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Introduction

Peabody Western Coal Company (PWCC) submitted a significant permit revision (Life of Mine Plan
Revision) proposing to extend coal mining through 2044 at the Kayenta Complex. After cessation of
mining, the mine site will be reclaimed, with final bond release projected in 2057. During this period,
PWCC will pump groundwater from the N and D aquifers to support mining and reclamation activities.
The great majority of the groundwater will be derived from the N aquifer.

Groundwater has been used at the Black Mesa and Kayenta Complexes since 1968 to support mining
and reclamation activities, as well as to transport pulverized coal through a coal slurry pipeline at the
former Black Mesa mine. At the end of 2005, use of the slurry pipeline ceased, operations at the Black
Mesa Complex were suspended, and the rate of groundwater pumping decreased considerably. During
this period, the Hopi and Navajo communities have also pumped water from the N aquifer, and to a
lesser extent, from the D aquifer.

In order to evaluate the effects of pumping by PWCC, it is necessary to take into account all past
pumping, as well as future pumping by PWCC and the tribal communities. This evaluation was achieved
using a numerical model of the groundwater system developed by Tetra Tech (Tetra Tech, 2014, in
preparation). Because of infarmation collected throughout the N aquifer on the response of the
groundwater system to the past pumping, this groundwater model is well-suited to predicting future
effects.

This report presents the predicted effects of pumping by PWCC and the communities through 2057, and
separates out the effects caused by PWCC.

Simulation Approach

The groundwater model is a non-linear model. For example, drawdown in a model cell that is
unconfined will reduce the saturated thickness in the cell, and therefore its transmissivity. In addition, if
a model cell becomes unsaturated, it is made inactive, at least temporarily. Further, if drawdown in a
model cell limits the pumping in that cell or prevents discharge from a spring or into a stream, the
effects of the pumping will not be strictly additive. Therefore, predicting the effect of pumping from a
well should not be done simply by pumping just that well, unless it is known beforehand that the effect
of the pumping will not produce a non-linear effect. The correct way to determine the effects of
pumping at the PWCC wellfield is to perform two separate simulations: (1) a simulation with all pumping
occurring, and (2) a second simulation with pumping at the PWCC wellfield removed. The effects of
pumping at the wellfield will then be determined by calculating the differences between the two set of

results.

This procedure was followed for these PHC calculations. Two simulations were performed.
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1. Community and PWCC — In this simulation, the pumping dataset included pumping rates for the =
communities, the windmills, and the PWCC wellfield, for stress periods representing 1956
through 2057.
2. Community Only — For this simulation, the wells at the PWCC wellfield were treated as if they
were never drilled. This removes the effects of PWCC’'s pumping, as well as the inter-wellbore
flow. The community and windmill pumping was the same as in the “Community and PWCC”

simulation.

From these two simulations, the effects of PWCC’s wellfield (Peabody-Only results) can be isolated by
evaluating the differences between these two simulations. Pumping at the PWCC wellfield began in
1968; as a result; the two simulations are identical from 1956 through 1267.

Estimated Future Pumping

Peabody Western Coal Company
The model was run, with the following pumping rates projected for the mine wellfield:

Actual pumping rates through 2012;

1,500 acre feet per year (af/y) for 2013 through 2044, during mining;

500 af/y for 2045 through 2047 during final reclamation; and

100 af/y for 2048 through 2057 to support final reclamation and bond release. =t

o0 oo

The percent distribution of pumping among the wells in the wellfield is based on the predicted
distribution of pumping among the PWCC wells, which assumes that the present configuration of wells
remains the same through 2057, as listed below according to each well site:

NAV2 36%
NAV3 1%
NAV4 3%
NAV5 10%
NAV6 25%
NAV7 3%
NAVS 21%
NAVS 1%

Tribal Communities

The future pumping from wells supplying the Hopi and Navajo communities was estimated based on
future population estimates rates provided by the Tribes. The Navajo Nation Department of Water
Resources provided data based on a population estimate for 2010 and projected population growth
assuming a growth rate of 2.48 percent. These estimates were reported to be the same as used in the
Mid-Demand estimate in the Assessment of Western Navajo and Hopi Water Needs, Alternatives, and
Impacts performed by HDR in 2003. The population estimate for the Hopi was derived from a table in
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Appendix 1 of The Hopi Tribe's Second Amended Statement of Claimant in Civil No. 6417, Superior Court
of the State of Arizona In and For the County of Apache, titled “The General Adjudication of All Rights to
Use Water in the Little Colorado River System and Source.” This table provided average annual
population growth rates by area or community that ranged from 1.0% to 5.1% (in Teweom Village near
Oraibi), with an average annual growth rate of approximately 1.90%.

The annual pumping based on the population estimates was calculated by multiplying the population by
a per capita water use rate of 100 gallons per capita per day (gpcd). Both the Navajo Nation and Hopi
Tribe estimates of future water use assume a rate of 160 gpcd, but this usage rate would require
development of considerable infrastructure and changes in land use to be achieved. The 2010 average
usage was in the range of 50 to 75 gpcd. Thus a rate is 100 gpcd is a more reasonable estimate over the
timeframe of the prediction.

The population-based pumping is based on pumping centers, not individual wells. Therefore, it was
necessary to apply this annual pumping over the wells associated with a pumping center, based on
recent pumping information if available, or on equal distribution among the production wellsin a
pumping center. Both Tribes are planning on population growth in areas not currently supplied with
water from production wells. Locations were selected in these areas, and were assumed to be
completed in all formations of the N aquifer present at those locations.

For these predictive simulations, the community pumping is simulated through 2012 based on either
estimates (for the period prior to collection of community pumping data) or reported annual pumping
rates. For 2013 and later, the pumping is based on the projected populations, as described above.
Attachment | provides the estimated future pumping rates by well. The locations of these wells are
shown on Figure 1.

In addition to the pumping at the communities, the model includes pumping from numerous windmills.
The rates of pumping from these low-rate wells were maintained constant through the entire simulation
at 0.23 af/y each.

Results

As discussed above, simulation results are available for two simulations: (1) Community and PWCC and
(2) Community Only. The differences between these simulations will be termed “PWCC Only”; this term
does not apply to a third simulation, but to calculated differences between the two real simulations.

Results are presented in several forms. Water levels calculated by the model are presented in maps for
specific times for model layer 5 (representing the Navajo sandstone throughout most of the model and
the Kayenta formation and Wingate sandstone in the southern part of the model where the Navajo
sandstone and then the Kayenta formation thin to zero thickness (i.e., pinch out)). In addition, a map
with embedded hydrographs (termed a “hydrographic map” in this report) provides simulated water
levels for selected wells that are completed in the N aquifer for the entire period of the model.
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Maps of simulated drawdown are also presented for the period between 1956 and selected times, for =y

layer 5. Times of particular interest are:

1. the end of 2005 (when pumping from the PWCC wellfield was significantly reduced);
2. the end of 2044 (the end of mining considered by the Life of Mine Plan Revision); and
3. the end of 2057 (the end of pumping to support reclamation and bond release activities).

Drawdown maps are provided for Community-and-PWCC, and PWCC-Only results. The Community-Only
simulation was performed solely to allow for proper consideration of the non-linear model, and is not
presented since the purpose of the PHC is to evaluate the effects of mining, not other human activities

in the area.

Water Levels

Figure 2a through 2d provides the simulated water levels for layer 5 (representing the N aquifer) at
different times. These results are for the Community-and-PWCC simulation. Figure 2a shows simulated
water levels representing the period before there was significant pumping from the aquifer, or at the
beginning of 1956 as designated in the model. As would be expected, there are no indications of
drawdown occurring at the communities or at the PWCC leasehold. In the N aquifer, the highest water
levels are on the Shonto Plateau. Water levels are also high in the southeastern part of the model,
where the N aquifer is comprised of the Kayenta formation and Wingate sandstone and where the more
permeable Navajo sandstone is not present. There is a groundwater divide approximately ten miles
northeast of Forest Lake. To the northeast, water flows toward Chinle Wash. Flow splits at the divide, o
flowing northeast toward Chinle Wash and southwestward from this divide toward surface discharge
points along Moenkopi, Dinnebito, Oraibi, and Polacca Washes. Discharge of groundwater into
Moenkopi Wash has a considerable effect on water levels and directions of flow. In the D aquifer, water
levels are highest in the southeast (not shown). A groundwater divide is also present in the D aquifer,
extending north-northwest toward Tsegi.

Peabody began pumping from the N and D aquifers in 1968, and was pumping at approximately 4,400
af/y until the end of 2005, when transport of coal through the coal slurry pipeline ended. Beginning in
2006, the rate of pumping from the PWCC decreased markedly, to approximately 1,225 af/y over the
period 2006 through 2010 (Macy and others, 2012). Water levels in the vicinity of the leasehold began
to recover after this reduction in annual pumping. Thus, the water levels at the end of 2005 represent
the greatest effect of PWCC’s pumping on water levels near the well field. The simulated water levels at
the end of 2005 are shown in Figure 2b. The effect of drawdown in the N aquifer at the PWCC wellfield
is readily apparent (Figures 2b) and water levels have declined a lesser amount (approximately 100 feet)
near Rocky Ridge and Hard Rock. While there are differences in water levels caused by pumping, the
general directions of flow are similar to those in 1956. '

For this evaluation, pumping at the leasehold was simulated at a rate of 1,500 af/y from 2013 until the
end of 2044. The rates of pumping at the communities were simulated as described above, and increase
as the estimated population increases. Figure 2c shows the simulated water levels at the end of 2044.
At this time, water levels at the leasehold are higher than they were in 2005. Water levels in the vicinity
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of the Hopi communities in the southern part of the groundwater basin (referred to as the Hopi Villages
in this report) have declined during this period. In the D aquifer, the drawdown at the PWCC wellfield
has decreased as several of the wells were constructed to pump from both aquifers.

A period of 13 years is planned for reclamation activities to be performed and bond release to occur.
During this time, pumping is simulated from the leasehold at 500 af/y for three years and at 100 af/y for
the subsequent ten years. The shapes of the water-level contours at the leasehold do not show the
effects of localized PWCC pumping, but the 2057 water levels are approximately 200 feet lower than in
1956 because of the long-term effects of PWCC and Community pumping (Figure 2d). Water levels have
decreased near the Hopi Villages from their levels in 2044.

In summary, the simulated water levels show an increase between 2005 and 2057 in the area around
the leasehold. The increase in pumping rate at the communities has resulted in lower water levels in
the communities more distant from the leasehold. The general patterns of flow have changed little in
the D and N aquifers, except close to the various pumping centers. However, it is difficult to evaluate
the details on the water-level maps. The changes in water levels are more apparent in the drawdown

maps presented in the next section.

Drawdown

Pumping of groundwater from an aquifer causes water levels to decline as water is removed from
storage. This decline is termed “drawdown”. Attachment Il provides the simulated drawdown for the
Community-and-PWCC simulation for selected wells. In this table, values are provided for years in which
observations were available during the period 1956 through 2012, and for all years from 2013 through '
2057.

Figure 3 shows simulated water levels for the Community-and-PWCC simulation and the Community-
Only simulation in selected wells in layer 5 (representing the N aquifer). The time scale ranges from the
start of the simulation in 1956 to 2057. Note that the vertical scale is not the same on all the plots,
depending on the amount of drawdown that is simulated. The points between 1956 and 2012 represent
times where there were water-level measurements. From 2013 to 2057, the points are provided yearly.
The difference between the two sets of points (blue for Community and PWCC, and black for
Community Only) on each plot is the result of pumping at the PWCC wellfield.

The drawdown caused by PWCC pumping is the greatest near the PWCC leasehold. At the two PWCC
observation wells near their production wells (NAV30BS and NAV6OBS) and at production well NAV5,
the effects of changes in pumping rate at the end of 2005 and 2044 are very evident in the blue curves.
The black curves show the effect of Tribal pumping alone on water levels at the locations of these wells,
causing approximately one hundred feet of drawdown. The diminishing differences between the blue
and black curves for these wells show that, while a small amount of residual drawdown remains, water
levels are predicted to substantially recover from the effects of pumping at the PWCC wellfield by 2057.

At BM3, in the community of Kayenta, approximately 250 feet of drawdown is predicted to occur
between the time that the first water level measurements were collected and the end of 2057. There is
little difference between the simulated water levels between the Community-and-PWCC and
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Community-Only simulations, indicating that the impact of PWCC pumping in this well is minimal. There 3T
is approximately 225 feet of drawdown at 8T-541 during this time period, nearly all caused by
community pumping.

Northeast of the PWCC wellfield, the effects of pumping from the PWCC wellfield are more apparent. At
BM2, for example, PWCC pumping had caused approximately 50 feet of drawdown at the end of 2005,
and the PWCC-caused drawdown is predicted to decrease to approximately 30 feet in 2057. The model
predicts that the total drawdown at BM2 between the mid-1960s and 2057 is approximately 90 feet.

At Forest Lake NTUA-1 (4T-523), the maximum drawdown caused by PWCC pumping between
approximately 1980 and 2057 was simulated to be approximately 200 feet, with water levels rebounding
from the reduction in PWCC pumping rather quickly. In 2057, the PWCC-caused drawdown in this well is
predicted to be approximately 50 feet, with total drawdown due to all sources of pumping exceeding
200 feet. Drawdown caused by PWCC pumping should continue to diminish, while community-caused
drawdown is predicted to continue increasing.

In the Hopi Village area (using Kykotsmovi as a representative example), the maximum drawdown
caused by PWCC pumping is calculated to be approximately 20 to 25 feet in 2010.

Near Tuba City, the model predicts 100 to 250 feet of drawdown in the Navajo Sandstone aquifer by
2057, varying by well. This drawdown is caused by community pumping. There are no effects of PWCC's
pumping visible on the plots. No effects of PWCC pumping are being predicted at the location of the
Rare Metals site.

About 10 miles to the northwest of the leasehold, the model predicts small amounts (approximately 10
feet by 2057) of PWCC-caused drawdown (see representative wells BM4, 2K-301, and 2T-502).

In summary, the model predicts varying amounts of PWCC-caused drawdown in the area, with the
differences being a function of the distance from the PWCC-wellfield and whether the location is in the
confined or unconfined area. In the confined area, the greatest PWCC-caused drawdown occurred a
short time after the end of 2005, when the pumping from the PWCC wellfield was decreased by about
60%. :

The maps in Figure 4 show the simulated drawdown in model layer 5 (N aquifer) at different times. Each
page contains two maps. The upper map shows the drawdown for the Communities-and-PWCC
simulation, calculated by subtracting the simulated water levels for a particular time from the pre-
production water levels (at the beginning of 1956). The area affected by drawdown is typically called a
drawdown cone, even though the area is not necessarily cone-shaped. Separate drawdown cones can
be seen the different pumping centers, and several cones have coalesced. The lower map on each figure
is the PWCC-Only drawdown which was calculated by subtracting the Community-Only results from the
Community-and-PWCC results. This shows only the drawdown cone attributed to pumping at the

PWCC wellfield.
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The results for the N aquifer at the end of 2005 are presented in Figure 4a. The upper map shows an
areally extensive drawdown associated with the PWCC wellfield, and smaller cones of depression
around Tuba City/Moenkopi, Shonto and Dennehotso. The difference in the extent of effect (the size of
the cone) is largely determined by whether the location is under confined or unconfined conditions. In
the central part of the Black Mesa basin, the N aquifer is confined, meaning that the aquifer is overlain
by lower permeability rocks and the water levels are higher than the top of the aquifer. In the confined
area, water can be released from storage only by expansion of the water or reduction of the pore space
in the rocks. The aquifer is unconfined where the water level is below the top of the aquifer. In the
unconfined area, water can be released by draining of the rock’s pore space. As a result, pumping an
amount of water causes greater drawdown in confined areas than in unconfined areas, and the
drawdown cones in confined areas are larger than those in unconfined areas.

The lower map in Figure 4a shows the extent of drawdown caused by pumping at the PWCC wellfield, as
of the end of 2005. Drawdown is greatest near the wellfield, and extends out beyond the Hopi Villages.
“The extent of drawdown” is defined by the one-foot drawdown contour in this discussion. The extent
of drawdown from this pumping is very similar to the confined area as portrayed by the USGS in its
annual monitoring reports (for example, Macy and others, 2012). One exception is at Rough Rock,
which the USGS includes in the unconfined area. Re-examination of the records at this well indicated
that the aquifer is confined at this location. Drawdown caused by PWCC beneath the leasehold (Figure
4a-b) is less than that in the Community-and-PWCC simulation (Figure 4a-a), indicative of local
community pumping.

Recall that beginning in early 2006, the rate of pumping was significantly decreased, and the simulated
PWCC pumping through 2044 remained less than the pre-2006 rates. As a result, the drawdown at the
leasehold due to both Community-and-PWCC and PWCC-Only pumping has decreased (Figure 4b). The
extent of PWCC-caused drawdown has increased slightly, as the effects of historic PWCC pumping
continue to propagate outward. The localized drawdown cones around the communities are more
defined than in 2005.

Figure 4c shows the simulated drawdowns in 2057, at the end of the pumping (at 100 af/y) to support
reclamation. Because pumping occurs at the PWCC wellfield up until 2057, there is still slightly over 100
feet of PWCC-caused drawdown in the vicinity of the PWCC wellfield. The PWCC-drawdown at the Hopi
Villages has decreased to less than 20 feet. The previously-observed spreading of the PWCC extent of
drawdown appears to have greatly slowed.

To illustrate the area over which recovery is predicted to occur between 2044 and 2057, the change in
water levels in layer was calculated and is shown in Figure 5. Between these years, water levels are
recovering over most of the area. Drawdown is simulated to still be occurring during this period
southeast of Keams Canyon (where the Kayenta formation is present in layer 5), and in small areas to
the northwest of the anticline north and west of the leasehold. This figure would suggest that areas to
the north of the monocline and in the Kayenta formation to the southeast of the Hopi Villages will
continue to see additional drawdown from PWCC’s pumping, but that water levels will be recovering
over most of the area.
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There is very limited information with which to calibrate the model with respect to drawdown in the D -
aquifer (model layers 1 through 3). As a result, drawdown maps are not presented here, but the
simulation results are described in approximate terms. In well 4T-402, a well completed into the Dakota
sandstone (model layer 1) near the central part of the PWCC leasehold, a water level measured in
December 2013 indicated that the drawdown at the location over the period of much of Peabody’s
pumping was approximately 9 feet. Drawdown in deeper formations of the D aquifer (e.g., Entrada
sandstone) at the leasehold would be expected to be greater, as some of the wells produce water from
these deeper formations. The model simulated approximately 200 feet of drawdown in the Entrada
sandstone (model layer 3) in the wellfield for 2005. The extent of drawdown was estimated by the
model to be limited; the simulated drawdown at Forest Lake was less than 10 feet. Near the Hopi
Villages, the PWCC-caused drawdown was estimated to be approximately 2 feet, and Community-and-
PWCC drawdown exceeded 10 feet in many areas.

In 2044, the PWCC-caused drawdown in the Entrada sandstone at the leasehold was less than 200 feet.
At Forest Lake, the PWCC-caused drawdown was predicted to be approximately 15 feet. It ranged
between two and five feet near the Hopi Villages; drawdown caused by the community pumping was
predicted to increase to approximately 20 feet.

Simulated N-aquifer drawdown caused by PWCC pumping near the PWCC wellfield was greatest at the
end of 2005. The simulated pumping in later years was less than in the period before 2006, and water
levels near the leasehold have been recovering. The model predicts that community-caused drawdown
will prevent the full recovery of water levels at the wellfield. The PWCC-caused drawdown extends
throughout the confined zone of the aquifer. The extent of drawdown (defined by the 1-foot contour
line) is predicted to expand very slightly by 2044, but its growth is predicted to stop or substantially slow
by 2057. The effects of community pumping are predicted to continue to grow as the effects from pre-
2005 PWCC pumping continue to diminish.

The amounts of drawdown in the D aquifer are uncertain because of a near-total lack of data with which
to calibrate the model to drawdown in the D aquifer. The model simulates more than 200 feet of
drawdown in layer 3 at the PWCC wellfield but much less at Forest Lake and the Hopi Communities.

Stream and Spring Flow

Simulated streamflows and the amounts of change caused by pumping by PWCC are shown in Figure 6.
There are very small changes in the simulated streamflow during the simulations. The flow in Polacca
Wash is predicted to be affected the most, with slightly greater effect from community pumping. At
other locations, the simulated streamflows are relatively unaffected. At Laguna Creek and Chinle Wash,
the PWCC-induced changes are observable on the plots, but small. Similarly, there is a small effect on
the flow at the Moenkopi Wash and Dinnebito Wash gages. Flow is not simulated as occurring at the
Oraibi Wash gage location.

The effects on spring discharge are shown on Figure 7. The model predicts that the flow at Pasture
Canyon will continue to decrease at increasing rates, due to local pumping. PWCC pumping has no
effect on the discharge at Pasture Canyon.
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The current model does not simulate flow from Susunova Spring. However, earlier versions of the
model as it was being calibrated predicted that flow from this spring is likely to decline because of
community pumping. Pumping from the PWCC wellfield did not affect this spring in these earlier

versions.

The current model also does not simulate flow at Burro Spring. Review of aerial photographs suggested
that this spring may be perched, and the model was unable to simulate the water levels that would be
necessary to simulate discharge from Burro Spring given the effect of the nearby Oraibi Wash.

At the Unnamed Spring near Dinnehotso, the model predicts that neither community nor PWCC

pumping will affect flow from this spring.

Effects on Pumping Rates

The model uses the Multinode Well (MNW) package, which provides a file from which the simulated
pumping rates can be extracted. The MNW package calculates a water level in each well, based on the
pumping rate, the water level in the model cell containing the well, the transmissivity of the model cell,
and well entrance losses. The simulated rate can differ from the prescribed or input pumping rate if the
calculated water level in the well is too low, or if the cells become dry. The water level in the well can
be too low either because the pre-pumping water level is already too low, or because of pumping-
induced drawdown. The MNW package writes an output file with the simulated well discharge
(reflecting the effects of well losses and low water levels) which can be compared with the rates
provided in a model input file. If the simulated rate is less than the input rate, this indicates that the
model has reduced the pumping rate because the simulated water levels are too low, the modeling cell
transmissivity is too low, or well entrance losses are too high to transmit the input pumping rate into the
well. Figures were prepared for those wells or pumping centers where the simulated pumping rates
were less than the input rates. Temporal plots of input pumping rates, Community-and-PWCC simulated
rates, and Community-Only simulated rates were prepared. When all three sets of points coincide of
the figures, pumping has not been reduced by the model. When the simulated rate is less than the
input rate, pumping has been reduced by the model. If the Community-and-PWCC and Community-Only
rates coincide, the PWCC pumping has had no effect on the pumping rate.

The input rates (labeled “Historical and Projected”) include estimated or measured annual pumping
rates (1956 through 2012) and projected rates (2013 through 2057). When plotted over time, the
projections yield a smooth, concave-upward curve. When the simulated values are different than the
input projection, this indicates that the model is predicting that the well or configuration of wells is likely
to be unable to produce water at the input rate.

The model predicts that there are several communities where the groundwater system may not be able
to supply the projected growth in pumping rates during the simulation period. These include Kayenta,
Moenkopi, and Tuba City, as well as a well (2K-301) where the historic production has been less than
100 af/y. Figures 8a through 8d compare the projected pumping rates with the rates simulated in the
Community-and-PWCC and Community-Only simulations.
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a. Kayenta (Figure 8a). The simulations indicate that the existing Kayenta wellfield may not be o
able to produce the projected pumping beginning in approximately 2050. Note that the
projected pumping rate in 2013 is approximately twice the historic rates in the past few years,
suggesting the projected rates may be too high. Nevertheless, the model predicts that in
approximately 2050, the current wellfield will not be capable of producing the projected rate.
Because the Community-and-PWCC and Community-Only results are slightly different, the
model predicts that PWCC pumping will have a small effect on the performance of the current
wellfield at the projected pumping rate.

b. Moenkopi (Figure 8b). The model predicts that the current wellfield will not be able to produce
more than approximately 114 af/y. However, there have been two years where the measured
annual production was nearly 150 af/y, indicating that the model is conservative in its
estimation of the maximum annual pumping rate. The comparison of the two simulations
indicates that PWCC pumping will have no effect on the wellfield’s productivity.

c. Tuba City (Figure 8c). The model predicts that the current wellfield will be able to produce at
the projected rates until about 2055, when the model begins to limit the pumping from NTUAL.
The reduction in simulated pumping rate is not caused by PWCC’s pumping, but by local
pumping.

d. 2K-301 (Figure 8d). This well is located west of the leasehold, near BM4. The model simulates a
maximum pumping rate from this well of approximately 55 af/y. This value is conservative, as
past pumping exceeded this rate several times, including one year with over 100 af/y. The
PWCC pumping is predicted to have no effect on this well’s productivity. —

Thus, the only area where PWCC production is predicted to have a future effect on community wellfield
productivity during the simulation period is at Kayenta. The PWCC effect is very small. The simulation
does not reflect any management actions, such as shifting pumping to other wells, deepening of wells,
or construction of additional wells, which could make higher pumping rates feasible.

Summary and Conclusions

The updated model of the Black Mesa Basin was used to predict the effects of pumping of groundwater
from the N and D aquifers at 1,500 af/y through 2044, at 500 af/y through 2047, and at 100 af/y through
2057. Pumping at the communities was assumed to increase in accordance with population estimates
provided by the Hopi Tribe and Navajo Nation and a per capita rate of 100 gpcpd. In order to evaluate
the effects of pumping by PWCC, the effects of pumping by the communities and by windmills were
analyzed separately. Differences between these two simulations indicate the effects of pumping at the
PWCC wellfield. The prediction found that in the N aquifer:

a. Throughout most of the confined area, the greatest effect on water levels occurred as the
result of pumping at the PWCC wellfield prior to 2006. Because of the lower rate of current
and future pumping at the wellfield, the effects of PWCC pumping are diminishing
throughout most of the basin.
b. Inunconfined areas, the effects of the PWCC pumping are still increasing, but are minor. e,
The extent of drawdown is primarily determined by the boundary between confined and
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unconfined conditions in the N aquifer. The simulation predicts that the drawdown extent
will slowly increase between 2005 and 2044, but between 2044 and 2057, recover will be
occurring over most of the area. There are small areas to the northwest of the monocline
and to the southeast of the Hopi Villages where small amounts of drawdown occurred over
this timeframe.

c.  With the reduction of pumping at the PWCC wellfield and increase in pumping rates at the
communities, the community pumping will have increasing effect and PWCC will have
diminishing effect.

d. The greatest effect on surface water flow is predicted to occur along Polacca Wash, and will
be the result of both community and PWCC pumping. Effects on flow in other washes are
predicted to be minimal. The effects of community and PWCC pumping on stream flow are
small.

e. The greatest effect of pumping on spring discharge is predicted to be at Pasture Canyon,
solely as the result of local community pumping. There was no effect at the unnamed spring
at Dennehotso. While the model did not simulate flow at Burro or Susunova Springs, there
was no PWCC-caused drawdown at these locations to cause reduction in spring flow.

f.  The predictive run indicated that the ability of the aquifer to produce the projected demand
for water at three communities could be of concern. These communities are Kayenta,
Moenkopi, and Tuba City. In approximately 2052, the model began to reduce the rate of
pumping from a well in Kayenta. The results indicate that local pumping is the primary
cause of the reduction in pumping, but pumping from the PWCC wellfield also has an effect,
perhaps beneficial. In Moenkopi and Tuba City, the effects of drawdown on the production
rate is entirely from local pumping; PWCC pumping had no effect on the rate.

Some of the wells at the PWCC wellfield also produce water from the D aquifer, and some wells near the
Hopi Villages also produce water from this aquifer. Because there is very limited monitoring in the D
aquifer, the uncertainty in the model with respect to predicting the effects of pumping from the D
aquifer is high. The model predicts that drawdown in layer 3 (Entrada sandstone) at the leasehold was
greater than 200 feet in 2005, but in the Dakota sandstone at the top of the D aquifer, drawdown was
approximately 10 feet. The approximately 60% reduction in pumping at the PWCC wellfield at the
beginning of 2006 is resulting in recovery from the effects of pre-2006 pumping in the general vicinity of
the leasehold, but near the Hopi Villages, drawdown resulting from PWCC's pumping will continue to
increase to as much as 5 feet. Recovery from PWCC-caused drawdown will begin at the Hopi Villages a
few years after the rate of pumping is decreased in 2046. Local pumping near the Hopi Villages is
predicted to cause drawdown to locally increase to 15 to 20 feet. The combined drawdown is predicted
to not have any effect of the productivity of the wells in that area. -

References

Macy, J.P., Brown, C.R., and Anderson, J.R., 2012 Groundwater, surface-water, and water-chemistry
data, Black Mesa area, northeastern Arizona, 2010-2011: U.S. Geological Survey Open-File
Report 2012-1102, 41 p.

11

'lt TETRA TECH




Tetra Tech, 2014, Update of Peabody Western Coal Company’s Groundwater Flow Model of the N and D
Aquifers, Northeastern Arizona (in progress).

12

"lb TETRA TECH




FIGURES



i yL-OL-Z Jiva ]
L 800809¢-24k | #103r0wd el SEbum -2 e PWED-¥ o m
a1| gagwea| HO3LVHL3L SN NI 3TVIS oebuipy g ejUBAEY -9 @ EBPpBRIAUI-E o g
FHNOL M | @IACHddY e e A
2 or [ 0z 0§ 0 ajebuipy 3 ‘Bjushey ‘oleAneN -6 o EIOMEd -l e 5
S|[IWPUIAA PUB S[[2AA Uol3oNpold JO SUOIBR20T &
il N sjun 2awydeabiyens g Jafe jopop m
A
. A E) ) ﬁ
SdN 'SOSN ‘auuoaq ‘Us3 is9uros ‘N3 €10z @Iubuidod a4 P 3
: YR TS o T I
o T ¥ i W
’ o &
Vi \ wl
o ® o £ o) o =
= : y & S5 e 3
L ! < X o
/ S O > T e S | P
. ” = fe® o = =1 |z
5 - =i
o & o A G E
dq v O x
o O uue ,GW ~ a
= opeues o O o S o 2 -
= esap puposs £
= x ms@ s_s@ Siecofinis O < | oumsn
M spedy | uokueD mEmmx _>E: ma_ o O_ fe.0 “ b -
o heoeg @PEIMRI0 g LR
o ° +
- 'y (-] L] ol
e utgiunay Mo S P e
,.r....._m.. _c.._. o ety hu ,. ; - -
o R (@) <@ i ! ¥
e . o eGPl Duom&u% i s
o . would
e @] :
7 - BUMD :
| - 2 ; ] (L Ygi” o w o IR A - I @ B i
s R ;
: } e 3
Mn ayen ._mw._On_G
2
~L
= =
2 ot o
46 i - W
l..luv-\ .1‘ - -
x>
)
A. suygIun G ZUED
; o =
g ..L_u..m.hﬂ..,.... fivIivig
= vidvd
Aepunog jspo sbeg -
= JAaGULE A
\. . J




Kank s < Fe
St N e
4 0 153
L W\ 7
!
" ALLEY
2 s iih Rainbow
" Pagss, iy
i . P )
A
f
“ Chinle
] Apache
Cocamting
N/
D)
2 d
o .Gana o
AN (O ";i
Alk s o -
I £
E 5
ﬂ>} sl 5 <'
= in’ = (_h
o] [ Flagstaff 2 s Jored
D J N i
15 ¢ @
£ § !
T - -
@ i _' ! i ;
B ! Ran W
2llo 5 10 20 30 40 Winslow i
é - e o S I 5 i g & 1 4
. 7 - f ;
‘% 2 Copyright:© 2013 Esri, Sources: Esri, DeLorme, USGS, NPS
(=]
i L d e Simulated Water Levels in Layer 5
2 ik 1956
5| —— Water Level Elevation (ft = s e
s our interval is 50 feet.
Fpp oS T | TETRATECH [ o 24
< PROJECT# | 117-2608008
; DATE 4-28-14 ®




Kang
5
)
! B Rainbow
'.F'agef_‘
g A e
i "’ t
4
’(
Coreing
&}
AN o1l s'e o
ATk 8

4 : Fiagsl';_:f:[

| e

{ 0 5 10 20 30 40

[ == o= seeesss—— |
SCALE IN MILES

<

1 Chifile -
[ oChinle =

Rocky Ridge
.Hard Rock

Apache

Klkotsmovyt Shigaulovi‘po

Shungd \e'i.e Mishongnayi
SecghdAvlesa

f 1

]

&

T
Winslow ~s

Copyright:© 2013 Esri, Sources: Esri, DeLorme, USGS, NPS

TAPEABODY\GIS\PHC Report 2014\mxd\Fig 2b Hds_2005.mxd

Legend

Water Level Elevation (ft)
Contour interval is 50 feet.

TITLE: Simulated Water Levels in Layer 5
N 2005

APPROVED| RW FIGURE
T | TETRA TECH [poeo [0 b
PROJECT# | 117-2608008

4-28-14

DATE




r—
Kany ".
]
e “Ratsay
'.l
T
Coopstinn
AN, T
A K 8§
0% Flagstafl
{
0 5 10 20 30 40
[ A 5 | I e O]
SCALE IN MILES

oA A
Winslow 2

Copyright:© 2013 Esri, Sources: Eéri._

Delorme, USGS, NPS

Legend

—— Water Level Elevation (ft)
Contour interval is 50 feet.

TAPEABODY\GIS\PHC Report 2014\mxd\Fig_2c_Hds_2044.mxd

TITLE:

Simulated Water Levels in Layer 5

2044

TETRATECH

APPROVED

RW

DRAFTED

LD

PROJECT#

117-2608008

DATE

4-28-14

FIGURE

2C

7




Kang

! ! Rainhow

Cocgetinge

AE

. Chinle =+
) ] it

Apache

Ganado
[

L\PEABODY\GIS\PHC Report 2014\mxd\Fig_2d Hds 2057.mxd

AVK: S e o
» . ‘.("
dr i
3 re - © ' ..
[ Elagstaff s i e '
% . 5 g
{ = 1 e
; & .
0 5 10 20 30 40 Winslow 25 1
P S HOMIEES Copyright:© 2013 Esri, Sources: Eéri, DeLorme, USGS, NPS
TITLE: A -
Legend Simulated Water Levels in Layer 5
2057
Water Level Elevation (ft) APPROVED| RW FIGURE
Contour interval is 50 feet. E TETRA TECH [orertep [0 2d
PROJECT# | 117-2608008
DATE 4-28-14

J




| P eaei T | w13z ! HAVIOES f 3
| L S — —_—— " 1 | =
LS . e RIS | e
| e wr ] S e———ee——— | e e : o :
LY i b e 0 ——— | sy FiFl
| wed o [ i P | vnnd o
| ane e =] ® s e =1
K e - | o st e
won i —— | vl | | e fik,
T =t [ ] ] et e
| | ] 1 sse rov] P s
= h & & e [ S I " T = B B e MR R = b o e = w5 k. |
~ ~ x =T

=
i
= [a

ey
-
(= T
[ N
| ot
T =
el e
A
g | vomd
- | aue]
T L s
T T ) e
LT
b e
| v
L
l T T T
| e om0 me A Be B
oA
T30 i
AR R e M e ——ma )
LS
R - ' - baiaa REEs i)
| )
- t

Mbcnkop Wash

FERESIRES

e Na 3 ss  we )
Catfome

I

i ‘{

:
|

o ]
Pooitanl Wash Tl ‘

Explanation

-
i . BM1
aa i T o
i — ! i
1 | ;e 2au0d
ate e | fr=t
T —— | ]
Lk b= = ke -
] s
! | 1 e | =
| omees] IR S LT3 s = £t
| [
i [P | ol = B o eom
(e LS | vang s & e
(8 [ [ are] i
Wi | ] o a0
i | v
- - e o e i e L T T |
L i LEe

e W e e P S P T S .
L MD W0 N0 AW N e
ate

a==  Community-Only Pumping

= Community-and-PWCC Pumping

Simulated Water Levels with and
without the PWCC Wellfield

GTATION

'Black Mesa Area, Northeastern AZ

CHECKED

@TETRA TECH  [SRMTe jecice
FROJ 0 VT ae0a00r
i}




g

a) " BUWCC and Commuriity

LRz Moy

2

Chinle -
> 5
X
191 -
1 z
-4
0
™
T A 2L ‘o
T
Cyamine ?‘
1
E:
Ganado =3
(-]
120
.l
. sri, Sources: Esri, DeLorme, USGS, NPS -
PLATEAV "

e et

b) PWCC onl

Caviz0 Mo £2Y

e
T
R

‘uﬂo

Chinle 220y 0
QCninle <.
ir '-'J“
: ‘\.-I ':\1’- 4
' S Y :;: i
Le}
E T & -A L r‘;
8 z
& Ganado &y {
B o
)
=
8
- 130 3
| -
g 0 5 10 20 30 40 % 7 . ; ’
x|
£ SCALE IN MILES i %\ J il ek I e
o/ . right 3 Esri, Sources: Esri, DeLorme, USGS, NPS
15 : - -
S Drawdown(y [ 11-20 i I Simulated Drawdown in Layer 5
2 501-1000 [ 6-10 2005
a o
@ B z01-500 Y APPROVED| RW FIGURE
gl 0 101-200 2
g == LD
R [ | TETRA TECH e i
I o ! PROJECT# | 117-2608008
&) oo DATE | 2614 ¥




FRAia

a)“PWCG and Commuriity

CRmzo Moy

o
—’r

Chinle
0 X
{ o't
Lo
141 SR
»
=
(2]
0
\pacht X
=
I~
™
=
Ganado
(]

FLATEAU

b) PWCC .only

fognino

o 5 10 20 30 40

SCALE IN MILES

Caro Mowiisl

)
B
th

=
4

=
=
=
bt

'w"l
i
20

NV

nyaiyTd =Y

2

—ggyégg;e@?&la Esri, Sources: Esi, Delorme, USGS, NPS |

TAPEABODY\GIS\PHC Report 2014\mxd\Fig_4b_Ddn L5 2044 revmxd

Drawdown (ft) [ 11-20 (L Simulated Drawdown in Layer 5
B s01-1000 [ 6-10 2044
_____ 325 APPROVED| RW FIGURE
o U e T | TETRATECH [mre e b
= PROJECT# | 117-2608008
I 21-50

DATE 2-6-14 ¥




r'

FRATZ

a) F‘WCC and Commﬂhlty

oz Mot

b) PWCC only

|
Tomming

10 20 30

SCALE IN MILES

Chinle
‘@
191 5
1 E
3
g e W r;
ol Npachc E
o
'S
Ganado =
18¢ |
5
; sri, Sources: Esri, DeLorme, USGS, NPS
FLATEAU

Cairizo Mousitily
z f-.”
r' =,
T %
¥
5 o
2 i)
= =
£ =
]

Chinle ¥
@
Z
iyl
]
Ajach %
5
o
=
Ganado b
(-]

pr{gyy@@ 13 Esri, Sources: Esri, DeLorme, USGS, NPS

TAPEABODY\GIS\PHC Report 2014\mxd\Fig_4c Ddn L5 2057 rev.mxd

Drawdown (ft) I 11-20 ki Simulated Drawdown in Layer 5

I s01- 1000 - 6-10 N 2057

[E 201-500 8- APPROVED| RW FIGURE

8 101-200 w 2
DRAFTED | LD

51-100 - 1 \ n TETRA TECH 40

PROJECT# | 117-2508008

[l 21-50 - S y




S

VYALLEY

Piaigan

KR
-—
-
i

4

K (RO
L TR S E . A NE) $
Rough Rogk 3
Tuba Cit}
g o\

Rocky Ridge
Hard Rack

&
-
-~
E
£]
&
3
&
3 A
2
@
d BYc..«0
Q|
[ /
.
Hlo 4 s 16 24 32 Ve &
E S IN MILES %
3 o <"nCopyright:© 2014 Esri, Sources: Esri, DeLorme, USGS, NPS
(=] <
o
b b - -
é Legend : s Simulated Recovery in Layer 5
[&] -
Z| Recovery (ft) 6-10 - 2044 - 2057
% 101 - 200 3-5 B 4--2 APPROVED| RW FIGURE
é 5 51-100 HEE2 EE-5 . -E TETRA TECH [orafTe0 [0 5
of @ 21-50 =1 7 | PROJECT# | 117-2608008
w
S\ 1-20 0 DATE 2-6-14




r

3.00 Moenkopi Wash

- - - 0 S S S S SO T S S S e
2.00

1.00

Flow (cfs)

0.00 +——tbdeipebedcicdoiebedde befobobebedeb b bebopodebede A bbb bh & b b b & b b p A A A A p A A AAJADA

1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
0.30 - Dinnehito Wash
i (R T T O G- O O G R O O O O O
£ 0.20
2 0.10
[T
0.00 r . . .n‘ﬁ.nnax‘ntnannnannlnnnA_%_.L’._é}__._}_;_;AA.n_f_.n.n.n.l._f_nna i
1960 _19:70 1980 1990 2000 2010 2020 2030 2040 2050 2060
Oraibi Wash
1.00
@ 0.80
-;.- 0.60
0.40
2 0.20
0.00 ) ! T S R
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
0.15 Polacca Wash
£ 0.10
8 o0s
(T
0‘00 . : , ‘IAAAAIAAIA‘AAAAAIAAAA“.:AL‘A#‘AAAIIAAAAA'A‘A‘ -
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
0.05 ladito.Wash
: D e M o R R R ]
- 0.04
S 003
2 0.02
= 001
D‘OO : . S e ‘A;AA%IAAA_‘I_AAAA‘I_AIIA‘A_A.ILI
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
2.00 Laguna Creek
g 1.50 CERRET ST TTII OV VI IS IVIUUTT
g 1.00
S 0.50
0‘00 T T : .llA‘-:lll IALAAAIAALL?AAAA.ILLAAA.}AAA |
1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060
2.00 __ Chinle Wash
g 1.50 & Y R D O O IDD
3 1.00
£ 0.50
0‘00 A.LAA*A!AAAAAAA#ALAAALILA%AALLA f A AAA,ILA AAA{AAA A.IAAAA .
1980 1990 2000 2010 2020 2030 2040 2050 2060
TITLE:
¢ Community-and- SIMULATED STREAM FLOW AND CHANGES
PWCC CAUSED BY PEABODY’S PUMPING
—=—Community-Only | LOCATION: Peabody Western Coal Company
4 Difference APPROVED | RKW FIGURE
TETRATECH [ <
PROJECT # | 117-2608007 6
DATE 02-07-2014




Pasture Canyon

120.0 -
100.0 -

Flow (gpm)

" " A " A "
b

1

" " 2 " "
ek

2040

.........

2010

R IR Wy Sy U U W Lo o |
k%

2020 2030 2050

Unnamed Spring Near Dinnehotso

2060

o o

0

O e e

.......................

0.0 i
1980

2000

1990 2020

2010 2030

2040

2050

Susunova Spri NE (Moenkopi School Spring)

2060

0.0 'WW
2040

1980 1990 2000 2010 2020 2030

Burro Spring

2050

2060

Flow (gpm)
0000000000
ORNWRARUONRLOLO

1980

1990 2000 2010 2020 2030

2040

2050

2060

¢ Community-and-
PWCC

TITLEg VIULATED SPRING FLOW, AND CHANGES CAUSED BY PEABODY’S PUMPING

—im— Community-Only LOCATION:

A Difference

Peabody Western Coal Company

APPROVED | RKW FIGURE
Tk | TETRATECH [oic

PROJECT# | 117-2608007 7

DATE 02-07-2014




1eaj

002 0107

0502 0€0z

066T

0.6T

Lo d
0“0’
%00

et

0S6T

C 2
0.’000 00 <

AR SR 4

00S

Alup Allunwwio) = =,

000T

2DMd pue Ajunwwo) ¢ o’

pa103fodd pue [BIIIOISIH v

00sT

000¢

00s¢

000€

ejuaAe) -eg a.nsi4

00SE

(4A/33-243e) Burdwing




Ajug Ajunwiwio) =
9IMd pue Ajlunwiwio) ¢

pa19afoid pue |[BdL0ISIH v

0L0¢

1Baj
0s0¢ 0€0¢ 0TOC

0661

0461

0s6T

0c

rves
Ve

ot

09

08

00T

0¢cT

ovi

09T

idoyuaolAl "qg 2.nSi4

08T

(1A/13-2108) Buidwing




Alup Munwwo) =
JOMd Pue Ajjunwiwo) «

pa1daload pue |BOLIOISIH +

002

0s0z

leaj
0€0¢ 0T0Z

066T 046T

! | 800080000000

0s6T

GPTTIIIINNIIeNe

00s

000t

0osT

0002

00sz

ooog

A1) eqny -2g 2unsi4

00sE

{(41A/11-2108) SBuidwing




0L0¢

Ajup Ajlunwwo) =

JDMd pue Alunwiwo) ¢

pa123foldd pue [edlolsIH ~

Ieaj
0S0¢ 0E02 0T0¢ 066T 0L6T 0S6T
1 - . - . R A e et 0
o, .
¢ P
SN % ® 00332.03303333
5 ¢ & 0s
00009«0 T e
i E
4.«444 Ty Y v
Ll 00T
0ST
v
44
v
00¢
0S¢

TOE-HT "P8 24n3i4

(1A f1-2108) Suldwing




ATTACHMENT I

Annual Rates of Community and PWCC pumping




Attachment I Estimated and

Projected Pumping Rates (af/y)
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Attachment |, Estimated and
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Attachment|. Estimated and
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Attachment |, Estimated and
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Attachment |, Estimated and

Projected Pumping Rates (af/y}
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02
0.2

gegeed

0.2
00
00
02
02
02

1969

ERER

02
02
02
02
02
0.0
02
02
0.2
02
0.2
00
00
02
02
412
02
412
412

SRRRE

02
02
02
0.2
0.2
02
02

ERERRR

150
150
150
0.2
02
02
15.0
02
02
02

02
02
[X4}
00
0.2

02

1970
02
02
02
0.2
0.2
02
02
0.2
0.2
0.2
02
02
02
02
02
02
02
00
00
02
02

a2
02

412
412
02

02
02
02
02
02
02
02
02
02
02
02
02

150
02
150
150
150
150
02
02
02
150
02
02

02
02
0.2

0.0
02
0.2
02

1971
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
00
00
02
02

412
02

412
412
02

02
02
02
0.2
02
02
0.2
02
02
02
02
02

150
0.2
150
150
150
150
0.2
02
02
150

ERER

02
02
0.2
0.2
0.2
0.2
02

1972
02
02
02
02

02
02
02
02
0.2
0.2
0.2
02
02
02
02
02
00
oo
02
0.2
412
02
412
22

SRRRER

0.2
02
0.2
02
0.2
02
02
02
02
0.2
15.0
0.2
150
150
150
150
0.2

150
02

02
02
02
02
02
02
02

02

1973
02
02

o
~

SE8B8B8ERRRRRERERRRRERE

ERRERE:

0.2
02
02
0.2
0.2
0.2
02
0.2
02

150

150
150
150
150
0.2
02
02
150

BREER

02
0.2
02
02
0.2
02

1974
02
0.2
02
02
0.2
0.2
0.2
02
02
02
02
02
0.2
02
02
02
02
00
00
02
02

412
0.2

412

412
02
02
02
02
02
02
02
02
02
02
0.2
02
02
0.2
0.2

150
02
150
150
150
150
02
0.2

150

ggeR

02
02
02
02
0.2
0.2
02

1975
0.2
0.2
02
02
a2
a2
a2
a2
0.2
02
02
02
0.2
02
02
02
02
0.0
0.0
02
0.2

41.2
02

412

ggegeeet

02

02
02

SRRRRE

02
150
150
150
150

02

02

02
150

02

0.2

02

0.2

0.2

0.2

0.2

0.2

02

0.2

02

1976
02

RE8RRE

02
02
0.2
02
0.2

SRB8ERRERER

412

0.2
412
412

RRRERE

02
02
02
02
02
0.2

Ref8ER

150
150
150
150
0.2
0.2

15.0
02
02
02
02
02
02
0.2
02
02
0.2
02



Attachment |, Estimated and

Projected Pumping Rates (af/y)

1977
2K-219 02
2X-300 02
2K-301 02
2K-302 02
2K-303 02
2K-305 02
2-318 02
x-319 02
2K-320 02
%321 02
2K-324 02
20-512 0.2
27-204 02
T-317 02
21-502 02
21-503 02
21-505 02
21-515 02
21-518 00
3a-27 02
3G5-77-5 02
3K-252 412
x-311 02
3K-318-1 412
3K-318-2 41.2
3K-320 02
-323 02
3K-324 02
3K-325 02
3K-326 02
3K-327 02
3k-328 02
3K-329 02
3K-332 02
3K-344 02
3%-345 02
3M-156 02
M-175 02
Mm-176 02
3M-176A 0.2
3p-350 150
3p-351 02
31222 150
ar-322-1 150
3T-322:2 150
37333 150
37-500 0.2
3T-500A 0.2
31-505 0.2
3r-so7 150
3510 02
3T-511 0.2
3T-518 02
3r-s28 02
37-529 02
31-540 02
31-545 02
31547 02
ax-377 02
4x-379 02
4x-380 02

1978
02
0.2
0.2
02
0.2
0.2
02
02
02
0.2
02
02
0.2
0.2
0.2
02
02
02
00
02
02

412
02
a2
412
02
0.2
02
0.2
0.2
02
0.2
0.2
0.2
0.2
0.2
02
02
02
0.2
150
0.2
150
150
150
150
02
02
0.2
15.0
02
02
02
02
02
0.2
0.2
02
02
02
02

1979
02
0.2
0.2
0.2
0.2
02
02
0.2
0.2
02
02
02
02
02
02
02
02
02
00
02
02

412
02
4.2
412
0.2
02
0.2
02
02
02
02
0.2
02
0.2
02
02
0.2
0.2
0.2
172
02
17.2
17.2
172
0.0
02
02
02
172
0.2
02
0.2
02
0.2
02
02
02
02
02
02

1980
0.2
0.2
0.2
02
0.2
0.2
02
02
0.2
02
02
0.2
0.2
02
02
02
02
02
0.0
02
02

412
0.2
412
a1.2
02
02
02
02
02
0.2
0.2
02
0.2
0.2
0.2
02
02
02
02
17.2
0.2
17.2
172
172
00
02
0.2
0.2
172
02
02
02
02
02
0.2
02
02
02
02
0.2

1981
02
02
02
02
02
0.2
02
02

£eR

0.2
0.2
0.2
0.2
02
02
02
02
02

412

0.2
412
41.2

R

02
02
02
02
02
02
02
02
0.2
a2
a2
172

172
172
17.2
00
02
02
02
17.2
02
02
02
02
02
02
02
0.2
0.2
0.2
0.2

1982
02
02
02
0.2
02
0.2
0.2
02
02
02
0.2
0.2
0.2
0.2
02
0.2
02
02

0.2
02
0.2
02
1.2
412
02
02
02
02
0.2
02
02
02
0.2
0.2
02
02
02
0.2
02
17.2
02
172
17.2
17.2
00
0.2
0.2
02
17.2
02
02
02
0.2
02
02
02
02
0.2
02
02

1983
02
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
0.2
0.2
0.2
02
02
02
02

0.2
412
02
12
412
02
02
02
02

02
02
0.2
02
02
02
02
02
02
02
172
02
172
17.2
172
00
02
02
02
172
02
02
02
0.2
02
02
02
02
0.2
02
02

1984
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

106.6
02

106.6

106.6
02
02
02
02
02
02
02
02
02
0.2

0.2
02
02
02
172
02
172
172
172
54.3
02
0.2
02
17.2
0.2
02
02
0.2
0.2
02
0.2
0.2
0.2
0.2
02

1985
0.2
0.2
02
0.2
02
0.2
02
02
0.2
02
02
02
02
0.2
02
0.2
02
0.2
02
02
0.2

38.0
0.2
38.0
38.0
0.2
0.2
02
02
02
02
0.2
02
0.2
0.2
02
02
02
02
02
172
02
17.2
17.2
17.2
oo
02
02
02
172
02
0.2
02
02
02
02
02
02
02
0.2
0.2

1985.49
0.2
0.2
02
0.2
0.2
0.2
02

0.2
0.2
02
02
02
02
02
0.2
0.2
02
0.2
02
02
380
02
380
380
02
02
02
0.2
02
02
02
02
02
02
02
0.2
02
02
02
172

172
172
172
00
02
02
0.2
172
0.2
0.2
02
0.2
0.2
02
02
02
02
0.2
02

1986
02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
02
02
02
0.2
02
833
02
162.3
38.0
02
02
02
02
02
02
0.2
02
02
02
02
0.2
02
02
02

888188

00
02
02
02
(1]
02
02
02
02
02
0.2
0.2
02
0.2
02
02

1987
02
02
02
02
02
02
02
02
02
02
02
0.2
0.2
0.2
0.2
0.2
0.2
02
0.2
02
0.2

02
108.7
384
02
0.2
0.2
0.2
02
02
02
02
02
0.2
0.2
0.2
02
0.2
02
0.0
02
0.0
0.0
0.0
00
02
0.2
02
(X
02
0.2
0.2
0.2
02
0.2
0.2
0.2
0.2
0.2
0.2

1988
02
0.2
0.2
0.2
02
0.2

ERRR

02
0.2
0.2
0.2
0.2
0.2

02 |

0.2
24
02
118.1
398
02
02
02
02
02
02
02
02
02
0.2
0.2
0.2
0.2
02
02
00
02
0.0
0.0
0.0
00
02
02
02
0.0
02
02
02
02
02
0.2
02
02
0.2
0.2
0.2

1989
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
0.2
02
0.2
0.2
0.2
02
02
02

$5.1
02
134.7
45.6
02
0.2
02
02
0.2
02
0.2
02
0.2
0.2
0.2
0.2
0.2
02
0.2
00
02
00
00
00
00
02
02
0.2
00
0.2
0.2
0.2
02
02
02
0.2
0.2
02
0.2
0.2

1990
0.2
02
02
02
0.2
02
02
02
02
02
02
0.2
02
02
02
0.2
02
02
02
02
02

n7
02
1043
75.3
02
0.2
02

02
02
02
02
02
02
02
02
02
02
02
00
02

00
00
00
0.2
0.2
0.2
00
0.2
02
02
02
02
02
0.2
02
0.2
02
02

1991
0.2
0.2
0.2
0.2
0.2
0.2
02

0.2
0.2
0.2
0.2
0.2
0.2

02

0.2
02
57.2
0.2
87.7
225
02
02
02
02
0.2

0.2
0.2
0.2
02
0.2
0.2
0.2
0.2

00
00
00
00
0.2
0.2
0.2
00
02
02
02
0.2
02
02
02
02
0.2
02
02

1992
02
02
0.2
02
02
02
02
02
02
02
02
02
02
0.2
02
0.2
0.2
02
02
02
02

333
02
739
9.4
02
02
0.2
02
02
02
02
0.2
0.2
02
0.2
02
02
02
02
0.0
02

0.0
0.0
0.0
02
02
02
0.0
02
02
0.2
0.2
02
02
02
0.2
0.2
02
02

1893
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
02
02
0.2
02
02
02
02
0.2
02
02
02

42.7
0.2
804
00
02
02
02
02
02
02
02
0.2
02
02
02
0.2
0.2
0.2
02
00
02
090
0o
00
00
02
02
02
00
02
02

02
0.2
02
0.2
0.2
0.2
0.2
0.2

1994
0.2
0.2
0.2
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
02
02
02
02
02

493
0.2
75.3
6.5
02
0.2
02
02
02
02
02
02
02
02
02
02
02
0.2

0o

gg88x

00
0.2
0.2
0.2
00
02
02
02

0.2
0.2
0.2
0.2
02
02
02

1995
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
62.3
0.2
50.0
254
0.2
0.2
0.2
0.2
02
0.2

02
02
02
02

1996
02
0.2
02
0.2
0.2
0.2
02
02
02
02
02
02
0.2
0.2
0.2
0.2
0.2
02
02
02
02

573
02

81.7

337
02
02
02
0.2
02
02
02
02
02
02
02
02
0.2
02
0.2
00
02

00
00
0.0
02
0.2
02
0.0
02
02
02
02
02
02
02
02
02
02
02



Attachment |, Estimated and

Projected Pumping Rates (2f/y)

1997
2K-219 02
2K-300 02
2K-301 02
2K-302 02
-303 02
2K-305 02
2K-318 02
2%-319 02
2%-320 02
%321 02
2%-324 02
2p-512 02
21-304 02
2317 02
21-502 02
27-503 02
21508 02
21515 02
21518 02
3A27 02
365-77-5 02
3K-252 63.0
w311 02
3K-318-1 872
3K-318-2 175
3K-320 02
3x-323 02
3K-324 02
3K-325 02
3K-326 02
3K-327 02
3x-328 02
3K-329 02
3K-332 02
3K-344 02
3K-345 02
3M-156 02
3M-175 02
3M-176 02
3M-176A 02
37-350 0.0
3p-351 02
Ir222 0.0
3r-322-1 0.0
31-322-2 0.0
31333 0.0
31-500 02
31-5004 02
31-505 02
31-507 0.0
31510 02
3T511 0.2
31518 02
37-528 02
31529 02
31-540 02
IT-545 02
37-547 02
377 02
4K-379 02
4K-380 02

1998
02
02
02
0.2
0.2
0.2
0.2
02
02
02
0.2
0.2

0.2
02
02
02
02
0.2
02
02
720

102.8

02
02
02
02
02
02
02
02
02
0.2
02
02
0.2
0.2
0.2
1]
02
00
0.0
0.0
0.0
02
02
02

02
02
02
02
02
02
02
02
02
02
02

1999
02
0.2
02
02
02
02
0.2

28RS

02
0.2
02
0.2
0.2
0.2
02
0.2
02
69.9
02
839

02
02
02
02
0.2
0.2
02
0.2
0.2
02

02

02
02
00
02
0.0
0.0
0.0
0.0
02
0.2
02
o0
02
02
02
02
0.2
0.2
0.2
02
02
02
02

2000
02
02
02
02
0.2
02
02
02
02
02

02
02
[: ¥4
02
02
0.2
0.2
0.2
0.2

54.9

618
476

0.2
02
0.2
02
0.2
02
0.2
02

SgReEgReR

00
00
00
00
02
02

00

02
02
02
02
02
02
02
02
02
02

RRERREBRRERRBRRRR

[--]
hbg

geabget

RERERERREBRERREBES8888¢R

0.2
02

2002
02
0.2
0.2
02
02
02

384
02

02
02
02
0.2
02

fERRRRE

02
0.0
02
0.0
0.0
0.0
0.0
02
02

00
02
0.2
0.2
02
02
02
02
0.2

02
02

02
02
02
02
02
02
02
02
02
02
02

02
02
02
02
0.2
0.2
0.2
0.2

403

02
02

02
02
02
02
02
02
02
0.0
0.2
0.0
00
00
00
0.2

02
00
Q.2
0.2
0.2
02

0.2
0.2
02
02
0.2
0.2

2004

02
2.0
oo
0.0
00
02
02
02
0.0
02
02
02
02
02
0.2
0.2
0.2
0.2

02

2005
0.2
0.2
02
02
0.2
0.2

SERRR

gERE

02
02
02
0.2
0.2
02
02
400

415
219
02
02
02
02
0.2
0.2
0.2
02
02
02
02

8RRR

02
00
00
00
00
02
02
02
00
02
02
0.2
02
02
02
02
0.2
02
0.2
02

2006
0.2
0.2
02
02
02
02
02
0.2
0.2
0.2
02

02
02
0.2
0.2
0.2
0.2
0.2
02
02
426

“us
76
0.2
0.2
0.2
02
0.2
0.2
2.2
02
02
02
02
0.2
02
02
02
00
02
00
00
00
00
02
0.2
02

02
02
02
02
0.2
0.2
0.2
02
0.2
02
0.2

0.2
0.2
02
02

0.2

479

48.1
pYA)

02
02
02
02
0.2
02
0.2
02
02
02
02
02
02
02
00
0.2
00
00
00
00
02
02
02
0.0
02
02
02
02
0.2
02
0.2
0.2
0.2
02
0.2

2008
02
02
02
02
02
02

SRERER

£8

02
02
02
02
0.2
0.2
39.3
02

133
02

0.2
02
0.2
0.2
02

02

02
02
02
00
02
00
00
00

S8R

00
02
02
02
0.2
0.2
0.2
0.2
0.2
02
02
02

2§

ERRERRRRERERRERRRRRREER

ERRR8RBR

02
00
0.2
00
0.0
00
00
02
02
02
00
02
0.2
02
0.2
0.2
02
0.2
0.2

0.2
02

2010

02
02
02
0.2
02
02

02

02
02
02
02
02
02
02
02
02
02
02
295
02
456
6.6

02
02
02

0.2
02
02
0.2
0.2
02

geeee

02
0.0
00
0.0
00
02
02
02

02

02
02
0.2
0.2
02
02
02
02
a2

2011
02

I I A I i S R S I S

02

0.2
0.2
0.2

02

02
02
02
02
00
02
00
00
00
00
0.2

00
0.2
02
02
02
02
02
0.2
02
02
0.2
0.2

2012
02
02
02
02
02
02
02
02
02
02
02
02

02
02
0.2
0.2
02
02
02
02
303
02
314
275
02
02
02
02
02
02
02
02
02
02

RRER

00
0.2
0.0
0.0
00
00
02
02
02

SRRERSB

0.2

RERRR

2013

gees

00
00
00
00
0.2
02
02
00
02
02
02
02
0.2
02
02
02
02
02
02

2014
02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
0.2
02
0.2
02
02
n9
02

157
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
00
02
00
00
00
00

02
02
02
00
02
02
02
02
02
02
02
02
02
02
02

2015
02
02
02
02
02
02
02
02
02
02

02
02
02
02
02
02
02
02
02
02
736
o2
932
161
02
02
02

02
02
02
02
02
02
02
02
02
0.2
0.2
00
0.2
0.0
00
00
00
0.2
02

0o
0.2
0.2
0.2

02
02
0.2

02
02
02

2016
0.2
02
0.2
0.2
0.2
0.2
02
02
02
02
0.2
02
02
02
02
02
0.2
02
02
02
02

75.5
02
95.5
16.5
02
02

0.2
02
0.2
0.2
0.2
02
0.2
02
02

gRER

0.2
00
0.0
00
00
02
02
02
0.0
02
02

0.2
02
0.2
02
0.2
0.2
0.2
0.2

2017
02
02
02
02
02
02
02
02
02

0.2
0.2

0.2
0.2
02
0.2
0.2
02
0.2

73

979
169
02
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
02

02
00
02
00
00

00
0.2
0.2
02

02
02
02
02
02
02
0.2
0.2
0.2
02
02



Attachment|. Estimated and
Projected Pumping Rates (af/y)

2018
2K-219 02
2K-300 02
2K-301 02
2K-302 0.2
2K-303 0.2
2K-305 0.2
2K-318 02
2K-319 0.2
2K-320 0.2
2%-321 02
2K-324 0.2
2p-512 0.2
2T-304 0.2
21-317 02
21-502 0.2
27-503 02
27-505 02
27-515 02
27-518 02
3A-27 02
3GS-77-5 02
3K-252 793
3xk-311 02
3K-318-1 100.3
3K-318-2 173
3K-320 0.2
3K-323 0.2
3K-324 0.2
3K-325 02
3K-326 0.2
3K-327 0.2
3K-328 0.2
3K-329 02
3K-332 02
3K-344 02
3K-345 0.2
3M-156 02
3M-175 02
3IM-176 02
3IM-176A 02
3P-350 00
3P-351 0.2
222 00
3T-322-1 00
37-322-2 0.0
31-333 0.0
371-500 02
3T-S00A 02
37-505 02
371-507 00
31-510 02
r-sn 02
3T-518 02
37-528 0.2
r-529 - 02
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02
02
02
02
02
02
0.2
0.2
02
0.2
02
02
02
02
00
00
0o
0.0
02
02
a2
02
02
02
0.2
02
02
02
02
02
02
02
02
02
02
0.2
02
0.2
02
02
02
02
00
0.2

1969
0.2
02
02
0.2
02
02
02
02
0.2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
0.2
02
02
02
02
02
02
0o
00
00
00
02
02
02
02
02
02
02
0.2
0.2
02
0.2
02
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
0.2
02
00
0.2

1970
0.2
02
02
02
02
02
0.2
02
0.2
0.2
02
02
02
02
02
02
0.2
02
02
0.2
02
02
0.2
02
02
2.2
0.2
02
0.2
0.2
0.2
o0
00
0.0
00
0.2
0.2
02
02
0.2
02
0.2
0.2
02
02
02
02
02
02
02
02
02
0.2
02
02
02
02
0.2
02
00
02

1971
0.2
0.2
0.2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
0.2
0.2

00
00
00
02
02
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
a2
00
02

1972
0.2
02
0.2
0.2
02
02
02
0.2
02
02
02
0.2
0.2
02
02
02
02
02
02
02
02
02
02
02
0.2
02
02
02
02
02
0.2
02
00
00
00
02
02
02
02
02
02
02
02
02
02
0.2
02
02
02
02
02
0.2
02
02
02
02
02
0.2

00
02

1973
0.2
02
02
02
02
02
02
02
02
02
02

0.2
02
0.2
0.2
0.2
0.2
02
02
02
02

0.2
0.2
0.2
02
02
02
02
02
0.2
02
02

0.0
00
00
02
02

02
02
02
02
02
0.2
0.2
0.2
0.2
0.2
0.2
0.2
02
02
02
02
02
02
0.2
0.2
02
02
0o
02

1974
02
02
02
02
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02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
(L]
02

1975
02
02
02
02
02
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02
02
02
02
02
02
02
0.2
02
02
02
02
02
02
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1976
02
02
0.