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| | INITIAL STATEMENT OF POSITION OF INTERVENOR SAVE 'THE VALLEY, INC.
Pursuant to 10 CFR. § 2.1207(5)(1 ) and the Scheduling Order issued by the Atomic Safety
and Licensing Board (“_Boa.rd”)' on May 15, 2007, Interveﬁor Save fhe, Valley, Inc. (“Save the -
Valley” or “STV”’) hereby submits its oInitial Statement of Position (“Statemeﬁt;’) on its previously
admitted Coﬂtention B-1, as the scop‘e of that Contention has subéeqdently been defined by the -
Board’s Memorandum and Order of May 1, 2007, LBP-07-07. This Statgment is supported by_vthe
_ Testimony of Chgﬂés Norris and Diane Henshel, and the exhibits thereto. Mr.Nolfris’ t_estimbhy is |

‘being filed with this Statement; a~Moﬁon for Extension of vTime is béing filed with this Statement to
permit Ms. Henshel’s testimony to be filed on or before July 20, 2007.

I. Scope of Pending Proceeding

In LBP-07-07, the Board defined the scope of the pending hearing on .previouslly admitted -

STV Contentioh B-1 as follows:

This Board has admitted Intervenor’s fundamental challenge as to whether
what the Licensee informed the NRC Staff it proposed to do by way of site
characterization is, in fact, adequate to accomplish the granted amendment's
objective, or whether it must be otherwise modified or conditioned by the Board.
See 10 C.F.R. § 40.42(g)(2). It is thus open to Intervenor to assert and to attempt to
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demonstrate through expert testimony at the evidentiary hearing that what the FSP
[Field Sampling Plan] currently calls for is not sufficient to achieve that objective
and that additional sampling procedures should be required by the Board.

- Intervenor’s Contention B-1 alleges precisely that, which is the reason the Board
deemed it admissible. LBP-06-27, 64 NRC at 447-48.

To the extent . . . that Intervenor’s Contention B-2 seeks to assert that the
Licensee's implementation of the FSP demonstrates that the FSP — as proposed — is
inadequate to achieve its stated purpose of developing a decommissioning plan, such
a challenge is subsumed in previously admitted Contention B-1. That being so, the

_ information (including data) cited in support of inadmissible Contention B-2 may be
relied upon by Intervenor in the evidentiary hearing to be held on already-admitted
Contention B-1 — which, once again, challenges the adequacy of the FSP to
accomplish its intended site characterization purpose.

What will be open for consideration at the evidentiary hearing, under the
aegis of previously admitted Contention B-1, is whether the approved FSP is
adequate to accomplish its intended objective. In this regard, Intervenor will be
entitled to put forth in its written presentations any then-existing data or information
that it might deem to demonstrate a need for undertakings above and beyond those
required (or reasonably contemplated) by the approved FSP.

LBP-07-7,65 NRC ___ (slip op. at 9-12) (May 1, 2007).

In its May 15 Scheduling Order, the Board also stated:

In LBP-07-7, 65 NRC ___ (slip op.) May 1, 2007), and again during the telephone
conference yesterday, we endeavored to make clear our view regarding the proper
scope of the evidentiary hearing. If that guidance is clearly followed by the parties in
the preparation of their written testimony, the perceived need for motions in limine
should be substantially reduced (if not entirely eliminated).

Consequently, this Statement, as well as the supporting testimony and exhibits, have been developed
with the Board’s guidance both firmly in mind and close at hand.

II. ‘Applicable Legal Standards

Licensee Department of the Army (“Army”’) has made clear that it intends to submit a

Decommissioning Plan for the Jefferson Proving Ground (“JPG”) site to support license termination



under restricted conditions. See Field Sampling Plan (“FSP” , at'§ 4—

Decomm1ssmn1ng Plan submitted by the Army must meet the legal standards estabhshed by 20

1, To serve th1s purpose the

C.F.R. § 20.1403. As aresult, the JPG site charactenzatlon must be sufﬁcrent to perrmt the Anny to

meet the following standards (among others):

(a) The licensee can demonstrate that further reductions in residual "radioacti'vity -
necessary to comply with the provisions of § 20.1402 would result in net public or

environmental harm or were not being made because the residual levels associated -

with restricted conditions are ALARA. Determination of the levels which are
ALARA must take into account consideration of any detnments, such as traffic
accidents, expected to potentlally result from decontarmnatron and waste drsposal

(b) The licensee has made provisions for legally enforceable mstrtutlonal controls
that provide reasonable assurance that the TEDE [Total Estimated Dose Equivalent]
from residual radioactivity distinguishable from background to the average member
of the critical group will not exceed 25 mrem (0.25 mSv) per year;

(e) Residual radioactivity at the site has been reduced so that if the institutional
controls were no longer in effect, there is reasonable assurance that the TEDE from
residual radioactivity distinguishable from background to the average member of the
critical group is as low as reasonably achlevable and would not exceed either--

(1) 100 mrem (1 mSv) per year; or
(2) 500 mrem (5 mSv) per year prov1ded the lrcensee--

(i) Demonstrates that further reductlons in residual radloactmty necessary to comply '
with the 100 mrem/y (1 mSv/y) value of paragraph (e)(l) of this section are not
technically achievable, would be prohibitively expensive, or would result in net

pubhc or environmental harm; .

(i1) Makes provisions for durable institutional controls; \
(iii) Provides sufficient financial assurance to enable a responsible government entity
or independent third party, including a governmental custodian of a site, both to carry
out periodic rechecks of the site no less frequently than every 5 years to assure that -
the institutional controls remain in place as necessary to meet the criteria of §
20.1403(b) and to assume and carry out responsibilities for any necessary control and
maintenance of those controls. Acceptable financial assurance mechanisms are those
in paragraph (c) of this section.



10 C.F.R. § 20.1403; see also FSP § 4-1.

Thus, the basic purpése of the Army’s FSP is to develop the site-specific parameters for the
JPG ;:onéeptual site model (“CSM”) that are required to predict with reésonabl_e assurance the Total'
 Effective Dose Equival.ent (“TEDE”) from residual radioactivity distinguishable from background
to the average member of the critical group, botﬁ with and without the institutional controls fqr
- license terrniﬁatioﬁ under restricted conditions proposed by the Army pursuant‘to 10 CFR 20.1403.
Sée FSP §A4-1. |

I. Overview of Site Characterization Program,

Conceptual Site Model, and Field Sampling Plan

The Army and the Staff both previously acknowledged that rehable modeling of the requlred |
TEDE could not be done w1th the knowledge of JPG and its DU impact area extant as of 2004,
absent additional characterization. As a result of that acknowledgment, the Army proposed and the
Staff approved an alternate schedule for decommissioning pursuant to 10 C.F.R. § 40.42 iﬁ order for
the Army to conduct the additional characterization acti\;ities required to develop the needed site-
specific parameters for site modeling and TEDE predictién. The FSPis a description ofthe
activities that are ﬁroposed to accpmplish the additional characterization.

The limitations of the pre-FSP understanding of the site is summarized in FSP Sectioﬁ 232,
Limita_tiori of Available DU Data at JPG. The CSM for JPG at the outset of the FSP is bﬁeﬂy
| diécussed on pagé 2-15 and graphically represented in summary form as Figure 2-7. However, the
CSM which will result from proper implementation of an adequately designed FSP will not be the
_Sénie aé the one which is represented in Figure 2-7. As the knowledge base for JPG expands, the

level of understanding of the site will improve and the CSM will evolve. One inevitable result of



© properly implementing an adequately desi.gned FSP would be that the ﬁnderstanding ef the site
would change and so necessarily would the CSM. If_sufﬁcieht change te ithe CSM results from
implementing the FSP, further eharacterization activities may be necessary .t'o aeqﬁire additional
data needed for TEDE modeling. HoWever, optimizing the charecterizatien to reduce subsequent
FSP/CSM iterations is to the benefit of all concerned.. -

The CSM is a synopsis of tzvhatis kvnown‘ or reasonably expected at the site and a description
of how the site functions as a DU fate and transport mechanism. It Ais analogotls to Steps 1 and 2 of
the scientific method, the compilation of ohservatiohs and the statement of hypothesis. The FSP is
| ‘analog'ous to Step 3, the experimental procedure by which one tests. the hypothesis. The proper
obj eetive ot’ experimentation'within the scientiﬁe method is to testvan:d reﬁne the hypothesis, not
simply te confirm it as initially stated. An adequate FSP, then, will use data collection programs.
and protocols that will provide an objective and meaningful test of the CSM. (On a finer scale,
individugl characterization etctivities must sitnilarly be consistent with‘the s_c:ientiﬁc method and
provtde obj ective and meaningful tests of cempenents of the CSM). The initial CSM intorms and
- guides the FSP data collection process, but the resulting data in turn informs and guides the |
evolution of the CSM. When all FSP data have been collected and .the CSM has.evolvled te be
»covnsistent with FSP daté, previous data,. and scientific prineiples, the TEDE projection from the
model becomes the next-generation hypothesis, to be tested by subsequent monitot'ing. In this '
context, it is critical that the FSP sampling activities provide reliable data sufticient to predict
accutately the cencentfations of radiation te whieh mgltipleorganisms, including human betngs, S

.will be exposed over a very long period of time.



" III. Overview of STV Critique of the FSP

The o{/erarching 'problem with the FSP, as quiﬁed by its various addenda, is that it is not
: desigﬁed to acquire the data needed to irﬁprove the understanding of the site and producé
meaningful, realistic values for the parameters fequired by the site modeling. The deficiencies with
the 2004 knowledge base that is represented in the pre-FSP CSM can only be alleviated by data
acquisiﬁon that fills data gaps, deepens theA level of understanding at the site, and producés reaiisﬁc
~values for the parameters that are require.d for f;ate and trmépoﬁ.modeling. For ‘exémple, to model
the migration of DU from a weathering proj.ectile'to a critical receptor, it is necessary to have certain -
daté for soil as inp.ut to the model. Any soil sample can be analyzed to provide input to the model.
However; rﬁeaningful input to the model can only come from data for the soil(s) that exist at the
locatién(s) where proj ectilés are weathering and under the condition(s) qf weathering taking pléce at
that location. Rathe‘r than gather the'necessary data, however, the FSP seeks to produce the needed
values for missing. modeling parameters by sampling where and when it is most convenient (e.g., on
and along existing roads), without regard to whether the data yielded by those samples will»aétually
- produce the needed values for_ the missing pafameters required to meaningfully model the site.
IV. STV Critique of the Hydrogeology Components of the FSP
" The STV critidue of the hydrogeology components of the FSP 1s found in the prefiled
testimony of witness Charles Norris. See STV.Exhibits CHN and CHN-1. Mr. Norris critiques a
‘number of the FSP’s hydrogeology components for multiple significant deficiencies, inéluding (1)
the absepée of ‘karst‘ sysfem mapping, (2) impropér grdundwater sampling well location sélectioﬁ,
.(3) inappr_opria_vte' groundwater sampling well installation, (45‘inadequate cave aﬁd stream gauging

procedures, (5) inconsistent and ineffective sediment sampling, (6) misdirected surface water



sampling, .and (7) insufficient integration of the-various hydrog'eol_ogy» combonents.
A Karst System Mappmg | |
| Perhaps, the single most 1mportant insight offered by Mr Noms 1s that the F SP does not
adequately consider and evaluate the DU fate‘and transport 1mphcat10ns of the karst system(s)
underlying the JPG site, including the DU 1mpact area. The hkehhood that karst networks in the
bedrock will dominate groundwater transport at the site has lately been acknowledged by the Anny
| and its contractor. At present, however, it is not even known whether all karst conduits discharge to
on-site streams or whether some discharge to the Indian-Kentuck drainageeast of JPG. The FSP
characterization 'efforts for karst networks, hovxrever, do not rnan the karst .system(s')’,. locate recharge
or discharge points to the karst system(s), and do not even’inc.orporate the previonsly mapped cave
networks under JPG_and the DU impact area. -Rather, the FSP uses methodologies that have been
effective at other sites with dlfferent geologic conditions, but are demonstrably meffectlve at JPG
with its karst domlnated geology. See Exhibit CHN, pp. 5 to 22. |
B. Stream and Cave Gauging and Stream Stagmg
Once the karst system is mapped and its relationship with the local drainage system(s) are
documented, meaningful surface water and cave gauging and stream staging locations also can be
. selected. From this integrated system of hydrogeologic locations, sambling ean'be perforrned at
times and under conditions that are meaningful with respect to fate and transport of DU from the

target areas, thereby allowing meaningful modeling. Such events and conditions include flushing

events, low-flow conditions, high-flow conditions, and singular precipitation/ﬂow events. See .-
Exhibit CHN, pp. 23 to 30.

C. Groundwater Sampling Well Location Selection



Most critically, the locations for wells to sample groundwater are not being selected based
upon any mapped karst network(s). Instead, they are being selected baseci on the three-fold
coinhidence of a) a linear feature that can be seen on a 1930's vintage, black and white, visible-
spectrum, aerial photograph, b) an existing site road, and c) low resistivity on a two-dimensional
electrical survey ljne that was run adjacent to eXisting roads. The premises for this methodolqu are
that a) the lineament on the aerial photogr#ph corresponds to a bedrock fracture visible through the
glacial tills along which karst enhancement has occurred, b) unexi)loded ordinance makes it too
dangerous to conduct characterization off existing roads, and c) low resistivity measurements in the
soil represent water-bearing rock. None of these three premises has been shown to be valid or even
reasonable for JPG and the DU impact area. Further, where known karst features exist, thé
~ proposed methodology faiis to select them as the locations for sampling wells. See Exhibit CHN,

pp. 31 to 36. | ’

Instead of characterizing and sampling systematically from mapped karst network(s), the
FSP simply selects well locations where karst conduits may or rhay not exist below site roads, with
no understanding of how, or eveh if, those individual sites interrelate and how, or even if,

: grouhdwater moves through the well location. The importance of these deficiencies is two-fold.
First, there can be no confidence that the groundwater system is being mapped to track where the
water is actually flowing or to identify the pathways that are relevant for deﬁnihg DU transport
within and beyond the site boundaries. Second, there will be no context within which to interpret
any data that are collected. There is no technical or scientific basis upon which to rely to integrate
such data into a fate and transport model and produce meaningful TEDE results. See Exhibit CHN,

pp. 3610 39 .



D. Groundwater Sampling Well Installation

Under the FSP, groundwé.ter sampling wells will be installed at unspéciﬁed depths that may
be in&ependent of pre-drilling site characterization. The décision to install a well will be made
Withdut benefit of geophysical or video logging of the well bore and be based on_ly on any cores or
drilling cuttings that ére recovered. Wells will only be installed if capable of prdducing water_ at the
time of drilling, regardless of other physicél evidence of penetrating a groundwater conduit. _
Physical entry of and observations in JP.G caves document that thesé major shallow groundwater
conduits frequently are dry or nearly dry much of the ﬁme and fully fill with water only with fain
events. The proposed completion methodology pfecludes the effective éampling of water conveyed
by such sysfems. See Exhibit CHN, pp. 40 to 53;

E.- Sediment Sami)ling

The FSP describes two inconsistent and ineffecﬁve sediment sampling proglfams.' Neither of
the programs outlined in the FSP for sediment sampling proposes a methodology for sampling
sediments that are actively being transported from the DU impact area to éreas of potential
exposure. The sediments that are being sampied are sediments that have been transported and
deposited within the DU impact area or, in two cases for the second prbgfam, within the JPG.
Depending upon details in an addendum yet to be released, the sediments that are sampled may even
be sedir’ngnts deposited prior to the use of DU in the impact area. Meaningful simulations of
exposures by fate and transport modeling will require data on the rates of transport of DU from the
sourée area to the location of exposure of interest, as well as the rate of accumulation at the N
eprsurr; location. It requires sampling rﬁethods that capture sediments moving with suéarﬁs and

with discharges from caves under varying flow conditions. Such data cannot be generated from the



type of sediment sampling p?o grams that afe described jn the FSP, and the data from the programs |
in the FSP are not a surrogate for suqh data. See Exhibit CHN, pp. 53 to 59.
| F. Sui‘face Water Saﬁpling

Exposure pathways associla'ted with DU contaminated surface water are complex. Exposure
can occur directly throﬁgh contact with or ingestion of ncontaminated surfacé water. It can occur
indirectly through the food chain or through contact with, ingestion of, or inhalation of sediments
that have become coﬁtaminated thrdugh contact with DU-bearing grouhdwater. Thése qomplegities
vaty with the. means by which DU can contaminate the surface water and the means'by {vhich'the
contaminated surface water is moved frém the pbint where it becomes contaminated to the point -
where exposure occurs. DU éontamination in surface water can result from contact with particulateAs
ﬁém fhe projectiles, Contaét with adsorbed DU on sediments washed into the stream from areas
‘wher‘e projectiles are weathering, or from the discharge of DU-bearing groundwater to a stream,
pond, or lake. DU—céntaminated surface wafer may simply move progressively downstream or
recharge groundwater conduits, only to discharge again to the surface downstream orin another
drainage basin entirely. Modeling the exposures from these complex processes and settings réquires
a surface water sampling program that collects data in a sufﬁciént variety of locations to enable a
proj ection of futufe impacts that is consistent with the complexitieé that can be observed today. The
program outlinéd in the FSP does not attempt to, and is not capable of doing so. See Exhibit CHN,
pp. 59 to 6. | |

| G. Integration of Hydrogeology Components

Proper characterization of the karst network(s) is fundamental and critical to the -

meéningﬁllness and reliability of the fate and transport modeling. These systems will likely
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dominate the groundwater flux and tréve] times. These systems "will also iritera;:t significantly with
- the surface water system. Simply collecting new groundwater monitoriﬁg data from locations
éelecied by the deﬁ‘cient FSP does not characterize the system(s), jt just p_roYides numbers to the <
model.. Appropriafe characterizatibn of the'karst network(s) and its (their) intergction with other
-eleménfs of thev groundwatér system and the surface water system in order to efféctively sample the |
combined systems would include a) establishing excilange,points between the grop.ndwatér gnd
surface §vater systems by gauging streams across thé JPG to iden_tif)" locations or reaches where the
'stréams gain from groundwater discharge 6r loose to gfoundwatef rechargé, b) identifying individual
karst groundwater reéharge points’away from streams, e.g., sink "holes, cj integrating mapped'cave
systems wifh stream aﬁd sink-hole mapping; d) rﬁapping surface and shalléw‘ subsurface features
thét‘may be indicative of sﬁallow karst expression, including possibly h1gh resoiution black and
" white, color; infrared, and false color aerial photography, satellite imagery, ground-penetrating
radar, and/or side-scan radar, and, finally, using properly—orieﬁted grids of subsurface Ag'eophysical
data (high resolution s_eismic and/or electrical surveys) to tie the surface mapping at depth. From
this data; the karst conduit system(s) can be mapped and from the mapped systems(s), meaningful
sampling poiﬁts can be seleqted. See Exhibit CHN, pp. 63 to 69.
V. STV Critique of Biological Components of FSP‘
"The STV cfitique of the biology components of the FSP is found in the prefiled testimony of |

witness Diane Henshel, to be prefiled on or before July 20, 2007. |

. VI:_ STV C_ritique of Media Sample Collecﬁon and Analysis Methods | S—

In addition to its major concerns with respect to the selection and installation of sampling

locations and methods, STV also has sighiﬁcant issues with the methods used to collect and analyze
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samples from all Vmeciia which are being sampled at JPG under the FSP.

A. Multi-Media Overview .

| There are common issues of concern to all media and there are elerﬁent;_ that are medium

: spéciﬁc. In gene_ral_, fhe sampling protocols are mediufn—speciﬁc and the analytical concerns impact
multiple ﬁedia. However, there are times when sampling methods create inadequacies in the
analytical results, as can occur, for exampie, when the sampling protocol specifies a sample that is
too sméll to produce a reliable, meaningful analysis.‘

The common areas of concern among the various media are related to DU in the samples.
The most basic level _of concern is whether the anélysis can determine whether DU is in the sample
and, if so, af what concentrations. Instead of acknowledging the different objectives of the FSP
" characterization and those §f the ongoing Environmental Radiation M_onitoring (ERM) program and
increasing the resolution of FSP uranium analyses accordingly, the sampling and analysis plans
relax protocols even further' than the already problematic ERM prdtocols, thergby reducing Vthe
aEilify to identify and quéntify low-levels of DU migrating through the envifonrhent. ‘See Exhibit
CHN, pp. 69 to 72. |

B. Hydrogeologic Sample Collection and Analysis Meth0d§

The sample collection and analysis methods that are used for hydro geologic. media (surface
water, groundwater, soil, and sediment) must be geared to the .obj ectives of the FSP and the ultimate
uses of the data. The FSP data cé]lection and supplemental characterization are hot Ifocused on
licenée compliance, buf on providing accurate and sufficient information to allow reasonable aﬁd

_meaningful fate and transport modeling. For that reason alone, the collection and analysis methods

that might satisfy environmental monitoring or compliance monitoring may not be adequate for the
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FSP. See Exhibit CHN, pp. 69 to 72.

There are two critical issues related to surface water and grdundwater samplmg done as part
of tﬁé FSP characterization. The first is an underStanding of the water chemistry of each surface
water and groundwater as it applies to thé ~fnobility of uranium. Gromd&ater in shallow karst
networks may be well oxygenated and is expected to be dominated by carbonaté/bicérbonate anions.
Both are condiﬁons associated with highef uranium mobility. Groundwater in any deepef karst
systems are more likely to be less well oxygenated but still dominafed' by carbonate/bicarbonate
anions. The chemical characterization of tﬁe water must enable reliable deternﬁhations of all
f)arameters that influence uranium mobility. See Exhibit CHN, pp. 73 to 79.

The second critical issUé 1s the presence, absence, or fraction of DU in thé uranium of the
samﬁles. The bottom line -for environmental radiation monitoring under the licénse is whether or
- not the depletgd uranium} in any medium or sample exceeds the applicable éompliance Standard in
the license for that medium. The critical information from the FSP is independent of any |
performance standard. Since the results of the FSP are to proﬁde ixiputs to the fate and transport
modeling, it is critical to know first whether -or not there is DU at any concenﬁétion in any medium,
and only then what the fraction 6r concentration of the DU might be. Documenting the absenc¢ or
presence of even s.malln quantities or low concentrations of DU is critical to the fate and transport
mddeling because that knowledge is one of the few observations against which the model can be

calibrated. There are virtually unlimited combinations of input parameters than will result in the

computation of zero concentration or zero transport by a fate and transport model for a point and ..

time, with no way of knowing which combination might be right. When there is a finite

‘concentration, however, the model inputs become much more constrained. With the constraint
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provided by one or more non-zero calibratidn point(s), predictions of exposure at other points in
| space and time become much more reliable. See Exhibit CHN, pp. 73 to 79.

- The sambling protocols in the FSP Appendix A are not capable of providing the resolution
needed to determine low levels of DU contaminatfon using the current methodology of identifying
DU by the ratio of alpha activities of U-234 and U-238. The_ ability of the analysis protocol to
detect and quantify low concentrations of DU depends upon the sample maés that is analyzed and
the length of time the activity is counted. As either increases, the resolution improves and lower
fractions and lower concentrations can be detected. Environmental radiation monitoring that is done
under this license also uses the activity ratio approach to quantify uranium concentrations and
identify DU. The masses that are used or specified for the ERM analyses is 5 to 45 times those
specified for liquid media in the FSP protocols. Yet, even the much larger masses associated with

| the ERM data Have been insufficient for the Army to unambiguously determine whether DU is
present in the environmental samples and, if so, at what levels. With the sampling protocol
specified in the FSP, there will be even less ability to recognize and quantify DU in the
éharacterization samples. See Exhibit CHN, pp. 73 to 79.

In order to meet thé needg of the supplemental characterization program, larger samples of
each medium are needed, particularly groundwater ahd surface water. If simple mass increase does
not suffice, longe‘r count times should be required of the laboratory. Even obtaining more precise
méasures of U-234 and U-238 alpha activity may not produce a clear picture of the uranium
‘comIl)o.sition, however. Processes like alpha-recoil prior to U-234 genesis and isotope fractionation ...
‘can alter the nominal activity ratio of U-234 and U-238, making interpretation difficult. Since

accurate identification of DU at even low concentrations is needed for modeling purposes, a
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preferred alternatlve is to use chemical rather than radlologlcel methods an.d' to e.ssess 1sotopes U-
234, U-235 U- 236 and U-238 for unamblguous 1dent1ﬁcat10n of Dﬁ arld quantlfymg its |
concentration. See Exhibit CHN, pp. 79 to 80

C. Biological Sample Collection and Analysis Metherls.

_STV’s critique of the sample collection and analysis met}reds o;’ tﬁe biolegrcal comporlent_of
the FSP will be preserlted in the testimony. of expert witness Diane I:;eeshel, Ph.D,, to bepreﬁled on
or before July 20, 2007. | N |

VIL. STV Critique of Absence of All' PathWay Comp(.);nent'.'ilr FSP
STV’s critique of the absence of an air pathway component in the FSP will be presented i in

the testimony of expert witness Diane Henshel, Ph.D., to be preﬁled on or before July 20, 2007.

Respectfully submitted, -

Mullett & Assocrates :
i : . 309 West Washington Street, Suite 233
Indianapolis, IN 46204
Phone: (317) 636-0025
Fax: (317) 636-5435
E-mail: mmullett@mullettlaw.com .

Attorney for Save the Valley, Inc.
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" PREFILED DIRECT TESTIMONY OF L SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG A - EXHIBIT CHN

-L Quéliﬁchtions 4 “
Q.001 Please state ybur name andAbusiness address. -
~A.001 My name is Charles H. Norris and ﬁy business ad&ess is 1928 E 114"; Avenue, Denver
| Colorado 80206. | | o
| Q.002 What is your educational background? |
A.002 I rebeived a B.S. degree v«;ith high honors and distinction_ il-l‘géolvogy frém the University
of Illinois (Urbana-Champaign) in 1969. Ireceived a MS degréelin geolbgy from'. the
University of Washington (Seattle) in 1970, where I hel:d.a National Science Foundation
fellowship. I worked toward a Ph.D. in geology at the Universify 6f Ilinois (Urbana-
* Champaign) 1970-1972 and 1987 to 1992, completing all requjrements éxcept the
dissertation and final defense. |
'Q.003 For whom do you work and in what capacity?
A.003 I work for Geo-Hydro, Inc'. I am the founder and a principal in fhc compahy. I é,m a
| geologist and specialize in areas of hydrogeology, aqueous geoéhgmis&y, and nume‘:ricai
modeling of hydrogeology and geochemistry. I'hold corporate positions of Vice |
President, Treééurer, and CEO. ”
Q.004 What is your profeséional background?
- A.004 A copy of my resume has been provided to the Board and other partiés previousiy and is
attached to this testimony as Exhibit CHN-1. Brieﬂy, I began professiohal work as a
geologlst in 1970 for Shell Oil Company, 1mt1a11y as an exploratlon geologlst and |
eventually a petrophyswlst I worked for a number ;; c;mpames in the oil mdustry -
between 1972 and 1981. In 1981, I started Emerald Gas and Oil, a small Colorado
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exploration company and worked there throﬁgh 1986. In 1987 I retti_med to the
University of Illinois (U rbana-Champaign) whére Thelda reseérch faculty appointment
with the Laboratéry for .Supercompu‘ting in Hydroge;)logy. That‘positior.l entailed |
hydrogeologic research, code dévelopment for Laboratory fluid-flow and geoche_mical

models, liaison work with industry supporters, and teaching industry and academic short

. courses. From 1992 to 1996, I worked for HydroSearch, Inc.,Ain Denver énd in 1\996_1

‘started Geo-Hydro, Inc., where I work today. Since 1992 I have provided consulting

services in geology and hydrogeology to a variety of industry, governmental and private
clients. That work has included site characterization, site assessment, license review,

compliance review, and modeling of fluid flow, geochemical reactions and processes,

~ and fate and transport.

Q.005 Are you licensed to bractice geology, hydrogeology and/or geochemistry?

A.005

I am a licensed Professional Geologist in six states, including Indiana, and a registered

Environmental Professional in Colorado. Hydrogeology and geochemistry are .

~ considered specializations in geology for licensing purposes.

Q.006

A.006

Have you received any academic honors or professional recognition in your fields of
study and practice?
I was awarded memberships in the academic honor societies of Phi Kappa Phi, Sigma Xi,

and Phi Beta Kappa. Idid graduate study under an NSF Fellowship. Iam currently a

- member of the National Groundwater Association and the Colorado Ground-Water _

Association, where I have served as a Board member and as President. I have twice been
invited to present to technical committees of the National Research Council of the
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National Academies of Science. I recently completed a year-long appointment to a West
Virginia quality assura;lce panei where I served with state, federal, and indusﬁ’y
~ representatives evaluating aspects of permitting review by state regulators.

Q.007 ‘Have you testifiéd as an expert previously in any jurisdiction or proceeding?

A.007 Yes,ina variéty of proceedings. Ihave been recognized as an expert in geology,
hydrogeology, geochemistry and/or modeling before federal distriqt courts (MO, WV),
state district court (CQO), a special commission (IL LLRW Commission), state rggulatéry
‘agen(.:ies for environment ;)r‘resources (TX, WY, IL, WV, OH, IN, PA, WV), and lovcal.

| hearing authorities in several states.
- Q.008 Do you havé a Written summary of your education, employment, experience and
background, and papers and presentations you h_ave made over your career?

A.008 The copy of my resume attached as an exhibit to this testimony supplies such a summary. '

Q.009 What materials have you reviewed and actions have you téken in preparat_ion for
your testimony?

A.009 ‘I have reyiewed the initial Field Sampling Plan (FSP) submitted to the Nuclear o

| Regulatory Commission (NRC) by the bepartment of the Army (Army) in May 2065 for
Depleted Uranium (DU) Iﬁpact Area Site Characterization at the Jefferson Proving
Ground (JPG), Madison, Indiaha; as well as the various addenda to the FSP which have

| been submitted subsequently. I have also reviewed: |
; a_ill of the avﬁilable Enviroﬁr_nentdl Radiation Monitorihg (ERM‘) data from JPG;
» all of the geology and hydrogeology portions of documents and sources that have been
disclosed by parties to this proceeding;
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Q.10

"A.010

+ weather records from and near the site, stfeam gaugirig data that 1s available by Internet
for streams in the vicinity of JPG, ;lnd published topographic maps of the area around
JPG; |

* statistics related to analyses of radioactive isotopes, and

« techniques for field sampling and laboratory analysis of radioactive isotbﬁes. b
What are the topics of ybur testimony?

I will testify on two general tOpiqs. The first general topic is the deficiencies of the °
hydrogeologic portions of the FSP, parti.cularly those pc;rtions relating to the siting and
installation of the various sampling stations for surface water, groundwater, and |
sediment. The s;econd general topic is the deficiencies in the sampling and analysis
protocols for those media. In both cages, the testimony will focus on the inability of the

FSP, as a result of these deficiencies, to meet its charge to provide characterization of the

- Depleted Uranium (DU) site at Jefferson Proving Grounds that is adeqﬁate to support the

fate and transport modeling required for purposes of the ultimate decommissioning of the

Q.011

A011

site in accordance with NRC regulations.

II. Hydrogeologic Characterization
A. General Considerations
As you understand it, what is the basic purpose of the hydrogeologic
characterization activities in the FSP as modified in the addenda?
The hydrogeologic characterization activities must provide site-spéciﬁc input data to the
site modeling for JPG that accurately reflect the process(es), pathway(s), rate(s), and |
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timing(s) of DU migration from the source éreas to potential receptors both on- and off-
site by water transport mechanisms.

Q.012 What types of water can transport DU? .

A.012 Three types of water can transport DU: groundwater, surface water, and water in soils
and rocks above and/or below zones with groundwater. This third water group is
sometimes called soil-zone water, vadose watér, or unsaturated-zone water.
Groundwater at JPG consists of water moving through pores of saturated soil and rock
and water moving‘ through karst features in the rock. Surface water at JPG consists of
channelized strearﬁ flow and unchannelized sheet wash and rill flow that occur in
response to preéipitation. Channelized stream flow has two components, flow in direct

response to precipitation and flow from the discharge of groundwater to the stream.

Each of these three types of water can receive water (recharge) from or provide water
(discharge) to the other two types of water. A given point of exchange between water -
types can reverse between recharge and discharge depending upon seasonal and event-
related precipitation patterns. |

Q.013 You introduced the term karst features. What do you mean by karst features?

A.dlS Karst features are enlarged openings in earthen materials thgt result from water
dissolving some of fhe materials as it moves through them. Karst is a term that originally
applied solely to limestoﬁe and dolomite rocks, like those that form the bedrock at JPG.
Karst features can occur in soils or rock but are usually best expressed in rock. The
longer the conditions for karst development pefsist, the larger and more integrated the
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Q.014

A.014

karst features becofne, and karst features tybically come to dominaté a groundwater flow
system over geologic time. On the small-séaie end of karst features are pores within rock
that are enlarged and/or better connected due to the dissolution. Qn the Iarge-scale end
are major cave systems like Carlsbad or Mammoth. Under JPG and the DU area, there
are shallow caves that are large enough to enter and survey. ‘Between 1994 and 1997
some of these caves were mapped in a program unrelated to any of the current site

characterization activities (Sheldon, Ray. 1997. Jefferson Proving Ground Karst Study).

Parts of the karst system under JPG have surface expreésion as sink holes, which provide

direct capture of surface water by the karst networks.
How and when do karst features form?

Karst features may develop from the surface of the land and propagate downward. Karst

- features may also develop in the subsurface where two groundwater flows mix and then

propagate in the direction of the combined flow. Karst features may form at any time
after a limestone or dolomite layer has formed, when the proper chemical conditions
exist. Hence, for the Ordovician and Silﬁrian bedrock under the DU impact area |
(Regional Range Study (USACHPPM No. 38-EH-8220-03, JPG, IN, S¢p 02, Sub-section
6.2.2, page 3 of 41)), there is a period of about 400 million years during which multiple '
karst networks may have developed, each with its own geometry. Such paleo-karst |
networks may be isolated or intersect with each other and with the shallow netWork that

has been partially entered and mapped. Flow through such an anastomosing system can

be extremely complex, even reversing directions depending upon seasonal or event-

related precipitation patterns.
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Q.015 For each of the water types you have (ieséribed, what mechanjsmg are available to
transport DtI? |

A.015 There are three mechanisms for each of the water types. First, there is transport by
means of dissolved DU. Secona,_ there is transport by means of entrained sediments that

~ contain DU. Third, there is transport by means of suspended fine particles that contain
DU. |

Q.016 What factors influence the transport of dissolved DU?
'A.016 Transport of dissolved DU is independent of water velocity. However, it is dependent
| upon Watgr chemistry, since uranium is much more soluble in some wat.er chemistries
“than c;thers. Thﬁs, it is important to track how water chémistry changes along any

particular transport path or changes with time (e.g., seasonally) at any particular pointin .
the flow path.

Q.017 What fﬁctors influence entrained-sediment transport of DU?

A.017 The capacity of water to carry entrained sediments is a function of water velocity
prim'arily;‘ the greater the velocity the éreater the capacity in terms of both partiéle size
and total mass. For this reason, entrained sedimenté are a more important transport

v mecﬁaniém for surface water and for groundwater flowing in larger karst features than for
v u_né_aturated flow or saturated flow in soil and bedrock pores where velocity is typically =
much lower. Entrained sediments may include DU particles or soil parﬁcles that are
cqntaminated with DU. Since entraiﬁment is a function of velocity, the mass of enﬁained
’ DU will change from place to place and from time to time depending upon transie‘nt

variations in water velocity.
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Q.(iiS Whaf factprs influence the suspended tpahsport of DU?

. A.018 Transport of DU in suspension is related to sediment Ientrainme'nt'. For very small
particles or particles with near-neutral buoyancy, reciuced- velocity will not necessarily
cause the particles to settle frorii water. DU contamination on such parﬁ‘clgs move with

' the water, analogously to dissolved .DU, even at very slow rates of movement. Biological

and organic particles and colloidal inorganic particles are two such carriers of DU. |
Physical or témporal changes along a particular flow path can changé thé suspended
fraction of DU.

- Q.019 What sources and types of hydrogeologic data are required to ineet the needs of
meaningful moiiel of DU fate and transport from the DU impact area to potential
ieceptors? |

A.019 Meaningfui fate and transport modeling requires the following types of data:

. Mapped critical pathways, presumably dominantly karst, of groundwater _ﬂow'
from source areas to discharge points, whether such ciischarge is within or outside
JPG. |

. Mapped points of major exchange between surface water and groundwater along
streams, with silfﬁcient measurements of that exchange to track temporal
variations of quantity and direction of exchange.

. Measurements in groundwatér of chemical paraméters that contr(il uranium
inobility at places and times sufﬁcierit to establish spatial aild temporal variability
élong each critical éroimdwater path. | |

. Measurements of dissolved and suspended DU concentrations in groundwatér at
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places and times sufﬁci‘en’t to establiéh'sﬁatial and temporal vaﬁability along each
crifical grouﬁdwater patﬁ.
. | VMe)asurements. of DU concentration§ m sediments entrained by grouﬁQWater at
N ple:cés and times sufficient to establish spatial and temporal 'vari'abirlity along each
critical groundv‘v'ater‘ path. This will necessarily include periéds of seasonally low
: ﬂo;_\(y, periods of séasonaliy high flow, and flushing events.
. Measluremehts_,‘ in tﬁe sltreams of chemical paramete;é that cdntro} uranium
mobility af places énd times sufficient to establis'h‘spa;tial énd tempofal variability
: | along each stream. | |
. Méasureinqnts of dissolved and suspended DU concentrations in strearﬁs at places
‘and ti;hes sufﬁcieht to estabiish spatial and temporal variability along each
stregm.
' c Méasureménts of DU concen;t.ratiohs in sediments entrained by streams at places :
and times sufficient to establish spétial arid temporal‘\iariability'élong str‘eamrs'. _
This Will necessarily include periods of seasonally low ﬂéw,ipe‘rio.ds of seasonally
i high flow, Aﬁrst-ﬂush éonditions, and, if they occur, dﬁring singtﬁar c:lim’ate':'events 4
| spch as ﬁ 25ry§ar'or rarer precipitation or drolught' e:vent. | |
.« _Me_asuremenfs 6f dissolved: and suspended DU éoncentrations in unsaturated soils |
3 _Berié_ath DU péne_tratdfs at places and times sufﬁc;ient to esta'blibsh spatial-and

“te'mpqral vériability for all soil types in the DU impact area.

B. Major F. SP Hydrogeologic Elements
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Q.020 What are the major elements of the hydrbgeologic characterization' in the FSP, as
modified in the addenda, that you will address in your testimony?
A.020 My testimony will address the following seven major elements of the hydrogeologic

characterization program:

. Fré_cture Trace Analysis

. Electrical Imaging Survey

. Ga_uging of Streams and Caves and Staging of Streams
. Well Location Assessment and Selection |

«  Well Installation and Assessment |

. Surface Water Sampling |

. Sediment Sampling

1. Fracture Trace Analysis

Q.021 What is a fracture trace analysis?

A.021 A fracture trace analysi\s 1s a study of remote sensing data from a site, such as aerial
pho{ographs_or satellite imagery, in an effort to find the traces, the visible exf)ressions, of
fractures at or near the earth’s surface. |

Q.022 What are »the major design elemenfs of the fracture trace analysis as laid out in the |
FSP and related addenda?

A.022 Thé description of the JPG fracture trace analysié study is found in Subsection 5.2 of the |
FSP (part‘s‘of pages 5-1 and 5-2). As stated theré, the premise!s behind the effort are two-
fold. First, groundwater flow through sedimentary rocks is enhanced where rocks are
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fractured, particularly where fractures can bé further enhanced through dissolution, i.e.,

karst development, forming groundwater conduits. Second, some fractures can be seen

as linear traces on aerial photographs. It is unstated but implied that mapping linear

traces that are visible on the aerial photographs is mapping fractures and is equivalent to

mapping groundwater conduits. Based upon the proposed prdgram in the FSP, the major

elements of the fracture trace analysis are as follows:

Analysis will be based upon vintage (pre-JPG, black and white), stereo-paired
aerial photographs,
traces that are mapped on the aerial photographs will be quality ranked,

traces will be transferred into an ArcView shape file for subsequent applications,

. the results of this analysis may be integrated with earlier USGS trace analysis

work that included the area of this study (Greemaﬁ, 1981),

after completion of the analysis, a one-day field verification and evaluation will
be done by a geologist, and

the stated use of the completed analysis is to “... further refine the areas or lines

that will be completed as part of ...” the electrical imaging survey.

Q.023 Is this design for the fracture trace analysis adequate for purposes of JPG DU site

characterization?

A.023 No, it is not.

Q.024 What are the deficiencies of that design for the fracture trace analysis?

'A.024 What is described in the FSP is not a fracture trace analysis and it certainly does not

identify groundwater conduits. It is an exercise in mapping lineaments. Lineaments are
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lines that can be observed on aerial photogréphs or similar media. Lineaments may

represent the visible expressions of fracture. They may also reoresént other geologic

features and they may represent non-geologic featuros. Of the subset of lineaments that
are fractures, only a further subset may represent the solution-enhanced fractures sought
as groundwater conduits. Beyond understating the complexity of a true fracture trace
analysis and overstatiog ’lhe understanding that will come from it, speclﬁc deficiencies of
the fracture trace analysis in the FSP include the following:

* . A fracture trace analysis can only identify fractures that have an expression on‘ the
surface of the earth. It cannot distinguish between simple fractures and
solution—enhanced fr;wtures that are part of karst networks. It cannot locate or
assist in locating conduit systems that are not associated with frgctures or that are
associated with fractures that have no surface expression.

. Unless a bedrock fracture has propagated itself through the blanket of glacial
sediments, it cannot be observed. Fracture trace analyses are most useful and
applicable when bedrock is at the surface and fractures are relatively eas_,ily
observed. That is not generally the case at JPG, where there is a widespread layer'
of (relatively) young glacial sediments that mantel the bedrock.

. Glacial sediments are often themselves fractured and traces of those fractures may
have no bearing on the deeper bedrock fractures of interest. Previous
characterization studies, summarized in the Regional Range Study (USACHPPM =~ -~
No. 38-EH-8220-03, JPG, IN, Sep 02, Sub-sootion 6.2.3.1, page 4 of 41), describe |
fracturing in the glacial tills at JPG.
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. Limiting the analyzed imagery to pré-JPG aerial photographs is unduly restrictive
and handicaps the interpreter. Vintage Black and White, viéible-spectrum
photography conveys one set of information. But othér spectra and other media
can supplement that information greatly. For example, infrafed photography
more directly identifies features associated with groundwater dischérges than

| does visible black and white. Color and false coior imagery brings out features
unnoticed in black and white. Side-scan and ground-penetrating radarvprovide yet
different images and actual subsurface information, particularly valuable in a
- seeing through thin glacial sediments. All technology should be considered for
 use, and the best method(s) selected for the task and conditions. Sometimes that o
may be the oldest‘technology, but not in this case.
. Known surface expressions of groundwater conduits must be integrated into the
; ‘a_nglysis o‘f the aerial photogapﬁs. In particular, the prior study of ‘JPG karst
| feétl#res (Sheldon, 1997) mapped cave mouths and other entries at sink holes that
must iae integrated into the analysis. ”
e , Integration 6f the e‘arlier extensive work .by the USGS (Greeman, Theodore K., |
;981, Lineaments and Fracturé Traces, J ennings County and Jefferson Proving |
Grbund, Indiana, U. S. »Geological Sﬁwey, Open-Filc? Report §1-1120) should not
be merely’a “possible” element of this study. It is a must. That study ié available
and has been used in previous JPG studies, e.g., Army’s Final Responses to
NRC’s RAIs, November, 2004 (ML043360318). Because of the inherent
subjectivity of the fracture trace analysis process, it is important to consider -
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differences between or among other .trace analyses that used ialternative methods,
criteria, or data types. Important insights into the géology ofa sifte result from
comparing the multiple interpretations that dérive from several apalyses that use
different criteria when they exist, as they do fo; this site with the USGS stqdy. .

. A one-day walk-over field visit by a geologist after the analysis has been
completed is b.oth too little énd too late. Distinguishing the geoiogié meanings of
lineaments identified frorﬂ aeria]vphotc.)s‘ is difficult, time consuming work; that
should be done before, not after, the analysis is éompleted. "The walk-over should
also include areas off-road whicil include sighiﬁcant DU concentrations. It is not
somethiﬁg that can be dohe in cursory fashion and, for an area of this size and

- ‘with the risks of unexploded :ordinance, it ‘canno.t be done adequately in a day.
o Mépping only linear traces in an area with rolling topogfaphy, as this area has,
limits. the analysis to vertical features, since only vertical features will produce a
- linear trace on a curved land surface. To the extent that the mapped traces may
represent bedrock fractures, intersections of fractures that dip are likeiier to
develop major karst element§ than are intersec;tions of vertical fractures. Yet,
.pot‘e'ntially important dipping fractures would not be identified by fhe fra‘?ture
trace analysis described iﬁ the F SP. | |
Q.025 Are aliy of these deficiencies corrected by later addenda to the FSP? .
A.025. No, they are not.
v | Q.626 Of what signiﬁcance are the deficiencies of the fracture tréce analysis?
"A.026 Pursuant to the FSP, an interpreied fracture trace isa mandétory criterion for the location
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. of a groundwater characterization well (F SP Section 6.2, page 6-2, and Section 6.1, page
6-1 of the Well Location Selection Report, Site Characterization, SAIC, Jaﬁua_ry, 2007).
Since not all mapped traces will represent bedrock fractures and not_all traces that
represent bedrock fractures will be solution-enhanced conduits, relying on the fracture
trace analysis absolutely will identify possible well locations for which there is no
underlying g_eplogic support. Of more concern, however, is the in\;erse. There are
geologic settings that are of interest, and that may be critical for site characterization, that
cannot be locations of characterization wells pursuént to the FSP because there will be no
surface expression of their conduit sysfems. In particular, there are area karst networks
that have develdped independently of fractures or whose controlling fractures are too
deép to reach the present day surface or are dipping rather than vertical. By limiting tﬁe
loéations of characterization wells to karst networks shallow enough to have vertical
surface expression through the mantel of glacial till, the characterization is inherently
biased, with no way to see or test for magnitude of that bias. In my o‘pinion,‘ this is a

_deficiency of critical signiﬁcénce to the adequacy of JPG site characterization.

2. Electrical Imaging Sﬁrvey
' Q.b27 What is an elecfrical imaging survey?

A.027 An electrical ixﬁaging (EI) survey is a geophysical sufvey technique that measures some
type of e1¢ctrica1 response within th§: éarth td an electrical signal transmitted af the
surface of the earth. From the response, electrical properties of the earthen materials are
‘calculated and frbm those properties inferencés are drawn about the geological conditions
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of those materials. EI surveys are usually performed albng a two-dimensional surface
grid over an area of investigation in order to provide a three-dimensional map of the

inferred subsurface geology.

For the EI survey described in the FSP, the transmitted signal is a direct current and the

measured response is the voltage drop between pairs of electrodes measured along a line

- of electrodes away from the source. From the voltage drop, the resistivity of the rock

along the line is computed. The FSP EI survey is not a‘grid application, so three-

dimensional mappihg of its results is not possible.

Q.028 What are the major design elements of the EI survey as laid out in the FSP and

A.028

“related addenda?

The EI survey description summary is found in the FSP in Subsection 6.1., on pages 6-1
and 6-2. Appendix B of the FSP describes the actually implementation of the survey in
more detail. The FSP description was modified in Addendum 3 (July 2006) to the FSP in

Section 3.

The starting premise for the EI survey is that the fracture trace analysis has, in addition to

mapping visible-spectrum linear anomalies that represent bedrock fractures, identified “...

* possible areas of preferential flow pathways (groundwater conduits) ...”, although this is

not among the stated objectives of the fracture trace analysis as described in Section 5.2

" of the FSP. The stated purpose for the EI survey on page 6-2 of the FSP is “... to refine

the locations of the potential preferred groundwater flow pathways and to further
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characterize the subsurface features.” The FSP also describes on page 4-2, in Table 4-1,

an additional purpose of the EI survey, specificaily that the “[sJurvey will be conducted

to identify‘entry and exit pathways.” The major elements and considerétions for the EI

survey are as follows according to the FSP on page 6-2:

. the “final design, location, aﬁd orientation of the gebphysical inve;tigation lines”
is dependent upo'n the completion of the fracture trace ‘analy‘sis,

. electrodes are placed along each survey line,

. ‘an electrical current is placed into the ground between two electrodes, and the
resulting voltage drop is measured at successive pairs of electrodes of variable
distanceé between them,

. from the voltage drop data, a two-dimensional model of the resistivity field is
calculated and contoured for interpretétion, where

. the premise for the interpretation is that areas of low electrical resistivity
represent water-bearing zones of high conductivity, i.e., they are groundwater

‘conduits, and

. wéll locations will be picked only where (SAIC’s) fracture trace analysis
lineaments coincide with EI survey resistivity anomalies.

Following receipt of the results of the fracture trace analysis, Addendum 3 to the FSP

formally designated the “final design, location, and orientation of the geophysical

investigation lines” by positioning each line along an existing site road.
1Q.029 I this design for the EI survey adequate for purposes of JPG DU site

characterization?
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A.029 No, it ié not.

Q.030 What are the deficiencies of that design fof the EI survey? |

A.030 The EI sufvey is deficient in its design elements, its intéx;pretatioh ﬁremis_e, and its
expectations of what the survéy can provide toward the necessary charécterization_bf the
site. The design deficiencies include the following:

. The orientation of the EI survey lines were to have been cietermined based uﬁon
the ﬁnél fracture &ace analysis results. The fracture trace énalysis results shéwed
lineament traces overwhelmingly with a NE-SW or NW-SE orientation (Figure
3.1, page 3-2 of Addendum 3.). Geophysical methods, inclﬁding electrical
methods; are most precise and most reliable when survéy lines are oriented
normally to geologic features of interest or cultural features that may provide
interference (sée pagé B-3 of Appéndix B of the FSP). The lines for the EI survey |
are shown on Figure 3.1, page 3-2 of Addendum 3. With a single exception, the
oriéntation rof the EI sur\(éy lines are oblique to the mappéd fracture trace analysis
lineaments. Thé resﬁlt 6f this failure to orient the EI survey with.re’spect“ to thbel
lineament orientatioﬁ is a loss of precision. | |

. EI results are best when lines are laid out as straight lines (Apperidix B of the
FSP, page B-3); however, EI Line 4 follows the sinuous path of D Road.

. The impleméﬁtation of the EI survey as a series of isolated lines instead of a grid
precludes using the EI survey as a tool to map the three-dimensional patterns_of I
resistivity in the DU area. Rather than a three-dimensional map of potential
groundwater conduits, thefe will be only a series of locations where individual
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anomalies cross a road with a survey line along it.

The interpretation premise, that zones with high electrical resistivify represent low-

permeability rocks that are unsaturated and that zones with low electrical resistivity

represent high-permeability groundwater conduits, is an untested hypothesis for this site

and is at best a weak hypothesis generally. It is inappropriately simplistic and cannot

reasonably interpret the complexity that is inherent in a karst system. Deficiencies in that

interpretive model include the following:

While unsaturated carbonﬁte bedrock will have high electrical resistivity,
consistent with the hypothesis, that is true both when it has low permeability and
when it contains a dry conduit awaiting the next thunderstorm. Depending upon
conditions at the time of the EI survey, conduits may show high, not low
resistivity.

Minerals, not just groundwater, contﬁbute to electrical conductivity iﬁ earth
materials. Clay minerals, particularly when wet, are very conductive of
electricity, whereas quartz or carbonate grains are not. Low-resistivity anomalies
may represent the electrical signal of mineral content, not necessarily that of
wafer-bearing conduits.

Groundwater itself has highly variable electriéal conductivity. Even within a

. local area such as the DU impact area, the specific conductance of groundwater

varies more than 20-fold in the ERM data (MW-9 and MW-11, 2004 through
2006). Variations in the electrical resistivity may be unrecognized variations in
groundwater quality, not variations in hydraulic conductivity of the rock.
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. Slowly moving or stagnant groﬁndwéter may have ﬁigher elé_ctric':al conductivity
due to having had more time to react with minerals in tﬁe 'ro-ck or soil. Slower
moving water will increase the electrical resﬁonsé that is interpreted as a conduit.

Thus, a saturated karst network that has become plugged with clay-rich éoil will exhibit

high electrical conductivity (low resistivity) in an EI survey due to conductivity of the

| clay within the network and relatively high electrical conductivity of tﬁe groundwater
moving slowly through the clayey soil. 'This feature does not function aé a groundwater
conduit because water does not preferenﬁally move through it, but would be interpreted

.as a conduit by the FSP criteria for resulté from the EI survey. In éontrast, consider a

karst network that is a conduit for flow of rapidly infiltrating precipifation captured at a

sink hole. Water moving through this karst network has the relatively low electrical

conductivity of precipitation or surface run-off. The karst network may contéin
carbonate- or quartz-rich sand, but fine-grained, clay-ﬁch sediments are largely moved
through the .conduit with the rapidly moving water. This karst network has no significant
elements with high electrical conductivity. It would not reflect low electrical resistivity

with EI and be unrecognized as a functioning conduit using FSP interpretive criteria.

The EI survey as proposed in the FSP is also deficient in its ability to achieve its stated
expec;cations. In particular, the expectation expréssed in Table 4.1 on page 4-2 of the FSP
cannot be achié.ved with the EI Survey. The EI survey cannot identify entry and exit
points of groundwater flow, even were the previously 'discusse.d simplistic interpretation
premise of the FSP appropriate. The EI survey identifies where and at what depths
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resistivity anomalies occur under the roads covered by the survey. Combined with the
fracture trace analysis, the EI survey identifies which mapped lineaments are associated

with a resistivity anomaly at the point where the lineament crosses a road with a survey.

To determine entry and exit points of groundwater flow in conduits, first, one would have
to determine which resistivity anomalies do function as conduits, second, those resistivity

anomalies would have to be mapped, and third, the direction of flow within the mapf)ed

conduit would have to be determined. There has been no verification drilling to

determine which type(s) of anomalies, if any, correspond to groundwater conduits and an
EI survey that consists of isolated lines instead of a gﬁd network cannot map any such
anomalies even if they are conduits. At most there will be o‘ne point well control where a
éonduit crosses a road and flow direction cannot be determined from a single well

(Wilson, John T., ét al., 2001, An Evaluation of Borehole Flowmeters Used to Measure

~ Horizontal Ground-Water Flow in Limestones of Indiana, Kentucky, and Tennessee,

1 Q.031

A.031

1999,.United States Geological Survey, Water-Resources Investigations Report 01-
4139). |

Of what significance are the deficiencies of the EI survey?

The FSP will locate groundwater characterization wells from a population of possible
locations that are identiﬁed based upon a single criterion. The criterion for selection as a
possible site for a characterization is that there be a low-resistivity anomaly in the EI
survey data approximately coincident with where a rﬁapped trace from the FTA crosses a
road. For purposes of selection, the locgtion of the EI anomaly needs to be within either
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+/- 100 feet (precision of trace locations according to the Fracture Tface Report, page 3-
1, as cited in Addendum 3 to the FSP) or +/- 200 feet (precision of trace locations
according to the Well Location report, as cited in Addendum 4to the F SP) of the mapped

location of the trace.

There is the untested presumption that a low-resistivity anomaly on'the‘ EI survey where a
mapped lineament crosses the road is the location of a groundwater condﬁit. A
consideration of the electrical properties of groundwatefs from the DU impact area and
earthen materials associated with described in the mapped karst networks at JPG
establishes that fhe untested presumption is unwarranted. There is no verification drilling
to guide a realistic interprétation of the EI results with‘ respect to what types of anmﬁalies

represent active conduits and, therefore, where active conduits do cross the road.

There is no mapping of resistivity anomalies, just the isolated lines along the roads.
Hence, there is no knowledge of their horizontal or vertical orientation, persistence, or
degfee to which they bifurcaté or merge with other anor_ﬁalies. There is no ability to
determine whether the anomaly begins at a sink hole within the DU area or begins or

terminates at a stream inside or outside the DU impact area or JPG.

Without mapped conduits, the characterization of flow through the conduits, critical to
meaningful fate and transport modeling, cannot be done. The EI survey in the FSP as
modified by Addendum 3 does not provide such mapping and does not contribute to such
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Q.032

| A.032

Q.033

'A.033

Q.034

mapping by supplementing other, independént data sources.

3. Gauging of Streams and Caves and Staging of Streams
What are stream and cave gauging and stream staging?
Stream gauging is the measurement of the raté at which water flows past a point in the
stream. Cave gauging 1s measuring the rate at which water flows past a point in the éave
or from the mouth of a cave. Stream staging is the measurement of the height of the
surface of a stream. Stream or cave gauging uses the water height (stage) as part of the
computational process to determine flow rates. When water height is referenced to
elevation, the wéter level measurement also serves as a control point for interpreting the
nature of the qxchange between ground- and surface water flow. Staging is sometimes
done independently of gauging, particularly where understanding the r;dte of flow is not
critical but the relatidnship between groundwater flow and surface water flow is
ambiguous or may be transient.
Where iﬁ the FSP and its addenda are the tasks of stream/cave gauging and stream
staging described?
The FSP pro.vides the initial description of the stream/cave gauging and staging tasks in
Section 6.4, pages 6-29 through 6-31. Addendum 3, among other modifications, revises

¢

the FSP with respect to stream/cave gauging and staging in its Section 2, pages 2-1 to

2.4. The cave study at JPG (Sheldon, 1997) influenced the selection of caves to be

monitored.
What are the major design elements of the stream/cave gauging and stream staging
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A.034

as laid out in the FSP and related addéndé?"

The following are the major design elements of the stream gauging and staging tasks, as

described in the FSP:

The objective is to evaluate surface water flows and discharges from groundwater
to surface watér. o

Two stream locations will have gauges installed; at the bridgeé where Morgan
Road crosses Big Creek and where Morgan Road crosses Middle Fork Creek.
(Morgan Road is also called West Recovery Roa:d and marks the western side of
fﬁe DU impacf area.) Three cavé locations are anticipated; two within the DU
impact afea that discharge into Big Creek and one that discharges into Middle
Fork Creek, south of the DU impact area.

Stream staging will be measured only at the two gauging locations.

A minimum gf one hydrologic year will be gauged/staged. Data will be collected
velectronically and downloaded quarterly |

Each gauging calculation will Be recalibrated quarterly with field measurements
of flow rate.

An electronic precipitation recorder will installed at JPG as part of these tasks.

The following are the modifications to the major design elements of the stream gauging

and staging tasks, as described in Addendum 3:

"The objective is changed. It is now to calculate énd monitor surface water flows.
The data will now be used to “estimate recharge to the aquifer.” No definition is
provided for “aquifer” as used in the statement of purpose.

Page 24 of 81



PREFILED DIRECT TESTIMONY OF SAVE THE VALLEY, INC.
' CHARLES H. NORRIS, LPG EXHIBIT CHN

. Five more locations for stream gauging are added, bringing the total td seven.
The locations are shown in Addendum 3, on Figure 2-1 on page 2-2. The original
two stream locations will have gauges installed; at the bridges where Morgan
Road crosses Big Creek and where Morgan Road crosses Middle Fork Creek.
The additional five locations are Big Creek at the edstem side of the DU impact
area, the D Road bridge over Big Crgek inside the DU impact area, and the East
Recovery Road bridges over Middle Fork Creek and two tributaries to Middle
Fork Creek south of the DU impact area.

; The two caves along Big Creek includéd in the FSP initally for gauging purposes
are idenﬁﬁed using the cave study nomenclature as BC-11 and BC-12 (Sheldon,
1997). The Middle Fork Creek cave is dropped from the FSP. |

. Stream stagidg will be measured automatically at the seven gauging locations and
manually where an unnamed stream north of Big Creek crosses West Recovéry
Road (Morgan Road), near E Road.

. The mini.mum period of record for automatic gauging/stdging will be two
hydrologic years, rather than one. Data collected at the autoﬁated stations will Be
downloaded monthly the first year and quarterly the second. There will be
“periodic” measurements of stage from the manual station at the same time as the
manual measurements at the automated stations.

. The gauging calculation will be recalibrated monthly for the first year and
quarterly the second year, with field measurements of flow rate.

. The task to independently monitor precipitation is dropped. Preéipitation records
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Q.035

A.035

Q.036

A.036

from USFWS measured on the ea_stefn side of the JPG will bi_a used.
Is this modified design for the stream/cave gauging and stream staging tasks
adequate for purposes of JPG DU site characterﬁaﬁon?
No, it is not.
What are the deficiencies of that modified design for the stream/cave gauging and
stréam staging?
The deficiencies of the stream/cave gauging and staging design are three;fold. First, it is
predicated on ‘the previous and inadequate‘understanding of the site that the current
characterization process is charged with replacing. It will simply add numbers to the

previous, untenable site conceptual model. Second, the original and the revised stated

- objectives are largely irrelevant with respect to the information that is needed to allow

meaningful modeling of exposures to DU transported from the impact area. Third,

because of the timing and placement of the gauging and staging locations, these tasks
will not provide the meaningful input that could help the groundwater characterization

program correct these other two problems.

The existing site characterization was developed using a conceptual site model that did

not consider the nature or importance of the karst development in the bedrock. That
failure is a major element in the need for the supplemental characterization program that

is described in the FSP as modified. As stated in the Well Location Selection Report,

Site Characterization (SAIC, January, 2007), Section 4, page 4-1:
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Groundwater flow characteristics and flow pathways need to be evaluated

in the DU Impact Area. Previous reports and studies at JPG focused on

groundwater within the overburden (unconsolidated soil and sediments)

above the bedrock and, in a few cases, in shallow bedrock. There was no

specific acknowledgement [sic] of the unique properties of groundwater

flow in a karst environment, such as exists at JPG.
When the DU impact area and the JPG are conceptualized without karst development in
the bedrock, evaluating the groundwater and surface water hydrology of the sites is
relatively straight forward. The headwaters of streams draining across the DU impact
area are on JPG. Groundwater divides will coincide with surface water divides and

“headwaters of the groundwater flow system will coincide with surface water and

topographic divides. Groundwater will flow toward and into local streams draining the
area. Surface water entering the DU impact area will cross the DU impact area and leave
the DU impact area as surface water on the downstream side. Groundwater that enters
the DU impact area on the upstréam side will leave the DU impact area on the
downstream side as either groundwater or as surface water if it discharged to the stream
within the confines of the DU impact area. Monitoring at the surface water flows

upstream and downstream sides of the DU impact area will provide almost the whole

story.

The”F SP data-use objectives can be achieved using the pre-karst conceptﬁal model of the
site for the FSP stream gauging and staging tasks. Surface water flow measured at the
downstream side of the DU impact area can be segregated into its surface flow and
groupdwater flow components using techﬁiques such as base-flow separation. These are
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the data-use objectives of the original FSP. |

Estimating recharge to the aquifer, the Addendum 3 data-use objective is» more tenuous
but possible using the pre-karst conceptual model. When site-specific precipitatioﬁ isv
available, as it is at JPG, the total amount of water entering a drainage basin is known._
The stream gauging records the total amount of surface water entering ihe DU impact
area at the upstream edge and leaving the DU impact area at the downstréam edge. Base-
flow separation or a similar technique can be uéed to determipe how much of the stream
ﬁow is surface flow and how much of surface water flow is discharge from groundwater.
A comparison between the stream-flow components entering the impact area and leaving
the impact area provides an indication of the net changes that are occurring within the
impact area. Within the constraints of additional assumptions regarding groundwater
underflow that passes the downstream surface water monitoring point and rates at which
precipitation evaporates or is transpired by plants, the rate of precipitation recharge to

groundwater can be approximated (the Addendum 3 use of the data).

The deﬁcienqy in the surface water gauging and staging tasks is that the premise of the
current conceptual model is that there is karst flow underlying the JPG DU site. The
objective of fhe characterization is the same, i.e., provide the fate and transport modeling
with an accurate description of how much groundwater flow is carrying how much DU
how quickly from the impact area to the locéﬁons of potential exposure. But,
groundwater no longer is conceptualized as simply moving toward and into the local
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streams, driven by in-basin topography. A karst network‘ rﬁay discharge grouhdwater to
the local stream. But, a karst network may recharge with water taken from the local
stream, transport it through the karst system of the bedrock and discharge it back to the
stream downstream of the surface water monitoring network. A karst network may also
recharge with water taken from a local stream and discharge it to a stream in an entirely
different basin. Karst groundwater and DU in or transported by that groundwater is
undetectable by a gauging and staging system designed for non-karst hydrogeology when
the karst system which actually exists discharges outside the confines of the surface

water monitoring system.

This deficiency is further complicated because the interaction of a kérst network and
surface water drainage can and often does change temporally. Figure 1 shoWs a
schematic of a simple karst network and how it can change with respect to its impéc_ts on
streams that it intersects. D'ufing high recharge conditions, groundwater in the karst
network is recharged from precipitation and discharges to both streams. However, during |
low water ﬂow conditions, the karst system recharges from precipitation and fr‘ovm the
stream with the higher elevation and discharges only to the lower steam. Stream-flow
sebaration of gauging data on either stream will produce an efrdneous interpretation of
the aquifer recharge unless the location and the transient nature of the karsi interaction
are known. The gauging and staging tasks proposed in the FSP and related addenda
cannot account for even such a simple transient interaction and cannot, therefore, provide
the data to the fate and transport model that is needed.
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.:;.Gr,ogng{ﬁder
iDischarge "

Qroundwater
‘Recharge:

Figure-1. Reversible -
“ Exchange with Stream

Q.037 What is the significance of the deficiencies you identify and how can they be

. overcome?

A.037 The stream/cave gauging and stream staging activities in the modified FSP are not
designed to document and quantify groundwater and surface-water interactions. Such a |
design is fundamentally needed to generate the data that are rﬁeaningful to the fate and
transport,mode‘ling required to support site decommissioning. -Achiéving a design
capable of supporting a decision on site decommissioning will require work notApresently

in the modified FSP.

An appropriately designed gauging and.staging system would begin with stream surveys
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that identify areas where the stream interacts with major karst coﬁduits that intersect it
based upon changes in'ﬂow along reaches of the stream. Mapping where the stream
shows major gains or losses identifies where significant karst systemg are influencing
surface water flows and vice versa. Tracking changes at those locations in the relativé
flow with yariablle recharge conditions establishes‘ whether tﬁose conduits can provide
DU transport routes that are not detectable by a given proposed surface and groundwater
monitoring network. Such stream sﬁrveying definitively locates one end of groundwater
conduits that démonstrably inﬁuence the groundwater hydrogeology, reducing the
;clmbiguity of conduit location techniques that rely on indirect evidence such as visual
expression or electrical resistivity. Once the points of stream-karst exchanges are
identified, surface water gauging and staging locations can be selected that are designed
document and quantify groundwater and surface-water interactions. Identifying and
monitoring these exchange points is especially critical because the surface water
locations that show continual or episodic discharges from groundwater may well lie

outside the perimeter of the DU impact area, or even JPG.

4. Well Location Assessment and Selection

| Q.638 Where in the FSP and its Addenda are the tasks associated with well loéation
assessmenf and selection described?

A.038 The well location and assessment tasks are presented initially in Subsection 6.2 of the
FSP. Addendum 4 modifies Subsection 6.2 of the FSP. Addenda 4, in turn, cites and
relies upon the Well Location Selection Report, Site Characterization (SAIC, J anuéry,
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2007) in developing its changes. Since the ﬁnal well loeations efe directly dependent

upon the results of the FTA and the EI survey, documents that eubsequehtly describe,

modify, or influence the adequacy of those programe also do so for the well location
assessment and selection program. These include FSP Subsections 5.2 (FTA) and»>6.1! (EI
survey), FSP Addenda 2 and 3, the results of the EI survey (also in Well Location

Selection Report, Site Charactenzatlon (SAIC, January, 2007)), and the results reported

| -m the Fracture Trace Analysis (SAIC, June, 2006)
Q.039 What are the major design elements of the well location assessment and selection as
iaid out in the FSP and related addenda?
A.039 The following constitute the original FSP major design elements for well location
assessment and selection:

-‘ Wells will be installed in bedrock at Iocatiens where groundwater conduifs are
deemed likely to exist. Each location will potentially have two bedrock wells,
completed at different depths, depending upon location-specific condition
encountered while drilling. |

. From ten to twenty locations of paired bedrock wells will be drilled. For

budgeting purposes, ten was used.

«  Well depths were estimated at 50 feet and 120 feet, subject to revision after the EI
survey.

. No wells above bedrock are proposed to evaluate aquifers in unconsolidated =~ -~
sediments.

*  Potential well locations will be where low-res1st1v1ty anomalies observed in the
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EI survey coincide with liﬁeaments ﬁlapped in the FTA. In the FSP, which was
filed prior to the completion of the FTA, all EI survey lines are shown along site
roads because the final orientation of the EI survey is subject to FTA results.

. Among potential well locations, the actual drilling locations will be those
locations most likgly‘ to overlie conduits based upon locations of fracture traces,
anomalies on the EI survey, évidence vof greater depth to bedrock on the EI

survey, and any known discharge(s) of groundwater from any fracture trace(s).

- ‘.After modifications in response to the FTA, the EI survey, and Addenda 2-4, the
following constftute major design elements for well location assessment and selection:

. Bedrock wells will be installed at locations where groundwater conduits are
deemed likely to exist. Each location will potentially have two bedrock wells,
completed at different depths, depending upon location-specific condition

. encountered while drilling. |

. Nine locations of paired bedrock wells‘ will be drilled.

*  One location of paired wells is added to investigate an area of unusually thick_
unconsolidated sediment overlying the bedrock. Other wells in porous
unconsolidated sediments may be installed, at the discretion of the Army.

. Bedrock well depths remain projected at S0 feet and 120 feet; the EI survey does
not yet result in a prediction of depths to target anomalies at tﬁe picked locations.

. Thirteen potential bedrpck well locations are identiﬁed wherello.w-resistivity
anomalies observed in the EI survey are within +/- 200 feet of lineaments mapped
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- Q.040

~inthe FTA, the uncertarnty ’of actual.. trace locaﬁons based upon Well’Location
Selectlon Report Site Characterlzatron (SAIC January, 2007). Srnce lineament
onentatlon from the FSP did not change EI survey locatlons or onentatlons |
fracture traces are eyaluat_ed only where they cross roads.
. The setection c.rit.eria»for proposed well locatrons among potential 1ocatrons are
- changed to prioritize .“... locations _that are anticipated to provide cor/erage in
possible flow directions frorn the DU Irnpact Area.” (No ‘indicati.on 1s protfided to
suggest how groundwater ﬂow d1rect10ns are to be ant101pated at locations, depths . ‘
and in conduits yet to be dnlled ) Depth of bedrock and groundwater dlscharge
" from fracture traces are no longer among the selection cntena

Is this modified design for the well location assessment and selection adequate 'for‘

. purposes of JPG DU site characterization?

A.040

Q.041

- AL041

No, it is not. .

What are the deficiencies of that design for the well location assessment and o

selection?

The followrng are among the deficiencies of the design for well locationvassessment and

“selection:

e ' The modified FSP does not require wells to be installed whenaquifers are found

" in the unconsolidated sediments above the bedroclr Any such penneabie zones'~
EY - that are encountered will have a fundamental 1mpact on d1rect10ns and rates of
- mi gratlon in the unconsohdated sedlments and therefore, similar 1mpact on
' ' reduced attenuation of uranium mxgratlng through the soils. Understandlng these
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units will be fundamental to appropﬁately building the fate and trahsport model.
Deferring installation of these wells to the discretion of the licensee is
inappropriate.

. Wells are located using methodologies that may or may not be relevant to ﬁnding
groundwater conduits at this site. The deficiencies of both the FTA and the EI
survey as used at this site have been previously addressed. Inherently, a process
that locates wells solely using twoldeﬁcient methods, while excluding other
methods and data, is itself flawed. Functionally, the resulting wells that are
drilled are not characterization wells. They are very expensive verification wells
to determine which subset of resistivity anomalies seen in the EI survey data do
indicate and perhaps locate a few but far from all of the active groundwater
conduits at this site.

. Groundwater conduits need to be mapped, not merely identified where they pass
under site roads. Without mapping, the potential ﬁathways of DU from the site to
discharge points cannot be establisheci. Further, over hundreds of millions of
years of formation, karst networks that do exist and can be mapped may or may

. not be part of the contemporary co_hduit system through which the DU deposited
at the site may move.

. Flow surveys of JPG streams as part of conduit mapping would allow site |
characterization to identify active conduits by identifying points on or reaches of
streams that are receiving flow from or losing water to the groundwater conduits.
The flow survéys are not part of thé original FSP and are not modifications in the
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addenda.
. Discharges from and recharges to groundwater conduits have not been located

and used to locate (at a minimum) the moutHs or headwaters of active
groundwater conduits. The only use of observable conduit ﬂow as a'selecﬁbn ,
criterion for characterization well locations was dropped from the FSP (Section
6.2, page 6-4, selection criterion 2) with Addendum 4. | |

. The cave survey that was performed at JPG in the mid- to late 19905' is not fully
and appropriately incorporated into the location and selection process. Almost
two miles of caves were entered, surveyed and mapped duﬁng the JPG Karst

- Study (Sheldon, 1997). The karst study entered and mapped 19 caves in the Big

Creek drainage basin. Among these caves the study surveyed 34 sepafate
entrances and 3085 feet of caves large enough from human entry. Some of the »
mapped caves extend under the heart of the DU impact area. Along theA reach of ;
Big Creek Qithin the DU imi)act area, the karst study entered and mapped 7 caves
with an aggregate mapped length of 1679 feet and 13 separate entrances. The two
longest accessible caves mapped in the Big Creek drainage basin are under'the
DU impact area, BC-07 with 436 feet and BC-08 with 617.feet. Each of these
caves moves from Big Creek back toward heavily contaminated bortions in the
DU impact area as represented in Figure 2-5 on page 2-11 of the FSP. Each also
has an entrance in a sink hole in the vicinity of the heavily contaminated areas.
Figure 2 depicts the approximate locations of the mapped caves ﬁﬁder the DU
impact area. |
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2

Figure 2. Caves dﬁder
DU Impact Area

.. 113a'i.h.1re to \}erify the FTA/EI appfoach. with the patterns and existence of known
' cof;duits and sink holes is an additional deficiency. .Comparing the cave traces on
Figure 2 with the fracture traces from the FTA (Figure 3-1, p‘a‘ge 3-2 of |
Addéhdum 3) ShOVWS‘ that the longest mapped cave uhder the 'DU' impact arlaa, BC-
‘ 08,t_is not coincidén_t Qith a fracture trace. Clearly the FTA doesn’t identify all, if | ,
an_y,A of major shallow groundwater conduifs. Thf; second longest mapped cave,

BC-07, may

ge‘ associated with a fracture trace and the sink hqle gntrénce may be associated
with the intersection of twé ﬁacfure traces. However, there is no low-resistiyity
ahérﬁaly on the EI survey where the fracture trace or the cave crosses the rbad
and no EI survey was done around the ihterséction of the fracture traces away
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from the road. Clearly the resistivity anomaly cﬁteﬁon for t}‘_le. EI survey will' not
idc;nfify all major karst condﬁ_its. In combination, ;thé cﬁtéribn f;ir well locations
_ wa; unable to identify either of the most éxtensive, known _kargt conduits‘underv
v the bU impact area. | "
. ’ ! ‘ .
The overriding deficiency of the design for locating and selecting the characteﬁzaﬁon
Wells is that the' FSP program results 1n nine isolated data points Qith no brécﬁcél'way to
use vthe défa and no theoretical context‘within which to ihterpret it. 'Presuﬁle that one of
:thg proposéd wells finds an active. groundwater conduit and the well is successfully -
co_mpleted:,in the conduit. .Other‘thén ést#blishing that there is a cohdﬁif at.that drilliné_
locaﬁtibn, what other meaningﬁil informati’on-is there? Further présuﬁl_e that Wﬁter duality
is aﬁalyzeé_aﬁd water elevation méasuremcntsére tékeﬁ from thaf V\;ell. Eveh vpres.l)lme
thev: fesu‘ltirig data are accurate and precise within quality control protocols. The data still B
allre.:"not usefu] and it have no meaning for fate and trahSport modeling, becaﬁse théy ha\}c . '

"~ no systemic context for understanding.

- To be uséﬁll for fate and transport mbdgling, th be mganjngful With res_péct to testing and
rcﬁnihg the c;)nceptualr site model, the data being collected be interpretabie within the |
hydrogeologic context of the éite. Where does this activé cpnduit begin énd whére dQes
in end? Is the cbnduit positioned to receive‘surface water runoff frém thé contaminatgd ST

- areas throu‘gh a sink holé, ‘fro‘m peréolatign through séiis, of from streain l'oses.upstrelam
of any poséible contamination? Where does the conduit empty? Does it extipty to Big
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Creek to the west or the Indian-Kentuck drainage to the east? Does it discharge inside or

outside JPG boundaries? Is the characterization well sampling water near the head or

_ near the mouth of this cbnduit?\ The fate and transport model needs the context provided.

Q.042

A.042

by thesé aﬁswer§ before the information can appropriately used as input.

Of what significance are these deficigncies in the well locaﬁon asséssment and
sélec‘tion?v

Ch_aracterization wells can brovide the information that is needed for fate and transport
mpdéling only if their data are ‘producéd within a context of integrated hydrogeéldgy that

allows intérpretive sig’niﬁéance to be assigned to the data. That significance is based on

- . the locations from which that data comes within the site-wide transport systems. The

_well"sel‘e‘ction'pvroc':ess proposed in the FSP and related addenda confers none of those

values on any data produced. - Appropriate locations for groundwater characterization

~ wells can be made only after groundwater conduits are mapped, after the subset of active

, cbntémporary‘conduits are identified from all conduits, and after recharge areas and

- discharge points of the active contemporary conduits are identified. Data from

characterization wells installed at optimum positions within such conduits will contain

" the information and context needed by the fate and transport model to computé

-defendab_le exposure doses at times and places of interest. Data from the well locations

véel'ected by the modified FSP program cannot contribute to a defendable fate and

~ transport modeling result.

5. Well Installation and Assessment
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. Q.043

A.043

Where in the FSP and Addenda are the tasks associated w_ith well installation and ‘

assessment described?

The well 1nstallat10n and assessment tasks are presented 1n1t1ally in Subsectron 6 2 of the

FSP Addendum 4 modlﬁes Subsectlon 6 2 of the FSP Addenda 4 1n tum 01tes and

rehes upon the Well Locatlon Selection Report Slte Charactenzatlon (SAIC January, :

2007) in developlng its changes The final well mstallatlons are dependent upon the

selected well Iocatlons which, in turn, are d1rectly dependent upon the results of the FTA R

a2 and the EI survey Therefore documents that descnbe, modlfy, or mﬂuence the

adequacy of those programs also do so for the well 1nstallat10n and assessment program

These mclude FSP Subsectlons 5.2 (FTA) and 6 1 (EI survey), FSP Addenda 2 and 3, the

- results of the EI survey (also found in Well Locatlon Selection Report Slte

Q.044

A.044

.Charactenzatlon (SAIC Ji anuary, 2007)), and the results report Fracture Trace Analy51s

(SAIC June 2006).
What are the major desrgn elements of the well 1nstallatlon and assessment as lald '
out in the FSP and related addenda?

The followmg const1tute the or1g1nal FSP major des1gn elements for well installation and

) assessment as descnbed in Section 6.2.4 of the FSP on pages 6-5 through 6-21

L. All wells will be completed in bedrock. .

. o Condult wells wrll be 4" PVC wells w1th 10-ft screens across the condult interval

and standard above grade completlons completed in boreholes of 8-9 inch

diameter.

. " Air-rotary drilling will probably be used to install the wells, subject to unspecified
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information obtained from the EI survey. Permanent outer casing will be installed
across unconsolidated material. Soil and rock cuttings returned by air-rotary

drilling will be logged.

. Water source for well completion will be documented free of DU.
*  There will be no soil sampling or rock coring during drilling.
. There will be no geophysical logging of the boreholes during or after drilling, or

through casing after drilling and/or well completion.

. Borehole dépths are estimated at 50-ft and 120-ft below ground surface, pending
results of EI study.

. A mohitoring well will be completed only if there is sufficient water in the
borehole at the time of drilling to support a monitoring well. If not, the borehole
will be abandoned, subject to additional authorized drilling by Army.

s Well centralizers may be needed.

. Wéll development will be done between 2 and 7 days after installation using |

surge block and pumping/airlift.

. There will be no in situ permeability testing.
. No aquifer testing is scheduled.
. One round of water level measurements of all conduits wells, ERM wells and

Range study wells will be made. Results will be contoured to establish flow

directions if “... sufficient data points exist.”

After modifications in response to Addendum 4 and the documents updn which

Page 41 of 81



PREFILED DIRECT TESTIMONY OF SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG EXHIBIT CHN

Addendum 4 relied, the following constitute major design elements for well installation

and assessment. Changes to the FSP are noted with italics.

Nine well pairs will be completed in bedrock an(i one well pair will be completed
in anomalously thick overburden.

Conduit wells will be 2" PVC wells with 10-ft screens across the conduit interval
and standard above-grade completions, completed in boreholes of 5.5-inch
diameter. (This reduced boring size has been further reduced during the active
ﬁéld program.) R |
Where overburden contains sufficient saturated, high-permeability sediments to
support a well, Army will consider installing an overburden well. .

The unconsolidated materials will be drilled using hollow-stem augers and
bedrock will be drilled using wire-line coring.

Water source for well completion will be tap water or a source previously
documented for “suitability.” The explicit reference to testing for DU has been
dropped.

One well at each location will use split-spoons to collect samples through the
unconsolidated sediments. Split-spoon sediment samples and bedrock cores will
be examined and logged.

There wiil be no geophysical logging of the borelholes during or after drilling, or
fhrough casing after drilling and/or well completion.

Borehole depths are estimated at 50-ft and 120-ft below ground surface, even
after results of EI survey.
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. ‘ A monitoring well will be completed only if there is sufficient water in the
borehole at the time of drilling to supbort a monitoring well. If, not the b.orehole
will be abandoned, subject to additional authorized drilling by Army. 4 b‘oriﬁg

~ may also be abqndoned if the permeability is too low.

. Well centralizers will be nf:eded, due to fhe smaller diameter configuration. Also,
well cgntralizers are not expected to be needed. (This direct contradiction Iis
discussed below.) |

« . Well development will be done between 2 and 7 days after installation using

.+ surge block and pumping or airlift.

. - There will be no in situ permeability testing.
* - No aquifer testing is scheduled.
*  Oneround Aof water level measurements of all conduit Wells, ERM wells and

Range Study wells will be made. Results are now represented as adequate to
determine preliminary groundwater ﬂow directions. These flow directions will
| “assist"in' the evaluation, selection, and frequency of surface water samples and
,léqatiorzs. Included in this evaluation will be the selection of the wells for
installation of recordvelrs for groundwater stage data collection.” (It is presumed
that all references to data from well étéging and water level measurements will be
expressed and evaluated as elevations relative to a corﬁmon datum. If this isbnét
the case, it would constitute an additional deficiency that is not discussed beiow.)
"Q.045 Is this modified design for the well installation and assessrﬁent adequate for
purposes of JPG bU siie characterization? |
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A.045 No, it is not.

Q.046 What are the deficiencies of that design for the well installation and assessment?
A.046 There are six general deficiencies in the well installation and assessment program
detailed in the FSP as modified by Addendum 4. One major deficiency of the original

FSP was corrected by Addendum 4.

- 1. The modified FSP is deficient in the inconsistencies that make it uncertain what will
or won’t be done and what is or is not expected. For example, the original FSP states that
because of the difference in diameter between the proposed 4-inch well and the 8-9-inch
boring, centralizers will not be needed. Addéndum 4 proposes smaller-diameter borings
and wells. Addendum 4, Section 2.2.2.1, page 2-9, states, “The annulus between the
screen assembly and the borehole will be small such that the use of centralizers will be
necessary.” vHowever, Addendum 4, Section 2.2.5.4, page 2-12, states, “It is not
anticipated that centralizers will be required during this well installation.” Clearly, one

of these statements cannot represent the expected method of installation.

2. The moc.iiﬂed FSP is deficient by failing to set the depths of the targets to be drilled at .
each location. The original FSP used general estimates for the nﬁmber of well pairs and
the deptﬁs of the drilling targets, pending the results of the FTA and EI survey.
vrAddendum 4 was completed with those results available. The EI survey results, upon .
which well locations were selected, showed a host of styles of resistivity anomalies, as

Page 44 of 81



PREFILED DIRECT TESTIMONY OF SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG : EXHIBIT CHN

| seen in Well Location Selection Report, Site Characterization (SAIC, January, 2007), -
Figures 5-1 through 5-5 . Some anomalies were vertical. Some were dipping. Some
extended to near the land’s surface. Some were shallow. Some existed only at depth.
However, the modified FSP changed nothing with respect to the depths of targets at each

selected location; the targets remain the generic 50-feet and 120-feet.

3. The modified FSP is deficient by failing to require geophysical logging of the
boreholés 'or characteriéation of the physical properties of the cores that will be taken.
The decision to drill by coring that is part of Addendum 4 corrects a major deﬁciency of
the original FSP, which did not even propose the recovery of intact rock or soil.
However, the modified FSP proposes contemporaneous drilliﬁg and casing advancement,
precluding many, but not all, geophysical measurements of rocks exposed in the
borehole. Further, the modified FSP does not provide for geophysical evaluation of thé
cores beyonci the visual descriptions of the recovered core. The opportunity to collect

. properties such as porosity, permeability, density, rock/soil radioactivity (natural or
otherwise), and formation resistivity from, and vertical flow within,’ the borehole is

irrevocably lost as a result of the drilling methods selected.

4. The modified FSP is deficient by failing to characterize the hydraulic properﬁes of
any of the soils and rocks drilied, including those of the conduit zones in which the wells
will be corﬁpleted. The original FSP specified there was no aquifer testing scheduled as
part of the installation and assessment and that there would be no permeability testing of
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the individual wells and Addendum 4 does not correct this failing.

5. The modified FSP is deficient by establishing criteria under which a boring will be
abandoned without first establishing the centext of the materials penetrated by the boring.
The original FSP anticipates a boring will be abandoned if it does not produce sufficient

_ water at the time of drilling (Section 6.2.4.3., page 6-12). A conduit that is dry at the
time of penetration may well convey significant water and DU during seasonally high
flow condjtions or in response to precipitation events, conditions that can be eetablished
only when such events occur. Addendum 4 adds the criterion that a boring that does not
encounter “adequate permeability” (Addendum 4, Section 2.2.6, page 2-13) will be
considered for abandonment. Since no permeability testing is to be performed as part of
the modified FSP, it is unclear how adequate or inadequate permeability can be
established objectively and not capriciously. Further, although a conduit that is filled
with fine sand, silt, and/or clayey sediments may have low hydraulic conductivity, a well
in it can still provide important information for site characterization and fate and

transport modeling, as is discussed later.

6. The modified FSP is deficient in its statement of intended uses of the data. Unlike the
expectations in the original FSP, Addendum 4 asserts in Section 4.2, pages 4-3 and 4-4,
that the evaluation of a single round of water levels (elevations) from the new | |
characterization wells, the ERM wells and the Range Study wells,

... will determine which, if any, of the existing wells are appropriately
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constructed and located for inclusion in ongoing characterization

activities. In addition to determining if appropriate to be included, the

types of uses (e.g., chemistry sampling, stage gauging) of the wells also

will be evaluated. ... Initial groundwater stage data will provide

preliminary groundwater flow direction data that will assist in the

evaluation, selection, and frequency of surface water samples and

locations.
There is no scientific or technical basis to support the proposition that one can conclude
anything about the usefulness or validity of including an existing well in ongoing
characterization based upon an initial measurement of head levels in the new and existing

~wells. Any attempt to eliminate existing well locations or pre-determine what types of

data should be collected from existing wells based upon such a round of water elevations
will bias data that is collected toward a pre-conceived belief of what should be found. It
epitomizes the classic error of accepting only data that support a preconceived hypothesis

instead of allowing the hypothesis to evolve in response to a consideration of all of the

data.

The Army will not be able to use the one-time water level elevation data to “. . .provide
preliminary groundwater flow direction data . . .” The determination of groundwater
flow directions at even a single moment ih time requires measurements of wate;r
elevations at multiple locations along an available flow path. What the FSP as modified
proposes is analogous to proposing to determine the'ﬂow direction(s) of water in a storm
sewer based upon isolafed measurements of water levels in the sewers without benefit of

a map of the system.
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The locations at which characterization well pairs are being installed cannot simply be
assumed to be within é single conduit flow system. No conduit flow system has been or
will be mapped as part of the modified FSP. Well locations were selected near where
individual traces crossed site roads, not as locations witﬁin mapped conduit systems

selected for their relevance to the transport of DU. All selected well locations cannot

- simply be assumed — and are not likely to be -- in a common karst conduit system. It is

Q.047

A.047

conceivable that eacﬁ of the 18 bedrock wells will be completed in a karst conduit system
that is hydraulically independent of the others; it is virtually certain that at least some of
them will be. Moreover, water elevation data from the wells will ﬂot identify which, if
any, of the wells area in a common conduit with any other well(s). That would require
inabping conduits using aquifer testing, tracer surveys, or proper geophysical surveys,

tasks that are not part of the FSP as modified.

Since it cannot produce valid flow direction interpretations, the initial round of
groundwater elevation data cannot “assist in the evaluation, selgction, and frequency of
surface water sarﬁples and locations,” as called for in Addendum 4. | |
Of what signiﬁcqnce are these deficiencies in the well installation and assessment?
1. The FSP provides the methods and proto;:ols that will be used in the characterization
program. Contradictory well installation procedures in the FSP allows arbitrary and
inconsistent installation procedures to be instituted in the field by the Army and its
consultant(s). It is fundamental in a characterization program that data from each well is
obtained in a manner consistent with that of the other wells. Without that consistency,
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inter-well comparisons are flawed. With respect \to the specific example cited,
centrélizers ensure filter packs surround the well on all sides, keéping sediments from
entering the well and affecting either well function or chemical results. One cannot
compare or interpret the well performances and water chemistries of the characterization
wells when there may be inconsistencies and/or mistakes in their installations.
Subsequently, the inputs needed for the fate and transport modeling will be denied the

: reﬁable sampling data for which the characterization was initially authorized and

performed.

2. Nine well pairs are to be installed at locations that were picked based on an EI survey
pérformed élong the site roads. The modified FSP does not include an interpretatioﬁ of
the depth where individual conduits are expected based upon the EI survey results, as
anticipated in the original FSP. The failure to integrate the EI survey information\ denies
the rig geologist the knowledge of what to expect and at what depths, as well as an
»undlerstvanding of the nature of the resistivity anomaly at that well ’site. This invites weil

installations that miss conduits by simply failing to target them.

3. The modified FSP characterization program for new wells unnecessarily reduces the
level of understanding of the geologic materials which are in and around the DU impact
area ‘and potentially associated with local conduits. Based upon my expgrience drilling,"
coring, and completing wells in similar sediments and récks in similar settings,
contemporary casing advancement with drilling or coring is seldom necessary. When
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drilling precedes casing, an array of geophysical and optical measurements can be

. obtained from the borehole thatvallow detailed characterizaﬁon of the physical properties
that affect groundwater movement. If casing is needed to protect well installation, the
casing can be run subsequent to dﬁlling. However, even when casing must be advanced.
before logging can be performed, some geophysical techniques can be run through
casing. With or without borehole geophysical logging, many of these rock and sediment
properties can bé qbtained from fhe ;:ore that is to be taken. But, that data too will not be
collected as part of the FSP programs. The result of this failure to fneasure and catalog
the physical properties of the materiéls drilled is that the final interpretation of the
‘geology that controls the hydrogeologic movement of DU will be based upon the
spéculative translation of visual characteristics into hydrogeologic properties or entirely
non-site-specific data. That in turn means that the modeling of DU migration from the
sife by means of groundwater and hydrogeologic proceéses will be less accurate, less

precise, and more uncertain, 7.e., unreliable.

4. Groundwater moves in response to the driving force of head cHangés along the path of
' ﬂoW and the permeability of the materials along the flow path. The modified FSP |
proposes to collect no informatioﬁ about the permeability of sediments or rocks through-
which borings are drilled and nolinformation about the properties of the aquifer or
conduits in which wells are completed. The incontrovertible result of that proposal is
that the 'amount and speed of gréundwater flow through the materials that are drilled
carvmotA be detennined. Without groundwater flow volumes and speeds, it is impossible to
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model reliably the quantity, rate, and timing‘ of DU transport in the subsurface.

5. Karst conduits do not necessarily convey groundwater continuously. Flow in some
conduits may be low or zero between precipitation events or during the.drie_r seasons of
the year, as demonstrated in the JPG cave system sfudy. Under normal conditions, the
caves that were entered and éurveyed were dry or had small streams running thfough
them; the drained conditiqns allowed entry. That is not always the case, however, as
illustrated by this entry for Apﬁl 10, 1994

Bruce, Jacob, Keith Dunlap, and I met Jerry on site at 8:00 AM under

extremely wet conditions. Big Creek was up about five feet above normal

flow and five of the six caves surveyed were in full flood.
Penetraﬁng and observing a successfully located conduit and finding the bore hole dry is
not sufficient justification for abandoning the well, particularly for the shallower of the
two wells at each pairing. To do so precludes measuring the conduit’s ability to transport

groundwater and associated DU during times and conditions when it does so.

The Addendum 4 addition of a plugging criterion of low permeability is similarly ill-
conceived. There is the obvious problem of how one establishes insufficient permeability
when penneabilify will not be measured as part of FSP activities. Notwithstanding that
problem, low-permeability materials in karst conduits are common and are an important-
part of hydraulics of the system when they are permanent. The information from a well

in such a conduit can provide a calibration point for understanding classes of anomalies
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in the EI survey. With a better EI survey, the information can assist in mapping the
extent of such fill in that conduit network; head data for mapping gradients and flow
directions in that conduit network, and water quality data that can help provide input

parameters to the fate and transport model.

Sediments that plug a karst conduit can, however, be temporary at a given location.
Deposited at times of low flow velocity, they are subject to scour and removal during
flushing episodes of heavy precipitétion and/or changes to seasonally high flow. Like a
dry conduit, a conduit that is plugged at the time of drilling may be an important water
_conveyance under other hydrologic conditions. If plugging is episodic, the DU content
of the transient sediments is of great importance. As with permeability measurements,
not knowing the transient characteristics of the conduit flow éystems precludes reliable

modeling of the quantity, rate, and timing of DU transport in the subsurféce.

6. The initial round of water level measurements will document whether groundwater
moves up or down at the location of a pair of wells at the time of the water level

- measurements. The data will convey information about whether the groundwater in that
particular conduit at the time of the water level measurements méy (but not necessarily
does) discharge\to the local stream or whether it may (but not necessarily does) receive
recharge from the local stream. But, without mapping of the karst conduits to identify
where and if the conduits at a givenvwell location connect, where and when they
recharge, and where and when they discharge, temporal ﬂow.directions cannot be
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Q.048

- A.048

Q.049

A.049

© Q.050

determined. The FSP tasks do none of these things. That deficiency precludes adequate
fate and transport modeling, for which one must know from where, to where, and under

what conditions groundwater transports DU and DU-bearing sediments.

Any refinement of surface water sampling procedures, locations or timings based upon
the invalid use of the initial groundwater elevation data, as anticipated by the modiﬁed
FSP, would compound the flaws in the fate and transport model. Not only would '
groundwater flow with its DU content be misinterpreted and misrepresented in the
modeled, any resulting changes to the surface water sampling would result produce the

wrong locations to look for DU impacts from groundwater on surface water system.

6. Sediment Sampling
What is sediment sampling?
Sediment sampling, as used in the FSP, is the collection of samples of sediments from
stream banks above, within and, in only two cases, down stream of the DU impact area.
Where in the FSP and its addenda are the tasks of sediment sampling described?
The FSP provides the initial description of the sediment sampling tasks in Section 6.6,
pages 6-38 through 6-40. Section 6.6.1.1 states the expectation of an addendum, but that
addendum has not been released. Details of sediment sampling protocols are provided in
Sections 8.2 and 8.4 and in Appendix A of the FSP.
What are the major design elements of sediment sampling as laid out in the FSP and
related addenda?
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A.050 The following are the major design elelﬁents of the sediment sampling task in the FSP:

° According to Section 6.6, sedimént samples will be collected from the banks of
Big Creek and Middle fork Creek. Ata minimum, samples will be collected
where these creeks enter and leave the DU impact area and at their respective
midpqints within the impact area. Collection sites wil} be where streams are
shailow or where deposition is likely, such as atvbends iﬂ the creeks. Additional
locations will be sampled where a) creek banks are accessible and b) gamma
scans exceed an arbitrary level greater than background. (It is believed the
metﬁodology for this scan can. be found in Section 6.5, rather than in S_ection 6.2
as is referenced on page 6-38 of the FSP.)

. Altematively, according to Sub-section 6.6.1.1, sediment samples will be
collected at fourteen locations where surface water samples are coliected. These
locations are described as one where Big Creek crosses the western boundafy of
JPG; eight along Big Creek within the DU impact area, w‘ith'fouf associated with
spring/cave locations; one where Middle Fork Creei( crosses the western |
boundary of JPG; and five along Middle Fork Creek within the JPG, with one -
associated with a spring/cave location.

. Sediment samples will be no less than 35 ounces (1000) grams, according to FSP ‘
Section 6.6 on page 6-18.

. -‘ Altefnatively, sediment samples will be 8 ounces, according to Appendix ’A of the
FSP, Section A .4, Table A.4-2, on page A.4-2.

. Locations for sediment sampling that are upgradient of possible DU
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contamination, will be identified in an as yet unreleased addendum to the FSP.

. Sampling of sediments from ponds, lakes and lagoons is not anticipated.

Q.051 Is this ;iesign for fhe sediment sampling adequate for purposes of JPG DU site

characterization?

. A.051 No, itis not.

Q.052 What are the deficiencies of that design for sediment sampling? ,

A.052 A major deficiency of the sediment sampling program in the FSP is that there are actualiy
two programs outlined fhat are largely inconsistent with each other. Neither of the
programs fully addrésses the rationale for the task that is provided in Sub-section 6.6.1 of

the FSP on page 6.-38:

Sediment can be contaminated by DU transported by surface water, water

erosion, and contaminated groundwater flowing into ponds or streams.

‘Contaminated sediment can enter the human food chain indirectly from:

incidental ingestion by livestock, fish, or game. In addition, biotic material

adsorbing contaminants from the sediment also represents an indirect

exposure route.
The exposure pathways that are described in that rationale establish the need to identify
DU that has been, is being, or may be transported from the DU impact area to locations
where receptors may be exposed. That transport may be as DU in ground- and/or surface
waters that subsequently contaminates sediments at the point of exposure, or it may be
the result of DU-contaminated sediments that are transported by ground- and/or surface
waters to the point of exposure. With two exceptions, the locations that are described by

either program are sediment sampling locations that are at or within the DU impact area, .

Page 55 of 81



PREFILED DIRECT TESTIMONY OF | SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG - EXHIBIT CHN

an area that is not representative of exposure locations. The two exceptions are locations
at the western edge of the JPG. No locations for either program represent locations of
exposure which must be modeled. There are, for example, no locations that sample
sediments contaminated by DU in groundwatér that is transported through karst conduits

that discharge outside JPG.

The first program anticipates sarhpling at as few as six locations within or imihediately
adjacent to the DU impact area. These locations are first specified with geographic
criteria (i.e., streams at DU impact area boundaries and at midpoints within the impact
area, and locations where stream banks area accessible) and then with technical
(geologic/hydrologic) criteria (i.e., areas of shallow water and/or deposition, and areas
: ‘where bank sediments exhibit arbitrarily high gamma radiation). The description of the

sediment sampling program does not indiéate whether the geographic or technical criteria
will take precedence where there is conflict. This program does not sample the sedirﬁént_s |
that are actively being transported from the DU impact area by ground- and surface
water, or the rates of that transport. This program makes no effort to ideﬁtify whéré DU-
beaﬁng sediments from the impact area have been depositea subsequent to being

~ transported from the impact area by surface water. It samples only sedimehts that have
been deposited within the DU impact area. This program makes no effort to establish
where DU-bearing groundwater may be discharging outside the DU impact area and
contaminating sediments. Even within the DU impact area, this program does not locate

and sample either the sediments transported by karst conduits that discharge on site or
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sediments potentially being contaminated by discharging groundwater contaminated with

DU.

The seéond program identifies 14 sediment sample locations; two specifically and 12
generically. These sites are co-located with 14 surface \.vater sample locations described
in Section 6.4 of the FSP. Beyond the criterion of sharing locations with surface \.)vater
sampling, there are no criteria and no rétionale provided for the selection of the 12
generic locations. There is no rationale provided that optimal locations for sediment
samples will, or even can, coincide with optimal sampling locations for surface water.
There is no discussion of whether the selec;ion of the sediment sample or the surface
water sample will have priority in the selection of a common location site if each is not
optimal, or why. Based upon rﬁy decades of practice, I know of no geologic setting in
which or reasons for which to expect that the best places to monitor surface water quality

are also the best places, one-for-one, to monitor sediments.

Neither of‘the programs outlined in thé FSP for sediment sampling proposes a
methodology for sampling sediments that are actively being transported from the DU
impact area to areas of potential exposure. The sediments that are being sampled are
sediments that have been transported and deposited within the DU impact area or, in two
cases for the second program, within the JPG. Depending upon details in an addendum
yet to be released, the sediments that are sampled may even be sediments deposited prior
to the use of DU iﬁ the impact area. Meaningful simulations of exposures by fate and
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transport modeling will require data on the rates of transport of DU from the source area

‘to the location of exposuré of interest, as well as the rate of accumulation at the exposure

location. It requires sampling methods that capture sediments moving with streams and

“with discharges from caves under varying flow conditions. Such data cannot be

generated from the type of sediment sampling programs that are described in the FSP,
and the data from the programs in the FSP are not a surrogate for such data.

What is the significance of those deficiencies?

As described in the FSP quotation cited above, exposuré pathways associated with DU-

contaminated sediments are complex. Exposure can occur directly through contact with,

ingestion of, or inhalation of contaminated sediments. It can occur indirectly through the

. food chain or drinking water exposed to contaminated sediments. These complexities

vary with the sources of DU that can contaminate the sediment and the means b)I/ which
the contaminated sediment is moved from the point of contaminatioﬁ to the point of
exposure. DU contamination in sediments can be particulates of the projectiles, adsorbed
DU on sediments washed in where projectiles are weathering, or sediments contaminated
by contac;t with DU-bearing ground- or surface water. DU-contaminéted sediments may
be f(')und' at multiple locations where surface-dominated erosion and deposition processes
are moving and depositing them progressively downstream. They can also be found at
locations unrelated to, and far removed from, surface transport deposits, where

groundwater conduits discharge DU-contaminated water or sediments to the surface.

Modeling the exposures from these complex processes and settings requires a sediment

sampling program that collects data in a sufficient variety of locations to enable a
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projection of future impacts that are consistent with the complexities as observed to date.

Neither of the programs outlined in the FSP attempt to or are capable of doing so.
7. Surface Water Sampling

What i§ surface water sampling?

Surface water sampling, as used in the FSP, is the collection of samples of water from

streams that drain across the DU impact area at locations above, witﬁin and down stream

of the DU impact area and from water discharging from caves within the DU impact area.

Where in the FSP and its addenda are the tasks of surface water sampling

described?

The FSP provides the initial description of the surface water sampling tasks in Section

6.4, pages 6-29 to 6-31. Section 6.4.1 states the expectation of an addendum, but that

addendum has not been released. Details of surface water sampling protocols are

provided in Sections 8.2 and 8.4 and in Appendix A of the FSP.

What are the major design elements of water samples sampl.ing as laid out in the

FSP and related addenda?

The following are the major design elements of the surface water sampling task in the

FSP:

. According to Sub-section 6.4.1, surface water samples will be collected at
fourteen locations where sediment samples are also collected. These locations are

described as one where Big Creek crosses the western boundary of JPG; eight
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along Big Creek within the DU impact area, with four associated with spring/cave
locations; one where Middle Fork Creek crosses the western boundary of JPG;
and five along Middle Fork Creek within the JPG, with one associated with a

spring/cave location.

. Sampling of surface water from ponds, lakes and lagoons is not anticipated.

. The volumes or surface water samples will be 100 ml, according to Sub-section
6.4.5 of the FSP.

. Alternatively, the volumes of surface water samples will be 1 of 100 fnl (for .

uranium isotope analysis), 2 of 1 liter, and 3 of 500 ml, according to Appendix A
of the FSP, Section A.4, Table A.4-3 on page A.4-2.
Q.057 Is this design for the surface water sampling adequate for purposes of JPG DU site
characterization?
A.057 No, it is not.
Q.058 What are the deficiencies of that design for surface sampling?
A.058 A major deficiency of the surface water sampling program in the FSP is that the program
does not address the rationale for the task that is provided in Sub-section 6.4 of the FSP
on page 6.-29:
Surface water can be contaminated by DU transported by water erosion as
well as contaminated groundwater surfacing into ponds or streams.
Contaminated surface water can enter the human food chain indirectly as
livestock drinking water or directly through the drinking water supply, as
discussed previously for groundwater. In addition, fish or other organisms

indigenous to streams or ponds that contain contaminated water represent
a pathway to potential receptors.
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The exposufe pathways that are described in that rationale establish the need to identify
DU that has been, is being, or may be transported from the DU impact area to locations
where receptors may be exposed. These are locations that are not proposed to be
assessed in the surface water sampling program in the FSP. That traﬁsporf may be as DU
in surface water flowing to the point of exposure, or it may be the result of DU-

* contaminated groundwater that discharges at or above the point of exposure. With two
exceptions, the locations that are described are surface water sampling locations that are

" at or within the DU impact area, an area that is not representative of exposure locations
for fate and transport modeling. The two exceptions are locations at the western edge of 7
the JPG.l.‘ 'No surface water- sampling locations represent especially critical locations of
exposure which must be modeled. There are, for éxample, nc; locations that could sample
surface water contaminated by DU in grbundwater that is transported through karst

conduits and discharges outside JPG.

The FSP surface water sampling program identifies 14 sample locations; two specifically
and 12 only generally. These sites are co-located with 14 sediment sample locations
described in Section 6.6 of the FSP. Beyond the criterion of sharing locations with
sedimeﬁt sampling, there are no criteria and né raﬁonale provided for the selection of the
locations. There is no rationale provided that optimal locations for surface water

- samples wiH, or even can, coincide with optimal sampling locations for sediments. There
is no aiscussion of whether the selection of the surface water sample or the sediment
sample will have pr-iority in the selection of a common location site if each is not optimal,
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. or why. Base upon my decades of practice, I know of no geologic setting in which or |
reasons for which to expect that the best piaces.to ni;)nitor sediment ére also the best
places, onie-for-one,‘ to monitor surfa‘éé watef.h, |

Q.059 What is tﬁe signiﬁcance of these deficiencies?
A.059 As deécribéd in the FSP quo;cation cited above, exf)ssure pathways associated with DUT
: c()ntaminefted surface water are complex. Exposure éan occur’directly through con?act
| "vs?ith or iﬁgestion of contaminated surface water. It can obcur indirectly through the food-
chain or thrdugh contact with, ingestion of, or inhalation of sediments that have becomé _
: ‘contaminavted through contact with DU-bearing’, groundwater. These complexities vary
_with the -n;;e‘:vin_s‘ by which DU can contaminate the surface water and the means By which
*tﬁé conﬁamiﬁated.surface water is moved f:oni the péint where it becomes contaminaAted‘
to Ath"e point where exposure occurs. ﬁU éontafnination in surface wate; can révsu_lhf from
contact wti.th pafticulatéé from the projectiles, contact with adslorbbed_ DU on sedim;ants '

" washed infco the stream from areas where pfoject_iles are weathering, orfrom the N
’discﬁarge of DU-beéring groundwater to a streain, pond, or lake. Dlj-cqnta.;nihated i |

' ,sufface water may simply move progressively-’ downstream or recharge .groAundWater
Cénduits, iny to discharge again to the surface Adownstream or lin another drainvageA basin
entirely. Médeling the exposures from these complex pro.(l:esses and settings .reqﬁirés aA
surface wéter sanipling program that collects data in a sufficient vefriety of locations tov
enabl¢ a proj ection qu future impacts ihat is consistent with the complexities that can Be '
(;bscwed today. The program outlined in the FSP doeé not attempt to, and is ‘no‘t capable ”
of doing s;). |
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C. Interactive Considerations

Q.060 Do the design deficiencies of individual hydrogeologic sampling activities have
broader implications for JPG site characterization purposes?

A.OGO Yes, they do. No task of the FSP is independent of other tasks. Each task relies upon
and, in turn, is relied upon by the other tasks, when such tasks are performed in a manner
designed to provide feedback and refinement. That critical inter-relationship is not
defined or developed in this FSP. The result is isolated sets of data that have no
‘coilective meaning, that do not improve understanding of the site, and that do not provide
either the structure to the model or model inputs that allow a reasonable or realistic

prediction of dose exposure at times and for receptors of interest.

The biggest change (énd improvement) in f(he current conceptual site model over
previous models is the recognition that the JPG and DU impact area are underlain by
bedrock that has karst development and the recognition that conduits in that karst
Qevglbpment will provide preferred pathways for groundwater flow. Those conduits for
groundwater flow are similarly conduits fér any DU that contaminates groundwater_ as
well as DU-bearing sediments carried by the groundwater flow. Trécking the flows.
through those coﬁduits from DU source areas to discharge locations is the primary

characterization task that is required of the FSP as a result of the new conceptual site

model. Everything else follows from that.

Finding a location to drill into a karst system is relatively easy. Determining flow paths
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through a karst system is extremely difficult. The latter task is what must be
accomplished to meaningfully model the fate and transport of DU and the dose exposure
that subsequently results. The FSP characterization program does not map open,
interconnected conduits from source areas to discharge areas; it does not even attempt to
do so. It attempts to penetrate disconnected points in the karst system and, even were
 that effort success‘ful, does not have the means to inteéate those points into a coherent
picture of conduit flow. Absent that coherent picture, the ability to model the site in a
meaningful way will be no better after this characterization program than before this

program started.

Other épnions of the FSP characterization program are similarly ill-conceived. They
may provide data to the model, but that data has no conceptual validity or meaning. The
lqcations of stream gauging are proposea without consideration of the meaningfulness of
any data collected. Stream gauges above and below the intersections of karst conduits
with the stream will tell whether and when that conduit feeds the stream or is fed by the
stream. That information, in turn, helps map the conduit and, as importantly, the
directioﬁ dlf flow through that conduit. That information cannot come from stream
gauging locations that are selected to coincide with bridges and culverts under roads, as

are those of the FSP.

Similarly, the surface water sampling and the sediment sampling are, for no technical
reasons of data validity, co-located. And, in doing so, the FSP foregoes collection of
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-meaningful data. Surface water sample locations logically should be selected at places
Where the hydrogeology may create different conditions or water quélity. Surface water
quality data collected at points of hydrogeologic significance feeds back information
ébout the hydrogeologic feature. For example, surface water quality measured above and
below thé intersection with a conduit will convey information about the water quality in
the conduit whether or not the conduit is itself sampled. Under this FSP, not only is
significant data not collected, the failure to collect significant data robs the
charactérization program and the conceptual site model of refinement and improvement

and denies the fate and transport model the ability simulate realistic dose exposures.

.Sediment contamination is particularly synergistic and complex in areas influenced by
karst development. Ground- and surface water can be contaminated by contaminated
sediments with which they come in contact. Conversely, sediments can become
contaminated by contact with contaminated ground-or surface water. With kérst systems,
contamination can cross between dfainége basins or leapfrog downstream by
groundwater that 1s contaminated discharging substantially downstream of problems
associated with surface water. Sediment movement itself has an added dimension in
karst terrain. In non-karst aréas, éediments can be transported by surface water but not
significantly by groundwater. With karst conduits, sediments can be movea through the
subsurface just as they can by surface streams, transferring their contaminants to drainage
basins that havé no threat from sediments transported by surface water. Restricting
sediment locations to surface water locations and having those 10catioﬁs almost
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exclusively in the DU source area imposes dual blinders on the characterization program.

First, the restriction precludes identifying areas of contaminated sediments that already

exist and which, by their existence help characterize the hydrogeology. Second, the

wrong numbers go into the model that is to simulate dose exposures.

The overall objectives for the characterization program to be described by the F SP are to
generate tne necessary understanding of the site to allow a meaningful fate and transport
model to bg constnucted and to generate the input parameters that are needed for that

model to simulate likely dqses to receptors of interest at times of interest. The FSP, eyen

as modified by its addenda, Simply will not accomplish those goals.

D. Corrective Actions
What actions are required to correct the deficiencies sufficiently to produce an
adequate characterization?
The prim'a'ry focns of the FSP needs to be turned to identifying and mapping those‘,
portions of the karst system vthat constitute the interconnected groundwater conduit
systems. vAt best, the combined responses nf the FTA and the EI survey would only show
where potential karst conduits cross under a road; they could not be usnd to map those
connuits. In reality, the combined responses of these surveys as described under the
existing FSP could not. locate even the largest conduit known to exist under the DU

impact area, conduits so large they are accessible for hundreds of feet to human entry..
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‘A simpler, more ﬁractical approach is to start with diréct evidence and measurements of
- conduits and map away from those known points. Sinkholes and surveyed caves are
direct physical evideﬁce of conduits and are a good starting point for mapping. Fracture
orientations measured in bedrock eprosur‘es along streams can be integrated with cave
orientations and sinkhéle distributions to identify likely preferred orientations of karst
féatures. Based upon these investigations, multi-spectra remote photégraphy can look for

correlative visible features, if any.

- 'Gfoundwater conduits will discharge to or recharge from streams. Stream surveys that

- | are made to identify locations or reaches §f streams with signiﬁcant gains or losses are
indicative bf conduit intersections with the stream. Observing these locations under
differing flow conditions will establish any variability of the stream/conduit exchange
that is time dependent. The stream/conduit intersections can be correlated with the

- previously mapped features to identify likely conduit positions éway from the- stream.
Local geophysical investigations with appropriately oriented, fine grids can find and map
the conduits away from the stream and identify intersectiﬁg conduits. EI surveying is one
technique, but others such as seismic, penetrating radar or electrical induction are

possible alternatives.

As conduits are mapped away from stream intersections, characterization wells can be
installed into the conduits. The connection to the stream is often confirmed using dye or
chemical tracer studies. Dye or chemical tracer studies can also be used to establish
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where a conduit discharges to a stream, whether it is a stream in a different basin or

downstream of its recharge point in the same stream.

As Qith nﬁapping conduits away from exchange points with streams, conduits can be

mapped a§vay from other known points. Mapping from or between sinkhélés can be don¢
ina manner similar to doing so from streams. Subsurface mapping can similarly be
initiated from the ends of survey caves. Dye or chemical tracing can be a useful

confirmation or exploration tool in these cases, too.

Starting the maﬁping with known conduits that are part of the groundwater system has
the significant added advantage of helping calibrate the geophysical signatures with
known featu‘res of interest. This allows tracking and mapping of those karst features
kndwn to be ac.;tive cbnduits and can help avoid the inefﬁcieqt drilling of expensive wells

into karst features that are not groundwater conduits.

The result of this approach is that active karst conduits will have been mapped and they
can be instrumented with wells. Optimum locations for surface water sampling, stream
and cave gadging, and sediment sampling can then be selected based upon the conduit
networks. These locations are selected to isolate the impacts of the hydrogeologic
features that are controiling ground- and surface Wdter flow and sediment transport.
They, in turn, provide data into the fate and transport model that provide useful and
meaningful constraints on that model,. increasing the likelihood that the computed dose
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exposures will represent realistic estimates.

III. Sample Collection and Analysis Methods

Q.062 Where in the FSP and its addenda are the sample collection and analysis methods

A.062

described for the various media being sampled?

The sample collection methods for t-he various media to be sampled are described in .
general terms‘in Section 6,‘Field Activities, of the FSP. Groundwater sampling is
&escribed generally in Sub-section 6.2; biota sampling in Sub-section 6.3; surface water
sampling in Sub-section 6.4; soil sampling in Sub-section 6.5; sediment sampling in Sub-
section 6.6; Kd-related sampling in Sub-section 6.7; and corrosion-related sampling in
Sub-section 6.8. Section 8 of the FSP provides general discussions of the medium-
specific sampling that will be done for purposes of quality control and assurance,
descriptions of sample quantities and preservation requirements, arici shipping and

handiing procedures.

Appendix A to the FSP, Quality Aséurance Project Plan (QAPP), in part duplicates the
aforementioned parts of Section 6 and Section 8, while adding some detail. Sub-sectioﬁ
A-6.1 of Appendix A, Laboratory Analysis, references tables in Section A-4 for the
analytical methods for each medium. These tables present listings of sample sizes and
preservatidn protocols in addition to the analytical methods. Section A-3 contains a table
with objectives of data quality, including reporting limits for alpha activity in each
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medium.

An addendum to describe these methods in more detail for specific media is planned but
has not yet been released. However, my general understanding from past interactions
with Army and SAIC personnel is that the they expect to follow basically the same
methods used in the JPG DU Environmental Radiation Monitoring Program semi-annual
sampling activities, except when a speciﬁc difference has been identified in the FSP or its

addenda.

What media are proposed to be sampled with the resulting data analyzed under the
FSP?

Five general media are sampled and analyzed under tasks of the FSP for various purposes
associated with site characterizatioﬁ; soil, sediment, groundwater, surface water and
biota.

What are the sample collection and analysis methods described in the ‘FSP for each
of these media? |

For soil and sediment, samples will be a minimum of either 1000 grams or 8 oz (~225 |
grams), depending upon whether the Section 6 text of the FSP or Table A.4-2 is the
controlling protocol. Samples will nét be preserved. Any watér collected with a

sediment sample will be retained with the sample. Sediment samples will be collected |

- from the top six inches of that medium. Soil samples will be collected as six-inch

increments from the surface to a depth that shows gamma activity indistinguishable from
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background. No analyses for anything other than uranium is described and the QAPP
reporting limit objective is 2 pCi/g, using the ASTM D3972-90M procedure for

measuring alpha activity.

For groundwater and surfaqe water the minimum sample size is 100 'ml-for uranium
activity analyses, and the QAPP reporting limit objective is 1 pCi/L, using the ASTM -
D3972-90M procedure for.measuring alpha activity. Appendix A specifies no ﬁltefing
for water samples, but Section 6 alludes to possible filtering of groundwater. Appendix
A, Table A.4-3, also specifies 1-Liter or 500 ml samples for laboratory analyses of other
classes of constituents in the water, but does not identify the analytes individually and
QAPP reporting limit objectives for non-radiologi-c analytes are listed as TBD, or to be

determined.
For biota, see the testimony of STV witness Henshel.

What in your opinion are the minimum requirements for media sampling and the
subsequent analyses?
For each medium, the sampling needs to occur at the time(s), at the place(s), under the

condition(s), and in sufficient quantity(ies) to produce data meaningful to the eventual

 task of modeling the site for fate and transport of DU out of the impact area and the

computation of realistic dose exposures at places and times of interest. For each sample
that is so collected, the analytical methodology must be capable of generating data of
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sufficient accuracy and precision to achieve those same results.

Q.066 In your opinion, are the sample collection and analysis mefhods described in the
FSP adequate for purposes of JPG site characterization?

A.0:66. No, they are not.

Q.067 Are your concerns with sampling and analysis common to multiple media or are
they specific to a single mediuﬁ.

A.067 Tﬁere ére common eleménts of concern and there are elements that are medium specific.
In general, the sampling protocols are medium-specific and the analyﬁcal concerns
impact multiple media. However, there are times when safnpling methods create

- inadequacies in the analytical results, as can occur, for example, when the sampling
protocol specifies a sample that is too small to produce a reliable, rﬁeaningful analysis.

Q.068 What are common area.s of concern among the various media Qvith respect to
analytical protocols?

A.068 Thf: common areas of concern among the various media are relate_d to DU in the samples.
The most basic level of concern is whether the analysis can determine whether DU is in
the >samp1e and, if so, at what concentrations.

Q..069 ‘Which of the media you listed are subjecf to the analytical concerns fegarding DU
detectiovnbin samples zind establishing the DU concentration?

A.069 Each of the five media are subject to those concerns.

Q.070 Are there deficiencies in the analysis methods for DU?

A.070 Yes, both with respect to the detection of DU and with respect to measurement of the
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co,n_centrétion of DU in the éamples' of each medium. There are two aspecfs with réspect A

to each of these deficiencies. One aspect lies with the analyse,slthe'mselves and the other

lies with the interpretation of the analyseé. |

' Q.Oﬂ What are the inadequaciéé with respect to the analyé_es ;)f thése samples?
v ..A'071 ;Fhe, analyses that are run for uranium in these media samples are not chemical aﬁélyses

4 of uranjuni; )Thc?y ére vanalyses that are based upon charactén'stic radioactivé decay.

- Some sarﬁ;ples afe analyzed for gross gamma activity. An exampie of this is the criterion
.Wfor addiﬁg ne'v;/ Sédiment sam’plé sites at locations Wheré. a surface gammé scan exceeds
(tﬁe. a‘rbi.traryr incre,g;sé over the “background” level, i.e., the gamma scan wheré DU |

. contaminaﬁon 1s B\eliéved not to Vexis,t.v For'most sa{mples, however, the analysis is thé

measu;emeﬁt of alpha activity.

For all 'sariﬂples which might represeﬁt migrating DU, th_e samples are analyzed for the .
o R alpHa‘ radiéti_dn attributable to thlreé natu.rally occurring uraﬁjurh iéqtolﬁes; U-234, U-235, |
I,aind U-238. Naﬁrally occurri;lg'urgniﬁm has characteristic r,atios: among the alpha |
§ fanbéétiQityllevelé bf these isotopes. Debleted uraniﬁm has différeﬂt chéracteristic
alphé{avctiility fatios among t.hese'isotopes, as does enriched uranium. Thﬁs, in ‘theqry,’_
s 'isb_tqpe(angl}lse's using alpha éctivity measureme;its can ﬁbt oﬁly establish“thc‘e» t-otal

~ uranium activity, it can potentially distinguish among sources of that uranium.

Radioactive decay is a random process. Thus, the greater the number of nuclei, i.e.; the
- greater the mass of a radioactive isotobe, and the longer the time period of the count, the
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greater the number of decays and the more precise the measure of the decay rate. In the
case of multiple isotopes, the greater the precision of the individual isotope activities, the
greater the precision in the ratios between isotopes and the surer one can be of

interpretations based upon those ratios.

The analysis of samples Ifor alpha activity of uranium isotopes proposed in the FSP is
deficient because the size of the samples is too small to provide-the mass necessary to
provide count rates of sufficient precision to allow unambiguous identification of DU
presence or concentrations at low levels of contamination. The reduced sample size is

reflected in the large QAPP reporting-limit objectives for uranium isotopes.

Why is it necessary ‘to identify the presence of DU and establish its concentrations at
low levels?

If the samples were being taken for purposes of compliance with a permit’s effluent
limitation, quantification of DU at low concentrations would not be important. Precision
would only bé needed at levels near the compliance standard. For the purposes of the
FSP, however, it is both necessary and important. The objective of the FSP is not to
compare current DU concentrations with a current compliance standard. The
characterization obj ective of the FSP is to provide valid, site-specific data that allow a
fate and transport model, whether RESRAD or some alternative program, to realistically

and reliably predict the future movement and concentrations of DU at places removed

from the sampling locations for the purposes of estimating dose exposures.
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Q.073

A.073

Whether the computations of a fate aﬁd transport model are predictive or speculative
hinges upon whether the model is con.strained with data specific to the site being modeled
and whether there are data against which the model can be calibrated. For efforts like the
modeling of the JPG for DU exposures to potential receptors off-site at some point in the
future, finding hard data against which to calibfate the model’s computations is essential.
For calibration purposes, quantifying the existence of any DU in even a single medium
greatly constrains the computational freedom of an otherwise uncalibrated model and
moves the results of simulations from the realm of speculation toward that of reasonable
prediction. Even establishing that DU does notvexist in a medium above a very low
detection threshold provides meaningful improvement over the condition of no DU above
a high detection threshold.

Can ‘you offer an example of where small Sample size interferes wifh the ability to
identify DU or establish its concentration? | |

Yes. Inthe April, 2006 ERM report (ML062900028), the surface water samples
collected frpm Big Creek at the downstream sides of both the DU impact area and JPG
reported U-238/U-234 alpha-activity ratios above 3. These ratios exceed the threshold of
2 held as indicative of DU in the FSP (Sub-Section 2.3.1, page 2-14). Although that
criterioﬁ was exceeded, the Army dismissed the significance of these data because of the
statistical uncertainty associated with low count rates. The count rates are proportional
to the mass of the sample analyzed. For these samples, the standard operating procedure
for sampling groundwater and surface water is one gallon (ML062900028, Appendix A,
page A-5). Based upon the field notes associated with the April 2006 sampling event
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((ML062900028, A}ppendixA B),l the actual sample sizé was only 500 ml. | The analysis
was performed on a sample only‘about 1/9 that spe;:iﬁed in the sfandard 6}?erating
procedure. Had a sample of the specified size been analyzed, the count rates would have
been sub;tantially higher (approximately 9-fold) and the uncertainties substantially

~ lower. In this case, unnecessarily low count rates, due to small sample size.,l produced

uncertainties that allowed the Army to reject the indication of DU in the sample.

A critical deficiency of the FSP is that ground- and surface water samples will only be‘
100 ml, 1/5 that of the ERM samples that already exhibit uncertainties that cloud their
interpretation. This deficiency is compounded by the high QAPP reporting limit
ébjective for water of 1 pCi/L. For the cited ERM data, all individual isotope acfivities

| for surface water samples and most for grouﬁdwater samples are below the FSP reporting
limit dbjective. The effecf of the FSP analytical method, implemehted by the small

- sample .size and high reporting limit, is to reduce the resolution of the analyses, not
increase it, thereby imposing blinders to the existence and concentrations of DU

migrating from the DU impact area..

The situation is similar for soil and sediment samples. For solid sarﬁpleé, the FSP
specifies sarﬁples of not less than 1000 grams in the main text. However, Appendix A of
_the FSP specifies sample sizes for solid media of 8 oz., less than 1/4 of the size stated in
the FSP main text. If the smaller sample size prevails, the resolution of low
concentrations of DU will also decline. Every unnecessary decline in the resolution of
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Q.074

A.074

DU concentrations results in an avoidable deficiency in data available for the modeling.
What deficiencies exist that are specific to a particular medium with respect to
sampling methods?

Sampling for groundwater and surface water must be explicit in requiring that samples

“being analyzed for uranium isotopes not be filtered. Filtering of water samples will

remove suspended organic and inorganic particles moving with the water. Any DU on

those particles will also be removed. The result will be an underestimate of DU transport

~ from the source area in these media. As worded now, the FSP is inconsistent.

Groundwater may be required to be filtered according to Sub-section 6.2.9 on page 6-23,

and procedures ére specified to do so. By contrast, Sub-section 6.4.5 on page 6-30.states

that surface water will not be filtered.

Stream sediment sampling at present under the FSP consists of sampling sediments from
locations on the banks of streams. With the exception of one location on each Big Ci'eek
aﬁd Middle Fork Creek at thé west side of the JPG, theé.e are sediments deposited by
streams within the DU area, not sediments that aré being transported from the DU impact
area to potential areas of exposure. It is possible under the FSP, if samples are takenin
the wrong places, e.g., on the cut (outside) bank of a streafn meander, that an FSP
sediment sample may consist of sediments that pre-date DU use at the site. Streams are

also not being sampled for sediments that are béing actively moved by the streams. Since

the FSP does not sample sediments being moved, it also cannot evaluate the load of

uranium being transported from the DU impact areas to locations downstream, or
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establish how far those loads are moved.

Thére is no program in the FSP to monitor sediments that are transported with water
moving through the karst conduits. There is no question that the karst conduits can and

_ do receive sediments from the surface, as documented by the JPG karsf investigation
(Sheldon, 1997), which describes both aﬁimals and ordinance that were fouﬁd in caves
beneath sinkhole entrances, cave streams with beds of sediment, aﬁd even at least one
stream that drains into the sink hole entrance to one cave. As présently written, the FSP
does not sample sediments as they. move throxigh karst conduits and may authorize
filtering éf sampiesto remove suspended sediments. That effectively eliminates two of
the three mechanisms that can transport DU through the groundwater conduits undeﬂying

the DU impact area and JPG. Such an approach is clearly deﬂci’eynt..

Each of these deficiencies has the potential to mask DU migration away from the DU
irhpac_t area, precluding the ability to determine to where and at what eventual
concentrations it will be found. Those are the types of data that are core to any attempt to

compute dose exposures outside JPG by the site model.

The FSP p(rovides no task associated .with the soil sampling within the DU impact area
that will address the potential for fractionation that occurs during projectile weathering
and transport, modifying isotope ratios from those observed in intact, metallic DU.

F réctionaﬁon sufficient to change isotope fétios has been den.lonstrated'as aﬁ effect of
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redox reactions facilitated by micro.-organisins (Rademacher, et al., _Experiment‘e’lllyA v
Determined Uranium Isotope Fractionation During Reduction of Hexavélent U by |
Bacteria and Zero Valent Iron, Environ. Sci. Technol. 2006, 40, 6943-6948.). Just as
alpha-recoil can alter uranium isotope ratios in some media with naturally oécurring
uranium, fractionation during weathering of projectileé withih soiis and migration of

weathered DU through the soils may alter isotope ratios for mobile and residual DU from -

. the ratios of the metallic uranium in the projectiles. Unless those changes are identified

Q.075

A.075 .

and tracked, one cannot know what isotope ratios in which medium will represent
migrating DU. Missing DU or overestimating DU due to erroneous assumptions of

isotope signature will introduce corresponding errors in the site modeling of exposures.

What actions are required to correct these deficiencies?
With respect to isotope analyses, sampling and laboratory protocols should be established

that will allow the identification and quantification of DU at levels that constitute 25% or

more of the total uranium in the sample of any particular medium. This can be

accomplished by collecting a sample of sufficient size and/or increasing the count rate
window or both. Alternatively, the FSP copld be rewritten to establish the isotoi)c |
concentrations using chemical réther than, or in-addition to, radiological methods. 1
Groundwater z‘md surface water samples should be collected without filtering, to ensure
that uranium moving with suspended sediments dées not escape detection and
fneasurement. Sampling for the suspended DU should also be pgrformed over sufficient
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ranges of stream or conduit flow to establish temporal variations of suspended sediment

transport and long-term totals.

Sediment sampling should be redefined in the FSP to focus on DU in sediments being
transported by surface water and conduit groundwater, rather than DU in sediments that
have been deposited in the DU impact area. As with suspended DU, sampling for DU-
bearing sediments should also be performed over sufficient ranges of stream and conduit
flow to establish temporal variations of sediment transport and long-term totals. In
addiﬁoh to measuring the terﬁporal variability of sediment transport, the location(s) of

where these sediments are deposited outside should be mapped.

As part of the FSP assessment of DU corrosion and weathered DU movement through
soils, the task of studying any effects of fractionation should be added. If fractionation
doeé make material changes to the isotope ratios in soil relatiye to the original projectile,
appropriate adjustments to the DU isotope signature in downstream media needs to be

recognized and included in the analysis of that data.

Page 80 of 81



PREFILED DIRECT TESTIMONY OF SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG EXHIBIT CHN.

IV. Verification
I declare, under penalty of perjury, that the foregoing testimony is true and correct to the best of

my knowledge, information and belief. July 13, 2007

| ot HH s

Charles H. Norris, PG
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Geo-Hydro, Inc. - ] . .Charles H. Norris, P.G.
1928 East 14th Avenue : , (303)_ 322-3171

Denver CO 80206
cnorris@geo-hydro.com

SUMMARY OF QUALIFICATIONS

~Thirty plus years of professional experience in geology, hydrogeology and management in the applied and theoretical
geosciences. Experience includes performance, oversight review, or management of site assessment; RI/FS; computer
modeling of fluid flow, contaminant transport, and geochemistry (applications and code development); policy and rule . -
making procedures; aquifer evaluation; resource development; and litigation support; nationwide and internationally.

PROFESSIONAL EXPERIENCE

GEO-HYDRO, INC., Denver, Colorado, (1996-present), Principal, CEO, Vice-President

HYDRO-SEARCH, INC., Golden, Colorado, (1992-1996), Director of Hydrogeology

UNIVERSITY OF ILLINOIS, Urbana, Illinois, (1987-1992), Research Associate; Manager, Industnal Consortium for
Research and Education for the Laboratory for Supercomputing in Hydrogeology

Consulting Hydrogeologist/Geologist, Champaign, Illinois and Denver, Colorado, (1980-1992)

MGF OIL CORPORATION, Denver, Colorado, (1985 - 1986), Manager Geological Engineering

EMERALD GAS AND OIL, Denver, Colorado, (1980°- 1986), President and Owner

PETRO-LEWIS CORPORATION, Denver, Colorado (1980), Districts Geologist

TENNECO OIL COMPANY, Denver, Colorado and Houston, Texas, (1977-1980), Senior Geological Engineer

AMOCO INTERNATIONAL OIL COMPANY, Chicago, Illinois, (1975-1977), Senior Geologist -

SHELL OIL COMPANY, Houston and Midland, Texas, (1972-1975), Exploration Geologist -

PROFESSIONAL REGISTRATIONS, MEMBERSHIPS, AND AFFILIATIONS

Professional Geologist: Illinois (# 196-001082), Indiana (# 2100), Pennsylvania (PG003994), Utah (#5532631-2250),
Wisconsin (# 924), Wyoming (#2989)
Registered Environmental Professional (#5350), State of Colorado, Petroleum Storage Tank Fund

National Ground Water Association
Colorado Groundwater Association (Vice President 1999, President 2000, Past- Pre51dent 2001)
Professional Geologists of Indiana (past)
The Colorado Mining. Association (past)
" Itlinois Groundwater Association (past)
American Association of Petroleum Geologists (past)

Phi Beta Kappa, Phi Kappa Phi, Sigma Xi

EDUCATION

' B.S., Geology, University of Illinois, High Honors and Distinction in Geo]ogy, 1969
M.S., Geology, University of Washington, National Science Foundation Fellow, 1970
- University of Illinois, all but dissertation completed for Ph. D., Hydrogeology, 1992
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PROJECT EXPERIENCE

RI/FS & GENERAL SITE INVESTIGATIONS

L 2

Manager for technical assistance through a Technical Assistance Program (TAP) grant from PRPs to local
citizens’ group. Assistance through grant to provide assessment and feedback on site work products as they

.are developed and implemented, explain the remediation processes and activities to the citizens, and serve as

technical liaison between citizens and remediation team.

A
Modeler and hydrogeologic consultant at industrial tank farm adjacent to the Chicago Sanitary and Ship Canal
in northeastern Illinois. Assess hydrogeologic data, interpret aquifer testing, and model groundwater flow in
soil and fractured carbonate bedrock in area of DNAPL accumulation as part of site charactenzanon and
voluntary remediation design.

Manager and Hydrogeologist of groundwater investigation at an industrial dump site adjacent to the Illinois
River in north Central Illinois. Investigated fate and transport of 3-4 decades of disposal of mixed, hazardous

" industrial wastes at a non-engineered floodplain dump site. Expert-testimony and legal support. Pre-trial

settlement provided for installation of monitoring system in lieu of site characterization.

Manager of groundwater flow modeling performed as part of the groundwater characterization effort and as
part of the preliminary remedial designs. The site is a Superfund site involving both organic and metals

~ contaminants at a wood treating facility in an urban area in Alabama adjacent to a major commercial waterway.

'Manager of groundwater flow modeling performed as part of the groundwater characterization effort and as

part of the 90% and Final remedial designs. The site is a high profile Superfund site mvolvmg both organic
and metals contaminants at a wood treatmg facility in Northern California.

Technical Advisor assisting in the evaluation of aquifer properties and well performances for an extraction well
field near Sacramento CA. A high volume pump and treat system for chlorinated solvents showed strong and
anomalous decline in productivity. Detailed evaluation identified both possrble causes and recommended
operatlons changes to alleviate the problems.

Technical Advisor assisting in the evaluation of aquifer properties and well performances for initial installation
of a high volume extraction well field in Southern California. The chlorinated solvent plume associated with
a Superfund site impacted a large area in a layered, heterogeneous groundwater basin managed intensively for
public water supplies.

Senior oversight and review in the evaluation of aquifer and soil properties, and the remediation of the soils

- contamination and groundwater impacts associated with compressor facilities of interstate gas transmission

companies. Various projects and sites in western Colorado, Wyoming, and the Texas panhandle.

Technical Advisor for the Remedial Investigation/Feasibility Study (RI/FS) of the Landfill Solids and Gases
Operable Units at the Lowry Landfill CERCLA site located near Denver, Colorado. This project involves the
characterization of the extent of potential contamination within the unsaturated zone adjacent to this high
profile site. Work involves extensive coordination and interaction with multiple PRP groups as well as various
regulatory agencres

PrO_] ect Manager for independent oversight of a proposed low-level radiocactive waste disposal site. Task was
to develop technical and legal program for governmentally funded intervener's case as part of adjudicatory
hearings on a high-profile, proposed disposal facility and involved identifying, retaining and educating legal
staff, retaining a team of technical experts, negotiating fees, coordinating work product and presentations,
providing liaison with citizén's groups, responding to press and integrating personal testimony on
hydrogeology and modeling. Expert testimony and legal support.
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LANDFILL SERVICES

*

Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment of existing water quality
and off-site migration from existing licensed landfill near Joliet IL. Work includes groundwater flow modeling
of remedial alternatives and groundwater impact assessments of various alternatives for submittal to IEPA.

Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment for siting of a proposed
expansion for a hazardous waste landfill in Peoria County, Illinois. Expert testimony and legal support.
Review identified errors in application, unaddressed contamination on facility property, and inappropriate
modeling design and implementation. ' "

Project Manager and Hy&?ogeologist for a geologic and hydrogeologic assessment for siting of a proposed
regional landfill by expansion of local landfill in Ogle County, Illinois. Expert testimony and legal support.
Review identified in errors application, unaddressed existing leakage, and potential risk to publlc water supply.
(Three hearings)

PrOJect Manager and Hydrogeologist for a geologic and hydrogeologic assessment for siting of a proposed
regional landfill by expansion of local landfill in Kankakee County, Illinois. Expert testimony and legal
support. -Review identified errors in application, unaddressed existing off-site leakage, and inappropriate
modeling design and implementation. (Two hearings) '

Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment of a proposed regional
landfill in Will County, Illinois. Expert testimony and legal support. Research documented numerous errors
in application which resulted in underestimation of infiltration rates and potential migration rates. Identified
evidence of sub-karstic migration pathway from site to nearby stream.

Project Manager and Hydrogeologrst for a geologic and hydrogeologxc assessment of a proposed regional
landfill expansion at East Peoria, Illinois. Research documented current leakage from the existing landfill into
the regional unconfined aquifer within the cone of depression of the municipal water supply wells. In part as
aresult of the evaluation, the proposed expansion has been abandoned. Expert testimony and legal support.

Project Manager and Hydrogeologist for a geologic and hydrogeologic assessment of a proposed regional
landfill at Ottawa, Illinois. Provided testimony at county hearings identifying and documenting site-specific
conditions that invalidated part of the ground water evaluation testing, necessitating the need to re-evaluate .
the groundwater flow system and redesign the monitoring system. Expert testimony and legal support.

Project Manager and Hydrogeologlst for a geologic and hydrogeologic assessment of existing municipal
landfills and a proposed landfill redesign and expansion at Salem, Illinois. Provided testimony at city hearings
documenting existing landfill leakage and identifying site-specific conditions that complicate the desxgn ofa
reliable monitoring system Expert testrmony and legal support.

Project Manager and Hydrogeologist for site evaluations of the geology and hydrogeology of several proposed
municipal landfills and a landfill expansion in Bartholomew County, Indiana. The review of the expansion
demonstrated inadequate monitoring of the existing facility. One proposed site showed possiblé, current

.ground water usage fromunder the proposed facility and conditions that may preclude state-level site approval.

Project Manager and Hydrogeologist serving in consultation to the Board of Wayne County, Illinois, regarding
a proposed expansion to a regional landfill. Investigation and oversight established viability of the physical
site and improvements that were needed in operatmg procedures and monitoring efforts. Expert testimony and
legal support

PrOJect Manager and Hydrogeologist for an assessment of an existing regional municipal landfill at Urbana,
Illinois. Principle problems included ground water contamination, unplugged well(s) within the facility
boundary that penetrated the aquifer serving public water supplies and a monitoring system inadequate to



PREFILED DIRECT TESTIMONY OF SAVE THE VALLEY, INC.
CHARLES H. NORRIS, LPG EXHIBIT CHN-1

evaluatethe contaminant migration. Results of the evaluation include an expanded system of monitoring wells,
improved protocols for ground water sampling and revised statistical procedures to determine background
water chemistries. .

Project Manager and Hydrogeologist for a site assessment of a proposed municipal landfill expansion in west
central Indiana. Established feasibility of using the engineering and design features of the expansion to prevent
contamination from the pre-existing non-engineered facility.

Project Hydrogeologist for a site assessment of a proposed saturated-zone, regional balefill in central Illinois.
Principal problems involved the evaluation of the hydrogeologic characteristics of the strip mine spoils within
which excavation would occur, the blasted mine bottom upon which the liners would be built and the materials

“available for liner construction. Expert testimony and legal support.

Project Manager and Hydrogeologist for a site assessment of a proposed municipal landfill expansion in
Livingston County, Illinois. Principal problems involved the evaluation of the impact of shallow coal tunnel
mining beneath the site and reaction of waste leachate with unusual clay mineralogy important to waste
isolation at the site. Expert testimony.

Technical Reviewer of site assessment and re-assessment of a proposed inter-governmental regional landfill
in central Illinois. Verified unanticipated, politically unacceptable risks to major aquifer system serving public
water supplies. Assisted in drafting of technical policy statement that permitted new siting efforts to proceed
in the jurisdiction. Expert testimony.

WATER RESOURCE EVALUATION & DEVELOPMENT

*

Manager for ground water modeling effort associated with the development of a high-volume ground-water
supply and delivery project in Colorado. The effort included investigating and evaluating a previously used,
court-accepted model, adapting and updating the model, and applying the model to assess the impacts of a
proposed private ground-water diversion project that would be the largest in the United States. Ongoing effort
includes subsequent review of alternative proposed model and further litigation support.

Manager for review of an application for an expansion of a large long-wall mine in southeastern Ohio. The
review identified extensive unrecognized mining-related impacts to water supplies from historic mining and
identified hydrologic risks to a unique old-growth forest adjacent to the proposed expansion, and resulted in
an appeal of the application. Expert testimony and legal support.

Manager for ground water modeling effort associated with the development of a surface reservoir designed
for conjunctive use of ground and surface water to reduce peak ground water pumping demands in Denver
metro area. The effort included investigating and evaluating a previously used, model, adapting and updating
the model, and applying the model to assess the impacts of project on other water rights. Study is a component
of the EIS.

Project Manager for multi-company effort to model thermal loading of northern Nevada surface waters as a
result of mine dewatering project. Successful liaison among technical staffs and regulators and modeling work
for a high profile EIS resulted in approval of discharge permit.

Project Hydrogeologist for the feasibility study of a small lake for a northern Illinois nursery, to be used for
recreation, fishing and irrigation. Evaluated shallow and intermediate ground water and surface run-off,
reviewed engineering design and directed ground and surface water sampling program to determine nutrient
levels.
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HYDROCHEMISTRY

L 4

Principal Investigator for grant to research the geochemical implications of using alkaline addition as one
means for preventing and/or remediating inorganic contamination resulting from acid mine/rock drainage.
Empirical and modeling evidence showed conditions under which alkaline addition can cause or exacerbate
contamination of some constituents of concern.

Project Manager, hydrogeologist, geochemist for ongoing investigation of metals contamination of a trout
stream in West Virginia. Impacts from natural and industrial sources , present and past, evaluated to segregate

- relative significance of various sources. Includes expert testimony and legal support.

Project Geochemist and Hydrogeologist for evaluation and critique of modeling protocols used by USEPA for
risk assessments performed as part of regulatory determinations for various solid wastes. Identified errors in
methodology and input that had caused previous modeling to mischaracterize risks for settings with observed
damage cases. Computer modeling.

Geochemist and Hydrogeologist for evaluations of inorganic groundwater chemistry at an industrial RCRA
site near Joplin MO. Federal lawsuit filed pursuant to PRP contribution and sources and timing of
contamination. Was able to use geochemical interpretations to establish significant elements of aquifer
characteristics and implications for contamination routes. Expert testimony.

Project Hydrogeologist and Geochemist for evaluations of proposed coal combustion waste disposal as part
of reclamation activities at surface coal mines in Southwestern Indiana. Ongoing efforts are targeted toward
refining regulatory framework for disposal efforts, establishing effective characterization and monitoring
programs and determining appropriate operation and engineering practices. Project involves extensive
interdisciplinary effort and expert testimony. '

Project Geochemist for the investigation of the impacts of remediating acid mine drainage by installing
bulkheads to flood exhausted mine working. Predictively modeled water chemistries in situ, within flooded
mine, along flow paths and upon surface discharge. Assisted in preparation of testimony that resulted in permit
approval for the San Juan County, Colorado project.

Project Manager and Project Geochemist/Hydrogeologist for investigation of potential environmental impacts
of disposal of coal combustion wastes (CCW) as part of a reclamation plan at a surface coal mine in northern
New Mexico. Performed or directed geochemical, infiltration and flow modeling of the proposed project to
identify optimum disposal methods and worst case impacts. Presentation to State resulted in approval of this
precedent-setting project.

Project Manager, Geochemist and Hydrogeologist for an investigation of a proposed disposal/construction
project to build a central Illinois ski mountain from fly ash produced by a co-generating plant operated by a
major food products manufacturer. The investigation involved overseeing an engineering review of project
plans, a site investigation and evaluation, geochemical modeling of initial and final mineralogical composition
of the mass and of the leachate chemistry and evolution and the impact on the hydrogeologic and structural
integrity of the project. Expert testimony and legal support.

RELATED PETROLEUM INDUSTRY EXPERIENCE

K

Project Manager for the environmental assessment of 82 Texas producing properties targeted for acquisition.
Evaluations included site walk-overs, surface soil and liquid sampling, radiological monitoring and geoprobe
sampling of soils and ground water. The assessments documented a multitude of impacts from both exempt
and non-exempt wastes that, unrecognized, could have resulted in substantial financial exposure to the client.

Project Geologist and Petrophysicist for an investigation of resource potential of coal bed methane in San Juan
Basin of New Mexico and Colorado. Study focused on innovative log analysis techniques; formation water
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chemistries, production rates and disposal problems; well drilling, completion and re-completion practices; and
detailed subsurface facies and structural mapping and stratigraphic correlation in shallow coal beds of

Kirtland/Fruitland/Pictured Cliffs shoreline complex and relationships to overlying Tertiary sandstones.

Developed a successful play in the Hunton and Mississippi Lime formations of northwest Oklahoma. The play
recognized the secondary porosity systems of both formations (dolomitization and fracturing, respectively) and
the genetic significance to each of the buried topography at the intervening unconformity.

Managed a detailed reservoir study of a Cotton Valley gas field in east Texas that resulted in RRC approval
of non-standard spacing based upon the recognition of secondary porosity and a dual-conductivity system that
resulted from drape-induced fractures. The revised spacing both protected resource ownership and conserved
the costs of infill drilling. Expert testimony and legal support. '

Project Geologist, Petrophysicist and Expert for various contested adjudicatory hearings apportioning oil and
gas ownership. Cases involved primary recovery of both oil and gas and secondary recovery of oil. Accepted
as expert (geology, hydrogeology, and/or geological engineering) in Oklahoma, Texas, and Wyoming.

ADDITIONAL PR OFESSIONAL EXPERIENCE

*

Invited presenter to National Research Council of the Natlonal Academy of Sciences, Committee on Mine
Placement of Coal Combustion Wastes.

Appointed member of a Quality Assurance Committee under the West Virginia Department of Environmental
Protection. The committee, comprised of representatives of state and federal regulators, industry , and
interveners, was charged with a year-long review of state mining applications and approval practices relative
to mining under the state and federal surface mining laws.

Invited presenter to National Research Council of the National Academy of Sciences, Subcommittee on
Alternatives, Study on Coal Waste Impoundments.

Project Manager and Hydrogeologist for the review of Proposed and Revised Proposed Criteria for the Siting
of a Low Level Radioactive Waste Disposal Facility in Illinois. Evaluation was targeted toward both technical
content and processes of selection. Testimony and wntten comments led to significant improvements and
flexibility in the Criteria as finally published.

Project Hydrogeologist testifying at hearings before the Illinois Pollution Control Board on regulatory language
for the Illinois Ground Water Protection Act. Contributed major conceptual and specific language changes
to the final promulgated rules for Ground Water Quality Standards and Regulations for Existing and New
Activities with Setback Zones and Regulated Recharge Areas. Expert testimony and legal support.

Project Hydrogeologist and Log Analyst for three applications to U.S. EPA for permits to continue deep well
disposal of hazardous wastes in east central Illinois and southern Ohio. Project required evaluation of
geophysical logging data to determine injection zone and confining layer properties, regional flow systems,
chemical interactions of the waste stream with the native rock and the ability of the injection system to isolate
the waste from the environment.

'REPORTS, PRESENTATIONS, AND PUBLICATIONS

Norris, Charles H., 2005, “Water Quality Impacts from Remediation Acid Mine Drainage with Alkaline Addition”, draft

version released to National Research Council of the National Academy of Sciences, Committee- on Mine
Placement of Coal Combustion Wastes, Geo-Hydro, Inc., Denver CO, July 3, 2005

Norris, C. H., “notes fromthe front. . . Overview of three sites”, invited paper before National Research Council of the

National Academy of Sciences,- Committee on Mine Placement of Coal Combustion Wastes, Evansville IN,
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March, 2005. . i

Norris, Charles H., 2004, “Environmental Concerns and Impacts of Power Plant Waste Placement in Mines”, Presented
at Harrisburg PA, May 4-6, 2004. Published in Proceedings of* State Regulation of Coal Combustion By-
Product Placement at Mine Sites: A Technical Interactive Forum, Kimery C Vories and Anna Harrington, eds,
by U. S.-Department of Interior, Office of Surface Mining, Alton IL, and Coal Research Center, Southem
Illinois Umversny, Carbondale IL.

Norris, C. H., “Developing Reasonable Rules for Coal Combustion Waste Placement in Mines. Why? When? Where?
How?”, USEPA Contract 68-W-02-007, IEI Subcontract 7060-304, Invited paper at USEPA MRAM meeting,
Rosslyn VA, September, 2003.

Norris, C. H., “So, You think You’re a Geo]ogist? (F.Kafka to A. Liddell, In Wonderland)”, Colorado Ground Waster
‘Association Monthly Meeting,, Denver CO, September, 2002. .

Norris, C. H., “Assessment of the Anker Energy Corporation proposal for mining and reclamation, Upshur County,
West Virginia.” Independent evaluation on behalf of Anker Energy Corporation and West Virginia Highlands
Conservancy July, 2002. ( .

Norris, C. H., “Coal Combustion Waste: Coming soon to a neighborhood (and maybe a faucet) near you.” Colorado
Ground Waster Association Monthly Meeting,, Denver CO, May, 2001.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter‘of Docket No. 40—8838-MLA

U.S.ARMY ASLBP No. 00-776-04-MLA

(Jefferson Proving Ground Site) July 13, 2007

UNOPPOSED MOTION OF SAVE THE VALLEY, INC.
TO EXTEND BY ONE WEEK THE DATES FOR THE PREFILING OF
THE DIRECT TESTIMONY OF DIANE HENSHEL AND THE FILING OF
ANY RELATED MOTION IN LIMINE AND RESPONSE THERETO
Intervernor Save the Valley, Inc.(STV), by counsel, respectfully moves to extend by one
week the dates for the prefiling of the direct testimony of STV expert witness Diane Henshel, Ph.D.,

and the filing of any related motion in limine and response thereto. This would extend the date for

the prefiling of Dr. Henshel’s testimony from July 13 to July 20, 2007, the date for the filing of any

related motions in limine from J uly 23 to July 30, 2007, and the date for the filing of any responses

to any motions in limine from August 2 to Aﬁgust, 9, 2007. No other dates in the approved

procedural schedule are proposed to be extended. Counsel for STV has been authorized to represent

to the Board that neither the Army nor the Staff objects to this moAtion.

In support of its unopposed motion, STV would respectfully show the Board:

1. Dr. Henshel is an expert witness retained by STV to present testimony and contribute to -

-the posiu'én état‘ement due to be filed this date by STV with respect to several matters, including

biological and air sampling activities and related data collection and analysis protocdls.

=. Dr. Henshel’s father died on June 29, 2007, following a very difficult final illness and _



under circumstances which required Dr. Henshel to attend h1m athorne and in the hdépital in
Scarsdale, NY, for extended periods of tirne this Spring, rncluding rnuch of the month .of .tune,
2007. R

3. Making arrangements for and attendrng her father’s ﬁmeral srttmg shzvah and
addressmg other personal, famrly, and legal matters associated wrth her father s death prevented Dr.
Henshel from returning to her home and ofﬁce in Bloommgton, Indrana until Tuesday, J uly_ 10,
2007.

4. Despite due diligence on her part, these unavoidable personal circurnstances have |
precluded Dr. Henshel from comnleting her expert testimony and contributing to the related part of
the STV position statement due to be filed today. | |

-5. With continued due diligence on her part, Dr. Henshel reasonably believes that she can
complete her testimony and her contribution to the related part of the STV position statement in.
such time as to permit them to be filed by Friday, July 20, 2007.

6. The same one week extension requested for the prefiling of Dr. Henshel’s direct

testimony is being requested for the filing of any related motion in limine and response thereto.

7. To document Dr. Henshel’s personal circumstances, her Verified Statement is attached.

WHEREF ORE, STV respectfully moves that the date for the prefiling of Dr. Henshel’s direct |
' teStimony be extended from July 13 to July 20, 2007, the date for the filing of any related motion in
limine be extended from July 23 to July 30, 2007, and the date for the ﬁhng of any response to any -

related motion in limine be extended from August 2 to August 9, 2007 as well as any other rehef

appropriate under the circumstances.



Respectfully submitted,

Michael A. Mullett, Senior Counsel
Mullett & Associates

309 West Washington Street, Suite 233-
~ Indianapolis, IN 46204 '
Phone: (317) 636-0025

‘Fax: (317) 636-5435

E-mail: mmullett@mullettlaw.com

Attorney for Save the Valley, Inc. -
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U.S.ARMY ASLBP No. 00-776-04-MLA
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VERIFIED STATEMENT OF.DIA.NE HENS
I declere, under the pexialty of perj ﬁry, that the following statement is @c: |
1. My name is Diane Henshel. | A‘

2 Iam i person over the age of cighteen years.

3. 'v{y business address is the Scheol of Public and Envn'onmental Affairs, Indlana
University, 1315 E 10th #340, Bloomington, IN 47405.

4. [ make this statement based on personal knowledgé.

5. My father died on June 29, 2007, following a very difficult final illness and under
circumstances which required me to attend him in the hospital and at home in Scarsdale, NY for
frequent visits from November 2006 through the end of his life, and especially dunng extended
periods in April, Mav and much of the month of June, 2007.

6. Making arrangements for and attending my father’s funeral, sitting shzvah and addressmg
" other personai, family and legal matters associated with my father’s death prevented me from
~ returning {a Bloomington, lnwana until Tuesday, July 10, 2007.

. 7. Despite due diliger:ce on my part, these unavoidable personal circumstances have

- preciuded me from completing my expert testimony and the related part of the position statement for
Save the Valley, Inc., the intevener in this matter, which are scheduled 1o be filed on Fnday, july, ------------
13,2007. - i

8 With continuing due diligence on my parf, I reasonably believe that I can complete my
testimony and the rclated part of the Save the Valley position statement at such txme as to perrmt
them to be filed by Friday, July 20, 2007.

2 e f/éw{z/ /gu-&; (2, 2507

Diane Henshel, Ph.D.
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CERTIFICATE OF SERVICE

I hereby certify that copies of the foregoing “Initial Position Statement of Save the Valley,
Inc.,” “Prefiled Direct Testimony and Exhibits of Charles H. Norris, LPG,.” and “Unopposed
Motion of Save the Valley, Inc., to Extend the the Timé” have been served this 13th day of July,

2007, upon the following persons by electronic mail and by U.S. Mail, first class postage prepaid.

Administrative Judge Alan S. Rosenthal ~  Adjudicatory File

Chair, Atomic Safety and Licensing Board Atomic Safety and Licensing Board
Panel ~ U.S. Nuclear Regulatory Commission
U.S. Nuclear Regulatory Commission Mail Stop: T-3-F-23

Mail Stop: T-3-F-23 Washington, D.C. 20555

Washington, D.C. 20555-0001 . :
’ Larry D. Manecke, Commander

Administrative Judge Paul B. Abramson Rock Island Arsenal .

Atomic Safety and Licensing Board Panel ATTN: AMSTA-RI-GC (L. MANECKE)
U.S. Nuclear Regulatory Commission One Rock Island Arsenal

Mail Stop: T-3-F-23 Rock Island, IL 61299-5000

Washington, D.C. 20555
' Frederick P. Kopp, Counsel

Administrative Judge Richard F. Cole John J. Welling, Chief Counsel -
Atomic Safety and Licensing Board Panel U.S. Army Garrison - Rock Island Arsenal
U.S. Nuclear Regulatory Commission Office of Counsel (AMSTA-RI-GC)

Mail Stop: T-3-F-23 ‘ One Rock Island Arsenal

Washington, D.C. 20555 Rock Island, IL 61299-5000



Office of the Secretary

- ATTN: Rulemaking and Adjudications Staff

U.S. Nuclear Regulatory Commission
Mail Stop: O-16-G-15
‘Washington, D.C. 20555-0001

David E. Roth

Marian L. Zobler

Sara E. Brock

Margaret J. Bupp
" Office of the General Counsel
_ U.S. Nuclear Regulatory Commission
0-15D21 ' '
Washington, DC 20555-0001

Office of Commission Appellate Adjudication
U.S. Nuclear Regulatory Commission -

Mail Stop: O-16-G-15

Washington, D.C. 20555-0001

Tom McLaughlin, Decommissioning Branch -
Division of Waste Management

- Office of Nuclear Materials and Safeguards
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Richard Hill, President
Save The Valley

P.O. Box 813.
Madison, IN 47250

VT

"Michael A. Mullet/ -
Mullett & Associates
309 West Washington Street, Suite 233
Indianapolis, IN 46204
Phone: (317) 636-0025
Fax: (317) 636-5435
E-mail: mmullett@mullettlaw.com

'Attomey for Save the Valley, Inc.



MULLETT & ASSOCIATES

COUNSELORS AT LAW
Old Trails Building, Suite 233
309 West Washington Streét
Indianapolis, IN 46204

Phone: (317) 636-0025
Fax: (317) 636-5435 |

July 13, 2007

Secretary

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001 _

ATTN: Rulemakings and Adjudications Staff

Re: Initial Statement of Position of Save the Valley, Inc., Prefiled Direct Testimony and
‘Exhibit of Charles H. Norris, LPG, and Motion of Save the Valley, Inc., to Extend the
Time o - ' ,

In the Matter of the U.S. .Army (Jefferson Proving Ground Site), Docket No. 40-8838-
"MLA, ASLBP 00-776-04-MLA- -

Dear Secretary:

’ Enclosed please find for filing in the above-referenced docket the originai and two
conformed copies of the above-referenced filings, along with the related Certificate of Service.

Thank you for your assistance in this matter. |

. /Rf7p§ctfully submitted,
&S | - )
/7 ,
7/ ,
- 'Mulle '

/ Attorney for Save the Valley, Inc.

cc: Service List — Docket No. 40-8838, ASLBP 00-776-04



