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References: (1) Radioactive Material License No. R05807, Amendment 04
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(2) Letter from Gary L. Smith, Ph.D. (TCEQ), to Scott Kirk, CHP (WCS), re:
“Radioactive Material License No. R05807, Log No. 2009-12-0003,
Surface Water Management Plan,” dated January 7, 2010 [sic]

Subject: Response to Request for Additional Information Regarding Surface Water
Management at the Waste Control Specialists LLC Site, Andrews County,
Texas

Dear Dr. Smith:

Your letter of January 7, 2011 (Reference 2), requests submittal of information that includes
guantitative models which show that WCS’ surface improvements minimize infiltration.
Enclosed is a report OAG Water Levels: Empirical and Modeled Relationships between
Precipitation and Infiltration that addresses infiltration of precipitation and surface water into the
Ogallala/Antlers/Gatufia- (OAG) formation; including a numerical model analysis of the effects of
infrastructure developments such as roads, railways, and ditches. The report provides empirical
observations of the response of the OAG wells fo precipitation, both under natural
circumstances and in the vicinity of ditches and other drainage interruptions such as roads.
Also included in the report is a numerical model analysis that illustrates the potential impacts of
surface water management on groundwater conditions in the OAG and illuminates the
mechanism of recharge to the OAG.

Waste Control Specialists LLC (WCS) submits this report to completely fulfill the recquirements
of License Condition 97.A of Radioactive Material License No. R05807.

| certify under penalty of law that this document and all attachments were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
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and complete. | am aware there are significant penaltles for submitting false information,
including the possibility of fine and imprisonment for knowing:violations.

'_WCS requests that a copy of all correspondence regardlng thls matter be directly emalled
(skirk@valhi.net) to my attention as soon as.possible after issuance. If you have any questions
or need additional information, please call me at 432-525-8500.
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Vice-President, Licensing, Corporate Compliance and Radiation Safety Officer.
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1.0 Introduction

The purpose of this report is to respond primarily to the January 7, 2011 letter
from the Texas Commission on Environmental Quality (TECQ) regarding
- Radioactive Materials License (RML) No: R05807, License Condition (LC) 97.A.
~ The report also provides ddcumentaﬁon requested by TCEQ in a letter dated
December 10:, 2009, of continued water level mehitoring in TP-42 and TP-43, as
‘well as additional observations in water levels around the Byproduct landfill and
doCumentation of the effect of infiltration from the ditches and drainages in the
VICInIty of the Byproduct Iandf|II as requested in a letter from TCEQ dated May'
11, 2010. The observatlons and qualitative analyses in Sectlon 2.0 are prowded
as- the empirical observations of the infiltration processes at the WCS site.
. Generic numerical modeling of infiltration processes at the site are summarized

in Section 3.0, and the modeling results are presented in Appendix |l.

 The January 7, 2011 letter from TCEQ requests a submission that cornpletely
fulfills the requirements of LC 97.A. ' | "

License Condition 97.A states:

Within 60 dayé of issuance of Amendment 03 of this license, the licensee shall
submit for review by the Executive Director, a comprehensive plan to ;n"ranage
surface water Wlth/n an 800-foot perimeter of the by-product materlal dlsposal
Iandflll that will minimize infiltration, evaluate run-off from adjacent facilities and |
evaluate impacts of run-off from all current and planned facilities for the WCS
complex. The plan. shall also include, at a minimum, lnstallatlon of continuous -
water level mcnitors at TP-142, TP-143, TP-146, TP-148, TP-167, and TP-1 71
(see Figure 1 OAG Groundwater AO‘ccurrenCe — Facilities Area, July 2009,
~ received August 10, 2009) ' o o

WCS contends that the requwements of LC 97 A have been met. As noted by
TCEQ in the January 7, 2011 letter, WCS submitted a document entitled ‘Surface
Water Management Plan’ on December 1, 2009, as well ‘as additional supporting -



information regarding surfacevwater m'anagement ina feport entitled ‘Engineering
Design and related Construction Plans to Maintain the Drainage Ditch for the
Red Bed Bench  in the Byproduct Material Landfill, submitted pursuant to
pfovision 9.B. of th.‘e._ complli-ance agreement effective .A'ugust 27, _2010; WCS
installed the continuous water level monitors at the wells identified in License
Condition 97.A and at_several other wells around the Byproduct landfill, for a
current total of 18 wells with Qontinuous water level monitors in the vicinity of the
Byproduct landfill and one continuous monitor in TP-14 north of the Federal
Waste:Facility/Compact Waste Facility (FWF/CWF). The reports and actions
stated above are thé basis of WCS’ cbntention that the requirements of License_

Condition 97.A have been met.

In the January 7, 2011 letter, TCEQ references additional discussions and
correspondence wherein WCS agreed to proVide an assessment of infiltration to
the OAG that included both observations of the response of the OAG to
precipitation as well as generic modeling of potential infiltration scenarios. The
observations and modeling are to demonstrate the response or lack of responsé
of the OAG to precipitation. The observations and modeled scenarios are meant
to account for variability in subsurface geology and proximity to probable sources
of infiltration such as playas or other topographically low areas with a tendéncy to
develop standing water following precipitation events. Man-made influences on
surface water runoff and potential infiltration scenarios include drainage ditches

and drainage interruptions by roads, railroads or other surface facilities.

Therefore, although WCS contends that the requirements of LC 97.A have been
met by previous submissions and site activities undertaken pursuant to the

license condition, this report provides information in :response to additional

. requests that have been made by the TCEQ.

The report is presented in two parts. The first part provides historical
observations from wells in the OAG unit. There are currently 254 OAG wells on -
the WCS site, of which 152 are dry and 102 contain some measureable ,
thickness of water in the OAG. Most of the OAG in the vicinity of the WCS -



' iandfill facilities is dry. The second 'part of the report ’piesentc‘gcneric mcdeling'_ '
of infiltration representative of the site hydrogeologic conditions, demonstrating
the mechanisms of infiltration at the site under various geolcgic sequence:
scenarios and under undisfurbed and current conditions. Curr.ént-cond.ifions at
the site include infrastructure development such as roads, ditches, railroads,

buildings or other man-made features that impact runoff and infiltration.

2.0 Emplrlcal Observations

The WCS site comprlses the Flying W Ranch approx1mately 23 sections which
includes the facilities area, the 1338 acres of the Flying W Ranch W|th|n which
the WCShazardous and radioactive waste permitted facilities are located. The
thickness of the OAG on the WCS site ranges from zero, where the caliche that
developed on and in the OAG sediments extends from ground surface to the top
of Dockum, to about 30 feet. The OAG occurs at depths of a few feet to 80 feet

or more in the extreme southern and northern parts of the Flying W Ranch:.

The OAG, which. has some saturated thickness on a somewhat laterally
continuous basis in. the northern and eastern parts cf the WCS site, is gcneraily
dry on the western and southern parts of the site. The -saturated thickness
feathers out to zero as the WCS Iandfill facilities are approached from the north
and east, leaving a few isolated areas of thin OAG saturation in low. spots on the
top of the Dockum. There are cur_re_ntly 254..0AG wells on the WCS site, of.
which 152 ‘are dry and 102 contain some measureable thickness of water in the
OAG. Most of the OAG in the V|cmity of the WCS landfill facilities is dry. There
. are a limited number of areas, such as playas or undisturbed topographic lows,
where recharge to the OAG .occurs L_inder nat_ural conditions. There are also
'some areas where previously dry wells or wells with minimal saturated
~ thicknesses have shown some response to precipitation over the past several
years. Instancas -wherc welic have g’onel from dry to wet, cr.shcvi/n signiﬁcant
" increases in water levels, are -gén’ei’ally relaied to localized infi Itration“ in - the
vicinity of ditches, roads and other landfill - construction activmes - These

: mstances will be detalled in the follownng sections



‘\J‘,

. A series of 34 OAG wells, termed PZ-1 thrdugh PZ-34, were installed in 1999

thrOughdut the Flying W Ranch (Lehman and Rainwater, 2000) and outside the

'then—undesignated facilities area. Water levels in these wells were periodically

monitored, with quarterly mohitoring cemmencing in December, 2003. A-16 was
also installed in 1999. The PM series of wells were installed in 2001 along with
TP-12 and TP-13 and TP-14 was installed in 2004. The remainder of the 254
OAG wells on the WCS site were installed since about October, 2005. With a
few exceptions, wells outside the facilities area are Iabeled PZ-XX, and wells
inside or immediately adjacent to the facilities area are labeled either TP-XX,
OAG-XX, CWF-XX, FWF-XX, or PM-XX. A series of OAG wells labeled TMW-
XX were installed as temporary monitoriﬁg wells under the RCRA regulatory
program in the southwestern quadrant of the facilities area. Three monitor wells
labeled GW-X were installed in December, 2009 and January, 2010 pursuant to
RML No. R04100, Attachment A; GW-1A and GW-3 are outside the facilities area
while GW-5 is inside. Ail OAG wells were monitored periodically after
installation. Commencing November, 2006 all existing wells within the facilities

area began monthly monitoring and wells outside the facilities area began

: qu'arterly (or more frequent)_ monitoring. Monthly monitoring of all OAG wells on

the WCS site commenced in September, 2008.

Precipitation records are available since approximately 2000 from a
meteorological station designated Tower 1, located near the entrance to the
WCS Facility. Three addiﬁOnal weather stations were installed in February,
2009. The WeatherHawk west station is located about 1000 feet northwest of
the Byproduct landfill west of 'State Line road, the ER Tower station is about 500
feet north of the north-central boundary of the FWF, and the WeatherHawk East

station is about 2000 feet east-southeast of the southeast corner of the CWF

~ (Figure 1),

The following sections discﬁés hydrographs of historic water Ie\)els in the OAG at'_
various locations on ‘the site, categorized as to location and water level

responses to precipitation. The well locations and associated hydrographs at the
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site scale are shown in Figuré 2 and_at the facilities scale in FigUre 3. Figures 2 -
and 3 are taken from the December, 2010 OAG quarterly monitoring report
(WCS, 2011). Although the site currently has three weather stations, the longest

' précipifation record is from Tower 1, therefore Tower | precipitation data are

plotted on each of the hydrogra'phs discussed in the following sections. The
hydrographs illustrated on Figures 2 and 3 and in the following discussions

extend through December, 2010.
The categories of wells discussed below aré:
| 1) Wells outside the facilities area with no reéponse to precipitation.
2) Wells outside the facilities area wifh some response to precipitation.

3) Wells inside and outside the facilities area that show a response to
infiltration from the large playa north of the FWF/CWF.

4) Wells inside the facilities area with no response to precipitation.
5) Wells inside the facilities area with some response to precipitation.

6) Wells in areas of localized recharge related to ditches, roads of other

in'fraétructure 'development affecting surface drainage.

2.1  Wells outside the Facilities Area with no Response to Precipitatio‘h

This section brieﬂy. discuséés wells outside the facilities area that show virtually .
no response to precipitatibn. The location of the wells discussed in this section
starts in the northwest corner of the WCS site and continues in a clockwise
direction. Most of the wells outside the facilities area in the northern half of the
site have some saturated thickness of OAG sediments above the top 6f the
Dockum. Wells along the southern part of the eastern WCS site boundary, along

the southern and southwestern boundafies, and all wells on the site south of the

WCS facilities area are dry.' The first water level elevations onbthe hydrbgraphs

of wells PZ-1 through PZ-34 are based on GPS-measured elevations taken when
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the wells were installed. Subsequent water levels are based on dépth to water

measured from surveyed top of casing (TOC) elevations.

'PZ-1, in the extreme northwest corner of the site, shows virtually no response to |

precipitation, including the relatively high periods of precipitation in 2004 and
2005. PZ-1'6, located about 3000 feet south of PZ-1, exhibits similar behavior
over the ten year record.. The lack of response to precipitation of these and
many other.wells on the WCS site is due to the arid climate and the return of -
infiltration to the atmosphere. Barring localized rechargé in nearby playas or in
low, poorly-drained areas, the majority of wells outside the facilities area that are
not dry show little response to precipitation, indicating very little infiltration. In
addition, the long-term trend of most of the wells that show no response to
precipitation is essentially flat, suggesting that what little recharge does occur in
playas and low areas has very little influence on nea'}by long term water levels.
This observation is consistent with the relatively long-term water level records in
Andrews County included in the WCS permit applications. The water level
records in the permit applications show very little variability and no significant or

consistent long term trends over the 40-year period of record.

Numerous additional wells with 10 year records outside the facilities area show
no apparent response to precipitation including PZ-3, PZ-18, PZ-17, PZ-10, PZ-
32, PZ-33 and PZ-34.

2.2 Wells outside the Facilities Area with Some Response to
Precipitation

There are six wells outside the facilities area th_at' show some response to

o precipitation_: PZ-6, PZ-11, PZ-12 and PZ-26 located on the far eastern and

southeastern part of the WCS site, PZ-9 located about 2000 feet east of the
southéastern boundary of the facilities area, and PZ-2 in the extreme north-
cehtréi part of the site. PZ-6,“which responded fo precipitation in 2004/2005 and
2007 is located about 9000 feet east of the ndrtheast comer of the facilities area

near a well-defined .topographically low area in the sand dunes that contains

| abundant mesquite and other vegetation (Figure 4). The topographic low is most



likely a blowout in the dune field. which has developed into a pl'alya-like'
depression. The infiltration evident in the water level record of PZ-6 is most likely

due to infiltration in this low area.

Other wells on the eastern extreme of the WCS site that show some fésponse to
precipitation are PZ-11, PZ-12 and PZ-26 (Figure 4). PZ-11 is located about
4500 feet southeast of PZ-6, south of the dune field‘ on which PZ-6 is Idcated.
PZ-11 is not situated in the near vicinity of a topographic low; however it is about
400 feet east of a draw that empties in the vicinity of a closed topographic low,
probably a constructed stock tank, which appears to contain water bccasionally.
The very minor recharge apparent in the hydrograph -of PZ-11 is probably the
result of infiltration from the draw after significant precipitation, such as the wet
years 2004/2005.

PZ-12 is located imm'e'diately south of an area of sand dunes where the caprock
or younger caliche is reasonably néar ground surface. As seen in Figure 4, a
significant tonal change from brown to light grey from north to south is observed
in the vicinity of this well. Although there is not an obvious playa or depression in
the immediate vicinity of PZ-12, the minor recharge apparent in the hydrbgraph
following the wet years of 2004/2005 may be the result of infiltration in the minor
lows, aligned just south of and parallel to the road on which PZ-12 is located.

These lows are defined by the enhanced vegetation seen in Figure 4. .

PZ-26 is located about 3750 feet south directly south of PZ-12, adjacent to a
depression that is well defined by enhanced vegetation (see Figure 4). The
. depression is the most likely source for the 2004/2005} recharge evideht in the
hydrograph of PZ-26. ' |

PZ-9, about 2000 feet east of the facilities area southeastern boundary, shows
some response to précipitation although there is no obvious source of recharge
in its immediate vicinity. It is possible that surface drainage. collects in.a minor

topographic ‘saddle along the ranch road where PZ-9 is located, or the playas



located. within about 1000 to 1500 ‘feet of PZ-9 tnay be .the source: of the

recharge.

PZ-2, near the extreme north-central boundary of the WCS site, is the only other
well outside the facilities area that shows evidence of: direct response to
precipitation. PZ-2 is located in the immediate vicinity of a well pad on the
southern end of the oil and gas field at the northern bounda‘ry of the WCS site.
Infiltration occtjrs in response to precipitation beceUse drainage off the relatively
low permeability caliche pad is directed to the adjacent sand dunes, where

infiltration overcomes evapotranspiration following extremely wet periods.

2.3  Wells Inside and Outside of the Facilities Area that Show a Response
to Infiltration from the Large Playa

. Most water-level increases observed in wells are in response to precipitation and

the increases occur as a consequence of infiltration in the vicinity of the well.
However, there are also instances where upward or downward water-level trends
are not necessarily in direct response to precipitation or to infiltration from nearby
sources of recharge; rather the levels are changing as an overall trend that is
occurring on a broader scale than infiltration in the vicinity of individual wells.
One of the reasons for some of the observed upward- and downward-trending
water levels is that the onIyA significant source of groundwater recharge on the
entire WCS site is from a relatively large playa that contributes recharge to the
groundwater system only after very high ptecipitation. There was significant
infiltration from the large playa north of the FWF: vand CWF following the wet
years of 2004/2005. TP-14, located in the large playa shows an increase of at

least 6 feet foIIowmg the wet period.

"Water that infiltrated at the playa in 2004/2005 appears to be slowly migrating

northward in the OAG down a broad buried draw on the surface of the red beds

- (Figure 5). ' The northward-draining -groundwater is evidenced by minor upward-

trending water Ievels in OAG wells situated in the draw. The wells that show this
minor upward trend include PZ-58, PZ-38, PZ-60, PZ 5 and PZ-59. Some of

these wells only have water in the screened lnterval below the top of the



Dockum. They are classified as dry until water occurs above the top of the
Dockum; however, they are clearly receiving some minor amount of recharge
due to the drainage occurring on the top of the Dockum, although there is
insufficient water to result in any saturated thickness of OAG at these wells. The
buried draw eventually joins the buried paleo Monument Draw on the top of the

Dockum approximately 10 miles north of the site.

‘ There is also a well south of the large playa, TP-18, with an upward-trending
water level between about 2005 and 2007. The upward trend, which was due to
mounding beneath the playa following recharge in 2004/2005, reversed after a
couple of years and has been decreasing over the last several years. The water
level in TP-18 is currently about 0.1 ft higher than the water level in TP-14,
indicating that after the recharge mound beneath the playa dissipates, .
groundwater in the vicinity of TP-18 eventually migrétes to the north down the

buried draw.

2.4  Wells inside the Facilities Area with No Response to Precipitation

Wells inside the facilities area generally have a shorter period of record than
those outside, with hydrographs ranging from 2 to 5 years. Some wells inside
the facilities area that are not dry and show no response to precipitation include
several located in the nose of OAG saturation north of the FWF/CWF. These
wells are TP-93, TP-94, TP-97, TP-98, TP-99, TP-100, TP-105 and TP-118.

Examples of wells on the eastern and southeastern side of the facilities area
wells that show no response to precipitation include TP-67, GW-5 and TP-71 and
TP-80. Note that TP-71 was installed as a replacement to PM—07 for water-level
monitoring purposes because the top of red bed elevation in PM-07 was
uncertain due to poor core recovery. Three wells on the eastern side of the
facilities area that shdw no response to precipitation have water levels in the well
screen below the top of red _béds and are therefore classified as dry. Th_eée are
© TP-12, TP-48 and TP-49. |



To the northeast of the northeast corner of the CWF, TP;1 11 and TP-1 22 are two
wells with watef surrounded by dry wells. These two wellé are in one of the
localized topographic lows on the surface of the red beds. The water levels in
these wells have not responded to precipitation since the first measurements
were taken in January, 2009, ahd have continuously declined over the 2009-

2010 time period. The water in these wells is likely due to infiltration from a

localized topographic low around TP-111.

2.5 Wells inside the Facilities Area with Some Response to Precipitation

The water levels in a few wells inside the facilities area exhibit a response to
precipitation that appears to be the result of recharge from small playas or other
local topographic lows With_ little affect from infrastructure development on.the
WCS site. These include PM-01 located on the eastern side of the facilities area,
which responded to infiltration from an adjacent playa after the 2004/2005 wet
years, and TP-68, located near the north-central boundary of the facilities area
which appeared to respond to precipitation in 2008 and 2010. The source of
infiltration in the vicinity of TP-68 is not obvious, although it is most likely blocked

drainage inside the road that comprises the access loop to the well.

Water levels in TP-19 and TP-39, located near the north-central boundary of the

* CWF appear to have responded to the 2004/2005 precipitation. Both of these

wells are located near a well-defined topographic low along the road near the
northern CWF boundary. The topographic low collected surface water ‘dll'ainage |

from precipitation and resulted in localized saturation in the OAG following the

“wet years of 2004/2005. Since then the water levels in TP-19 and TP-39 have

| declined and remain below the bottom of the screen slots in the wells.

TP-63 and TP-117 are located in a well defined small playa to the east of the
CWF. Water levels in TP-63 responded to precipitation in 2008 and 2010, while
TP-117, installed after the precipitation events in 200'.8,‘ responded to the 2010

'~ precipitation. .Both of these wells are in the playa where surface drainage is

_restricted and water collects and infiltrates following significant precipitation. TP-.

10°



117 and TP-63 curréntly have saturated OAG thicknesses of about 7 and 4 fee{,

. respectively. Ro_éd construction around the playa has further restricted runoff.

Wéter levels in two wells to the south-and southeast of the RCRA landfill show
some respohse to precipitation; A-16 responded to the wet years of 2004/2005
and TP-46 appears to have responded to a relatively large rainfall event in early -
2007. AA—16, located south and east of the RCRA landfill area, is adjacent to
Ranch House draw. Surface drainage in Ranch House draw during the wet
years of 2004/2005 likely resulted in infiltration in the vicinity of A-16. There are
numerous small Blosed topographic lows within Ranch House draw that occur
because the draw is not well-integrated and subject to aggradation by wind
deposition between runoff events. Infiltration could occur when runoff is tr_apped

in these lows.

Water levels in TP-46 responded to precipitation in 2007, probably due to
temporarily blocked drainage related to construction when the RCRA landfill
excavation was expanded to the east. Water levels in TP-46 have since droppéd
below the bottom of the screen slots and have remained there for the past two

years.

Water levels in TP-31, located near Baker Spring northwest of the Byproduct

., landfill, show responses to precipitation, likely due to infiltration from a southwest

trending surface draw that passes within about 100 feet of TP-31 and empties
into Baker Spring about 75 feet south of TP-31. ‘

Water levels in PZ-42, located northeast of the well-defined playa west of the -

~ Byproduct landfill, show minor responses to precipitation. Note that the water

level in PZ-42 is below the top of red beds and the well is considered to be dry.
The source of water in PZ-42, and in the recently installed well GW-3 in the

playa, is infiltration from the playa following precipitation.

Water levels in FWF-BA, located on the soufh-cehtral boundary of the FWF,
show no apparent response to precipitation. The presence of water in FWF-6A is

likely due to its proximity to a local minor topographic low that is well-defined by

11



mesquite and associated vegetation. Water .Ie.vels in FWF-27A, located on the
west-southwest boundary of the FWF, also show little if any response to
precipitation. There is a minorl increase in water levels in this well over the winter
df 2008, which may be related to temporarily blocked drainage during

construction of the Byproduct landfill. '

2.6 Wells in Areas of Localized Recharge Related to Ditches, Roads or
Other Infrastructure Development Affecting Surface Drainage

The infrastructure in the WCS facilities area has developed signilficantly over the
past 5 years. Numerous roads and trails were developed around the Byproduct,
FWF and CWF areas during the period 2004 to 2008. The eastward RCRA
landfill extension was completed in 2004/2005. The excavated materials from
the RCRA extension excavation are étockpiled on the west side of State Line
road west of the Byproduct landfill. The LSA storage pad, north of the Byproduct
landfill, was constructed in 2005 and the Byproduct landfill was built in -
2008/2009. Numerous surface drainage alterations, temporary and permanent,
were made in conjunction with these activities, and there are several areas
where infiltration to the OAG 'has occurred that would not have otherwise
occurred.  Most significantly, the surface drainage alterations around the
Byproduct landfill, including the LSA storage pad, have resulted in areas of
infiltration and focused recharge that would not exist but for the infrastructure

development in this area.

Before concentrating on the area around the Byproduct landfill, there are three -
wells near the south side of the facilites area in which water levels have
résponded to precipitation. These are TMW-A, TMW-K and TP-62. Almost all

- the surface runoff from the WCS facilities area is discharged to the sand dunes in

this area, and the rising water levels in these three wells are due to this

discharge. The surface runoff that does not discharge in this area is that which

~ occurs on the far western side of the facilities area, including the area around the

Byproduct landfill and the LSA storage pad.

12



Most of the wells in the facilities area with water levels that show a response to |
- precipitation are located in the vicinity of the Byproduct landfill. Infiltration from

drainage ditches is the primary source'of recharge observed in these wells. TP-

42, located near the north-central boundary of the Byproduct landfill, and TP-43,

located near the south-central boundary, have the longest Water level records of
all the wells in the Byproduct vicinity. TP-42 was dry for over a year after it was

installed in February, 2006. Water began to appear in the well in April, 2007 due

to nearby ponding of runoff from the LSA pad which is located about 1500 feet to

the north of TP-42.

infiltration around TP-42, and generally along the northwest boundary of the
Byproduct landfill, continued while the Byproduct landfill was constructed and
surface drainage was affected by haul roads and temporary ditches. The
hydrographs of rhonthly water level measurements of wells TP-149, TP-167, TP-
148, TP-166 and TP-90 are located in this area and show a water level response
similar to that of TP-42. ' -

- Continuous water level monitors (transducers — called Level TROLLS) are
installed in several of these wells. The continuous records for the past year for
TP-42, TP-148, TP-166 ‘and TP-167 are provided Appendix I. Water levels in
TP-42 show a monotonic increase in water levels in response to the ponding and
infiltration of runoff from the LSA pad until approximately mid-summer 2010,
when the water levels leveled out for a month or more. Subsequently, relatively

* large precipitation events again resulted in infiltration that was reflected in the

“water levels in TP-42. The late 2010 increase in water levels may be partly due
to infiltrétion from the ByprodUct run-on diversion ditches constructed in the area
over the past several years; as well as the low surface grade in .a relatively
shallow drainage ditch near TP-42, rather than localized ponding of runoff from
the LSA pad. | '

Similar to TP-42, water levels in TP-148 and TP-167 show minor water level
increases following the mid-to-late 2010 precipitation events. On the other hand,

water levels in TP-1 66, located immediately adjacent to the drainage ditch on the
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north side of the Byproduct landfill, show dramatic increases following both
precipitation events. The water level increases observed in TP-166 are also a
result of discharge from the Byproduct landfill holding tanks, which are tanks that

hold water collected from direct precipitatibn in the landfill excavation, into the

_ dr,ainége ditch about 100 feet north of the holding tanks. This northwest trending
. ditch joins the east-west ditch south of the LSA pad in the immediate vicinity of

TP-166.

Water levels in TP-90, located along State Line road about 500 feet northwest of
the northwest corner of the Byproduct landfill, show a response to precipitation
and drainage in the ditches similar to the responses in TP-42, TP-148 and TP-
167. ' '

TP-86, TP-147 (dry), TP-146, TP-78 and TP-145 are located adjacent to State
Line road, which runs along the western boundary of the Byproduct landfill. TP-
86 was dry at the time it was installed in 2008 until water appeafed in the well in
late 2009. The water level in TP-86 rose above the top of red beds coincident
with the mid-year (July/August) precipitétion in 2010. The appearance of water
and increase in the water levels in this well is due to infiltration from the ditch
along State Line road which has been reconstructed, improved and regraded
over the past 18 months. Within the last few months of 2010, this ditch and-
others in the Byproduct landfill area have been coated with Posi-Shell, a sp'ray—>
applied mineral mortar, to reduce infiltration. Southward from TP-86, TP-147 is :
dry; water levels in TP-146 show some responses to precipitation, as do water
levels in TP-78. TP-145 was dry until late 2009, similar to TP-86. The water

level in TP-145 was below the top of Dockum until the mid-year precipitation in

2010, when water rose above the top of the Dockum. Respbnses to precipitation

and the occurrence of water in previously dry wells along State Line road is due

to infiltration of runoff which flows in the drainage ditch located along the east

~ side of the road.

Three‘"of the wells along State Line road also have continuous wate_r level
monitors: TP-86, TP-146 and TP-78. Water levels in TP-86 and TP-146 show
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minor but obvious responsés to infiltration from the ditch, with the responses-
directly coincidiﬁg with runoff from precipitation or drainage of the holding tanks.
Water levels in TP-78 did not respond to precipitation from installation in early
2008 until mid-2010. The response of water levels in TP-78 to mid-year 2010
precipitation is likely due to infiltration from the reconstructed and regraded ditch
along State Line road. As indicated above, this ditch was not lined with Posi-
Shell until the last few months of 2010.

TP-43, TP-141, TP-88 TP-140, TP-171 and FWF-1A are located along the
southern boundary of the Byproduct landfill. Water levels in TP-43 appear to
réspond to significant precipitation periods, most likely due to infiltration from the
drainage ditch located about 50 feet south of the well. The drainage ditch
separates the RCRA landfill area to the south from the Byproduct landfill area to
the north and receives runoff from both directions. This ditch is not lined with
Posi-Shell. Water levels in TP-141, TP-88 and TP-140 also appear to show some
responses to precipitation, similar to that observed in TP-43. Again, these
responses are likely due to infiltration from the same drainage ditch. The water
level in TP-140 has never risen above the top of the Dockum. Water levels in
TP-171 show,a minor response to precipitation and infiltration from the ditch, with
the mid-year 2010 precipitation quite evident. Water levels in FWF-1A show a

very little response to precipitation and drainage from the ditch.

The continuous monitors in the wells located along the southern boundary of the
Byproduct landfill (i.e., TP-43, TP-141, TP-88, TP-171 'and FWF-1A) show in
detail the nature of the water-level responses discussed above. The responées to
drainage of the Byproduct holding tahks evident in some of the wells located on
the northern and western sides of the landfill are noticeably lacking in the wells
located along the southern boundary of the landfill. The water drained from the

holding tanks does not flow in ditches in the vicinity of these wells.

Further south from the southern boundary of the Byproduct landfill are TP-169,
TP-143 and TP-142. Water levels in TP-169 and TP-143 appear to have a

residual response to precipitétion events prior to their installation in eérly 2009. -
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The water levels in these two wells clearly respondéd to the mid-year 2010
precipitation events, with the response due to infiltration from the drainage ditch

along State Line road as well as infiltration from a localized topographic low in

. which both wells are located. Water levels in TP-142 show slighfly .more

response to precipitation over the 2-year period of fecord, likely due to infiltration
from the adjacent drainage ditch separating the Byproduct and RCRA landfills.
The continuous recorders in TP-142 and TP-143 show that water levels in TP-
142 appear to respond to most precipitation events, probably due to its proximity
to the drainage ditch, wh‘ile water levels in TP-143 appear to respond only to the
more significant precipitation events, perhaps reflecting its{ location in the

localized topographic low.

Further south of the Byproduct landfill along State Line road are the TMW wells
(TMW-B, TMW-H, TMW-J, TMW-I and TMW-D), which were installed to
investigate the former septic drain field west of the WCS administration buildings.
The water level in most of these wells shows some response to precipitation due

to their proximity to the drainage ditch along State Line road.

In summary, the response to precipitation in wells away from the Byproduct

'landfill are, for the most part, much smaller than responses near 'the landfill

because there is little or no -effect of facilities-related activities in the far away
wells. The response in wells near the Byproduct landfill changed significantly
after construction-related activities and continued 'in%rastructure development'
altered surface drainage; creating significant sources of infiltration such as the

ditches in the Byproduct vicinity. Prior to construction-related activities there was

. likely little or no infiltration in these areas, evidenced by the lack of continuous

OAG saturation and by the wells that were dry on installation and only later

developed water.

3.0 Infiltration Modeling
Generic infiltration modeling was conducted as part of the analysis of infiltration

for the WCS site. This modeling is meant to be generally represe_ntative.of the
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site hydfogeologic conditions and to demonstrafe the mechanisms of inﬁlfration
at the site under natural conditions and as affected by infrastructure-
development. Current conditions at the site include roads, ditches, railroads,
buildings or other man-made features that impact runoff and infiltration.
Infiltration modeling results are presented in detail in Appendix Il and are
summarized here. It is important to note that these modeling efforts are for
illustrative purposes only and no efforts have been made to calibrate the models

to site-specific hydrologic responses or conditions

Three infiltration scenarios were developed and simulated. In Scenario 1, the
land surface is undisturbed, and surface water is not allowed to pond during
precipitation events. This scenario represents the case of undisturbed surface
conditions at the WCS site. In Scenario 2, surface water is allowed to pond in
two locations, reflecting ditches or other anthropogenic disturbances, during
precipitation events. It is assumed that the surface water freely drains away from
the ponding Ibcations after precipitation events. In Scenario 3, surface Wéter is
allowed to pond in the same two locations as Scenario 2 during precipitation
events; however, surface water ponds are allowed to remain up to seven days
after a rainfall event. This scenario represents the case where surface water is
allowed to pond in ditches and depressions following rainfall events. All three
scenarios are idéntical except for changes in boundary conditions that reflect

ponding conditions.

Model results show behavior similar to that observed at the WCS site (e.g.,
Section 2). In Scenario 1, infiltration occurs during precipitation events, saturated
conditions do not develop in the OAG, and infiltrating water is quickly

redistributed and removed by evapotranspiration.

In Scenario 2, rapid infiltration occurs beneath ditch/pond locations. AA single
large infiltration event (following ~ 2'in./day of rainfall), is insufficient to cause
saturated conditions in-the OAG, because water is quickly redistributed laterally

into the relatively dry caliche and OAG units and evapotranspiration quickly
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begins to return much of the precipitation to the atmosphere. Saturated
conditions do dévelop in the OAG following a sustained rainfall event consisting

of four days of precipitation at rate of ~0.4 in./day and two days of precipitation at
a rate of ~ 2 in./day. Groundwater mounds develop beneath the ditch/pond
locations and quickly spread Iaterélly across the Dockum-OAG contact, and
lateral flow redistributes the water down dipping Dockum surfaces. Following the
precipitation events, lateral flow along the Dockum surface, redistribution of water
into the unsaturated zone, and evapotranspiration quickly eliminates saturated
conditions in the OAG. |

Scenario 3 is similar to Scenario 2, except ponding after precipitation events
allows much more water to infiltrate, leading to the development of larger
grbundwater mounds and allowing saturated conditions to remain in the OAG for

longer time periods.

While no effort has been made to calibrate this model to specific well
observations or locations at the WCS site, the model results illustrate potential
impacts of surface water management on groundwater conditions in the OAG
and illuminate the mechanism of recharge to the OAG. The following

conclusions can be drawn from this modeling effort:

1) Under natural conditions at the WCS site, recharge to the site only occurs

in local depressions or playas where water is allowed to pond.

2) Water in unlined ditches and ponds can quickly infiltrate to the OAG

causing saturated conditions.

3) OAG monitoring wells are likely to show complicated responses to
anthropogenically-induced infiltration, as water levels data will be ' _
impacted by the distance of the well from the recharge point(s) (likely
ihﬂuenced by .the location of vertical fast paths) and lateral flow along the
OAG-Dockum surface. | '
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- 4) Once saturated conditions have developed in the OAG, OAG groundwater
is redistributed in the subsurface by lateral flow along the topography of

the Dockum surface and evapotranspiration.

Effective lining of ditcheé and the removél of areas where surface water ponds
and the maintenance of plant communities capable of providing high
evapotranspiration rates are critical elements of the surface water management
plan at the WCS site and will eliminate anthropogenically-induced recharge to the
OAG.
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