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1. Intro‘d_Uct'ion »'

The Mortandad Canyon Permeable Reactive Barrler (PRB) Demonstratlon Project is located in
-Mortandad Canyon in the northcentral part of the Los Alamos National Laboratory (LANL) in
Technical Area (TA)-5 (Figure 1). In January and February of 2003, LANL Inota!l_ed the PRB to
demonstrate in situ treatment of a suite of contaminants in shallow Aalluvial“’!g'roundwater "The
barrier was designed to perform in situ removal of the following contamlnants of concern
(COCs): ' : i

e Strontium-90 .

. Isotonic plutonium (plutonium-238 and pIu ; 12:3,,9;240)

e Americium-241 ' e
e Perchlorate

e Nitrate

Due to the variability of these contaminants, no snngle treatment media was"optrmal for their

removal. Consequently, LANL personnel deS|gned and constructed a multlple-tayer permeable

reactive barrier (MPRB) that would allow. multlple,treatment zones arranged in series to
sequentially remove each of the specified COCs. For the purposes of thislreport the LANL
installation is referred to as the Mortandad Canyon PRB ’ -

‘mr,.;-__.,
The Mortandad Canyon PRB employs a funnel-;pnxdrgaxtweg%system with a sequentlal series of four
reactive media cells. The funnel consists of a row of sheet piles driven through the alluvium and
into the underlying bedrock, which directs the alluvial groundwater so that it wlll ﬂow through the
four cells. Four reactive media cells, ordered by sequence of contact with the groundwater are

used for contaminant removal:
o Gravel cell: gravel-sized scoria for colloidal removal

e Apatite cell: phosphate rock contalmng mineral apatlte (calcmm phosphate) for the

removal of metals and radionuclides

P:\_ES06-121\PRB-Eval 9-06\PRB_Ph1Evaluation_928_drft_TF.doc 1
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e Bio-barrier cell: 65 percent pecan shells and. 10 percent cottonseed mlxed with
25 percent pea gravel to deplete dissolved oxygen and break down nitrate, perchlorate
and any potential organic compounds specmed by the Resouroe“eo“nservatron and
Recovery Act (RCRA) ' '

' ) ' e

e Limestone cell: gravel-sized limestone fo_r~pH »buffer'ing and anion ads&bﬂon

st

S Tey.

After construction, the performance of the PRB was monrtored through the”ééllectlon of several
rounds of groundwater samples between 2003 and 2005 These samples, ; !
sampling ports and nearby alluvial monltor welIs were analyzed for major """
and radionuclides. The resultant data |nd|cated that’ 'successful treatm_f contamlnants :
occurred in the apatite and bio-barrier cells. However dissolved conoontratlons of key

contaminants measured in the limestone ce :

nd%a downstream m’: /& weII notably

AR
perchlorate, nitrate, and strontium-90, were essentlally equivalent to the untmated water quality

observed upstream of the PRB. This pattern of chemlcal behavior was obsel'ved initially under

very low alluvial saturation levels in 2003 but aI durlng higher saturatlon levels in 2004.

These results are not easily explained without- a more detailed mvestlgatlontof the hydrology
and geochemistry of the Mortandad Canyon PRB ocatlon : : ,& :

Settlement of the ground surface overlying the apatlte and bio- barrler cells was ﬂrst documented
in July 2003 (Kaszuba, et al., 2003). At that time, the amount of settlement below grade varied _
from 6 inches at the west end of the apatite cell'to 14 inches at the east end of the bio-barrier
cell. This was attributed to normal compactlon of the initially uncompacted media by Shaw
Environmental & Infrastructure, Inc., the design and construction contractor (Shaw 2003a).
March 2005, a flood overtopped the stream channel adjacent to the PRB_ and water infiltrated
into the top of the PRB. This led to additional subsidence (approximately 1 .to 2 feet [ft]) of the -
surface overlying the apatite and bio-barrier cells. Whether or not this, 'subsidence has
slgnificantly compromised the reactive materials in the underlying cells, and?-t_h‘us the hydraulic
or geochemical performance of the PRB, is unknown. ST

This report documents’ the results of a Phase 1 investigation of the Mortandad Canyon PRB
performed by the Accelerated Remediation C.ompany (ARC). The investigation was instigated

P:\_ES06-121\PRB-Eval.8-06\PRB_Ph1Evaluation_928_drft_TF.doc 3
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by the LANL Water Stewardship Program — Canyons Projecf for the purpose of initiating a
formal evaluation of the PRB and developing plans for further investigation activities. The

investigation.inclgded the 'following activities:
. Assembling and assessiﬁg all avai|aple hydrogeologic and .geochemical. data
¢ Reviewing and assess_ing .engineering design ahd constljjuction‘ issues .
'. Collectiﬁg samples of gro'undwater and reactive media
. Peﬁorhiﬁg slug tests
. Performing initial hydrdlogic analysis

o D_eveltoping a Conceptual model of PRB performance, including alternative hypotheses to

explain observed performance issues
1

'

e Developing a work plan with recommendations for future"investigations that are required

to determine lessons learned from the demonstration pfoject

Section 2 provides a list of previous investigations related td the Mortandad Canyon PRB and
presents background information on PRBs. The results of the review and analysis of existing
data on the Mortandad Canyon PRB and relevant information from other PRB installations is
presented in Sections 3 through 5. Section 3 focuses on issues related to the design of the
"~ PRB and provides an assessment of this effort, Section 4 reviews and assesses the
construction of the PRB, and Section 5 discusses PRB maintenance and monitoring issues, with
emphasis on hydrogeologic' monitoring and lessons learned from the Mortandad Canyon and
other PRB installations. | Section 6 pfesents and discusses data collected specifically for this
investigation. A discussion of hydrogeologic and geochemical conceptual models of the
Mortandad Canyon PRB, including alternative hypotheses to'explain observed performance
'issues, is provided in Section 7. Finally, Section 8 pfesents a proposed work plan for future
_investigation activities. |

P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc 4
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2. Prevrous Studles and Background Informatlon
S - o
_ W_ _
A number of studies and investigations have been performed to prepare foruthe design and

- installation of the Mortandad Canyon PRB and to document its performance The data reported
by these studies was examined and analyzed ‘during th|s Phase | evalua%n" This section
discusses the results of this analysis of existing data and reports as well as Televant mformatlon :

from similar PRB installations and related engmeerlng, constructlon and operlﬂonal issues.

21 Data Sources

[ J
O
o)
3
o
k=]
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&
@,
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)
RS
‘§°
@
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e Demonstration of a multi-la yered permeable react/ve barr/er in Mortandad Canyon at Los
“gwq»—

Alamos National Laboratory (Kaszuba et al., 2003.) L

o Demonstration of a multiple permeable react/ve barrler (multl-banier) m Mortandad
Canyon September 2000 (Conca et al., 2000) _ "

o Design, installation, and performance of“a m‘l:llltiélkayered permeable ra"actlve barrier, Los
Alamos National Laboratory (Kaszuba et al., 2004). ' |
o Field summary report installation of monitoring we//s associated with the permeable '
reactive barrier in Mortandad Canyon July 28th-August 1st FY 2003 (Shaw;, 2003b).

s Field summary report phase | geotechnical and hydrogeologic actiVItiee for the multiple

permeable reactive barrier Los Alamos National Laboratory Mortandad Canyon, Los
Alamos, NM (IT Corporation, 2001b). ' :

P\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc 5
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"

‘e Final design report multiple permeable reactive bamer (PRB), Mortandad Canyon, Los
Alamos, New Mexico (Shaw, 2002). ‘

. Remediatibn of nitrate-eqntaminated groundwater using a bio-barrier (Strietelmeier et al.,
2001a) '

e Use of a unique b/obarr/er to remediate n/trate and perchlorate ‘in groundwater

(Strletelmeler et al., 2001 b).

. Kaszuba et aI.‘ (2003) presented “as-built” design drawings prepared foIIowing the completion of

-PRB construction.

Water level measurements ahd analytical chemistry data from several rounds of groundwater
samples collected between 2003 and 2005 were also revnewed and analyzed. Also, the data
collection process included interviews with key personnel assomated with the design and
. construction of the' PRB. ' The following persons prowded addltlonal insights and information

i

-with regard to the Mortandad Canyon PRB project:
e Mr. P. Scott-den Baars, P.E., the program manager who oversaw the PRB design and
cconstruction project for Shaw Environmental & Infrasti'ucture, Inc.

e Mr. Randal S. Johnson, the field construction supervisor for the PRB project
e Mr. John P. Kaszuba; the LANL principal investigator for the PRB project
2.2 Background Information on PRBs

A PRB has been defined as “an emplacement of reactive materials in the subsurface designed
to intercept a contaminant plume, provide a preferential flow path through the reactive media,
and transform the contaminant(s) into environmentally acceptable forms to attain remediation
‘concentration goals at points of compliance” (US EPA; 1997). As of 2005, there were 67 full-
" scale PRBs instelled in 29 states in the U.S.; the Interstate Technology Regulatory Council

" P)\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drit_TF.doc 6
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(ITRC, 2005) provides a complete listing of these PRB deployments mdﬁdlng site name,
location, construction and configuration, mstallatlon date, reactive media,’ eontamlnants and
reference/contact information. Since 2005, the steady dechne in funding for envlronmental work
has 3|gn|f|cantly slowed the rate of PRB mstallatlons : '

Several PRBs have used the basic funnel- and-gate desngn employed in the,Mortandad Canyon
PRB. However, the only other sequential, multlple-medla PRB was built %999 at a site on
Alameda Island, adjacent to San Francisco Bay, CA. The groundwater at this site contained a
mixed organic plume not amenable to treatment W|th a smgle reactive me# Consequently,
the University of Waterloo and Geosyntec collaborated to deS|gn and: w..: a system that
combined two in situ treatment technologies. "The: |n|t|al gate segment cg ‘Med of granular
iron, for the reductive dechlorination of higher chIorlnated ethenes in thez Su ndwater The
second segment, the biosparge zone, promoted«f aeroblc blodegrad of petroleum
hydrocarbons and any remaining lesser chlorlnated compounds This segrn’:' 'was stimulated
by dissolved oxygen (DO) and carbon dioxide (COz) addttrons via an in situ spafge system; the
CO, was used to neutralize the high pH produced from reactlons in the iron wall

The Alameda Island funnel-and-gate MPRB was const?ucted using'steel ‘sh'oet"pi'ling installed
with conventional emplacement equipment. For the purpose of expenment:gxlon the treatment
gate was designed to operate under controlled groundwater flow conditions so that the
residence time in the iron wall could be malntalned constant. To achleveﬂut.h&is the gate was
sealed at its downgradient terminus, and two pumping wells were used toidraw groundwater
through the gate at a specified flow rate of 0. 34 cublc meters per day (m’ld) (Morkln et al.
2000). ' S e
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3. Design Issues and Assessment
This section provides éri'lc')\;e'rview of various issués and considerations pertaining to the design
of the Mortandad Canyon PRB. - An overview of factors influencing the conceptual design is
followed by discussions of civil engineering, hydraulic, and geochemical considerations.

Design-related lessons learned from this and other PRB installations are provided in Section 5.4

3.1 Mortandad Canyon PRB Conceptual Design

" This section presents an onerview of the conceptual design issues relevant to the Mortandad
'Canyon PRB. These issues include performance crlterla site selectlon site charactenzatron
deSIgn criteria, and technology selectlon

3.1.1  Performance Criteria

. The objective of this project was to demonstrate a multibarrier PRB technology for treatment of
‘multiple contaminants. Treatment goals, based on exiéting federal and state guidelines and
standards, were specified to guide the design of the PRB. Table 1 summarizes the treatment
goals for the Mortandad Canyon PRB.

Table 1. Treatment Goals for the Mortandad Canyon PRB

Parameter -Trea'tment Goal
Americium-241 ' , 1.2 pCi/L®
Nitrate — Nitrogen ' 10.0 mg/L®
Perchlorate 18 ug/L°®
Plutonium-238 1.6 pCi/L®
Plutonium-239, 240 ' 1.2 pCilL®
Strontium-90 8 pCiL®

U.S. Department of Energy Drinking Water System Derived Concentration Guide
New Mexico Water Quality Control Commission groundwater limit
Action level proposed by State of California

U.S. Environmental Protection Agency Primary Drinking Water Standard (IT Corporation, 2001b)
pCi/lL = Picocuries per liter mg/L = Milligrams per liter ug/L = Micrograms per liter

P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc
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3.1.2 Site Selection

Various criteria were considered during the selection of a site for the PRBL»%f"Fhe_ge'included the
~existing need for treatment, geochemical and hydrological conditions, adequate monitoring data
and ease of future monitoring. The Mortandad Canyon PRB site was‘seleetéfdgfer the following

reasons: S

effluents into Mortandad Canyon since 1963 (Purtymun et aI 1983_ The‘ amount and

etal., 1977; Purtymun et al., 1983; Marty

groundwater is constrained by the geology of the canyon. Reactlve barrters installed at

other U.S, Department of Energy (DOE‘"” i ‘("have failed to perform as expected

' A large network of monitoring wells has already been installed along the canyon reach
providing an opportunity for performance evaluatlon over a range of Iength scales.

e A number of reports and data sets haVé" béé’ﬁ"""published on the geock
alluvial groundwater (Purtymun et al.,'.v1983; Purtymun, 1995; LANL 2002) thus

?’w

documenting the hydrochemistry of the canyon. ..

Further considerations that favored selection of the Mortandad Canyon PRB S|te included the -
historical depth and saturated thickness of the groundwater to be treated the depth to the |
aquntard and the width of the funnel portion of the barrier wall. . The depth was limited to
approximately 27 ft to ensure the use of conventional excavation equnpment consequently, the
barrier was placed as far down the canyon as the depth limitation would aIIow

P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc 9
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The location of the PRB was a good choice’considering the ‘project goals and economic

constraints. ' - .

3.1.3 Site Characterization‘ ,

+

To determine if a PRB is an appropriate groundwater remediation technique for a given site,
four general subsurface properties should be characterized (US EPA, 1998): o

. Plume characteristics
Hydrogeology
Geochemistry

Microbial activity

Knowledge of these subsurface properties is essential to deve|op' design parameters for a PRB
installation. Figure 2 shows typical relationships among the barameters that affect PRB design.
~ Major design pararﬁeters such as treatment residence time, flow velocity and the corresponding
media volume are determined based on performance goals, sité characterization 'data, and
'Iaboratory data. Mdrtgndad Canyon PRB designers _conducted a comprehensive - site
characterization and laboratory treatability study prior to cdmpletion of the PRB design as
documented in the final design report for the Mortandad Cany_on PRB (Shaw, 2002).

3.1.4 Design Criteria

The design for the Mortandad Canyon PRB was based on the following criteria (KaszUba et al.
~2003):

Treatment of a diverse contaminant suite comprised of radionuclides (arhericium-241;

plutonium-238, 239, 240; and sirontium-90), nitrate, and perchlorate
Minimum 1-day residence time within each PRB reactive cell

10-year lifetime for the PRB

P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc
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Minimization of surface water infiltration and erosion
Optimization of ‘hydraulic capture
Minimization of excavated material requiring disposal

Installation of ports in each cell to allow samplihg of water and reactive rhedia

lnstallatioyn of monitor wells immediately adjacent fo the perimeters upgradient and

downgradient of the PRB
3.1.5 Technology Selection

In most PRB installations, reactive medla has been applied to the subsurface in one of two
basic barrler configurations: continuous or funnel-and- -gate. Both are applicable for rather

shallow plumes (US EPA, 11998). The Mortandad Canyon PRB site was an idéal location for a
| PRB installation. The subsurface was well characterized and the canyon served as a natural
'Iarge-scale funnel to as§ist with capturing and directing the groundwater flow. The site- was
amenable to either a continuous trench or funnel-and-gate approach; however, according to the
US EPA (1998), a funnel-and-gate system using sheet piling for the funnel cofnponent may be
superior to a continuous trench because excavation and material needs are lower. Although the
. mlnlmum volume of reactive media needed is independent of the type of barrier configuration

used, funnel and-gate systems may be less expensive because
e Continuous trenches require media to be spread across the entire plume, while funnel-
" and-gate systems localize media in the gate area. Less expensive materials, such as
sheet piling, are used for the rest of the system. The overall wall system is usually larger

for a funnel-and-gate but the amount of reactive media is less.

» Media is easier to maintain in a localized gate than across a large trench.
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o : ' o . it
* Monitoring costs are lower for the smaller downgradient area created

gate system.

) lnfluent contamlnant concentration can be homogemzed by upstrearh mlxmg so that
reactive materials are not wasted on areas of Iow contaminant concentrahon (IBC

(o} ' capturing

W

engineering design considerations spemf c to the,gcomp«onents of this desugn ’;

%

The following general desrgn specifications were a
ntb\ 6
2002):

e Fabrication and erection work is perfo“rﬁr'rl‘tﬁedia hig accordance with Am.rlca’n Institute of
Steel Construction, Inc. (AISC) specnﬁcatlon for structural steel bulldings—allowable

stress design and plastic design, and the.code of standard practlce
**a;

i
e

and bridges. R

s

e All welding is performed in accordance W|th Amerlcan Weldlng Soclety (AWS) D1 1,
Structural Welding Code-Steel. R

e Structural steel meets ASTM A36 standard.
¢ Welding electrodes employed meet AWS AS5.1 or A5.5 E70XX standards.
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‘e Sheet piling meets PZ-27 ASTM A328 standard or equivélent.

* Sheet piling joints are coated with Adeka Ultra Seal A-50 water stop.
o Grating is rectangular welded steel grating, nonreversible Type V, with 1-1/4 inch x 3/16

inch bearing bars on 1-3/_16 inch centers and crossbars on 4 inch centers with 1/2 inch

opening wire mesh, 1/16 inch wire, over grating.

o Dividers are constructed of type V steel mesh with 1'1/16 inch openings to be used for

separating the four different media zones within the cofferdam gate.
3.2.1 Funnel Design

The natural formation of Mortandad Canyon acts to funnel water. The designers of the
Mortandad Canyon PRB designed the funnel-and-gate structure to take advantage of this

natural feature by locating the PRB within a narrow reach of the canyon. The north wing wall -
-ties into the canyon wall while the south wing wall extends beyond the observed southern extent

of S‘.aturation in the alluvium. The funnel is composed ‘of interlbcking steel sheet piling. - This

design is sufficient to provide excellent lateral hydraulic capturé of the flowing groundwater.

3.2.2 Gate Design

In a funnel-and-gate system, the gate is the portion of the PRB that contains the permeable

reactive media. Regardless of the construction t_echnique for the funnel wing walls (sheet piling,

' 'sIurry wall, or other), the gate is generally designed as a braced cofferdam using steel sheet

piling internally supported by walers (internal lateral cross supports). Proper design of a braced
cofferdam requires knowledge of (1) soil properties such as soil grain distribution, unconfined
compressive strength, saturated unit weight,” cohesion and angle of internal friction; (2)

percentage of clay; (3) groundwater level; and (4) bedrock location-and integrity.

To date, the only known problems encountered with a properly installed braced cofferdam

- designed to confine the treatment media has been the potential for reduced permeability and

" P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc 14
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'*r'r¢ :

consequent flow impedance. Th|s can resu|t at S|tes that have ‘signifi caMT"h cIay content.
When the sheet piling is driven and removed it heats the soil due to fnctlon*and can cause the
clay portion of the soil to “shellac,” potentlally bhndlng off flow This sam'effect has been
. documented in well installations. Special consuderatlon needs to be given to;the percentage of
clay in the soil for this reason. Soil charactenzatlon at the! Mortandadrf“‘fyon PRB site

5 3 shows plan '

iE €

and cross-section schematic views of the cofferdam-.fgate Table 2 p%des the design

S
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Cell Number 1 2.7

Gravel Apatite”

X=17 X=1
Y=35 Yt
Cell dimensions (ft) Z2=20

Volume (ft%) : 1,190

Estimated porosity 0.5

Average velocity (ft/day) 1.9

Average flow residence time (days) 1.8

Peak velocity (ft/day) A 29

Peak flow residence time (days) 1.2

NA = Not applicable
ft = feet

2 Includes 2,720 ft® of soil (backfilled alluvium) cover above Cell

3.2.3 Sampling Ports and Monitdring Wells}

The. sampling wells were installed in three 't:'i
perpendicular to the media zones. This array p

media zone. In addition, one upgradient and

Considering' the variable and sometimes ver;/ﬂ“:‘low ﬂgw in Mortandad ‘riyon, multilevel
~ sampling wells would have been more approprlate for evaluatlng a multlmi 'bérfier. Recent
papers have documented the existence of ambient vertlcal flow within long 'L ned monitoring
wells completed in both confined and unconfi ned_aqwfer systems.- (Thomson;‘,g904). _Installatibn »'
of multilevel samplers and monitoring wells located downgradient of the fuhﬁgF within and near
the gate could provide more discrete monitoring. For example a PRB installation in Elizabeth
City, North Carolina has a total of 147 discrete monltorlng points (Puls et al. ,_"1998) This would
be excessive for the Mortandad Canyon PRB; however, some addltlonal_ monltorlng points
would allow for better assessment of potential préferentiallflow pafhs withiﬁthe gate (media)
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and any bypass beneath the gate, through jdints,' or around the funnel sections. - During
discussions on permeable reactive barriers at the 2002 Research Technologies De\)elopment
Forum, it was noted several times that PRB ‘operators should never assume all of the
groundwater at a site is being tfeated, but should perform field studies to determine the extent of

the cépture zone., A summary report evaluating the economics and per_forrﬁance-based design

of monitoring systems for PRBs (Elder et al., 2001) should be referenced by future LANL PRB »
designs. | : : |

3.3 Hydraulic Design Considerations

Various aspects of the hydraﬁlic‘ design of ‘the Mortandad Cényo’n PR_B"afe_ discussed in this
section. These include é.disc_ussio'n of general hydraulié principles affecting the déSign_, as well
as an analysis of flow through multiple reactive medié materials-and the use of divider screens
and geoéynthetic materials to separate the reactive materials from each other and the overlying
backfill. ‘ ' '

*
t

S . A
-Understanding the groundwater flow regime is key to the physical design of a PRB system
(ITRC, 2005). Sizing fbr, hydraulics constitutes the main desigri emphasis in PRB engin_ee'.ri.ng. :
First, a velocity through the'media is calculated (Ott, 2000) by applying Darcy’s Law:

Q=KiA
wheré '
Q= groundwater flow rate
" K. = saturated hydraulic conductivity
i = the hydraulic gradient
A = the cross-sectional area perpendicular to flow

Using the computed groundwater flow veloéity, the design incorporates the physical dimensions
and conditions that will allow sufficient residence time within the reactive media to permit the

- desired reactions to occur. The relatively limited physical extent and natural fuhneling of
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groundwater within Mortandad Canyon minimized the need for desngnersm
groundwater flow patterns, and allowed more °foc on the deS|gn of ttﬁ?reatment zone
hydraulics. '

The treatment zone is complex because there ,.tlnterfaces betweenfﬂe_ng materials.
groundwater constituent removal occurs due t

the permeable reactive media. Although the |

interfaces, it is suspected that most of the pre

interface with the apatite. However, it remamsito‘ﬁ See| whether or notj@iMree additional

downgradient interfaces incur significant precipitation
3.3.1 Separation of Reactive Zones

Shaw designers used filter criteria -~ set fort gillerzaghi  and tne., p__e Factor —
D50Filter/D50Soil” used by the U.S. Army Corps eers (Bowles, 1. :

were ‘evaluated as a’ slngle layer having
is 'approach the perm%* ity criteria were

that the permeability of the filter will be governed\“b‘)‘l’ﬁthé'ﬁseepage through tf“
" gate. They elso noted that the limestone layer rnayhbecpme saturated due’j;
of the in situ soil (Shaw, 2002). Sy
Flow impediment at the limestone/native alluvium interface could reeult in_“r;traunding within .or .
upgradient of the barrier. In fact, sugnlflcant moundlng of the groundwater withln the Mortandad ’
Canyon PRB has been observed (see Sections 5.2.3 and 7.3). Some moundmg is normal in
most reactive barriers, especially funnel-and-gate installations; however, .e)g;eesswe mounding
will increase static water elevation pressdres against sheet pile joints and aqu'i:tard interfaces. In
some instances, mounding can even cause water to flow over the top.of the‘bba‘rrier, as
evidenced at a funnel-and-gate system in M'o_nticello, Utah (personal cornfn_dnication with Stan
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Morrison, Roy F. Weston May 2005). Mound'ing.occu‘rred at that site primarily due to clay

smearing effects when the sheet piling was removed from the inlet and outlet of the gate.

.
S

3.3.2 Hydrologic Modeling

The U.S. Geological Survey (USGS) MODFLOW groundwater flow model (McDonald and
'Harbaugh, 1988) was used to simulate hydrogeqlogic condition_s in Mortandad Canyon. The
‘model was calibrated to the‘natural groundwater flow conditions in’ Mo’rtandéd Canyon during
June 2001, and subsequently used to simulate flow within the PRB (Kaszuba et al.,, 2003).
. Average and peak flow rates in conjunctlon with required treatment resndence times (previously
. determined in laboratory studies) were used by the designers: to size the reactive zones. Due to
the fluctuating nature of the groundwater. table, the first and last cells (gravel and limestone,
respectively) were extended vertlcally 20 ft over almost the entlre alluwal depth of 27 ft in order
to promote flow into and from the gate. The two middle cells (mlneral apatite and bio- barrler)
extended vertlcally only 10 ft through the lower portion of the alluvium (Shaw, 2002)

L]
t

| _The horizontal hydraulic, conductivity values used in the groundwéter flow modeling ére shown
in Table 3. These values are based on estimated conductlvmes determined by slug tests of the '
alluvium in these wells (Shaw 2002).

Table 3.- Summary of Estimated Hydraulic Conductivities Used in
Mortandad Canyon PRB Groundwater Flow Model

_ Hydraulic Conductivity
Monitoring Well - (f/day) (cmis)
MCO-4B 30.05 1.06E-02
MCO-5 4.67 1.65E-03
PRB-1 1.35 4.77E-04
PRB-2 91.28 3.22E-02
PRB-3 134 4.74E-04
PRB-6 0.01 . 3.60E-05

ft/day = Feet per day ) cm/s = Centimeters per second
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For modeling purposes, the PRB was treated ‘as a“'sinﬁle filter zone inst(;"
zones. A saturated hydraulic conductivity of 50° ft/dayz.(O 02 cmls) was assu:

safety raises -concerns because the desngn

" documented.

3.4 Geochemical Design Considera

Geochemistry refers to the native constituents of the groundwater that can affect the short- and
;-J‘ g, m

long-term performance of a PRB. Geochemlstry is an important design consideration because

groundwater constituents other than the target contamlnants may interfere wlth a PRB s ability

to perform its two main functions (ITRC, 2005): e e

o Capture groundwater from the targeted portion of the aquifer aﬁd‘fprovide it with

sufficient residence time in the reactive media. . "

e React with the target contaminants'ahd vreduce‘their'cdncentratiohé_';t‘o target cleanup
levels. . : - Ao |

The designers of the Mortandad Canyon PRB used -a deterministic appfeach to model the

geochemical aspects of the PRB design. Average and maximum flow ve_lqeities, groundwater

constituent concentrations, and reaction rates were used in computer model simulations to
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ievaluate mineral equilibrium and expected precipitation within the PRB. The desired outcome
of the geochemicall model shou’ld suggest barrier Iongevity with respect to contaminant removal
and permeabrirty Computer. srmuiatrons of water passing through the PRB were performed
usrng the EQ3NR/EQ6 (EQ3. 6) computer code. The EQ3.6 code-is an industry-standard
chemical-reaction model that performs solubility, speciation, and reaction-path calculations
"(Wolery, 1992; Wolery and Daveler, 1992). ' V |

The PRB influent composition was based on sample analyses from’anv_'upgra'dient monitor. well

(MCO-4.5B). 'The predicted effluent composition from Cell 1'(grével) was used as input for Cell
. 2, and so'on for all serial cells in the PRB. The final desrgn report prepared by Shaw (2002) i

- contains an appendix with.the input and output files for all srmulations

'Most PRB installations in the u.s. are designed to remove a si'ngle COC. Like 'n'rany DOE sites
throughout the country, Mortandad Canyon has multiple COCs and required a different remedial -
approach. The concept of treatment trains or serial reactrve zones was not new however, the
- complexity of the Mortandad Canyon groundwater plume required a more complex approach
_than had been previously used. Desrgners conceived a treatment zone containing four in situ
‘cells sequenced to colllectively remove the target COCs by means of ordinary physical, '

chemical, and biological removal mechanisms. These four treatment cells are described below.

3.41 Cell 1—Gravel

The primary function of the gravel barrier (Cell 1) is to remove colloids containing americium,
plutonium, and strontium. Remioval is accornplished by the simple physical adsorption of
- colloidal material into the void space in the gravel. The high porosity and conductivity of the
gravel provides an effective groundwater flow transition from the native soil into' the PRB. In
addition to colloidal removal, it is anticipated that the gravel zone will promote early precipitation
of carbonate'and hydroxide complexeé, thus improving the ability of Cells 2 and 3 to perform as
designed. ’

‘Designs that use a permeable gravel or sand layer as the groundwater entry zone have been

used at many sites to eliminate permeability problems at the upgradient face of a PRB. The
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The system has been operational fo

minimal maintenance.

intermediate gates. Moundmg due to ipermeabllhty Issues was al tmedlate the

interface.
Sharp.permeability contrasts between emplacedka'hdnaﬁ‘\'/e media should be avoided whenever

R
possible (IRTC, 2005). The Mortandad Canyon PRB design calculaﬂons indicate no
permeability, particle piping, or shape issues between the' native soil and the‘:gravel zone.

342 Cell 2—Mineral Apatite D s

e

i
Mineral apatite removes soluble metals and radionuclides via adserption and co-precipitation. -
Americium, plutonium, and strontium ‘are_'pr'inﬁarily removed by the foi'rr_“l'a'_"tion' of insoluble
phosphate complexes' which adsorb onto the mineral surfaces; a DOE stu&yﬁ(Thorﬁson et al,,
2003) concluded that phosphate-based adsorbents have a very high-soi‘btion capacity for
americium, plutonium, and uranium at near neutral pH. More speciﬁéally",' the'abilit_y of this
natural media to treat thousands of bed volumes of water .prior to breakthreugh of Oranium or

plutonium suggests that it may have applicaﬁqn in low-cost wastewater treétrhent systems or for
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‘remediation of groundwater in a permeable reactive barrier SyStem (Thomson et al., 2003).
Apatite is an ideal material for long-term containment of contaminants because of its high
sorption _capacitwaor actinides and heavy metals, low water solubility (solubility product consfant
[Ksp] > 10-40), high stability uhder reducing and oxidizing conditions, availability, and low cost
(LeGeros, 1991)., |

Sources of apatite include synfhetic apatite manufactured for use in 'chrofnatographic and

biomedical applications; bone char from animal processing facilities; fish bones from fish -

processing plants; .and natural phosphate rocks which are mi.ned for_fertiliier and other

~ applications (Thomson et al., 2003). According to Robert Moore of Sandia National = -

‘Laboratories, bone-char is the optimal choice for radionuclide removal (personal communication -

with R. Moore, 2006); apparently mineral apatite is less than optimal for this purpose. Most of
the laboratory treatability. work épécific to this PRB is based on‘Apatite Il. An examinatién of the
project files indicated that preliminary Mortandad Canyon PRB designs called for the use of
Apatite Il, a fish bone'product; however, the final design used phosphate rock supplied by IMC

- AGRICO. The app‘arent lower removal ability of mineral apatite may not be of concern at the.

-relatively low levels. of radionuclides found at: the Mortandad Canyon PRB,"particuI.arIy since
Cells 3 and 4 (bio-barri'e‘rl and limestone) should assist with _radiohuclide removal at the relatively

low levels found in this groundwater.

3.4.3 Cell 3—Bio-Barrier

The bio-barrier was designed to biodegrade nitrates and perchlorate. In environmental
remediation terms, in situ bioremediation is a biologically mediated - process in which
o microorganisms convert a compound (in this case, the COCs perchlorate and nitrate) to less
toxic forms. Microbial degradation of perchlorate and nitrate proceed according to the following

anaerobic reduction processes:

ClO,” - Cl0,” »Cl0,” - ClO™ +0,
5CH,0 +4NO,” — 5CO, + 2N, (gas) + 3H,0 + OH"
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A key consideration with an organic blo-barner is that permeablllty and pﬂfolmance can be
reduced by filtration and accumulation of suspended sollds in the pore space%ﬁnd by microbial
production of gas bubbles during anaerobic degradatlon Stud|es with denlm\g-systems have
. demonstrated that the accumulation of N. gas bubbles m‘porous media can dgnlficantly reduce
the hydrauhc conductivity (Scherer et al., 2000) For the‘ Mortandad Cany:, PRB pea gravel
was added to increase the porosity of the blo-barner ';fone Designers lowonad the porosity

interface.

3.5 Assessment of Mortandad Canygn E_RB:EDe‘sign

The PRB in Mortandad Canyon is very complex Granular iron might hﬁ been used to
simplify the Mortandad Canyon PRB design; however concerns regardlngithe Umversny of
- Waterloo patent for iron media and the assocnated licensing fees reportedly Ied the designers to
develop the multiple-barrier concept (personal communication with P. Scott*den Baars, Shaw
Environmental & Infrastructure, August 2006). Without the use of zere-vsieht'troh multiple
media were essential to capture the suute of COCs having dissimilar geochemlcal properties.
The general design logic followed industry standards lncludlng adequate site characterization
and laboratory treatability studies. Due to the complexity of the PRB deS|gn however, some
design concerns arose around the following issues (listed in order of conc_:ern). :

1. Potential compaction/consolidation of ‘the bio-barrier and the mine/_'a[ apatite zones due
to soil overburden. The potential for differential settlement and secondary consolidation
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: i . _
always exists within PRBs; however, this design magniﬁed the potential by placing 17 ft
of soil above Cells 2 and 3. In the event of settlement due to consolidation, saturated
.hydraulicWcondu‘c‘tivity within Cells 2 and 3 could be reduced causing upgradient

mounding of water an'd, potential bypass. For this design, the primary method to
| minimize secondary consolidation is maintenance of the PRB surface cover to keep
water from penetrating the surface. This is normaIIy achieved by‘maintaining a positive
slope to avoid ponding on the PRB surface, and maX|mtzmg vegetatlon and thus

evapotransplratlon to avoid localized erosion.

Failureb of the PRB to pass the permeability criteria ratio ( TerzaghIVBeitram Criteria). The
permeability criteria were not met when the PRB cells were considered separately. Even
when the PRB was considered as a single filter (mstead of four separate f ilters) in

contact with the .native soil, the last mterface did not meet the permeablllty criteria.

Fallure to satisfy the permeability criteria at this Juncture could result in upgradlent '

moundlng, erratic flow patterns, and possible system bypass.

i
I,

. vTh'e choice .of mineral apatite as the pfimary radionuclide filter. The n'1ajority -of
preliminary Iaborgtory work evaluated Apatite I (fishfbon'é) as the best form of apatite for
radionuc‘lide‘removal.' Relevant literature suggests mineral apatite does not sorb
radionuclides as well as the bone form of apatite. 'There are four diétinct sources of
apatite: synthetic, animal bone-char, fish bone, and phosphate rock. The. literature
suggests that all four forms can capture radionuclides; however, synthetic and bone-char
apatite’s radionuclide sorption capabilities are more fa\}orable with the least potential for
leaching of trace metals. Synthetic apatite is relatively expensive while the other forms
are cost competitive. However, considering the relatively low radionuclide
concentrations in Mortandad Canybon groundwater and the anticipated assistance of the
other three filter media in removing radionuclides, the mineral apatite should suffice in

this application.

Potential movement of COCs from native soil placed above Cells 2 and 3. Water can
move vertically (either direction) between Cells 2 and 3 and the soil above these cells.
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Native soil was used as fill over the two cells; this soil may‘contéi

can affect sampling results within the PRB:--

L

Y.
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4. Construction Issues and Assessment
The construction field lleé‘b”ook. notes were not a\l/ailable for this design review.‘ Instead, field
photogréphs survey notes, drilling logs, and other site characterization notes and. data were
examined. These records, combined with interviews of with key project personnel (Section 2.1),

'were used to fill lnformatron gaps.

4.1 Civil Structures

" As described: in Sectlon 32 the civil structures in a PRB include the funnel gate, and
“monitoring wells. Information related to the constructlon of these features was obtalned and

reviewed, as described below.

4.1.1  Funnel installation
| . . .

. The funnel materials and installation methodology met industry standards. Minimal difficulties
"were encountered driving sheets to design depths. Interlocking sheet pile joints were sealed
with A-50 water step to ensure joints remain water tight.' The design specification called for the
sheet piling to be driven to a specified depth into the aquitard (underlying volcanic tuff) or to
refusal. Records of penetration depths for all sheet piling were recorded in the construction field
log notes; however, this information was not available for this design review. Consequently,
: ass‘essrnent of as-built conditions is based on the accounts, of construction provided by key'
personnel. |

Each wing wall was tied (interlocked) into the upgradient respective outside corners of the
cofferdam gate. All sheet pile was installed in accordance with depth and vertical alignment
specification, and no problems were encountered with Jornt seals. The north end of the north

wrng wall was completed using a bentonlte seal.
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were encountered driving sheets to design depths and performmg requnred’ﬁlteet p|l|ng removal

(at the entry and exit from the gate). The sheet pllye lnstaller noted that con _ with the aqwtard

southwest and southeast corners of the gate d.
because the upgradient and downgradlent sheet hard

removed per deS|gn The other two corners,,(\ahr

connected to the funnel wing walls, were sealed? op

2

The gate was excavated using a track-hoe cag’a)bleﬂ'of@gxcavating to 27 ft. Ittt'ernal structural
braces (walers) were installed as the excavatlon progressed Three rows*of walers were .

rpgs !

installed per design. During excavation of the’ bott m‘*’quarter of the gate =’_‘ :on water influx

was encountered Water was removed using trash pumps; however, it- was noted that visual
observation of the last several feet of the excavatton was impaired by mudqand water and the
bottom of the excavation was never seen (personal communication with R ShJohnson 2006).
Unfortunately, possibly due in part to the poor visibility, the gate was overexcavated This -
occurrence is not well documented. Because of the lack of access to the constructlon field
notes it was necessary to rely on the interviewees'’ recollectlons of events There was
consensus among the interviewees that overexcavatlon of approxmately 4.5 ft occurred,
prlmarlly in the area of Cells 2 and 3. In addition, the interviewees were unsure of the condltlon
of the bottom of the excavation: that is, was there fracturing of the volcanic tuff aquitard? Was
some of the broken-up and over-excavated materral left in the bottom'> To compensate for the
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overexcavation, additional medla was procured and -used to fill the extrakvolume to ensure
adherence to design elevations for the top surfaces of the reactive cells. % :

S S ‘ i g
“Installation of a 2 ft thick bentonite bottom seal wouId have mltlgated the potentlal for vertical
migration into or out of the permeable reactlve zones Many PRB mstallatbns mcorporate a

.
bentonite bottom seal because of the unknown effect excavatlon may have on~an aquutard

While this
does allow

cell media is not an issue; however when 3

w‘.'

unsaturated conditions (as is indicated by prelll

ass_ocuated, settlement. ;
The final step in construction was the placemen‘t of:a soil cap. The cap hadga gradual slope -
tapering approximately 2 ft to the surrounding *f%ﬁo@‘rabhy overlying the gaitt g'éction As-built
engineering drawmgs (Drawing numbers 826732 D1, 826732 D3 and 826732-05 Revision 0,
As-Builts, (5 21-03)) provide profile views showmg the deta|ls of the gate lnstallatlon (Kaszuba
et al., 2003). SRR - “% |
: .:gp« _ v
Well installations met industry standards and were performed in accordance with the design

4.1.3 Sampling Ports and Monitoring Wells Installation

drawings. Well casings are 2 inch diameter, schedule 40 PVC pipe. Sampling and momtorlng
wells within the PRB were supported during media instailation by connection to the steel cell
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I

dividers and walers. Media was placed in lifts of 1 to 2 ft evénly between cells to avoid any

stress on the cell dividers and wells. .
1Y .

Kaszuba et al. (2003) provides a profile section showing well installation details such as well
depths, screened intervals, and standard penetration test blow counts for each well installation
‘(Drawing number. 826732-D1, Revision 0, As-Builts (5-21-03), Profile A/C1_). o

42  Hydraulic Installations

~ This section discusses the assessment of the PRB components relevant to hydraulic

- performance:
4.21 Groundwater Flow Through Gate

A permeable reactive barrier is essentially an in situ filter. ‘Darcy’'s Law applies to flow through

~ porous media such' as the soil and treatment media. It is critical that the flow of groundwater

. through the filter zone(s) is reasonably uniform and there are no flow impediments. I'nstallation _

of a funnel decreases the cross-sectional area (A) for watér flow, thereby, increasing the

gradient (i), while the hydraulic conductivity (K) remains cc_instant. As shown in Figure 5,

assuming the PRB acts as a single filter, the upg'radien_t fldw rate (Q1) and the downgradient
flow rate (Q3) are equal for conservation of flow at equilibrium. Because A; >> A, = A3, and K;
iy = Ks i, Kz iz must be greater than Ky iy = K3 i3. To ensure this, the designers selected media
with huch greater K values than the in situ soil. The poteﬁtial for a problem occurs at the
interface of the limestone and downgradient soil. In a funnel-and-gate system, the outlet from

' “the gate should be sized to accommodate infiltration of the capture of a very large cross--

sectional area of water (As). Most gates neglect this consideration because the permeability
transition between the PRB and downgradient soils meets the filter criteria for a smooth
transition. Despite this, hany PRBs éxperience moderate mounding of groundwater upgradient
or within the PRB. Modeling of the Mortandad Canyon PRB desigh indicates that the

permeability criteria regarding particle size ratios is not met at the outlet interface. .
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1

4.2.2 Material Separation

t

The divider.scresn material and installation me‘thodology meet indu'stry standards. Project
photos confirm that no problerhs were encountered during installation. - Interviewees stated that
the cell divider screens were installed as shown in Drawing number 826732 D1, Rewsmn 0, As-
‘Builts (5-21-03) (Kaszuba et al., 2003) '

‘Project. photographs show various stages of installation of the GCL No information is available
regarding the manufacturer specnflcatlons of the GCL. Interviewees stated that the GCL was
installed as shown in Drawmg number 826732-D1, Revision 0 As-Builts (5-21-03) (Kaszuba et
-al., 2003). -

No- information is available regarding the “manufacturer Spec.if cations of the géotextile‘
Interviewees stated that the geotextile was installed as shown |n Drawing number 826732-D1,
Revision 0, As-Builts (5 -21-03) (Kaszuba et al., 2003)

L]
|

43 Géochemical\Installations |

This section discusses geochemical design aspects -rel'ating_‘ to the use of different types of

i

reactive media in a single PRB installation.

Four treatment media were installed in accordance with the dimensions shown in Drawing
number 826732-D1, Revision 0, As-Builts (5-21-03) Gate Cross Section (Kaszuba et al., 2003).
During installation of PRB media, it is important to place the media as uniformly as possible to
" minimize packing variability which can create preferential fiow paths. Differing grain sizes within
a media magnifies the potential for this problem. A soil or media particle size is classified in
accordance with ASTM standards. The results of particle size tests are graphed as a.particle
size distribution curve.A The Hazeh coefficient of uniformity (Cu) is a measure of media

uniformity. Table 4 provides Cu values for the four media used in the Mortandad Canyon PRB.

" P:\_ES06-121\PRB-Eval.9-06\PRB_Ph1Evaluation_928_drft_TF.doc




Soil Index Coefficient ~

_ Cu (Coefficient of Uniformity) -
Reactive Media Min :

Gravel 2.8
Mineral Apatite 21
Bio-Barrier 1.8
Limestone - 1.5

depths greater than 20 ft.
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5. Maintenance and Monitoring Issues

The Mortandad Canyon PRB is a field-scale piIot‘project desighed to operate for 10 years from
its start?up date in February 2003. One of the design criteria for the project is that surface
infiltration and erosion must be minimized through the use of impermeable barriers and
'_ripr'ap/boulders (Kaszuba- et al., 2003). 'The EPA reQuires maintenance protocol as part'of a

long-term monitoring pian for PRBs.

- The Mortandad Canyon PRB installation agreement with the State of New Mexico Envnronment
- Department (NMED) noted a monitoring perlod of 5 years from start-up, which means that
" monitoring should continue until February 2008. Minimum malntenance of the PRB during this

5-year period should include the following:

. M|n|m|zmg surface infiltration and erosion by malntalnlng the cap above the gate as

stated in the design criteria (Shaw 2002)

Ongoing diversion of surface water flows through the designated area away from the

gate region \
Protection of well casings above grade (esbecially PVC well casings)

In Maréh 2005 a major precipitation event in the Los Alamos area resulted in tremendous
-surface runoff in Mortandad Canyon. The. PRB cap was' severely altered due to surface
erosion. - The high-velocity runoff scoured the surface of the gate section eroding the cap and
" causing what appeared to be channeling or piping of surface water down into the PRB above
| Cells 2 and 3. The original surface design elevations were never restored, and fhe result has
been substantial'subsidencé (2 to 3 ft) of the PRB surface, primarily above Cells 2 and 3:
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5.1 PRB Performance Evaluation

the PRB "No set number of monitor wells is re

many strategically located many wells as feasi ble-

5.1.1 Monitoring Methodology .

The Mortandad Canyon PRB is a fieId-scale'piIg_,t;x iplef ia concept and
laboratory hench-scale treatablllty studies. he. prOJect was devel@ as a proof of

concept and not as a fmal corrective measure: for Mortandad Canyon. % ch, a Quality

Assurance Project Plan (QAPP) was not requwed for thls pro;ect The method U ed for various ,
aspects of monitoring the PRB are outlined below M .

5.1.1.1 Sample Collection e g : ﬁ

Traditional sampling methods that involve purglng several well-casing vo|umes of water prior to
collection should be avoided when collecting groundwater samples from the reactlve cell or gate
because such practices may capture water that represents a S|gn|f|cantly I‘orw;r residence time
in the reactive cell. Rapid withdrawal of a water sample by any sampling method (e.g., a bailer)
may draw water quickly -from the upgradient direction, and such water, may have been
incompletely treated by the reactive medlum Analyzung a mlxture of water from Iocatlons

partially outside of the monitoring well screen could suggest hlgher levels of_ t_he target analytes
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than actually exist (Gavaskar et aI 2000). The mam precautlon to be observodewhen obtalnlng
a representative sample is to avoid creatrng a strong dlsturbance in theéwoll“ Th|s can be

- suitable for
samples; this

were collected
Wells were
re-purge and .

gradlent and corresponding flow rates through’ the PRB‘?have often been s%l_tito nonexistent,

likely resultlng in stagnant water being sampled- at tlmes o

5.1.1.2 Sampling Frequency A ' ﬁa,.
The frequency of sampling is site specific, but in general samples should be collected ata
frequency that captures seasonal and storm- related variations, changes related to mstalllng the
PRB, and hydrologic changes within the PRB over time (Llang et al., 2001). ﬁBased on this, the
Mortandad Canyon groundwater elevations should be. measured monthly, feld parameters

COCs, and inorganic constituents should be measured quarterly
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'5.1.1.3 Sample Analysis | B
Although sampling' parameters for a PRB may différ depending on the monitoring objectives
(e.q., complianc‘cq? VS 'berformance), sampling’ paraAmeters' generally fall into four broad
categlori'es: ' .
S

Field parameters -

Inorganic analytes

Contaminants of concern

Groundwater levels

Field parameters typically include water level, pH,'-temper'ature, redox potential (Eh), DO,
alkalinity, specific conductance, turbidity, and salinity (ITRC, 2005). All VMQrtandad Canyon PRB
sampling events measured éach of these paramefers with the exception of salinity. Field
samples were collected, transported to a local laboratory facility and. me'asured‘us'ihg .'m'as_s
spectrometryv. Field pérameter measurementé should be conducted with a flow-through cell and |
monitoring instruménts for continuous measUrement to minimize”interferenc‘es associated with

~the introduction of oxyge'n in the sample. Field instruments can also be employed as éiown-hole
probes inside wells for collection of field parameter data (ITRC, 2005). ‘ | |

Sampling also .included analysis of all target COCs and é,comprehensive suite of inorganic
analytes. All analyses were completed:- in accordance with U.S. EPA sampling guidelines.
Periqdic groundwater level measurements were performed manually.

5.2 Hydrogeologic Analysis

The hydrogeologic analysis of the Mortandad Canyon PRB relied on monitoring data collected
from start up in February' 2003 through September 2006. The monitoring data consist of
periodic measured water levels and the results of slug tests on nearby alluvial monitor wells.
Water Ievél data were used to determine the site’s piézometric_ prbfiIeAand Variabiiity as well as

‘to perform an analysis of hydraulic gradients across the PRB. Monitoring data were also
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6 and within
segments of the PRB. ' '
- 5.2.1 Hydrogeolegic Monitoring

The most common problem with' PRB in and/or bypass.
Groundwater level data will clearly indicate t ing; however,
hydraulic bypass is much more difficult to to pinpoint.
Potentiometric data is the easiest type of d ndiCation of
groundwater flow characteristics.

The two major abjectives of PRB hydrogeologic

e Groundwater flow pattern including velo

o Extent of the groundwater capture zon

These data, along with porosity 'and.‘hydraul u~6iVity, information f'w‘ltitate caleulating
groundwater flux and corresponding treated wa u
_ Prellmlnary sute characterlzatlon data indicate there ,\ Id be major seasonal fluctuations in

the groundwater levels within Mortandad Canyon Water levels were measuI mdm ‘manually ona .

monthly schedule from May 2003 through September&2003 and approximately weekly from
- March 2004 through June 2004. After that tlme water level measu ’ments occurred

sporadlcally, with the most recent measurements made in September 2006.Elgure 7 i is a cross

section showing the relative locations of the Mortandad Canyon PRB monitorin wells.
Water level data exist for seven of the eleven’ quarters since PRB start-up iéure 8 illustrates
the seasonal variation of groundwater levels with respect to the eIevatlons,‘;v ;the aqmtard and
the top of the mineral apatite (Cell 2) and bio-barrier (Cell 3). This’ waser level pattern. is '
synonymous with the surface weather pattern (i.e., dry vt/inters' 'urit{l;f'__vminimal spring
runoff/pereolation followed by summer monsoonal rain creating a shallow::i_:jmuhdwater level
rise). As shown in Figure 8, in 2003, Los Alamos County was in the midst ef;jd,r,ought conditions,
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0

‘which resulted in very low groundwater levels and no significant flow through the barrier. By the

spring of 2004, Cells 2 and 3 were saturated allowing the PRB to finally operate as designed.

S ,'I. "

L

5.2.2 ° Hydraulic ‘Gradient,IVeIocity, and Flow Rate Across Site-

. ! : .
‘Table 5 includes estimates, based data obtained on several different sampling. dates, for the .

'hydraulic gradients (i), velocities' (v), and flow rates (Q) between the wells shown in Figure 7.
Only those dates between April 2004 and September 2006 wei'e 'anéIyZed because the alluvial
aquifer had little or no flow during the drought conditions that existed prior to this time. For all
. dates shown éxr,l,ept September'2006, the aquifer formation properties were used to calcglate i,
v, and Q. The wells measured in September 2006 spanned an area consisting primarily 6f the

PRB; therefore, the PRB properties were used for these calculations.

Interestingly, the hydraulic gradient of the surface (0.023) is similar to the piezometric Aproﬁles,
but the ti_Jff aquitard is somewhat steeper (i.e., the alluvium becomes thicker down the canyon).
From April 2004 to' February 2005, the i, and thus v, and Q are consistent, indicating minimal

| . disruption of the Mortandad Canyon shallow aquifer after the installation of the PRB.

Estivmating the flow raté of water passing through the 'barrier is critical in ei/aiuating the
performance of a funnel-and-gate PRB. The performance .criteria include hydraulic capture
effectiveness, COC treatment, and longevity. The caléulat_ibns shown in Table 5 assume all
water flows through the minimum cross-sectional area (A) of the PRB (170 ft?). In other words,
the cénybn groundwater gross flux is the same at any canyon' cross section, including the PRB.

This assumes there is no leakage through the funnel section or beneath the gate.

Table 6 presents values for horizontal groundwater velocities and cbrrespo_nding residence.
times at the Mortandad Canyon PRB. The design criteria for residence time (T,) is from the
Mortandad Canyon PRB final design report (Shaw, 2002). LANL laboratory studies indicated
lthat the bio-barrier (Cell 3) was the critical cell for residence time, requiring a minimum T, of 1
day to ensure remediation of perchlorate and nitrate. Based on this information, Cell 3 was

‘sized to have a T, of 1.4 days at the highest predicted velocity through the cell.
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Table 5. Hydraulic Gradient, Velocity, and Flow Rate Estimates

Existing Tuff Sampling Date

Surface | Aquitard | 04/06/04 | 04/26/04 5/04 06/04 10/04 02/05 09/06
Upgradient Well ID MCO-4B | MCO-4B | MCO-4B | MwW-01 MCO-4B | MCO-4B | MW-01 MCO-4B | MW-01
Downgradient Well ID MCO-5 |- MCO-5 MW-03 MW-03 MW-03 MCO-5 MCO-5 MCO-5 MW-02
Horizontal distance (ft) between wells, X 476.4 476.4 2427 85.2 2427 | 476.4 318.9 476.4 39.9
Vertical water level fall (ft), Y 11.1 271 6.52 3.1 7.29 13.39 9.72 16.17 4.88
Average hydraulic gradient, I = Y/X 0.023 0.056 0.027 0.036 0.030 0.028 0.030 0.033 0.122
Estimated saturated hydraullc conductivity, : ‘
K; (ft/day)® NA NA 30 30 30 30 30 30 134
Estimated porosity, n NA NA 0.25 0.25 0.25 0.25 0.25 0.25 0.45
Velocity, v (ft/day), where v = K, l/n ' 36.4
Cross sectional area, A (ft’)° 170

2786

Flow rate, Q (ft’/day), where Q = K, i A°

? From ESH-18 slug test results .~
b Use cross sectional area of MPRB -
¢ Flow rate through MPRB minimum cross section
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Table 6. Comparison of Design, Predicted, and Measured (Estimated) Velocity and Residence Time Values

~ Combined Distances

PRB Cells
. - ‘F Canyon Reach
x| -2 T 3 4 ; (MCO-4B to
(Gravel) (Apatite) " (Bio-Barrier) | (Limestone) Entire PRB MCO-5)
Horizontal distance (ft) 3 7 9 3 22 - 475 °
Design criteria 7, (days)? 1 1 1. 1 4 NA
Predicted high flow v (ft/day)® 29 59 6.5 2.9 NA - "NA
Predicted average flow v (ft./day)’ 1.9 1.9 21 1.9 NA NA
Predicted high flow T, (days)™® 1.2 12 . 1.4 1.2 46 NA
Predicted average flow T, (days)™° 1.8 3.6- 42 1.8 11.2 NA
Estimated v (ft./day)’ - 29 3.7 ) 3.7 ' 29 : 29 3.7
I Estimated 7, (days)* ® 1.0 19 24 1.0 - 6.3 NA.
@ Source: Shaw (2002) - - Bold indicates critical design criteria that must be achleved -
® Calculated by dividing the horizontal distance by the predicted high flow velocity
Calculated by dividing the horizontal distance by the predscted average flow velocity ) T = Resudence time for speclﬁed horizontal distance (days)
Source Table 5 ( this report) . - NA = Not available . _ -
¢ Calculated by d|V|d|ng the horizontal distance by the estimated velocity . v =Velocity (f/day) .- - '
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One consideration, however, is that the hydraullc gra

were calculated using saturated hydraulic condu vi ’ alues obtained

durrng site characterization. Even in the rela ‘ve y_ i ,'r,v‘_Air Force

2.9 ft/day. In accordance with Darcy’s Law, ic in that a {8ustained velocity

groundwater mound within the PRB‘.

in the PRB over

Table 7 shows varying average linear velocity flow rates across the site and";~
time. These rates were computed by ueihg.gﬁgradients determined% water level

measurements and applying Darcy’s Law W|th hydraulrc conductivity vaﬁ‘e"s and assumed

porosity values obtained from various sources:as noted - The equation folr;%wmputlng average ‘

linear velocity, based on Fetter (1994), is as follows

_Kdn
*on, dl
where -
V, = average linear velocity of groundwater flow . * '
K = hydraulic conductlwty | )
n, = effective porosity

dh/dl = the hydraulic gradient
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Table 7. PRB Vicinity Average Linear Velocity Rates

Velocity Rate (ftiday) *

2003 2004 2006
Canyon Reach May | Jun | Jul | 811 | 916 | 3/24 | 3/30 | 4/6 [4/26 | 53 | 5110 | 528 | 6/7 | 1004 | @6
MCO-4B to MW-01 _— e | o | = | 38 = = 38§51 =1 &1 47 |32 ] 47| = "
MW-01 to SW-A1 = — | = |28 &1 34 | 28 |36 | 82| 67 | 61 |238]| 36| 07 | 4.1
MW-01 to SW-A2 - | - | 39 ] & = 27 |37 | 86| 69 | 63 |245]| 37 | 09 | 43
MW-01 to SW-A3 = — | =128 83 ]| 30| 24 |32 77| 6o | 58 |228] 32| 68 | 38
SW-A1 to SW-B1 59 | 55 | 49 | 49 | 65 | 52 | 49 | 52 | 42| 33 | 29 | 26 | 33 |-107]| 16
SW-A2 to SW-B2 g8 | 251 22 18| — s 18 | 22| 22| 22| 22 128 | 28] 8 | 1@
SW-A3 to SW-B3 27 |2y Jar ] 23] a7 ) 22 | 27 T2yl 22| 3ae'| 20 L 22 ] 30| 2% 1.0
SW-B1 to SW-C1 -24 |24 |-20|-16| 20| 24 | 27 |-24|-05| 02 | 09 |09 |09 | 158 | 20
SW-B2 to SW-C2 =29 [-18|[-14|-11] 14| 11| 18 |-14| 18| 14| 18 |-21]|-18]| =11 | -1.8
SW-B3 to SW-C3 20 | =20]-20 =17 | =20 | =24 | 2T | 20| — | =27 | =20 |17 [=20| =27 | =07
SW-C1 to SW-D1 646 |-34|-34| 40| — | 40| - |[-34|560| 46| 64 | 46|-52| 46| -83
SW-C2 to SW-D2 BB 19 | 13| 13| o8 | 13 — |13 |06 06 | 08 | 1.3 | 08 | 00 =18
SW-C3 to SW-D3 24 30 | 30| 30| — — | 24| — | 10 =10 ]| 03 | 03-| 24 |=03
SW-D2 to MW-02 = — | — |664| — | 468 | — |766|486| 562 | 809 | 668|682 | — =
MW-02 to MW-03 = | =] -~ ]53] — 9.4 — | 54|67 59| 54 |44 | 40| — —

* Velocily computations assume the following:
K upgradient of PRB is the avgerage of the MCO—48 siug test and PRB-2 slug les! results; PRE interior parameters as defined below; downgradient K = PRE-2 slug test resulls,

Porosity of alluvium = 0.25 (estimated), Porosity of barrier materials (gravel, spatite, imestone) = 0.5 {Shaw, 2002); Porosity of barrier materials (bio) = 0.45 (Shaw, 2002)
Aquifer max K (PRB-2) =2 05E-02 cmis = 58.11 Wday (Shaw, 2002); Agquifer min K (PRB-8) = BATE-D5 cmis = 0.18 filday (slug test results; IT Corp, 2001)

K for barrier materiais = 4 75E-02 em/s = 134 65 filday (Spitz and Moreno, 1896 [App. B, low range of K for gravel])

MCO-4B K = 1,06E-02 cmy's = 30.05 ft/day (ESH-18 slug test resulis)

= = Nol measured

Shading indicates negative velocities
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velocities indicating groundwater flow in the upstream drrectlon drametrl posed to the

normal direction of row This reverse flow condltlon ls lndlcatrve of hydraﬁproblems within

is perS|stent
ows 2 and 3

: because of extremely low water levels due to ¢ l
April 2004, normal groundwater flow condition

note that reverse flow persists in rows 2 and 3

Remarkably
flow seems

bio-barrier and the limestone cell. These da blems wi ulic performance
within the PRB, mostly assocrated with the transrtlons to and from the bro-bﬁer cell. The fact
that these abnormal flow patterns are persrstent throughout the data record‘ uggest that they -
have not been affected by the subsidence event’ that occurred in March 200? :

i

5.2.3 Piezometric Profiles

Figures 9, 10, and 11 are graphical representations of the 2003, 2002"’3"and 2005-2006 -
groundwater hydraulrc profiles, respectrvely, in the vrcrmty of the Mortandad Canyon PRB.

These figures show groundwater level cross sections of the middle Iongltudlnal well transect
shown in Figure 6. Groundwater levels i in the northern and southern transects are very srmrlar
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The water levels for 2003 sampllng dates shown in. Flgure 9 begln to- sho . notable drop in
elevation head (1.9 ft) from sample port 5 (SW-D2) |n Cell 4 (Ilmestone ..to,..the next well
downgradient of the PRB, MW-02. This mdncates moundmg of water W|th|n KPRB The 2004
_water levels (F|gure 10) show a rising water table W|th a flat gradlent across the PRB followed
by a snmllar drop in groundwater elevation between sample port 5 and MW agaln signifying
some mounding within the PRB. The water Ievel contlnued to rise in 2005 (Flyure 11) however,
the trend in elevation drop from Cell 4 to MW-02 d apbfeared Following#g &:, very:wet summer
season in 2006, Figure 11 shows a further risg;in, the 'ater table and a cgnstderable drop in

groundwater: elevation of 4.7 ft from sampl ‘ "MW 02.. With tion of the
February 2005 sampling event, there is a co Ste ern of flat hydra"i_ ients across
the PRB followed by an elevation drop downg "%fen PRB. This cloy® op appears .
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bottom seals.

o Water levels that rise into the soil above Cells 2 and 3 can mduce/lncrease settlement
and transport contaminants downward |nto the ‘PRB when water |evel subSIde

) | ) Lo ey . . ﬁ&‘ "
e Short circuiting of water can occur from Ce,ll:‘,-‘l‘,; to CeII 4 via the soil above-Cells 2 and 3.

¢ Preferential flow paths through the media can be induced by higher pmeeures.

e A worst case scenario could result in groundwater surfacing Upgraale‘_nt or above the
PRB. L

P:A_ES06-121\PRB-Eval 9-06\PRB_Ph1Evaluation_928_drft_TF.doc 53 -



Daniel B. Stephens & Associates, Inc.

‘j» 'y

The initial impact of the PRB installation to Mortandad Canyon gr0undwater flow appears minor.
.The canyon hydraulic gradient is affected only slightly in the PRB vicinity. In 2003, a slight
mounding of water in 'the PRB occurred, likely due to the transition from Cell 4 to the
downgradlent natlve alluvium, Durmg the next 2 years, the water table rose steadily during the
' spnng/summer seasons -and showed slight declines during the fall. - Table 5 shows the
’ estlmated hydraulic gradients |n the PRB vncrmty at varlous groundwater Ievels during 2004
. through 2006.

The early (2003) drought condltlons coupled with the limited amount of data coIIected to date,
. makes it dlffrcult to assess the PRB performance. The Mortandad Canyon PRB was designed

‘to operate under saturated conditions, but it was not until the summer of 2004 that water levels
finally increased enough to begin saturating Cells 2 and 3. Fluctuatmg groundwater Ievels WI||-V

have only minor impacts on Cells 1, 2, and 4 however, CeII 3 operatlon requires sustalned =

saturation. As a bio-reactor, Cell 3 relies on mtcroorganlsms to degrade the nitrate” and
perchlorate. The m|croorgan|sms need an anaerobic environment to survive. More specnflcally,
~ the mlcroorganlsms cannot survive with fluctuating temperature and oxygen levels caused by
-oscillating saturated and unsaturated conditions.

[

5.3 Assessment of COC Removal Effectiveness -

As contaminated groundwater moves through the PRB, changes in the native inorganic species
in the groundwater can indicate trends in the groundwater geochemistry. Most PRBs
constructed to date use ZVI media; consequently, the literature focuses on geochemical

changesdue to ZVI treatment. Because of its design, the ‘Mortandad Canyon PRB will affect

“groundwater geochemistry differently than ZVI-based PRBs; however, the basic treatment

| principles are the same. Groundwater constituents are removed by ordinary physt_cal, chemical

and/or biological means. The Mortandad Canyon PRB uses all three removal mechanisms.
Details regarding the geochemical and biological processes expected to occur within each of
the Mortandad Canyon PRB media were discussed in Section 2.6.1.
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Constituent Measured
Strontium-90 80
Plutonium-238 1.182
Plutonium-239, 240 0.61
Americium-241 1.53
Nitrate (N) 5.7°
Perchlorate | 120-150°

2 Given in picocuries per liter (pCi/L) unless otherwise notéd.
Milligrams per liter (mg/L)
¢ Parts per billion (ppb)

A comparison of 'upgradient and downgradien

further analysis of .the canyon groundwater

The locations of the sample ports in each cell aﬁnm downgradient lnterface W|th the next
' cell; consequently, an important consideration when analyzmg the data in graphlcal form is the
potential influence of the downgradient media on the results. For example, & sample taken from
the port in Cell 2 might inadvertently draw in water from Cell 3. This. problem%é”magnlf ed when
the hydraulic gradient is flat or negatlve as was often observed in the Mortat;&ad Canyon PRB |
based on water level. data As dlscussed earller sampllng methods that: rely on the use of

bailers or peristaltic pumps could also draw water from the downgradlent cellm

Figure 12 shows changes in pH across the barner through the mlddle transect The pH
decreases from more than 7.5 to almost 6 in Cells 2 and 3, then rlses back to 7.5 in the
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limestone cell (Cell 4). A drop in pH in Cell 3 (blo-barrler) was expected ssult of the
formation of mild organic acids due to biological actlwty however it was anﬁ%ﬁed that the pH
in Cell 2 (apatite) would be buffered by the calcium phosphate rock and thu?‘wou‘q not decline.

» P
It seems hkely that water from the bio-barrier (Cel 3) was madvertently ,oollected during the

sampling of sample port 4 in Cell 2, thus causmg the Iow?.)H reading. Cons ; the prOX|m|ty

Ao

of sample port 4 to the b|o barrier zone and the ﬂat-} ometimes negatlvelhyd” ullc gradients

within the PRB, this is very plausible. After the ‘g:roy ater e p—barrler, the

L]

Figure 13 shows a steep decline in DO across Cells " BT to” upgradient

DO levels in Cell 4. As the groundwater flows Pas i T X becomes

Figures 14 and 15, WhICh show the removal -of’ ni C Jlorate : the PRB for

various samplmg gvents.

During the reductlon of nitrate the release ofﬁgmmowh% m ion (NH4) andinitr >en gas (N2)
byproducts occurs. Nltrogen gas was not measured however Figure 16 shaws the increase in
NH,*. The highest ammonlum ion level is assomated w:th CeII 2 (apatlte); whlch reaffirms the
influence of sampling procedure and/or the occurrence ‘of flat and negative ﬂ@
the PRB. The high level of NH," in sample port 4 is attrlbutable to the reactlo%occurnng in Cell

- 3, the blo-barrler

Another measure of the presence of microbial degrédation conditions is the total organic carbon
% , Y

(TOC) level. Figure 17 shows the increase in TOC related to the bio- barrie.'i"'“j“'k This is another -

positive sign that organlc carbon is readily avallable for the mlcroorganlsms to as5|st with NO;
and ClO, degradation. The highest TOC concentration appears to occur in COH&Z but again this

. ,—'—-s.vw

is Ilkely the result of inadvertent samphng of downstream water.
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the disproportionation of chlorite to O, and CI"&F

dismutase are greater than chlorate reduction

The inadvertent collection of U_ntreate
during the'sampling of port number 5 in

possible negative hydraulic gradient wit
Hydraulic bypass;of Cells 2 and 3

This trend is also evident in the removal of many" ther constltuents To help ldentlfy the cause
of this trend toward increased COC Ievels in Ce ";f|t’|s suggested that (1_). future sampling is
‘ performed using the micropurging sample method descrlbed in Sectlot§51 1.1 and (2)
additional observation/monitor wells are mstalled and a tracer test is performed after their

installation.

Whatever the cause of the increased constltuent Ievels |n CeII 4 it is evndent from the samples

retrieved from Cells 2 and 3 that nitrate and perchlorate removal is occurrlng ln “Cell 3. The NO;
and ClO, levels in samples from Cells 2 and 3 are below the DOE Actlon»LeveIs and LANL
Treatment Goals (Table 7). o
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The mineral apatite in Cell 2 provides the primary removal zone for americium, strontium, and
plutonium. Removal is accomplished via the formatibn of phosphate complexes containing the
actinides. The iqprease‘d avail_ability of soluble phosph_até as the grouhdwater passes through
Cell 2 is evident in Figure 18. The apatite cell also introduces bicarbonate into the water,
increésing the alkalinity of the water, as shown in Figures 19 and 20, respectiyely.. The
increased. level of these minerals in the water is also reflected in an ihcr_ease in total dissolved

,‘solids (TDS), which can be méasured in the field‘és conductahc_e. ‘Figufe 21 shows the
increase in conductivity as the groundwater travels through Cell 2. -

_ Figures 22 through 25 show the radionuclide COC levels across the PR_B."-_The levels of ...

- plutonium-238, plutonium-239, 240 and americium upgradient’ of the PRB are already below the
LANL action levels (Table 7). Nearly all-radionuclide levels al_'evsigniﬁcanfly reduced by the
mineral apatite in Cell 2; however, the radionudide content,inc'reases' in Cel_l 4to apprdxirhately
upgradient levels. This pattern of increaéed levels in Cell 4 is similar to that observed for. other .
constituenvts." Only one of the four sample locations for strontium-90 showed levels lower than

- the LANL Treatment Goal and DOE Action Level. '

54 Lessons Learned from Evaluation of Existing Data

This section presents lessons learned from other PRB installations as well as those specific to
the Mortandad Canyon PRB pilot project. '

5.4.1 Lessons Learned from Other PRB Installations

“In general, the suggestions for improvements from different PRB installations nationwide are
similar. A summary of the lessons learned, based on the consensus of various PRB experts, is
provided below:.. '

e A thorough understanding of site characteristics is required for the design and
- installation of PRBs (ITRC, 2005). ‘ ' '
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o The flow-through thickness of a barrier should be designed fdfr';oon.stituent levels

Hape

representative of the core of the contaminated groundwater plume (Morkin et al., 2000).
o |If the groundwater used in the design treatability study does not ct)ntaln contaminant
concentratlons representative of the core of the pIume additional contaminant should be
' added to the groundwater so that rate constants are calculated uslng maX|mum field

concentrations (Morkin et al., 2000)

e To properly |dent|fy areas of high contamlnan ‘6oncentrat|ons orimeglocatlon of the

plume core, the initial site characterlzatlon must be sufﬁ0|ently~ ot Iled Multilevel

water (Morkin et al., 2000).

e PRBs typically take advantage of amb|ent ﬂt)w condltlons Promotlngfadﬁve flow through

e

. siphoning.or limited pumping may be desnrable |n some cases (ITRC‘2005)

't'??t,-..

¢ Once installed, a PRB is difficult to modlfy or adjust This places a gmater emphaS|s on
ensuring a successful PRB desugn whlch |s dependent on, an accurate site
characterization (ITRC, 2005). ' =

e Seasonal variations in groundwater flow'and temperatures can affect E%’pe'rformance of
the PRB and need to be accounted for inthe'design (ITRC, 2005). e

¢ Preventing zones of reduced per’mea'bility‘ during construction',ar"idv' minimizing the
variability in packing of the reactive media are critical to PRB oberation. Zones of j
reduced permeability or deflected, flow can result from the usé'_gf sheet piling in
incompatible geologic conditions, improper maintenance of bibpolytrter, and improper

placement of reactive material through the biopolymer (ITRC, 2005). T
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e Research has shown that ZVI PRBs can be expected to last an estimated 10 to 30
years, depending on the rate of flow through the system and the levels of the total
\ dissolved solids (ITRC, 2005). o

¢ Use of low-flow and passive sampling methods to monitor the PRB is recommended to

minimize disruption in the .groundwat'er flow field (ITRC, 2005).

¢ Despite its limitations, the most effective tool for monitorinAg the hydraUIics of the PRB

system is the use of accurate groundwater head measurements (ITRC, 2005).

o Tracer tests provide the best flow information but are'aifficult and expensive to conduct
(ITRC, 2005). ' '

» When a PRB is located within the contaminant plume, it may be difficult to determine
perfofmance due to the residual downgradient contamination. Monitor wells should be
installed within or close to the downgradient side of the reactive media to facilitate
monitoring (ITRC; 2005). - " |

s Given the time lag'in achieving downgradient water v'quality improvements, regulators
and site owners should also consider establis_hing a.temporary compliance point within
the reactive media at or near the downgradient edge of the PRB. This would enable

_ better evaluation of the PRB’s abil'ity to treat groundwater contaminants to established
regulatory standards. The location of the compliance -boints can be reevaluated as the

downgradient residual contamination dissipates (ITRC, 2005).

e The use of iron for source zone treatment is finding increased ecceptance for site
remediation (ITRC, 2005).

« PRBs offer cost incentives due to the passive nature for the technology that adds to the
reduced operation and maintenance costs. The one cost factor that is difficult to

estimate is replacement or replenishment of the reactive media (ITRC, 2005).
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) Deeign
e Construction
e Operation

¢ Maintenance

Specific recommendations are listed below:

5.4.2.1 Design Lessons Learned
The more simple the design, the less likelihood:
Specific design points to consider include:

m.

based on site specmc data and should be mcorporated |nto the desugrg the time the 30
percent review is made. . S »

e A single media should be used whenever'pos'.sibleiv;'

o Adherence to porosity, partlcle size, and permeablllty criteria IS critlcal for smooth

horizontal flow; failure to meet any one of these criteria can lmpede ﬂow through the -

PRB, resulting in a multitude of addltlonal probIems
: W#

e Additional strategically placed sample wells would. help identify""grOUndwater flow

patterns and potential leakage around, through or beneath the gate and funnel sectlons

and also provide more information on COC removal performance
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e Sampling wells should be multilevel to allow for better determination of flow patterns.
Screening wells -at varying depths across the sample zone minimizes the effects of
vertical variations 'in the formation or PRB pefmeability._ A méjor concern in PRBs is

. potential channeling through high conductivity zones; multilevel sample wells can
provide high vertical spatial resolution to help evaluate this'pdten_tial effect.

e Smaller diameter wells (e.'g., 3/4 inch internal diameter) or even bu‘ndle‘d.tubes with short
screens (<1 ft screens); as shown in Figure 26, are ofte‘n'preferred for performance
monitoﬁn_g purposes. Proper location of the screenéd intervals in three dimensions is
important for monitoring different vertical zones within the PRB. It ‘a_lso helps provide
coverage for different flow paths and allows estimatioﬁ' of degradation or transformation
rates as the contaminants pass through the system. These same monitoring points can
be used for tracer tésts to -evaluate changes in pérmeability. The placement of
monitpring points for flow path analysis requires prior detailed site characterization to

' deterrhine 'flow path direction, flow velocities and system heterogeneities (US EPA,
1998). ” ' ' |

e A Quality Assurance Project Plan (QAPP) outlining the sampling protocol should be
included as part of any design, regardless of the projéct scale (pilot vs. full-scale). A
QAPP aims to assist with achieving project goals .by providing a written, organized,
defensible protocol. A QAPP ‘written for a PRB should cover preliminary site
characterization, PRB construction, and PRB monitoring. The QAPP can be developed
in phases as the project evolves. Essentially, it needs to include quality
aésurance/quality control 4requirements and reporting requirements as determined by

project-specific data quality objectives.

e The U.S:. EPA has déveloped a quality control methodology called Triad thét provides a
logical approach to environmental investigation planning, 'execu_tion, and evaluation
(ITRC, 2005). Triad emphasizes three components. The'. first is better preparation for
investigations including systematic project planning and development of.a. concepttjal

site. model (CSM) that incorporates existing site knowledge and identifies the data
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needed to achieve.project goals. The second is to allow greater flexibility while
performing fieldwork. This component emphasizes.a dynamic work plan centered on

field activities that is designed to allow the 'projeot team to_update the CSM with real-time

data and make decisio‘nls in the field on subsequent activities. The third component

focuses on gathering and analyzing real-time data to support real-time decision making.

Further information on th|s concept is available in Technlca/ and Regulatory Guidance
for the Triad Approach A New Paradigm for Env:ronmental PI'OjeCt Management (ITRC,
2003) '

Media should be selected based on sufficient laboratory treatability stUdies.

When a media that contains multiple components is specnfled procedures for mlxmg and

placement should be included in the design review.

' When' a PRB is placed in a shallow, seasonally fluctuating aquifer, preliminary laboratory

treatability studies' should evaluate the effects of wetting/drying and temperature

changes on the media performance.

Pilot and full-scale PRB installations should identify a oompliance treatment point in the

design review. A flexible approach should be main_tained to allow adjustment of the

compliance location as the project and treatment goals progress.

5.4.2;2 Construction Lessons Learned

Specific points to consider regarding construction issues include the following:

During excavation of the gate section in a funnel-and-gate design PRB, an impermeable
bottom barrier should always be -installed to mitigate any possibility of water .flowing

beneath the reactive zone.

The use of tremmie piping to emplace media at depths would improve media uniformity,
especially for media composed of multiple materials with different characteristics (e.g.,
the bio-barrier material).
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he samplmg
gth, and well

directions following disturbance of the water ln the well and prto&:to sampling are
important for correct interpretation of the data Oftentimes, purglng is needed only
because the sampling device has- been passed through the overtylng casing water,
which causes mixing of these stagnant watérs  and the dynamlcmwaters within the
screened interval. These disturbances and |mpacts can be avoided i';; using dedlcated
. sampling equipment set within the screened interval, which precludes the need to insert
the sampling device prior to purging and_ s'ampling (Powell and Pufé‘ﬁ*‘tQQﬁB). For high
resolution sampling needs, screens Iess than 1 meter (m) in Iengtt;:"rshould be used.
Isolation of the screened interval water from the overlylng stagnant casing water may be
accomplished using low-flow minimal drawdown technlques If the*“ pump intake is
located within the screened interval most, if not all, of the water pumped will be drawn
| directly from the formation with I|ttle mixing of casrng water or dlsturbance to the

sampling zone.
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s Polyethylene diffusion bag (PDB) safnplers are ihcréasihgly being used during

monitoring and samplin'g_ for volatile organic compounds (VOCs). PDB samplers are
low-density bags'containing deionized water that are used to collect water samples in
. groundwater wells for Iéboratory analyses of VOCs. They are passive devices, relying
on the movement- of groundwater from the aquifer or watér-be_aring zone through the
Screen or open interval of a well. VOCs in groundwater diffusé across the bag material'
until concentrations within the bag reach eduiiibrium.'With those inv_the surrounding
groundwater.(ITRC, 2005). PDB samplers are not appropriate for sampling metals and _

other inorganic compounds.

Samples should be collected at least énce/quarter.‘ Sampling'frequency should be
based on the hydrogeologic character of the aquifér. Mortandad Canyon Watel_' velocity

merits quarterly sampling.

54.2.4 Maintenance Lessons Learned , N

~ The soil/vegetative cover above the gate section of a PRB must be maintained to ensure proper
functioning of the barrier. Specific considerations'include maintaihing the elevation énd slope,
'ens,uring the presence of vegetation to minimize erosion, and providing for the diversion of

surface runoff to prevent erosion.

Ohgoing performance assessment of the Mortandad Canyon. PRB would be greatly improved by
the following activities:

e Installation of additional strategically located wells to facilitate more comprehensive

monitoring of the funnel-and-gate system integrity
e Core sampling and analysis to compare actual mineral precipitation to 'geochemical
model predictions, and bed volumes of groundwater treated—a strong correlation

provides an excellent predictive tool for barrier longevity

Measuring the velocity and direction of groundwater in PRB vicinity wells using a
borehole 'probe
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This section presents a description of the feld mvestrgatlon actlwtles eonducted during
»September 2006 and results obtained from analysns of the data collected during the field
R

mvestlgatlon where available. These activities’ were undertaken to make anl Inltlal assessment
of the possrble impact that subsidence may have had on,(PRB performance ‘ﬁ"“ ‘

6.1 Subsidence Mitigation

L]

cable encircling the steel fence posts alf-

spots where erosional holes had developed durlng t ﬂo.od event. It should be'noted that once
access inside the PRB fence was attained and f eld personnel were able to move around within
the interior of the PRB fence, there were no |ssues W|th any ground rnstgg?lhlty The ground

surface is in fact qurte stable.

6.2 Groundwater and Reactive Media Samplmg

b2 a&ﬁ'&

Groundwater samples were collected on September 7 and 8, 2006 from each of the 12 water
sampling ports located within the PRB and fron'ﬁlﬂ1 upgradlent alluvial monltowell (MW-O1) and .
1 downgradient alluvial monitor well (MW-02) (Figure 27). These samples were collected for the
purpose of comparing the current geochemical. behavror of the. PRB to that observed in prevrous :
sampling rounds and thus evaluate possible |mpacts to PRB performance tl:} may have been
caused by the flooding and subsidence event in March 2005. Table 9 shows the samples

collected information and analytical suites for the water samples
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Table 9. PRB Groundwater Samples

LANL Water Quality

Location Description - Location ID Division Sample 1D® V Sample Date | Sample Time
PRB-SW-A1 Mort PRB Gravel Cell 11 (north) : MO-22545 GF06090PBG1101 9/7/2006 1145
PRB-SW-A2 Mort PRB Gravel Cell 6 (center) i MO-22546 GF060900PBG601 9/7/2006 1215
PRB-SW-A3- Mort PRB Gravel Cell 12 (south) MO-22547 GF06090PBG1201 - 9/7/2006 - 1245
PRB-SW-B1 Mortandad PRB Apatite Port 8 (north) MO-22548 GF060900PBA801 9/7/2006 1300
PRB-SW-B2 Mortandad PRB Apatite Port 4 (center) MO-22549 GF060900PBA401 9/7/2006 1320
PRB-SW-B3 Mortandad PRB Apatite Port 10 (south) - MO-22550 GF06090PBA1001 9/8/2006 950
PRB-SW-C1 Mortandad PRB Bio Port 7 (north) " MO-22551 GF060900PBB701 9/8/2006 1015
PRB-SW-C2 Mortandad PRB Bio Port 3 (center) MO-22552 GF060900PBB301 9/8/2006 1035

' PRB-SW-C3 Mortandad PRB Bio Port 9 (south) : MO-22553 GF060900PBBQO1 - 9/8/2006 1100

T

€8

-GF06090PBL1301§“& -'9/8/2006 | 1145
GF060900PBL501;, .| .~ 9/8/2006 | 1205

MO-22554 |
+ .MO-225553

[ PRB-SW-D1 | Mortandad PRB Limestona Port 13 (north). e%%
PRB-SW-D2 | Mortandad PRB Limestone Port 5 (center) ..

PRB-SW-D3 | Mortandad PRB Limestoné Port 14 (south) o |i MO-22556; | . ; GFO6090PBL1401,, |  9/8/2006 | 1230
PRB-MW-01 | MW-01, well upgradientof PRB =~~~ MO-22544" | = GF06090PBW101 ~ [ 9/8/2006 1310

PRB-MW-02° = | MW-02, well downgradient of PRB- , MO-22557 GF06090PBW201 -9/8/2006 1330

Flltered sample IDs shown (ID nos. for filtered samples have a preﬁx of GF; unfiltered samples have a prefix of GU).
Analyses requested:
Radionuclides (isotopic Pu, lsotoplc U, Am-241 by Alpha-spec, Cs-137 by Gamma-spec, Gross A/B/G, tntlum by liquid scintillation, strontium-90)
General Inorganics (total alkalinity, total organic carbon, bromide, chlonde ﬂuonde sulfate pemhlorate TKN mh'atelmtnte)
.. Total Metals (ICPIMS EPA 6020).Anions (EPA6905618321MI415.2).‘ : 4JCL
" Gamma Spectmseopy (EPA 901’1) WW(EPﬂFmt

i
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In

'Samples of the reactive media were collected on September 8 through 11 and September 19

through 20, 2006 from the media sample ports (Figure 27) using a hand augur with a 1% inch
augur bucket. Rﬁactive”media samples were collected from m.uItipIe' ports in ‘each cell and
combined into single compositélsamples, one for each of the four PRB cells. These samples
were ‘collected for the purpose of evaluating the condition of the reactive media after three and
one-half years of operation of the PRB and for characterization of the potential future waste
. stream that would be generatediduring excavation and'deconsfruction of the PRB. Table 10
_ shows the samples collected information and analytical suites for the médié samples. All
samples were processed by the LANL Samplé Managemént 'O.ffice (SMO) for submittal to
. General Engin,.ee_ring Laboratory for analysis. Because of the timing of the sampling, analytical
results are not available at the time of the preparétion of this réport. Table 11 shows the values
of the field parameters measured with a dQthoIe probe prior to co_Ileétion‘ of the water

samiples.

Table 10. PRB Reactive Media Samples

B Sample
Location 2 o * Description - ER Sample ID Date

SP-A1,A2 Mortandad PRB gravel cell media ports - | CAMO-06-72644 | 9/20/2006

SP-B1,B2,B3,84 | Mortandad PRB apatite cell media ports CAMO-06-72642 | 9/14/2006

SP-C1,C2,C4,C6° | Mortandad PRB bio-barrier cell media ports | CAMO-06-72641 | 9/12/2006

SP-D1,D2 "] Mortandad PRB limestone cell media ports- | CAMO-06-72643 | 9/19/2006

a Sample ports C3 and C5 could not be sampled due to obstructions in the ports.

Analyses Requested: , .
Radionuclides (isotopic Pu, isotopic U, Am-241 by Alpha-spec, Cs-137 by Gamma-spec, Gross A/B/G, tritium by liquid
scintillation, strontium-90) ' .
General inorganics (total alkalinity, total organic carbon, bromide, chloride, fluoride, sulfate, perchlorate, TKN, nitrate/nitrite) -

6.3 - Water Level Measurements

Water levels Were measured in each of the water sampling ports and monitor wells MW-01 and
MW-02 on September 6 and Septémber 20, 2006. The top of casin_g (TOC) stick-up heights
and total depths were also measured on September 20. These data are shown in Table 12.
The water level data show that substantial recharge to the Mortandad Canyon alluvial aquifer

" during the historically wet summer of 2006 has created a water table only 10 to 11 ft below the
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Table 11. Groundwater Field Parameters

sc Temp | Turbidity
Location Description Date i (uS/cm) (03] (NTU)?

SW-A1 Mortandad PRB Gravel Cell 11 (north) 9/6/2006 . 299 | 10.32 2. 23.2

SW-A2 Mortandad PRB Gravel Cell 6 (center) 9/6/2006 . 303 11.91 . 11.5

SW-A3 Mortandad PRB Gravel Cell 12 (south) 9/6/2006 A2 308 9.70 . 41.4

SW-B1 Mortandad PRB Apatite Port 8 (north) 9/6/2006 -— - 30.2

SW-B2 Mortandad PRB Apatite Port 4 (center) 9/6/2006 . 503 13.11 . 12.8

SW-B3 Mortandad PRB Apatite Port 10 (south) 9/6/2006 | . 477 11.42 ). 9.5

SW-C1 | Mortandad PRB Bio Port 7 (north) 9/6/2006 70 .| 539 10.28 | . 56.4

|sW-C2 | Mortandad PRB Bio Port3(center) : 9/6/2006 . | 1026 67 | 402

SW-C3 | Mortandad PRB Bio Port9(south) '9/6/2006‘?5‘ “f306" : a7 %1008 | 80" | 024 | 1686

SW-D1 | Mortandad PRB Limestone Pon,13(north) 9/6/20 s s ] ga
SW-D2 | Mortandad PRB Limestone Port’s (center) | /6120067 : 1240 7ft. 64 |52 3737 o[ M1.200[--184 2} o531 | 316 -

SW-D3 | Mortandad PRB Limestone Port 14 (south) | 9/6/2006 - 649 | | 11.08 | 157" 39 | 203

MW-01. | MW-01, well upgradient of PRB | 9/6/2006 . | 1425 : 48 | 170

MW-02 MW-02, well downgradient of PRB 9/6/2006 . ' ' 1095 | 53

SC = Spemﬁc conductance . . ) . ' I pS/cm MlcrOSIemens per cenhmeter
Temp, = Temperature R ' SR - E g
"ORP = O)udatlon red:dbn potedhlgf

mg/lL. = Mllllgrams per liter’

NTU = Nephelometric turbidity unlts

Turbldlty measured dunng groundwater samphng see Table 9 for time and date of parameter collection.
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vground surface beneath the PRB site. This high'water level is indicative of saturated conditions
extending approxiMater 7 ft above the reactive media in. Cells 2 and’ 3 (Figure 11). The
September 6 mqgsureﬂients were incorporated 'into the flow velocity analysis presented in
Section 2.13 (Table 7). |
Table 12 also shows a comparison of the TOC stick-ups with TOC measurements made on
v "February 16, 2005 prior to the flood and subsequent'éubsiden,ge_that occurred in March 2005.
The'differences_betWeen these measurements indicate the amount of additio_'n.ai. subsidence that
| occurred after'thg March 2005 flood. These data show that the minimum amount of subsidence
- (0.41t0 0.6 t) ¢c¢ur'red over the Ifmestone cell while the maximum amount of subsidence (2.03 ft
-and 1.96 ft) occurred above the centers of the apatite and bio-barrier cells respectively.
Subsidence above the gravel cell was about 0.7 to 10 ft, subsidence above .the bio-barrier cell
ranged from about 1.2 to 2.0 ft and subsidencé above the apétite cell rahged from abdut 1.3to
2.0 ft.

Table 12. Water Level and Well Measurements

Depth to Water Measured TOC Stickup Amount of
(ft below TOC B (ft ags) Subsidence (ft)

. . Total ‘ from 2/16/05 to
Location 9/6/2006 | 9/20/2006 | Measured 9/20/06 2/16/05 - 9/20/06

PRB-SW-A1 - 15.63 14.73 32.96 - 3.95 2.93 1.02

PRB-SW-A2 15.38 14.48 30.18 3.58 2.72 -0.86

PRB-SW-A3 15.56 14.67 32.94 3.75 3.10 0.65

PRB-SW-B1 13.03 12.13 31.72 2.25 0.98 1.27

PRB-SW-B2 15.42 14.53 34.79 4.82 2.79 2.03

PRB-SW-B3 13.29 12.40 30.37 2.3 0.98 1.32

PRB-SW-C1 15.19 14.30 32.99 3.9 2.61 1.29

PRB-SW-C2 15.62 14.74 34.40 4.82 286 | 196

PRB-SW-C3 15.06 © 1417 32.84 3.71 2.55 116

PRB-SW-D1 16.00 ° 15.10 - 32.01 3.65 310 0.55

PRB-SW-D2 16.77 14.88 32.74 3.5 2.86 0.64

PRB-SW-D3 16.04 15.156 - 30.96 3.72 | 335 0.37

PRB-MW-01 14.68 NA 33.09 NA NA _ NA

PRB-MW-02 19.21 NA ___NA NA NA NA

" ft = Feet ‘ TOC = Top of casing ags = Above ground surface NA = Not available
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6.4 Slug Tests

Slug tests were performed in each of the water sampllng ports and in monlto?:wells MW-01 and

-MW-02 during September 13 to 18, 2006 |n accordance with LANL standard operatlng
procedure SOP-07.03, Rev. 1 -Slug Tests. The foIIowmg equupntent was usegrlfg_slug testing:

o Laptop computer

sampling port and well. If the sampling ports dld not. allof"" for full lmmer3|on'

the port due to obstruction, the 8.03 ft or 6.02. ft slug was utilized. Slug™te: tests could not be
performed in sampling ports B1 and D1 due to unknown obstructions in* the port (likely the
casings were bent to the extent that the slugs could not pass by the deformedwsectlon) Care
was taken to smoothly insert and extract the slugs |nto'the ports and monltorlng weIIs to reduce
splashing the water table. Whenever possnble the PVC casing stlckups were temporarily

G e

removed (unscrewed) from the ports to allow smooth |nsert|on and extractlon*of the slugs

Plots of the water level response from each slug test and'the results obtainedffrmorn the analyses
~ of one test in each of the four media cells in the PRB and one test in each fthe monitoring
wells are included in Appendlx A. The majorlty of the slug tests show an oscnllatory response
due to the inertial effects in the highly conductive material that comprlses the PRB cells. The
high conductivity of the reactive media produced. extremely small water Ievel’fresponses in the
sampling ports (<0.15 ft) while the responses in the mon'itoring wells were'm;derately small (<
1.2 ft). Changes in barometric pressure due to changing weather conditions were likely
recorded during the recovery from these small responses; 'hence, accordi‘ng_to'the'transducer
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i K

data, some wells apparently did not recover to static water level. In fact, according to field
measurements, the wells did recover to static and the pressure transducer had to be

recalibrated betw§en each test to correctly record the small responses. |

Analysis was completed for the Best test in each of the four media.cells and the monitoring wells
.using AQTESOL\‘/ for windows. The Hvorslev (1951) solutio_n method.for unconfined aquifers'
was applied to the data. Assumptions included effective porésities of 0;46 for the filter pack
‘material in the monitoring wells, 0.45 for the media in Cell 3 (bié-barriér),' and 0.50 for the media

in Cells 1, 2, and 4. Due to the oscillatory responses, the time-drawdown data did not plot on a

~ straight line for a ‘majority of the tests; thué, only rough estimates of the media’s hydraulic- |

_conductivity could be calculated. The.calculated hydraulic conductivity of the 'media in the PRB

and alluvium is shown in Table 13.-

Table 13. Slug Test Analysis Results

Location | SaturatedZone |- K (cmis)

‘ MW-01 Alluvium - 1.35E-2 ,
' MW-02 Alluvium  1.48E-2
. SP-A2 Scoria 1 1.12E2
SP-B3 Apatite ' 1.69E-2
SP-C1 | . Biobarrier | . - 1.29E-2
SP-D2 Limestone 1.48E-2

Because of the extremely small water level responses induced in the PRB water sampling ports
. by injecting and. pulling the slugs, it is likely that those results are unreliable. In fact, the
conductiyities required to virtually eliminate the effect of injecting a 10 ft slug in less than
5 seconds, as was observed, may be as much as an order of magnitude highef than the values
dep‘icted in Table 13. Literature values for the hydraulic conductivity of a medium gravel range
from 0.313 to 1.04 cm/s (Spitz and 'Moreno‘, 1996). Another possible explanation for the lack of
response in the apatite and bio-barrier cells might be that settling and compaction of the media
‘may have created open void spaces adjacent to the well screéns, thus allowing water to move

" very quickly in and out of the screens.
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This section presents several alternate hypotheses for conceptual modv@’rfto explain the
- observed performance of the Mortandad Canyon PRB These are prlmarily conjectural

hypotheses; further investigations are necessary to conf" rm or dlsprove them.

71 Non-Representative Sampling
Issues affecting the ability to collect representative g_[guhgtwater samples in
S are located -

‘ ’mpling‘ wells so
mple without

relatively high rate) employed.

The observed lowered pH in the apatlte wells (Flgure: 12) shows that’ these _samples were
actually water from the downstream bio- barner ceII wh:;g lower pH should occuﬁr; whereas there -

is no reason why low pH should be created in the apatlte cell. The lack o’f‘optlmal sampling
| procedures (i.e., the use of micropurging technlque) and less than optlmal weII locations to
obtain water samples may have resulted in unrellable chemistry data from the Mortandad
Canyon PRB. For example, the samples collected from the limestone cell that show high COC
concentrations may actually represent water from the alluwum dlrectly downstream of the PRB.
This possibility notwithstanding, problems -with sampllng |ssues do not explaln the persistent

presence of unremediated groundwater observed |mmed|ately downstream from the PRB
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Preferential and Reverse Flow

The apparent prevferen’ti‘al flow_paths and reverse gradients o‘b'served in the bio-barrier may be

caused by a few different possibilities:

“Compaction of the media may be fesponsible for erratic flow patterns (the bio-barrier

media had the highest ongmal porosity and was the most Ilkely to compact) Density
variations due to non-uniform compaction very likely could cause channeling though the
hlgherpo,rosny areas. Mixing of the pecan shells, cottonseed, and gravel was not well
dobumented, and emplacement by a front end loader qumping at debths up to 27 ft was
likely to cause segreg.atiCn due to density and particle shape variations, further leading
to irregular, non-uniform placement. Preferential flow is likely tc deve.lop alcng zones of
higher porosity due to potential irregular placement of the bio-barrier media. Reduced
permeablllty due to compaction is a likely contributor to flow impediment within the PRB

' leading to reverse gradients observed in the bio-barrier.

t

f

There is potential for bio-fouling to occur in the bio-barrier where excessive bacterial
growth accumulates additional biomass that clogs the matrix (Katsutoshi et al., 2006).
Bacterial growth occurs in areas where nutrients . are available (e.g. preferential
pathways). This growth would continue in such locations until they plugged up due to
the biomass buildup, then flow would have to be redirected elsewhere until the pattern
was repeated. Flow that occurs along preferential pathways does so at greater

velocities, which leads to lower residence times. Thus, the water may not be adequately

‘ treated before moving past the bio-barrier. Clogging due to bio-fouling may also

contribute to flow impediment and reverse gradients.

Nitrogen and methane gas formation from denitrification and methanogeneS|s may also

lead to clogging, preferential pathways and flow |mped|ment
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7.3

Groundwater Mounding

The presence of groundwater mounding wrthln the PRB has been perslstent since 2004,

- becoming more significant over time. Some moundlng was expected by the designers of the

i

Mortandad Canyon PRB, but excessive moundrng causes hydraullc stressas that may affect

PRB performance. tssues that likely contribute to the groundwater mo

include:

7.4

‘Bowles 1982) 'Th. PRB deS|gners

groundwater mounding in the PRB

Fluctuating water levels leading to groundv:g ’ «.5,’ mounding above the“reactlve media
cause further compaction within the PRB reactlve media due to secondary consolidation
of the media that occurs during repeated wettlng and drying processes Compactlon of
the media reduces its permeability, creatlng Iess efficient through-ﬂow and favors
development of preferential ﬂow paths W|th consequent lowered resndence time and
reduced operational efficiency. ke

Potential for Hydraulic Bypass

o R e e

Several alternatives are possible for hydrauli_c bypass to oCcur:_ ‘

Potential bypass may be occurring beneath the reactive media alongﬁa rubble zone in

. the overexcavated area. The. PRB desrgners assumed that the tuff contact was

impermeable. However, the madvertent overexcavat|on into the tuff by. several feet
beneath Cells 2 and 3 likely caused some fracturing of the bedrock.: Also, the fact that
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the bottom of the excavation was submefged and Ioéa‘téd 27 ft deep made it impossible
to observe the condition of the bottom of the excavation and difﬁcult to ensure that any
broken roy;p:k was fully removed. Thus, without an 'im‘permeablé seal at the base of the

PRB, the likelihood of a preferential pathway beneath the media in Cells 2 and 3 exists;
| this would allow most groundwater to flow directly into the limestone. cell in an untreated

condition.

A possible péthway for hydraulic bypass over the top of the reactive media could exist

through a potential gap that may have developed betwée‘n the GCL lining the inside

faces of the' portions of Cells 1 and 4 that extend above the reactive media in Cells 2 and -

3 and the gebtextile liner overlying Cells 2 and 3. Repbrtedly, the two liner materials had
about 2 ft of overlap where they meet; however, this is not documented. With observed
total settlement of as much as 4 ft or rhore, this overlab,could have been compromised
creating a pathway for flow to move directly from Cell 1 through the gap bypassing over
the to"p of Cells 2 and 3 and into Cell 4 without treatment.
‘

Possible leakage through the funnel wing Walls could provide a pathway for gréundwater
flow to bypass the gate altogether. This, in .co’nju_nctidn with a poorly developed flow
field and reverse gradients in the PRB, could explain th e observations of untreated water
chemistry at the downgradient end of the gate. . The lack of availability of field notes
made verification of the depth of sheet piling installation impossible to determine during
data assessment. Reportedly, the specification was 3 ft or refusal, whichever came first.
However, this detail is not shown in the as-built drawirllgs or documented elsewhere. It
was also noted that the as-built drawings are not cofrect with respect to downgradient
well placement. Additional monitor wells would be necessary to verify whether or not
leakage is occurring through the wing walls. '

i
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8. Work Plan for Future Investlgatlon Actrwtles

This section provides a work plan |ncIud|ng several mvestrgatlon actlvltles«-that should be
f; .t‘he -Mortandad

3

- undertaken to address unresolved questlons regardlng the performancgi
Canyon PRB. ' ‘

8.1 Collect Core Samples Within the PRB

(Cells 2 and 3). This subsidence is attrlbutavble t sorhe comblnatlon -”\

reactive media plus compaction of the. backfill en overlying Cells 2 »

compaction occurs primarily in the reactive me« the overburden or i
between them is unknown. '

In order to determine the geometry'of the contact'{betWeen the overburd'" nd- the reactive

media, samples ' of overburden and reactlv i ;;'.matenals will be::obtained using a

Geoprobe® or comparable direct push rig or a compact sonic drill . rlg The'core samples
obtained from these borings will also be used to select samples to be submltted for laboratory
testing of hydraulic and physical properties plus geochemlcal and blologlcal testlng Continuous
cores will be collected from the borlngs for four wells proposed in the interiogof of the apatlte and
x the gravel and -

bio-barrier cells and from four additional borlngs proposed near the mterface

focused on samples near the cell waII mterfaces where reactive processes are likely to be

concentrated.

,,,,,

e L s, ' . by TR

A hydrogeologist and an engineer experiencecl in PRB cohstrUC_tion and desigh will beon-s'ite
during the drilling program to select the sample intervals for testing. At least-one sample each
from the apatite cell and bio-barrier cells will be'analyzed for 'saturated hy&%ullc conductivity,
porosity, and specific density. If visual observatlons of the core mdncate apparent differences in
material density within a cell, multiple samples may be tested. L|keW|se at least one sample
each from the apatite cell and bio-barrier cells will be analyzed for major cations and anions,
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B ‘J‘ N ; . . .
metals, and radionuclides. . If visual observations of the core indicate apparent differences in
appearance that may be attributable to chemical precipitation, "additional samples may be
analyzed. In additiori,"'at least one sample from the' bio-barrier will be analyzed for a

microorganiSm survey. Reco'mmended locations for borings within the PRB are shown in

Figure 28. Sampling will- be performed in accordance with current LANL Standard Operating

‘Procedures.

8.2 Install Additional Monitoring Wells

: Several addltronal sampllng weIIs will be installed preparatory to conductlng a tracer test. Ten

'wells with 6 inch screens are proposed in the mterror of the PRB. These wells would be
screened below the reactive media in order to assess the capability of this zone to provide a
bypass route for fluid flow beneath the PRB. Eight wells with 10 ft screens are proposed
adjacent and downgradlent of the wing walls and near the perlphery of the PRB to assess
potentlal Ieakage through the funnel walls and from the S|des and corners of the PRB gate.

_ Locations of proposed monitoring wells are shown in Figure 28.

-8. 21 Well De_veloprnent

Well development activities will be performed in eccordance with LANL SOP-05.02, Rev. 2 -
Well Development. Purge water will be contained and handled as appropriately characterized
waste in accordance with current LANL Standard Operating Procedures or discharged on site
under an approved Notice of Intent to discharge. .

°8.2.2 Well Sampling

Groundwater samples will be collected from the new monitor wells located within the PRB as
well as the original PRB sampling‘ports and wells and upgradient and downgradient monitor
wells for 'geochemical and biological analyses. The purpose for th'ese analyses is to
characterize PRB geochemistry from a set of baseline samples’prior to conducting a tracer test.

'Specific analyte suites will be determined prior to s'ampling in consultation with the LANL
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'Principal Investigator (Pl). Water samples will be _coIIected from a total of 24 wells including the
12 pre-existing sampling ports'i'n the PRB interior, the 10 new wells instal'led_ in the PRB interior,
and 1 upgradrent and 1’ downgradlent well. Sampling will be conducted in accordance with

current LANL Standard Operatlng Procedures with the exception that purging prior to sampling

will not be performed in wells in the PRB interior. In those wells, a mlcropurgmg technique will

be empioyed as per the discussion presented in Section 2.12.
8.3 Flowmeter Measurements

: Flowmeter measurements erI be performed in each of the 12 exrstlng water sampling ports
‘W|th|n the PRB, the 10 new wells installed within the PRB, and in each of the 8 new wells
installed near the funnel wmg walls and PRB gate as well as in 1 upgradlent well and 1
downgradient well. Measurements of groundwater'ﬂow direction and velocity will be performed
at discrete depths (up to three) within the screened interval of each port or well using packers to
seal off each.discrete.zone. These measurements will be performed with a Model 40 Geoflo®

. q
. horizontal heat-pulse groundwater flowmeter. The collected data will provide quantitative

~measurements of groundwater flow patterns within the PRB to determine whether preferential

flow paths exist within the PRB that could affect geo'chemic_;al treatment efficiency, and will
provide information on flow velocities which may be compared to design criteria.

8.4 Conduct Tracer Test

A tracer such as potassium bromide or potassium iodide or a similar inert chemical will be
injected ;upstream of the PRB and its movement through the PRB will be monitored. The
" purpose of the tracer test is to evaluate the hydraulic performanee of the PRB and investigate
the location of potential preferential flowpaths within and surrounding the PRB that ‘may result in
flow bypassing‘the reactive media. The additional monltorlng weIIs descrlbed in Section 8.2

must be completed prior to conducting the tracer test.
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8.4.1 Inject Tracer , i ,, .

The tracer injection will be accomplished by pumplng the tracer solution mto*momtor weII MW-1

located upgradlent of the PRB gate. The approprrate: volume and concentration-vof the tracer erI

be determined in consultation with the LANL PI.- ,

8.4.2 Sample Ports and Wells

technique will be employed in wells located W|th|n the RB interior. A’ mlnl -one casing
volume of water will be purged from wells screened ] RB prior to

sampling.

A field team comprised of three techmcal staff 'Sr q ed: two of which will bossampllng full time
1 nsportlng sampleﬁgg the bench-top
analysis Iab which will be set up in town. This thlrd member wil also be avallable to assist with

and the third member will assist with sampllng a,{;_

the analysrs subtask as needed. In order to generate anaIyS|s results m%ar—real time, the
standard LANL SOPs for sample management and handllng will not be foIIowed ‘Samples will
be transported directly to the bench-top'an_aly5|s lab-with a frequency adquate to maintain a |
constant supply of samples ready for analysisbb.' Processing through ~th'e??:SMO will not be
required. | R : 4: A

e .

8.4.3 Tracer Analysis

Sample analysis for tracer content will be performed with an ion selectlve electrode (ISE) and
bench-top ISE meter. The required equnpment and supphes mclude the foIIowing

e A bench-top ISE meter such as an Orion 720A or comparable instrument N

P:\_ES06-121\PRB-Eval 9-06\PRB_Ph1Evaluation_928_drfi_TF.doc 97



Daniel B. Stephens & Associates, Inc.

¢ Either a combination electrode specific to the tracer ion employed in the test or an ion

specific electrode and reference electrode parr |
N - ' . '
L]

e Multiple standard solutions of the tracer chemical at varying concentrations for

-instrument calibration. A 3- to 5-point calibration is preferable for enhanced accuracy.
o Beakers, gloves, and safety glasses
e Carboys or plastic drums for waste storage

-The bench-top analysis lab will be close enough to the PRB siie so that samples may be quickly
transported and analyzed within a day of sample collection. ThIS will allow the progress of the
tracer through the PRB to be. monrtored in near-real time. The samplmg will be conducted daily
for a mlnlmum of one month or until breakthrough in the downgradlent well is observed,
whichever comes f"rst Afterward, monitoring of tracer progress will continue on an expanded

_ schedule to be determlned in consultation with the LANL Pl. Once tracer concentrations have

significantly declined from peak levels in all wells Where it was defected, the monitori|ng can be

stopped.

8.5 Dismantle the PRB '

The PRB will be systematically deconStruoted as a final step;to assess PRB performance and
possible causes for performance impairment and/or hydraulic bypass. The deconstruction
process will be carefully documented and overseen by a qualified engineer with experience in
“the design and construction of PRBs employing the funnel and gate design and the placement
of sheet piling. '

8.5.1 PRB Excavation

Excavation of the PRB should be undertaken after the monsoo‘n season to minimizé the threat |

'of flooding in the canyon. Systematic excavation of the PRB will be performed with a backhoe

~ while detailed observations are made and documented by the field team. Excavation will be in 1
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i

to 2 ft lifts followed by vrsual examination,’ documentatlon of observatlons (wrltten ‘and
photographic), and sampling of materials as recommended by the senior staﬂ on hand Field
measurements of son density will be performed with a nuclear density gaumThe field team
~will consist of two staff-level geologists with oversrght by -a senior scmntist and a senior

engrneeriPRB expert. The proposed general sequence of work will be as follows's'

1. Determine the best course of action to reduce groundwater flow throuoh;the PRB during

excavation and propose the final solutlon to the LANL Pl Possrble approaches rnclude

barrier cells.

S -

.5. Excavate the top, hatf of the limestone cell doWn to the Ievel of the‘tdﬁf‘ the apatite and
bio-barrier cells. R m o

6. Remove the top half of the steel grates that separated the upper. pdrﬂons of the gravel
and limestone cells from the backfill so that a level surface over all 4 oéﬂs is created.

7. Excavate the lower portion of the gravel cell. © '

8. Excavate the apatite cell.

9. Remove the steel grate that separated the gravel and apatite"cells. oF

10. Excavate the bio-barrier cell.
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v“

11. Remove the steel grate that separated the ’apat‘ite and bio-barrier cells.

12. Excavate the loweér portion of the limestone cell. _
I .
13. Remove the steel grate that separated the bio-barrier and limestone cells.

14. Perform visual inspection/documentation of gate construction and integrity and bedrock
floor. ' ' | -

- Table 14 shows ‘the in-place'voiumes of the materials to_ be excavated from fhe interior of the
.PRB. These volumes are based on information provided in Kaszuba et al. (2003) and the

design drawings provided in Shaw'’s final design report (2002).

Table14. Excavated PRB Material Volumes _

, Length | Width | Height | . Volume
Material ~(ft) fy | () () (yd®)
Il Upper sand and gravel backfill cap (above all 4 cells) 24 17 7 2,856 105.8

Lower sand and gravel backfill (above apatite and . ' : .
bio-barrier cells)- oo 16 | 17 10 2,720 100.7

Gravel cell (volcanic scoria) ' 3.5 17 20 1,190 44 1
Apatite cell (mineral calcium phosphate) 7 17 10 1,190 441

Bio-barrier cell (10% cottonseed meal, 65% pecan
shells, 25% pea gravel) 9 C17 10 1,530 | 56.7

‘Limestone gravel 3.5 17 20 1,190 441
Total i : 10,676 | 395.4

. ft = Feet f® = Cubicfeet - ' yd® = Cubic yards

Although efforts, to seal it off are planned, some water leakage through the gate is likely and will
require pumbing to control. It is antiCipated that the steel grates that provide the inlet to and
outlet from the PRB gate and separate it from the upgradient and downgradient alluvial
sediments will be kept in place. Additional shoring of these gré’tes may be necessary to ensure '
‘'safe conditions for performing the visual inspections and photographic documentation within the
" excavated vault. Instruments to monitor potentially explosive gases such as hydrogen and
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methane from the bio-barrier will. be employed__ddring the excavatio_n.' _Radﬁﬂaﬁiﬁohitorihg of
excavated materials will also be performed. Excavated materials will be contained and handled

as appropriately characterized waste in accordance.w“ith current LANLiiéien_dard Operating

_Procedures.

8.5.2 Site Restoration

flow continuing to be funneled through the PRB'g's

8.5.3 Backfill

The PRB gate will be backfilled W|th inert materlals havmg hydraulic prop;:l?s S|m|Iar to the
alluvial sediments. Backfill materials will also be used to br|ng the surface up the surrounding
grade Prewously excavated overburden WI|| be used to the extent posslble If all of the
previously excavated backﬂll is used, an additional backfll volume reqwrement of approxmately
250 cubic yards is anticipated. This will likely consist of either crushed tuff of quarrled sand and
gravel from a local supplier. The backfill _matenal "WI" be placed in 1 to Z*ﬂfll_fts that will be ‘
: mechanically compacted if it is determined that a'eompactor can safely entei_'”tﬁe_ excavation.

8.5.4 Site Restoration e ' o e
Site restoration activities will consist of grading the site and revegetation with native grasses.

man

ek
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~ Appendix A
. .Slug Test Data



PRB SW-A1 Falling Head Test #1

Elapsed Time (seconds)
30

Foe T R BT # ﬁv 5

\ 10' Slug added to water colurin
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PRB SW-A1 Falling Head Test #2

Elapsed Time (seconds)

0o 10 , 20 ' 30 40 -

60

14.8 , — - e — e

14.81 S _ A -

14.82 - -

14.83 +

Intial depth to water = 14.86 feet from top of casing

14.84

oo o
el IU%

14.87 "“ :

Depth to Watér (feet below top of casing)

14.88 ) — \

10" Slug added to water column

14.89

14.9
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PRB SW-A1 Rising Head Test#1 =~ -

14.8

14.81

14.82

14.83

» Elapsed Time (seconds)
10 20 30 40
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- 60

10" Slug removed from water column

~Intial depth to w

z

ater = 14.86 feet from top of casing
S {,‘gs O S
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PRB SW-A1 Rising Head Test #2

30

_ . Elapsed Time (seconds) , o
40 ' 50 ' 60 70 s 80 90

14.85

14.86

14.87

14.88 +

14.89

14.9

10' Slug removed from water column .

14.91

Intial depth to water = 14.86 fe'et from top of casing _

14.92

Depth to Watér (feet below top of casing)

14.93

14.94

14.95
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PRB SW-A2 Falling Head Test #1

Elapsed Time (seconds)
30

Intial dépth to water = 14.55 feet from top of casing

a2 : 5o

: .'-_ Depth to Water (feet below té_p of casing)
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PRB SW-A2 Falling Head Test #2

Elapsed Time (seconds) . : . -

60

11.96 ‘ : — o ’

11.98
: Note: Stickup removed from SW-A2 to C ' ' ' ) )
facilitate falling head test 2 and rising head Intial depth to water = 12.06 feet from top of casing
test 2; hence intial depth to water chnaged : '

from 14.55 to 12.06 feet below the top of

12 casing: ¢

Depth to Water (feet below top of casing)

A12.06. . | . / J

8' Slug added to water column

12.08
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PRB SW-A2 Rising Head Test #1

Elapsed Time (seconds)
30

1

10' Slug removed from water column

Depth to Water (feet bélo'w .tbp of casing)
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PRB SW-A2 Rising Head Test #2

Elapsed Time.(seconds) . ' o -

v 0 : 10 20 - 30 - .40 o 50 - - 60
11.98 ) - : - - . : L - )
: 8’ Slug removed from water column - =

12.00 - / A :
— 12.02 % poet ‘ '
=]
c .
‘0
S ~ 0
s 12.04
o
8
3 12,06 .
[ 4 . X ; . . o -
2 r\ i Intial depth to water = 12.03 feet from top of casing
o : . - . : . : . :

€ 1208 : | ' ' -
& : : B .
E -
S
e 12.10 : —
'*E_ 7 U ' - Note: Stickup removed from-:SW-A2 to.
a . 23 facilitate falling head test 2 and rising head
1212 : test 2; hence intial depth to water chnaged
~ from 14.55 to 12.03 feet below the top of
, i casing.
12.14
) ~
12.16
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PRB SW-A3 Falling Head Test #1

Elapsed Time (seconds)
10 20- 30 '

1 1 " 1

Intial depth to water = 12.22 feet from top of caéing
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PRB SW-A3 Falling Head Test #2

‘ : Elapéed Time (seconds) A
0 . 0 20 30 .40 S50 - 60
12‘14 - — ) 1 : L .‘- i . —

12.15 4— : : . -
Intial depth to water = 12.21 feet from top of casing V o -

12.16

12.17

12.18

12.19

12.2

Depth to Water (feet below top of casing)

4 .
12.21 K e

12.22 \\ ' .
: : 8' Slug added to water column -

12.23

P:\_ES06-121\PRB-Eval.9-06\Appx A\Appendix A-slug test p!bts.xls SW-A3 FH2 Chart



PRB SW-A3 Rising HeadTest #1

Elapsed Time (seconds)

30

10' Slug removed from water column

Depth to Water (feet beio_w top of casing)
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PRB SW-A3 Rising HeadTest #2

Elapsed Time (séconds)

0 : 10 20 30 40 50 - . 60
12.18 - : - — : —— —

12.2 :
8' Slug removed from water column

A gt gl
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- In'tial depth to water = 12.22 feet from top of casing

Depth to Water (feet below top of casing)

12.26

12.28
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SW-B2 Falling Head Test #1

Elapsed Time (seconds)
10 20 30

1 1 1

Intial depth to water = 14.56 feet from top of casing
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SW-B2 Falling Head Test #2

Elapsed Time (seconds) ‘ A

0 : 0 20 -30 . 40 - 50 S 60
14.25 - ' : . — ' —
Intial depth to water = 1455 feet from top of_ casing

b

14.30 - - E

Depth to Water (feet below top of casing)




PRB SW-B2 Rising Head Test #1

Elapsed Time (seconds)
30

1

8' Slug removed from water column

d

~ Intial depth to water = 14.55 feet from top.
of casing - - :

Depth to Water (feet below top of casing)
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PRB SW-B2 Rising Head Test #2

v Elapsed Time (seconds) )
10 20 - 30 40 50 60

1 1 1 . 1 - ! - |

14.45

6' Slug removed from water column_

/

14.5

14.55 WW

Intial depth to water = 14.55 feet from top

14.6

) | /\x ”oe | N .
of casing -' DR , : |

4

14.65

- 14.7

Depth to Watér (feet below top of casing)

|

| . 14.75

| .
\

14.8
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PRB SW-B3 Falling Head Test#1 = -

11.8

11.9

121

12.3

" Depth to Water (feet be’lo’w'tdp of casing)

12.6

10

Elapsed Time (seconds) - =

20 : 30 40 ' 50 60

120

12.2

\

124 L -

125 -

Intial depth to water = 12.42
feet from top of casing
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PRB SW-B3 Falling Head Test #2

Elapsed Time (seconds)

8' Slug added to water column’
. )

s

Depth to Water (feet below top of casing)

Intial depth to water = 12.43 -
feet from top of casing
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PRB SW-B3 Falling Head Test#3 = A -

Elapsed Time (seconds) = ‘ -

0 5 10 15 ~ 20 25 30 35 40
11'9 1 1 | 1 1 il ] J
12.0
121

12.2

23

123

" Depth to Water (feet below _tdp of casing)

127

Intial depth to water = 12.43
feet from top of casing

12.8
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PRB SW-B3 Rising Head Test #1

Depth to Water (feet below top of casing)

23
12.4
125
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12.9
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13.2
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! 1 1

10' Slug removed from water column - . -
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Intial depth to water = 12.42
feet from top of casing

P:\_ES06-121\PRB-Eval.9-06\Appx A\Appendix A-slug test plots.xls SW-B3 RH1 Chart




PRB SW-B3 Rising Head Test#2 = . - -
Elapsed Time (seconds) =
10 20 30 40 50
12.3 L : — '
' Slug removed from water column

12.4 ¥ 2
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£
? 125 1— ‘ : ‘
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PRB SW-B3 Rising Head Test #3

Elapsed Time (éeconds)

20 - 30

=

6' Slug removed from water column

/

Intial depth to water = 12.43
feet from top of casing .

Depth to Water (feet below top of casing)
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PRB SW-C1 Falling Head Test#1 =~ 4 -

Elapsed Time (seconds) ' B

0 10 20 ) 30 40 50 60
15 : ‘ ‘ | : |
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PRB SW-C1 Falling Head Test #2

Elapsed Time (seconds)

10 . 20 - 30 .40 : 50

- 60

11.75

10' Slug added to water 1 o : R : -

column

\ e . : L : A

11.8

Depth to Water (feet below top of casing)

11.85

11.9
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PRB SW-C1 Rising Head Test #1

0- 10 20

. Elapsed Time (seconds)

30 40

1 Il

50
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11.78 ' —
6' Slug removed from water column

11.8 . a

11.82

11.84
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. Depth to Water (feet below top of casing)

11.94 o

11.96

11.98

‘ P:\_ES06-121\PRB-Eval.9-06\Appx A\Appendix A-slug test plots.xis SW-C1 RH1 Chart




PRB SW-C1 Rising Head Test #2

Elapsed Time (seconds)

o0 10 20 - | 30 40 50 - 60
11.8 : — — — -

: 10' Slug removed from water column - - ,._i
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PRB SW-C2 Falling Head Test #1
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PRB SW-C2 Falling Head Test #2

10.5

10.55

10.6

10.65

10.7

Depth to Water {feet below top of casing)

10.8

Elapsed Time (Seconds)

60

6' Slug added to water
column o
o d

10.75

Intial depth to water = 10.74 feet from top of casing
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PRB SW-C2 Rising Head Test #1

Depth to Water (feet beiow fdp' of casing)

- Elapsed Time (seconds)

10 20 30 40

50 60

10' Slug removed from water column
/

10.8

10.86
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PRB SW-C2 Rising Head Test #2

Elapsed Time (§econds)

20 30

6' Slug removed from water column
- - /

Dépth to Water (feet below top of casing)
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PRB SW-C3 Falling Head Test #1

Elapsed Time (seconds)

10' Slug added to water
column o§ .o ol

Depth to Water (feet below top of casing)

P:\_ES06-121\PRB-Eval.9-06\Appx A\Appendix A-slug test plots.xls SW-C3 FH1 Chart




PRB SW-C3 Falling Head Test #2

Elapsed Time (seconds)

8' Slug added to water
column .

NS

Intial depth to water = 11.71 feet from top of casing

Depth to Water (feet below top of casing)
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PRB SW-C3 Rising Head Test #1

Elapsed Time (seconds)

20 30

1 1

10' Slug removed from water column

: ,1_Depth to Water (feet beiow fdp of casing)

11.95 -

vv'lntial‘ depth to water = 11.71 feet from top_of_.casing .
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PRB SW-C3 Rising Head Test #2

Elapsed Time (seconds)

: 10 | 20 7 30

- 40

11.68

1 _ 1

8' Slug removed from water column
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11.69
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- / : 47?_
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11.71
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Depth to Water (feet below top of casing)
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Intial depth to water = 11.71 feet from top of casing

11.79
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PRB SW-D2 Falling Head Test #1 - B
- : Elapsed Time (seconds) i
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12.45 - : — _ EEE
Intial depth to water = 12.43 feet fromtop of casing
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PRB SW-02 Falling Head Test #2

Elapsed Time (seconds)

0 - 10 20 30 . 40

60

12.3 +— E

, 50_
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125
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PRB SW-D2 Rising Head Test #2

- Depth to Water (feet below top of casing)

12.35
12.4

12.45

12.55
12.6
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127 -
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PRB SW-D2 Rising Head Test #3

o Elapsed Time (seconds)
0 f 10 20 30

50

b1

60

12.35 ! S — S

6' Slug removed from water column

12.4 \ -v _

12.45

Intial depth to water = 12.43 feet
from top of casing -

12.5

12.55

Depth to Water (feet below top of casing)

12.6

12.65

P:\_ES06-121\PRB-Eval.8-06\Appx A\Appendix A-slug test plots.xls SW-D2 RH3 Chart




PRB SW-D3 Falling Head Test #1

Elapsed Time (seconds)

10' Slug added to water
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PRB SW-D3 Falling Head Test #2

Elapsed Time (seconds)

- 40
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PRB SW-D3 Rising Head fest #1

Elapsed Time (seconds)
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10" Slug removed from water column

Intial depth to water = 12.64 feet from
top of casing § ¥

__ Depth to Water (feet below tdp of casing)
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PRB SW-D3 Rising Head Test #2 .
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PRB MW-01 Falling Head Test #1
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20
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Depth to Water (ft below top of casing)

10' Slug 'adde_d to water column
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PRB MW-01 Falling Head Test #2

Depth to Water (ft below top of casing)
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PRB MW-01 Falling Head Test #3

Elapsed Time (seconds)
20 25 30

Depth to Water (ft béldw top of casing)
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PRB MW-01 Rising Head Test #1
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PRB MW-01 Rising Head Test #2
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PRB MW-01 Rising Head Test #3

Elapsed Time {seconds)

0 5 10 - 15 20 25 30
137 1 1 1 . . L 1 )
_ - 8' Slug removed from water column s
13.8 A
© -
£ o .
g e et
g 13.9 3 Y
© : _ R
Q
8
3
2 14 A
E L ¢ . o )
_ g Intial depth to water = 13.90 feet from top of casing .
= ' : : .
8
< 14.1 x|
: v
14.2

14.3

P:\_ES06-121\PRB-Eval.9-06\Appx A\Appendix A-slug test p!ots.xls MW-1 RH3 Chart




PRB MW-02 Falling Head Test #1
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PRB MW-02 Falling Head Test #2
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PRB MW-02 Falling Head Test #3

Elapsed Time (seconds)
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PRB MW-02 Rising Head Test #1
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PRB MW-02 Rising Head Test#2 - _ -
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PRB MW-02 Rising Head Test #3
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Data Set: S:\Projects\ES06.0121 PRB EvaIuatlon\Modellng\MW-01 RH1 aqt
Date: 09/24/06 - | ime: 16:38 27 '

PROJECT INFORM

Company: Daniel B Stephens
Client: LANL

Project: ES06.0121
Location: PRB

Test Well: MW-01

Test Date: 9/13/2006

Saturated Thickness: 19.54 ft

WELL DATA (MW-01) - ,ﬂ. .

Initial Displacement: 0.52 ft : Static Water Column Helght 54 ft ‘
Total Well Penetration Depth 16.4 ft : Screen Length: 16.2ft - -
Casing Radius: 0.0833 ft _ Wellbore Radius: 0.0833ft
. SOLUTION
 Aquifer Model: Unconfined - Solution Method: Hvorslev

K =0.01347 cm/sec ' yO 08905ft _
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‘MORTANDAD CANYON PRB EVALUATION

Data Set: S:\Projects\ES06.0121 PRB Evaluatlon\Modelmg\MW 02 RH1_min. aqgt
Date: 09/24/06 Tlme 16:26:22

PROJECT INFORMATION

Company Daniel B. Stephens & Assoc
Client: LANL '

Project: ES06.0121

Location: PRB, Mortendad Canyon -
Test Well: MW-02

Test Date: 091306

AQUIFER DATA
Saturated Thickness: 14.85 ft - . Anisotropy Ratio (Kz/Kr) 1

WELL DATA (MW-02)

Initial Displacement: -1.105 ft ‘ Static Water Column Height: 14.85 ft
Total Well Penetration Depth: 15.54 ft : Screen Length: 15.9 ft

Casing Radius: 0.17 ft _ Wellbore Radius: 0.17 ft

o Gravel Pack Porosity: 0.459

SOLUTION
Aquifer Model: Unconfined ' . Solution Method: Hvorslev
K =0.01478 cm/sec y0 = -0.5226 ft
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T

Normalized Head (ft/ft)

Date: . 09/24/06

PROJECT INFORMATION

Vi “ -1‘-.'}2,,»

Company: Daniel B. Stephens
Client: LANL

Project: ES06.0121

Location: PRB

Test Well: SW-A2 _ :_
Test Date: 9/13/2006 B .

AQUIFER DATA |
Saturated Thickness: 19.54 ft o Anisotropy Ratio (Kz/Kr)

‘ﬁ
s e

WELL DATA (SW-A2)

Initial Displacement: 0.119 ft .. Static Water Column Height 19 54 ft '
Total Well Penetration Depth: 15.59 ft - Screen Length: 10. ft
Casing Radius: 0.0833 ft _ Wellbore Radlus 0.0833 0833 ft -

SOLUTION :
~ Aquifer Model: Unconfined ' , Solution Method: Hvorslev |
K =0.0112 cm/sec " y0=0.1411 ft -
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IMORTANDAD CANYON PRB EVALUATION.

Data Set: S:\Projects\ES06.0121_ PRB_Evaluation\Modeling\SW-B3 RH3.aqt
Date: 09/24/06° . _ Time: 16:38:54

PROJECT INFORMATION

Company: Daniel B Stephens
Client: LANL o
Project: ES06.0121
Location: PRB

Test Well: SW-B3

Test Date: 9/13/2006

AQUIFER DATA A
Saturated Thickness: 17.91 ft S . Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (SW-B3)

Initial Displacement: 0.521 ft : Static Water Column Height: 17.91 ft

Total Well Penetration Depth: 17.91 ft Screen Length: 10. ft

Casing Radius: 0.0833 ft , - Wellbore Radius: 0.0833 ft
SOLUTION

Aquifer Model: Unconfined : Solution Method: Hvorslev

K =0.01695 cm/sec ' y0 =0.6161 ft
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MORTANDAD CANYON RB* VALUATION _

Data Set: S:\Projects\ES06.0121_PRB Evaluatlon\ModeIIng\SW-C1 RH2.a
Date: 09/24/06 1 16:39:

PROJECT INF - - .
Company: Daniel B Stephens 4 Nl o :
Client: LANL

Project: ES06.0121

Location: PRB

Test Well: SW-C1

Test Date: 9/18/2006

AQUIFER DATA :
Saturated Thickness: 21.1 ft S Anlsotropy Ratlo (Kz/Kr) g

| WELL DATA (SW-C1) -y :'
Initial Displacement: 0.12 ft .. Static Water Column Height 21 1 ft
Total Well Penetration Depth: 21.1 ft - - Screen Length: 10.ft .~
Casing Radius: 0.0833 ft ‘ Wellbore Radius: 0 00833ft
A SOLUTION
Aquifer Model: Unconfined . Solutlon Method: Hvorslev :

K =0.01286 cm/sec. : - y0 01348ft
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'MORTANDAD CANYON PRB EVALUATION

Data Set: S:\Projects\ES06.0121_PRB_Evaluation\Modeling\SW-D2 RH2.aqt
Date: 09/24/06 ' Time: 16:30:43

PROJECT INFORMATION

Company: Daniel B Stephens
Client: LANL ' ‘
Project: ES06.0121 - ' ' -
Location: PRB : : ' A S '
Test Well: SW-D2 : ' ' : '
Test Date: 9/18/2006

AQUIFER DATA
Saturated Thickness: 20.44 ft o ~ Anisotropy Ratio (Kz/Kr) 1

WELL DATA (SW-D2)

Initial Displacement: 0.29 ft Static Water Column Height; 20.44 ft
Total Well Penetration Depth: 20.44 ft : Screen Length: 10. ft
Casing Radius: 0.0833 ft. ‘ - Wellbore Radius: 0.0833 ft
v SOLUTION
Aquifer Model: Unconfined Solution Method: Hvorslev

K =0.01476 cm/sec A s y0 =0.2136 ft






