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1.0 INTRODUCTION

The Coal Mine Wash diversion channel 1s an earth-cut channel,
designed and constructed by Peabody Coal Company as a permanent realignment
of a natural channel for the purpose of facilitating mining and the con-
struction and operation of leg 25 of the Kayenta Mine overland conveyor. A

schematic of the diversion channel is shown on Figure 1-1.

This inspection report contains information specific to the Ceal
Mine Wash diversion channel. Regional site information is presented in the
"General Report, Kayenta and Black Mesa Mines, Navajo County, Arizoma, for
Peabody Coal Company”. The methods used for hydrologic and hydraulic analy-

ses are discussed 1n "Methodology for Analysis of Existing Diversions for

Peabody Coal Company.”

2.0 INSPECTION

The Coal Mine Wash diversion channel was inspected on October 7,
1985 by a Dames & Moore engineer. The primary purposes of the Inspection
were: 1) to determine the atability of the constructed channel relative to
the existing natural channels upstream and downstream of the diversion

channel, and 2) to collect data necessary for the hydraulic evaluation of

the existing channel.

The site inspection revealed short, discontinuous stretches of
channel bed that were damp or carried flows of less than 25 gpm. The major-

ity of the inspected channel length had a dry channel bed. Because of this,



the channel was classified as ephemeral, carrying short duration flows only
immediately following rainfall events. The capacity and stability of the
channel are therefore evaluated in this report for the 10-year, 6-hour storm

as required by 30 CFR 816.43,

Results of the field inspection are included in this report as
Plate A-1. In Plate A-1, regions of visible channel aggradation and degrad-
ation are delineated, and transitions between the diversion channel and
existing natural channels are specifically addressed. The locations where
channel hydraulic parameters (flowrate, slope, cross section, shape and

roughness) change significantly are also identified in Plate A-l.

3.0 SITE DESCRIPTION

3.1 LAND USE

The Coal Mine Wash diversion channel provides drainage for runoff
from the six major and minor watersheds shown on Figure 3-1, Hydrologic
Areas. The major contributing area, labeled C on Figure 3-1, consists of 88
percent Pinion/Juniper, 10 percent Sagebrush/grass, and 2 percent reclaimed
areas. The topography for the channel and its tributary watersheds is shown
on Drawing #85405 (1 inch equals 2000 feet). Coordinates of channel cross

sections are shown on Figures 3-2A and 3-2B.
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3.2 EXISTING CHANNEL DESIGN AND CROSS SECTIONS

The existing diversion cross seetion has 2:1 (horizontal to
vertical) side slopes and a channel bed that varies in width between 4 feet
(where local incision has occurred) and 29 feet with an average width of
about 10 feet. Including overbank regions, the average top width is about
50 feet. The channel bed has a low flow channel of relatively clean sand
and the remainder of the bed and side slopes have 5 to 60 percent vegetation

(see Plate A-1). Minimum available depth of the channel and overbank region

1s 7 feet,

4,0 ANALYSES

4,1 HYDROLOGY

The hydrologic analysis was completed using the U,S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package. The
program was set up to use the S5CS dimensionless unit hydrograph method.
Curve numbers derived for the tributary watersheds are shown on Figure 3-1,
and tabulated in Table 1. Peak flows for each watershed (predicted by HEC-1
for the 10-year, 6-hour storm) are also shown in Table 1. Table 2 shows the
results from HEC-1 after the hydrographs from each watershed are added to

and routed with the main channel hydrograph utilizing appropriate lag times.
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4,2 HYDRAULICS

The capacity and stability of the Coal Mine Wash diversion channel
and the natural channel immediately upstream of the diversion channel were
evaluated. Cross sections were chosen and surveyed at the approximate
midpoints between locations of major lateral inflows into the channel. With
the assumption of uniform flow in the region of these cross sections, and
from the Manning equation, critical hydraulic parameters were calculated.
Chosen parameters and calculated results are shown in Table 3. Flow rates

in Table 3 are those predicted by HEC-1 for the 10-year, 6-hour storm.

5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section highlights the locations in the existing diversion
channel where remedial work may be needed in order to approximate the
hydraulic conditions in the natural channels adjoining the diversion.
First the conditions in these natural channels will be discussed, then the
conditions in the diversion channel will be discussed. The cross—-sectional
shape of each analyzed section of natural or man-made channel is given on
Figures 3-2A and 3-2B. The hydraulic performance of each section during the
estimated peak flow from the 10-year, 6—~hour storm is shown in Table 3. All

velocities and tractive stresses discussed below pertain to this storm.

The mnatural channel upstream of the diversion channel (Station
0+00) has a bed slope of 0.8 percent, a velocity of 14.9 ft/sec, and a

tractive power of 13.1 1b/ft-sec (see Table 3),. The natural channel
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downstream of the diversion channel (Station 72+80) has a bed slope of 0.76
percent, a velocity of 15.6 ft/sec, and a tractive power of 13.4 1lb/ft-sec.
From the conditions in these two natural channels, which bound the diversion
channel, one can deduce the natural processes that tcok place In the reach
of channel replaced by the man-made diversion. Since velocitles and
tractive power in the natural channels upstream and downstream from the
diversion are roughly equal, the natural reach would be in equilibrium.
Sediment transport rates through the reach would be equal and there would be
no net erosion or deposition through the reach (OSM, 1982 “Surface Mining

Water Diversion Design Manual"” OSM/TR-82/2, Section 13).

The transition between natural and man—-made channel at the upstream
end of the diversion channel is smooth (see Plate A-1). The hydraulic
parameters affecting sediment transport (velocity and tractive power) are
closely matched across the transition (see Table 3). Velocities and
tractive powers through the reach of the channel diversion are maintained
within a close range of the incoming natural values except in the region of
Stations 11+80 and 56+20 (see Table 3). The diversion channel flow passes
through a three-barrel (each 96 inches in diameter) culvert in the reach of
Stations 5+75 to 9+40., Downstream of these culverts there is severe erosion
{see Station 11+80, Figure 3-24), which concentrates flow and raises
velocity and tractive power. This area requires riprap in the central

channel for a length of channel sufficient to reduce the velocity to the

natural 15 to 16 ft/sec.



In the region of Station 56+20, the diversion channel constricts
and makes a severe bend. In this reach velocity and tractive power are well
above the natural values. The channel banks in this regilon are protected
from erosion by concrete fabriform. In the reach immediately downstream
from this bend there is substantial erosion (see Station 60+80, Figure
3-2B). At the transition with the natural channel downstream of the
diversion channel (see Station 60480, Table 3), the natural bed slope has
been re-established, but because of the aforementioned erosion, flow is con-
centrated in a narrow channel and velocity is higher than the natural value.
Riprap is once again required at the outlet to the Station 56+20 constric-

tion, for a distance sufficient to reduce the velocity to the natural 15 to

16 ft/sec.

Beyond the two regions of excessive erosion where riprap is
required, no substantial remedial action is necessary to make the diversion
channel similar hydraulically to the replaced natural channel, Field

inspection and hydraulic modeling at high flow show the channel diversion to

be stable, except in the two eroding regions.
The Coal Mine Wash diversion channel has sufficient capacity to

carry the runoff from 10-year, 6-hour storm. Computed depths of flow for

all cross sections were within the outer limits of the overbank region.

Plate A-1 is attached and completes this report.
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1.0 INTRODUCTION

The J16 diversion channel is an earth-cut channel, designed and
constructed in 1982 by Peabody Coal Company as a permanent realigmment of a
natural channel for the purpose of facilitating mining and the regrading of

spoil. A schematic of the diversion chaunnel is shown on Figure 1-1.

This ingpection report contains information specific to the JI16
diversion channel. Regional site Information is presented in the "General
Report, Kayenta and Black Mesa Mines, Navajo County, Arizona, for Peabody
Coal Company”. The methods used for hydrologic and hydraulic analyses are

discussed in "Methodology for Analysis of Existing Diversions for Peabody

Coal Company”.

2.0 INSPECTION

The J16 diversion channel was inspected on October 6, 1985 by a
Dames & Moore engineer. The primary purposes of the inspection were: 1)} to
determine the stability of the constructed channel relative to the existing
natural channels upatream and downstream of the diversion channel, and 2) to

collect data necessary for the hydrauliec evaluation of the existing channel.

The sgite inspection revealed short, discontinuous stretches of
channel bed that were damp or carried flows of less than 20 gpm. The
majority of the inspected channel length had a dry channel bed. Because of
this, the channel was classified as ephemeral, carrying short duration flows

only immediately following rainfall events. The capacity and stability of



the channel are therefore evaluated 1in this report for the 10-year, 6-hour

storm as required by 30 CFR 816.43.

Results of the field inspection are included in this report as
Plate A-1, In Plate A-1, regions of visible channel aggradation and degra-
dation are delineated, and transitions hetween the diversion channel and
existing natural channels are specifically addressed. The locations where
channel hydrauliec parameters (flowrate, slope, cross section, shape and

roughness) change significantly are also identified in Plate A-1.

3.0 SITE DESCRIPTION

3.1 LAND USE

The J16 diversion channel provides drainage for runoff from the
nine major and minor watersheds shown on Figure 3-1, Hydrologic Areas. The
major contributing area, labeled A on Figure 3-1, consists of 60 percent
Pinion/Juniper, 27 percent Sagebrush/grass, 10 percent roads and mine areas
and 3 percent reclaimed areas. The topography of the channel and its
tributary watersheds is shown on Drawing #85405 (1 inch equals 2000 feet).

Coordinates for channel cross sections are given on Figures 3-2A and 3-2B.

3.2 EXISTING CHANNEL DESIGN AND CROSS SECTIONS

The existing diversion cross section has 3:1 (horizontal to ver-
tical) side slopes and a channel bed that varies in width between 12 and 24

feet with an average width of about 15 feet. The channel bed has a low flow
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channel of relatively clean sand and the remainder of the bed and side
slopes have 10 to 25 percent vegetation. Minimum depth of the channel

is 14 feet.

4,0 ANALYSES

4.1 HYDROLOGY

The hydrologic analysis was completed using the U.S$. Army Corpb of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.. The
program WwWas Set up to use the SCS dimensionless unit hydrograph method.
Curve numbers derived for the tributary watersheds are shown on Figure 3-1,
and tabulated in Table l. Peak flows for each watershed (predicted by HEC-1
for the I0-year, 6-hour storm) are also shown in Table 1. Table 2 shows the
results from HEC-1 after the hydrographs from each watershed are added to

and routed with the main chamnnel hydrograph utilizing appropriate lag times.

4.2 HYDRAULICS

The capacity and stability of the J16 diversion channel and the
natural channel immediately upstream of the diversion channel were evalu-
ated. Cross sections were chosen and surveyed at the approximate midpoints
between locations of major lateral inflows into the channel. With the
assumption of uniform flow in the region of these cross sections, and from
the Manning equation, critical hydraulic parameters were calculated, Chosen
parameters and calculated results are shown in Table 3. Flowrates in Table

3 are those predicted by HEC~! for the 10-year, 6-hour storm.
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5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section highlights the locations inm the existing diversion
channel where remedial work may be needed 1n order to approximate the
hydraulic conditions in the natural chaonels adjoining the diversion.
First the conditions In these natural channels will be discussed, then the
conditions 1n the diversion channel will be discussed. The cross—sectional
shape of each analyzed section of natural or man-made channel is given on
Figure 3-2A or 3-2B. The hydraulic performance of each section during the
estimated peak flow from the 10-year, 6-hour storm is shown in Table 3. All

velocities and stresses discussed below pertain to this storm.

The natural channel upstream of the diversion channel (Station
0+H00) has a bed slope of 1.62 percent, a velocity of 11.8 ft/sec, and a
tractive power of 12.5 1b/ft-sec. The outlet of the diversion channel
empties into a sedimentation pond straddling the natural channel. Two
thousand feet downstream of the MSHA sedimentation pond J16A, the natural
channel has a 0.6 percent slope. The diversion channel and sadimentation
pond, therefore, occupy a reach of channel where, under natural conditions,

a flattening of slope would lead to deposition along the length of reach.

The transition between natural and man-made cross section at
Station 5400 is smooth, without significant erosion or deposition (see Plate
A-1). The hydraulic parameters (velocity and tractive power) affecting
sediment transport are closely matched across this transition {see Table 3).
Velocity and tractive power remain relatively constant through this reach of

the channel diversion, until the channel flattens and widens as the channel



discharges into the sedimentation pond, In this reach, velocity and tractive
power drop rapidly and deposition occurs. At Station 39+00C, the diversion
channel flow passes through a 138-inch—diameter culvert beneath a light-duty
vehicle, local access road, This culvert would flow approximately half full

during the 10-year, 6-hour storm,

Severe eroslon occurs along the diversion channel bank at Station
36+65 where a culvert discharges into the channel from an eroded, unlined
channel. This area requires riprap to protect the channel bank. The down-—
stream MSHA sedimentation pond J16A quite clearly alters the natural passage
of sediment through the reach. This will lead to increased erosion below
the pond outfall until the clear water discharged over the dam picks up
enough sediment to reestablish an equilibrium sediment transport rate in the
relatively uniform downstream natural channel, No remedial action 1is

necessary here, as this effect is expected due to the regulatory purpose of

the pond.

The diversion channel transition with the natural upstream channel
is smooth, and the diversion channel itself lacks evidence of severe erosion
or deposition (by physical iaspection, or by mathematical modeling of per-
formance under high flow), with the exceptions discussed in the preceding
paragraph., Therefore, no substantial remedial action 1s necessary to make
the diversion channel similar hydraulically to the replaced natural channel.
Areas of 1local stream bed incision should be monitored for excessive
erosion, and the culvert at Station 39400 should be maintained (cleaned out
when necessary) to prevent excessive upstream siltation. Riprap should be

placed at the downstream end of this culvert to prevent erosion,



The J16 diversion channel has sufficient capacity to carry the
runoff from the 10-year, 6-hour storm. Computed depths of flow for all

cross sectilons were well within the outer limits of the chanmnel.,

Plate A-1 is attached and completes this report.
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1.0 INTRODUCTION

The N7/8 diversion channel is an earth-cut channel, designed and
constructed by Peabody Coal Company as a permanent realignment of a natural
channel for the purpose of facilitating mining and the regrading of spoil.

A schematic of the diversion channel is shown on Figure 1-1,

This inspection report containsg information specific to the N7/8
diversion channel., Regional site information is presented in the "General
Report, Kayenta and Black Mesa Mines, Navajo County, Arizona, for Peabody
Coal Company”. The methods used for hydrologic and hydraulic analyses are

discussed in "Methodology for Analysis of Existing Diversions for Peabody

Coal Company".

2.0 INSPECTION

The N7/8 diversion channel was inspected on October 8, 1985 by a
Dames & Moore engineer. The primary purposes of the inspection were: 1) to
determine the stabllity of the constructed channel relative to the existing
natural channels upstream and downstream of the diversion chanmnel, and 2) to

collect data necessary for the hydraulic evaluation of the existing channel.

The site inspection revealed that the entire inspected channel
length had a dry channel bed. Because of this, the channel was classified
as ephemeral, carrying short duration flows only immediately following
rainfall events, The capacity and stability of the channel are therefore

evaluated in this report for the 10-year, 6-hour storm as required by

30 CFR 816.43.



Results of the field inspection are included in this report as
Plate A-1. 1In Plate A-1, regions of visible channel aggradation and degrad-
ation are delineated, and transitions between the diversion channel and
existing natural channels are specifically addressed. The locations where
channel hydraulic parameters (flowrate, slope, cross section, shape and

roughness) change significantly are also identified in Plate A-l.

3.0 SITE DESCRIPTION

3.1 LAND USE

The N7/8 diversion channel provides drainage for runoff from the
eleven major and minor watersheds shown on Figure 3-1, Hydrologic Areas.
The major contributing areas are labeled A and H on Figure 3-1. Area A
consists of 96 percent Pinion/Juniper and 4 percent Sagebrush/grass; area H
consists of 95 percent Pinion/Juniper and 5 percent Sagebrush/grass. The
topography of the channel and its tributary watersheds is shown on Drawing
#85405 (1 inch equals 2000 feet). Coordinates for channel cross sections

are given on Figures 3-2A and 3-2B.

3.2 EXISTING CHANNEL DESIGN AND CROSS SECTIONS

The existing diversion c¢ross section has side slopes varying
between l:1 and 3:1 (horizontal to vertical) and a channel bed that varies
in width between 12 and 38 feet with an average width of about 15 feet.
Widths 1including overbanks exceed 50 feet. The channel bed has a low flow

channel of relatively clean sand and the remainder of the bed and side
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slopes generally have 10 to 40 percent vegetation. Minimum depth of the

channel is 7 feet in the reach above the junction with Yellow Water Canyon,

and 10 feet below the junction.

4,0 ANALYSES

4,1 HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package. The
program was set up to use the S5CS dimensionless unit hydrograph method.
Curve numbers derived for the tributary watersheds are shown on Figure 3-1,
and tabulated in Table 1. Peak flows for each watershed (predicted by HEC-1
for the 10-year, 6~hour storm) are also shown in Table 1. Table 2 shows the
results from HEC-1 after the hydrographs from each watershed are added to

and routed with the main channel hydrograph utilizing appropriate lag times.

4,2 HYDRAULICS

The capacity and stability of the N7/8 diversion channel and the
natural channel immediately upstream of the diversion channel were
evaluated. Cross sections were chosen and surveyed at the approximate
midpoints between locations of major lateral inflows into the channel. With
the assumption of uniform flow in the region of these cross sections, and
from the Manning equation, critical hydraullc parameters were calculated.
Chosen parameters and calculated results are shown in Table 3. Flowrates in

Table 3 are those predicted by HEC-1 for the l0-year, 6—hour storm,
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5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section highlights the locations in the existing diversion
channel where remedial work may be needed in order to approximate the
hydraulic conditions In the natural channels adjoining the diversion.
First, the conditions in these natural channels will bhe discussed, then the
conditions in the diversion channel will be discussed. The cross—-sectional
shape of each analyzed section of natural or man—-made channel is given on
Figures 3-2A and 3-2B. The hydraulic performance of each section during the
estimated peak flow from the 10Q-year, 6~hour storm is shown in Table 3. All

veloclties and stresses discussed below pertain to this storm.

The natural channel upstream of the diversion channel (Station
0+00) has a bed slope of 1.3 percent, a velocity of 15,7 ft/sec, and a
tractive power of 35.0 1lb/ft-sec. Yellow Water Canyon, a natural channel
which joins the diversion channel at Station 83+00, has a bed slope of 0.6%,
a velocity of 12.6 ft/see, and a tractive power of 6.7 lb/ft-sec. In the
reglon of Station 99480, the diversion channel passes through a natural rock
cut which greatly increases the velocity to 31.9 ft/sec and the tractive
power to 177.6 1lb/ft-sec. Immediately downstream of this severe constrict-—
ion the channel drops vertically 9 feet in a 40-foot reach. This stretch of
channel is natural. The natural channel downstream of the diversion channel
putlet has a bed slope of 0.7 percent, a velocity of 18.6 ft/sec, and a
tractive power of 28.9 1lb/ft-sec. From the above natural channels, which
bound the diversion channel, one can hypothesize the natural processes that
took place in the reach of channel replaced by the man-made diversion.

Deposition occurred in the region near the junction with Yellow Water Canyon



due to the drop in slope and channel velocity. Similar deposition would
occur upstream of the Station 99480 constriction due to ponding. Downstream
of this constriction, erosion similar to that currently seen would happen.
Following this erosion, the channel would regain stability as a constant

sediment transport rate 1s achieved in the relatively uniform downstream

channel reach.

The diversion channel matches, with local exceptions, the natural
processes discussed above. Each of the transitions with natural cross
sections are smooth and without significant erosion or deposition (see Plate
A~-1). The hydraulic parameters (velocity, tractive power) affecting
sediment transport are closely matched between natural cross sections and
the adjoining diversion channel cross sections, except at the upstream end
of the channel (Station 5+00) where a local drop in slope produces incision
of the low flow channel and deposition i1in the overbank regions. These
changes are reflected in the sudden drop in tractive power from natural to
man-made channel. The diversion channel flow passes through a five-barrel
(each 96 inches in diameter) culvert at Station 88400, For the 10-year
flowrate, this would result in ponding 15 feet deep upstream of the
culverts. This ponding would produce unnatural deposition upstream of the
culverts. Other local erosion and deposition within the diversion channel
(shown 1in Plate A-1), are held within bounds by the smooth transitions to

natural conditions at the diversion channel extremes.



Severe erosion occurs near Stations 20400 (where a culvert dis-
charges into the channel) and 90+00 (after the channel passes through the
culverts discussed above). These areas require riprap to protect channel

and road embankments.

The diversion channel transitions with the natural channels are
smooth, and the diversion channel itself lacks evidence (determined by
physical inspection or mathematical modeling) of severe erosion or deposi-
tion, with the exceptions discussed in the preceding paragraph. Therefore,
no substantlal remedial action 1s necessary to make the diversion channel
behave hydraulically like the replaced natural channel. Areas of local
streambed incision should be monitored for excessive erosion, and the
culverts at Station 88+00 should be maintained (cleaned out when necessary)

to prevent excessive upstream siltation.
The N7/8 diversion channel has sufficient capacity to carry the

runoff from the LO-year, 6-hour storm. Computed depths of flow for all

cross sections were well within the cuter limits of the overbank region.

Plate A-1 is attached and completes this report.
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1.0 INTRODUCTION

The Nl4 diversion channel is an earth-cut channel, designed and
constructed by Peabody Coal Company as a permanent realignment of a natural
channel for the purpose of facilitating mining and the regrading of spoil.

A schematic of the diversion channel is shown on Figure 1-1,

This inspection report contains 1information specific to the NI4
diversion channel. Regional site information is presented in the "General
Report, Kayenta and Black Mesa Mines, Navajo County, Arizona, for Peabody
Coal Company". The methods used for hydrologic and hydraulic analyses are

discussed in "Methodolegy for Analysis of Existing Diversions for Peabody

Coal Company".

2.0 TINSPECTION

The N1l4 diversion channel was inspected on October 6 and 7, 1985 by
a Dames & Moore engilneer, The primary purposes of the inspection were:
1) to determine the stability of the constructed channel relative to cthe
existing natural channels upstream and downstream of the diversion channel,

and 2) to collect data necessary for the hydraulic evaluation of the

existing channel.

The site inspection revealed a short stretch of channel bed that
was damp. The remainder of the inspected channel length had a dry channel
bed. Because of this, the channel was classified as ephemeral, carrying

short duration flows only immediately following rainfall events. The



capacity and stability of the channel are therefore evaluated in this report

for the 10-year, 6-hour storm as required by 30 CFR 816.43.

Results of the field inspection are included in this report as
Plate A-1l. In Plate A-1, regions of visible channel aggradation and
degradation are delineated, and transitions between the diversion channel
and existing natural channels are specifically addressed. The locations
where channel hydraulic parameters (flowrate, slope, cross section, shape

and roughness) change significantly are also identified in Plate A-Il.

3.0 SITE DESCRIPTION

3.1 LAND USE

The N14 diversion channel provides drainage for runoff from the
thirteen major and minor watersheds shown on Figure 3-1, Hydrologic Areas.
The major contributing areas, labeled A, H, and J on Figure 3-1, have
varying land uses. Area A consists of 97 percent Pinion/Juniper and
3 percent disturbed; Area H is entirely Pinion/Juniper; and Area J {cur-
rently a mine area) will be 100 percent reclaimed before it is reshaped to
drain into the diversion channel. The topography of the channel and its
tributary watersheds 1s shown on Drawing #85405 (! inch equals 2000 feet).

Coordinates of channel cross sections are shown on Figures 3-2A and 3-2B.
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3.2 EXISTING CHANNEL DESIGN AND CROSS SECTIONS

The existing diversion cross section has side slopes varying
between 1.5:1 and 3:1 (horizontal to vertical) and a chamnel bed that varies
in width between 6 and 18 feet with an average width of about 10 feet. The
channel bed has a low flow channel of relatively clean sand and the remain-
der of the bed and side slopes have 0 to 20 percent vegetation. Minimum
depth of the channel is 3 feet at Station 19480 (Figure 3-24), but when
grading is complete, proposed channel maximum depth will exceed 5 feet at

this location. Elsewhere, current minimum channel depth generally exceeds

5 feet.,

4.0 ANALYSES

4.1 HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package. The
program was set up to use the SCS dimensionless unit hydrograph method.
Curve numbers derived for the tributary watersheds are shown on Figure 3-1,
and tabulated in Table 1. Peak flows for each watershed (predicted by HEC-1
for the l0-year, 6=hour storm) are also shown in Table 1. Table 2 shows the
results from HEC-] after the hydrographs from each watershed are added to

and routed with the main channel hydrograph utilizing appropriate lag times.
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4,2 HBYDRAULICS

The capacity and stability of the N14 diversion channel and the
natural channel immediately upstream of the diversion channel were eval-
uated. Cross sections were chosen and surveyed at the approximate mnid-
points between locations of major lateral inflows into the channel. With
the assumption of uniform flow in the reglon of these cross sections, and
from the Manning equation, critical hydraulic parameters were calculated.
Chosen parameters and calculated results are shown in Table 3. Flow rates

in Table 3 are those predicted by HEC-1 for the 10-year, 6-~hour storm.

5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section highlights the locations in the existing diversion
channel where remedial work may be needed in order to approximate the
hydraulic conditions in the natural channels adjoining the diversion.
First the conditions in these natural channels will be discussed, then the
conditions in the diversion channel will be discussed. The cross sectional
shape of each analyzed section of natural or man-made channel is given on
Figure 3-2A or 3-2B. The hydraulic performance of each section during the
estimated peak flow from the l0-year, 6-hour storm is shown in Table 3. All

velocities and stresses discussed below pertain to this storm.

The natural channel upstream of the diversion channel (Station

0+00) has a bed slope of 2.65 percent, a velocity of 12,1 ft/seec, and a
tractive power of 18.8 1b/ft-sec. In the vicinity of Station 36+00, the

diversion channel joins with another natural channel which has a bed slope
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of 1.92 percent, a velocity of 11.9 ft/sec, and a tractive force of
16 1b/ft-sec. The replaced natural channel below this junction originally
continued 4000 feet and discharged as a major side inflow into Moenkopi
Wash. As flow entered the relatively flat slope and broad cross section of
Moenkopi Wash, flow velocity was reduced, leading to deposition of the N14

region sediment in Moenkopl Wash.

The transition between the natural and man-made channels at the
upstream end of the diversion channel is not smooth (see Plate A-1). The
bed slope abruptly flattens from 2.17 percent to less than 0.5 percent, with
an equivalent abrupt drop in velocity and tractive power (see Stations 0400
and 5+00 in Table 3). There is deposition in this upper reach of the
diversion channel. In the region of Station 30400, the diversion channel
bed slope 1s increased steadily up to 10 percent so that the diversion
channel can join with the natural channel bed at Station 40+00. In this
reach the low flow channel has eroded down to bedrock. The steep slope
immediately before the junction with the natural channel has been covered
with riprap which in turn has been covered with silt during normal Ilow
flows, It can be expected that this riprap will be uncovered during high
flows, such as runoff from the 10-year, 6-hour storm. From the junction
with the natural channel to the end of the diversion channel, the bed slope
1s 2.7 percent, the velocity is 14.7 to 17.3 ft/sec, and the tractive power
is 38 to 57 1b/ft-seec. All these figures are substantially increased over
the corresponding figures in the upstream natural channel. The low flow
channel in this region is actively eroding (see Plate A-1, Station 42+10).

The channel diversion discharges into a sedimentation pond.



The N14 diversion will require earthwork if the channel diversion
is required to be similar hydraulically to the natural channel it replaces.
The upper channel slope is too flat, the lower channel slope is too steep,
and the current channel cross sections {(worsened by erosion) concentrate
flow and overly accelerate channel velocities. The effect of the unnatural
condition of this diversion channel on the natural condition in the down-
stream Moenkopi Wash 1s currently negligible because the diversion channel
discharges into a MSHA sedimentation pond (N14-D). Any additional sediments
eroded from the overly steep lower portions of the diversion channel are
trapped in the pond. It is recommended that any substantial remedial action
concerning this diversion be postponed until the ultimate fate of the
temporary MSHA sediment pond is determined. A substantial channel redesign

may be required at the end of the life of the pond.

The N1l4 diversion channel has sufficient capacity to handle the
10-year, 6-hour storm, although in the region of Station 19+80 there is only
0.5 foot freeboard. This situation will be corrected. In all other

regions, the computed depths of flow were well within the outer limits of

the overbank region.

Plate A-]1 is attached and completes this report.
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1.0 INTRODUCTION

The N14=S diversion channel 1is an earth-cut channel, designed and
constructed by Peabody Coal Company as a permanent realigmment of a natural
channel for the purpose of facilitating mining and construction of leg 21 of

the conveyor extension. A schematic of the diversiom channel is shown on

Figure 1-1.

This inspection report contains information specific to the N14-§
diversion channel. Regional site information is presented in the "General
Report, Kayenta and Black Mesa Mines, Navajo County, Arizona, for Peabody
Coal Company”. The methods used for hydrologic and hydraulic analyses are

discussed in "Methodology for Analysis of Existing Diversions for Peabody

Coal Company”.

2.0 TNSPECTION

The N14-S diversion channel was inspected on October 6, 1985 by a
Dames & Moore engineer. The primary purposes of the inspection were: 1) to
determine the stability of the constructed channel relative to the existing
natural channels upstream and downstream of the diversion channel, and 2) to

collect data necessary for the hydraulic evaluation of the existing channel.

The site inspection revealed that the entire Iinspected channel
length had a dry channel bed. Because of this, the channel was classified
as ephemeral, carrying short duration flows only Immediately following

rainfall events. The capacity and stability of the channel are therefore



evaluated in this report for the 10-year, 6-hour storm as required by

30 CFR 816.43,

Results of the field inspection are included in this report as
Plate A-1. In Plate A-l, regions of visible channel aggradation and degrad-
ation are delineated, and transitions between the diverslon channel and
existing natural channels are specifically addressed. The locations where
channel hydraulic parameters (flowrate, slope, cross section, shape and

roughness) change significantly are also identified in Plate A-1.

3.0 SITE DESCRIPTION

3.1 LAND USE

The N14-S diversion channel provides drainage for runoff from the
two minor watersheds shown on Figure 3-1, Hydrologic Areas. The largest
contributing area, labeled A on Figure 3-1, consists of 36 percent Pinion/
Juniper, and 64 percent Sagebrush/grass. The topography of the channel and
its tributary watersheds is shown on Drawing #85405 (1 inch equals 2000

feet). Coordinates for channel cross sections are given on Figure 3-2,

3.2 EXISTING CHANNEL DESIGN AND CROSS SECTIONS

The existing diversion cross section has side slopes varying from
1:1 to 3:1 (horizontal to vertical) and a channel bed that varies in width
betwezen 4 and 6 feet with an average width of about 5 feet. The channel bed

has a low flow channel of relatively clean sand and the remainder of the bed
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and side slopes generally have 10 to 20 percent vegetation. Minimum depth

of the channel is 0.5 feet, at the downstream end, where the channel

discharges into Moenkopl Wash.

4,0 ANALYSES

4.1 HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generallized computer program HEC-1, Flood Hydrograph Package. The
program was set up to use the SCS dimensionless unit hydrograph method.
Curve numbers derived for the tributary watersheds are shown on Figure 3-1,
and tabulated in Table 1. Peak flows for each watershed (predicted by HEC-1
for the 10-year, 6-—hour storm) are also shown in Table l. Table 2 shows the
results from HEC-1 after the hydrographs from each watershed are added to

and routed with the main channel hydrograph utilizing appropriate lag times.

4.2 HYDRAULICS

The capacity and stability of the N14-5 diversion channel and the
natural channel immediately upstream of the diversion channel were evalu-
ated. Cross sections were chosen and surveyed at the approximate midpoints
between locations of lateral inflows into the channel. With the assumption
of uniform flow in the region of these cross sections, and from the Manning
equation, critical hydraulic parameters were calculated. Chosen parameters
and calculated results are shown in Table 3. Flowrates in Table 3 are those

predicted by HEC-1 for the 10-year, 6-hour storm.
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5.0 SUMMARY OF RESULTS AND RECOMMENDATIONS

This section highlights the locations 1n the existing diversion
channel where remedial work may be needed in order to approximate the
hydrauliec conditions 1in the natural channels adjoining the diversion.
First the conditions in these natural channels will be discussed, then the
conditions in the diversion channel will be discussed. The cross—-sectional
shape of each analyzed section of natural or man-made chaunnel 1s given on
Figure 3-2. The hydraulic performance of each section during the estimated
peak flow from the 10-year, 6~hour storm is shown in Table 3. All

velocities and stresses discussed below pertain to this storm.

The natural channel upstream of the diversion 1is essentially a
steep natural draw rather than a channel. The natural velocity in the draw
is 10.1 ft/sec and the natural tractive power iIs 18.0 1b/ft-sec. The
channel diversion occupies the remalinder of this natural draw and empties as
a minor side inflow (23 cfs for the 10-year, 6-hour storm) into the substan-—
tially larger Moenkopl Wash., The natural condition 1Is therefore erosion in
the steep upper reaches of the natural draw and deposition as the draw

empties into the much flatter slope of the wash.

The diversion channel 1s short in length (560 feet) and changes
from a triangular shaped narrow upstream cross section to a trapezoldal,
broad cross section downstream (see Figure 3-2). Velocity and tractive
power are steadily reduced as the cross section expands (see Table 3), and

deposition will occur along the full reach of the diversion channel.



No substantial remedial action is required to make the diversion
channel behave hydraulically like the replaced natural draw during the
10-year, 6-hour storm. Field inspection (see Plate A-1) and hydraulic
modeling at high flow ghow the channel diversion will provide sediment depo-

sition In the downstream natural wash. This deposition is the natural

condition.

The N14-8 diversion channel has sufficient capacity to carry the
runoff from the 10-year, 6-hour storm. Computed depths of flow for all
crogs sections were well within the outer limits of the overbank region,

except in the extreme lower end of the channel where freeboard drops to less

than half a foot,

Plate A-]1 is attached and completes this report.
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