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through a monitored discharge point under a National Pollutant Discharge Elimination System 
(NPDES) permit.  

The primary source of water entering the pond is from bottom ash recovery and transport 
processes at Units 4 and 5 (U45). Bottom ash is hydraulically transported to the U45 hydrobins 
where the transport water is separated and conveyed to the CWTP. Overflow ash and other 
sediments settle in a series of seven separate earthen settling basins on the west edge of the 
CWTP footprint prior to the water decanting into the main CWTP. The decant cells are 
excavated periodically to remove settled solids. A fixed weir controls the water level of the 
CWTP and the pond drains through twin barrel gated reinforced concrete pipes (an NPDES-
permitted outfall) to the cooling water discharge canal at the northeast corner of the pond. 

 DISPOSAL AREA CCR UNITS 2.2

2.2.1 Multiunit 1  

Multiunit 1 comprises two active CCR units: the Lined Ash Impoundment (LAI) and the Lined 
Decant Water Pond (LDWP). The LAI and LDWP were designated Multiunit 1, as allowed 
under the Rule, because their configuration relative to the direction of groundwater flow makes it 
technically infeasible to distinguish groundwater quality differences beneath the two units. 

The LAI is an approximately 129-acre surface impoundment located approximately 6,000 feet 
west of the Plant in the eastern ½ of Section 34, Township 29 North, Range 16 West. The LAI 
was constructed to receive fly ash, flue gas desulfurization (FGD) waste and other associated 
residuals. Solids settle and water migrates to the west side of the impoundment resulting in a 
deposited solids surface at a slope of approximately one percent away from the discharge 
location.  Free and entrained water in the LAI drains through a vertical drop structure and an 
internal toe drain to the adjacent LDWP from which it is pumped back to the Plant for reuse as 
process water.  

The LAI was constructed over closed Ash Ponds 4 and 5 and placed into service in 2004. The 
LAI is fully -lined with a single 60-mil high-density polyethylene (HDPE) geomembrane on the 
bottom and side slopes of the impoundment. The LAI has a maximum design capacity of 5,364 
acre-feet and a maximum operating reservoir level of elevation 5275.2 feet above mean sea level 
(AMSL). The west and south embankments of the LAI are approximately 74 and 120 feet high, 
respectively, with a final minimum crest elevation of 5,280 feet AMSL. The starter dam for the 
west embankment was aligned with the divider dike between the underlying closed Ash Ponds 3 
and 4; the west and south embankments were raised by the downstream method several times to 
the current and ultimate crest elevation. 
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In the Plant Area, the lower Pictured Cliffs Sandstone is the uppermost geologic unit. The Lewis 
Shale is present beneath the Pictured Cliffs Sandstone in the Plant Area. Construction and 
operations have altered the natural ground surface and the resulting disturbed ground conditions 
overlying the Pictured Cliffs Sandstone are not well understood. Much of the land surface is 
covered by buildings and pavement.  

In the Disposal Area, the Lewis Shale is the uppermost geologic unit. The Lewis Shale 
comprises two distinct units: 1) an upper highly-weathered shale; and 2) a lower, hard 
unweathered shale. The weathering is likely the result of water entering and moving through 
joints and bedding planes in the weathered Lewis Shale where it is exposed.  

The weathered Lewis Shale is highly fractured and friable. It is typically brown, reflecting 
oxidation of iron and minerals exposed to water. Gypsum mineralization (a relatively soluble 
mineral) has also been observed in the weathered Lewis Shale above the water table, suggesting 
more water was present in the formation in the past, likely due to a wetter climate.  

The underlying unweathered Lewis Shale is less fractured, somewhat fissile, and has been 
consistently observed to be dry during drilling and other excavation activities. This layer is 
typically blue gray and lacking gypsum, reflecting a lack of oxidation and significant contact 
with water.  

The weathered zone at the top of the Lewis Shale is thinner in the Plant Area, where it is overlain 
by the Pictured Cliffs Sandstone, since it has had less exposure to precipitation, erosion, and 
other surface processes. The top elevation of the unweathered Lewis Shale beneath the Pictured 
Cliffs Sandstone in the Plant Area is approximately 5,300 feet AMSL, based on geologic profiles 
developed for the design of the plant. 

Three hydrostratigraphic units are present at the FCPP site:   

1) The Pictured Cliffs Sandstone beneath the Plant Area, which constitutes the uppermost 
aquifer in the Plant Area; 

2) The variably-saturated weathered Lewis Shale in the Disposal Area and the 
hydraulically-connected alluvial deposits along Chaco Wash, which together constitute 
the uppermost aquifer in the Disposal Area;  

3) The unweathered Lewis Shale, a regionally extensive confining unit (aquitard), which 
forms the base of the uppermost aquifers in the Plant Area and the Disposal Area.  
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3.5.2 Plant Area Hydrostratigraphy - Pictured Cliffs Sandstone   

The Plant Area is located on the high ground within 2,000 feet of the south shore of Morgan 
Lake. The Pictured Cliffs Sandstone is present from the ground surface (between approximately 
5,340 feet AMSL and 5,360 feet AMSL) to approximately 5,300 feet AMSL (top elevation of the 
Lewis Shale in the Plant Area). Groundwater flow in the Plant Area is strongly influenced by the 
water level in Morgan Lake (approximately 5,330 feet AMSL) and shallow groundwater is 
present in the Pictured Cliffs Sandstone hydrostratigraphic unit at elevations ranging from 
approximately 5,330 feet AMSL to 5,335 feet AMSL (Figure 3.2). 

APS has made regular measurements of groundwater elevations in wells in the Plant Area since 
late 2015. Groundwater elevation contour maps for the Upper Retention Sump and the CWTP 
are presented as Figure 3.2. Hydrographs showing groundwater elevations over the period of 
record for the Upper Retention Sump and the CWTP are presented as Figures 3.3 and 3.4. 

Groundwater Flow Direction 

Upper Retention Sump  

Groundwater elevation contours based on groundwater elevations measurements in June 2016 in 
the Upper Retention Sump and CWTP area are presented as Figure 3.2. Groundwater elevations 
in the vicinity of the Upper Retention Sump ranged from 5,331.76 feet AMSL in MW-67 to 
5,335.02 feet AMSL in MW-69, and are above the bottom elevation of the Upper Retention 
Sump. The groundwater elevations indicate groundwater mounding and radial flow in the 
vicinity of the Upper Retention Sump. The hydrograph for the Upper Retention Sump wells 
(Figure 3.3) indicates that, although groundwater elevations in MW-67 exhibit occasional spikes 
up to 5,340 feet AMSL, the observed radial flow is generally maintained over time. 

Groundwater elevations in MW-71 and MW-72, located 1,000 feet southwest and 500 feet south 
of the Upper Retention Sump, respectively, were 5,331.41 feet AMSL and 5,331.90 feet AMSL, 
respectively. These groundwater elevations suggest that these wells may be influenced by the 
mounding in the vicinity of the Upper Retention Sump. 

CWTP  

Groundwater elevation contours based on groundwater elevations measured in June 2016 in the 
Upper Retention Sump and CWTP area are presented as Figure 3.2. Groundwater elevations in 
the vicinity of the CWTP ranged from 5,329.48 feet AMSL in MW-63 to 5,331.07 feet AMSL in 
MW-65. The surface water level in the CWTP was 5,332.01 feet AMSL and the water level in 
the canal adjacent to the north and east sides of the CWTP was 5,328.95 feet AMSL. The canal 
and CWTP are in hydraulic connection with the groundwater. The groundwater elevations 
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indicate radially outward flow from the CWTP. The hydrograph for the CWTP wells (Figure 3.4) 
indicates that the outward radial flow is generally maintained over time. 

3.5.3 Disposal Area Hydrostratigraphy - Weathered Lewis Shale/Alluvium  

The Disposal Area is located approximately 1 mile west of the Plant on the low sloping ground 
surface west of the cliff face. The Disposal Area extends approximately 4,000 feet west of the 
cliff face and the ground surface slopes toward Chaco Wash, approximately 3,500 feet further to 
the west. The eroded surface of the Lewis Shale forms the sloping ground surface in the Disposal 
Area. Quaternary alluvium (typically sand and gravel) overlies the weathered Lewis Shale  
within, and along, the Chaco Wash west of the Disposal Area and tributary washes to the north 
and west of the Disposal Area.  The alluvium contains a variable amount of groundwater, 
depending on its location relative to perennial reaches of Chaco Wash and sources of local 
recharge. Beneath the Disposal Area, the weathered Lewis Shale is variably saturated and  
discharges to alluvial deposits of Chaco Wash. An operational groundwater recovery trench 
intercepts subsurface flow at a rate of approximately 50 gallons per minute between the Disposal 
Area and Chaco Wash. 

Hydrogeological studies conducted since the 1980s have documented the groundwater conditions 
in the Disposal Area. Groundwater in the weathered Lewis Shale is unconfined and occurs 
primarily within the fractures that are typically present along bedding planes. Shallow 
groundwater is present in the weathered Lewis Shale/Alluvium hydrostratigraphic unit in the 
Disposal Area at elevations ranging from approximately 5,240 feet AMSL to 5,100 feet AMSL 
(Figure 3.5). 

Saturated conditions in the weathered Lewis Shale/Alluvium hydrostratigraphic unit in the 
Disposal Area have been documented only in the vicinity of, and to the north of, Multiunit 1 and 
in the downgradient groundwater recovery trench. Only unsaturated conditions have been 
observed in the vicinity of the DFADA. The groundwater conditions in the Disposal Area are 
influenced by recharge from Morgan Lake and historical unlined ponds. Transient effects on 
groundwater flow may be caused by intermittent flow in the blowdown channel carrying 
discharge from Morgan Lake, precipitation runoff events, and changes in construction and 
operation of the ponds and interceptor trenches. Taken together, these conditions produce: 1) a 
groundwater flow system that exhibits discontinuous, variably saturated, and transient 
conditions; and 2) areas where minimal saturated thickness and/or low permeability aquifer 
characteristics result in limited well yields.  

Some wells, both east and west (upgradient and downgradient) from Multiunit 1, in areas where 
saturated conditions are generally present or may be expected, are either dry (MW-51) or do not 
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produce sufficient quantities of groundwater to provide water quality samples (MW-50A, MW-
40R, and MW-76).  

The weathered Lewis Shale/Alluviam hydrostratigraphic unit is geologically consistent between 
Multiunit 1 and the DFADA, where the same sequence of weathered, highly fractured Lewis 
Shale overlies the unweathered Lewis Shale; however, the weathered Lewis Shale is unsaturated 
in the vicinity of the DFADA. Site records since the 1980s have documented that wells in the 
weathered Lewis Shale in the DFADA area have generally been dry.  

The discontinuous groundwater conditions in the weathered Lewis Shale/Alluvium 
hydrostratigraphic unit are believed to be influenced by Morgan Lake and other sources of 
recharge, and the corresponding absence of that influence in the vicinity of the DFADA. The 
semi-arid climate and limited watershed do not result in enough natural recharge to sustain a 
constant saturated zone in the weathered Lewis Shale/Alluvium hydrostratigraphic unit. There 
are no surface water features recharging the weathered Lewis Shale in the vicinity of, or 
upgradient from, the DFADA; therefore, the weathered Lewis Shale/Alluvium hydrostratigraphic 
unit in the vicinity of the DFADA is unsaturated. Based on groundwater conditions observed in 
the vicinity of closed Ash Pond 6 and Multiunit 1, however, the unit is capable of transmitting 
groundwater if a source of recharge is present. Unsaturated conditions have generally been 
observed in the DFADA area throughout the historical record.  

Groundwater Flow Direction 

Groundwater elevation contours based on groundwater elevation measurements in June 2016 in 
the Disposal Area is presented as Figure 3.5. A hydrograph showing groundwater elevations over 
the period of record is included as Figure 3.6. The groundwater flow direction in the Disposal 
Area is to the west-southwest, following the topography, as described below. 

Multiunit 1 

Groundwater elevations in the vicinity of Multiunit 1 ranged from 5,289.36 feet AMSL in MW-
50A to 5,076.00 feet AMSL in MW-8. The weathered Lewis Shale/Alluvium hydrostratigraphic 
unit is unsaturated at some upgradient Multiunit 1 monitoring well locations (MW-43 and MW-
51) and at some down-gradient Multiunit 1 monitoring well locations (MW-40R and MW-76).  

The groundwater elevations indicate groundwater flow to the west-southwest at a gradient of 
0.003 (unitless) in the vicinity of Multiunit 1. The hydrograph for the Multiunit 1 wells (Figure 
3.6) indicates that the groundwater elevations and groundwater flow direction are generally 
consistent over time. 
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DFADA  

The weathered Lewis Shale/Alluvium hydrostratigraphic unit is unsaturated both up- and down-
gradient of the DFADA at the location of downgradient monitoring wells MW-13, MW-44, 
MW-10, and MW-48, and upgradient monitoring wells MW-12R and MW-55R.  

The geologic setting and hydrostratigraphy is continuous between the DFADA and Multiunit 1. 
The presence of groundwater in the vicinity of Multiunit 1 indicates that if saturated conditions 
develop in the weathered Lewis Shale/Alluvium hydrostratigraphic unit in the vicinity of the 
DFADA, the groundwater flow direction will be to the west-southwest. 

3.5.4 Unweathered Lewis Shale 

The unweathered Lewis Shale hydrostratigraphic unit is present beneath the entire FCPP site, 
where it forms the base of the uppermost aquifers in the Plant Area and the Disposal Area. The 
low hydraulic conductivity and great thickness of the unweathered Lewis Shale prohibits any 
significant downward migration of groundwater to deeper stratigraphic units.  The full thickness 
of the unweathered Lewis Shale has not been penetrated in any of the exploratory boreholes 
advanced at the Site. The deepest boreholes drilled at the FCPP, LS-1 and LS-2, each extended 
to total depths of 360 feet (elevation 5,008 feet AMSL and 5,037 feet AMSL, respectively), 
indicating that the Lewis Shale aquitard is present beneath the FCPP to at least these depths 
(elevations). Boring logs for LS-1 and LS-2 are included in Appendix B. 
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Upper Retention Sump comprise the downgradient monitoring well network for this CCR unit. 
The five wells, MW-66, MW-67, MW-68, MW-60, and MW-70, are screened within the 
Pictured Cliffs hydrostratigraphic unit and are located as close to the Upper Retention Sump as 
practical.    

4.1.3 CWTP Downgradient Monitoring Well Network  

The groundwater flow direction in the vicinity of the CWTP is radially outward from the CCR 
unit. Therefore, the downgradient monitoring well network was located around the perimeter of 
the CWTP. A total of four new monitoring wells surrounding the CWTP comprise the 
downgradient monitoring well network for this CCR unit. The four wells, MW-62, MW-63, 
MW-64, and MW-65, are screened within the Pictured Cliffs hydrostratigraphic unit and are 
located as close to the CWTP boundary as practical.    

 DISPOSAL AREA GROUNDWATER MONITORING WEL L NETWORKS  4.2

4.2.1 Disposal Area Background Monitoring Wells 

The variably saturated conditions in the Disposal Area resulted in the inclusion of background 
monitoring wells located away from the CCR units to ensure representative water quality data in 
the weathered Lewis Shale/Alluvium hydrostratigraphic unit that are unimpacted by CCR. Using 
multiple wells and wells not necessarily directly up gradient of the CCR unit, is permitted under 
the Rule, if it allows for more accurate representation of background water quality.   

A total of seven water table monitoring wells comprise the background well network in the 
Disposal Area: existing wells MW-12R, MW-43, MW-49A, MW-50A and MW-51 and new 
wells MW-55R and MW-74. Two of these (MW-12R and MW-49A) are close to the edges of the 
DFADA and Multiunit 1; water quality data indicate that these wells may be impacted by CCR. 
Four wells do not maintain adequate saturated thickness to sample (MW-43, MW-50A and MW-
55R) or are consistently dry (MW-51), but may be useful for establishing background conditions 
if groundwater elevations increase in the future. One well is farther east (MW-74) and located 
away from any CCR storage or disposal facilities and provides a monitoring point in the 
weathered Lewis Shale/Alluvium hydrostratigraphic unit that is unimpacted by CCR.   

4.2.2 Multiunit 1 Downgradient Monitoring Well Network  

The groundwater flow direction in the vicinity of Multiunit 1 is to the west-southwest. Therefore, 
the downgradient monitoring well network was located along the west and southwest side of the 
CCR unit. A total of six monitoring wells comprise the downgradient well network for Multiunit 
1: existing wells MW-7, MW-8, and MW-40R, and new wells MW-61, MW-75 and MW-76. 
These six wells are screened within the weathered Lewis Shale/Alluvium hydrostratigraphic unit 
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and are located as close to the downgradient (south and west) sides of Multiunit 1 as practical. 
One of these wells (MW-40R) does not maintain adequate saturated thickness to sample and one 
well is consistently dry (MW-76). These wells are included in the downgradient monitoring well 
network to allow monitoring of any transient flow conditions that may develop.   

4.2.3 DFADA Downgradient Monitoring Well Network  

The groundwater flow direction to the north of the DFADA, where saturated conditions exist, is 
to the west-southwest. It is expected that if saturated conditions develop in the vicinity of the 
DFADA, the groundwater flow would also be to the west-southwest. Therefore, the 
downgradient monitoring well network was located along the west and southwest side of the 
CCR unit. A total of four existing wells comprise the downgradient monitoring well network for 
the DFADA. Three of the four downgradient wells, MW-10, MW-13, and MW-44, are screened 
within the weathered Lewis Shale/Alluvium hydrostratigraphic unit; MW-48 is screened in the 
unweathered Lewis Shale. The existing wells included in the DFADA downgradient well 
network are located several hundred feet to the west (downgradient) from the DFADA boundary. 
The consistently dry conditions indicate that installing additional wells would not provide 
different results.  

The four DFADA downgradient monitoring wells are dry (MW-10, MW-13, MW-44 and MW-
48). The intent of the Rule is to accurately represent the quality of groundwater, if any, passing 
the waste boundary. The downgradient DFADA well network will be used over time to identify 
saturation in the weathered Lewis Shale/Alluvium hydrostratigraphic unit in the vicinity of the 
DFADA. If saturated conditions develop, groundwater elevations and water quality data from the 
DFADA well network will be evaluated to confirm whether wells are appropriately placed to 
meet the technical requirements of the Rule.  
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TABLES 

 



Table 2.1
Summary of CCR Units
Arizona Public Service

Four Corners Power Plant

Faciltiy Name Size 
(acres) Landfill Impoundment Status

Upper Retention Sump 1.07 X Active
Combined Waste Treatment Pond (CWTP) 13.7 X Active

Lined Ash Impoundment (LAI) 75 X Active
Lined Decant Water Pond (LDWP) 45 X Active

DFADA, Cells #1, #2 and #3 84 X Active
DFADA 4 X Planned



Well New/Exist CCR UNIT Date Installed Northing Easting
Borehole

Depth
(feet bgs)

Top of Screen
(feet bgs)

Bottom of
Screen

(feet bgs)

Screen
Length
(feet)

Ground
Surface

Elevation

Top of Casing
Elevation

Stick Up
(feet)

Top of Screen
Elevation

Bottom of
Screen

Elevation

MW-66 New Upper Retention Sump 9/27/2015 2,070,329.33 2,534,260.15 33 15 25 10 5344.7 5344.69 0.0 5329.7 5319.7
MW-67 New Upper Retention Sump 9/11/2015 2,070,194.39 2,534,124.22 31 19.6 29.6 10 5354.0 5356.42 2.4 5334.4 5324.4
MW-68 New Upper Retention Sump 9/10/2015 2,070,059.51 2,534,176.27 30 19.0 29.0 10 5354.0 5353.58 -0.4 5335.0 5325.0
MW-69 New Upper Retention Sump 9/9/2015 2,069,877.99 2,534,353.89 35 24.3 34.3 10 5355.3 5357.66 2.4 5331.0 5321.0
MW-70 New Upper Retention Sump 9/30/2015 2,070,090.58 2,534,558.23 53 40 50 10 5368.6 5371.12 2.5 5328.6 5318.6
MW-71 New Upper Retention Sump 3/1/2016 2,069,273.31 2,533,344.69 50 22.5 42.5 20 5363.6 5362.91 -0.7 5341.1 5321.1
MW-72 New Upper Retention Sump 3/2/2016 2,069,248.07 2,534,270.98 61 50.7 60.7 10 5379.1 5381.62 2.5 5328.4 5318.4
MW-73 New Upper Retention Sump 1/18/2017 2,070,658.00 2,531,266.17 45 28.9 43.9 15 5351.9 5353.95 2.1 5323.0 5308.0
MW-62 New CWTP 9/28/2015 2,071,562.93 2,534,532.68 20 10 20 10 5339.4 5341.87 2.5 5329.4 5319.4
MW-63 New CWTP 9/25/2015 2,071,996.92 2,534,981.78 20 9 19 10 5337.0 5337.02 0.0 5328.0 5318.0
MW-64 New CWTP 9/26/2015 2,071,564.57 2,535,675.10 25 10 20 10 5337.7 5337.66 0.0 5327.7 5317.7
MW-65 New CWTP 9/27/2015 2,071,367.36 2,535,315.81 20 8 18 10 5337.2 5339.74 2.5 5329.2 5319.2
MW-12R Existing Multiunit 1 3/27/2012 2,068,356.17 2,527,509.57 70 13.5 33.5 20 5261.7 5264.44 2.7 5248.2 5228.2
MW-40R New Multiunit 1 9/17/2015 2,069,601.83 2,523,646.84 25 14.3 24.3 10 5134.8 5137.43 2.6 5120.5 5110.5
MW-43 Existing Multiunit 1 3/24/2012 2,072,045.99 2,530,655.84 60 16 26 10 5269.4 5271.58 2.2 5253.4 5243.4
MW-49A Existing Multiunit 1 5/18/2013 2,069,725.72 2,527,814.06 68 50 65 15 5281.4 5285.96 4.6 5231.4 5216.4
MW-50A Existing Multiunit 1 5/7/2013 2,070,606.21 2,529,372.84 63 28 43 15 5333.2 5335.67 2.5 5305.2 5290.2
MW-51 Existing Multiunit 1 4/28/2013 2,071,847.79 2,529,602.78 80 20 30 10 5285.1 5287.52 2.4 5265.1 5255.1
MW-61 New Multiunit 1 9/16/2015 2,068,690.79 2,523,692.19 35 24.2 34.2 10 5126.6 5129.19 2.6 5102.4 5092.4
MW-8 Existing Multiunit 1 3/11/1987 2,067,581.98 2,523,451.56 74 27.7 47.7 20 5120.9 5122.56 1.7 5093.2 5073.2
MW-74 New Multiunit 1 1/18/2017 2,073,802.41 2,530,570.32 40 8.1 18.1 10 5216.7 5219.09 2.4 5208.6 5198.6
MW-75 New Multiunit 1 3/15/2017 2,068,503.98 2,523,705.35 41 29.0 39.0 10 5124.8 5126.80 2.0 5095.8 5085.8
MW-76 New Multiunit 1 3/16/2017 2,067,954.00 2,523,375.13 33 11.8 26.8 15 5114.3 5116.23 1.9 5102.5 5087.5
MW-7 Existing Multiunit 1 3/11/1987 2,067,347.92 2,524,866.31 60 14.7 34.7 20 5148.3 5149.32 1.0 5133.6 5113.6
MW-10 Existing DFADA 3/12/1987 2,065,094.41 2,525,297.91 35 13 33 20 5149.7 5150.71 1.1 5136.7 5116.7
MW-13 Existing DFADA 8/31/1987 2,066,528.21 2,525,040.92 60 34.9 54.9 20 5149.5 5150.75 1.2 5114.6 5094.6
MW-44 Existing DFADA 3/28/2012 2,065,826.30 2,525,157.77 40 13.5 23.5 10 5145.2 5146.89 1.7 5131.7 5121.7
MW-48 Existing DFADA 5/14/2013 2,064,927.04 2,525,190.54 80 35 60 25 5163.4 5165.96 2.5 5128.4 5103.4
MW-55R New DFADA 9/13/2015 2,069,601.83 2,523,646.84 95 72.9 92.9 20 5241.4 5243.96 2.6 5168.5 5148.5

Note: All elevations in feet above mean sea level (NAVD 88)
Horizontal Coordinates in feet NAD83

Table 4.1:
Monitoring Well Construction Details
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Four Corners Power Plant, Fruitland, New Mexico  
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