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U.S. Nuclear Regulatory Commission

Mail Stop T-8A33
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Subject: Pond #2 Run-on and Run-off Apron Design - License Condition 37M
Ambrosia Lake Facility
License No: SUA-1473 Docket No: 40-8905

Dear Mr. Leach:

As required in License Condition 37M, Quivira Mining Co. is submitting the Run-on
and Run-off apron designs for Pond #2 at the Ambrosia Lake Facility. The design
proposal can be found in Attachment A to this letter. The design follows the guidelines
presented in NUREG-1623, Design of Erosion Profection for Long-Term Stabilization.
Attachment B contains qualification data for the rock that is expected to be used for
the construction. It is a Pennsylvanian limestone that is a substitution for the basalt
that is has been previously approved and used at the site due to the closure of the
basalt quarry. The qualification data is from 1991 testing, and the rock will be re-
qgualified before placement.

If you have any questions, please call me at (405) 858-4807.
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William Paul Goranson, P.E.
Manager, Radiation Safety, Requlatory
Compliance and Licensing
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Design Report — Pond 2 Erosion Protection — Ambrosia Lake Mill, New Mexico

INTRODUCTION

This design report was prepared by Maxim Technologies, Inc. (Maxim) for Quivira Mining Company
(Quivira) 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 first of four tasks
included in the agreement. Task One addresses erosion concerns at Pond 2, a reclaimed tailings pond,
and consists of two sub-tasks: 1) Designing a run-on apron for the natural slope above the southwestern
portion of the reclaimed pond; and 2) Designing the run-off apron for the southern toe of the reclaimed
pond. Figure 1is a schematic representation of the areas of concern in the current study.

Pond 2 is partially reclaimed but the northern portion remains uncovered to allow for burial of byproduct
material and the mill. The southern portion of the reclaimed pond has a radon barrier rock cover serving
as erosion protection. For purposes of this design effort, it has been assumed that the entire pond is
covered with the radon barrier and the rock erosion protection since this future condition will generate
more run-off than the existing condition.

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. 65A, 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.

This design report is limited to those items affecting design of Pond 2 erosion protection, namely, the run-
on and run-off issues mentioned previously. The report first addresses the run-on issue and then the run-
off issue. Methods of analysis are described for both 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. For the 3.7 square mile drainage that
lies to the south of Pond 2 (called the Montanosa Mesa drainage in this report), the one-hour PMP rainfall
depth was calculated to be 9.45 inches (Michaud 1990) presumably computed with an areal reduction
factor. 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.
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Design Report — Pond 2 Erosion Protection — Ambrosia Lake Mill, New Mexico

2.0 RUN-ON CALCULATIONS

A small, south-facing slope of natural ground lies immediately above the southwest portion of Pond 2
(Figure 2). Quivira and the NRC have expressed concern that the run-on from this slope could erode the
radon cover of this portion of Pond 2. In order to perform peak run-off calculations on this slope, Maxim
asked Quivira to survey two cross-sections on the slope (Figure 3). Using the 9.6 inch PMP determined
previously, Maxim performed a PMF calculation for this area (see Appendix A). The first step in this
calculation was the determination of the time of concentration (t;), which is 1.5 minutes on this short (250
feet), steep (20 foot drop) slope. NUREG-1623 guidance suggests setting the incremental rainfall period
equal to the time of concentration. Because the shortest incremental rainfall listed in Methodologies for
Evaluating Long-Term Stabilization Designs for Uranium Mill Tailings Impoundments (Nelson et al. 1986)
is 2.5 minutes, this incremental rainfall was used in the calculation instead of 1.5 minutes. The small size
of the catchment suggested use of the Rational Method for calculation of the PMF rather than the more
detailed Soil Conservation Service (SCS) Soil Cover Complex Method or other unit hydrograph methods.
The resulting peak PMF for the 250 ft long slope segment is 0.13 cfs/ft.

Maxim followed the guidance provided in NUREG-1623, Appendix D, Section 6 to size a run-on apron.
Although this guidance, based on the method developed by Abt et al. (1998), is intended for run-off
aprons, the geometrical situation is the same in this run-on scenario where a steep slope is transitioning
to a flatter slope. In this case the steep slope is natural ground and the flat slope is the reclaimed Pond 2
surface. Use of the equation developed by Abt et al. and the calculated discharge of 0.13 cfs/ft results in
a rock dg Of 2.9 inches to prevent erosion. Because a dso =3.2 inch rock gradation was previously
approved by the NRC for work performed at the Quivira Mine and an on-site stockpile of the same rock
gradation is available, the run-on design incorporated the dso =3.2 inch for construction.

The width and depth of the apron were determined using guidance in NUREG-1623, Appendix D, Section
6 and a filter gravel with a rock dso of 1.0 inches was designed to prevent scour beneath the apron. Sheet
4 in Appendix D shows the details of the design and specifies the rock and filter gradations.

3.0 RUN-OFF APRON

A run-off apron is needed along the south toe of the Pond 2 embankment to prevent scour from incising
the tailings cap during extreme run-off events. The general approach for this analysis consisted of two

tasks:
1) Determining the apron requirements based on run-off analysis for Pond 2 in accordance with

NUREG-1623, Appendix D, Section 6; and

2) Determining rock protection requirements due to the PMF passing through the Montanosa
Mesa drainage south of Pond 2 in accordance with NUREG-1623, Appendix D, Section 5.

Each of these analyses is described separately in this section of the report.
31 RUN-OFF FROM POND 2

The 1 hr. local PMP depth for Pond 2 is 9.6 inches. The Pond 2 catchment includes both essentially
impervious covered tailings and natural ground to the west of the impoundment. In these calculations it is
assumed that the entire tailings area is capped although the northern portion of this area is not yet
capped and closed. There are two catchment areas on the pond, a 105 acre area that includes a portion
of the natural siopes west of the pond and the northern and eastern portions of the pond itself. This
catchment drains to the south and exits across the south embankment of Pond 2. A smaller catchment of
12.7 acres includes the natural slope analyzed in Section 2.0 of this report as well as the southwest
corner of the pond. This catchment drains to the south, exiting over the south embankment of Pond 2.

Catchment areas are shown on Figure 2.

Quivira Mining Company
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The time of concentration for the 105 acre area is 14 minutes and the 15 minute incremental rainfall
amount given in Hydrometeorological Report No. 55A (Hansen et al. 1988) was used to determine a 6.5
inch PMP depth. Using the Rational Method, a PMF peak discharge of 2,316 cfs was calculated for this
drainage. These calculations are presented in Appendix B, Run-Off Calculations.

Riprap was sized according to the method of Abt ef al. (1998). The fength of the south embankment is
1,000 feet, resulting in a unit flow of 2.32 cfs/ft. Using the maximum measured embankment slope of
14.7 percent and a concentration factor of 2.5, a riprap size dsp Of 12 inches results. Due to the placement
requirements for larger rock, we have provided a slope flattening design at Quivira Mine’s request. By
flattening the current slope of 14.7 percent to 10.0 percent, rock sizing was reduced from the ds of 12
inches to a ds of 9.2 inches, therefore, reducing the quantity of rock requiring “hand-placing” techniques.
A riprap size gradation based on Army Corps of Engineers guidance was developed (ASCE 1995}, and
filter blankets were designed in accordance with the findings of Sherard et al. (1984). This method
requires that five times the dgs of the filter be no smaller than the d,s of the riprap, and that the d;s of the
filter be no larger than five times the dgs of the subgrade material. Because of the large range in sizes
between the fine-grained base material (sandy loams) and the riprap, two filter layers were required,; a
finer sand filter underneath a coarser gravel filter. The riprap design applies to the eastern 1,000 feet of
the south embankment of Pond 2 as shown on Sheet 1 of Appendix D. The riprap designs, filter designs,
and gradations are presented on Sheet 3 in Appendix D.

For the 12.7 acre catchment, a time of concentration of six minutes was calculated and a six-minute PMP
depth of 4.6 inches was calculated using the incremental-rainfall information in Nelson et al. (1986). The
Rational Method gives a unit peak flow of 0.93 cfs/ft. for this catchment. Using a maximum embankment
slope of 12.9 percent and a flow concentration factor of 2.0, the method of Abt et al. (1998) predicts a
rock dso Of 6.1 inches. At the request of the Quivira mine, the rock ds, was increased to 9.2 inches to
coincide with the rock specified for the east portion of south embankment. Dimensions of the apron were
likewise increased as a result of the larger, more conservative riprap sizing. This change was made due
to operational concerns based on rock availability Calculations are found in Appendix B. Riprap gradation
and filter requirements were determined as for the 105 acre catchment. This riprap design applies to the
western portion of the southern embankment of Pond 2 as shown on Sheet 1 in Appendix D.

3.2 MONTANOSA MESA DRAINAGE PMF

In addition to potential extreme flows which will run off the Pond 2 embankment, the tailings cover must
be protected from the PMF that could flow from the Montanosa Mesa drainage to the south of Pond 2
(Figure 1). An investigation was undertaken to determine what erosional forces could result from such a
flow on the Pond 2 embankment. This investigation consisted of developing the PMF for the drainage
(previously determined by others) using HEC-1 (USACE 1990) and determining the PMF water-surface
profile in the vicinity of Pond 2 using HEC-RAS (USACE 1998). The velocity and depth of flow
determined from the hydraulic analysis was used to determine the need for riprap on the Pond 2
embankment and apron. Calculations for this analysis are found in Appendix C.

The Montanosa Mesa drainage PMP depth is calculated at 9.45 inches using the areal reduction factor
for a 3.7 square mile basin. A composite curve number of 73.4 was determined by Quivira Mining in a
1986 application to the NRC and was employed in this calculation. A hydrograph was developed using
the SCS method and HEC-1 that showed that the peak flow was 12,842 cfs, very close to the 13,000 cfs
value previously determined by others for Quivira. This hydrograph was then routed through the pool
south of Pond 2 using HEC-1. Outflow from this pool is controlled by the South Diversion Channel, which
constricts flows downstream of the pool. The pool has the effect of reducing the outflow through the
South Diversion Channel, resulting in a peak outflow of 9,800 cfs. Reducing the east portion of the south
embankment slope from 14.7 percent to 10 percent results in placement of approximately 4630 cubic
yards of material within the pool footprint. ~Maxim conducted an analysis to determine whether
construction of this embankment would have any effect on pool draindown time. A HEC-1 modeling run
determined that after four hours of draindown, residual water in the pool is reduced by 0.3 acre feet over

the existing condition.
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Design Report — Pond 2 Erosion Protection — Ambrosia Lake Mill, New Mexico

HEC-RAS was used to determine velocities and depths of flows in the vicinity of the Pond 2 embankment.
Sections used for this model are shown in Figure 3. Sections 1 and 2 are based on the typical section of
the engineering plans for the South Diversion Channel set at the elevations shown on the 2001
topographic map supplied by Quivira. Sections 3, 4 and 5 were surveyed in the field by Quivira. Sections
6 and 7, which are less critical to the analysis because they only determine the inflow water elevations
and velocities, were developed from the 2001 topographic map.

A roughness coefficient (Manning's n) of 0.02 was used for graded areas surfaced with small diameter
rock such as the south diversion channel and Pond 2 cover. A roughness coefficient of 0.03 was used for
all other areas. Results of the hydraulic analysis shows that the inflow to the pool area is slightly
supercritical and a hydraulic jump will occur at the upstream end of the pool. This hydraulic jump should
occur at least 500 feet upstream of the Pond 2 embankment. Flow through the pool area is very slow
with a left overbank velocity in the vicinity of the Pond 2 embankment of about 0.67 ft/sec. Depth of flow
over the apron is about 10 feet. U.S. Army Corps of Engineers (ASCE 1995) guidance for riprap design
does not consider velocities less than 8 ft/sec., at which velocity a ds = 0.3 ft. stone is required. Because
the expected velocity is much less than 8 ft./sec., no rock protection is required to prevent erosion from
the PMF in the drainage south of Pond 2. Therefore, the runoff apron design has been based solely on
run-off from Pond 2. Results from the HEC-1 and HEC-RAS analyses are found in Appendix C.

Because the HEC-RAS model was based on limited cross-section data and there are significant changes
in hydraulic conditions through the modeled reach, the computer program generated warning messages.
These messages are not considered detrimental to the general results obtained because the velocities
calculated for the reach of interest are so low that further refinement of the model would be unlikely to
increase the velocities enough to require riprap protection from the Montanosa Mesa drainage PMF.

4.0 OTHER DESIGN CONSIDERATIONS

The cross-sectional dimensions of the riprap aprons have been determined from the relations established
by Abt et al. (1998) that the apron width should be at least 15 times dso and the depth should be at least
three times ds;. The aprons are generally wider than this criterion to permit construction of an erosion
resistant transition at the junction of the existing rock cover with the apron. The edges of the apron
excavations have also been sloped to 2V:1H to permit placement of filters to the surface of the ground.
This should eliminate potential scour in the native material adjacent to the upstream and downstream
edges of the aprons as well as below the aprons. Design drawings for the aprons are found in Appendix

D.

The aprons should slope to the downstream edge with a minimum slope of two percent or at a slope that
matches the slope of the natural ground, should it be steeper than two percent. This slope will help
ensure that water exits from the outside edge of the apron. If the aprons need to be built on longitudinal
slopes (slopes along the toe of the embankment) that are greater than 0.5 percent, measures will need to
be taken to prevent flow along the apron causing channelized flow and potential scour of the apron. This
is most likely to occur in the run-on apron shown on Sheet 4 in Appendix D. It is recommended that all
portions of the apron with longitudinal slopes greater than 0.5 percent be constructed in the following

manner:
1. Place rock in lifts no thicker than one foot.

2 Backfill the voids between rocks with a one to one mixture of native soil (taken from the
trench excavation) and filter gravel.

3. Compact the backfilied riprap using vibratory methods to ensure material fills the voids.

Quivira Mining Company



Design Report — Pond 2 Erosion Protection — Ambrosia Lake Mill, New Mexico

4. Repeat steps 2 and 3 for additional lifts.

This procedure should eliminate the tendency for water to flow along the riprap apron. Specifications for
riprap and filter materials are found on the construction drawings in Appendix D.
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CALCULATIONS FOR POND 2 RUN-OFF
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HEC1 S/N: 1343001338 HMVersion: 6.33 Data File: n:\quivira\pondZ\pondemf;txt

Ahhhkhhhkhh bRk bk A h ke A A h kA A Ak ek ke b kK

WA R AL AR S S EL L LR B
N .

* *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS
*
. " MAY 1991 * * HYDROLOGIC ENGINEERING CENTER
* ‘L
N - VERSION 4.0.1E > * 609 SECOND STREET
. v L
. ‘ | * * DAVIS, CALIFORNIA 95616
* RUN DATE..07/25/2001 TIME 13:49:09 . (916) 756-1104
: ) i +* ‘ "
* L ’

~ﬁ**************t***&ﬁ*******w**w******w*
AR AR AR LR RS L2 S X TR X R R R e Y

X XXXXXXX  XXXXX

X X
X X X X X XX
X X X X . X
XXXXXXX  XXXX X - XXXXX X
X - X X X : : X
X X X X X X
X X XXXXXXX XXXXX XXX

.........

Full Microcomputer Implementation :::
by HHH



37 Brookside Road * Waterbury, Connecticut 06708 * .(203) 755-1666

" THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN.73), HEC1GS, HEC1DB, AND HEClKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
- NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

QSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM ‘ '



LI

**k% PREE %%k

NE

W

10

11
12

13

14

15

HEC-1 INPUT

ID QUIVIRA - POND 2 FLOOD HYDROLOGY FILE: PONDZPMF TXT
ID 1/4~HR. PMF, POINT DIST., MEDIAN DIST.
ID 25 JULY 2001

ID B. BUCHER, MAXIM TECHNOLOGIES, HELENA, MT

*
* *** TIME SPECIFICATION

IT 1 01JULO1 0000 50
*

* Rainfall time increment
IN 5

*

* *#+ GLOBAL OUTPUT OPTIONS
I0 2 0

*

* Rk

L 2

.&

KK IN1

KM HYDROGRAPH FOR POND 2
* Basin area

BA  0.164

*

* Rainfall data

PB 6.4

PI .52 .30 .18
*

* Basin Losses

Ls 0 84 0
*

* Unit hydrograph

uD 0.14

*

LR X X

*

*

22

.......

......

PAGE

1
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4EC1 S/N: 1343001338 HMVersion: 6.33 Data File: n:\quivira\pondZ\pondemf.txt

«**&***************************iitﬁ******
**t*********************ﬁttﬁ******itt*t

* * *

* FLooo H&pRo¢kApu PACKAGE (HEC-1)  * * U.S. ARMY CORPS OF ENGINEERS
X e

* ‘ MAY - 1991 * * HYDROLOGIC ENGINEERING CENTER
. VERSION 4.0.1E *

»
*

609 SECOND STREET

" * DAVIS, CALIFORNIA 95616
* RUN DATE 07/25/2001 TIME 13:49:09 * . (916) 756-1104
* * . ' w

~****************************************
~*¢******”

***********************ﬁt***

QUIVIRA - POND 2 FLOOD HYDROLOGY FILE: POND2PMF. TXT.
1/4-HR. PMF, POINT DIST., MEDIAN DIST.
25 JULY 2001

B. BUCHER, MAXIM TECHNOLOGIES, HELENA, MT

710 - OUTPUT CONTROL VARIABLES

S ' IPRNT 2 PRINT CONTROL
1PLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE

IT °  HYDROGRAPH TIME DATA
NMIN 1 MINUTES IN COMPUTATION INTERVAL
IDATE 1JUL 1 STARTING DATE
ITIME 0000 STARTING TIME
NQ 50 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 1JUL 1 ENDING DATE



NDTIME 0049 ENDING TIME
ICENT 13 CENTURY MARK

COMPUTATION INTERVAL 0.02 HOURS
TOTAL TIME BASE 0.82 HOURS

ENGLISH UNITS

. DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET
" FLOW CUBIC FEET PER SECOND
. STORAGE VOLUME ACRE-FEET
- SURFACE AREA ACRES
'TEMPERATURE DEGREES FAHRENHEIT

Hhk hkk dkkhk hkh hhk hhh KAk kokow

hhhk hhkdk whhk hkhk AAR hhh Aok Whh hdk khkhk hhkhk hhkh hhok whh hkk Ak ok kokw
* Kk W

L K 2 kW L LI ]

B 112220 Ty e

* *
8 KK .© * N1+
*- : *
Chkk AR AR Ak A b
' HYDROGRAPH FOR POND 2
6 IN-. TIME DATA FOR INPUT TIME SERIES
) IR JXMIN 5 TIME INTERVAL IN MINUTES
JXDATE 1JUL 1 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

10 BA | ' SUBBASIN CHARACTERISTICS
T TAREA 0.16 SUBBASIN AREA

PRECIPITATION DATA

11 pB STORM 6.40 BASIN TOTAL PRECIPITATION



12 pPI

13 LS

14 UD

DA

T o E T Wi

MON

JUL
JUL
JUL
JUL
JUL
JuL
JUL
JUL
JUL
JUL

INCREMENTAL PRECIPITATION PATTERN
0.10
0.04

0.10
0.04

SCS LOSS RATE
STRTL
CRVNBR
RTIMP

0.10
0.04

0.38

0.10
0.04

INITIAL ABSTRACTION
84.00 CURVE NUMBER
0.00 PERCENT IMPERVIOUS AREA

SCS DIMENSIONLESS UNITGRAPH

21.
483,
85.
14.

HRMN ORD

0000
0001
0002
0003
0004
0005
0006
0007
0008
0009

CW DLWV & W

—

TLAG

65.
439.

RAIN

0.00
0.67
0.67
0.67
0.67
0.67
0.38
0.38
0.38
0.38

0.14

125.
384.

LOSS

.00
.63
.39
.24
.16
.12
.05
.05
.04
.04

cCcoo0cCO0OO0O0cCO0OO0CO

LAG

20
31

EXCESS

0.
0.
0.
0.
0.
0.
.33
.34
.34
.35

OO0 OO

0o
04
28
43
50
55

8.
6.

314.
253.

* %

*

UNIT HYDROGRAPH
44 END-OF-PERIOD ORDINATES

41,

167.
297.
469,
674,
895.

* ¥ * * 0+ % * * * * ¥ * *

416.
208,
34.

489.
174,

28. -
5,

DA MON

I = = I Ty STy

JUL
JUL
JuL
JuL
JUL
JUL
JUL
JUL
JUL
JuL

0.

HRMN

0025
0026
0027
0028
0029
0030
0031
0032
0033
0034

06

528,
145

ORD

26
27
28
29
30
31
32
33
34
35

0.06

533,
123.

RAIN

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

OO OO OQCQODOOCOCO

LOSS

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

>N eleNollsNeNeNoNoNal

6

521.

0.

EXCESS

el eBoNeleoNeoNo NoeNeo Nel

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

CoMP Q

185.
663,
553.
458.
379.
316.
263.
220.
183.
153.



s

1.JUL 0010 11  0.38  0.03  0.35 1112 * 1 JUL 0035 36  0.00 0.00 0.0 127.°
1J0L 0011 12 0.23  0.02 0.21 1307 * 1 JUL 0036 37  0.00 0.00 o0.00 106. !
1JUL 0012 13 0.23  0.02  0.21 1472 * 1 JUL 0037. 38  0.00 0.00 o0.00 88.
1 JUL 0013 14  0.23  0.02  0.21 1603 . 1 JUL 0038 39  0.00 0.00 0.00 73,
1 JUL 0014 15  0.23  0.01  0.22 1698, * 1 JUL 0039 40  0.00  0.00 0.00 61.
1 JUL 0015 16 ~ 0.23  0.01  0.22 1750. * 1 JUL 0040 41  0.00  0.00 o0.00 51.
1 JUL 0016 17  0.00  0.00  0.00 1760 * 1-JUL 0041 42 0.00  0.00 0.00 43,
1.JUL 0017 18  0.00 0.00  0.00 1731 * 1 JUL 0042 43 0.00  0.00 0.00 36.
1 JUL 0018 19  0.00  0.00  0.00 1670 * 1 JUL 0043 44  0.00 0.00 0.00 30.
140UL 0019 20  0.00  0.00 0.00 1587 * 1 JUL 0044. 45  0.00  0.00 0.00 25,
1'JUL 0020 21  0.00  0.00  0.00 1479 * 1 JUL 0045 46  0.00  0.00 0.00 20.
1.JUL 0021 22  0.00  0.00  0.00 1351 * 1 JUL 0046 47  0.00  0.00 0.00 16.
1,00L 0022 23  0.00 0.00  0.00 1209 * 1 JUL 0047 48  0.00  0.00 0.00 13.
1 JUL 0023 24  0.00  0.00  0.00 1062 * 1 JUL 0048 49  0.00  0.00 0.00 10.
1 JUL 0024 25  0.00  0.00  0.00 919. * 1 JUL 0049 50  0.00  0.00 o0.00 8.
+*

TOTAL RAINFALI = 6.40, TOTAL LOSS = 1.83, TOTAL EXCESS = 4.57

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72~-HR 0.82-HR (CFs) (HR)
(CFS) 1760. 0.27 592. 592. 582. 592,
(INCHES) 4.568 4.568 4.568 4.568
(AC-FT) 40. 40, 40. ' 40.

CUOMULATIVE AREA = 0.16 SQ MI



OPERATION

6~HOUR 24~HOUR

STATION
72~HOUR

HYDROGRAPH AT

*++ NORMAL END OF HEC-1 *++

PEAK
FLOW

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND :
TIME IN HOURS, AREA IN SQUARE MILES

TIME OF

AVERAGE FLOW FOR'MAXIMUM PERIOD BASIN
PEAK . ' AREA
IN1 1760. 0.27 592. 592.

MAXTIMUM

TIME OF
STAGE

MAX STAGE

592, 0.16




APPENDIX C

CALCULATIONS FOR MONTANOSA MESA PMF



HEC1 S/N: 1343001338 . HMVersion: 6.33 Data File: N:\QUIVIRA\MONTINS.TXT

kkkkkkhkkhkhhhhhdbhhhkhhhdhddhh bbbk b b bdddk hhkdkhkhhhkkhhkdhhkhkhkhk kA hkr Ak Ak kb kkk ek k kb ko & & &

* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* MAY 1991 * * HYDROLOGIC ENGINEERING CENTER *
* VERSION 4.0.1E * * 609 SECOND STREET *
N * * DAVIS, CALIFORNIA 95616

* RUN DATE 10/01/2001 TIME 16:36:10 * * (916) 756-1104 *
* * * *
Khkhkhkkhkhkkhkkhhhkhkhkhhkhkhhkhhhhkhdhkhhhhkbdrhdkhd ik *

hhkkhkkhhdkkkdkhhkkkhdhh kb hhk kb kkkkhk kk % * ok &

X X XXXXXXX XXXXX X
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37 Brookside Road * Waterbury, Connecticut 06708 * (203) 755-1666

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES ~RTIMP~ AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.



THE DEFINITION OF -AMSKK-~ ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRANT? VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM
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HEC-1 INPUT

QUIVIRA - MESA MONTANOSA FLOOD HYDROLOGY FILE:MONTINS.TXT

1-HR. PMF, WITH ROUTING THROUGH POOL, RATING CURVE FROM HEC-RAS

1 OCTOBER 2001, REDUCED POOL VOLUME BY 4630 CU. YDS.
B. BUCHER, MAXIM TECHNOLOGIES, HELENA, MT

* *%% TIME SPECIFICATION

IT

*

5 01J0LO1 0000 50

* Rainfall time increment

IN

*

15

* *%%* GLOBAL OUTPUT OPTIONS

IO

*
%
*
*

KK

KM
*

2 0

* kK

INL
HYDROGRAPH FOR MESA MONTANOSA DRAINAGE

* Basin area

BA

*

3.7

* Rainfall data

PB
PI

*

9.45
.68 .18 .08 .06

* Basin Losses

LS
*

0 73.4 0

* Unit hydrograph

uD

*

0.66

* ROUTE FLOOD THROUGH POOL

KK
RS
SQ
5Q
SE
SE

OUT1 OUTFLOW FROM POOL
1 ELEV 6983.0

0 1000 2000 3000 4000 5000 6000 7000

10000 11000 12000

6984.9 6987.7 6989.2 6990.3 6991.2 6992.0 6892.7 6993.4

6995.1 6995.6 6996.16

8000

6994.0

9000

6994.6
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HEC1 S/N: 1343001338 . HMVersion: 6.33 Data File: N:\QUIVIRA\MONTINS.TXT

khkhkkhkdhhhkhkhhdkhhhhkhkhhhkhhkbbhkhkkdkhrhhkhkkhkhhkhkikkkr Khkkkhkhkkhkkhhhhhhdhhhhhkhrhhhhrbhk kb hddhk &k % &

* * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
“ MAY 1991 * * HYDROLOGIC ENGINEERING CENTER «
* VERSION 4.0.1E * * 609 SECOND STREET *
* * * DAVIS, CARLIFORNIA 95616 *
* RUN DATE 10/01/2001 TIME 16:36:10 * * (916) 756-1104 *
* * *

hkkhkhhhkhhhhhkh bk hhkhhkhkhhhhkdkhrkdkhkkkdhhkkkkkk %* *

Kok hdhhhkhhhhhhhhhhhkhhk kb hkhkkh kkokoh ok &k * &

QUIVIRA - MESA MONTANOSA FLOOD HYDROLOGY FILE:MONTINS.,TXT
1-HR. PMF, WITH ROUTING THROUGH POOL, RATING CURVE FROM HEC-RAS
1 OCTOBER 2001, REDUCED POOL VOLUME BY 4630 CU. YDS.

B. BUCHER, MAXIM TECHNOLOGIES, HELENA, MT

7 10 OUTPUT CONTROL VARIABLES
IPRNT 2 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
IT HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1JUL 1 STARTING DATE
ITIME 0000 STARTING TIME
NQ 50 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 1JUL 1 ENDING DATE

NDTIME 0405 ENDING TIME

ICENT 19 CENTURY MARK

COMPUTATION INTERVAL 0.08 HOURS
TOTAL TIME BASE 4.08 HOURS

ENGLISH UNITS

DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT



hkk kkk khkk kkk khkhk kAkk kkk Khkk kkk khkk hkk kokk khkk Ahhk Ahkk hkk kkA Kkk hkkk dkhkhk hhkk khkk hhkk Kok hkdk kokk dokk KAk KAk khkk kK ok * ok ok ok ok ok

dokokokkok ok okok ok ok ok kK

* *
8 KK * INL *
* *

d ok ko ok ok ok ek hok ok k

HYDROGRAPH FOR MESA MONTANOSA DRAINAGE

6 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 15 TIME INTERVAL IN MINUTES
JXDATE 1JUL 1 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

10 BA SUBBASIN CHARACTERISTICS
TAREA 3.70 SUBBASIN AREA

PRECIPITATION DATA

11 PB STORM 9.45 BASIN TOTAL PRECIPITATION
12 PI INCREMENTAL PRECIPITATION PATTERN
0.23 0.23 0.23 0.06 0.06 0.06 0.03 0.03 0.03 0.02
0.02 0.02
13 LS SCS LOSS RATE
STRTL 0.72 INITIAL ABSTRACTION
CRVNBR 73.40 CURVE NUMBER
RTIMP 0.00 PERCENT IMPERVIOUS AREA
14 UD SCS DIMENSIONLESS UNITGRAPH
TLAG 0.66 LAG
ok Kk
UNIT BYDROGRAPH
42 END-OF-PERIOD ORDINATES
110. 341. 656. 1096. 1651. 2124. 2417. 2534. 2530. 2388.
2178. 1923. 1598. 1267. 1026. 840. 696. 585, 484, 393.
327. 268. 222. 182. 149. 123. 101. 84. 69. 57.
47. 38. 32. 27. 23. 20. 16. 12. 9. 6.



3. : 0.
Khhkhhhhkhhhhhhhhhhhhbhhhhhhddhhhhhdhhhhhhhhhhdhdrhhhhdhhhdhdhdhd bbbk h kb bk h ko kb ok ok h ok hhh ok h A Ak kA ke ke kde ke kk k ks kR kA ok k ok ok kA kA A Ak ok k" ko ke ke ko ko

HYDROGRAPH AT STATION Nl

********************************************************************************************************************k*************k

*

DA MON HRMN ORD  RAIN  LOSS EXCESS COMP Q * DA MON HRMN ORD  RAIN  LOSS EXCESS COMP Q
*
1 JUL 0000 1 0.00  0.00 0.00 0. * 1 JuL 0205 26  0.00 0.00 0.00 2119.
1 JUL 0005 2 2.14 1.74 0.40 44, * 1 JuL 0210 27 0.00  0.00 0.00 1743.
1 JUL 0010 3 2.14 0.78 1.37 286. * 1 JUL 0215 28 0.00 0.00 0.00 1435.
1 JuL 0015 4 2.14 0.42 1.72 916. * 1 JUL 0220 29 0.00 0.00 0.00 1185.
1 JuL 0020 5 0.57 0.08 0.49 1972. * 1 JuL 0225 30 0.00  0.00 0.00 978.
1 JUL 0025 6 0.57 0.07 0.50 3503. * 1 JuL 0230 31 0.00 0.00 0.00 807.
1 JUL 0030 7 0.57 0.06  0.50 5530. * 1 JuL 0235 32 0.00 0.00 0.00 665.
1 JUL 0035 8 0.25  0.03 0.23 7759. * 1.JUL 0240 33 0.00 0.00 0.00 548.
1 JUL 0040 9 0.25  0.03 0.23 9743. * 1 JUL 0245 34 0.00 0.00 0.00 451.
1 JUL 0045 10 0.25  0.02 0.23 11280. * 1 JuL 0250 35 0.00 0.00 0.00 372.
1 JuL 0050 11 0.19  0.02 0.17 12317. * 1 JUL 0255 36  0.00 0.00 0.00 308.
1 JUL 0055 12 0.19  0.02 0.17 12826. * 1 JUL 0300 37 0.00 0.00 0.00 256.
1 JUL 0100 13 0.19  0.02 0.17 12842, * 1 JUL 0305 38 0.00 0.00 0.00 214.
1 JuL 0105 14 0.00  0.00 0.00 12459. * 1 JUL 0310 39  0.00 0.00 0.00 177.
1 JUL 0110 15 0.00  0.00 0.00 11695. * 1 JUL 0315 40 0.00 0.00 0.00 146.
1 JUL 0115 16 0.00  0.00 0.00 10634. * 1 JuL 0320 41 0.00 0.00 0.00 118.
1 JuL 0120 17 0.00  0.00 0.00 9492. * 1 JUuL 0325 42 0.00 0.00 0.00 93.
1 JuL 0125 18 0.00  0.00 0.00 8389. * 1 JuL 0330 43 0.00  0.00 0.00 70.
1 JuL 0130 19 0.00  0.00 0.00 7315. * 1 JUL 0335 44 0.00  0.00 0.00 50.
1 JUL 0135 20 0.00  0.00  0.00 6315. * 1 JUL 0340 45 0.00 0.00 0.00 35,
1 JuL 0140 21 0.00  0.00 0.00 5400. * 1 JUL 0345 46  0.00 0.00 0.00 26.
1 JUL 0145 22 0.00  0.00 0.00 4549. * 1 JUL 0350 47 0.00 0.00 0.00 18.
1 JUL 0150 23 0.00  0.00 0.00 3794. * 1 JUL 0355 48 0.00  0.00 0.00 13.
1 JUL 0155 24 0.00  0.00  0.00 3145. * 1 JUL 0400 49  0.00  0.00 0.00 9.
1 JuL 0200 25 0.00  0.00 0.00 2584. * 1 JUL 0405 50  0.00 0.00 0.00 6.

*

dhkkkhkhhhdhhhhhhhhdhdhhkhhhdhkhdhhhk bk khrhkhhhhkhkhhk Ak bk kdkkhkdh ok ok kdhkkdkk ok hkhhhhh bk kb kA Ak kA k ok ok hh ok h ke kb hhk kA h ko k ko kk kA kA ok kb k ok ke ke ko k k kK & %

TOTAL RAINFALL = 9.45, TOTAL LOSS = 3.29, TOTAL EXCESS = 6.16
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 4.08-HR (CFS) (HR)
(CFS) 12842. 1.00 3605. 3605. 3605. 3605.
(INCHES) 6.164 6.164 6.164 6.164
(AC-FT) 1216. 121e6. 1216. 1216.

CUMULATIVE AREA = 3.70 sQ MI
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OUTFLOW FROM POOL

HYDROGRAPH ROUTING DATA

16 RS STORAGE ROUTING
NSTPS 1
ITYP ELEV
RSVRIC 6983.00
X 0.00
21 sa AREA 0.0
22 SE ELEVATION 6983.00
17 8Q DISCHARGE 0.
10000.
19 SE ELEVATION 6984.90
6995.10
STORAGE 0.00 7.33
ELEVATION 6983.00 6985.00
STORAGE 0.00 6.29
QUTFLOW 0.00 0.00
ELEVATION 6983.00 6984.90
STORAGE 273.03 307.06
OUTFLOW 7000.00 8000.00
ELEVATION 6993.40 6994.00

* ok ok

NUMBER OF SUBREACHES
TYPE OF INITIAL CONDITION
INITIAL CONDITION

WORKING R AND D COEFFICIENT

11.0

6985.00

1000.
11000.

6987.70
6995.60

118.
6990.

COMPUTED STORAGE-ELEVATION DATA

28
00

36.2
6990.00

2000.
12000,

6989.20
6996.16

368.
6995,

82
00

65.0

6995.00

3000.

6990. 30

* k%

4000.

6991.20

5000.

6992.00

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA

7
35.
6985.

343.
9000.
6994,

.33

75
00

35
00
60

52.
1000.
6987.

368.
9799.
6995.

01
00
70

82
80
00

92.
2000.
6989,

375.
10000
6995,

35
00
20

36

.00

10

119.
2727,
6990.

409.
11000.
6995

28
35
00

03
00

.60

130.
3000.
6990.

448
12000.
6996.

36
00
30

.76

00
16
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6000.

6992.70

166.38
4000.00
6991.20

* %k

7000.

6993.40

201.99
5000.00
6992.00

* ok k& ok ok

8000.

6994.00

236.09
6000.00
6992.70

* ok ok * k&

9000.

6994.60

*

* &



********************************************************************************************************************k**************

HYDROGRAPH AT STATION oUT1

***********************************************************************************************************************************
*

DA MON HRMN ORD OUTFLOW STORAGE  STAGE * DA MON HRMN ORD OUTFLOW STORAGE  STAGE * DA MON HRMN ORD OUTFLOW STORAGE  STAGE
* *
1 JUL 0000 1 0. 0.0 6983.0 * 1 JUL 0125 18 9649. 364.0 6994.9 * 1 JUL 0250 35 1634. 77.6  6988.7
1 JUL 0005 2 0. 0.2 6983.0 * 1 JUL 0130 19 9298. 352.8 6994.7 * 1 JUL 0255 36 1431. 69.4 6988.3
1 JUL 0010 3 0. 1.3 6983.4 * 1 JUL 0135 20 8834. 337.3 6994.5 * 1 JUL 0300 37 1250. 62.1 6988.1
1 JuL 0015 4 0. 5.4 6984.6 * 1 JUL 0140 21 8318. 318.6 6994.2 * 1 JUL 0305 38 1090. 55.7  6987.8
1 JUL 0020 5 195. 14.7 6985.4 * 1 JUL 0145 22 7723, 297.6 6993.8 * 1 JUL 0310 39 956. 50.0 6987.6
1 JUL 0025 6 547. 31.0 6986.4 * 1 JUL 0150 23 7071. 275.4 6993.4 * 1 JUL 0315 40 846. 44.9 6987.3
1 JUL 0030 7 1109. 56.4 6987.9 * 1 JUL 0155 24 6451. 252.8 6993.0 * 1 JUL 0320 41 747. 40.3 6987.0
1 JUL 0035 8 1980. 91.5 6989.2 * 1 JUL 0200 25 5827. 230.2 6992.6 * 1 JUL 0325 42 658. 36.2 6986.7
1 JUL 0040 9 3109. 134.3 6990.4 * 1 JUL 0205 26 5190. 208.5 6992.1 * 1 JUL 0330 43 578. 32.5 6986.5
1 JUL 0045 10 4405. 180.8 6991.5 * 1 JUL 0210 27 4608. 188.0 6991.7 * 1 JUL 0335 44 507. 29.2  6986.3
1 JuL 0050 11 5737. 227.1 6992.5 * 1 JUL 0215 28 4075. 169.1 6991.3 * 1 JUL 0340 45 443. 26.2 6986.1
1 JUL 0055 12 6921. 270.1 6993.3 * 1 JUL 0220 29 3592. 151.7 6990.8 * 1 JUL 0345 46 385. 23.5 6986.0
1 JUL 0100 13 8002. 307.1 6994.0 * 1 JUL 0225 30 3154. 135.9 6990.4 * 1 JUL 0350 47 335. 21.2  6985.8
1 JUL 0105 14 8807. 336.4 6994.5 * 1 JUL 0230 31 2785. 121.6 6990.1 * 1 JUL 0355 48 291. 19.2 6985.7
1 JuL 0110 15 9421. 356.8 6994.8 * 1 JUL 0235 32 2441, 108.7 6989.7 * 1 JUL 0400 49 252. 17.4 6985.6
1 JUL 0115 16 9762. 367.6 6995.0 * 1 JUL 0240 33 2129. 97.1 6989.3 * 1 JUL 0405 50 218. 15.8 6985.5
1 JUL 0120 17 9820. 369.5 6995.0 * 1 JUL 0245 34 1863. 86.8 6989.0 *
* *

**************************************************************************************************************************k*k******

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6~HR 24-HR 72~HR 4.08-HR (CFS) (HR)
(CFS) 9820. 1.33 3558. 3558. 3558. 3558.
(INCHES) 6.084 6.084 6.084 6.084
(AC-FT) 1201. 1201. 1201. 1201.
PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
6~HR 24-HR 72-HR 4.08-HR (AC-FT) (HR)
369. 1.33 144. 144, 144. 144.
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 4.08-HR (FEET) (HR)
6995.01 1.33 6989.69 6989.69 6989.69 6989.69

CUMULATIVE AREA = 3.70 SQ MI



RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE
6-HOUR 24-HOUR 72-HOUR
HYDROGRAPH AT IN1 12842. 1.00 3605. 3605. 3605. 3.70
ROUTED TO ouUT1 9820. 1.33 3558. 3558. 3558. 3.70
6995.01 1.33

*** NORMAL END OF HEC-1 ***



HEC-RAS RESULTS FOR MONTANOSA MESA DRAINAGE PMF
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HEC-RAS Plan: PMF River: Montanosa Reach: Pong2  Profile: PF
; [ QiTotal 3 B TE.G;Elev |- TopWidth | Froude # Chl
el e R HECH) - CEy ) dam,
9800.00 7003.96 7004.99 597 88 107
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$800.00 6969.89 6993.76 0.000802 7.54 1293.72 189.72 051




Elevation (ft)

Pond 2 South Apron Design Plan: Plan 01
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Elevation (ft)-

Pond 2 South Apron Design
Section 3
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Elevation (ft)

Pond 2 South Apron Design

Plan: Plan 01
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Elevation (ft)

Pond 2 South Apron Design Plan: Pian 01
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Plan: PMF Montanosa

Pond2 RS: 2090 Profile: PF 1

6995.06 [ . :LeftiOB an;
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Pond 2 South Apron Design
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Ermrors Wamings and Notes for Plan : PMF

River: Montanosa Reach: Pond2 RS: 3865 Profile: PF 1

Location:

Waming: The energy equation could not be balanced within the specified number of lterations. The program
used critical depth for the water surface and continued on with the calculations.

Waming: The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Warning: The conveyance ratio (upstréam conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Warning: During the standard step iterations, when the assumed water surface was set equal to critical depth,
the calculated water surface came back below critical depth. This indicates that there is not a valid
subcritical answer. The program defaulted to critical depth.

Location: River: Montanosa Reach: Pond2 RS:2950 Profile: PF 1

Note: Hydraulic jump has occurred between this cross section and the previous upstream section.

Location: River: Montanosa Reach: Pond2 RS:2090 Profile: PF 1 )

Warming: The conveyance ratio {(upstream conveyance divided by downstream conveyance) Is less than 0.7
or greater than 1.4. This may Indicate the need for additional cross sections.

Location: |River: Montanosa Reach: Pond2 RS: 1660 Profile: PF 1

Waming: The velocity head has changed by more than 0.5 ft (0.15 m). This may Indicate the need for-

Waming: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may Indicate the need for additional cross sections. -

Location: River: Montanosa Reach: Pond2 RS: 1250 - Profile: PF 1

Waming: The energy loss was greater than 1.0 ft (0.3 m). between the cument and previous cross section.
This may Indicate the need for additional cross sections.
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TRUCTION NOTES: Date
1.The west erosion protection apron shall be constructed along the south 5. The east end of the east erosion protection apron shall meet the e

edge of Pond 2. The section is approximately 700 ft in length. existing rock in the south drainage channel. AMBROSIA LAKE MH_L

6. The erosion protection apron ends shall be constructed with 2V:1H

b oo mun-0n 4 wost croeion protoction sprons shall extend 10 £ yest of Slopes with bedding/filter materials extended to the ground surfice. QUIVIRA MINING COMPANY M
3. Transition between the west erostion protection apron and the east erosion 7. The run-on erosion protection apron shall be constructed along the GRANTS, NEW MEXICO

protectoin apron designs shall be completed in 50 ft niocth odge of Pand 2 where the amall knoll exists. The apron shall APRON DESIGN — Pond 2 TEGHNOLOGIES IN¢
. The cast erosion o apren, ahall be slong the south extend the full length of the knoll, approximately 700 ft. | |

edge of Pond 2, This section is approximately 1,000 ft in length. PROJECT No. 1690030—100 DRAWING BY: RLH 9/23/01

FILE NAME: 1680030S1.DWG REVIEWED BY: WHB SHEET 1 of 4




CONSTRUCTION NOTES:

l 1. RmkRipmpformﬁmpmhcﬁmammséhaﬂbephwdmdhcmfommuwiﬁAppmdixFofMip
: of Erosion Protection for Long-Term Stabilization, U.8_ Nuclear Regulatory Commission's NUREG - 1623

: DmﬁRanmleuoﬂmwiuspedﬁedhﬁmed2EmaimConudDeaignRepmmﬂwDeﬁgn
Drawings.
| 2.  Erosion protection aprons shall be sioped to the downstream edge with a minimum slope of two percent or
: at a slope that matches the slope of the natural ground, should it be steeper than two percent.
3.  Erosion protection apron excavations shall be constructed with 2V:1H slopes to permit placement of the
| filter materials to the surface of the ground.

WEST APRON DESIGN - Typical Section 4. Bucevations shall beconstrcid wih It botou e flooe debis, vogetationand mddy s, The
4 . lﬂnliﬁon utwm est Ap!m m' Aplm m. comp in
| See Sheet 1 of 4 for Placement Location 5. Tho west porton o tio crosion rotstion prun bl b ccastrsted of  rok dismeter &, = 9.2
conforming to the following gradation:
. Sieve Designation Percent Passing
I 15" 100
12" 70-90
a 9" 30-55
o 6" 0-10
‘ Side Slope Rock to Remove and Replace Existing Riprap with a minimum of 10 6. ThewestpoxﬁonofthewmhslopeofPond2sh§llb?covemdusingd =3.2".Thaslopeu!mllbecoyered
& Interlock with Top Slope  inches of d 5q=3.2" Rock From Toc To Slope Crest from the slope crest to the toe. The slope protection riprap rock shall to the following gradation:
| Rock (Maintain Original Slope Sieve tion Percent Passing
6" 100
T 5" 78 - 100
- o 3 35-100
X 3n 12 -45
ETRSA p T 187 Min, 1L5 £t i Existing Ground Surface 2" 0-20
T P . : 2% Slope 7. Each erosion protection bedding/filter material shall be placed at a minimum thickness of 6" along the
‘:n lpl " 1 -~ .”‘.d osf At - S TS ——————— length of the apron. The bedding/filter material shall extend up the 2V:1H sides and end flush with the
i 5“".. isting —a 9" existing ground elevation, Bedding/filter material shall be spread and compacted in one layer.
6" of dSO 1" Rock d50 9.2
s - B 5 8. Erosion protection rip-rap bedding/filter material shall meet the following gradation:
.” ‘..." .ih'.- DO AT AN Y [T KX <N 43 P PRy A el oty :':-':(:. - ————-—Fﬂm vael _*-—"‘Fﬂw sand
Covered Mine Tailings - Approximate End of Tailings X2ae i b8 26 o T o Pl Xy on e SR O DR e A Sieve Designation Percent Passi Sieve Designation Percent Passing
[ varses\ 3" 00 Nos4 100
;fi 2" 80-100 No. 10 80 - 100
g . 3/4" 20-70 No. 20 36-76
Filter Sand Filter Gravel 3" 10-30 No. 40 10-20
Nod 0-10 No.100 0-10
- Not To Scale 9.  The outside slope rock cover shall be placed on a minimum of 6" of filter/bedding material. The
filter/bedding material shall consist ofdso=l" rock meeting the following gradation:
Sieve jon Percent Passing
- kL 100
. y 80 - 100
3/4" 20-70
38" 10-30
No4 0-10

10.  Existing erosion protection disturbed during erosion protection aprons 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 stockpiling the riprap such that the material is not degraded or
otherwise damaged. Rock degraded or otherwise out of conformance with the NUREG 1623 due to removal
and replacement methods shall be replaced with similar approved materials. Care should be taken so that
existing tailings are not disturbed during erosion protection apron construction.
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I Covered Mine Tailings - Appraximate End of Tailings
Prior to Compacted Clay
Fill Placement

CONSTRUCTION NOTES:

1. Rock Riprap for erosion protection aprons shall be piaced and in confoemance with Appendix F of Design
of Erosion Prosection for Long-Term Ssabllization, U.S. Nuclear Regulatory Commission's NUREG - 1623
Draft Report unless otherwise specified in the Pond 2 Erosion Control Design Report or the Design
Drawings.

2,  Erosion protoction sprons ahall be sloped to the downstream edge with a minimum slope of two percent or

st & shope that maiches the slope of the natural ground, should it be steeper than two peroent,

3.  Erosion protection spron excavations shall be constructed with 2V:1H slopes to permit placement of the

filter materials to the surface of the ground.

Excavations shall b coustructed with fiat botioms free of loose debris, vegetation and rmddy sucfaces. The

trangition between the West Apron design and the East Apron design shall be completed in 50 ft.

5.  The east portion of the mmmmuwmmm%-w

conforming to the following gradstion:
15% 100
2" 70-90
9" 30-55
[ 0-10

6. mmdmmwmummuwmmmhmum-m
tho length of the spron, Theo bedding/filter material shall extend up the 2V:1H sides snd end flush with the
existing ground elevation. Bedding/filter material shall be spread and compacted in one layer.

1. Erosion protection apron riprap bedding/filter material shall meet the follawing gradation:

Filter Gravel Filter Sand
ki 100 NoA 100
*» 80-100 No. 10 80-100
k' 20-70 No.20 36-176
" 10-30 No. 40 10-20
No4 0-10 No.100 0-10

EAST APRON DESIGN - Typical Section
See Sheet 1 of 4 for Placement Location

10.

12.

Existing erosion protection disturbed during constraction of the erosion protection aprons shail be replaced
such as to maintain existing slopes and riprap conditions 2s spproved previouly by the U.S. Nuclear
Regulstory Conmmiission. Caro shall bo taken in removing and stockpiling the riprap such that the materisl is
not degraded or otherwise damaged. Rock degraded or otherwise out of confirmance with the NUREG
1623 due to removal and roplacament methods shall be replaced with similar spproved materials, Care
should be taken so that existing tailings are not distatbed during erosion protection apron construotion.

Fill required to constract the slope for the east spron shall consist of on-site scils free of vegetstion, aball have
gronter than 30% pessing the #4 siove by weight, shall have greater than 10% passing the #200 siove by weight,
snd freo of particies larger than 6 inches. The olay fill shall be compacted st & mininmm of 95% of maxinmm
density as determined by ASTM D-698 and within +/~ 2% of optinmm moisture content. Rach 1ift of clay fill
shall not excoed a loose thicknees of 10 inches.

The reconstructed alope shall be covered with & minimmm thickness of 10 inches of d_=3.2" rock conforming to
the fllowing gradation: 0

Sieve Designation Percent Pasing
& 100
s 78 - 100
] 35-100
3" 12-48
2 0-20

The cutxide slope rock cover shall be placed on & mininmm of 6" of filter/bedding materisl. The filter'bedding
wmmmﬂ)—x-mmmmm

Sieve Designation Percent Passing
3 100
2 80- 100
£V 20-70
s 10-30
NoA 0-10
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CONSTRUCTION NOTES:

1.  Rock Rip-Rap for erosion protection aprons shall be placed and in conformance with Appendix F of Design
of Erosion Protection for Long-Term Stabilization, U.S. Nuclear Regulatory Commission's NUREG - 1623
Draft Report unless otherwise specified in the Pond 2 Erosion Control Design Report or the Design
Drawings.

2, Erosion protection aprons shall be sloped to the downstream edge with a minimum slope of two percent or

. . at a slope that matches the slope of the natural ground, should it be steeper than two percent.
RUN-ON APRON DESIGN - Typical _Sectlon 3.  Erosion protection apron excavations shall be constructed with 2V:1H slopes to permit placement of the
See Sheet 1 of 4 for Placement Location filter materials to the surface of the ground.

4, Excavations shall be constructed with flat bottoms free of loose debris, vegetation and muddy surfaces and

such that the existing rock cover will interlock with the run-on erosion protection apron rock.

5. Thcnm-onportionoftheerosionprotectionapronshallbeconsmmedofarockdiameterdso=3.2“

conforming to the following gradation:
Sieve Designation Percent Passing
6" 100
5" 78 - 100
Existing South Knoll SI 3 13-28°
o -
ope pA 0-20
e, . 6.  Erosion protection bedding/filter material shall be placed at a minimum thickness of 6" along the length of
\;/\\/\ S " . Extend From Toe of Slape AmRmhtgx;km the apron. The bedding/filter material shall extend up the 2V:1H sides and end flush with the existing
%,;:g. Sty ;l%\ to Edge of Rock Cover Existing Tailings Rock ground elevation. Bedding/filter material shall be spread and compacted in one layer.
v‘%&. ‘ ; 2% Slope (Minimum 41t Width) EXiSﬁns Rock Cover :
’%’i‘. s [ 7.  Run-on erosion protection riprap bedding/filter material shall meet the Tl"gmdationﬂ!at
1 l ‘6}:3 D dq=32" CS . C .- | / follows:(GradaﬁonsuppliedbyQuivim-Gmdaﬁonpe:formedonavm]ﬁ:‘ e site stockpile remnents from
x";;}\".“ 50 .*Q -Q s 08 ft previous reclamation work at the site - For use on Run-On Apron Only)
T i w0 .l B G wll B (—oty Govered Mine Tailings Filter Gravel
R P R P A AT CAE ORI ARG osift Approximate End of Tailings Sieve Designation =~ Percent Passing
3" 100
| Varles I 2" 70-100
! ' 3/4" 25-55
kT 15-40
4 =1 i Boddink Matecial No.4" 0-25

: existing slopes and riprap conditions as approved previously by the U.S. Nuclear Regulatory Commission.

Not To Scale Care shall be taken in removing and stockpiling the rip-rap such that the material is not degraded or
otherwise damaged. Rock degraded or otherwise out of conformance with the NUREG 1623 due to removal
and replacement methods shall be replaced with similar approved materials. Care should be taken so that
existing tailings are not disturbed during erosion protection apron construction.

9. See Section 4.0 OTHER DESIGN CONSIDERATIONS for placement of soil fill into the rock apron matrix
to prevent flow along the apron causing channelized flow and potential scour of the apron.

AMBROSIA LAKE MILL
QUIVIRA MINING COMPANY
GRANTS, NEW MEXICO mm
RUN—ON APRON DESIGN — Pond 2 |JVW-a/es¥i
DRAWING BY: RLH 9/23/01

Rock Erosion Protection Sections

PROJECT No. 1690030 REVIEWED BY: WHB
FILE NAME: 1690030S4.DWG SHEET 4 of 4




ATTACHMENT B

ROCK QUALIFICATION DATA
MAY 3, 1991

AMBROSIA LAKE MILL, NEW MEXICO
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Oct 09 01 10:11la QUIVIRA 505
Aug-16-200¢ §4:26am  From-
: Albuquerqus, New Mexice 87113
:;fg“ NOLOGIES (sossq SZSQMBB fax 821.2963

285 5550

1-106 P.001/002 F-52é
LABORATORY REFORT

p.2

3240215
Client C § E CONCRETE Job No.
pm‘ oaﬂ- BX 87021 Lab./invoice No.
~ Date of Report -~ - JKay 3. et
Reviewed 8y

Project - Proposd Aggregate g;gsi_q;_g;ptge__ctim
Lmtimw —— — - :
Material/Specimen . FECK Samples Sampled By BBY82 g./9 Datea‘“"&.
source . TERE]a pit Submitced By.% S./MT_| Dats 3'18"'9:
Tast Proceduru_._ﬁe.e_.@}‘.?‘ T — Authorized By 1o Walter Lee Meech pate 3--16-9:

“ermtan T

: specmc Grawtv. (ssdl ASTM 0127

[ Absorption, ASTM €127 0.2 9.5
Sodlum Sulfate Soundness, ASTM css " 2.3 9.5
Abrasion, ASTM €131 (100 Revoiution 4.3 #-2
Schmidt Hammer, (SRM Method ** R 52.0 6.8

1456.0

Tensils Stranth, ISARM Method ** ¢

* B Gycles -
»+ Average of 20 Readings
20 Avarage of B Specimens

AQCK QUALTLY SCORE
{Using‘Tab!e 02278-A)

Weighting Factor -Limestone
Total Score = 400.1

Coples to:

. 10.0
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EARLS RESTAURANT

505 285 5550 p.3
1505 8634073 p.2

Western 8305 Washington Place, N.E.
Technologies Alhuquergque, New Mexico 87113 LABORATORY REPORT
Inc. (505) 823-4488 « fax 821-296 |
The Quality Peaple
Sance 1455
Client: C & E Concrets Job No
PO Box 2547 Lab/invoice No._32440608 .
Milan, NM 87021 Date of Report_10-11-84 _____
Reviewed 8y DL Bush~>—

Aggregate Test Data

ﬂ : NMSHTD
Test Data Por AASHTO Gonerai Data Coarse Resuits Specifications
[ Bulk Specific Gravity (S5D), T-85 2.6622 N/A
l Absorption, 7-85 1.10%’ N/A
u Dry Rodded Unit Weight, T-19 96.7 Ibsict N/A n
Clay Lumgs, T-112 0.06% 0.25% max
Coal & Lignite, T-113 . ().'IC)%ir 0.25% max
Material Passing #200 Sieve, T-11 0.3%: 4.0% max
Organic impurities, T-21 LTS* 1.00% max
Flat or Elongated Pieces 0.0%2 _ 15.0% max
Soundness Loss, T-106 5 Cycle Magnesium 0.9%: 15.0% max
Fractured Faces, by count - 2 faces 100.0%; $0.0% min
Percent Wear, T-96 500 Rsvoiutions 20.0% 45 0% max
- —— IS S— -

* Lighter Than Standard
'§E>E}ce of Sample: Coarse Aggregate

Tinaja Pit, 36 Miles South of Grants

off New Mexico Highway 53, Cibola County
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QUIVIRA

, Technologies  Albuquerque, New Mexico 87113
inc. {505)823-4488 * fax 821-2963
The Quality People
Since 1985

Clisnt: C & E Concrete
PO Box 2547
Mitan, NM 87021

505 285 5550 rp.1
T-106 P.002/002 F-524
l LABURALUNY KEFURT

AT

Job No

Lab/Invoice No._32440605
Date of Report_.10-11-84

Reviewed By D, Rush~-~—

Aggregate Tast Data

NMSHTD
Tast Data Per AASHTO General Data Coarse Resuits Specifications
H-Bulk Specific Gravity (SSD), T-88 2.662 N/A
ﬂ Absorption, T-85 1.10% N/A
Dry Rodded Unit Weight, T-18 96.7 Ibs/cf N/A
Clay Lumps, T-112 0.06% 0.25% max
Coal & Lignite, T-113 i C.10% 0.25% max
Material Passing #200 Sieve, T-11 0.3% 1.0% max
Organic Impuritiss, 7-21 LTS® 1.00% max
Flat or Flongatad Pieces 0.0% 15.0% max
Soundness Loss, T-105 5 Cycla Magnesium 0.9% 15.0% max
Fractured Faces, by count - 2 faces 100.0% $0.0% min
| Percent Wear, T-96 500 Revolutions 20.0% 45.0% max
L o =

¥ Lighter Than Standard

Source of Sample: Coarse Aggregate

Tinaja Pit, 36 Miles South of Grants

off New Mexico Highway 53, Cibola County



