it) - fi. (*.ft i:: j.{f K: It :;sli ii8( ) K:
Ambrosia Mill - 7400 :.j : 78000.00 6938.00 6950.23 6950.23 6952.03 O.OOB301 19.471 7828.17 1996.25 1.00
ArnbroslaMill 7080 :. 78000.00 6933.06 6947.211 6946.20 6948.42 0.005969 12.401 9063.01 2156.391 .61

Ambrosia MIIIl.l;.h 06105a,: :p; i'''t:! 78000.00 6930.47 6945.791 6946.68 0.002788 8.98 10649.12 1819.70 0.42

AmbroslaMIa I 6310M. 78000.00 6928.82 6943.34 6945.36 0.007495 14.16 6895.15 1257.271 0.69
Ambrosla,Mla .55 K 78000.00 6924.36 6939.21 6940.49 0.004540 11.20 8856.19 1674.951 0.54
Arbriosia Mill 4880 .:.;l 78000.00 6910.30 6934.77 6936.09 0.005033 12.15 8746.61 1747.90 0.57

Ambrtisia Miii . . 308 -.0 78000.00 6911.05 6926.21 6927.77 0.006100 13.18 8072.49 1660.94 0.62
Arribrosia Mill 1980 78000.00 6905.00 6920.54 6919.80 6921.62 0.006331 12.55 9668.56 2324.8s 0.59
Ambrosla Miii 146Q ,. 78000.00 6904.00 691.59 6916.59 6919. 12 0.005642 17.14 7020.86 1247.15 0.86

Ambrosia MiiI 0 . 78000.00 6893.00 6907.571 6907.33 6909.55 0.006007 19.05 7643.7 1482.35 0.90
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POND I AND 3 APRON, SURFACE AND EMBANKMENT CALCULATIONS
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DIVERSION CHANNEL CALCULATIONS
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Task 3 Channel Design - Channel - Inputs to get channel Depth
No.1

1. MANNING OUTPUT

OPEN c:..MJN,,,W'.IGN -,TRtK.ER'5, EQONATIO
ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)

Mannings Value, n - K(D90)AO.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)

X1~~~~~3pf lXWIJiUnXXitsj

2_ l-:E DEPTH;_ O0U.0545--
2. CHANNEL DEPTH OUTPUT
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Task 3 Channel Design - Channel - Inputs to get channel Depth
No. 2

1. MANNING OUTPUT

,F l M .P WA7J M77 -flFoW N T I K R E U T N tw i

' r-U AMKImI rflDTM ni II IIII

<,Floi

chc

0
it

. ~ ~ ~ - ..- r, a

0.~~~~~~~~ 

t V i d n n n g~ N ~ 0 5 4 5k r a t - ' < j J j

ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)

Mannings Value, n - K(D90)AO.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)

D5 1.5
1 .0:D50' '-- 12 . Ji kl chs _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _ _ __ _
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Task 3 Channel Design - Channel - Inputs to get channel Depth
No.3

1. MANNING OUTPUT

>, O PE , , X ,N C H N E D E G N S T I C L E S A T O N Nj

ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)

Mannings Value, n - K(D90)A0.16667

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)

ujp4. le~ k -Uijs 11!AVad?. nt

________ -D50' 12f 12 ' c'e _ _ _ __ _ __

2. CHANNEL DEPTH OUTPUT
_~ ~ ~ ~ ~~~et .lwae _lp zo rAhes r th Mi el ty_ o_ _ o..ur_ .
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HEC-RAS Plan: Plan 02 River: Pondldiversion Reach: lower Profile: PF 1

Reachi.: 2-River Sla' ToIaFTII,linCh1Ei .:,-.SEleY. rlW.S. E.G. .- . E.G. Slope.;; T6:C'hnlt. -- FIDe.

______________.::i. .-- : ( .: - .. M _ ; .(ft). -f x:,' ., :i (- K - S:(aq l" .. . .- . .*

lower- 4 498.00 6943.67 6945.85 6946.18 6947.38 0.050065 9.93 50.16 26.09 1.26

lower - .30 498.00 6938.67 6940.77 6941.12 6942.26 0.052044 9.78 50.93 28.42 1.29

lower. 250 498.00 6936.17 6938.32 6938.62 6939.73 0.048539 9.55 52.14 28.59 1.251

lower.; .--. a ;22 .5 498.00 6934.92 6937.0E 6937.37 6938.49 0.049952 9.64 51.64 28.521 1.261

lower -J 200 498.00 6933.67 6935.80 6936.12 6937.24 0.049952 9.64 51.64 28.52 1.26

lower 75, 498.00 6933.45 6936.36 6935.471 6936.76 0.008986 5.05 96.56 39.65 0.56

lower ; :t:t:} :150 . 2.:- ;- -498.00 6933.22 6936.14 6936.53 0.008939 5.04 98.73 39.67 0.56

lower, 1I 00 498.001 6932.77 6935.68 6934.801 6936.08 0.008986 5.05 98.56 39.65 0.56

lowerC 498.00i 693187 6934.78 6933.90 6935.1 0.0090D7 5.06 98.48 39.65 0.57
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APPENDIX D

DISCHARGE CHANNEL AND APRON CALCULATIONS
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Task 3 Channel Design - Channel - Inputs to get channel Depth

DISCHARGE CHANNEL
1. MANNING OUTPUT

OPEN~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .HNa DEIG ..
ggiil O i %LQU g f~~~~~~~~~~~~~~~~~~~~~~~1

'. E - %" .~ zt:''iiD'7 2T' 5 Ei; ~,- I.11, d:- _. -I. II- =. I :
ASSUMPTIONS & EQUATIONS Where K=Ave Flume Data (ACE 1994)

Mannings Value, n - K(D90)AO.16667

D90 of D50 = 9.2 inch Rock Particle Distribution = 12" (See Design Report For Gradation)

Mn- Armw. Cj-,rn of Pnninpprs - Hvdraulic Desian of Flood Control Channels (1991)

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

Wm0 12 inche

2. CHANNEL DEPTH OUTPUT - - . .. - .-1- . , -. ... , . .. F .. .
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HEC-RAS Plan: Plan 01 River: Pond 1 Discharge Reach: I Profile: PF 1

!RReach F -E W.S;EIevi: Grit .WAW :eEG EIey* 7 E,G,W.Sdpe'h Vel n -: ea: :o Wdoroude*Ch

ICi.7:0.'i P 40.0. 498.00 6952.00 6953.94 6954.32 6955.37 0.060015 9.61 51.84 33.55 1.36

I; , -, 300 ~.,- = 498.00 6946.00 6947.94 6948.32 6949.37 0.060015 9.61 51.84 33.55 1.36

I j0 S^ '~i-l25,0 ;j 498.00 6943.00 6944.94 6945.32 6946.37 0.060015 9.61 51.84 33.55 1.36

205 498.00 6941.50 6943.44 6943.82 6944.87 0.060015 9.61 51.84 33.55 1.36

498.00 6940.00 6941.75 6942.17 6943.30 0.064753 9.99 49.84 32.001 1,41

I t 1 l 175i- .<, ;;498.00 6939.56 6942.11 6941.73 6942.77 0.017541 6.48 76.89 35.21 0.77

:: ! ;t+: 150 t- .;,498.00 6939.12 6941.67 6942.331 0.017576 6.48 76.83 35.21 0.77

.100 . !i, 495.00 6938.24 6940.80 6940.41 8941.451 0.017506 6.47 76.94 35.22 0.77

0 : I 498.00 6936.49 6939.05 6938.66 6939.701 0.017506 6.4 7 76.941 35.221 0.77
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APPENDIX E

DESIGN DRAWINGS
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Notes:
Task 3 Cnsist of Seven (7) Design htems; (Soc Item Aea Loated On This D'wing)

I1. Erosion Protection Apron Along The Toe of The East Embankment of Pond 1,
(See Sheets 2 and 3)

2. Surface Erosion Protection For Pond3, (See Sheets 2 and 4)
3. Erosion Protection for The East Embankment Slope for Pond 3, (Sce Sheets 2 and 4)
4. Erosion Protectio Apron for The Toe of Pond 3, Eat Embankmet, (See Shet 2 ad 5)
5. Surface Run-off Eroion Protection of The Ame.North ofFPnd I, (See Sheets 6 nd?7)
6. Divesi Channel Constructed Along the North Limits of It Ae That Drains nt

The Ae yo del Purt Channel, (Se Shets 6.8 ad 9) Se Sheet 13 for Discharge
Aprom.

7. and, Discharge Channel Coswcted From the End of The North Ermsiom
Protection ChneVl/Apron of Pmod I Fm Diwharging Into The Arroyo del Puerto
Chamnel, (Se Shees 10,11 amd 12) See Shet 13 Fm Diwharge Apmon
Cor stmucti on

Backgroumd:
The North Embainment Toe Erosion Protection CbhwneApron Wa Par Of
Previous Design Work Tauk 2) for The Qtivir MilU SiteEroio Protection Pla.
The Flow From This Chlanl Will Be Dischaged Into dre Amyo del puno
Channel Via An Extentin Described In Item 7 Above.

The South Embankment ErSion Proection Chanel/Apron for Pod I is Part of Future
Design Tasks to Prevent Erosion Ate the Qmir Mil Sit.

The Arroyo del Puerto Armored Channcl Is Part of Future Design Task For Eron
Control a The Quivra Mill Site.

;'uMv 3FOSA §AKI V.
h' A C 2 V \/ N, \N(' 2 -2 /FALlV Pr J 

CPA I NFW MI X CC)

IASK 3- CFN i<AI I)p (UT 'RC C D\ PLAN

>(.ICJ(C Nt . 169 / I DRAW NG BY i; 2/128/02

| lltX 900MS It.Wt W-,l IW5 <LV.WEID El: 'hHH

A

SH f F I ot
.V ^M Ul.Cl;tR DAX

C,(q

"Am
'I.



A>

BOF 0-C COO
C 502 39 DA

'N I To 995~ ' U
Z) - -I - TI - b 5__ _t _ _

C) c~~~~~~ AG~c

ST
Cn

a 
NG

C

PON[. 1 i0 'OND 3 iROSONb

PROTEC I ON APRON OCA' ION
/ (OLD S HLI 3 Ol 13 ) OFTA S)

./.PROF LE ELK VA IOI

W TH - E D ;1A A

V N MUIVI AR I F VEIA

o 6,938 F

)N% LjU-A -ED

.SUIP ; ED 6Y R: 0

O- 0- 4-3 F OC~1C9043 ET7%

r VE CONI(OUR P()ONI

-C S CODE FAST A-

ALGCC

TICS / B

/1 .X ST IG GRADE 

/

/ SPRFA DFRS);N ̀)( ()N O

E SHEEF 4 o 13 CR D]IAIS)

.. UG (O

AN 0 0

09 cm D,
V D V

G,

C

0)

D 

6 0'

i F H _- c---- --
i O 0 \, 0

F. Op
E -
N -

/

\10- 9143
59652. 8E
15 , 69 9/

/

3 S.lFA.E EXITND S CP`F EROSCN PROIECTON ROCK SEC PN
rC3Y / C()NT(O P(ON 1 SRFA(- 10 =T

/ I/ / I

F L_ A`D SIA3 LIZAT C\ I1 11 TI

CQ [MLBANKM:NI SNT: \...L
AND NTEN.CFTCR F>.I.. Q I|
3y R 0 ALGCM \ 

D9
ID
,G
CT9
ND

L
CN

ND

0

POND 3 EASI

(SlF: S PF. T 

K- l LROSON PROTr=C
FCR DE-A LS)

GDVO A 10 3Y SOPE OF FOPA NA(.E

>SS IHE N IR I- CF IR-NCH AREA

NO : ELEVA I ON S A- EVEN S A ONG AL F XIS NG
AROOJN LL VA "NS

9OS ON PRO l:I ON A R)N

SH EI OF .1 [3 )TI I.lA A )

i

0

D

I I I V, EL AM I BJCI0 1

AM 3 OS5A AKL V -

R0 A GCOM MNN \GQ JOM=ANY, L C.

GCANS, SO W ` v XCC
IASK .$ R( )SCN KRHC TF rON

C:CAVION 0F T>FSCAI. FRC0S ON IRO TFIO N S F CTACNS

)FAI NG BY E l 2/28/02

*LVILWLL) bY Vi/>

CI0
9AI1

aW
I I: I I I ., A A I I

SHEll 2 o' 137

m

{ I i: I V

'::(fE : :
I :!JF JI . N: ' E9i .].X SC

NAM: 169030 52 DAG

I

i

I

I

I

i I

i
I

\1

I

NOD I

I
� 1_ - __

_��/ O,

�O ;, O ,

O

PR(l
ACR(I

O 4 I

I

e I I \ ,

,O, ,



w

0

I-0

0.
8

g1

hi

B
O I

gm

8o 0

o t
0S 5

(I-
C

>1

X -'2

9 e

I~ .jI "I Ja-,

.1 a 

0 Cs -

r ---4 

14

en

ttS

I .
U.5

g

ill 1at i

A: 'V

9 IgI
4-;:11

O

ag 

0 I a

va
0

~9

0.

I

Ii
co

04

a

I

0

to

Sl

0.0

4 CS el 

.2

4)2
a

S

to

0

o8

I-I I

as
8.-

i

0 ..ii 

-tl- eno

.1
0 I M

0I

i Ile
W. 01

00.0 p4

D%o

:1U*

.Seq

*'4i

I js

U 1 ]

ot 

,; )g-

rn
ii 8ZzR

en L.4oen...I
8 6

btzz
a on

9b1 

.0 -- 

'U 

V} D6

* I .- w . _ _ _ I _ _ _ _

C4

z
S
2H

I-I

I I

'i 

C
EH

00
en
cro
Vo

6
alzC
H

C5
11

U

H

U

5

F-,

g

OZ 

C

o m

H

Qcn

El 0 )4e

Fj

iZ
ao g

co

2 -4

9

:
4-

0

4)
U,

C)

H

I I

C'1

iI I

I I

i i
1 1

i 
1tgz0

0'

C

H
C,

I I\'

! 
0 

!l°Nl J 

U

U
C
o4
v

P4

2
,m

Si

C

1- i - i L- i 1



4

L'i

4

° (n'i U)

FL (_)H Li]

00•Qi 0

ZOL

oxD
V)J,Z

Fn V) <

L.J
-i

0•

0~
o-

n:

0) Lij0-i
U)

C0
- <H

F-
U) F-
5V0
LiZ

I-i
ILi") 0

ZLi 0o
OC0 U-
0•4<F

U0 •0 0 •
Li

Li(. OLI

a~oLi,
Li 8

1 - - - 3 :

U)

0

< -

z

00
0 UJrJ 

i 4j

0~~~~
Z ~ ~ ~ ~ ~ 

00 2 

I -

0D 

0 0 ~ ~ ~ ~ -
V) LI ~ ~ ~ ~ ~ JoL

Lil I~~0 I-F
F- ry~~~~~~~~~~I

0~~~~~~~~~~~~~0

Li~~~~~~~~~~~~~L

0 r'q~z 0-i

0 ~~~~DEn F--0~~~~

0I°°
I - 000 : 21

= - 0
ot CS oc

C) -I

0 111
) ; C) r-J 2 Cjo 

OL ZI-

- : 0: z I 

.X0•

zo

- ;;;, 0
Q 0•

O UC/) 0Z

( Oz
(:Lu

z i

o~ 4

oIL

z

m

0
a-
0•

Li

Q

0
0<

z 0
OLL

of Li)0 0•

U)
-J

Lij
O oD B

ooo
LL _jL

L, a

000
Li j 

O Z 

I)0•0

Zi 
0

L
•0•< (0)

0L Vn 1-ZHLU)O Li,
oaf E

-li 
0•1
Li

ID

m

I

-J

z
0
QV

041

z
UZ

Ev

0

¢

0;

CA

-9:

z0
C)

0
LU
F-0

0•
cll

n

z0
0•

LU
EDl0

LU<

1J

o '

C)l
ZI

L-)U

<LU
cL-w
0-i0

-00

0•0
n -a-

V)

0

C)
.4a

0

0
Co

C)z00)

i i
L- L-



0U 0Lw 2:

tL L' z-- n+ C
> <0 

/ - < b I < + ) ° [j

I , E 7 Li c N CN C -,• . K- --. C _) 0 LO
CJ0 

n L'LI - 0 -

'~~~~0 0I 1(0 

0 0-wO <WZ

z -'7 4~ 0fU-

C- I- t 7 ; / I,

O b(W 7, 2 l

'~~~~2

rn~~~~~~~ 

<0(

*~~~~~~ o,, c H
'. r OO °:E

V)~ ~ ~ 01 m QL-1
as J Z (1 I |L

_ _ _ _ _ _ _ _ _ _ _ _0

CD0
e\j

00
b
r-,

00
0

~~~~~~~~~~~~~~~~~~~~~~~~- - --- -1 K),~~~~~~0
0-m

0
6
co

0
ci

0
CD
(0

0
(0
cm

00
cm

- - - ----
0

0ci
K)-"

0
cm 6

101- ( (0 (
,0 I9, !6

I+ LI

1LJ

I [N~~~~~~~~~~~~~~~~~~~~~~~~~~~~

iiii

6~~~~~~~~~~~~~~~~~6~ ~ ~ ~ ~ ~'

CD~4 I

10 2 i<

I 

I~:

bB7996 

i
IL
ii
iit-

iI

iL

Ii.

ti

<-I<I

I

i

i

i

oi-

0ky Y N

Li. U

I.l I! - C-

I I -i
Ir
0l i1± 0

z

LV

LiJ0•

V) 

(0

1--
(0

z ZL'i
> 2
,,i0

0i0
<2:
> 0

Li

0
..

0

WnW

I:

0

,-J
-)A

2:
0

<0

in>0
mOO

4C_

_ 

0
0•

2:0
2:12:

Z u

01,0
~TJ

U [- r

0
LLJ L Y

~ZU
ow

Z cJ) IY

m- LL <c

_y <r-

.~
<I- 

0z1

09 6469

)_ I -1| Lt v69j
_ _I . _ Ia._ _ ._ _ - - N .. _ 1 _- 4 - - r -' - > -- --- '- - - -- t - F-- ;--

<' I I0,i1-9 

~-1- - 7 -~ I 
II i6 | .. w ° | b 9

Lo~~~~IW~~~~~~~~~~~~~~~~~~~~~~~~ o

/ >

ot 0969!i > lo 0) )(cm< II I -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-- ------- 

I~

T
ii
i

ii

i
I

i

Ii
I

i

iI
i

I
I
1

-4
i
iz-i
11
1

LI 

X,il
I t i-.-

11I

IC 1
1
(IA

Ii

i
i

iI

i
t

i
Ti
i

i
I
i
t
zi
i
i
i
i
i
i
i

-i

i
ti

I
i

I

Ii
i

i

I
iI
i
i
i

� i

i

I

0
._

N

IN:

0011

0

. _

. _

I

(>

W°

0V)

W

I(

i0

in

10I .
I,] [

, <
ILL X.M ,w

Li

< U)0• V',
Li Li

0•< 0

2: a

0 o-

2: 0 0
0 Li I

UD

<
LU m 
0 LO

Z- 2: O

U' Ui

0 -

0
Li 0 -<

tC) < In

< 0 4
0U) 0 z0•, -

0

4U 0• T

<- n Q 1 

d L i

z Wg 0~ 0
Li L i 0L 

O n n n n

0< C-i 000
a- 0 Li i -

0 >0

LCD

(O
O(f)

-J

L1J 
Li- Li :

2: 0

> L' >-0
<

m0

1S -t

LLz iL

au,°

0• F-<

Li n<

F z< z
--J O 0

Oz -jm

JU ) U

' 7' < 0 0 rU)

O-tt
jy(nLi 00

Z z < z 

20 I:: m 0 LI

on 0

V h Z L1J

Q- CD -tz 

Z I

on ° ) uI

2:0 <F--"1

0 Li -t 0 • L

0 J: 0 
0• F-

1i

i

09 9691

90'99691

2-0669I

W 869.

LQ 17669;

! 80 s69 !

69669

j L-OOL/

i 1 i i0/

I~~~I I '9~~~6,900/.
00 0 C 0 01CD001001D 000 0 1 ( CD 001 C0 Cl C)Cl10
0 0 010 0 0 0o 0 o0ll o0 o Oi o oi o o o o'i o0 

' j o' i Oj O 0616 Oj Oo bi ol o 0 i 0 0 o 0 o 0 0 0
< j- K0 co N O-- I 00D !0 It .i 1 &.JI i 0 C 0) i ' 0Do 0 L i r ) (NJ
o 0 (Di o j o o o car a cr1 c z) 00 oc) 000 )1Ž GO O00j co; cO

r-IQ0'0 _ (i Q0 Q0 ( Q0 0 ( (0(0 (D (D. (D o 66 ,O i 3 (

I I . i I .

0
QO

I-
(f)

0
0

CL
I I

> Ž-

>- 0•
uJ

W Li

in CO
0• 0•

o 3(
I') (

_ 0

O, 0

0

z 12j

L,J <

3L z
0. W

;~~~~~~

00

0
0

0

CD

0
+
(0

00

.o.

+

CD

0

0

0

0

0
ico

!N

00

j +

0

0
+

i0
+
(0

0

+ 
0 

'.+
-, aŽ

0

' +

'.0

F 0

---------- - -- --- - -- -,- ------ 1- ----- T -- r--! -----

F--- .s--rw-- ---FI_L
7 1 , _ , '

I

i

I

_ _
--L- -. I

r-

I
i
I

t

I

i
i
Ii

i
i
iI

i-t
Ii

1
I
I
I

ii
i
i
i
i

i4
I1
i
I
i
II

I
I

I

i
I

I
i

I

I

7

I

ij

:

I

I
I
i
I
It

i

i

i
i
i

i
I

i
i
i
i
i

i

i

-1

11.
Ii

i
i

I

i

0

0

!: � k-� qi I

, -i I

NE lp-2S6C I

ul

I 

0



' * -C 5 / 5
(70 r% RADFJ

IDV' rS ONE CHANN.Lt
(APP OX IMA-F V I' I Al OCA CN)

,1 8 q'3

_O 0 ,t _m _-

m rm I, C cm0. 0 0D 0 00

A-PROXIMATE CHANNEE END

SEE SHEE 13 (' 1 3 <OP
FOR D SC IARGE A=RON DE TAI

Fi' - 27101.i9
L = 502391.37
N = '05083.26

\ sN ,t:\ 

00 (0~~~~~~~~~
N: NS : 

r c C 0D ( :j

I`4= I- i
C ANNIL NVE 3 Af 1. F_
I' .W l:x SI NC GRO'.D-

q ' =-t5 07%

]- ' | r C /

J~~~~ F v0
5,0. VAR+N i" & . 0&d. S. .t,. 2 ..

'<7,J`vI |II IY II, Y> ; T. 
o q I , I I

- t T :; i iXtib04~~~~~ - I Iv 
I'R)'OSD NCRII A 3I A CUR:ACI I'C'05'N 1R i. i)N

' CA L VN NO C CA
NO 

'-0,CIC cOsN )COeTE"' B('(iI I SIN s .,AS CI ON AN AV : A G'
I Cl': ',i "7,II

2~~~~~~~~~~~I Si (): I (.' Al I 'iA 57sN > :N (,:% O1 i:'
3 LRD' ON PRO'('' R.'('K I AI i :S I DE N C ) V RS ()N i' IANN

ANU l'.N' r 'O.()S L N : l i OK I. rANNE/A'-R('K

,I A'KO SH N 7 $ ICI CC\ klCkn .,j KtOL, N SLOII '1. .R ATOI I A

I: C Dl I CN .RAW NAN

Cl A\NE LL I A J 1

F31L LA EX S- NC GRA:':

W.;I /

I

N /¼' CAY (. NM\ //
,; ANFEL, NV N i EVA 9) /
693Db FOR A 4 -T '1ii ' C AN\NI

SEC 0- 3\(5 i 17

1 ICKENED COFANNEL

SE"'0 CN -OR E>19-b AU C
J MP ,.I)OL I ' / + OD t :U
CIA 1S/+25

C19N\E[ .AY GCH S Al ' E VATON 69264/ I

GRAD> Ci1ANNfL. N\ Al 0%

rF AI A

NO F [ - VA ONS AI5 'N S-A- CNS ARE EXIS NC
G9C'UN 31I A ONS

. IAM I F C 1 -

- r r

Y_ O < A CN (
cm i'. t im,I . G' i Y, 0
3j I",~~~~~~<

ID D ID O.:

iN ) )=) Aj 0 

a t > ~ %- YO LC .
cm) 0> ,m r > L`
(0 0 v Y o I _

CT.

,. r.-, C',
YOU YO

CD 0 T

r o c)
1) I rz s

ID D -1

4
rN
IL

rA'v;31iC1,IN AKE MlLL 
3 R O Ai C(V lM N \ <HD ANY,.. I L

,j F G ''RAN S, NEv M X C(O(I~~~~~ jt, / j r,' 'I A IO )' ON
NO1' \ AIBBOOI0 300AN N NY ON 3ION

I I I, R I B 129 E02
I N AVF- IX'O O lu.,9> LV WF..D BY: 11 ,S - tIi o f I -

0

-,ftoI 

o o
O 

F--

0>

o o
r 0 D

Ci

I

f

t ( ,

,i �

I I I - -I I I 11

-t

=

I I

I

I

I I

cj� - z � -3%

MI&W



01276.15~
3611 26 EO 9 

AND ON-CUR '0 5 to / 7

hi,,
/ I I

A I

YF' CAL SEC( 'ON
NOTE: PIT FILL SHALL BE PLACED AT RIO ALGOMS DIRECTION. BACKFILL SHOULD BE
PLACED AT A MINIMUM OF 90% OF STANDARD PROCTOR AND AT +/- 3 PERCENT
MOISTURE CONTENT

CUT TO FILL BALANCE IS NOT EQUAL, ADDITIONAL FILL MATERIAL WILL HAVE TO BE
BORROWED TO COMPLETE REGRADING OF AREA

E\D F L

(11 C 7/7
,1 2 2P7

NCWF. IFVAT.NS A- EV[:N STATIONS AR9L LX STNC
CROUND :_VA ()N'l

4 It%

/ 7.)7

w .. .9? I I 1 I

AMBR,, S A I AK -M
K 0 AG 0 lv MK \ N C0) VPA\N, I C

',RA\'S, NEW vlXCO
A-'K 9 9K O KOF I'T ~\KiRK' 7 ia)t N H\ROF<J

N()R 11 ' C," `-(CIFC ()N
'?Oj 'C- N r 1 o900V.' .'Oi

F, IM.1 I '1 *0'; I MG

IR,V/ NC BY 2 {T I /2/

R V'YIWD B.9 W~ 9 I:1 / 0 , 3

I

I

/

/

I

/ I

ART 5 I

'1

-8 /%

CD

CC

I

.0

0*
ND

~C

"0*

Dr
II>

CI?-.~

� / � I

I

I

9'~

MA=I Z7 I N I I I I - I I



j ~~~~~0H

°~~~~~~

CD

cnU

z "WI

mC -

<0§

/ S

c-r 0

o N Q N~~~~~~~-

< Ut ^~~

E-
CO
C>

(O

H~

CA

I'I

i-C

E - 0 

c-I. 4.-.

Fc 2 EX
o C

4

.2
0

C-O

.8Cc

.~2 ?I x

4)V

.2

o <

-J O0
,~~ ~ [-F---

o1 In LLJ I

<B Z Zm Z

oxo0

<iZ

O (-) z I
O< r-) Z

o5 cnn•
< I•>[-WO, f

(I)

r4

0

24 

. 40 4

2.2b

82
.0 _

.0 5
4)X -,

~oO°

0 B

- b
45 -u

08= 
S- o cO

o Q

I Cp

0 0
0 C3
(0) 0

0c

- I

Cu o

0 t - c-- to -
.C

0 = o>C
. z z z z z~-T 

ot

0._

ua CD o o:
,~ C,i t' M C

8 °O O > (L -
Q ocq-c

r.

4a
.21
CA I

cnr

C-i
oC

D -~H 
0

.4)
�

�. r0
,� 65C)

*4)o4)0
0
�4)
4)
0 00-

'�> '�

*� .865

.8Z �:z
.54)CD

�

�

9 � �
.00 '4)

��I
*4)0 Cu.>

�J
0.4)-

0 CD 20.4)
� 0 0

'4)
.2 8

N c'i

0
.4) 0.

A .

8>

a t.
8 wa :

o 2 '

0 8'

' .

S 'AZ0 .

~. 0 

2 9 M 
8: .5

'S'c
.4 '4) 4
4)'4) 

^. Y7 D

6a09

Ctt

20.---

4 ) ' ) ' 4

00

0 -

8 7E.

C E

2 'aC

0

g -'._

o 2 

= g '

t 0

2

.5 5 8
F-4

t.2. 06

P ;

4W

0
i)

.4)

0.

I

w i .

s
.2

t
o

C.

00
e

ao0

05

0..)0;

<: ^

r;o g

aF

z

U

9~
CA

p-

§1

L-a
'I
w
> I

HI

0

0
0

0

I I I L i il-- L----j L------i t i . L- L-j - 11 L---j



C-
IJ
Ij

II
0•

z0
0L

U) minT-k) 

I-

W404

LI~

(I')

0

0
C')
0

<911

00C.

oI~4

I

i12-

: 9

: I

CT

0
0

IIo.� �
CO

*0 � 0
0" �

o G� 0
- 2 �
"� 0 � 0
� � 0

.2

.2.8 �
2 � S
CO
.5 .� .� .�

�0
0 0

80

o
0
2

� .�
CO 2

.� .� �
o�0 00*� 2 0 �

C- 00 u�

0

�.2 �
CO

2 ?.�.0

.2
-U
� .CO02 2

0 � �
Cl -oo o�

2 �C �

� .2 �

� � .� I
� C0�*� �

a 2

0>
�0 � �
0 2�.8 �0

0

0

8CDO

- 21

*_0
0 o 

.2 00.

0.,

a. .°n

..o
Co c-

> .X c

0 a° 

S *_ ~ ~ ~ :0

80

< 0

00 c'b 

2

2.2 N

C-
0

OCS 
00g

0 o .2

8

2 .

C- .0 4

. 1 .

-. 0 . (
000

C
0

0

i 2

t~-- 00

0 000
z zzz

Of.sw
ta
0.

C.
2

0
0.

CZ ., 
I I- -

000N

01
.01
1CO 

.2 
00 I 'C

CO

01

0

I0

a
*0

- I i , I _ I i !

00
F-

H

0z
I

Q

0H

H
z
3)

0
.o

0
.9

0

o0

8 .R
°- a
z 'O

8,
o V

o
Z Ev

<: U)

<0

w V
004

ZU'
o,

X

0

0
F-

I ]

'I

I

a 1

> I

z0

cjn
cf)
04f

o_

ci)

o C

+ .
C>
ci)

F-

x
9

0

R0

0

0

o ±

0.
O a
Z 'o

M o

la

c I

80

r 2

H CO(1 B
'ON b 

§ .! Cw

.0

2 cH o.° 2 '
8oE
Pt ,0 V

. .

F-
026 

I

!RI

I0

m

1I
3:

Cs C6 lo wi



RA'CK I RCSQ F, 'F

I(AF SHE 5 HrT 6 ()FI

\ '
%FT~~~

Wy( T (8,\ 5.:-A(.:

F~~ '<wRjIA S)\(,/1\ .

, ', /

C ,\ e/ 

I~ <

/

DVt RS ()LN .C ANN-:

W >K

1<<< C 10, 6

I/~~~~~~~~~~~~
3PQ = 0/ 00' u' / I\L: N (t_V 05<\ < 

N 2 '60086232 / E \i,

(2 C L \ F (.kRCU AR 'L- J

'I /| CN-L AR 0 , P]X / ] SFQ00

/ \K)<H= r/N 0 6 912X\ < w-g N -° 93v09

oc.~~~~~v ~N fcF~ itT 52388. 48

\ \ = 80 '8>6 10 < j Et= 50 YY (,59 \ N \ 60.071\29

LE(02 6 / \1 N C0826 28 \ E
1 x <5a \0 ES\E N v9 5 /)P6 <<\28\\ 

\,~~~~T T, EL,\\\ \ ,f
\,•2 V..~~~~~E

[) SC-ARGC APRCN
SFF S dH F 1 1 3 0 < 3

V ON 6,926 2

LtVAiDNS A EN STA DNS ARf EX tO CROONS F:'VA ON

2) P FOS DE A 5 yVIFE BERM W 1 21i V ()L NE SD SLOPES WHERE A2ASOPRATE 1T

CONS RLCT CIANNFL TC GRAE RLRM SHAiA BE CCNSTRPJCT E FROM NAt

<SA l AL CDMPACTEC C ED OF S ANDAZC PROCTOR VA Jl

3)1K)-ROR F LV I OEL SO Al ROCK COVERED .)SCNG 5c 10
ERK SIIAI DE DLA. : Al A t .KNFSS OF.J

5) S AIACN ) tC OF 1 SC ARGr C A\NFI S S Al ON 6* 0D OF THIL POOD R I EOS ON

'ROT CI1il O lANN /AFRCN

CKi NEr C ANN- sE" (0

FOK TLE9D t AUL C T E'vNP C(.O\IRC
-A [ I 2 D I 5v lAF ( S IA 

SA + SOC (' S A I / 25 2AN K T 0

AL

'C
rfl
Ci
NE•

e~T

c0

GI

-C AR( Ci:ANNi:

L9

0ITo

O

C,

cma1

-TI

-'

A.CVROb A AKL AM A
Y O 0 AGOI'A VMN N]G. ('()!PATvl -.

: N TRN, NKW A'MXC-I

-ASK 3 :iEROSON 'R(': A N
D ' ; C AN A 

I N AJ: E No U7,0N5O f 17 YAWN .Y R 1 S /_

I NAVE 16SCtlMDS J)~ FVC R :FE HiY A' E SI IE- I 0 f 1 i5

LI

OF

10

AcMM
: C , N I I . y I I 

I

FEE

I I

��x



GO

z vr -

6 S t-2:C. 2- I 0

.0 .

-0, 00 .!

W .
O~ ce_

29 ni .o

E) *~ .

8.8f]Y

wo X .n 92 0.0 .2

0-- 

CO D 0) O

r 26 

0
0)
0)

C

0)

4 o

. -

D IC

.0)

c C-

I A

.0)7

0000

-00)8

~.E 

- .0

0

0)
C..0 

0)
0)00

.. 9

0'S

I .0) )

08 9 d

.80
E-0

wsE 8 a
g 

5 .8
9 2 3 

0

-C-4 c-, 0

0) 00~ ~ 0 02.0

.0 ~ ~ ~
2 2 4

0- ,-.

00 -.21 

8 -6

0 )

0)

I

=0

-0.-

C0

8 *

Y 1

.2 

08 

I8 9

.)0D

0
GO .2
8-0

0.

000

0)

O -0

~ 81

g .8
.2

0la

.. 5

.8

r.

0.8

0)

IK-

t-.: 00

0)

C

0)

.0O

0

92

I

L i- L -- L ..

.-

4U 0 • ,

Q00

< 04 '

9 Z

az
o N

I

C0

0

0

'-

-

0R0

o I2

6

00

LC 00

;g 6

Xo 8

PI.
QI .

00

ao W

Ws

V- F

I a0)-

54

. .
0
,z6 

xI
0

1

m
2
I
3.1

L- I I ____J



I I

5 

0

0

I <LUz
J <

z
>- ~--l< OC o

in u z
0o XL O I

Lij C > nL 

_;~ 1,I0 Z'
< Z;; Z' - 7

-KO
OwA •I

- :~: - -' -J

o <0y 
0•> F-1-c

m O < r- II1S

a5 (-D
< I C

I~

o <u
1:1 
2" 0

in 14V.
inw

lls E Hw - ;:o
-~ in

,0

0
§t.0

oon~

~ S

t.0 0 I

_ 1o - O

0
.: 0

2 S
2 .a

8 P
(D ae

,0I=9 

aX

8. i

. .8

2o

'-a.

o 
0t I'D

CLl

0 o.

0
,) 0

I(N

0 I
C0 0

O0()

(Y~0

. O2
0

C) <
OU Z

0 b..0:
CE LE

01

.So

.o ~
00 0

01) 

2 0 0 0

0 t*- N -T 

0 - . .0

e

I
I
4
I
Q
41

I�

II

0I

I

1I
5
01
5
3

.i
I

D

00

-R 2 0-0 cl 0

._15NZt

0

0

S *�

�.

DI� C�'�
.2

�

� *g
-02 0')

�

C")� 2
0.

� �0 �
0 0 0. �

0')��) > �

- 00. C-2�*�
.� 'S'0 .� �

00 00.0
� .� � �� � CrC

0

2 .6

.a w

402

'6

4. e

n _,

.C .

0 '5C t 

.ES
0'

-. .8

CCO -°

o 00 

i 2
0.
10 

9

&- 00

; I

I

z

QO 

1:

0: -

LU

Ln

(N4
0

(N

(N

00

I w

0 ft

U
0
H
H

0z

I

_!� z

F_
_.el u
m w

rA
r-4 .4

0 (=�
W)

*.� zC>
w _�

u U)
0-4 C)

p 'nu " Cj
W U +
0 O"

04
04 �:)
t� 9X C400

U C�
W >.,
�_4

C) =

V

11

00 ;

aR 80

.2 .2

0 -4

8 8R 9 .2

0
z~ 

9

- ; I



0.1 -8 - e 4 0

4l)

4 

b

-S

*0

'4

' o 0

~~~~~~~ ?,2~~~~~~~~~~~~~~~~~~~~~~l

F4c o 

0.

0..

3 t

CT
4)

a

00

4)1

0R E

- 4)

oo -

E 0

00

0E 24,
.= 4.. 5.

E ,

.0 t

2 2

S oo

C )

, S..C

*3 .-

. 8 4)4 4

., t V)~~~~~.

v-s

* L- . L I I- - . i _L ) i I _ f .I

0WO

<0

C->0

Q

xoP-

LiJ
LL7r~

i I ll o

'0)
%O

d

QD0%p

44,

0

110
dU('

! '0 4)-

2o 2 2 £H

~o a 

5- 4 4)" 

S <:: ,

0

4)

8

0>8
a -

o 4

E2

W S0

D &
E- -

W~

LI
6I-

I

I

II

D

m

1I
3:

L- I _-- 

�D
.16

;ii Z


