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GENERAL SITE DESCRIPTION

The proposed permanent impoundment drainage area consists of
approximately 770 acres within N-2 coal resource area at the Kayenta
Mine on Black iMesa, Havajo County, Arizona. Specifically, the
impoundment area is contained in the S1/4 Section 34, T37N, R18E; E1/4
Section 4, Section 3, E1/4 Section 9, N1/2 Section 10, SW1/4 Section 10

all of T36N, RI8E (see Figure 2).

The mine lease area is situated on a plateau-like feature ranging in
elevation from about 6200 feet to over 7200 feet. Original topography
in the impoundment area ranged from approximately 6500 feet to 6800
feet. The proposed site is located between two ephemeral drainages,
Yellow Water Canyon and Coal Mine Wash. Surface drainage is almost

exclusively to the southwest towards Coal iine Wash.

The climate is semiarid with a mean annual rainfall of slightly less
than 12 inches, as indicated from NOAA, Betatakin Station data. The
Many Farms weather station reports an average pan evaporation of
approximately 86 inches per year. Wind direction is generally from the

-
southwest.

Historically, the land use in this area has been primarily livestock
grazing with some dry land farming and a small amount of game hunting.
During the late 1960's and early 1970's, coal mining became a land use
when the first of Peabody's mines started in 1969 and the other in

1973.
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Mining began in the M-2 area in 1976 and was completed five years later
in 1981. Initially, mining comnenced on the east side with oits
progressing to the west. Later, the pits were extended along the north
and west sides and progressed south and east respectively until the area
was mined out. This particular mining plan developed a final pit within
the interior of the area rather than along the exterior. The proposed

permanent impoundments will be located in the final pits.



ENGINEERING DESIGN

The design of the Tmpoundments in the -2 mining area is based upon

Aydrolocic _and Engineering Studies at the Peabody Coal Companry Mines

near Kayenta, Arizona, October, 1981, by Water, ‘Yaste and Land,

Incorporated. The Water, Waste and Land (YWL) report addressed the
quantity, quality, and persistence of water impounded within graded and
topsoiled spoil banks, together with stability of graded spoil and
impoundments. In essence, the WL study concluded that there should be
no problems concerning ijmpoundment stability and water quality, and that
persistence of water in the impoundments was dependent on drainage area
and impoundment size. To maximize the amount of time an impoundment

might contain water the WWL study made the following recommendations:

1. The pond should be constructed so that the resultant surface area is
as small as possible.

2. The pond should have side slopes as steep as permissible so that
surface area does not vary greatly with depth.

3. The bottom of the pond should be compacted during construction to
minimize seepage through the bottom of the pond during the early

years of operation.

DESIGN CRITERIA

Based on site visits and infiltrometer tests, WWL personnel determined
that the most reasonable values for Soil Conservation Service (SCS)
runoff curve numbers fell within the range of 80 to 75. Mo attempt has

been made to further refine these values. Curve numbers of 80 and 75



~

have been used to design the N-2 impoundments. A curve number of 30 has
been used to insure adeyuate impoundment capacity. In examining the
minimun prebability of water in the impoundnents, a curve number of 75

was used so as to establish a probable lower bound.

To insure adequate capacity, the impoundment was sized to contain the
runoff from a 100-year, 24-hour precipitation event after the mean water
volume and five year sediment load had been achieved. The runoff and
mean water volume was calculated using a curve number of 80. The five
year sediment load was calculated from an annual rate of 3.2 tons per
acre. This sediment loading is nigher than suggested in the WWL report;
however, it represents the observed sediment loading noted by WL in the
J-1/N-6 area. The total volumes above were then checked using an actual

depth-capacity curve to insure adequate capacity as explained below.

WATER, WASTE & LANZ IMPOUNDMENT DESIGH ETHODOLOGY

The WWL study produced the concept of an “Area Index": the ratio of the
total watershed area of a theoretical impoundment to the water surface
area of the same theoretical impoundment. A computer watershed model
was degg]oped to simulate characteristics of mined spoil impoundments.
This model was analyzed for various values of SCS runoff curve numbers,
and various values of the Area Index. Generated data for a theoretical
impoundment include probability of water, mean depth of water,
probability of dissolved solids exceeding a specified amount, together

with various statistical parameters resulting from the computer



simulation. As might be expected, the probability of water and the mean
depth of water in a theoretical impoundment varied directly with the
Area Index, i.e., the larger the watershed, the greater chance for water

Lo exist in the impoundment and the higher the mean depth of water.

The WWlL computer inodel is based on the assumption of watersheds of
constant Area Index. This condition is impossible to achieve 1in
practice: the boundaries of the watershed can reasonably be expected to
remain constant; the water surface area however, will vary with the
depth of water in the impoundment. This is due to the fact that the
impoundment sides cannot he vertical for stability and safety reasons.
Typically, the impoundment sides are on a slope of three horizontal to
one vertical. Where access to water in the impoundment is desirable,
slopes of five horizontal to one vertical or flatter are necessary. As
impoundment area increases with the square of the increasing sides, the
variation in Area Index over the possible range of water depths becomes
very substantial. It became necessary to account for this variability

of Area Index when desighing of the N-2 impoundments.

ADAPTATION OF WATER, WASTE & LAND METHODOLOGY

As the WWL study established mean depths for various Area Indexes, it
became possible to graph the mean depth as a function of Area Index for
curve numbers of 75 and 80 (see Figure 3). In addition, the standard

deviation of the mean depth was added to the mean depth and graphed as a



B c.%r =l i X MUY _tj
W AN ,m,m:m
XAANT VIUY “SA 11LdIA NV - een i e paiin w e Rt R _”f 04
o 2| |958 . [l - S Sl
| | _ i e o
-l e Junaly | Gl Sl it
NET = e S SRR o S I (SR | S [T | S .;ﬂﬁ_t 0
_ 4 i i _ ; m” ant
”zc:__.:i__ ‘LS Sid zqmz_ S e H””” ...A.. _n 2 BT .ﬂj
' CooIndgm o ——— ..%”_ B ol .;”HUT
SH I P [ e SO OO N O S G e[S .,.x

T 00z
|‘\
2
i ==
m H !
T T H...l..l 052
B T 2
5 ; ? \I\H\.
. T
! M \m.

b oo

Tl|1\\ﬂl|ﬂ1\ﬂ1\\\%.L

1

0y | AL _*
m w _: 06E

S T S L S if

I Rt I i Lill]

- \“‘Z ,_ : | _ . | _ ﬂ \F\\A nov

i Attt
“ _‘A_ R m “%:w#j‘ﬂfw ﬁ_ 050

_ : el A _ ! A

L. \\\m\\\\.\\w\.\\\ﬂz_:_ _‘:_ ,_: b Lils

S o I R H RN

winnl



function of the Area Index for both curve numbers. This was done to
give some general idea of the upper'range of depths at which water might
reasonably be expected to persist. It should be noted that the reported

values in inches in the WWL report were changed to feet for this graph.

Once zhe proposed design for an impoundment was determined, it was also
possible to determine water surface area, and hence Area [ndexes for
various depths. Thus, each impoundment also has a depth-Area Index
curve. If this curve is superimposed over the mean depth-Area [ndex
curve for a specific curve number (Figure 4), the two curves will
intersect at a unique value of mean depth and Area Index. This
intersection gives a first approximation of depth and Area Index at

which an impoundment might tend to stabilize.

It should be noted that the "depth" term of each graph has a slightly
different meaning. Depth in the graphs of mean depths-Area Index means
depth of a theoretical impoundment with vertical sides, as that was
assumed in the WWL anal}sis. As WWL methodology does not assume gains
(runoff) and losses (infiltration, evaporation) to be proportionate to
depth ofiwater, only to surface area, it can be seen that a theoretical
impoundment will contain a larger volume of water than an actual
impoundment at the same depth "d". The theoretical fmpoundment will
have a bottom area equal to the surfaca area, while the actual
impoundinent will have a bottom area sometimes much less than the surface

area, due to the sloping sides.
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The solution to this problem requires the construction of two more
graphs plotied along the same depth ordinate used in thé previous two
graphs. The first graph is simply the depth-capacity curve for the
actual impoundment to be constructed. The second is the depth-capacity
curve of an impoundnent whose surface area varies with depth in the same
fashion as the proposed impoundment does, but whose volume meets the
criteria of the WL study, i.e., with vertical sides and bottom area
equal to surface area. Thus the volume of this theoretical impoundment
is always the surface area multiplied by the depth, Ay(y), where the

volume of the actual impoundment is determined by the integral

¥ = ymax
Vo= jﬂy dy
y o

where A is a function of y. During the design of impoundments of
irregular shape the above integral is approximated by the average end

area method of determining volume.

DESIGN PROCEDURE

Being a permanent impoundment, the runoff is determined from a 100-year,
24-hour event. The flow rate into the impoundment is calculated for

each curve number.

Various design parameters such as actual impoundment depth and volume
must be determined. In order to do this, a series of curves are
presented on a graph. This graphical method facilitates solving four
equations for four unknowns when none of the equations can be easily

represented by mathematical formulae.



Data for the first set of curves is obtained from the WL documents.
For each curve number utilized, a theoretical mean deptH and theoretical
mean depth plus standard deviation-Area Index curve is plotted {see
Figure 3). Tnhis basic curve set can be used for any impoundment design.

The use of the curves will be explained below.

A second set of curves is generated from data specific to the proposed
impoundment. This data includes water surface area, theoratical volume,
Area Index and actual volume for various water depths. Both sets of

curves are plotted on the same graph,

The basic design calculations are as follows:
1. Determine required sediment capacity.
2. Determine maximum design water capacity.
3. Determine impoundment required capacity and depth.
4. Determine worst case storage requirements and resulting
water depth.
5. Compare actual‘impoundment capacity to required storage.
6. Compare actual impoundment capacity to the standard deviation
~depth to worst case storage requirements.

7. Determine water persistence.

The procedure for determining mean depth and volume of water in each
impoundment as follows: (Refer to Figure 5) locate the intersection of

the actual depth-Area Index curve and the theoretical mean depth-Area
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Index curve (PT. A). Assume an actual depth approximately equal to 1.1
times the mean depth located by intersection. Determine “he Area Index
corresponding to this actual depth for ihe impoundmnent in guestion from
the actual depth-Area Index curve (PT. B). For this Area Index,
determine the theoretical mean depth from the theoretical mean depth-
Area Index curve (PT. C). This depth assumes an impoundment with
vertical sides. For this theoretical depth, determine the theoretical
mnean impoundment volume from the theoretical mean depth-capacity curve
(PT. D). Finally, determine the actual depth required for this volume
from the actual depth-capacity curve (PT. E), and compare to the initial
assumed actual depth. If these two depths are not approximately equal,
adjust the assumed depth and repeat the above procedure until these
depths are equal. The procedure to determine the depths and volumes

based on the mean depth plus the standard deviation is similar.

From the calculations (Part [I), assuming a SC5 runoff curve number of
75, it can be seen that impoundments "A", “B" and "C" tend to stabilize
at Area Indexes of 300,'215, and 210, respectively. The corresponding
annual probability of water existing for these Area Indexes is 65%, 51%
and 50%, respectively. In addition, it should be emphasized that there
will be a substantial increase in Area Index for decreasing impoundment
depths. As depths approach zero, the Area Indexes for each impoundment

"A", "B" and "C" approach respective upper bounds of 715, 563, and 1016.



Annual probabilities for water existing at these Area Indexes is

approximately 90% or above.

These probabilities illustrate the concept that the impoundments should
tend to be self-stabilizing with respect to water level, and should
always have a high probability of containing water. As the depth of
water increases, the Area Index decreases, and the probability of water
existing decreases, however, since by definition the impoundment already
has water in it, the increased probability would seem meaningless. Thus,
the 90% annual probability figure for a curve number of 75 would appear

reasonable.

MATNTENANCE

As noted elsewhere in this narrative, the impoundirent will receive
additional landscaping to enhance its usefulness as a wildlife habitat
after construction. It is possible that this landscaping will intercept
a certain portion of the sediment which would otherwise enter the pond.
Sediment levels will, however, be monitored and sediment will be removed
should it approach the five-year design sediment level. It is
anticipated that no other maintenance will be necessary other than

possible correction of surficial erosion.



WILDLIFE HABITAT ENHANCEMENT PROGRAM

Jildiife habitat enhancement techniques will be employed in and
around the N-2 internal impoundments to encourage utilization of the

area by a wide range of wildlife species.

Clusters of boulders will be placed in close proximity to each
impoundment to simulate rock outcrops found in the original landscape.
The boulder clusters are expected to provide nest and den habitat for
small mammals and carnivores, and hunting or singing perches for

passerines and raptors.

Aguatic plants and shoreline grasses, shrubs and/or trees will be
established at the impoundments to provide food and cover for aquatic
associated avian fauna. Matural establishment of willows (Salix spp.),

tamarix (Tamarix pentandra), sedges (Cyperaceae), rushes (Juncaceae),

cat-tails (Typhaceae) and assorted pond weeds and naiads have been
observed at pre-law impoundments and sediment ponds throughout the lease
area. These species are probably introduced by waterfowl and other
aquatic ;ssociated birds. If natural establishment of these desired
species does not appear to be occurring at a reasonable rate, seeding

such species will be done to accelerate their development.



Yloody shrubs will be estab]ished on a minimum ten-dacre plot behind
and surrounding three sides of each impoundment. The shrub clusters
will conform to specifications prepared in response to Stipulation #23
(Permit #AZ-0001) requiring the development of a shrub planting program
to augment the revegetation plan. The shrub clusters will Jrovide Ffood
and cover for lagamorphs and birds and nesting habitat for shrubland

adapted birds.

The entire vegetation enhancement area will be fenced to protect
the vegetation from livestock. Fencing will be designed in such a
manner so as to allow livestock free access to one end of the
impoundment. Fencing will be constructed in a manner that will allow

passage by medium and large mammals.

The remainder of the watershed area gutside of the fenced

enhancement area will be revegetated with the standard seed mix as was

approved in the MRP.



MONITORING PLAN

Peabody Coal Company will sionitor one and possibly all three of the
permanent impoundments proposed in this submittal. Parameters to be
monitored include rainfall amounts and intensities, runoff, seepage and
sediment yields. Rainfall will be monitored using tipping bucket rain
gages. Seepage will be estimated through the use of shallow
piezometers. Runoff will be estimated from pond depth changes and flow
measurements. Sediment yield will be determined from buried stakes
and/or discharge measurement structures in combination with sediment

samplers.

SUMMARY

Each of the seven criteria for approval contained in SMCRA Section
515(b)}(83) have been addressed in Peabody Coal Company's April 29, 1982,
Response to Special Stipulations 20 and 21, Permit AZ-0001. The
criteria pertaining to impoundment size, stability, water persistence
and access safety are addressed in the Response to Special Stipulations
20 and 21, the WWL study report, which was submitted as an attachment to
Response to Special Stipulations 20 and 21, and in the engineering
designizection of this report. The criteria pertaining to water quality
and water persistence are addressed in the Response to Special
Stipulations 20 and 21, the WWL study report and in the following

attachment which was presented to members of 0SM's technical staff at

a ilovewmber 16, 1982, meeting in Flaystaff.



PCC X3NITORING DATA

During 1981 and 1932 thirty-cne pond water quality analyses
were performed

ihe recomrended 1imits of the following chemical parameters in
Tivestock drinking water are as follows:

Parameter Concentration (mg/1)
TDS 3,000
Na 2,000
Ca 1,000
"g 500
€1 1,500
SO4 500 - 1,000
HCO3 172

The results of the pond water quality analyses indicate that a
recomrended parameter Tevel was only exceeded four times. One was
sulfate and three were bicarbcnate values (see Table 2)

It should be noted that these are 1imits below which no cetrimental
effects have been reported to cccur. The highest alkalinity was
229 and it is questionable as to whether this would render the water
unsuitable for livestock

Typical streamflow alkalinities range from 90 to 1035 mg/ 1

The pond water quality analyses substantiate the findings of the

W, W & L water quality mode]. Interestingly, the highest TDS found
was only 1292 mg/1, well telow the 3,000 mg/1 limit
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TABLE 3

Continuously. Recorded Pond #113.

4/23/8:
5/19/81
6/19/51
7/21/21
8/19/81
9/19/81
10/19/81
11/19/81
12/1¢/81
1/19/32
2 120h22
3/19/32
4/19/82
5/27/32
6/19/82
7/19/82
8/19/82
9/15/82
10/9/32

Depth of

.10
.75
.24
.98
.47
.18
.67

= = e e = N ) e e )

water



TABLE 4

POMD DATE HATER PERSISTENCE DOCUMENTED
112 3/31/81 7/27/81 11/19/81 3/10/22 dry
113 3/31/31 6/30/31 11/19/31 3/10/32 9/3/82
116 3/25/281 3/19/21 11/12/31 3/10/¢82 9/3/32
117 3/25/31 7/27/81 11/19/31 3/10/82 a/3/82
118 3/25/31 7/27/3 11/1a9/21 3/10/32 9/3/32
119 3/31/81 7/27/51 11/19/31 3/10/22 a/3/32
120 3/31/81 2/19/21 11/19/81 3/10/82 9/30/82
121 Station not

Established 7/27/81 11/20/21 3/10/82 a/3/82

122 Station not Estadblished 11/24/81 dry 9/3/82



PART I1

ENGINEERING DESIGN CALCULATIONS
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PERMANENT IMPOUNDMENTS
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ENGINEERING DESIGN CALCULATIONS

James D. Hall, P.E.



PEAK RATES OF DISCHARGE FOR SMALL WATER‘SHEDS
IMPOUNDANISIT A

TYPEIL STORM DISTRIBUTION

SLOPES - STEEP
CURVE NUMBER . 75

24 HOUR RAINFALL FROM US WB TP.40

PEAK DISCHARGE IN CUBIC FEET PER SECOND

— L .ij'rs
P — B
o e T NS — 7 T f;,_h)Qégs
" e~ oog & 8 ¢ R3e88s 8 §\7§§

DRAINAGE AREA IN ACRES

208 ae,

STANDARD DWG NO.
ES-1027
SHELT _18_oF _2]

DATE 2-15-7)

> of




( PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS

TYPE IT STORM DISTRIBUTION

IMPOUNDMEN T

PEAK DISCHARGE IN CUBIC FEET PER SECOND

SLOPES - STEEP
CURVE NUMBER - 80

24 HOUR RAINFALL FROM US WB TP 40

DRAINAGE AREA IN ACRES

STANDARD DWG. NO,
ES-1027

SHEET _19 oF _21
DAFE 2-18-7|

g5cfs




‘7?\/ e T |
|

; Aezxr  TE e

j

SO5. 6 « Zos* IEST ) e
Z§Sae>
/ﬁ@r mﬂo—ff
VL™ ABS S e Cassy 38,5 ot
CHEC F55,/x D /od- = 47,3 e FF
.e_7[£/7///—g( &7 /WZ’C{" /”-zé 770///*—1‘7/"5/&2. 5(5- ff/-’ /{’{5)
S f/&—/ = Z35 g% 2. 2-A)

= Lk =SSO e (> 2-8)

75 S 7 (./ /Z//
/féz? T TR

27 il a B2 = A E Gerer
F35G0

/0§—(7(&’V _Mﬂa//_
AT NP o050/ = D00 s
NEO Y Zx O of =[Sl e S

/;/’W/a;/ ﬁ/z”'ré por S ,fymvz/ —wen  SC. SN V4,
/S R Vf//”(’fé = JTK (R
e/ fﬁ/ ‘vf/”% = /947{ (p.34)

39



PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS
TYPE II STORM DISTRIBUTION JMPOUND MENT B
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PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS.
TYPE Il STORM DISTRIBUTION IMPOUNDMENT B

PEAK DISCHARGE IN CUBIC FEET PER SECOND
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PEAK RATES OF DISCHARGE FOR SMALL WATERSHEDS
TYPEIL STORM DISTRIBUTION /MPovRDMENT C
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