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SUMMARY OF 1992 ACTIVITIES

BACKGROUND

This report describes and summarizes activities, data, and

preliminary data interpretation from the INEL Oversight Program

R&D-I 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 quality 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 sampling and analysis of 36CI (results not yet received) and L29I.

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 between 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 sample

i0 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 during the data collection pez_od from July 1

through August 19, 1992 are summarized in Appendix A. Initial

testing during this period was conducted using 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 i.

Table I. Testing and Sampling in Specific Intervals in

Well USGS 44.

Interval Hydraulic Tests Sampling

(ft. bls) Slug Pumpinq 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:

I) 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.

2) Significant isotopic and chemical (3H,129I,Na,Cl), and microbial

contrasts exist between ground water 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:

i) Completed progress report compiling all previous flowmeter

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").

2) 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.

3) 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.

4) 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 logs 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 sig'nificant fraction of the wells into the Snake River Plain Aquifer at the E'q'EL 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 feet. More
than 30 of these wel/s are open for over 150 venicai feet, and some are open for greater than 250

Monitor wells open over Jut'ge intervals present several problems for water quality.
sampling. Water samples collected from the upper portion of wells open over large intervals
"h.r_ugh m,!tiple water-bearing zones may be diluted withuncontaminated orless contaminat.-d
water from different water producing zones of the weil. Water level measurements taken in
wells open over large or multiple intervals are weighted averages of hydraulic heads in the open
intervals. A single measurement of hydraulic conductivity in a well open over a large interval
through multiple water-bearing zones will not reflect variations in hydraulic conductivity of
!=i"'_iuai, z:nes. Ve_:._i ;'.---a_.cns ..... e..i .,....--'_.'-.varzu!:c.c.-,nduc.-iviry ,.x..,--tsig,niffcant control
over the flow of water and mi=o-radonof contaminants within monitoring wells and through the
Snake River Plain aquifer.

The h-N-ELOversi_t Program in cooperation with Idaho universities, the Idaho
Geological Survey, and the US. Geolog'ical Survey designed and acquired a straddle packer
system capable ofcoiie_ring water quzii;v surer!es. ,..__:--,-'_..__,,_m._asu._n___hydraulic, head in
discrete intervals. Water quality, sampling and hydraulic testing of the Snake River Plain aquifer
at the L-N-ELbegan in well USGS '-*4 [n July of 1992.

Hydraulic testing in well USGS_ -4,consisted of pump tests, injection tests, slug tests, and
nano head monkoring. A_nalysis of the results from the hydraulic testing progam is complicated

" :-'o no drawdown occurredinhighhydraulicconductivityzonesduringby severai mc':o_. L..,.. or

pumping tests, while low hydraulic conductivity zones were drawn down excessively. Extremely
rapid aauifer, response and varying vaive opening times complicates o,,,_-'-":es: _._:_-'_I,:,;,...... erotic
..... ------:;-,,=,_ bv 7.,--:--g ¢'--,,-,!CPP _roduction wells and the oresence of air
bubbles un .... _,.._ ..............

.NZ-.ek'::.-'."v_swere y_kad offin USGS-,_, and hydraulically tested. HydrauLic
conduc_,';,-ir/;'fines -',--"- :""'-- _,,-,r_,.vd.,n.._,elvI t%/davin the lower portion of the weil to greater
than 1,000 ft/day in upper intervals. Static head variations between packed offzones are iess than
,'% _ _,



I. INTRODUCTION

The Idaho National En#netting Laboratory (INEL) covers 894 square miles of the
Eastern Sn_d<eRiver Plain in southeastern Idaho (figure l). The INEL was established in I949
for the construction, operation, and testing of various Wpes of nuclear reactors by the Atomic
Energy Commission. Ori_nalIy kno_Tt as the National Kent:or Tes.':ing Station, the [NEL has
the worldslargest and mos_ vat-/cd collection of reactors (Robertson ct. ai., I974).

Monitor Well Network at the _/'EL

Over one hundred monkor ",,,'ellshave been constructed at the INEL since its inception in
I949. A significant fraction of _hemor,izor "'_':_-,,,..,-.,",,,._..... "_"Sr,_ke _ver _'_n,. ,._._.,..',",,;'_""ccnstrtzcted
prior to 1990 are open over large intervals to multi!_le water-being zones. In particular, more
th,'m forty wells into _he Sake River Plain a_uifer that are sampled regularly for water quality
and measured for water level are open io the aquifer for more than I00 ve,--rical feet; more t an
:hi.,.'--,of <-.e.¢e 'x'"::--.._z.-..-c.: e:'. .lc-,-""" ,_,_,_1-0" vertical feet: and some are open for more than
250 vertical feet. Currently accepted monitor weil conswuctionszandaz_ for monlzzr ;veils in
complex hy&ogeologic settings call forsmall open inte."val's in discrete zones (..N_VWA, 1986).

Wells open over large intervals through multiple water-bearing zones pose three basic
problems for monitoring contamination _d deter=fining hydrolo_c characteristics of the upper
parts of theSn/<e _ve: P!z'.". --'z',;-""

1. Water samples coilec_ed from one portion of wells open over large intervals through
multiple water-bearing zones may be diluted with uncontaminated or less contaminated
water from other portions ofthe weil. This dilution can make contaminant detection
difficult or im:ossible since contaminant concentrations may be reduced to levels below
the detection limit for the prescribed anaiyr/cal me_hods (NW'WA, 1986).

2. Water level measurements taken in wells open over large or multiple interval: are
weighted averages ofhy&":'dic he:':_ '.'n_.heopen intervals. The weighted average heads
=zy _e "_;_*-',"- than heads that would be measured in the upper, or any discrete,
portion of the aquifer.

3. Measurements of rmnsmissivity in wells open over large ,,,,..."......, _" :."._-cug.hmultiple
water-bearing zones are the sum of.the transm/ssivities of the individual zones.
Tv_.__./ssiviry in individual zones may vary over. se;'erzI c,r_ers of =z_o--,.i_.

2"ac monitor v,'e!l ne.'-_,'crk zt the rCPP and. the data collected and interpreted from it over

:he :as: -,_ ?'ees ..... _-"," ", si_ificant investment. ""'" _'"%'-been _,',d continue to be
collected, reported, and inte.-,'pre:edfrom many wei!s .---_,_,,,,',.,,.,,.,..au=,.fi,:ar/veiv.. determining the

- "'- - "..... --_ _'_- !z_a have also been "_ed :_ _---°--'" "_'" -,.resence or¢,"ieG_ G_ ,_5_ . ---'-

:_. ..... "crg-_-.ic. heaw metal, and radioacvive zontaminan_ u_rougnou_ ;he -'Y£L ::'"
However, as a result of monkor weil cons_acuon me:ho_ _ed _,,,.-_,---'.._-"#n_,.,..,,,,_,;__.the 198O's at
the LN'EL __-,t:he :,bcve-men.,'ioned problems assc,ciated ",v/rhlarge open intervals, significant
questions about ,.he meaning of thedata collected have be_ raised.



II. LN'ELOversightProgram StraddlePackerProject

The _'EL OversightProgramwas establishedby thelegislatureoftheStateofidahoin

1989toprovideanunbiasedandindependentsourceofinformationregardingthe_"EL'simpact

onpublichealthandtheenvironment.The IIqELOversightProgramisadministeredthroughthe
IdahoDeoarm_c'ntofHealthandWelfare.One oftheactivitiesof_.heOversightProgr_.misto

conductindependenthe:tlthandenvironmentalstudies.

InordertoconductindependentenvironmentalandhydrologicstudiesoftheSnakeRiver

Plainaquiferand tobe abletovalidateexistingdatA,theINEL OversightProgramin
cooucradonwithIdahouniversities,theI_d_oGeolo_calSurvey,andtheU.S.Geolo_cal

Surveydesignedandacquireda s=a_,,cpackersys;:'---,.,,,,',,i,,.:ol!ec.-'lng_ .

samplesfrom andmeasmng hydrauliche_dind/scre'.einter_a!s.Wa:er ou_.lity,samplingand
hydraulictestingoftheSnakeRiverPlainaauiferbeganinwellUSGS-44 inJ'ulyof1992and
continues.

III.DESCRIPTION OF STRADDLE P.-_CI,_R

The graddle packer utilized in this testing prod'am was built by Bask,i, L-,.c.of Denver,
Colorado. The minimum straddled interval length is 12.5 feet. From top to bottom the packer
consistsof(seefi_re3)'
: I. riser valve

-,, _..upper transducer
: 3. upper packer

4. cir_'aiadon valve

=" 5.pump
.... 6.middle transducer

7. lower packer
_. lower transducer

-. u , ,..,, ,.u,_-c"," ,,.:,.,a, T+ CO_._SL_Sofa.l'l

The riservalveconu-o;s;na,,,,,,,,.,,......._--"....

Lnflatabiebladdercomsined..-,u-.- _'-.-'",s¢*ee!housin_andthenecessaryfittingsforinflation._AMAaA.AA C,p,_b_-..m,_.'..-.--" "P

When uni_ated,waterflowsbetweenthebladderandtheouterhousing.When inflated,the

bladderexpandsandsL-mrso_"_oW.

The t.rmsducersareParoscientificDIGIQ UARTZ_ intelligentdepthsensorswire
_, ,.o,.o._,,h;_it-vof± 0.0005% full scale,l"neupperand

__no_ers.dngran_eof 0_o4C0 psia:_d• .-r..... .
loweru-ansduce.,'sarehousedin 5 "_:_"""" s-tmb_lesss_ee_housingsand sensepressuresaSove..._"" .... ,---o_,,_-"s hc,.:.sed La+.helower end of _he _umo
__.ndbe!ew _e -.acked o_merval. :he rniddl_ -,_,_,-.,-,-..- " "
shroud and senses pressure within _he packea off m_e:vai.

The rackers are sliding end packers, with the lower end of each packer free to slide up the

mandrel as t_e packer inflates and increases in diameter. '.-he :oral len_h of _._=c.hp-=cker is _. I
t'eet. The lower 1.41 feet of the upper packer and upper i.41 feet o_the lower packer are



chemically inert Viton, and the remaining 2.77' of each packer is made of rubber. Separate
i_]ation lines allow independent im'lafion 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 orr interval or ,'.obe dlscnar=ed
to the surface, lt is controlled by gas pressure. When open, the ck'culation valve directs the
yum_ dischm'ge into the packed off' interval, and when closed to the surface.

The pump is a 5 horse stainless steel Grundfos pump, housed within a stainless steel pump
shroud between the packers. The pump intakes are located at the top of the lower packer, which
is connected to the pumo sivoud by _" pipes ofvar_ng 'o"_'. . ,,..,_,, to control the !eng'th of the packed
off.interval.

l_e sit'addle packer is operated via eight 1100 foot control lines which are housed on
s_oots in the support bus. Five of the lines are stainless steel tubing; two 'A" diamemr stainless

..... 6" _:...... _o;,,less steel inflation line to o_eram_":.=e! :-_'=;C" 1;-eS ''_ ;"'_._f'= :Ze _CKerS. _ -_ ,..,a..._ .... .• ._.4,.D.,, ., .... .,...._._.,. vo .w_,..,b,,,_.

the riser valve, two 3/16" diameter stainless steel lines to operate the circulation valve, a teflon
coated pump power cable, a teflon coated transducer cable, and a ½" diameter teflon injec_on
line for emplacemen: oftracer.

Data are collected on a portable computer. A field computer purchase/for the project
and ioaded w'ith--'" "'-'-_ ....,-i_ _ _ J. ,:ata a.cqu:slncn sc_,v_ =.:x:,.edenced hardware failures repeatedly
d'_,-ing the testing _edod. A laptop computer using a BAS[C program was used to collect the
majoriw of the data. Two BASIC programs were used to record data from the rra.nsducers. _'le
pro_am used during stug tesr/ng, pumping tests, and injection tests recorded pressure at a rate of
approximately 3 reads per second. A second program with a _.tserprogrammable read rate was
usei for s_tic head monitoring. During static head monitoring the pressure was recorded every
five mJnu:es.

IV. KYDRAULIC TESTLNG PROCEDURES LN WELL USGS-44

S_addle packer ::sSng in ,,_,e!!USGS---_ began in .Tulyof 1992. Well USGS--_ is located
',ves_of the ICPP and south of the Big Lost River (see fimzre 2). The well was constructed in
!957 a::i :'s 650 fe"_ _e_..The well is cased from 2 feet above land sur'ace to 460 feet below

land. surface and is opez .,,.--_"--.-"_0f',"".,.. to 650 feet. The water table is approximately 46i
below land surface. Nine intervals were packed off and hydraulically tested. Hydrauiic testing
¢_n_,_ze/--'s_i: "-,,'_ -¢',_;,¢,-_,,siu_ _es_s, _u_----o:es:s, _nd ;,-;-,-'-;¢,-.................. =. - . ,,,j ....... tes_.

Star:c Kead .-Vlonitoring

;';on-pumping -'"',. .................. -¢,.,--:_'"_'-.....)'_"-,,"_!n mostintervalsfora continuousperiodof_0

ho_s ormore. i"nenon-pumpingobservationsshowedadistinctwater-levelresponseto
pumping from the [.CPP pro/ucnon wells locate! -_zr: than 2500 feet away, and to changes in
barometric pressure (figure 4.) ICPP pumping effects are apparent from the oscillation with ii
•"en'cd of _.bout 6 hours, and an amolimde of about 0.0,4 fee'.. Baromemc. pressure is transmitted.

:_ ,.,.,..'"";:="',va_er _r_ssure with a 50% e:fic_ency in :;-;e;C5 :o :15 fc,_:: ::---_#_--,_..___.._ !,-'.:e.-'v:l__¢



shown in figure 4. Head changes resulting from barometric pressure var/atior;s are expected to
be less than 0.5 feet, and variation due to the ICPP pumping is typically less than 0.04 feet.

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

1. Hydraulic head is confinua/ly changing in response to changes in barometric pressure.
2.Hydrauiicheadiscon:k'_uilych_-_ng[nresponsetopure?ingoftheICPP production

weUs.

3. Air bubbles may have been introduced into the transducer sensing system.
4. Smail verfic=d hydraulic head _adients e.,dst relative to variations induced by other factors

[i_ed above.

The combined effects of these four conditions result in vertical head profiles containing
a relatively high degree of unce_ainry.

I-Ivdrostaric head. was estimated a_ each pack_i in_er','-/',v,e., "_'_':CP? "r"iuclcn .... :;)_"_ _" _., _ ,_ '_ _._.

was off:"and alsowhen thepump was operating.Transducerobse:'vzr/onsinpackedoffintervals

werenor-m_lyaveragedforperiodsofatleast8 hourswhichincludedboththeon and offcycles
oftheICPP productionweil.Head was dete,--minedasthesum ofpressure,infeetofwater,and
theelevationofthepointofobservaion(themiddletransducer),infeetabovemean sealevel.
C'_ _','-'='_ ,,va:._r-le.:e! e!evadons were adiusted by 50% of the difference between the

barometricreadingattheime ofobservationandanaveragebarometricreading.

Lirdeverdcalvariationinhydrostaticheadisapparentfromthesn'addle-packertesdngin
wellUS GS-44..Figure8 shows thehydrostaticheadpro_ledeterz_nedby theprocedure
describ@d above. The maximum difference between intervals was less than 0.4 feet. lt is l_ely

that _he':_'mmulafive error from the above list of problems may be as large as the 0._, feet of
variafidri observed.

Slug tests

nyamuh,, iv.te.-'vals, ,_80-#95 feet.Slug tests were carried out on four low" " "- ,,,,,,,,.,..'"-'_"_*_";_",..j
580=600 feet, 580-650 feet, 600-620 fee:, and 620-650 feet. Both positive head slug_tests where
the head is raised and negaffve head slug :cs:s "#,'herethe h-,,._._;..sde?ressefl were conducted.

Positive head sIug tests are performed by deflating the packers and pumping a slug of
water into the riser pipe from :he open '--.-.._--._-,_,,,,...,,,...a_..._'-."s),,,-4-g,._....,on'.-the _)umo.._ the riser valve is
""o-'_ z-zl:ping ".he slug within the riser pioe. _--ne:ackers are men infla:e_ "_'_ a.. ;r.-srare
!: :.-.: ":_zck_! e_ {nter_ai has stabii[ze_ the circulation vlve is onened to allow wa:er to flow

into the eackei off interval and the slug is released oy opemng :he riser v:d,e. "-'_" ; -_"-g"° ""
o2: d'a'ee ,,_.sducers are mcnitcre_ a.na recorded.

_ne _recedures for a negative head slug test axe simiiar m _hose for a pcsirl;'e head slug
tes_. The packers are deflated, circuiatien and riser valves opened., and nitrogen gas introduced
mt._ :de. -e" ;!?e ev,ie=:':ss the hea!. W'hen the head is denressed sufficiently, the riser vane



isclosedand thepackersre-inflated.The te_,tisthenbegunby openingtheriservalveand

allowing the head in the packed off interval to remm to static while recording heads on ail three
transducers.

Analysis and interpretation of slug test data is complicated by tnvo factors. First, slow
riser valve opening times result in non-instantaneous head changes and. di/ficui_ in determining
when the test actually started. When the pressure on the riser valve is released at the surface,
the riser valve bladder beans to de:'I2te. Tile rate _t which :he ";-'_+"_,,,_.,,..de:2_.tes _d e,_ens is a
function of :he 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•
.'Finisviolates the assumptions of instantaneous head change (Cooper e: al., 1967). As much as 4
feet of head was lost during valve opening in a siug test v+ifi'ia i 7 fcc: izi_ai i":ezi :brr, ge. Slew
opening of the riser valve also complicates determination of slug test starting rimes. A plot of
observed head changes and theoretical head changes from a slug tes_:on the 600-850 feet interval
appears in figure 5.

Secondly, extremely rapid aquifer response in high hydraulic conductivity zones
complicates analysis. High hydraulic conductivity zones are abte to accept a slug faster than it
can escape from the " "_'_" :'-"_n',,_,_.,,,pac.,,..• This also violates the instantaneous head cadge
assumption and turns the at'tempted slug test into a variable discharge injection test of very short
duration.

Pumping Tests

P,+_._ping =est+were conducted in conjurtc++'ionv+'khsampiing of packed off intervals and
during LiBr tracer recovery tests. Static heads were monitored prior to beginning pumping to
de:ermine any antecedent trends. A a_,.-'-,._ptwas made to conduct ali sampling during the off

, rf-_vO1_ .... ,cycle a: :,':e _._...r"au=.-.cn",, '_,"_Ts,.,,... so _he slams of the !CPP ._roduction wells was ctete,-'nmnea
prior to sampling.

D;'_".... " ..... ;'Z :_-'st_roced,ares were used depending on whether the pumping test
was ,.,,_"-a.................. a ,,,,-;_,,_=....r ;rtr recovery, or during sampling. Briefly, 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 vane, and then starring

.,,.,_.,_.,.,2..-.d,;_,_,-o-;-,_ to _'h,"surface, lne cure, ing _est begins during the znai st_, wae...
dischargeto the s_face begins.

<a..__-':..... ;--._., ccc,,,-ro,4_-,- ,_,- r ;Br recovery test. Once it had been de%++_:-'a

that the interval was purged, the pump was shut off and heads Nlo,.ved to rem,m _o static
conainons. ,Snce ,ca& _.-_.,.-ned -'-....... v.,_ _"_"d en and dr'awdow,n mcni:ored

• , ",,,,'_;-= :es: a_:z is ccm_!ic2ted bv vwo factors:Azaiys;s ofr---r"-= . .

l. E.-ctreme!v rapid aquifer response,
2. semi drawdowns.



A Icp-log _aph of drawdown versus time from a pump test of the 600-650 feet intervaI appears
in Hgure 6.

Extremely rapid aquifer response and very small drawdowns resulted in total drawdowns
measured in the hundreds or tenths of feet occurring in less than one second in nearly ali of the

intervals pumped. 'The pumping test dam f'rom high transmissiviw zones cannot be analyzed
using conventional curve matching analytical techniques.

Injection Tests

Injection tests were completed on three low hydraulic conductivity intervals, 600-620
....-:'"', ":.,__-._.".,'""" "" :e'-", _,'.d-80--9.. ,:o"-.... L".iecdcn tests were not planned as par_ of _he ori_nai
hydraulic ,_..-.-;-.,o.,.._,,,,=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:

1 inflate packers and monitor sza._i,:head in pad<cd :-'_"'-'
2. When head in packed imerval stabilizes pump 5 g_lons of de-ionized water down the

injec'don I.ineat - 0.7 gallons per minute while monitoring head changes in the packed off
interval.

.3. Cominue to monitor and record head changes after pumping stoos to gather recovery
dar._

') ._ .J, .InJection test malysis fs complicated by a time lag oerwe..n the sta= of _um=ing at the
surface and when the pressure beans to rise in the packed off interval.

V. PRELIMENARY RESULTS OF HYDRAULIC
TESTLN'G EN YVELL USGS-44

Hydraulic testing in well USGS..44 utilizing the straddle-packer sy_em k".dicate that the
-.'e:".!-",__!_ a_!:su_.'._,,+_;onofhvdrautic conductivity in the Snake River Plain aquiz'er in the vicinity of
the ICPP is hig._'dyheterogeneous and that very. small head differences may e,'dst within _iaeweil.

Hydraulic conductivity, in well USGS--*4 varies over several orders of magnitude. The
venicai de,_s_,:bu:i_n cf _'''a'_,,';?" conductivity is shown in figure 7. Hydmuiic condu_d',_ were
determined by slug tests in low hydraulic conductivity inter'als. The hydraulic conducuvides in
"-_'...,..__..':-:"...,-'"_-',',;:,..... : :zr.d,_,_ivi.-,. inl:es'ais are those re=cried by Morin et _. (in press). These
hydrauiic condu_;i:'," vak:es _-'-ez;'e._ge ;'aJues over .,.,,,........)o,o,._,:_.of the intervai tested. Low
hy_r_,,'__i;ccenducdvi.w zones too small to cock off and test are imerpre:ed to e.'dst within high
hydraulic, conducuwtw, zones oa.see on cafiper bogs. "_,-_,,----='--,--'....._.__..-. :-_.,_,--_.._,-,,-o_,,_;e._. _..,.. _-. _a=enerailv
mg..nnycrau./c cc,nd_c:i',-_v/:=nos, a.::i .,-,..,_.---','_,4:.,,..o,o,...._...... c_m_e':.ent rock intervals are generally low
hydraulic conduc:iviw zones. These generalizations are supported by straddle-packer testing
results.



The distribution of hydraulic head measured in well USGS-44 using the straddle-packer is
depicted in. fi=m.:re8. A .high degree ofuncer_aimyin the head values e.,dsts due tothe previously
mentioned factors. The amount of variation in hydraulic head appears to be less than or equal to
_he uncertainty in the values.

S'II. I3'IPLICATIONS FOR WATER QUALITY
SAMPLLNG AND FUTURE RESEA.RCH

Implications for Water Quality. Sampling

The _=,o,-_,c,,,,-,,,,= disNbution of hydraulic conductivity, and variations in hydraulic head
in well USGS "'-I-4,have implications for water quality sampling. Natural vertical flow pa=ems
under ambient conditions in well USGS- '.-_4described by Morin et al. (in press) are similar to
veNcal flow panems :hat would exist under the head and hydraulic conductiviw dismiburion as
measured, using the s_=adie-packer. Natural " '_-"_ .... ", e:"z..,.._, a's" :cr._:zc.':s ex:s_.-'._ '._A_hin_.hewe:_=

could result in contaminated water flowing from one zone to another contaminated, less
cont--.m_nat_d, or uncontaminated.zone.

Wa_er quality, sampling in well USGS-4._. is currently conducted with a pump located
5¢0 tee, be!ow !_d s'c.,_¢e opposite the 495-515 feet high hydraulic conductivity inte_al. The
percentage of water collected from this pump locadon that comes _om the -,_5-:15 fee:
inter-,'al or from the high hydraulic conducnvi_ intervals above and be.low has not been
quani,_ed. Water quality samples collected from well USGS--_.' using the present pump
location may represent the 495-515 feet interval enr/re!y or may represent that imerval diluted to
an u::,x_own extent with water from other high hydraulic conductivity intervals.

Future Research

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

1. Deveiop methods to overcome hydraulic testing problems identified during the initial test
period,

2. Develop method_ tor ex'trapoiation of packer resu!:s.

The accuracy of hydraulic head meas'ar_me=:_ _"" _'- ;,-,,-,,-eyed by desia'nin_ a _resr_

sensingsystem:hz:'.,,'il!netallowairm beintroducedintotherr'ansduc_;vhii=:h_
......... ..a m...--.-,,,;,,,_,4,.,,oftheexac=rimingof'"- ' ..... ;o,.vered into wei;s or _,_.,,_,,,.....

,.2:2 ..... :-_":5= rCpP -'_reduction weil cvctes may enable drawdown and recovery _iata flora i"-- _,---.-...=
:e be analysed as pum ning tests.

Slug test analysis complications can be soived by determining "he sensid;'ir; of :=st
r=suits to varying the rime :he test star_s _d initial head changes. The Froblem of slow valve
rsponse c.;uid aiso a, cc.'-:-_=:=!hy r=_!aciug 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 resui_ng small head changes in the packed off interva.1. The situation can be
remedied by pumping water do,vn the s_addle-packer from the surface at a higher rate, resulting
in g'reater head changes in the packed off interval. Multiple weil pump tests could also be
conducted uriiizing existing packers and larger capacity, pumps in storage at the INEL site in the
pumped weil and the swaddle-packer in an observation weil.

Research projects to extrapolate packer results to other wells include deveioping a
borehole ccm:u:_:" := ',:.4.._i :i'-.at,.v/!! retie:: !amin_ flow conditions in basalt and laminar or

turbulent flow in the borehole and allows placemen_ oi a pump and. analysis of results. J.'-ne
model would then be tested using hydraulic and water quality, data from weil USGS.-44.

_ne _.,._..,.,..... ..-":.:'-:_7- ,-"_¢'"- en: cn ",va:er _._._,..,,,,.,l;,-,,.samolin,z_in wells oven over large
intervals uh.rough multiple wa,:.erbearing zones needs to be evaluated. A testing program in weil
USGS_-.4 using varying pumping rates and pump locations can be correlated with results from
s_addle-packer testing.
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VERTICAL VARIATIONS IN GROUNDWATER CI-IEMISTRY
N'EAR TIKE CPP: IMPLICATIONS FOR GROUNDWATER

MONITORING AT THE INEL

M. McCm'ry and J. Fromm
Geochemistry

Deot. of Geology
Idaho"SiamUniversitT

(208) 236-3365
and

I. Welhan
Idaho Geologic Survey
Idaho Siam University

(208) 236-4254

Detailed chemical analyses have been obtained from samples coUecmd at USGS monitoring well
with the L_EL Oversight Program swaddle packer system. The analytical data include field

measurements of transient-fluid paramcmrs using a flow cell sysmm, mud la_,om:sW ;r-s_:-men''--!
analyses of a wide spectrum of inorganic and organic parameters. Additional dupHcam samples
were also collected for analyses of a variety of stable and radioactive isotopes; anmyses of thes_
samples were not available at the time of preparation of this abstract.

Seven well inmrvals, varying from 15 to 20 fe_t.in length, were sampled. The upper six were
packed off on bouh sid_ with uhe su-,=ddlepacker tool. A Etl-hum bromide tracer test was
performed for each. prior to sampling, to insure that the inmrvals had be_n isolat#d ftjom uplmr ....
and lower portions of the well by the packer. The lower inmrval, from 580 to 640 fee,t (base of t-,._w •.

the well) was packed only at t.h, top.

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

Most constituents exhibit li_ or no systematic variability in co :_ntration over th_ sampled
intervals. However, a stepwise chang, in the conc,ntratiorm of s_veral chemical compounds

. .=. _...-- "-._,--_., #_7 ---_ 5_0 #_"' Below _ _ vari_.'y of comnounds, including

silica,sodium,pota_ium,ma_esium, chloride,fluoride,and rdtrata+nitrita,increasein
concentrationby from I0to50%. Chlorideincrea_cormlamsona chargebalancebasiswith
incma.w..sinsodiumandpotassium.Calcium,ontheotherhand,mirrorstheseincreases,
decre.msingdownward by 13% (from60to57.ppm).

2he break in trends of wamr chemistry cormlatem with a reduction in permeability of th_ sampled
_.a,.,. of ma_..dmd_ (K values dropfrom about 103-¢to less than 102).intervals of room than an _,,....

The patmm of changes in wamr composition nem: _ base of WeE _,A__and co,._m-!-".uonwith
pe.,___b_ry ch2.nge suggests that solutes injected into the aquifer at the CPP may remain in
iower portionsofme aaulfer sy_mm.

i
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PROBLEM

• Is there a three-dimensional chemical structure
to the aquifer system underlying the _L?

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

Lt)ng-term goals"

• Estimate volumes/scales of geochemically distinct
reservoirs

• Determine the origin of ve=ical variations in wa,:er
quality,

• Recommend imFrovements for future monitoring
activities



Idaho Chemical Processing Plant and
Aquifer Monitoring Wells





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

USGS Dedicated Pump Samples (500')
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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 (4,61 - 570 feet): relatively free of obvious
anthropogenic components and remarkably homogeneous in
chemistry despite significant vertical fluctuations in ii_iaoiogy
and hydrology

• Deep water (> 570 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 antb_ropogenic constituents introduced
during past expanded plume event(s).

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



APPENDLY D:

TABULATION OF
PRELB, IINARY GROUND-WATER QUALITY DATA

Each column of the following table represents a specific

sampla, and each r_w represants one cf the 22"_ individual
analytes.
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INTRODUCTION

The State Oversight Program's straddle packer sampling system was

tested at the Idaho National Engineering LaboratorY during july-

September, 1992, in USGS monitoring well #44. The straddle

_acker was designed for the Oversight Program's ground water
research program, to provide a means of characterizing the

vertical hydraulic and water quality variations believed to exist

in the eastern Snake River Plain aquifer beneath the Idaho

National Engineering LaboratorY. During the field program,

tracer introduction and recovery ex;eriments were conducted to

evaluate QA sampling objectives as well as to assess the

feasibility of obtaining additional information on

ac_uifer/borehole characteristics such as specific discharge
through different aquifer zones, integrity of packer seals, etc.

_he resu'ts z=_ _re!i=i_z_! inter_.retation of these test data are

described in this report. For ease of access uo the data, =his

report is divided into two sections: Section ! represents a

s.v_oDsis of the approach, methods, results and interpretation;
Section 2 presents the details of the _ethods used, tabu!ation of

all results, and discusses interpretational issues in more

detail.

SECTION 1 - OVERV_EW OF RESULTS AND CONCLUSIONS

Water sampling for Bromide and the field analytical set-up used

for field water parameter measurements were part of the overall

tracer purge testing caDabi!itY used to monitor field parameters=_--_/=erous iron) with a flow-
(T, pH, Eh, dissolved oxygen, ..... _ -
cell monitoring arrangement• A summary of the data collected from

the field measurements program is presented in Appendix I.

A _-'=_ _= t-_e!ve tracer tests were performed on six different

intervals from 467 to 600 feet below land surface (ft bls)

july 21 to SeDte _-ber 16, 1992. Lithium bromide powder dissolved
in de-ionized water was used as a tracer in all tests. B'"_= __ _= =_A "_!th =-n_ ion-selective
concenurauions were moniusr ...........

electrode on discrete samples collected from the wellhead

discharge !i_es that were adjusted to constant ionic strength by

the addition of a cons_anu amou_ o_ a concen=ra=ed neu=rzl salt

se_•,t_e=. The ion-selective electrode response was calibrated

___- , _ =- -=-_ards that covered the working range.

Precision and accuracy of Br measurements were deuermane& =r..-

replicate aula!yses cf suandards a=d _a._;les =-er the ,_orkinq
concentration range and are both better than =4% (2 sigma at 5

ppm Br) All bromide concentrztio= data collected during purge
_esting are summarized in Ap_enal: 2 and included in Lotus 1 2 3
format in the a_tached diskette, under file BRDATA.WKI.

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



quantity of tracer, followed by

'" =a
l._troduction of a slug of a known

continuous =ixir.g within the test interval fo neTiods rangl_g

from 8 to 72 minutes (without pumping to surf ce_, 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 tracer frc= the borehole interval and the adjacent

aquifer, once tracer recove---Z had been completed, water quality
be i.-.itiated, with the degree of inter-_a! purging

sa_Dling could . t_a A_.=_ of tracer rec ove-_Y.
having been dea_ned by --- _-_---

The initial concentrations of Br" that were emplaced in the tests

averaged 500 =g/!. ._l average of 95% of the Br" that was
'- ==_h :-'=-"z_ was recovered during pumping, although

emDiaced _-- ..... "....
lr. t-_'o tes=s cn!y 22 and 59% of the emplaced tracer was recovered

due to poor mixing conditions within the test interval during

recovery, rapid advective loss into the aquifer during

emplacement, and/or too short a pumping period.

At the end of tracer recovery, and _rior =o wa=er _&aliti"

sampling, Br" concentrations in the test interval ranged from

I azcu=ts corresponded to

back=_ound. The haggleS= res-=_Tly purged during pumping or than
als that wereineffic_en=znte minute Residual Br" levels prior

were pumped for less than 30 s.
to -.-ater __,a!itY sa_n_!ing can be used to define the proportion of

sampled water that was not derived from the aquifer. However, due...... _. _ _i_- powder

_he _ow levels o: Inorganlc .m_u . ,,,__asu_ed water qua!z_Y
to .... t1%e eu_=_ _.... - =or

!00 m of other metals), --'._-_-'---,,_ould be undetectable

o= such _ _-- _esa ribute sub-ppb levels of trace
the major ions and would cont

metals •

Tracer recovery daua (=atu-zl nOgt of4d5m51_i°a_de:SeC_nc_n_ora_h°e n
itxple tests o. hvstime) from in Fi -re 1 These _nterva!s

5 5- _ .... =,._, == _. xi wi in the
..... -'-= c-,v u,o _....... due _o leakage

hzrehc!e interval during the recovery phase,

across the packer valve designed uo diveru rio'." t= the surface.

The tracer concentration-time responses shown in Figure 1 are

characteristic of a well-mixed vol"--=e in which the diluting

solution _ie. ambi er-_- ;r='__ud "_'z_-er._ has a finite concentration of

Br" The response is characterized by a an initial, constant,. - _ at-O-- vs ,

se=i-!cgarithmic ra_e of decrease o: content- " _ time

followed by a decreasi'-g rr-re o= di!u=ion and a fi.-.a! a_roach to

a constan_ background value. A sligh= flat_-e"-i-'-_ of the curve au
ares the re_.ur-A o: _racer ........

i___---_:=-= -i-es indic ....... ;hzs

advec_ed into the formation durzng uze emD_ac=_-=---

A first-order tracer dilu=ion model was developed to aid in

conceptualizing the processes occurring during tracer em_iacement
and recove="J. The _odel _ssumDtions and development are described

in Appendix 5, and fitting parameters derived from application of
_n

=c_e t the _ .-eccvery data are summarized " Appendix=he ; " D "r_-c-r

4.



The return time of advected tracer as well as the apparent

background Br" concentration, C,, was fcur.d to increase as longer
tracer emplacement times were used, thus rendering the removal of

tracer (plus borehole water) from the test inte=-_a! more time-

consuming due to the extensive advection and dispersion of tracer,pq i i, *q,_ .woo

into the aquifer. The magnitude of U..'_s ef"ec _- s_ests that 4_

a relatively low-hydraulic head inte=-_al which receives water

from the borehole, ;re-existing co=ta._inatior- of that zone by

borehole water cannot be removed even by several h=urs c-=

continuous purging. Therefore, it is doubtful whether water

quality data on such intervals is representative of the ambient

ground water at a distance beyond _he borehole at _"_

The effective volur.es of the 49-=--=1-= _.ud 5_--=-555 intervals
calculated from the initial rates of tracer dilution in the..... __-__ 14_es_ are shown in
recove__ phase (the slope of the su-__ _--oj_-Fi_.re 2 (see
_. _ _ ffective volumes are shown _ w_
._-_e - - . - _-- -- -=-=-= =r ".".... s ......

n;;e.o_-X _ _w- a c " ....... _-- "--_=rvals other _nan ,gm DmD
testS) . The calculate9 v°._um_ _ t____[._ _,m_,_ esti._..ated fr0=
and 535-555 were usually lower un=_ _--_ ...... _

=._,,-_ larger values were occas.ona!!Y obtained
caliper logs, ...... =--
The wide range of apparent interval volumes shown _n Fi&'ar _- 2

reflect inadequate mixing within the straddled intervals,
indicating that little useful quantitative information can bei.... _ the two well-mixed
exuracted from the recove---_ _hase data - =_-

task.cd i.-.te=':als. The a_varent tracer response and calculated

apparent dilution volume that is obtained in any given in_erva!mixing within

. a_ .se_s believed to -_ due to the lack of adequate

the test interval during pumping and to depend on the _osit:o.n ofground water inflow to an
fracture-controlled conduits supplying _-_ake thereby

i.-.te=-zal relative to the position of the p,u.--p.... ,

leadi--_ to the development of "dead" volumes or inco=_Dle_ely

flushed zones within the straddled interval.

Des Dite these _roblems the 1992 field data suggest that the

analysis of tracer recovery da=a has ;rc=lee as a -- ..... _ .....
-:-- a%--jfer ._=-_=_stics such as effective

inde_ender_u iY asses_---_ ..........

_oros_ty and linear pore velocity, if adequate mixing can be
,_zi__tKi__ed within the tesu interval. As sho%_ in Figure 3, the
__=.=- r_ceve__y, data can be trea_ed as a single-well tracer

injection, drift and pumpback test by modelling =he &_.a='=
effects of _ura borehole dilution and subtracting these effects

from the observed concentration-t:-_ data A meuhodoiogY and

theoretical basis for -.rea=i--g such data are currer-=-Y __e_..=
. . _ = =._ =.o,.,_= _=s_i_g o _ this approach.

_ ; _ =.= £x _ within the test intervals during the.

_= _ -h_ 1992 tracer _es_=, ----- _ - . .

tests i_ which the '- - - " -'-

results that are consistent with assumed inuervai volume and

observed Br recovery percentage are considered reliable (tests

=a''i.n_ this criteria are labelled "Not Mixed" in Appendix 3). 7n

ccn=r_st, all data obtained dur!ng the "-'e'l-='-=¢_-d e-_'D!acemen_

;base are reliable and can be treated quan_i_auivei_" with a



dilution model. Design modifications on the packe_" system are

currently undez-_ay 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

test interval was calculated from the obse -_ved change in Br"

concentration between the time of emplaceuent and start of

Du._ping. Since the inte -_-_a! was thoroughly mixed throughout the
emplacement phase by using the pu_-_ to recircu!ate the i_terva!
fluid in a closed loop, a first-order dilution model describes

the rate of tracer dilution with time (see Appendix 5 for

derivation and assumptions) :

C = (C°-C_)[ex_(-Ot/V) . Chi

where C° is the initial Br" tracer concentration in the borehole

when the pum_ began purging the interval at time tr0 , Cb is the.__.___.._ chz-zc._stic of ground water iz
hackgrou-'-d Br" c=n_e---= .......... = =

the aquifer, V is the volume of the test interval a_d 0 is h.

interval dilution rate, or rate of flow of ground water through

the test l_-te-_al" Thus on a plot of in(C) vs t, the slope of' , i.-.terye !

the initial linear portion of the response, defines the

dilution rate relative to the effective mixed volume, -O/V.

Figure 4 shows the semi-logaritPunic di!u_ion rate of Br" obe e-_ed

during multiple tests c= the 495-515 ft bls inter'_al. The

deviation of the 72 minute test (8/05) from the straight line

shown i= Figure 4 may be a consequence of the finite background

Br concentration that is present in local ground water, or a

reflection of non-ideal dilution conditions which may develop

over long times in a fracture flow-dominated medium_

This simple first-order dilution model was used to interpret test

results from the emplacement phase in all i.-.te__als (Appendix 3).

znterval volumes were calculated from the recovery data or

estimated from the caliper log. Calculated interval dilution_ _ . :_ _._._= = =_^_ est,_mates of the
rates for all _eszs =rr s.--='------ :-=-.- - "__'-_'_-_" 4n_erva 1

cross-sectic-al a-°= _= _he borehole In eac= u_ _ - , ..

apparent specific discharge (= O/area) was also estimated and "_

_lotted in Figure 5. Replicate d eter_-inati°ns of dilution rate
__u-d s_ecific discharge for the 495-515 i=te=-;al are show-- i=
Table 1 (also Appendix 4), and provide a.--i-di=zfi='- of the

reproducibility that can be achieved with this borehole tracer
method.

from these borehole dil'_'_i=.--
c_ec. _--___c discharge values calculated-- ......... =_.._s _ince they have not been
uesus rep-'e_e---= a_--_-_ .--- .
.... oc'_ed for flow ._,_e_ d_stort_on around the borenoie az_d &o

are higher thaul the actual sDecl/Ic dischar;e -'n the =d'zcent

aquifer. Comparison of specific discharge values calculated from
the 495-515 interval tests and those estimated from Darcy's Law

(= K_o=_, x regional hydraulic gradient) indicates that the

apparent specific discharges calculated from tracer dilution data

a_pear to De h_gn by aDP rzxi-a=e!y a fzc=cr of _-4 (Table I),
indicating the magnitude of the borehole flow field dis_or=lon



effect. This is with:Lh the range reported _n the literature for
the effect of borehole-induced flow distorUion.

The profiles of intez-_al dilution rate and a_parent specific

discharge appear to =imic the profile of hydraulic conductivity

obtained by borehole flow meter logging ix this hole (Figure 6;

Morin et al., 1992; Appendix 4), as would be expected if

hydraulic gradients ix all intervals were si=i!ar. However, as

shown in Figur-- 6, the apparent hydraulic _radient._ obtained from

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-permaab:li_-y _or_icn o F the borehole,, t_v _-_

far _oo large ix the Iowew _art of the borehole 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

disU_r-io--, a!uhough _e =ag-_i _''_=..__of such _..___e______ would have

to be far larger tha:a any reported in the borehole dilutio_

logging literature. An alternative possibi!ity is that large

ver_._ca! gradients may exist in the a_aifer (as suggested by the

high flow rates observed in this and nearby open boreholes during

flowmeter logging; W. Bennecke and S. Wood, pets. comm., 1992 and

un_ubl, data), such that significant vertical flow is responsible
for much of the obse_--_ed tracer di!u_.icn i_ the lower tes_

i--.te_--;a!s.

References :

Mori=, K., Barrash, W., Pail!et, F. and Taylor, T. (1992)

Geophysical logging studies in the S_ake River _iain Aquifer at

the Idaho National :Engi=eering Laboratory: INEL Wells 44, 45, 46;

USGS Water Resource:s Investigations Rept. 92-4184.



Table 1 - Tracer Dilution Rate Calculations in Inter-ca! 495-515 ft bls

Calcuiaued Calcu!at ed Es timated

Test Dilution R ate_ Specific Discharge Specific Discharge
(in interval) (in interval)

Date . . ..
flier/m'-n cm/min #'-/day cm/min ft/day

............................ 0 352 16 5"

7/_! 15.86 1.19 56.2 • "

7/22 16.84 1.39 65.7

7/23 14.73 I.i0 52.0
8/06 14.12 1.13 53.4

._ __ _ aB __ ____ _____ __ __ __ _ .. ____ _.. -- ---- ----'" m'-''m-'--------'--_------ -'-----''--------

Average

Dilution Rate = 15.39 I/mi=

.___.SDeviation = 1.05 (6.8%)

as calculated from

!. Total ground water flux through the test interval,

observed tracer diluUion during uhe emplacement phase

2. Esuimated from Darcy's Law, assuming a regional hydraulic gradient of 0.0015

.... _va-a,,_ic cond ucuivi_-y in the inUer-¢al of !!000 ft/day (3300 m/day), as

de=ermined by Morin et al. (1992)















S_CT_CN 2 - DATA SUMMA_YAND MODEL IKESULTS

......=-=sented ;= A_;e--dices _ to 5 are the field _=_a=-_co_"=_'=; _"-'_g "_ s_.radd!e
_ _ Q _ . ,

packer testing on USGS Well 44, as we_ as _=er_re=a=: - "c-z_ s"mr--..ar'-es.__ all

tracer test data sets.

A_:Dendix. I_ summarizes field measurements made or. _u__; dis_=--=_ ......=-_ the test

intervals, using _he flow cell in =he --iel-" "--'-=-='---.'-_.__.=-_.=he "_'='" s:_= _:--=

the bromide measuremen=s were _ade as ;art cf the flow c_ _ .=4a!d measurement

__.g__---mm, these results are included here as well as in the discussion of

aquifer water quality results (see attached 0P ReporU by McMur---I eU al).

A;_e-.=LX Z s'c_T.T_ar_=es __=_ --=-:-'=______ ..-- =-_-=__...-- -_=su-_m_nts_____ _ -=_ during _he

testing program. Data are presented as Br concentration (mg/i) vs =ime since

a_, of pumping. These data are also included "= spreadsheet f= (Lotus I-2-3
fz.--r..at)as f'le 3._.DATA.'_K! i_- the attached diskette.

_.,e raw bromide recovery, data of Appendix 2 were analyzed with the aid of a
first order dilution model "- .ncor_orating terms for background bromide input and

a sre_D-function variauior, ir. hrc:ide ccr.zentratic.-, recov=-=_ _-om the aquifer

-urR-~ ;-_m;back (s_ Appendix S for model description) _h_ mode_ was used to

generate esuimates of the effective straddled intez-_al voiu.n.e (V,::), iniuia!
interval concentration during emplacement (Ci), step-function duration since

a~_ of recovery (t'), and ground water advec=ive =lux through the straddled

inter-_al (0/A). Although the concept of a step function form is too simplistic
=o describe "__e ac='_al tracer recovery response due t3 dispersive trans.Dort in

""=-.--aq--'i=_-,-_.the --ode!'s principle_ use was iz ___-_=-'-____.._a.-.d s.vnthesing the raw
tracer data derived from the tests. The bes_-fi_ values of =hese =odel

.parameters are summarized i= Appendix 3.

A summary of peruinenu _racer resul _ i_ ;--es== -== : =" " : -
model calcula=i=r.s ==_ = ;--='_-..... zdvective flux, bromide recover%x, and

apvarent hydraulic gradients derived from the tracer flux calculations and

_y;-=_'_ic conductivity estimates of Morin et al (1992). A comparison of
_-'=_-;a! dilution flux calculations on five seus of uracer da=a deri',-ed _rc=.

the same test interval is also shown in Appendix 4, to _=_....== ........__='=.__. _=gree

ci re;r=duc ...... y cbtained from multiple tests on the same straddled interval.

n_;end:x 4 de-_cns=rates the similari=y of "-=_cef ra=.-_..= ......
" _ ....... _= S=-o -'--_--za_ (7/21, , .-.--=- _==,= ........ 7/22 7/23) thau were performed --i=h-uz

aiuering the _ac_er's s==._'.._, a..d .i."-_ ;'==_-ed only i= the times employed

-_'zr "-_-o- r__circulation during emplacement. The data have been normal_-zed =o

_h_ volume oz solution Dumped from _he ___e_,a__.... _ (du__'__ ......=_-v----.-).=-; -- the

volume of solution adverted into the aquifer during emplacement (prior to pu.-..._

on), based on the best-fit model parameter values shown in Appendix 3.

Note tha_ _racer responses in the 7/21 and 7/22 tests (similar recirculation

tames of 9 and l! minutes, respective!y) are virtually identical during

em_!acement and recovery. The 7/23 test produced the same response during the



f_r_t 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 aquifer
during the 7/23 test emplacemenU phase, and the subsequently longer period of
time required to recover it from the aquifer during pumping.

Appendix 5 presents a brief s,_gry of the assumptions and derivation of the
_racer dilution model used in the analysis of the tracer data.



APSEND_X_

WELLHEAD MEASUREI_ENTS SUMI4ARY - _NEL TEST PHASE, 7 -8/ 92

FLOW CELL FINAL READINGS



Test T SC

Date _nterval Purge Alkalinity pH DOmg/l (C) uS
ft bls time,min mg/l HC03 .......

_ m _, _,,_,_ _.,, m,_ ,i,,i._ _,_,., _ _m _ m m m _ m m _ m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .m ,_ .w _ -m _

7/20/99 495-515 33 932 >7.82 <9.83 12.3 433

7/21/92 " 40 NA (7.46) <9.98 12.5 436

7/22/99 " , tracer testing only

7/24/92 535 m555 60 183 >7.88 <9.72 13 .I 436

7/28/92 557-577 39 262 7.77 <8.98 13 <440

7/30/92 580-btm 28 256 8 .I I0.25 13.8 <455

_, ._, _- _ --_ _2 214 >7.90 9.25 14.6 <423

8/05/92 495-515 _racer testi=g only

8/06/92 " 19 NA >7.87 <9.65 12.2 <469

8/13/92 o_en 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 tigh_ to _um_

8/18/92 519-534 95 207,214 >7.84 9.00 12.8 <4_

9/15/92 495-515 60 311 7.55 <8.7? 13.2 430

9/I_/92 ,, 80 29.6 7.92 8.9? 13.3 433

._e_roducibility (_/-RMS) : 5 <.05 .57 < _'I --.



Date Interval Eh Eh, as _ Fe-II Fe-T Br

ft bls mV of air-sat, mg/l mg/l mg/l
(air-sat) water

_.mmm

7/20192 495-515 NA _.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 NA

7128192 557-577 294(357) 82 .001,.002 .022,.016 0.48

7,'_,'_.... ::_-_t: _'='_=_, g0 .006,.003 .025,. 022 NA

8/03/92 580-600 184(219) 84 n.d. .014,.015 0.33

8/05/92 495-515 0.49

8/06192 " NA NA NA 2.4-7.0

8/13/92 open hole 211(250) 84 .003 0.040 NA

8/14/92 467m482 266(283) 94 n.d. .025,.014 0.44

8/17/92 480--495

8/18/92 519m534 297(306) 97 n.d. .023,.027 .48,.58

9/IS,'92 495--515 264(270) 98 .004,.005 .016,.018 NA

9i16/92 " _A ._04,.00_ ._0_,.009 0.82

Reproducibility (+/-RMS) : ? 0.0035 0.003 0.314

Note: "o=- D 0 _oncen_racion corresponds uo a _- sa-urauicn a = ==;--,
_0_0-!0000 ft (amsl)



APPENDIX _2

_LLHEAD _MY,ASU'K_'v--._;TSS_.U_-.A.RY - Z.N'_-LTEST PF_ASE , 7 - 8/92

BROMIDE TRACER RECOVERY TESTS : RAW DATA



7/21/92: Total inj'd = 24.6 gra_s

t, rain C, mg/l
9 33.3

13 15 .i

17 I0.7

21 8.7

38 2.7

58 2.55

7/22/92: Total Inj'd = 25 grams

t, rain C, mg/l
3 0.45

4 67.45

5 50.67

6 32.35

7 93 .I

9 14

I0 12.37

II I0.59

13 8.86

15 7.68

19 6

22 5.46

24.33 6.07

27 5.16

32.5 4.23
57 _°--"

4." 2.05



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

!i 11.24

14 9.07

18 7.29

29 5.95

27 5.93

52 5.7

39 5.61
47 4.46

57 3.55

67 2.8

77 2.41

7/24/92: Total xnj'd = 42.28 grams

t, min C, mq/l
4 28.94

7 23.26

I0 17.61

13 16.14

19 14.2!

23 12.52

29 i0.26

35 8.79

7/28/92: Total Xnj'd = 118.6 grams

t, mi _- C, mg/l
9 117.9185

, , 38.47422

12 25.20305

13 18.33277

14 13.88353

18 6.103297

20 4.213021

22 2.979345

24 1.582780
.,_ " ."083_7



8/03/92: Total Inj'd = 106.5 grams

t, min C, mg/l
0 0.481237

1 0.460705

2 0.422252

3 0.435836

5 0.382398

7 0.575206

9 0.533477

ii 472.2912

13 1051.914

18 320.2649
23 39.03268

27 16.12682

29 13.70787
=-. " _.3!97'7

35 8.689711

40 4.518235

45 6.716023

52 2.752895

57 1.859378

62 1.787119

67 1.822Q-9!

87 1.146444

107 0.986140



8/5/92: Total I_j'd = 182.1 grams

t, rain C, mg/l
5 36.59746

6 38.67523

7 36 •30989

8 32.25781

9 30.16574

II 29.11367

12 26.69383

15 21.82971

_ _0 6-694d M •

21 16 •49776

28 13.65214

31 12 •76673

33 14.42723

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 6.954693

I00 7.320605

ii0 5.642726

117.5 5 •554398

127 5.276767
_ 4 857300

..4_ •

154 4.488849



8/6/92: Total Inj'd = 151 grams

t, min C, mg/l
3 2.425403

4 7.101465

5 2.693940

6 149.9327

7 107.1608

8 79.47673

9 80.12130

Ii 49.14892

13 42'"84"_"

15 37.64870

19 34.72721

22 50.96828

27 27.25398

32 2.g. Og969

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 r_ grams

t, min C, mg/!
0 0.447145

0 0

! 0.331874

2 0.360528

3 891.8 = P 459
A 369 1707

5 53.83146

7 7._ .4_,9"

9 !! .06880

!I 7.625305

13 5.318738

15 4.217994

17 5.74075_

22 2.652777

27 2.323574

32 1.904758

42 1.362011
-- _.:._=9910



8/18/92: Total znj'd = 78.54 grams

min C_ mg/l

1 0.487016

2 0.574010

3 0.507443

4 278.2479

5 104.2225

7 48.33706

9 36.40467

II 98.80359

13 _2.51039

15 17.88368

17 13.46895

19 11.95601

21 I0.61302

Z3 3. 967_-56

25 7.577375

29 6.562435

31 5.660136

36 4.724040

41 3.830976

9/16/92: Total Inj'd = 177 grams

t, rain C, mg/l
3 0.838680

4 177.5101

5 127.8903

6 106.7439

7 95.29194

8 89.46937

I0 84.71172

12 75.6Z341

14 7 _..40825

16 66.38458

18 57.06252

20 54.94420

22 45.666_4

26 34.45852

30 27.23148

34 21.61083

38 18.49821

50 11.69917

56 8.939771
61 7.588112

67 6.605319

74 5.896667

81 5.111416

92 4.2,_ 5"54



APPENDIXE3

..... v_-_._ S_-%-_Y - -.N'_-LTEST PHASE, 7-8/92

BROMIDE TRACER RECOVERY TESTS: SUMMARY OF FITTING pA!tAI_ETERS



/'

NotMixed NotMixed*

Interval 495-515 495-515 495-515 535-555 557-577 580-600

" '_ 7/23 7/24 7/28 8/03TesU Daue 7/_I 7,._._

CO = _ 60 67.5 41.55 35 117.9 1050.8
tI

Cb = _ 2.5 2 2.5 9 I.i i.I

\
C* = I00 70 55 70 450 0

Q = 77.5 72 74 72 64 15

k = 0.06 0.055 0.06 0.06 0.01 0

Vo_. = 230 190 230 380 50 45

t' = 16 20 34 19 10.5 0

Ci = Iii 178 180 87 2372 2367

% Br recovery 104 135 189 78 22 124

t(circ), rain = 9 Ii 23 !_ 8 20

b (cm) 610 610 610 610 610 610

A_c_ 2) = !.___.5 12148 13365 17180 6232 5912

0 (cma/rain) = 15864 16841 14727 29154 18783 1827

+ i='.e_--:a! di!uric= did net correspond to firsU-order removal _rccess,

:r.d ca=_ng _on-u._i_ ---=- _s__ribution duri._ _,_m_back, po_sibl _- deveiDmenu

=f "__ead" or incomDletely flushed volume within Uhe sUraddled _nuer-¢al; .-c_e

uhau calcula=ed effec=ive Voiu_e, .=r recove---_', cr "--_'- =-= =-_-=_us



NotMixed? NotMixed NotMixed NotMixed

Interval 495-515 495-515 467-482 519-534 500-515
•m ,.D ,,_. _ ,,m ,.w .i, ,m m .m li am ,m.!1 lm, ..!.

Test Date 8/05: 8/06: 8/14: 8/18: 9/16:

Co = 38.7 149.23 460 278.2 177.5

Cb = 4 5.5 1 2 2.5

C* = 50 350 0 0 900

Q = 74 74 74 74 72

k = 0.06 0.06 0 0 0.07

V,_: = 1200 200 70 50 200

t ' = I00 28 0 0 13

Ci = 152 755 1067 1571 885

% Br recovery 59 93 114 114 106

t(circ), rain = 72 23 23 20 I0

b(c=) = 610 610 457 457 457

- . _-.,_ _2 5394 10788

O(cm3/min) = 22919 14119 2561 4351 SZI?_



APPENDIX £4

BROMIDE TP.ACER RECOVERY TESTS: SUMMARY



Flow- Interval

Test calc' d calc' d calc' d meter calc' d _Br Mixed/

Zone Date O,I/min A, cm 2 q, cm/min K, ft/d i Rec'Y not

467-489- 8/14 2.56 6382 0.4 20000 0.0009 114 not

495-515 7/21 15.86 13365 1.19 !0000 0.0056 104

495-515 7/22 16.84 12148 1.39 I0000 0.0066 135

495-515 7/23 14.73 13365 !.! I0000 0.0052 189"

495-515 8/05** 22.92 12460 0.75 I0000 0.0035 59 not

495-515 8/06 14.12 12460 1.13 I0000 0.0053 93

500-5!5 _/I_ 32.17 !07_-8 2.98 !0000 0.0141 106 not ?

519-534 8/18 4.33 5394 0.8 4000 0. 0094 114 not

535-555 7/24 29.15 17180 1.7 !000 0.0803 78

557-57"7 7/28 18.78 6230 3.01 800 0.1780 22 not

580-600 8/03 1.83 5912 0.31 I00 0.1464 124 not

Average Br recovery = 103 %

NOTE: Specific discharges plotted in Figure 6 re;resent values shown above,

re;resen=ing interval areas calculated from the fitted interval dilution
-:o!,__me and mean borehole diameter, as well as estimates based on values of

interval area (A) estimated purely from borehole geomet---Y.

• Unknown source of error suspected in calculauion of in_ec'-ed ..-.ass

of bromide.
• * A is zss"--_-e_- to b_ equivalent to that of 8/06, and is not

calculated from apparent _nterval volume.

.KEPRODUCIBILITY OF TRACER DILUTION RATE CALCULATIONS:

TesU caic' d czlc 'd cz!c' d

Zc__e Date dilution ra_e, i/rain q=v_, cm gradie---t

495-5 _ _ 7/21 15 86 1.19 0.00_-- • I.__9 0.0065

495-515 7/2_ 16.84 !.! 0.0051

495-515 7/23 14.75 , 13 0 0053
495-515 8/06 14.12 -'- "

495-515 8/05 22.92 (Not Mixed) 0.75 0.0035

:_ear-= "E =9 __-_,, ,,':--=d Tes +'s_

RMS = 1.05 6.8%
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TRACER EQUATION DEVELOPMENT



First-0rder Dilution Modelling of Tracer Datat 1992 _NEL Tests

Model Development :

Assu-ue we-""=-ec_......-_x _-g within test interval during emplacement and recovery

phases, sUeady discharge (=Q) , constanu inflow (=_, with Br c=ncenUrauion

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

to the ir.ter-_al during ;um_ing, as a step function, until t = t'. Tracer
,.-_f:ow ra_e "*, concentration C*) is assumed to contribute a;iu=e ",'a_._-r/: "

constant fraction of total inflow to the well (kQ) during =he recovez-z"

phase. The model is constructed to be generally applicable for both _racer

recovery and emplacement phases; during the recirculation (emplacement)

phase: Q = O, 0 > O, t' = O.

Equation set-up: I+I*-0-Q =dV/dt= 0 and CbI+C*I*-CO-CQ = VdC/dt

or dC/dt+[(Q+O)/V]C = CbO/V+[Q/V] [(l-k)Cb+kC*]-(kQC*/V) [u(_-_')] :

LaPlace transform: pX-xo + aX = cb/p + ad/_ - (al/p) ex_ (-pg)

where: a=Q/V; b=O/V; a'=(Q+O)/V; c=Cb; d=kC*+(l-k)Cb ; f = kC* ; g = _'

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

Reverse transform: x = xoex_(-a't) + [(cb+ad)/a'] [l-exp(-a't) ] - 0 ; 0<u<b

x = x==-_'_(-a't) . [(cb+ad)/a'] [l-exp(-a't) ]

- (af/a') [l-exp(-a' (t-g))] ; _>b

Back-substi_uuion and rearrangement:

C = (Co - C')ex_(-(Q+O)t/V) + C' ; 0 <u< ='

C = (Cn - C')er;(-',C+O>_-/v) .

C,+[kC-Q/(Q+O)] [exD(-(Q+O) (t-_''/v}-11.. _. ; _ > _,

where C' = Cb + k(C'-Cb;Q/ <Q_O)

...e above equations are valid for the recovery phase. During _he em_iace=en=
en(recirculation) phase, whe _- Q = O, 0 > O, t' = O, the general soluti .

degener_tas to :



Fitting parameters for tracer recovery curve fitting:

Ci = 200 ppm Br conc. at time of emplacement

Co = 60 ppm Br conc. at start of pumping

Cb = 2.5 ppm Local average ground water Br concentration

(can be affected by Br injection)

C* = 100 ppm Average tracer plume concentration for the

step function recovery of bromide advected

into the aquifer, assumed constant and

<= Ci at emplacement

Q = 77.5 1/min P,,_mp discharge rate at well head

0 = 0 !/=in Borehole outflow rate = I + I* - Q (=0

during recovery, >0 during circulation)

k = 0.06 - Tracer plume i_flow (Z*) contribution to

total inflow, Z, as a frac=ion o_ _,

equal to kQ

V = 230 ! A_parent volume of well-mixed, straddled

zone (s.vnonomous with V,_)

t_' = 16 min End o_ tracer plume recove_ step
contribution

"= _' _=g _- _1ow uv thet(offset) -4 min Zero time o:_set or _:me .......

riser pipe
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INTRODUCTION

BACKGROUND

This report describes and summarizes activities, data, and

preliminary data interpretation from the INEL Oversight Program

R&2-1 project titled "Hydrologic Studies In Wells Open Through

Large Intervals." The projec_ is designed to use a straddie-pacne_

system to isolate, hydraulically test, and sample specific

intervals of monitoring wells that are open (uncased, unscreened)
_h_ Snake River Plain aauifer Theover large intervals of _ = _ .

- _ are tc _=_=_-_-_ and co _=_= ve_t_c =I

variations in water quality 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

"?_n_-T'_ ......_osa!.__ _o.__ Research and Development on INEL by the State

of idaho In Suppor_ of Environmenuai Assessments" submiz_ad ,_ _i.=

U.S. Department of Energy.

The project was in the first season of checkout and field

impiementa_ion. The report describes da_a collection and
activities at the INEL during the summer and fall of 1992.

r_,T_D_r_ D=QUIREMENTS

This report was cooperatively prepared by staff of zha idaho

Geologic Survey, Idaho State University, 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

Snstizute at the University of Idaho.

PURPOSE AND SCOPE

The purpose of this report is to document and summarize field
" -"_deactivities, computer data files, wa_er quaii_y samples, an_ pr_,

intended to represent final results and data interpretation.

"_=_"_ OF USGS W=VL 44

The straddle-packer was used uo hydraulically tesz and sample

i0 intervals (some over'apping) in w= .... =n_ 44, _usz_ _;=- - the

Idaho Chemical Processing Plan_. Yime-consuming equipman_ and
.... _ .... _estin_ in this _;e]_ prevented use of _he s_r_ddie-_acker

in o_her wells during the 1992 season.
" .... "--_ .... _'cc= _ _an in earlv

July and conzinued at an intense pace until mid-Auqusz, in mid-

August _he 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 ..,_._'-_-_,"_-_=_= =_em _..... 500 to 515 foot interval



Activities during the active data collection period from July

! through August 19, 1992 are summarized in Appendix A. Initial

testing during this period was conducted using a 20 foot straddle

interval. After completing al! possible 20 foot intervals the

packer system was removed from the well and reconfigured to
straddle a !5 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
= tha intervals as poss_b I_ recoan_zina that extremely low and

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 !.

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

Interval Hydraulic Tests Sampling
(ft. bls) Slu_ Pumoin_ Chem. /Rad. Microbial

467-482 Yes Yes Yes Yes

480-495 Yes Yes No No

495-5!5 Yes No Yes Yes

500-515 No No No No

519-534 Yes Yes -es Yes

:3_-:_ 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 _';c ._[c

SiGI_;ICAh-_ RESULTS 0v 19 92

The field experiences and analysis and interpretation of uhe

data collected during 1992 provide valuable insights into guiding

_he direczions and proc-d e- -- "-- :-- =-= "-

years. A lisE of _he significanu _ .........
effort is zs fc!!ows:
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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/rain. Some flow reversals were noted and attributed to nearby

pumping wells.

USES 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 surfaceo Water exited

these wells at lower levels around 550 to 580 ft. Flow velocities

ranged up to 24 ft/rain. A flow reversal occurred during logging of

well number 46. This reversal is thought to be caused by turning

on a pump at 3100 qpm.

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 qpm (2 hour on and 3 hour off cycle).

The finite-element program MODFLOW was run to simulate these

conditions. The computations indicated that within two hours of

pumping from CPP-2, only 5 x 10 -5 ft of drawdown would occur at

i



wells 44 & 46. We do not believe that a 10 -5 ft head difference

induces flow reversals in the wells. These computations suggest

that the reported transmissivity values commonly used are too small

or unconfined st0rativity too large to simulate the situation of

flow reversals. We suspect that a value for storativity

considerably less than 0.08 used in computation may be more

appropriate.

ii
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INTRODUCTION

At the Idaho 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 level, and have 100 to 300 feet of uncased

borehole in the saturated zone. These open intervals have numerous

fracture zones of varying aperture, overall thickness, and lateral

extent. There is the high likelihood for movement of contaminants

across aquitards owing to connection by wells • A better

understanding of flow in these wells would help to estimate the

effects of contaminant movement and their impacts on the SRPA.

Studies and projects 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 program.
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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 contractors. The site covers 890

square miles of semi-arid land in the north eastern part of the

eastern Snake River Plain (Fig. l). The INEL is thirty-nine miles

long from north to south and thirty-six miles wide at its broadest

point.

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 researcll 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 radioactive and chemical wastes to a

disposal well and unlined percolation ponds for several decades.

From 1953 to 1984 the ICPP discharged low-level radioactive and

chemical wastewater directly to the Snake River Plain Aquifer

through well CPP DISP (Fig. 3), a 600 ft. deep disposal well. From

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

2
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average of 287 Ci/year of strontium 90 also was discharged to

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

Anderson, 1991). The ICPP no longer discharges wastes down the

disposal well, but percolation ponds are still in operation.

The TP_ 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 radioactive isotopes used in medicine, research, and

industry. The TRA is 2 miles northwest of the ICPP and covers

about 0. i0 square miles . Some knowledge of amounts of radioactive

and non-radioactive 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 Ko 1985, discharge of radioactive wastes to percolation

ponds at the TRA averaged about 189 mill ion gal/year.

Nonradioactive 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

comprised about i0 percent of the radioactive waste discharged to

ponds at the TRA from 1974 _o 1975, comprised about 90 percent of

the total radioactive discharged there from 1981 to 1985.



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 __ but small.cu__ large compared to other aquifer systems,

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 impeller 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

int_ _.e well an_ record flow at a stationary mosition or to tow

the flow-meter up or down measuring flow. This later method is

done because the propeller has an initial s_all speed that must be

4
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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 calibrated. Spinner flowmeters are available that

can measure borehole water velocities of 2 meters/minute and

greater (Hess, 1985).

Flow in a static well can be also measured in other ways. One

such method is the use of tracers which may be salt, radioactive

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 position of the two units is interchangeable and can be

assembled 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

5



both techniques are subject 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 flo_meter is a

combination of temperature sensors and a heating grid. The two

temperature sensors are set 20 m/n from either side of a heating

grid (Fig. 5). The operation of the heat-pulse flo_rmeter 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 I0 meters/minute

(Hess, 1985).

PREVIOUS WORK DONE ON BOREHOLE FLOW AT INEL

Preliminary studies defining the velocity and direction of

_ow 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

dc'wr.ward flow was determined in the wells with velocities ranging

_o 30 feet/minute. Illustrations from Morris and others (1964) are

reproduced in this repo_ (Fig. 6-9). The location of these wells
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are shown in figure I0. J.T. Barraclough and coworkers (1965) 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. ll). 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 dowr_ho!e cable, and necessary, logging sondes. All data

are ac_aired on a COLOG digital acquisition system and are output

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

7
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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 acquire flow

measurements of vertical cross-flow of water in the wells, between

permeable zones in the wells' open-hole intervals. The impeller-

flo%rmeter 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 ,;ounts per unit time.

A typical run would consist of sending the flowmeter down the

hole at about 30 ft/rain 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

calibrate the pulse rate to vertical flow velocity. This procedure

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

CROSS FLOW IN WELL NO. 44

In USGS well no. 44 major vertical cross flow was determined

to be batween fracture zones at 5!2 ± 2 feet and 549 ± 2 feet.

Thesezones correspond with fracture zones detected by the caliper

log from 510-516 feet and 540-546. There is also a suggestion on

3
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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 FLOW IN WELL NO. 46

In well no. 46, the flow direction actually reversed while we

were making logging runs between 14:40 and 15:20, October 2, 199!

(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 ver_icai-flow velocity from 514 to 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

_am:e_ature log __In on September 1991 corroborated the flow zone

shown by the interval of isothermal waker. Flows are determined to

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

O



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 recorded 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 Flown_eter with reported

sensitivity of about 2 ft/rain, and are adapting it to work with our

i0
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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 PUMP

To explore the idea that a nearby pumping well could have an

effect on the flow measurements over relatively short periods of

time, a lock 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 - h o = Q • W(u)/(4_T)

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

distance.

T = a_ __ transmissivity, which is the thickness, b multiplied by

the hydraulic conductivity, K.

W(u) = the well function, with an argument of u, the tabulated

ll
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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

t = time

D = hydraulic diffusivity

D = T/S

T = aquifer transmissivity

S = aquifer storativity (dimensionless)

= swgb(_ + nS w)

_w = density of water

g = acceleration of gravity

b = aquifer thickness

6w = compressibility of water

n = aquifer porosity

= compressibility of aquifer rock (elastic and inelastic

combined)

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 obsez-ration well, after the pump at r

= 0, is turned on. These estimations help in conceptualizing

12
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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 0.01 feet, at a distance

r ? To solve this, we set h - h o = 0.01 feet., and find the value

of W(u) and hence the value of u = r2/4Dt for which that value

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 ptumpage in gallons/day) ,

0.01 = (Q/4_T) • W(u)

W(u) = [4_T/Q] • (0.01)

Example:

Take this situation where: Q = 3100 gpm = 4.46 x i05 g/day

T = !,465,000 g/day- ft

S =0.08

13
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values for T and S are from well CPP-2 (Stewart, 1951) (Fig. 20).

Calculate T/Q = 1.47 x l06 / 4.46 x l06 (ft -l ) = 0.328 (ft-l), and

%

then

calculate:

W(u) = 4_- (0.328 ft-l) • (0.01 ft) = 0.04i2

Now look up the value of u for which W(u) = 0.0412. The well

function W(u) is tabulated in most textbooks on hydrogeology [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

r2 = 2.213 • 4Dr and t = r2 / 8.852 D

_rom zhis we _=_.---c_'_.,_=ta= _-...=_'--.__==-__.h_zh _= _.

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.

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

14
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should be entirely in length and time u_its. To do this, we must

convert T to length and time units. 1 gallon = 0.134 ft 3, 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 106 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.

t = r2/8.852 D = [2400 ft] 2 / [8.852 x 2.45 x l06 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 ft)

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 propagates in about 0.6 hours which is more like the

=_===_.=_ = ._= ...... Tha= =_==_sts _=_ =

of a confined aquifer (<0.005) may be more appropriate.

One can plo_ a curve of the relationship for t and r, for the

appearance of a discernable head change of O.01 fee_, by pio_King

the par_bo!a:

15
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The slope of the straight part of th'_.s cu__ve, and hence the rate at

which the discernab]oe signal propagates, can be calculated by

differentiating the equation:

r 2 = 8.852 D •

2r dr = 8.852 Ddt

so that at a distance of 2400 feet, the signal would propagate

at a rate of

dr/dr = 4.426 [2.45 x 10 6 ftl/day]/ [24,00 ft] = 4.53 x lO 3

16



ft/day

= 3.14 ft/minute, for S=0.08

If 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 hydrogeoiogy 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).

_-__ _,QQA/Q=__.__-- _4_,_=_. _ __vD__ession__._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 constant well pressure Po

_e = 0.
exerzed on the wall of a sphere of radius a, beginning at _-

The equation is valid for a pressure disturbance and measuring

point at considerable depth below the free surface.

17
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P(r,t) = Po a [i/r " erfc (rl'/4Dt) ]

where erfc is the complementary error function.

Note here that the argument of the error 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) /Po, 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 105 cm2/sec. The value of 2.45 x 106 ft2/day,

used above converts to 2.6 x 104 cm2/sec (using S=0.08) - so that

the value used in the above example is reasonable. If S is more

like that of a confined aquifer (0.008) then the value of D would

be 2.6 x l04 cm2/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

___ _-_ _.... _....= _.. = _o=_v. ,_11.... produces, a disturbance effect in

a observation well. The program MODFLOW (Mcdonald and Harbaugh,

1988) is a numerical solution for aquifer pressure variation

simmiar co n he Theis (!935) anaiy_ical solution, but which allows

for irregular aquifer properties. MODFLOW was employed to

calculate pressure disturbances using the same transmisivity and

18



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 from

CPP-2, only 5 x 10 -5 ft. of drawdown would occur at wells 44 and

46. All of these factors would indicate the transmissivity value

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 important 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 t1 _ aquifer

system occurs artificially and may also occur through natural

connections. A better understanding of this transport is needed.

Ver-_ical crc_-fl-,'-_= -__ _a _- ' _en-hz__ _= _..____-_,_I_.___were _ud_d____

by previous workers with varying results. An Impeller flowmeter

was used in this report to quantify and compare results of flow

measurements. The cross flow velociKies were comparable to

previous workers ranging up to 24 ft/min. A flow reversal was also

neted which would indicate that a nearby pumping well could have an

important contrc! on _!uid flow direction: trackina of contaminant

!9
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plumes, and recovery of contaminants if necessary.

Our 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 qpm.

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. Also the rate of propagation in

fractured media needs to be examined.

2O
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Figure 3, ,Wap showing the location of the CPP D[SP well and the TRA D/SP well (Anderson,1991).
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Figure 4, Map showing contours on the regional water table and the inferred directions of
grouad-water movement (Barraclough, I966).
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Figure 5. Showing a Heat-Pulse Flowmeter Probe (Hess. 1985).
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FigE_re 6. Showing direction and velocity oi' flow in Site 17 well (Morris. 1964).
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Figure 7. Showing direction and velocity of flow in MTR Test well (Morris, 1964).
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Figure 11, Map of the ICPP area showing the locations of the wells surveyed by the Tracejector
and directions of flow (Barraclough, 1965).
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Figure 12, Graph of six wells in the ICPP area showing litholog_ directions of flow, hole
diameter, and velocity of flow (Barraclough, 1965).



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 14, Showing a Mineral Logging Systems, Inc. 1 7/16 [mpeller-flowmeter with a voltage
inhibitor.
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" LocationofSection
EXPLANATION ,,2°_s"112° ST":)0"

,9_ BASALT-- Basalt-flow group composed oi i

one or more related flows. Letter.B. indicates _i ". CpF..z._p:

sequence oi group trom top to bottom of

. section. Locally includescindersand thin 30o0 " •

, layers oi sediment .,_",s"

[_ CLAY, SILT,SAND, AND GRAVEL--'- Majorsedimentaryinterbed between basalt-Ilow t
groups. Locally includescindersand basalt i
rubble i +5o_¢_,po_=,

GEOLOGIC CONTACT--- Queried where uncertain q4_° "_ t,"_("J°

__ WELL--- Entry, 48, is local weil identifier. Dashed . s='_,f: " .

line indicatesmeasured or estimated water level • pw..z_

in aquiter in 1990. Lower arrow indicatesmea- .. .sured water level in aquiler in 1989 or 1990. ,I •

Upper arrow indicates measured water levelof El

__ m • •

.L perchedgroundwater in 1989 or 1990. Number = _ooo_I- i ' _ • • 77

aS1 651, at bottomof well is total depth oiwall In feet o _o sOo7so
below land sudace --.-.---

Figure 18, Geologic section E-E' at the ICPP & TRA area showing the I basalt flow group, and
location of production well CPP-2 (500 ft west of CPP-1), and wells 44 and 46, west of well 47

from Anderson (1991).



Figure 19, ,41.*itude of the top of basalt-flow group [ at the [CPP & TRA area from Antler#on
(1991).
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