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SUMMARY OF 1992 ACTIVITIES
BACKGROUND

This report describes and summarizes activities, data, and
preliminary data interpretation from the INEL Oversight Progranm
R&D-1 project titled "Hydrologic Studies In Wells Open Through
Large Intervals." The project is designed to use a straddle-packer
system to isolate, hydraulically test, and sample specific
intervals of monitoring wells that are open (uncased, unscreened)
over large intervals of the Snake River Plain aquifer. The
objectives of the project are to determine and compare vertical
variations in water gquality and aquifer properties that have
previously only been determined in an integrated fashion over the
entire thickness of the open interval of the observation wells. A
complete description of project objectives is available in the
"Funding Proposal for Research and Development on INEL by the State
of Idaho In Support of Environmental Assessments" submitted to the

U.S. Department of Energy.

The straddle-packer was in the first season of checkout and
field implementation in 1992. This report describes data
collection and activities at the INEL during the summer and fall of
1992 with the straddle-packer, and with borehole geophysical
logging by Boise State University in support of the straddle-packer
testing and sampling activities. It should be noted that field
activities were supported logistically by the U.S. Geological
Survey which also collected verification samples and participated
in samp.ing and analysis of *Cl (results not yet received) and 1.
Also, microbiological sampling and analyses were performed by EG&G
in cooperation with the Oversight Program and researchers on this

project.



CONTRACT REQUIREMENTS

This report was cooperatively prepared by staff of the Idaho
Geologic Survey, Idaho State University, Boise State University,
the University of Idaho and the INEL Oversight Program. The report
satisfies contractual obligations for an end-of-year report as
specified in Appendix D of the contract batween the INEL Oversight
Program and the Idaho Water Resources Research Institute at the
University of Idaho, and reporting requirements to DOE.

PURPOSE AND SCOPE

The purpose of this report is to document and summarize field
activities, computer data files and water quality samples, and to
provide a preliminary interpretation of the data. This report is

not intended to represent final results and data interpretation.
TESTING OF USGS WELL 44

The straddle-packer was used to hydraulically test and samplé
10 intervals (some overlapping) in well USGS 44, just west of the
Idaho Chemical Processing Plant. Time-consuming equipment and
procedure testing in this well prevented use of the straddle-packer
in other wells during the 1992 season.

Equipment set-up and data collection on USGS 44 began in early
July and continued at an intense pace until mid-August. In mid-
August the packer was positioned on an interval 500 to 515 feet
below land surface, where it remained for the duration of 1992.
The packer system was used during the fall of 1992 to acquire long-
term hydraulic response data from the 500 to 515 foot interval.

Activities durinc the data collection per’od from July 1
through August 19, 1992 are summarized in Appendix A. Initial
testing during this period was conducted dsinq'a 20 foot straddle
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interval. After completing all possible 20 foot intervals the
packer system was removed from the well and reconfigured to
straddle a 15 foot interval. All intervals in the well were tested
with either the 15 or the 20 foot straddle interval.

Objectives and procedures were similar for all tested
intervals. Modifications to procedures were made as more was
learned about the packer system and the characteristics of the
aquifer. The intent was to hydraulically test and sample as many
of the intervals as possible, recognizing that extremely low and
extremely high permeability intervals created problems for
hydraulic testing or sampling. Tracer (lithium bromide) was also
routinely emplaced to identify mixing and purging characteristics
of the intervals. A list of the successfully tested intervals in
well USGS 44, and the tests and samples conducted in each interval,
is given in table 1.

Table 1. Testing and Sampling in Specific Intervals in
Well USGS 44.

Interval Hydraulic Tests Sampling

(ft. bls) Slug Pumping Chem. /Rad. Microbial
467-482 Yes Yes Yes Yes
480-495 Yes Yes No No
495-515 Yes No Yes Yes
500-515 No No No No
519-534 Yes Yes Yes Yes
535-555 No Yes Yes Yes
557-577 No Yes Yes Yes
580-600 Yes Yes Yes Yes
600~620 Yes Yes No No
600~-650 Yes Yes No No



SIGNIFICANT RESULTS OF 1992

The field experiences and analysis and interpretation of the

data collected during 1992 provide valuable insights into guiding

the directions and procedures to be implemented in subsequent

years. A list of the significant findings from the 1992 research

effort is as follows:

IN RELATION TO AQUIFER CHARACTERISTICS:

1)

In the vicinity of USGS well 44, the aquifer is vertically

well mixed between the water table and about 580 feet in depth

below land surface (upper portion of the I basalt flow group) .

The high degree of mixing is indicated by:

a) lack of any statistically significant vertical variations
in chemical or radionuclide concentrations,

b) little vertical variation in static head,

c) significant vertical borehole flow, even with low
vertical head gradients, and

d) little variation in microbial populations in the upper
basalt flows.

Significant isotopic and chemical (°H,'”I,Na,Cl), and microbial
contrasts exist between ground watér at depths less than 580
feet below land surface and ground-water sampled from 580 feet
to the base of the well at 651 feet below land surface. The
intervals below 580 feet below land surface correspond to the

interior portion of the I basalt flow group.

IN RELATION TO TESTING METHODS:

3)

Single well tracer methods have been demonstrated to be useful
for determination of borehole purge efficiency as well as

estimation of hydrologic properties.



4) The high precision pressure sensing instrumentation has been
found essential to determination of the small variations in
static head and drawdowns induced during pumping.

5) Traditional methods of estimating aquifer properties of
hydraulic conductivity and storativity are often not
applicable in the high permeability zones of the Snake River
Plain aquifer.

6) Recirculation is necessary to insure mixing while discharging
from some intervals in order to achieve a valid tracer test

and to sample low hydraulic conductivity intervals.

The preliminary results of the program are described in
greater detail in a series of 3 papers presented at the Idaho
Ground-Water Quality Workshop in February, 1993, sponsored by the
Idaho Department of Water Resources and the Idaho Water Resources
Research Institute. The three papers are included as appendices to
this report. A description of the packer system, and the
preliminary results of the hydrologic investigations is presented
in Appendix B, "Application of a Straddle-Packer System for Water
Quality Monitoring and Hydrologic Testing in Wells Open Over Large
Intervals at the INEL." The paper included as Appendix C describes
vertical variations in ground-water quality in Well 44 and is
titled "Vertical Variations in Groundwater Chemistry Near the CPP:
Implications for Groundwater Monitoring at the INEL." A detailed
summary of the collected ground-water quality data is presented in
Appendix D. Data and preliminary results from tracer testing are
described in Appendix E. The report included as Appendix E has
been expanded from the form presented at the Water Quality Workshop
to include data summaries. Interpretation of the data is

continuing and will be included in subsequent publications.




BOREHOLE GEOPHYSICAL LOGGING

During 1992, Boise State University borehole geophysical

logging activities complemented the packer testing and can be

summarized as follows:

1)

3)

Completed progress report compiling all previous flownmeter
studies and results from flowmeter logging of wells 44 and 46
at the INEL (see Appendix F: "Impeller Flow-Meter Logging of
Vertical Cross Flow between Basalt Aquifers through Wells at
the INEL").

Improved and calibrated bi-directional impeller flowmeter
logging system which can now reliably measure in-hole vertical
flow to 3 ft/min precision when being trolled in a well.

Logging in 1992 in wells 44 and 46 showed cross flows of up to
20 ft/min and strong, rapid responses to the production well
pumping cycles at the ICPP (responses within 2 minutes causing
reversal of cross flow direction). Logging in well 45 did not
detect a response to the pumping cycles at the ICPP production
wells.

Current work is now focused on improving high-precision
temperature logs to detect cross flow in wells, and on
exploring the use of fluid-conductivity 1logs to detect
variations in water chemistry in zones of interest in wells
being tested with the straddle-packer system.
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ABSTRACT

A significant fraction of the wells into the Snake River Plain Aquifer at the INEL that are
monitored regularly for water quality and water level are open to the aquifer over large intervals.
In particular, more than 40 wells are open into the aquifer for more than 100 vertical feer. More
than 30 of these wells are open for over 130 verticai feet, and some are open for greater than 250
verzical feer,

Monitor wells open over large intervals present several problems for water quality
sampling. Water samples collected from the upper portion of wells open over large intervals
hrough multiple water-bearing zones may be diluted with uncontaminated or less conta.minated
water from different water producing zones or the weil. Water level measursments axan in
wells open over large or multiple intervals are weighted averages of hydraulic heads in the opan
intervals. A singie measurement of hydraulic conductivity in a well open over a large interval
fhrough multiple water-bearing zones will not reflect variations in hyar:mhc conaucnvuy of
imdividuzl zonmes, Vermiszl variazons in haad and hvdranlic conductvity exert significant conrrol
over the flow of water and migration of contaminants within monitoring weils and througn the
Snake River Plain aquirer .

The INEL Oversight Program in cooperation with Idaho universities, the Idaho
Geological Survey, and the US. Geological Survey designed and acquired a straddle packer
system capabie of coliecting watar quality semgles om and measuring hydraulic head in
discrete intervals. Water quality sampling and hydraulic testing of the Snake River Plain aquifer
at the INEL began in well USGS-+44 in July of 1992.

Hydraulic testing in well USGS-44 consisted of pump tests, injection tests, slug tests, and
static head monitoring. Analysis of the results fom the hydraulic testing program is complicated
Oy several factors. Little or no drawdown occurred in high hydraulic conductviry zones during
pumping tests, while low hydraulic conductivity zones were drawn down excessively. Extremely
rapxd aquifer response and varying vaive opening times complicates slug test analysis. Static
aead u‘c:::::....._., is complicated by sumping Som ICDP ‘JT'OdLCtIC'n wells and the presence of air

ala g it R ]
Subbles in the grassure & ansdusars,

Nine intervals were packed off in USGS-44 and hydraulically tested. Hydraulic
concuctivity vaiues ranga Som approxdmately 1 fi/day in the lower portion of the weil to greater

than 1,000 ft/day in upper intervals. Static head variations between packed off zones are iess than
N T o
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I. INTRODUCTION

The Idaho National Enginesring Laboratory (INEL) covers 8§94 square miles of the
Eastern Snake River Plain in southeastern Idaho (figure 1). The INEL was established in 1949
for the construction, operation, and testing of various types of nuclear reactors by the Atomic
Energy Commission. Originally known as the Nadonal Reactor Testing Station, the INEL has
the worlds largest and most varied collection of reactors (Robertson et. al., 1974).

Monitor Well Network at the INEL

Over one hundred monitor weils have bean constructad at the INEL since its inception in
1949. A significant fTaction of tne monitor weils intc :h2 Snaks River Plain acuifer constructed
prior to 1990 aie open over large intervais to muitiple watar-bearing zones. In particular, more
than forty weils into the Sake River Plain aquifer that are sampled regularly for water qualiry
and measured for water level are open to the aquifer for more than 100 vertical fest; moret an
shimy of thase wells are cpen for =ore than 130 vertical feet. and some are open for more than
250 vertical feer. Currently accepted monitor weil construction standards for moniist weils in
complex hydrogeologic settings call for small open intervals in discrete zones (NWWA, 1936).

Wells open over large intervals through multiple water-bearing zones pose thres basic
problems for monitoring contamination and determining hydrologic characterisrics of the upper

= o Saatea .. Dlave = ' e
parts of the Snaxe Xiver Plain aguifer

1. Water samples coilected from one portion of wells open over large intervals through
multiple warer-bearing zones may be diluted with uncontaminated or less contaminated
water from other portions of the weil. This dilution can make contaminant detection
difficult or imgossible since contaminant concentrations may be reduced to levels below
the datection limit for the prescribed analyrical methods (NWWA, 1986).
Water level measurements taken in wells open over large or multiple interval: are
weighted averages of hydratlic heads in the open intervals. The weighted average heads
=z ke differant than heads that would be measured in the upper, or any discrete,
nortion of the aquifer.
. Measurements of transmissivity in weils open over iarge intervals through multiple
water-bearing zones are the sum of the transmissivities of the individual zones.

Transmissivity in individuai zones may vary over severzl crdars of magnitude.

L
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The monitor well network at the ICPP and the data collected and interpreted from it over

the past =0 years regrasent 2 significant investmeni. Daiz have been and continue to be

arge sgen imeereals. The dara have aiso been used to demcnstrare the presence or
rganic. heavv mertal, and radicactive contaminants urougnous ¢ o =L IS

esult of monitor weil conswucaon mesiads ised Tom 1550 hrough the 1980's at
he INEL and the above-mentioned problems asscciated with large open intervals, significant

questions abour the meaning of the data collected have been raised.
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II. INEL Oversight Program Straddle Packer Project

The INEL Oversight Program was established by the legislature of the State of Idaho in
1989 to provide an unbiased and independent source of informarion regarding the INEL's impact
on public health and the environment. The INEL Qversight Program is administered through the
Idaho Department of Health and Weifare. One of the activities of the Oversight Program is to
conduct independent health and environmental studies.

In order to conduct independent environmental and hydrologic studies of the Snake River
Plain aquifer and to be able to validate existing data, the INEL Oversight Program in
cooperation with Idaho universities, the Idaho Geological Survey, and the U.S. Geological
Survey designed and acquired a swaddie packer sysiz= capatle of collecting water qualiry
samples from and measuring hydrauiic head in discrete intervals. Water quality sampling and
nydraulic testing of the Snake River Plain aquifer began in well USGS—44 in July of 1992 and
continues.

III. DESCRIPTION OF STRADDLE PACRER

The straddle packer utilized in this testing program was built by Baski, Inc. of Denver,
Colorado. The minimum straddled interval length is 12.5 feet. From top to bottom the packer
consists of (see figure 3):

% 1. riser valve

. upper transducer

. upper packer

. circulation vaive

. pump

. middle transducer

. lower packer

. lower transducer

-~
~
-

e
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The riser vaive conmois the 4cw oI water sboough the Sserpipe. It consists of an

inflatabie biadder contained within a stzinlacs steel housing and the necessary fittings for inflation.
When uninflated, water flows berween the bladder and the outer housing. When inflated, the

biadder expands and siuts o Jow.

The transducers are Paroscientific DIGIQUARTZ?® intelligent depth sensors with
an operating range of 10 +C0 psiaand 2 rapeatability of = 0.0005 % fuil scaie. The upper and
lower transducers are housed in 5 " diameter stainless steei housings and sense pressurss ascve
a4 halow the packed o interval. Tne middle transducer is housed in the lower end of the pump

shroud and senses pressure within the packed o intecval.

The packers are sliding end packers, with the lower end of each packer fres to slide up the
mandrel as the packer inflates and increases in diameter. The total lengih of sach packeris 4.18
feet. The lower 1.41 feet of the upper packer and upper 1.41 feet of the lower packer are



chemically inert Viton, and the remaining 2.77' of each packer is made of rubber. Separate
intlation lines allow independent inilation and deflation.

The circulation valve is attached to the discharge end of the pump and allows the
discharge from the pump to either re-circulate within the packed off interval or (o be discharged
to the surface. It is controlled by gas pressure. When open, the circulation valve directs the
cump discharge into the packed off interval, and when closed to the surtace.

The pump is a 5 horse stainless steel Grundfos pump, housed within a stainless steel pump
shroud berween the packers. The pump intakes are located at the top of the lower packer, which
is connected to the pump shroud by 2" pipes of varying length to contrel the length of the packed
off interval.

The straddle packer is operated via eight 1100 foot control lines which are housed on
spools in the support bus. Five of the lines are stainless stesl tubing; two 4" diameter stainless
si22l infladion limas 1o inflate the packers, a 3/18" dizmerer stainless steel inflation line to operate
the riser valve, two 3/16" diameter stainless steel lines to operate the circulation vaive, a t2fion
coated pump power cable, a teflon coated transducer cable, and a /2" diameter teflon injection

line for emplacement of tracer.

Dara are collected on a portable computer. A field computer purchased for the project
and loaded with ASYST® data acguisiticn scfrwars axperienced hardware failures repeatedly
during the testng period. A laptop computer using a BASIC program was used to collect the
majority of the data. Two BASIC programs were used to record data from the ransducers. The
program used during slug testing, pumping tests, and injection tests recorded pressure at a rate of
approximately 3 reads per second. A second program with a user programmabie read rate was
used for static head monitoring. During static head monitoring the pressure was recorded every

flve minuzss.
IV. HYDRAULIC TESTING PROCEDURES IN WELL USGS-44

Straddle packer testing in well USGS-44 began in July of 1992. Weil USGS-44 is iacated
west of the ICPP and south of the Big Lost River (see figure 2). The well was consmructed in
1987 2nd is 650 feat d=ep. The well is cased from 2 feet above land surtace to 460 feet below
iand surface and is open Som 460 feet to 650 feet. The water table is approximately +81 feet
below land surface. Nine intervals were packed off and hydraulically tested. Hydraulic testng

onsisiad cfstadc head moniroring, siug tests, pump tests, and injection tests.

e e
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Static Eead Monitoring

Non-sumping water l2vels wers chserved in most intervals for a continuous period of 10
hours or more. The non-pumping coservations showed a distinct water-level response 0
pumping from the ICPP producdcn wells located =crs than 2500 feet away, and to changes in
barometric pressure (figure 4.) ICPP pumping effects are apparent from the oscillation with a
~=ricd of about 6 hours, and an amplirude of about 0.04 feet. Baromerric pressure is transmitted

- -
<

10 aguifer water prassure with a 50% efficiency iniae 200 0 12 Zzorswaddled interva] as



shown in figure 4. Head changes resulting from barometric pressure variatiors are expected to
be less than 0.3 feet, and variadon due to the ICPP pumping is typically less than 0.04 fe=t.

Project objectives included determination of hydrostatic head profiles in the borehole.
The interpretation of static head data, however, is complicated by four conditions:

—

. Hydraulic head is continually changing in response to changes in barometric pressure.

. Hydraulic head is conzinually changing in response to pumping of the ICPP preduction
wells.

. Air bubbles may have been introduced into the transducer sensing system.

. Smail vertical hydraulic head gradients exist relative to variations induced by other factors
iisted above.

1-)
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The combined effects of these four conditions result in vertical head profiles containing
a relatively high degree of uncertainty.

Hydrostaric head was estimated at each packed interval when the IC22 producticn well
was off and also when the pump was operating. Transducer observations in packed off intervals

were normally averaged for periods of at least 8 hours which included both the on and off cycles

of the ICPP prodaction well. Head was determined as the sum of pressure, in feet of water, and
the elevarion of the point of observation (the middle transducer) , in feet above mean sea level.
Calculzzad wazer-lavel alevarions were adjusted by 50% of the difference between the
barometric reading at the time of observation and an average baromerric reading.

Little vertical variation in hydrostatic head is apparent from the straddle-packer testing in
well USGS-44. Figure 8 shows the hydrostaric head profile determined by the procedure
described above. The maximum difference between intervals was less than 0.4 feet. It is likely
thar the cumularive sror from the above list of problems may be as largs as the 0.4 feet of
variation observed.

Slug tests

Slug tests were carried out on four low hydraulic conductivity intervals, 480-495 feet.
580-600 feet, 580-630 feet, 600-520 feer, and 620-650 feet. Both positive head slug tests where
the nead is raised and negartive head slug t=sts whers the head is depressed were conducted.

Positve head slug tests are performed by deflating the packcrs and pumpmg a stug of
water into the riser pipe from the open berehcls. ASer shuring off the pumo. the riser v alve is
closed, wapping the siug within the niser pme The packers are then inflated. When the prassure

‘= ne nacked off interval has stabiiizad. the circulaticn valve is opened to allow water to flow
3 s ~ac An

into the racked off intervai and the siug is reieassd oy opeming :ne mser vaive, F2zl snam ges on
ali thres wansducers are menitcred and recorded.

The procsdures for a negative head slug test are similar to those for a pesitive head siug
test. The paczccrs are deflated, circuiation and riser valves opened, and mn'ogen gas introduced
.o the fiser pipe ic depress the head. When the head is duoressed sufficiently, the riser vaive



is closed and the packers re-inflated. The test is then begun by opening the riser valve and
allowing the head in the packed off interval to return to static while recording heads on ail three
transducers.

Analysis and interpretation of slug test data is complicated by two factors. First, siow
riser valve opening times result in non-instantaneous head changes and dirficuity in determining
when the test actually started. When the pressure on the riser valve is released at the surface,
the tiser valve bladder begins to deflate. Tne rate at whica ihe sladder derlatas and cpensis a
function of the amount of pressure exerted on the valve by the head in the riser pipe. As the
valve opens, the head in the interval slowly begins to change until the valve opens completely.
This violates the assumptions of instantaneous head change (CquEf et aI., 100 7). Asmuch as 4
feet of head was lost during valve opening in a siug iest wiii a 17 foctinidai nsad changs. Slow
opening of the riser vaive also complicates determinarion of slug test starting simes. A plot of
observed head changes and theoretical head changes from a slug test on the 600-650 feet interval
appears in figure 5.

Secondly, exmremely rapid aquifer response in high hydraulic conductvity zones
complicates analysis. High hydraulic conductivity zones ars able to accept a slug faster than it
can escape {rom the swraddle packer. This also violates the instantaneous head change
assumption and turns the attempted slug test into a vanablc discharge injection test of very short
duration.

Pumping Tests

Pumping tests were conducted in conjunction with sampling of packed off intervals and
during LiBr tracer recovery tests. Static heads were monitored prior to beginning pumping to
determine any antecedent wends. A anempt was made to conduct all sampling during the off
cycie at the ICPP preducten wells, so the starus of the ICPP production weils was determined

prior to sampling.

Diffavent sumning tast procedures were used devending on whether the pumping test

“was cenductad during LiBr recovery or during sampling. Brietly, the LiBr test consists of
emplacement of LiBr, circulation of the LiBr in the packed off interval by pumping with the
circulation valve open, then stopping the pump, closing the circulation valve, and then starting
the pump and discharzing o the surface. The pumping test begins during the finai siep, when
discharge to the surface begins.

Sazrling mpically cccurred 2fter tha LiBrrecovery test. Once it had deen determined
that the interval was purged, the pump was shut off and heads allowed to retum o static
conainons. Unce Aeads famarmed 1o iz, the pump vas mrmed on and drawdown moniiored

PP S i |
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Analysis of pumping test dz:2 is ccrmplicated by two factors:

. Extremely rapid aguifer response,
. smail drawdowns.

) —



A log-log graph of drawdown versus time from a pump test of the 600-630 fest interval appears
in rigure 6.

Extremely rapid aquifer response and very small drawdowns resulted in total drawdowns
measured in the hundreds or tenths of fest occurring in less than one second in nearly all of the
intervals pumped. The pumping test data from high transmissivity zones cannot be analyzed
using conventional curve matching analytical techniques.

Injection Tests

Inj ection tests were completed on three low hydraulic conductivity intervals, 600-620
f2er, 300-230 f2er, and £80-492 feer. Injectcen tests were not planned as part of the original
nymaul1c tasting procedures. The idea of performing injection tests occurred when head
increases in the packed interval were noticed during emplacement of LiBr tracer in a low
hydraulic conductivity interval. The procedure for injection tests is as follows:

—

. Inriate packers and monitor siaiic aead in pacikad intervel

2. When head in packed interval stabilizes pump 5 gallons of de-ionized water down the
injection line at ~ 0.7 gallons per minute while monitoring head changes in the packed off
interval.

. Conzinue to monitor and record head changes after pumping stops to gather recovery

data,

(93}

Injection test analysis is complicated by a time lag berwesn the start of pumping at the
surface and when the pressure begins to rise in the packed off interval.

V. PRELIMINARY RESULTS OF HYDRAULIC
TESTING IN WELL USGS-44

Hydraulic testing in well USGS-44 utiiizing the straddle-packer system indicate that the
vertical distribution of hvdraulic conductivity in the Snake River Plain aquifer in the vicinity of
the ICPP is highly hetarogeneous and that very small head differences may exist witiin ine weu.

Hvdraulic conductivity in well USGS-44 varies over severai orders of magnitude. The

ertical distibution of hydraulic conductvity is shown in dgure 7. Hydrauiic conductivities were
determmed by slug tests in low hydraulic conductivity intervals. The hydraulic conductivities in
he 1'.15:. Sydrauiic conductivity intervals are those reported by Morin et al. (in press). These
nydrauiic conductivity valuas ars averzge values over the length of the intervai tested. Low
hydraulic conductivity zones too smail to pack off and test are interpreted to exist within high
hydraulic conducuvity zeones pasea on caliper iags. L&rgs STaziisuis in the hershoie are generaliy
agn avdrauiic conductivity zoass, ind small diamater competent rock intervals are generally low
hydraulic conductivity zones. These generalizations are supported by straddle-packer testing
esulits.



The distribution of hydraulic head measured in well USGS-44 using the straddle-packer is
depicted in figure 8. A high degree of uncertainty in the head values exists due to the previously
mentioned factors . The amount of variation in hydraulic head appears to be less than or equal to
the uncertainty in the values.

VII IMPLICATIONS FOR WATER QUALITY
SAMPLING AND FUTURE RESEARCH

Implicadions for Water Quality Sampling
v

The heteroganeous distribution of hydraulic conductivity and variations in hydraulic head
in well USGS~44 have implications for water quality sampling. Natural vertical flow parterns
under ambient conditions in well USGS-44 described by Morin et al. (in press) are similar to
vertical flow parzems that would exist under the head and hydraulic conductivity distribution as
measured using the sraadie-packer. Namrai vermeal Jow sendidens axistung within the well
could result in contaminated water flowing from one zone to another contaminated, less
contaminated, or uncontaminated zone.

Water quality sawmpling in well USGS-44 {s currently conducted with a pump located
300 Fzer s2low land surface opposite the 495-515 feet high hydraulic conductivity interval. The
percentage of water collected from this pump location that comes from the -53-315 feat
interval or from the high hydraulic conductviry intervals above and below has not been
quanzified. Water quality samples collected from well USGS-44 using the present pump
iccation may represent the 493-515 feet interval enrirely or may represent that interval dilured to .

an uaknown extent with water from other high hydraulic conductivity intervals.
Future Research

Potential future research projects associated with the straddle-packer fall into two
categories: '

1. Deveiop methods to overcome hydraulic testing problems identified during the initial test
period,
2. Develop methods for extrapoiation of packer resulis.

The accuracy of hydrauiic nead measuremeants can he improved by designing a pressure
sensing system that will not allow air to be introduced into the wansducers whils the

sToddla-nazizen is Seing lowersd into weils or wansperied. Detsrmination of the exact timing of

th2 TCPP ~roduction well cycles may enable drawdown and recovery data rom (7T pusing
tc be analysed as pumping tasts. ' '

Siug test analysis complications can be soived by determining the sensitdvity cf test
esuits to varying the tme the test starts and initial head changes. The problem of slow valve
rsponse could aiso Sz comreciad by renlacing the riser valve with or adding a faster acting valve.



Pumping tests are hindered by the small discharge from the straddle-packer sampling

pump and the resuiting small head changes in the packed off interval. The situation can be .

emedied by pumping water down the straddle-packer from the surface at a higher rate, resulting
in greater head changes in the packed off interval. Multiple well pump tests could also be
conducted utilizing existing packers and larger capacity pumps in storage at the INEL site in the
pumped well and the swaddle-packer in an observation well.

Research prcuccts to extrapolate packer results to other wells include developing a
porenoie compurer medal that will reflect laminar flow conditions in basalt and laminar or
turbulent flow in the borehole and allows placement of 2 pump and analysis of resuits. Tne
model would then be tested using hydraulic and water quality data from weil USGS-44.

Tne aifect of pump plzcezent cn water quality sampling in wells open over large
intervals through mmultiple water bearing zones needs to be evaluated. A testing program in weil
USGS-44 using varying pumping rates and pump locations can be correlated with resuits from
sraddle-packer testing.
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Figure 3.

—RISER FIPE

_;___,]‘ ‘.—-..——.._—-

—RISER VALVE

—_UPPER TRANSDUCER

— UPPER PACKER

W

— CIRCULATION VALVE

—PUMP SHROUD

i

—_MIDDLE TRANSDUCER

=t

"_‘“VARlABLE LENGTH "PUP "JQINT

—LOWER PACKEH

V[ Ve |

— v e
!

.t
i

)
NOD

Q)
C

- A
nA

|
-
O
b
r
!

p

(o__

Schemaric diagram of straddle packer components (not to scaie).



(123EM 1O j99}) ainssald ollaydsouwle

(ya1) apeas aanssad onesosphy 2y M| s (3u)

]IS NS id awosLy| -aanssoad P RIB1LTA)

v w1 soFueya pue sjpm noynposd

Jd01 9 wioyy uidwnd o) asuodsal ug suonenNY [PAd] 191EM Juimots pouad

Fuuonuow Aep g v Juitap 199 $1S-00S ‘Pr-SHS] [[am ui speay Fudwnd-uopy

ZHLL  LULE OLLE 60

69T — — — ——
Vie|

- WkAl VL~
AR

6LZ | A L/

182 |-
82
687
NumN.\gsziesj

%
,W/\/ )J.\: N,

/%2}(2\\/M(.4

N
or WA

T

(sAep) su}
/L1 80741 LOILL 90/ SO/L)

g

B _ ll

g

alpp\W

Jaddn

ainssald ouajauloieq
1

speay Buidwnd-uou

159} G15-00G ‘Y¥-SOSM

9°9.L

- 8°9L

~
N~

<,
|
P

(133BM }O 1984) 2inssald

L 9711



.m__o_:—::_mmﬂ

1591 FnyS JO SUONEOIA put satul) Fuiuiado 9AJEA MOJS 01 INP IAIND ad&y ) woyy sod
eIep ) JO SUOHRIAIP ) AON “ARp/ U L'LEIO ApAlsSIusuR1} € 10§ s3ued pray (EtiRI0a
spuasaadas aay adKy, “[eAr Ul 199) 0$9-009 UO 159 Fugs wouy own SA o1 Jo ylein ¢ g

Repizv¥ L1 =1

sjuiod ejep

. e

1994 059-009 ‘¥¥-SOSI

(sfep) awn
-0-31 €034 y3aL &EHL 9di

_...r.frlrml_'LlL PRI 0 O, ..l\IIPCtL!_l_LI\L. a1 e |- O
=~

V0 -
T
90 ©

80




'SPU02IS pE'Q UIYIM PILINDIO UMOPMEID i wy
ajoN wdd gz~ =0 1P PES-(1S [RAINULIO) ‘sA umopmup jo jojd §u-30] "9 aandf

e -

(spucoas) awl
v €0+31c0+A1LL0+3100+3} 10-31¢0-3l

WP L e B s e - 1= | 170
)
.\....
sjuiod ejep "
- yu,......__..___.__3.....,__.,:_____.1!..33____._.:. Bt A | I \u.m
I | | §

puidwind wolj sumopme.lp
199} ¥€5-61G -¥¥-SOSN




“(ssaad ) [¢ 39 UL\ WOy S{EALRUL Ananpnpuod sinespAy
s[ea1a)w ANANINPUOD Stnesphy Mo “pp-SOSI [IPM Ut Anapupuod 9

6 o (J JUBURNY  Rop/q4 SN

THAL TIV3IS
al ol ol ol
1 4 € 2 -
.. £
en .
29
o9
5
U o
I
o
(4]

9 MO
383388

0SS
”s
0es

CNCQE

—

i

Y NS
§

@S

——
-
-

(L2
g

_ ) :a311L071d mmﬁzéi_
:-oEl._.om_,oE UaAIovd - m-_aoﬁtm
WHO4 DNILHOJdIY V1vd

dno4yo 1HODISHIAO TTEANI

y3iy ‘51591 Snjs woy pounwdap

SNAGLN
JTeavus

(12 ]

ant-

a5

(1.4

s

T

s TIVAB OV 9
T Hia3d

yueapy oFesaae jo uonnquisici yRJLGIR
P VI Rl 1 Rank iU Aty Ll
[: R oo I adiaid L oo BN ~Q. .
i
1
“___
[rr44 ~
1l
Pt — :
@ ____ '
[\
o m _.
Sl
.»_w_ T
wet Aoy e ﬁ"%
11}
= —_a
(;
N S AR
5 BERE
paepmarey — {f L}
ney w:“ i
. e
;=1 F19 2 i Bk il | ML_
SO S RERI L 1O erqry
p OGN S i 1 van orn
u 1ot SNy 11 o uun
g
2
4

N

]

no



INEL OVERSIGHT GROUP

DATA REPORTING FORM
STRADDLE - PACKER PROJECT (RD-1)
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APPENDIX C

PRELIMINARY RESULTS FROM:
IDAHO GROUND-WATER QUALITY WORKSHOP

"WERTICAL VARIATIONS IN GROUNDWATER CHEMISTRY
NEAR THE CPP: IMPLICATIONS FOR GROUNDWATER
MONITORING AT THE INEL"



VERTICAL VARIATIONS IN GROUNDWATER CHEMISTRY
NEAR THE CPP: IMPLICATIONS FOR GROUNDWATER
MONITORING AT THE INEL

M. McCurry and J. Fromm
Geochemistry
Dept. of Geology

Idano State University

(208) 236-3365

and
]. Welhan

Idaho Geologic Survey
Idaho State University

(208) 236-4254

Detailed chemical analyses have been obtained from samples collected at USGS monitoring well
244 with the INEL Oversight Program straddle packer system. The analytical data include field
measurements of transient fluid parameters using a flow cell sysiem, and laboraccry insTumental
analyses of a wide spectrum of inorganic and organic parameters. Additional duplicate samples
were also collected for analyses cf a variety of stable and radioactive isotopes; analyses of these
samples were not available at the time of preparation of this abstract.

Seven well intervals, varying from 15 to 20 feetin length, were sampled. The upper six were
packed off on both sides with the swaddle packer tool. A lithium bromide tracer test was
performed for each, prior to sampling, to insure that the intervals had been isolated from upper
and lower portions of the well by the packer. The lower interval, from 580 to 640 feet (base of
the well) was packed only at the top.

The upper five packed intervals, over a depth range of 467 to 577 feet, appear relatively uniform
in chemnical composition. Constituents occur at concentration levels comparable to previous
measurements based on bailer and USGS well pump tests.

Most constituents exhibit little or no systematic variability inco entration over the sampled
intervals. However, a stepwise change in the concentrations of several chemical compounds
occurs at a depia of betwesn 557 od 580 faer. Below this 3 variety of compounds, including
silica, sodium, potassium, magnesiurm, chloride, fluoride, and nitrate+nitrite, increase in
concentration by from 10 to 50%. Chloride increase correlates on a charge balance basis with
increases in sodium and potassium. Calcium, on the other hand, mirrors these increases,

decreasing downward by 13% (from 60 to 52 ppm).

The break in trends of water chemistry correlates with a reduction in permeability of the sangled
intervals of more than an order of magnimde (K values drop from about 10°< to less than 10%).
The patern of changes in water composidon near e base of Well #44 and correlaton with
permeability change suggests that solutes injected into the aquifer at the CPP may remain in
lower pordons of die agquifer syse:.

P
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VERTICAL VARIATIONS IN GROUNDWATER
CHEMISTRY NEAR THE CPP: IMPLICATIONS FOR
GROUNDWATER MONITORING AT THE INEL

ISU/IGS GEOCHEMISTRY TEAM:

Mike McCurry, Jeanne Fromm (ISU)

John Welhan (IGS)
* Mason Estes (ISU)

FUNDING AND LOGISTICAL SUPPORT:
Idaho State Department of Health & Welfare



PROBLEM

« Is there a three-dimensional chemical structure
to the aquifer system underlying the INEL?

OBJECTIVES

Near-term:

° Obtain a representation of the vertical chemical and
isotopic structure of the aquifer system at USGS 44

* Compare and contrast the chemical profile with in-situ
monitoring system data

* Correlate water quality data with country-rock lithology
and structure, well flow patterns and permeability
characteristics

Long-term goals:

* Esiimate volumes/scales of geochemically distinct
TeServoirs

* Determine the origin of vertical variations in water
quality

* Recommend imrrovements for future monitoring
. L] 3 r/ =
activities



Idaho Chemical Processing Plant and
Aquifer Monitoring Wells
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Comparison of dissolved metals for thief, dedicated pump and packer

Concentration (pg/dm 1)

Concentration (pg/dm )

Concentiation (pgldm-1)

samples for USGS wells #44, 45, and 46
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Comparison of nonmetals for thief, dedicated pump and packer samples
for USGS wells #44, 45, and 46

USGS Dedicated Pump Samples (500')
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CONCLUSIONS

Significant vertical heterogeneity in water
quality occurs within USGS monitoring well
#44

Water quality is characterized by two principal water chemistries :

» Shallow water (461 - 570 feet): relatively free of obvious
anthropogenic components and remarkably homogeneous in
chemistry despite significant vertical fluctuations in lithology
and hydrology

«  Deep water (> §70 feet): distinguished by subtle, charge-
balanced shifts in major anions and cations, and by large
increases in conservative radionuclide abundances

Shallow water chemistry is adequately sampled
by the in-situ monitoring system

Chemically distinctive deeper water probably
retains anthropogenic constituents introduced
during past expanded plume event(s).

Significant amounts of contaminated water
may reside in intergranular (cf. vesicular) pore
spaces of basaltic lava flows (e.g. Knutson, ef
al., 1990), largely isolated from the regional
aquifer flow.



APPENDIX D:

TABULATION OF
PRELIMINARY GROUND-WATER QUALITY DATA

resents a specific

Each column of the following table rep
the 221 individual

- b - - -—'. - —
sample, and each ISW represents cne cf

analytes.
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RESULTS OF GROUND-WATER TRACER METHODS
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INTRODUCTION

The State Oversight Program’s gtraddle packer gampling system was
tested at the Idaho National Engineering Laboratory during July-
September, 1392, in USGS monitoring well #44. The straddle
packer was designed for the Ooversight Program’s ground water
-asearch program, E£O provide a means of characterizing the
vertical hydraulic and water quality wariations believed to exist
in the eastern Snake River Plain aquifer beneath the Idaho
National Engineering Laboratory. During the field program,
tracer introduction and recovery experiments were conducted to
evaluate QA sampling objectives as wsell as to assess the
feasibility of obtaining additional information on
aquifer/borehole characteristics such as specific discharge
through different aquifer zones, integrity of packer seals, etc.

==a rasul:zs a=nd crelizminazry interpretation of these test data are
described in this report. For ease of access TO che data, this
report is divided into two sections: Section 1 represents a
syvnopsis of the approach, methods, results and interpretation;
Section 2 presents the details of the nethods used, ~abulation of
all results, and discusses interpretational issues in more

detail.

SECTION 1 - OVERVIEW OF RESULTS AND CONCLUSIONS

water sampling for Bromide and the field analytical set-up used
for field water paramater measurements were part of the overall
r-acer purge testing capability used to monitor field parameters
(T, pH, Eh, digsolved oxygen, farrzic/ferous izon) with a flow-
cell monitoring arrangement. A summary of the data collected from

the field measurements program is presented in Appendix 1.

3 w2k2l of twelve tracer tests were performed on gix different
intervals from 467 to 6§00 feet below 1and surface (It pis) Ezc=
July 21 to September 16, 1992. Lithium bromide powder dissolved
in de-ionized water was used as a tracer in all tests. 3=
concentrations were monicczed iz= the £€4a14 with an ion-selective
electrode on discrete gamples collected from the wellhead

digcharge linmes that were adjusted to constant ijonic strengti bY

~ma addition of a constant amount oI a concentratad ~eu=zal salt
saluticn. The ion-gelective electrode response was ca_izratsd
Szl zzalinmst = g=andarss that ccvered the working range.

Precigion and accuracy of Br measurements were decerminsg =
replicacte analyses cZ stancazds and sa=glas cUrer tha wor! (o]
concentration range and are both better than =4% (2 sigma at
ppm Br). All bromide concentration data collected during purg
tegting are gummarized in Appendix 2 and included in Lotus 1
format in the attached diskett=z, under file BRDATA .WK1.

[N

All tracer tests were conducted in two phases: a) Emp lacement -



introduction of a slug of a known quantity of tracer, followed by
continucus =ixing within the test interval for pqﬁicds ranging
from 8 to 72 minutes (without punping to gurface), during which
time the tracer was diluted by ground water advection through the
test interval; and b) Recovery - pumping of the test interval to
withdraw traceI £-cm the borehole jnterval and the adjacent
aquifer. Once tracer recoveIy had been completed, water quality
sampling could Ete initiated, with the degree of interval purging
having been defined by the degree of tracer recovery.

The initial concentrations of Br  that were emplaced in the tests
averaged 500 =g/l. An average of 95% of the BI’ that was
emplaced i aach intazval was ~acovered during pumping, although
im two tasts cnly 22 and 59% of the emplaced tracer was recoverad
due to poor mixing conditions within the test interval éuring
~ecovery, rapid advective loss into the agquifer during
emplacement, and/or too short a pumping period.

At the end of tracer recovery, and prior to watezl ceality
sampling, 3T concentrations in the test interval ranged from
approximately 1 to 8 mg/l above the 0.45 mg/l natural aquifer
background. The nighest residual amounts corresponded to
intervals that were inefficiently purged during pumping or that
were pumped for legs than 30 minutes. Residual Br’ levels prior
s waber quality sampling can be used to define the proportion ©
sampled water that was not derived from tne aquifer. zowever, Gu
to the low levels of inorganic impurities in the LiBx powder
(<100 ppm of other metals), the effect on measured water qual
of such a small ragidual contamination would be undetectable
the major ions and would contribute sub-ppb levels of trace
metals.
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Tracer recovery data (natuzal log of dimensionless concentration
+g time) from multiple tests on the 495-515 and one test on the
535-555 £t bls intervals are shown in Figure 1. mhese  intervals
war-e ths cm=liy £WO erat damongtrated adequate mixing within the
te=shole interval during the recovery phase, due to leakage
across the packer valve designed tO divert ficw ¢o =ns gurface.
The tracer concentration-time responses shown in Figure 1 are
characteristic of a wall-nixed voluxe in which the diluting
golucion (ie. am=iens gozou=2 -yater) has a finite concentration oL
Br-. The response ig characterized by a an initial, constant.,
semi-lsogarithmic rate of decrease of concentzation VS time,
followed DY a dec-easing Tate cf d4lurion and a £inal approach to
a constant background value. A Biight flatteniZg of the curve at
takazmadiaze tlizes indicates the returd of tracex that 22C
advected into the formation during cae empiacsSineln :

A first-order tracer ailuticn medel was developed to aid in
conceptualizing the processes occurring during tracer emplacement
ard recovery. The model agsumptions and development are described
in Appendix 5, and fitting parameters derived from application of
che mcdel to the tracer -~accvery data are summarized in Appendix
4.



The return time of advectad tracer 2s wall as the apparent
background Br’ concentration, Cp,, was found =0 increase as longer
tracer emplacement times were used, thus rendering the removal of
t-acer (plus borehole water) from the test interval more time-
consuming due to the extensive advection and dispersion of tracer
into the aquifer. The magnitude of enis effact suggests that in
a relatively 1ow-hydzraulic head interval which receives watsr
from the borehole, pre-axisting coztaninaticn of tlhat tcne by
borehole water cannot be removed even DY several houzs <2
continuous purging. Therefore, it is doubtful whether water
quality data on guch intervals is representative of the ambient
ground water at a distance beyond the norehole at that dapth.

The effective voluxmes aF tha 495-815 a=d £35-.5585 intervals
calculated from the initial rates of tracer dilution in the
recovery phase (the slope of the straight lines) are shown in
Figure 1 Other effective volumes are shown in Figure 2 (see

Appendix 3 Zor 2 co=glate list o= sazz=atar waluag Sz 2ll
testg). The calculated volumes in intervals other than <495-351
and 535-555 were usually lower than the values estimatad fzom
caliper logs, alehouch larger values were occasionally obtained.
The wide range of apparent interval volumes shown in Figure 2
reflact inadeguate mixing within the straddled intervals,
jndicating that little useful quantitative information can be
extracted from the IrecoveIy phase <data i all the two well-mixed
tast-ad inktexzvals. mhe aprarent tracer regsponse and calculated
apparent dilution volume that is obtained in any given interval
ig pelieved to arise due to the lack of adequate mixing within
the test interval during pumping and to depend on the positica of
fracture-controlled conduits supplying ground water inflow to an
intarral relative to tlhe position of tlhe puzp intaks, thereby

leading %o the develcopment of "daad" volumes OX incompletely
flushed zones within the straddled interval.

Despite these problems the 1992 field data suggest that the
analysis of tracer recovery &aca =2as =zczmiss as 2 egzhnigue £
independencly assessing agwifss ~rarackterigtics such ag effective
porosity and 1inear pore velocity, if adequate mixing can be
maintainad within the test interval. As shown in Figure 3, the
«=3s2ar recovery data can be treated as a single-well tracsex
injection, drift and pumpback test bY modeiiing cae Iymamis
affack=3 of pure borehole dilution and gubtracting these effects
from the observed concen ration-tize data. A methodology and

e tpm e~

tm=esorecical basis ZIoI --gaging such daca ace cuzzensly Telng

Sevalcped fcz futuse sagting of thig approaci.
-2 s imadsgriate nixing within the test intervals during the
acsvers phase of the 1392 tracer tescs, snly daca £zca carsawn
egts in which the dilution model parameter fiteing produced
gults that are consigtent with agsumed interval volume and

erved Br recovery percentage are considered reliable (tests
“ing this criteria are labelled "Not Mixed" in Appendix 3). IR
-agt, all data obtained during tle well-mixad emplacenent

e are reliable and can be treated quantitacively with a
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dilution model. Design modifications on the packeyx system are
currently underway to provide the degree of mixing required to
fully utilize tracer recovery data in future.

During the emplacement phase, the dilution rate of tracer in the
tegt interval was calculated from tne observed change in Br-
concentration petween the time of emplacenent and start of
puxmping. Since the interval was thoroughly mixed throughout the
emplacement phase by using the pump €3 -acizculate the interwval
£luid in a closed loop, 2 first-order dilution model describes
the rate of tracer dilution with time (see appendix 5 for
derivation and agsumptions):

c = (c°-C,) [exp(-0E/V) + Gl ’

where C° is the jnitial Br"~ tracer concentration in the borehole
when the pump began purging the interval at time £=0 , C, is the
magkgzound 337 csmcent=zaticn cha-acteristic of ground water in
the aquifer, V ig the volume of the test interval and O is tkes
janterval dilution rate, or rate of £flow of ground water through
the tast interval. Thus, on a plot of in(Cc) vs t, the gslope of
the initial linear portion of the response defines the imtarval
ilution rate relative to the effective mixed volume, =-0/V.
Figure 4 shows the semi-logarithmic dilution rate of Br  observed
during multiple rasts c= the 495-515 £t bls interval. The
deviation of the 72 minute test (8/05) from the straight line
shown in Figure 4 may be a consequence of the finite packgzcund
8r concentration that is present in local ground water, oI a
reflection of non-ideal dilution conditions which may develop
over long times in a fracture flow-dominated medium.

mnig simple £irgt-order dilution modal was used to interpret test
results from the emplacement phase in all intarvals (Appendix 3).
Tnterval volumes were calculated from the recovery data or
egtimated from the caliper log. calculated interval dilution
raceg for all tasts azxe shawn iz Tiguese €. vrrom estimates of the
cross-seckzicmal arez2 ~f€ tha borehole in each test interval,
apparent gspecific discharge (= O/area) was also estimated and
plotted in Figure 5. Replicate determinations of dilution rate
and gpecific discharge for the 495-515 izmterval aze sheowzn in
Table 1 (also Appendix 4). and provide a= 1a3i-asion cf the
reproducibility that can be achieved with this borehole tracer
method.

[

Szecific discharge values calculated from these borekhcle @ilu=icn
cests represel.d aopzTent -eal:ag since thevy have not been
~nrractad for flow field distortion around the porenoie and
ara higher than tle actual spec:iicC Gischazgze im tne ad<facen
aquifer. Ceompariscn of gpecific digscharge values calculated £rom
the 495-515 interval tests and those estimated £xcn parcy’'s Law
(= Ruyortx X regional hydraulic gradient) indicates that the
apparant gpecific discharges calculated from tracer dilution data
appear to be nign py apprcoxizactely a sac==r of I-4 (Table 1),
indicating the magnitude of the borekhocle €1ow £ield digrorcion

533
t



effect. This is within the range reported in the literature for
the effect of borehole-induced flow distortion.

The profiles of interwval dilution rate and apparent specific
discharge appear to mimic the profile of hydraulic conductivity
obtained by borehole flow meter logging iz this hole (Figure 6;
Morin et al., 1992; Appendix 4), as would be expected if
hydraulic gradients in all intervals wers similax. However, as
shown in Figure 6, the apparent hydraulic gradients cbtained fronm
the calculated specific discharge and hydraulic conductivity
profiles, show a large increase with depth. Although the
calculated hydraulic gradients are similar to regional gradients
in the upper, high-permeability porticz of the borshole, they ars
far too large in the lower part of the borehele where
permeabilities are low. One possible explanation may be that the
calculated specific discharge values in the deeper portions of
the borehole are too high due to borehole-~induced flow
distoxzion, although tie zmagnituda 0f suckh an effect would have
to be far larger than any reported in the borehole dilution
logging literature. An altermative possibility is that large
vaertical gradients may exist in the agquifer (as suggested by the

f£lowmeter logging; W. Bennecke and S. Wood, pers. comm., 1992 and
unpubl. data), such that significant vertical flow is respcnsible
for much of the obsexved tracer diluticn in the lower test
interrals.

References:

Morin, R., Barrash, W., Paillet, F. and Taylor, T. (198%2)
Geophysical logging studies in the Snake River Plain Agquifer at
the Idaho National Engineering Laboratory: INEL Wells 44, 45, 46;
USGS Water Resources Investigations Rept. 92-4184.



Table 1 - Tracer pilution Rate Calculations in Interwval 495-515 ft bls

calculatced Calculated Zstimated
Test pilution Rate! specific Discharge specific Discharge
Date (in interval) (in interval)
liter/mi ca/nin £x/day cm/min ft/day
7/2% 15.86 1.19 56.2 0.35° 16.5°
7/22 16.84 1.39 65.7
7/23 14.73 1.10 52.0
8/06 14.12 1.13 §3.4

Average
pilution Rate = 15.39 1l/min
=MS Deviation = 1.05 (6.8%)

1

Yo ubololok -1
2ol =

1. Total ground water £1ux through the test interval, as calculated from
observed tracer dilution during the emplacement phase

2. 2Zstimated from Darcy’s Law, agsuming a regional hydraulic gradient of 0.0015
and a hydraulic conductivity in the interval of 11000 fr/day (3300 m/day), as
determined by Morin et al. (1992)
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SECTICN 2 - DATA SUMMARY AND MODEL RESULTS

srasentad in Appendices 1 42 5 axe the figld data collacted during the gtraddle
packer testing on USGS Well 44, as well as incerpretaticmal summarias of all
tracer test data sets.

arpendix 1 summarizes field measurements made on puny dischaxge Srom the test
intnrvals, using the flow cell in the Ziall lzZzcrazsz 22 tZs wall sita. Sincs
the bromide measurements werza =ads as paxt 2f <he flow cell £ield measuresmen
progTam, thege results are included here as well as in the discussion of
aquifer water quality results (see attached OP Report by McMurzy et al).
Agpeniix 2 sum—mazsizas all Txcmifas concenmirziticsn measurements made during the

testing program. Data are presented as Br concentratlon (mg/1l) vs time sincs
staxt of pumping. These data are also included iz spreadshest Z2xm (Lotus 1-2-3
Zczmat) as £ile 2BDATALWRL in the attached diskette.

aw bromide recovery data of Appendix 2 were analyzed with the aid of a
-order dilution model incorporating terms for backgzound brzomide input and
~-function vaxiation in Zzczids c:::e:::=t'c1 ragcovered freom the agquifsr
g pumrrkack (see Appendix 5 for model description). The model was used to
ate estimates of the effective straddled intezxval volume (V,,), inicial
concentration during emplacement (Ci), step-function duration since
recovery (t’), and ground water advective flux through the straddled
(0/A) . Although the concept of a step function form is too simplistic
the actual tracer rascovery response due to dispersiwve trangport in

2iZar, the model’s prin -p”e use was in ccomparing and svnthesing the raw
acer data derlved from the tests. The best-~fit wvalues ¢f these =odel
ramecers are s rized in Appendix 3.
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A summary of pertinentc tracer e oA
model calcula:ie“s o% gzzund a2tk a va flux, bromide recovery, and
aprarent hydraulic gradients derived from the tracer f£flux calculations and
twdraulic conductivity estimates of Morin et al (1992). A comparison of
interwal dilution flux calculations on five sets of tracer dacta darived Irc
the same test interval is also shown in Appendix 4, to &smznstrszia the degree
22 rezzcducikility chtained from multiple tests on the same straddled interv

Tigure Ad in Appendix 4 demonsctrates the similazicy of tzages rssgomsss Incm
thirss tests o tha sazme interwal (7/21, 7/22, 7/23) that were perZormed witlious
altering tihe packer’s seacing, 2ol which éiffered only in the times employzd
Iz tzacer racirculation duriag emplacement. The data have been normalized <o
the wolume of solution pumped Irom cthe Interval (durizng rsccvery) znd -2 the

volume of solution advected into the aquifer during emplacement (prior to pump
on), based on the best-£fit model parameter values shown in appendix 3.

Note that tracer responses in the 7/21 and 7/22 tests (similar recirculation
times of 9 and 11 minutes, respectively) are virtually identical during
emplacement and recovery. The 7/23 test produced the same response during the



first half of recovery, but the end of the tracer step function recovery, t’,
differs by more than 30% relative to the previous two tests; this difference
reflects the greater distance over which the tracer travelled into the agquifer
during the 7/23 test emplacement phase, and the subsequently longer period of
time required to recover it from the aquifer during pumping.

Appendix 5 presents a brief summary of the assumptions and derivation of the
tracer dilution model used in the analysis of tke tracer data.



APPENDIXFEL

WELLHEAD MEASUREMENTS SUMMARY - INZL TEST PHASZ, 7-8/952

FLOW CELL FINAL READINGS



Test

Date Interval Purge Alkalinity PH DO T sc
ft bls time,min mg/l HCO3 mg/1l (C) us
7/20/92 495-515 33 232 >7.82 <9.83 12.3 433
7/21/92 " 40 Na (7.46) <9.98 12.5 436

7/22/92 " tracer testing only

7/24/92 535-555 60 183 >7.88 <9.72 13.1 436
7/28/82 537-577 39 262 7.77 <8.98 13 <440
7/30/92 580-btm 28 256 8.1 10.25 13.8 <455
5/33,/32 g2°7-%8°C 72 214 >7.90 9.25 14.6 <423
8/05/92 495-515 tracer testing only

8/06/92 " 19 NA >7.87 <9.65 12.2 <469
8/13/92 open hole 70 220 7.78 <8.72 12.9 428
8/14/92 467-482 105 250 7.80 9.35 12.6 432
8/17/92 480-495 too tight to pump

8/18/92 519-534 95 207,214 >7.84 9.00 12.8 <433
9/15/92 495-515 60 311 7.55 <8.77 13.2 430
e/18/92 " 80 226 7.92 8.97? 13.3 433

__....___...___--__--_____,__________-_______-____-________________-___-_-_________

Reproducibility (+/-RMS) : 5 <.05 .37 <C.2 z2, 2



Date Interval Eh Eh,as % Fe~II Fe-T Br
£t bls nVv of air-sat. mg/l mg/1l ng/1
(air-~sat) water
7/20/92 495-515 NA n.d. 0.015 NA
7/21/92 " 240 NA NA NA
7/22/92 " 0.47
7/24/92 535-555 >241(261) >92 .006,.005 .030,.026 NAa
7/28/92 557-577 294 (357) 82 .001,.002 .022,.01¢6 0.48
T/33/52 EF3l-Zt= 2487308 80 .006,.003 .025,.022 NAa
8/03/92 580-600 184 (219) 84 n.d. .014,.015 0.33
8/05/92 495-515 0.43
8/06/92 " NA NA NA 4-7.0
8/13/92 open hole 211(250) 84 .003 0.040 NA
8/14/92 467-482 266(283) 94 n.d. .025,.014 0.44
8/17/92 480-495
8/18/9%2 519-534 297 (306) 87 n.d. .023,.027 48, .58
9/18/82 495-815 264 (270) 98 .004,.005 .016,.018 Na
9/16/52 " A %34, .00 .C208,.00° 0.82
Reproducibility (+/~RMS): ? 0.0035 3.003 J.31a

Ncte: . concentration corresponds

.0
0000 £t (amsl)
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APPENDIXE2

WELLAEBAD MEASTREMENTS SUMMARY - INZL TEST PHASE,

BROMIDE TRACER RECOVERY TESTS: RAW DATA

7-8/22



7/21/92: Total Inj’d = 24 .6 grams

t, min c, mg/l
S 33.3
13 15.1
17 10.7
21 8.7
25 5.1
38 2.7
58 2.55
7/22/92: Total Inj’d = 25 grams
£, min c, mgll
3 0.45
4 67 .45
5 50.67
6 32.35
7 23.1
8 19
9 14
10 12.37
11 10.59
13 8.86
15 7.68
19 6
22 5.46
24.33 6.07
27 5.16
32.5 4.23
37 3,35
A7 2.05

o\
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7/23/92: Total Inj’d = 21.86 grams

t, min c, mg/l
3 3.08
5 41.55
7 20.73
9 16.01
11 11.24
14 .07
18 7.29
22 5.95
27 5.93
32 5.7
39 5.61
47 4.46
57 3.585
67 2.8
i 2.41
7/24/92: Total Inj’d = 42 .28 grams
t, min ¢, mg/l
4 28.94
7 23.26
190 17.61
13 16.14
19 14.21
23 12.52
29 10.26
35 8.79
7/28/92: Total Inj’d = 118.6 grams
£, min c, mg/l
9 117.918S
iRy 117 . 4483
i 38.47422
12 25.20305
13 18.33277
14 1.3.883%3
16 §.2585%3a
18 6.103297
2 4.213021
22 2.573345
24 1.582780

jogs 2.208347



8/03/92: Total Inj’d = 106 .5 grams

t, min c, mg/l
0 0.481237
1 0.460705
2 0.422232
3 0.435836
5 0.382398
7 0.575206
9 0.533477

11 472.291
i3 1052.81a
18 320.2649
23 39.03268
27 16.12682
29 13.70787
22 14.321877
38 8.689711
46 4.518235
45 6.716023
52 2.752895
57 1.859378
62 1.787118
87 1.822891
87 1.146444
107 0.986140



8/5/92: Total Inj‘d = 182.1 grams

t, min ¢, mg/l
5 36.59746
6 38.67523
7 36.30989
8 32.25781
9 30.16574
11 29.11367
12 26.69383
15 21.82971
is 20.636%4
21 16.49776
28 13.65214
31 12.76673
33 14.42723
2l =5.23.7¢88
45 13.43844
48 9.422778
54 9.238766
60 7.828309
66 8.881452
72 8.371224
78 7.407744
86 7.037477
93 6.9546393
100 7.320605
110 5.642726
117.5 5.554398
127 5.276767
144 4.857300
154 4.4888459



8/6/92: Total Inj’‘d = 151 grams

t, min ¢, mg/l
3 2.425403
4 7.101463
5 2.693940
6 149.2327
7 107.1608
8 79.47673
9 80.12130

11 49.148%2
i3 42.84281
15 37.64870
19 34.72721
22 50.96828
27 27.25398
32 25.06858°
37 19.72922
42 18.64463
52 11.67051
63 13.99651
74 5.969335
109 4.321216
8/14/92: Total Inj’‘d = 74 (5 grams

t, min c, og/l
0 0.447145
0 0
1 0.331874
2 0.360528
3 891.8 = p 459
4 369.1707
5 53.83146
7 21 .483E2
9 11.06880

11 7.625305
13 5.318738
15 4.217994
17 3.740730
22 2.652777
2 2.323574
32 1.504758
42 1.362011
- r

L£89910



8/18/92: Total Inj’'d = 78 .54 grams

t, min ¢, mg/l
1 0.487016
2 0.574010
3 0.507443
4 278.2479
5 104.2225
7 48.33706
9 ‘ 36.40467

11 28.80359
13 22.581038
15 17.88368
17 13.46895
19 11.95601
21 10.61302
23 2,9675¢%6
25 7.577375
29 6.562435
31 5.660136
36 4.724040
41 3.830976
9/16/92: Total Inj’‘d = 177 grams

t, min c, mg/l
3 0.838680
4 177.5101
5 127.8903
6 106.7438
7 95.29154
8 89.46937

10 84.71172
12 75.823-%
el 70 . 40828
16 66.38458
18 57.06252
20 54.94420
22 45.80634
26 34.45852
30 27.23148
24 21.61083
28 18.49821
e 1g.24210
50 .69917

11
8.933771
61 7.588112
6.605319
5.896667
5.111416
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APPENDIXE3

- coms o MEASTRIMENTS STMMARY - INZL TEST PHASE, 7-8/92

WELLS

BROMIDE TRACER RECOVERY TESTS: SUMMARY OF FITTING PARAMETERS



NotMixed NotMixedr*

Interval 495-515 495-515 495-515 ©535-555 ©557-577 580-600
" rest pate 772z 7,2z 7/23 7/24 7/28 8/03
Co = \ 60 67.5 41.55 35 117.9 1050.8
Ch = \ 2.5 2 2.5 9 1.1 1.1
C* = \ 100 70 55 70 439 J
Q = 77.5 72 74 72 64 15
kR = 0.06 0.055 0.06 0.06 0.01 0

Vetz = 230 190 230 380 50 45
tr = 18 20 34 1ls 10.5 0
Ci = 111 178 180 87 2372 2367
% Br recovery 104 135 188 78 22 124
t(ecizrc), min = 9 | 11 23 12 8 20
b(cm) 610 610 610 610 6§10 6§10
Alea?; = 1223¢E 12148 13365 17180 6232 5912
0(cm*/min) = 15864 16841 14727 29154 18783 1827

*  interval diluticn did nnt correspond to first-order removai prccass,

indicating mon-unifsz= zzzzer Zfigtzibution during pumpback, possible develpmenc

2f "32ead" or incompletely flushed volume within the straddled intervax; =cte
tkat calculated effective Volume, Er recovery, ST T2t Zrs ancrzalous.



NotMixed? NotMixed NotMixed NotMixed

Interval 495-515 495-515 467-482 519-534 500-515
" rest pate §/05:  8/06:  8/14:  8/18:  9/18:
Co = 38.7  149.23 460 278.2 177.5
Cb = 4 5.5 1 2 2.5
C* = 50 350 0 0 300

= 74 74 74 74 72
k = 0.06 0.06 0 0 0.07
Veee = 1200 200 70 50 200
£ = 100 28 0 0 13
Ci = 152 755 1067 1571 885
% Br recovery _ 53 93 114 114 106
t(ecirc), min = 72 23 23 20 10
b(cza) = 610 610 457 457 457
alcm®) = 12483 12483 €382 5394 10788
O(cm’/min) = 22919 14119 2561 4331 32173



APPENDIX A

WELLHEAD MEASUREMENIS STMMARY - INZL TEST PHASE, 7-8/%2

BROMIDE TRACER RECOVERY TESTS: SUMMARY



Flow- Interval

Test calc’d calc’d calc’d meter calc’d %Br Mixed/
zZone Date O,l/min A, cm?® q,cm/min K, ft/d i Rec’'y not
467-482 8/14 2.56 6382 0.4 20000 0.0009 114 not
495-515 7/21 15.86 13365 1.19 10000 0.0056 104
495-515 7/22 16.84 12148 1.39 10000 0.0066 135
495-515 7/23 14.73 13365 1.1 10000 0.0052 189*

495-515 8/05** 22.92 12460 0.75 10000 0.0035 59 not

495-515 8/06 14.12 12460 1.13 10000 0.0053 93

500-513 &/i5 32.17 10788 2.98 10000 0.0141 108 not ?
519-534 8/18 4.33 5394 0.8 4000 0.0094 114 not
535-555 7/24 29.15 17180 1.7 1000 0.0803 78

557-577 7/28 18.78 6230 3.01 800 0.1780 22 not
580-600 8/03 1.83 5912 0.31 100 0.1464 124 not

Average Br recovery = 103 %

NOTE: Specific discharges plotted in Figure 6 represent values shown above,
-epresenting interval areas calculated fxrom the fitted interval dilution
*slume and meazn borehole diameter, as well as estimates based on values of
interval area (A) estimated purely from borehole geometIy.

* Unknown source of error guspected in calculation of injected mass
of bromide.

3 is assumed %o be equivalent to that of 8/06, and is not
calculated from apparent interval volume.

REPRCDUCIBILITY OF TRACER DILUTION RATE CALCULATIONS:

Tast calc’d calc’d calc’d
Zone Date dilution rate, 1/min g=vn,cnm gradiemnt
495-515 7/21 15.86 1.18 J.0uzd
495-515 7/22 15.84 2.38 n,.NNRE
495-515 7/23 14.73 1.1 0.0051
495-515 8/06 14.12 1.13 0.00583
495-515 8/05 22.92 (Not Mixed) 0.75 0.0035
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APPENDIXES

TRACER EQUATION DEVELOPMENT



First-Order Dilution Modelling of Tracer Data, 1992 INEL Tests

Model Development:

Assume perfect mixing within test interval during emplacement and recovery
phases, steady discharge (=Q), constant inflow (=I, with 3r ccncentration
Cb) and outflow (0, concentration C) of ground water to/from the test
interval, and a down~-gradient plume of concentration C* contributing Br back
Lo the interval during pumping, as a sgtep function, until t = t’. Tracer
slume water (izflow xrate I*, concentration C*) is assumed to contribute a
constant fraction of total inflow to the well (kQ) during cthe recovery
phase. The model is constructed to be generally applicable for both tracer
recovery and emplacement phases; during the recirculation (emplacement)

phase: Q@ = 0, 0 > 0, t’/ = 0.

Equation set-up: I+I*~0-Q =dVv/dt= 0 and CbI+C*I*-CO-CQ = VdcC/dt

or dC/dt+[(Q+0)/VIC = CbO/V+[Q/V]I[(1-k)Chb+kC*]-(kQC*/V) [u(t-t’)]
LaPlace transform: pX-xo0o + aX = cb/p + ad/p - (af/p)exp(-pg)
whera: a=Q/V; b=0/V; a’=(Q+0)/V; c=Cb; d=kC*+(1l-k)Cb ; £ = kC* ; g = ¢’

Solving for X: X = xo/(p+a’) + (cb+ad)/[p(p+a’)] - [af/[p(p+a’)]llexp(-pg)

Reverse transform: x = xoexp(-a‘t) + [(cb+ad)/a’][l-exp(-a‘t)] - 0 ; 0<t<b
X = xcexp(-a’'t) + [(cb+ad)/a’](l-exp(-a’t)]
- (af/a’)[l-exp(-a‘’(t-g))] ; €D
Back-substitution and rearrangement:
C = (Co -~ C)exp(~-(Q+0)t/V) + C! ; O <t &
C = (Co - C'lexp(~(Q+Q)E/V) +
C/+{kC*Q/(Q+0) ] [exp (- (Q+0) (L= ")/V)=-1] ; £t o>t

where C’ = Cb + k(C*~CH)Q/ Q-+
The above equations are valid for the recovery phase. During the empiacsmsnc
(recirculation) phase, when Q = 0, O > 0, t‘ = 0, the general soluticn
degeneratesg to:

2 = /73 - 2n)exp(-0t/V) &+ Cb



Fitting parameters for tracer recovery curve fitting:

Ci =

Co

Ch =

C* =

Lt =

t(offset)

200
60

2.5

100

77.5

230

16

ppm
ppm

prm

ppm

l/min

l/min

min

min

Br conc. at time of emplacement
Br conc. at start of pumping

Local average ground water Br concentration
(can be affected by Br injection)

Average tracer plume concentration for the
step function recovery of bromide advected
into the aquifer, assumed constant and
<= Ci at emplacement

pump discharge rate at well head

3orehole ocutflow rate = I + I* - Q (=0
during recovery, >0 during circulation)

racer plume inflow (I*) contribution to
total inflow, I, as a fraction of I,
equal to kQ

Apparent volume of well-mixed, straddled
zone (synonomous with V,..)

2nd of tracer plume recovery step
contribution

Zero time offset or time lag for flow up the

riger pipe
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INTRODUCTION

BACKGROUND
This report describes and summarizes activities, data, and
reliminary data interpretation from the INEL Oversight Program
%=1 zrziect titled "Hvdrologic Studies In Wells Open Through
Large Intervals." The project is designed to use a straddle-packer
system to isolate, hydraulically test, and sample specific
intervals of monitoring wells that are open (uncased, unscreened)
cver lar intervals of the Snake River Plain aquifer. The
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variations in water quality and aguifer properties that have
previously only been determined in an lntegrated fashion over the
entire thickness of the open interval of the observation wells. A
complete description of project objectives is available in the
"Turmding Prorosal for Research and Development on INEL by the Stats
of Idaho In Support of Znvironmental Assessments' supbmitiad To The
U.3. Department of Energy.

The project was in the first season of checkout and field
implementation. The rsport describes data collection and
activities at the INEL during the summer and fall of 1992.

wirg

el -

Thls report was cooperatively prepared by staif of the Idaho
Geolcogic Survey, Idaho State Universitv, and the University of
Idaho. The report satisfies contractual obligations for an end-of-
year report as specified in Appendix D of the contract between the
INEL Oversight Project and the Idaho Water Resources Research
Instituts at the University of Idaho.

PURPQOSE AND SCOPE
The purpose of this report is to document and summarize field
activities, computer data files, water quality samples, and grcvide
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ntended to represent final results and data lnterpretatlon.

TISTING OF USGS WELL 44

The straddle-packer was used to nydraulically test and sanpls
10 intervals (some overlapping) in wall TUSGS =%, fust west I the
Idaho Chemical Processmng Planrt. Time-ccocnsuming c&qiprart and

::::ed““* “2s%ing in this wa2ll prevented use of the straddlie-packer
in other wells during the 1992 season.

Zguipment set-up and 3ztz collscticn on USES 44 began in early
July and continued at an intense pace until mid-August. In mid-
August the packXer was positioned on an interval 500 to 515 feet
below land surface, where it remained for the duration of 1992.
The packer system was used during the fall of 1992 to acquire long-
Tarm hydrzullz data from the 500 to 515 foot interval.



Activities during the active data collection period from July
1 through August 19, 1992 are summarized in Appendix A. 1Initial
testing during this perlod was conducted using a 20 foot straddle
interval. After completing all possible 20 foot intervals the
packer system was removed from the well and reconfigured to

traddles a 15 foct interval. All intervals in the well were tested
with either the 15 or the 20 foot straddle interval.

Chbjectives and procedures were similar for all tested
intervals. Modifications to procedures were made as mnore was
learned about the packer system and the characteristics of the
aquifer. The intent was to hydraulically test and sample as many
of the intervals as pcssible, recognizing that extremely low and

extrzmely  high “=*“==blli:v intervals created oproblems for
hydraulic testing or sampling. Tracer (llthium bromide) was also
routlnely emplaced to ldentlfy mixing and purging characteristics
of the intervals. A list of the successfully tested intervals in
well USGS 44, and the tests and samples conducted in each interval

is given in table 1.

Table 1. Testing and Sampling in Specific Intervals in
Well USGS 44.

Interval Hydraulic Tests Sampling

(ft. bls) Slug Punping Chem. /Rad. Microbial
467482 Yes Yes Yes Ves
480-495 Yes Yes No No
495-315 Yes No Yes Yes
300-515 No No No No
519-534 Yes Yes _es Yes
535-233 No Yes Yes Yes
337-577 No Yes Yes Yes
380-5600 Yes Yes Yes Yes
600-620 Yes Yes No No
600-650 Yes Yes Rs] Ne

(2]

SIGNIFICANT RESULTS CF 198952

The field experiences and analy515 and 1nterpretatlon oL the
data collected durlng 1992 provide valuanle insights into guiding

tne directions and p;a:e:ur=s Tc e Iimplamentzd in subksesguent
vears. A list of the significant findings £frcm the 1992 research

effort is as fcllows:
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ABSTRACT:

An impeller flowmeter was used with a COLOG digital
acquisition system to determine existing borehole flows, to compare
with previous logging results, and to acquire flow measurements of
vertical cross-~flow of water in the wells between permeable zones
in the open-hole intervals. A 1964 study used Tracejector Sondes
to measure flow velocities and directions. The direction of flow
found was predominantly downward with velocities ranging from 0-30
ft/min. Some flcw reversals were noted and attributed to nearby
pumping wells.

USGS wells 44 and 46 were studied in September, 1991 near
the Idaho Chemical Processing Plant (ICPP). The results showed a
usual overall flow direction downward with flow entering the wells
at around 510 to 600 ft. below the land surface. Water exited
these wells at lower levels around 550 to 580 ft. Flow velocities
ranged up to 24 ft/min. A flow reversal occurred during logging of
well number 46. This reversal 1is thought to be caused by turning
on a pump at 3100 gpm.

Using published aquifer parameters the rate of propagation of
a pressure change in an aquifer was calculated for the well CPP-2
turning on and off, at 3100 gpm (2 hour on and 3 hour off cycle).
The Zfinite-element program MODFLOW was run to simulate these
conditions. The computations indicated that within two hours of

pumping from CPP-2, only 5 x 1075 ft of drawdown would occur at



wells 44 & 46. We do not believe that a 1072 ft head difference
induces flow reversals in the wells. These computations suggest
that the reported transmissivity values commonly used are too small
or unconfined storativity too large to simulate the situation of
flow reversals. We suspect that a value fgr storativity
considerably less than 0.08 used in computation may be more

appropriate.

il
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INTRODUCTION

At the Tdaho National Engineering Laboratory (INEL) there is
great concern about the potential for migration of radioactive and
chemical wastes from the various facilities there to the underlying
Snake River Plain Aquifer (SRPA). More than forty wells at the
INEL have large open intervals, typically their wells have cemented
casing to the water levél, and have 100 to 300 feet of uncased
borehole in the saturated zone. These open intervals have numerous
fracture zones of varyiﬁg aperture, overall thickness, and lateral
extent. There is the high likelihood for movement of contaminants
across aguitards owing to connection by wells. A Dbetter
understanding of flow in these wells would help to estimate the
effects of contaminant movement and their impacts on the SRPA.

Studies and procjects have tried to address these issues, but
the projects were done 25 years ago and overall effects of these
well interconnections were never studied in detail. This study is
using impeller flow-meter techniques (Hess, 1986), to measure
vertical cross-flows of water in the wells between permeable zones
in the open-hole intervals. This will allow a better understanding
of fluid flow within wells that is needed to understand
contamination routes. In this preliminary study, the 25-year old
data are reviewed, and preliminary results reported of flow-meter
logging in September, 1991 by Boise State University-borehole

geophysics research progran.



BACKGROUND

The INEL was established in 1949 by the U.S. Atomic Energy
Commission as an area to build, test and operate various nuclear
reactors and to have fuel processing plants and support facilities
with maximum safety and isolation. Administered by the U.S.
Department of Energy, the site is comprised of seven major
facilities operated by government contractoré. The site covers 890
square miles of semi-arid land in the north eastern part of the
eastern Snake River Plain (Fig. 1). The IﬁEL is thirty-nine miles
long from north to south and thirty-six miles wide at its broadest
peint. |

The two facilities that will be discussed in this report are
the Idaho Chemical Processing Plant (ICPP) and the test Reactor
Area (TRA) (Fig. 2). The ICPP complex houses reprocessing
facilities for governmental defense, and research on spent nuclear
fuel. Facilities at the ICPP include spent fuel storage and
reprocessing areas, a waste solidification facility and related
waste storage bins, remote analytical laboratories, and a coal-
fired steam generating plant. The ICPP is 8 miles north of the
southern boundary of the INEL and covers about 0.15 square miles.
The ICPP has discharged radiocactive and chemical wastes to a
disposal well and unlined percolation ponds for several decades.
From 1953 to 1984 the ICPP discharged low-level radicactive and
chemical wastewater directly to the Snake River Plain Aquifer
through well CPP DISP (Fig. 3), a 600 ft. deep disrosal well. From

1974-1985, 445 million gal/year of waste water containing an

39}
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average of 287 Ci/year of strontium 90 also was discharged fo

percolation ponds at the ICPP from 1982 to 1985 (Pittman from

Anderson, 199%1). The ICPP no longer discharges wastes down the

disposal well, but percolation ponds are still in operation.

The TRA is a sophisticated materials testing complex housing
extensive facilities for studying the effects of radiation on
materials, fuel, and equipment. The Advanced Test Reactor (ATR)
located at TRA produces a neutron flux that allows simulation of
long duration radiocactive isotopes used in medicine, research, and
industry. The TRA is 2 miles northwest of the ICPP and covers
about 0.10 square miles . Some knowledge of amounts of radioactive
and non-radiocactive wastes discharged to a deep well and to
percolation ponds has been compiled by Pittman and Anderson (1991)
and is summarized here: A 1,275 foot deep well located there is
called the TRA DISP (Fig. 3), it was used to dispose of about 250
million gal/year of nonradioactive wastewater from 1964 to 1982.
From 1959 to 1985, discharge of radiocactive wastes to percolation
ponds at the TRA averaged about 189 million gal/year.
Nonradicactive liquid waste consisting mainly of sulfate and sodium
has been discharged to a percolation pond at TRA since 1962. From
1974 to 1979, aqueous radioactive waste contained about 2,250
Ci/year of activation and fission products. This amount was
reduced to about 288 Ci/year from 1980 to 1985. Tritium, which
cemprised abecut 10 percent of the radicactive waste discharged to
pords "at the TRA from 1974 to 1975, ccmprised about 90 percent of

the total radioactive discharged there from 1981 to 1985.

(V]



GENERAL HYDROGEOLOGY AT THE INEL

The regional direction of water flow in the SRPA is northeast
to southwest (Fig. 4). The major area of recharge is from the Big
Lost River which flows onto the eastern Snake River Plain near
Arco. This river drains about 1,500 square miles of Butte and
Custer Counties, including the northeastern flanks of the Pioneer
Mountains and the southwestern flanks of the Lost River Range.
Transmissivity of the aquifer generally ranges from 134,000 to
13,400,000 square feet/day (Bennett, 1990). In a static well, any
flow produced will be due to the regional trend of the area which
is cuite large compared to other aquifer systems, but small
compared to flow induced by a nearby pumping well.

Vertical flow velocities in a non-pumping well may be
influenced by vertical head gradients, the diameters of the opening
that water flows through, temperature, roughness of the borehole

walls, and initial turbulence that may be present.

METHODS OF MEASURING FLOW IN STATIC WELLS

A method of finding the vertical flow velocity in a static
well is by the use of inmpeller flowmeters (commonly called
spinners). The impeller flowmeter is made up of a propeller that
can range in sizes. These propellers spin when acted on by flowing
water. The method of measurement is either to lower the flow-meter
ints the well and record flcw at a stationary position or to tow
the flow-meter up or down measuring flow. This later method is

done because the propeller has an initial stall speed that must be
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overcome to spin it. When the spinner is towed, the movement of
water past it generates spin which overcomes its initial stall
speed. Variations on the spin velocity is taken for flow in the
well. The spinner's propeller makes revolutions which act on an
electrical circuit in the instrument. The circuit sends a signal
in counts/seconds which can be converted into feet/minute once the
flow-meter is caliﬁrated. Spinner flowmeters are available that
can measure borehole water velocities of 2 meters/minute and
greater (Hess, 1955);

Flow in a static well can be also measured in other ways. One
such method is the use of tracers which may be salt, radiocactive
materials, dyes, and others items. These tracers are used in a
Tracejector Sonde. The Tracejector Sonde using radioactive
material is a combination of a gamma=-ray unit and an ejector unit.
The vposition of the two units 1s interchangeable and can. be
assémbled for measuring either upward or downward circulation of
borehole fluids. The procedure for operating the sonde is to lower
the sonde into a borehole, to a particular depth of interest, which
is hypothesized to be the flow area. A minute amount of tracer
then is discharged from the ejector portion of the probe. The
tracer travels from the ejector to the detector point and the
travel time is calculated from a stopwatch. Very slow borehole-
fluid velocities of a few meters per day have been measured by
using +tracer techniques (Hess, 1985). However, the use of
radioactive solutions in groundwater is now subject to strict

regulations, brine solutions are useful only in fresh water, and
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both techniques arevsubject to considerable measurement errors
caused by the differences in density between the trace solution and
the borehole fluid (Hess, 1985).

Another such method to measure flow velocity in a static well,
that has a similar theory and methodology as the Tracejector Sonde,
is the heat-pulse flowmeter. The heat-pulse flowmeter is a
combination of temperature seﬁsors and a heating grid. The two
temperature sensors are set 20 mm from either side of a heating
grid (Fig. 5). The operatioﬁ of the heat-pulse flowmeter is to
lower it into a well, to a particular spot of interest, and then
discharge a small pulse of heat which either travels up or down to
the temperature sensors. The time it takes to travel to either
sensor is used to calculate the velocity. The heat-pulse flowmeter

has a useful flow-measuring range of 0.06 to 10 meters/minute

(Hess, 1985).

PREVIOUS WORK DONE ON BOREHOLE FLOW AT INEL

Preliminary studies defining the velocity and direction of
flow in static wells at INEL were reported about 25 years ago. The
significance of the data were never evaluated, nor was the research
continued. D.A. Morris and coworkers in 1964 noted work done with
a Tracejector Sonde containg an Iodine 131 tracer. This work was
done on over 20 wells at various places in the INEL area. A
dewnward flow was determined in the wells with velocities ranging
to 30 fzet/minute. Illustrations from Morris and others (1964) are

reproduced in this report (Fig. 6-9). The location of these wells
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are shown in figure 10. J.T. Barraclough and cowérkers (19€65) also
did Tracejector Sonde work with an Iodine 131 tracer. This work
was done on wells in the ICPP, area on well numbers 42, 43, 48, 49,
51, 52, 59 (Fig. 11). Direction of flow was more variable than
that measured by Morris and others. The velocities ranged up to 30
feet/minute (Fig. 12). Reversals of flows were also noted and
attributed to nearby pumping wells. The reversals were'evident
over relatively short periods of time, in some instances less than

an hour.

WORK DONE IN THIS STUDY

Flowmeter, caliper, natural gamma, and temperature logs were
obtained in September, 1991 on USGS wells no. 44 and 46. The wells
are located adjacent to the west boundary of the ICCP (Fig. 13).
Pumps were pulled from these wells in September so that the U.S.
Geological Survey Borehole Geophysics group from Denver and the BSU
unit could make measurements. A report is currently being prepared
on the U.S. Geological Survey work by Roger Morin (review, 1992).

Logs were run to determine existing borehole conditions, to
calibrate other logs needing accurate borehole diameters in order
to quantify their results, and to compare with previous logging
results. The logs were run from Boise State University's logging
truck Mt. Sopris 3000 geophysical logging unit, 1200-meter capacity
4~-conductor downhole cable, and necessary loogging sondes. All data
are acguired on a COLOG digital acquisition system and are output

as ASCII files to PC floppy disks that can be played back at any



scale. Depth precision is about 0.05 feet. This system has been
in use for 2 years in aquifer studies in southwest Idaho. The
various logging devices ran on USGS wells 44 and 46 were run
repeatedly to check reproducibility of the sonde measurements.

An impeller flowmeter was used on the wells to acgquire flow
measurements of vertical cross-flow of water in the wells, between
permeable zones in the wells' open-hole intervals. The impeller-
flowmeter is a Mineral Logging Systems, Inc 1-7/16-inch-diameter
(36.5mm) flowmeter with a voltage inhibitor (Fig. 14). The device
is filled with Wesson vegetable oil to allow operation at varying
pressures. For this report the propeller was a 2-3/16-inch (55.5
mm) blade. The device sends voltage pulses (4 per revolution) to
a pulse-counting digital-data acquisit.-n system and raw data is
recorded as total and average number of counts per unit time.

A tvpical run would consist of sending the flowmeter down the
hole at about 30 ft/min stopping at the bottom, and then preceding
to tow up at a comparable speed. varying towing speeds in cased
portions of the well (where there was no flow present) were used to
caliprate the pulse rate to vertical flow velocity. This procedure

was done for each well studied (Fig. 15).

CROSS FLOW IN WELL NO. 44
Tn USGS well no. 44 major vertical cross flow was determined
5 pe he+tween fracture zones at 512 + 2 feet and 549 * 2 feet.

These zones correspond with fracture zones detected by the caliper

log from 510-516 feet and 540-546. There is also a suggestion on
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the flowmeter record of low flow into fracture of 574-578. This is
corroborated by the isothermal zone on the temperature log (Fig.
16). Four trolls of the flow meter tool were made in well no. 44
between 11:40 and 12:15, on October 2, 1991. Flow was consistently
down the well from fracture zones at 512 feet and into fracture at

about 540 ft. and minor flow into fractures at about 574 to 578.

CROSS FLOWiIN WELL NO. 46

In Wéll‘no. 46, the flow direction actually reversed while we
were making logging runs between 14:40 and 15:20, October 2, 1991
(Fig. 17). Minor flows are coming into and out of fractures at the
base of the casing and down to 429 % 2 ft. A major flow goes in
and out of the fractures at 514 * 2 ft. The flow-velocity
fluctuation at 542-549 is caused by the enlarged hole diameter in
a fracture zone and not on account of the fracture zone accepting
a yielding flow. Major flow does go in and out of fractures
between 571 and 580. The vertical-flow velocity from 314 toc 574
was downward at about 23 feet per minute from 14:29 to 14:55. It
apparently reversed and was flowing upward about 16 ft/min.
entering and exiting from the same fracture involved in the
downward flow. This upward flow was consistent for the trolls from
15:05-15:10 and 15:10-15:20 on October 2, 1991. We did not run a
temperature log on USGS no. 46, but the Denver USGS unit's
temperaturs log run on September 1991 corroborated the flow zone
shown by the interval of isothermal water. Flows are determined to

be coming from openings at 510 ft. and 550 ft fcr USGS well #44 and



510 ft and 580 ft, with a smaller flows from 600-630 ft, 480-500

ft, and 637-Bottom of well for USGS well #46 (Fig. 16).

CAUSES OF FLOW REVERSALS

The change in flow direction may be the result of well pumpage
in a nearby well CPP-2 (Cpp—-671 (west)), 2400 feet away (Fig. 3)
which was turned on and off at‘various times during this study.
Unfortunately the record of the exact times the pump was on during
our flowmeter runs were not ‘recérded due to a malfunctioning
recorder at the pumping well. The well has a pumpage of about 3100
gallons/minute. This well appears to be producing from what
Anderson (1991) described as the I basalt flow‘group (Fig. 18).
Figure 19 shows the extent of basalt flow group I in the ICPP and
TRA area. Figure 20 shows tentative correlation of gamma logs
between USGS 44 and the production well CPP-2. Flow zones are
identified by fracture zones on the USGS 44 caliper log. No
caliper log is available for CPP-2, but we suggest a correlation of

gamma log character on Fig. 20.

FLOWMETER SENSITIVITY -~ CALIBRATION

The flowmeter records have considerable noise, (3 to 12
ft/min) and we are presently working on instrumentation to reduce
the noise level and possibly increase the sensitivity of the meter.
Sensitivity of the flowmeter appears to be about 5 ft/minute. We
are also acquiring a new Gearhart Flowmeter with reported

sensitivity of about 2 ft/min. and are adapting it to work with our



logging system. A flowmeter test calibration facility has been

constructed at Boise State University.

RATE OF PROPAGATION OF A PRESSURE PULSE CAUSED BY TURNING ON A Pﬁ'MP

To explore the idea that a nearby pumping well could have an
effect on the flow measurements over relatively short periods of
time, a look at the hydraulic diffusivity coefficient equation was
used to find the rate of propagation of a pressure change in an
aquifer.

From Domenico (1972, p. 319) after Theis (1935), the equation
for the change of head caused by turning a pump on at time t = 0,
at the point, r = 0, at a rate of Q, in a tabular confined aquifer
of thickness b, uniform aquifer properties, and radial symmetry, is

given by:

h - hy =Q - W(u)/(4nT)

where h, = the initial head, extending from the well to infinite

distance.
g = pump rate, in gallons,/day (I gp=m = 1140 SEd).
T = aquifer transmissivity, which is the thickness, b multiplied by

the hydraulic conductivity, K.

W(u) = the well function, with an argument of u, the tabulated
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values of which are given in most texts on hydrogeology.

u = argument of the well function.

= r2/4Dt

r = distance from well
= time
hydraulic diffusivity

= T/S

H o o
i

= aquifer transmissivity

S = aquifer storativity (dimensionless)

owgb(a + an)

o,, = density of water

g = acceleration of gravity

b = aquifer thickness

By = compressibility of water

n = aquifer porosity

¢ = compressibility of aquifer rock (elastic and inelastic

combined)

Calculaticn of tize at which a discermakle pressure chan
detected at a distant observation well: We would like to know how
quickly the drawdown of head induced by pumping propagates through
the aquifer. It is important to know when a perceptible change in
head will occur at a distant ocbservation well, after the pump at r

= 0, 1is turned on. These estimations help in conceptualizing
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aquifer dynamics and in planning well tests.

Using a well tape or a pressure transducer in an observation
well, 0.01 feet is about the limit of resolution of a discernable
change in head. ‘ '

If the pump is turned on at t = 0, at a rate Q, how long (t)
will it take to produce a head change of 0.0l feet, at a distance
r ? To solve this, we set h - hy = 0.01 feet., and find the value
of W(u) and hence the value of u = r2/4Dt for which that wvalue
occurs. Since the equation also involves Q, and T outside the
argument for the well function, we will have to prescribe those
values first in order to find the relationship between r and t,

meeting those conditions.

In practical engineering units (pressure head in feet, time in

days, and pumpage in gallens/day),

0.01 = (Q/4xT) - W(u)

W(u) = [4nT/Q] - (0.01)

Example:

Take this situation where: Q = 3100 gpm = 4.46 X 10° g/day
T = 1,465,000 g/day: ft
S = 0.08

13



values for T and S are from well CPP-2 (Stewart, 1951) (Fig. 20).

Calculate T/Q = 1.47 x 10% / 4.46 x 105 (ft~1) = 0.328 (ft~1), and

then

calculate:
W(u) = 4m- (0.328 £t~ 1).(0.01 ft) = 0.0412

Now look up the value of u for which W(u) = 0.0412. The well
function W(u) is tabulated in most textbooks on hydrogeoclogy [see

for example Domenico (1975, p. 320), Freeze and Cherry (1979), or

Domenico and Schwartz (1990, p. 147].

The corresponding value of u is 2.213, therefore
u = 2.213 = r2/4Dt

= 2.213 - 4Dt and t =1r2 / 8.852 D

Irom tThls we can calculate ths &8
will occur at any distance r, using values from Stewart (1951)
derived from well tests on April 21-22 and June 29-30, 1951 on
well CPP-2, S =0 .08, T = 1,465,000 g/day ft.

m

T = 1,465,000 g/d- ft gives D, the diffusivity. We have a problem

with units using gallons. T is in gallons/day-ft, and diffusivity
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should be entirely in length and time units. To do this, we must
convert T to length and time units. 1 gallon = 0.134 ft3, so that
T = 1,465,000 gallons/day- ft = 196,310 ft3/day- ft = 196,310
ft2/day.

D=T/S = [196,310 ft2/day] / .08 = 2.45 x 10% ft2/day

Now to calculate the time t, when a pressure pulse of 0.01 feet

reaches a distance of 2400 ft from the pumped well.

r2/8.852 D

t
it

[2400 ft]2 / [8.852 x 2.45 x 10% ft2/day]

0.2652 days = 382 minutes

So that according to calculations using the aquifer parameter
of S=0.08, T=1,465,00 g/day/ft we should see a detectable (0.01 £t)
drawdown at 2400 ft in about 6.5 hours. this seems a long, time in
that we suspect effects are occurring more quickly to produce
significant flow reversals of vertical flows of 20 to 30 ft/min.
in wells. If S were decreased to 0.008, a factor of ten less)'

the effect vpropagates in about 6.6 hours which is more like the

of a confined aquifer (<0.005) may be more appropriate.
One can plot a curve of the relationship for t and r, for the
appearance of a discernable head change of 0.01 feet, by plotting

the pérabola:
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1 days

The slope of the straight part of this curve,

which the discernable signal propagates,

20
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differentiating the equation:

re =

2r dr
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and hence the rate at

can be calculéted by

a distance of 2400 feet, the signal would - propagate

4.426 [2.45 x 108 ft2/day]/ [2400 ft]
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ft/day

= 3.14 ft/minute, for $=0.08

I¢f S=0.008, the rate would increase to 31.4 ft/min.

CONSIDERATION OF HYDRAULIC DIFFUSIVITY IN OTHER STUDIES

The concept of hydraulic diffusivity, as a measure of the
propagation rate of a pressure disturbance in an aquifer is rarely
discussed in hydrogeology textbooks. Domenico and Schwartz (1990,
p. 145) show through dimensional analysis that the value of u =
r2/4Dt = constant, is useful for estimating the time at which head
changes occur in a basin from pumpage at a distance. However,
their discussion is difficult to apply. It is hoped that the above
discussion, and example shows the utility and the method of the
calculation.

Hydraulic diffusivity has been considered on a larger scale in
the study of earthquakes, and in particular earthquakes induced by
pore pressure changes that result from the filling large reservoirs
and also as a result of fluid injection into the ground (Li,
1984/85; Talwani and Acree, 1984; Rice and Cleary, 1976).

Ti r1924/28) gives the evpression for the half-space solution
for the pressure at a point at a radial distance r away from the
pressure source and at time t, due to a ccnstant well pressure Py
exerted on the wall of a sphere of radius a, keginning at tize = 0.
The eéuation is valid for a pressure disturbance and measuring

point at considerable depth below the free surface.
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P(r,t) = P, a [1/r + erfc (r//4Dt) ]

where erfc is the complementary error function.

Note here that the argument of4the errof function is the same as
that for the well function W(u) considered above - and a similar
kind of calculation can be made, in which Q nor T have to be
assumed. One only needs a value of D, the hydraulic diffusivity,
and for any detectable pressure ratio P(r,t) /P,, the relationship
between r, t, and D can be calculated.

Li (1984/85) has compiled values for the hydraulic diffusivity
of large rock masses from a variety of sources. The values vary
from 5 x 103 to 10° cmz/sec. The value of 2.45 x 10° ftz/day,
used above converts to 2.6 x 104 cmz/sec (using S=0.08) - so that
the value used in the above example is reasonable. If S is more
like that of a cconfined aquifer (0.008) then the value of D would

be 2.6 x 10% cmz/sec. and somewhat larger than those reported for

large rock masses.

COMPUTER MODEL COMPUTATION OF DRAWDOWN PRESSURE

Computer modeling programs can also be used to study the time
2t which turning on 2 nearbkv well produces a disturbance effect in
a observation well. The program MODFLOW (Mcdonald and Harbaugh,

1988) 1is a numerical solution for agquifer pressure variation

similar to the Theis (1535) analytical soclution, bu:t which allcws
for irregular agquifer properties. MODFLOW was employed to

calculate pressure disturbances using the same transmisivity and
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storativity value used in the previous equations. The model was
run with well CPP-2 turned on at 3100 gpm for 2 hours and pressure
variations observed at a well 2400 ft away such as USGS no. 44.
The computation indicated that within two hours of pumping ffom
CPP~-2, only 5 x 1075 ft. of drawdown would occur at wells 44 and
46. All of these factors would indicate the transmissivity wvalue
used is too small and or storativity is too large to simulate the
situation of flow reversals caused by head fluctuation in one
fracture zone. Other hydraulic parameters and geometry of the
transmitting zones are being estimated to see what combination

could describe the flow reversals.

CONCLUSIONS AND FUTURE RESEARCH

Various chemical and nuclear wastes reside and are moving with
the groundwater beneath the INEL site. It is impeortant to track
the movement of the contaminants and to determine if any of the
contaminants pose a hazard and are sufficiently concentrated to be
recovered. Cross-flow across separate aquitards in tl.e aquifer
system occurs artificially and may also occur through natural
connections. A better understanding of this transport is needed.

P
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by previoué workers with varying results. An Impeller flowmeter
was used in this report to quantify and compare results of Ilow
measurements. The cross flow velocities were comparable to
previoﬁs workers ranging up to 24 ft/min. A flow reversal was also
ncted which would indicate that a nearby pumping well could have an
impertant contrzl on fluid flow direction, trackina of contaminant
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plumes, and recovery of contaminants if necessary.

Oour future research plan is to develop more precise flowmeter
measurements, and to monitor corssflow over a several day period to
detect exact timing of variation and reversals. We will also
closely monitor timing of pumpage at nearby wells rather than rely
totally on monitoring data provided by INEL personnel. Information
on fluid flows and propagation of pressure variation should
provided useful and detailed understanding of fluid movement near
the ICPP and elsewhere on site.

In a parallel effort we intend to refine our understanding of
the geometry and geologic nature of fracture zone interconnections
through study of logs and cores.

Finally we will review whether S and T values used are
appropriate to these aquifers, by computer calculation using
varying combinations of T and S, and a pumpage of 3100 gpm.
Present values used in this report do not produce a measurable head
change 2400 ft away, within 2 hours. Since we believe cross-hole
flows are reversed by pumping, the assumed values of T may be too

small and S may be too large. Alsoc the rate of propagation in

fractured media needs to be examined.
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Figure 13, Geophysical Logs ran on wells USGS 44 & 46.

USGS 44:

Caliper resolution about .2 inches (5 mm)
Casing-collar locator .10 feet (30 mm)
Thermistor .5 F (.2 C)

Natural Gamma tool

Impeller Flowmeter

USGS 46:

Caliper

Impeller Flowmeter
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Figure 13, Calibration curves for USGS well #44 & 46. cable speed o= C*counts/sec = flow velocity.
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