
  

 

 
 

 

 

 
 
 

 
 

 

 

 

 

 

 

  

220 Route 70 East, Suite D Phone 609-975-6400 
Medford, NJ 08055 Fax 609-975-6401 

January 31, 2014 

Peter H. Thompson        Phone (207) 828-3490 
Project Manager        Fax (207) 772-4762 
AMEC Environment and Infrastructure  
511 Congress Street, Suite 200 
Portland, Maine 04101 

Re: 	 Final Revised Hydraulic Pulse Interference Test Report 
Olin Chemical Superfund Site. Wilmington, Massachusetts 
GeoSierra Project Number G206001 

Dear Mr. Thompson: 

GeoSierra Environmental, Inc. is pleased to provide AMEC Environment and Infrastructure 
(AMEC) this revised final report based on comments received May 10, 2013 and January 21, 
2014 detailing the results of hydraulic pulse interference activities completed in December 2012 
at the above referenced site. 

We appreciate the opportunity work with AMEC on this project and look forward to working 
together during subsequent testing phases at the site.  If you have any questions, please feel free 
to contact me at your earliest convenience at 609.975.6400. 

Thank You, 

GeoSierra Environmental, Inc. 

Kevin D. Dyson, P.E. 
Senior Project Manager 

Cc: 	 Peter Palko, P.E., CHMM, LSRP - GeoSierra Environmental, Inc. 
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EXECUTTIVE SUMMMARY
 

This Hyddraulic Pulsee Interferencce Test (HPIT) report hhas been preepared for thhe Olin Chemmical 

Superfunnd Site (the Site) locatedd in Wilminngton, Massachusetts onn behalf of OOlin Corporration 

(Olin) byy GeoSierraa Environmmental, Inc. (GeoSierra)) under conttract to AMMEC Environnment 

& Infras tructure, Incc. (AMEC). This report discusses  the Phase 1 Baseline Testing Proogram 

describedd in Sectionn 5 of the FFinal Addenddum II Hydrdraulic Pulsee Interferencce Testing oof the 

Slurry WWall at the CContainment Area (AMEEC, 2012), aas conditionnally approveed by the UUnited 

States EEnvironmentaal Protectionn Agency ((USEPA) oon February 18, 2012. In 2001, Olin 

constructted the Slurrry Wall/Capp Containmeent structure (the Contaiinment Areaa) around thhe on-

property portion of tthe Upper DDAPL Pool aas a Releasee Abatementt Measure (RRAM) consistent 

with the Massachuseetts Contingeency Plan (MMCP). The iintent of thiss source conttrol action wwas to 

eliminatee, to the exteent feasible, the on-Propperty DAPL source mateerial as a souurce of dissoolved 

constitueents to overlying grounddwater. Thee containmennt structure is compriseed of a threee foot 

thick soiil – clay perrimeter slurry wall keyyed into beddrock and a temporary cap to miniimize 

infiltratioon of precipiitation into thhe Containmment Area. 

GeoSierrra was retaiined by AMEC to assistt Olin in devveloping a site-specific HPIT protoccol at 

the requeest of USEPPA to test thhe competennce of the sllurry wall aalong with ddetermining other 

hydrogeoologic parammeters. HPITTs are used tto compute tthe in-situ hyydraulic propperties (hydrraulic 

conductivvity and speecific storagge) of subsuurface materrials in the saturated ggroundwater zone 

between two wells.  The primaryy objective oof the HPIT is to measurre the hydraaulic propertiies of 

the slurryy wall by coonducting measurementss from wellss placed on eeither side oof the slurry wall. 

The apprroved baseline testing pprogram wass designed too evaluate flow rates annd pressure pulse 

dissipatioon (known hherein as “sshut in”) int ervals that pprovide the best signal response foor the 

hydrogeoologic condittions at the SSite.  Specififically, testinng was perfoormed to deteermine over what 

distancess signals coould be reliaably transmmitted and reeceived, andd if commuunication exxisted 

between interior andd exterior mmonitoring wwell pairs byy hydraulicallly pulsing tthe aquifer uusing 

source wwells and moonitoring inteerior and/or exterior recceiver well rresponse preessures. Basseline 

HPIT acttivities weree completed in Decembeer 2012 in a accordance wwith the apprroved work plan. 

The proggram includeed testing a total of eighht (8) existinng monitorinng well pairs including wells 

located ooutside of thhe slurry walll, wells inside the slurryy wall and ffinally well ppairs on oppposite 

sides of the slurry wall. By ttesting in thhis manner, GeoSierraa was able tto determin e the 
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response to HPIT thhrough multiiple hydrogeeologic unitts as well as evaluate ifs f communiccation 

from spe cific interiorr to exterior well pairs thhrough the sllurry wall wwas occurringg. 

The Baseeline HPIT pprogram wass designed too determine the applicabbility of the ttechnology tto the 

Site and identify anyy potential liimitations b ased on sitee hydrogeoloogic conditioons includinng the 

use of existing wellls which weere not speccifically dessigned for HHPIT testingg. Based onn the 

results, HHPIT testingg appears to be a viable approach too testing we ell pairs at thhe Site; howwever, 

limitationns were ideentified invvolving the use of exiisting shalloow wells aalong with pulse 

propagation distancee. A numb er of existinng water tabble wells thhat have weell screens wwhich 

straddle the water taable do not pprovide con sistent and vverifiable HHPIT results.   The HPITT data 

collectedd from one wwell pair loccated on oppposite sidess of the slurrry wall in tthe northeasst test 

quadrant (GW-6D annd GW-CA33D) indicate s direct hyddraulic commmunication bbetween the wells 

tested. TThe hydraulic conductiivity compuuted from thhis test pair is high butt consistent with 

historicall slug test daata from we lls in the viccinity of the e Containmennt Area. It is not possibble to 

determinne from this ttest result if the indicateed hydraulic  pathway is directly throough the waall, its

connectioon to bedrock, or throuugh weathered bedrock immediatelyy underlying the wall. The 

hydraulicc gradient beetween thesee wells is inwward toward the Containnment Area. 

Taken toogether, the results of tthis test indiicate that thhe HPIT tesst is a reasoonable methood of 

evaluatinng the structural integriity of the sslurry wall.  However, the resultinng data muust be 

reviewedd carefully wwith other anccillary informmation to drraw appropriiate conclusiions. 
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1.0 SITE BACKKGROUND 

1.1 Slurry Wall / Containmment Area 

Backgrouund informaation on the Olin Chemmical Superfuund Site (Siite) is includded in the RRI/FS 

Work Plaan (MACTEEC Engineerring and Coonsulting, Inc, 2009). TThe Olin Prooperty is situuated 

over glaccial outwashh deposits thaat overly glaacial till and igneous andd metamorphhic bedrock. The 

glacial ouutwash depoosits consist mainly of uunconsolidatted fine to ccoarse sands and gravel,, with 

variable amounts of silt. Processs waters annd liquid waastes discharrged to unlinned ponds aat the 

former faacility resultted in the foormation of aa dense aqueeous phase lliquid (DAPPL) which poooled 

in a seriees of bedrockk depressions.n

One of thhese DAPL pools, the UUpper DAPLL pool has OOn-Property and an Off-Property portion. 

Olin constructed the Slurry Walll/Cap Contaainment struccture (the Coontainment Area) arounnd the 

On-Propeerty portionn of the Uppper DAPLL Pool as aa Release AAbatement MMeasure (RRAM) 

consistennt with the MMassachusettts Contingenncy Plan (MMCP) in 20001. The inteent of this soource 

control aaction was too eliminate, tto the extentt feasible, thhe On-Propeerty DAPL s ource materrial as 

a source of dissolveed constitueents to overrlying grounndwater. TThe containmment structuure is 

compriseed of a periimeter slurryy wall keyeed into bedrrock and a temporary cap to miniimize 

infiltratioon of precipiitation into tthe area. Coonstruction oof the slurry wall was prreceded by aa pre-

design booring prograam to determmine the deptth to bedrockk. The slurrry wall contaains, to the eextent 

practical,, the on-prroperty Uppper DAPL and overlyying grounndwater located withinn the 

containmment structurre. The relaationship of the slurry wall, the DDAPL pool and the beddrock 

surface wwere presenteed in the woork plan. 

The slurrry wall is a 3-foot wide  containmennt wall instaalled from grround surfacce into the t op of 

bedrock completely surroundingg the on-propperty Upperr DAPL poool. The locattion of the sslurry 

wall (perrimeter of thhe containmeent structuree) and assoc iated wells aare shown oon Figure 1. The 

slurry waall is compr ised of a miixture of 65 percent exccavated soil,, 30 percentt imported c layey 

glacial tiill, 3 percennt processedd attapulgitee clay, and 2 percent bentonite clay. Indepenndent 

laboratorry tests of the slurry walll backfill maaterial indicaate a permeaability of appproximately 5.0 x 

10-8 centtimeters perr second (cmm/sec). The temporary cap is an 88-mil thick scrim reinfoforced 

polyethylene sheet ccover, with ssewn seams , held in plaace by sanddbags. A graavel roadbedd was 
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installed around the eeastern and ssouthern perrimeter of thhe temporaryy cap and sluurry wall to aallow 

vehicle aaccess to the southwest aarea of the SSite and to prrovide ballast for edges of the temp orary 

cap. 

The max imum depthh of the slurryy wall is appproximately 35 feet belo ow ground suurface. A 400-foot 

long gravvel equalizattion windoww was installled across thhe water tablle on the weestern up-graadient 

side of tthe slurry wwall to mainttain equal hhydraulic pressure betwween groundwater insidee and 

outside oof the contai nment struc ture. This eqqualization wwindow is mmonitored byy wells GW--CA1 

and GW--CA2, whichh are locatedd at either end of the equalization winndow. 

1.2 HHPIT Objecttives 

In Aprill 2012, AMMEC and OOlin submittted the “Final Addenddum II – Hydraulic PPulse 

Interference Testingg of the Slurry Waall at the Containmeent Area Final Remmedial 

Investigaation/Feasibiility Study WWork Plan”” (Work Plaan) to the UUnited Statees Environmmental 

Protectioon Agency ((USEPA). USEPA proovided condditional appproval of thee Work Plaan on 

Februaryy 12, 2013. TThe April WWork Plan subbmittal addr essed EPA rrequests to cconduct the HHPIT 

testing inn two phasess. The primaary objectivee of the entirre proposed HPIT progrram is to meeasure 

the hydraaulic properrties of the sslurry wall by conductiing measureements fromm wells placeed on 

either sidde of the sluurry wall. TThe objectivve of the Phaase 1 Baseliine programm was to evaaluate 

flow ratees and shut-in intervalss that provide the best signal respponse for thhe hydrogeoologic 

conditionns at the Sitte. The Baaseline progrram tested wwell pairs loocated outsidde and insidde the 

containmment area sepparately to eevaluate the distance hyydraulic pulsse signals caan be propagated 

and receiived. The BBaseline testting also tessted well paairs that willl provide in nformation oon the 

potential effect of thhe equalizatioon window on hydraulicc pulse proppagation oveer the slurry wall. 

A HPIT was also c onducted beetween GW--6S/D and GGW-CA3S/DD to evaluaate if a hydrraulic 

pulse cann be transmittted through the slurry wwall.   

The mathhematical baasis, preparaation for testting, field acctivities perfformed and the results oof the 

baseline testing progrram are disccussed in thee following ssections. 

GEOSIERRRA ENVIROONMENTAL, INC. 6 
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2.0 HHYDRAULIIC PULSE IINTERFERRENCE TESSTING 

2.1 BBackground 

HPIT has been utilizzed in the p etroleum inddustry sincee the mid-19960s, [Johnson et. al. (1 966), 

Earloughher (1977), LLee (1982), KKamal (1983) and Hornne (1995)], pprimarily as fully penetrrating 

aquifer teests, but in some cases as vertical pulse interfeerence tests [Burns (1969) and Hirrasaki 

(1974)].  The test iinvolves a cyclic injecction or withhdrawal of fluid from the source well 

followedd by a shut-in period, aand by high precision mmeasuremennt of the preessure pulsee in a 

neighborring well, deetailed hydrraulic characcterization bbetween wellls can be mmade (Figurre 2). 

Because the HPIT is highly sensitive to hydrrogeologicall properties bbetween the pulse source and 

receiver wells, and rrelatively innsensitive to conditions immediatelyy adjacent tto the wells (e.g. 

wellbore storage efffects), the ttime delay and attenuaation of the hydraulic ppulse enabl e the 

formationn hydraulic properties to be compputed. Sincee the test iis a transiennt test, bothh the 

formationn transmissivvity and storrativity can bbe calculatedd for a wide variety of aqquifer types. 

HPIT has only recenntly been ussed in the grroundwater field, prima arily for site characterizaation, 

hydraulicc integrity teesting of slurrry wall conttainment struuctures and testing of peermeable reaactive 

barriers ((Hocking annd Wells, 19997; and Hoccking, 2001). To obtain mmaximum hyydraulic prooperty 

resolutionn, the HPITT can be connstructed as aa point sourrce utilizing single or strraddle packeers in 

the injecctor well deppending on the well co nstruction aand aquifer type. The flflow rate intto the 

source innjector well is rate contrrolled and seet at a consttant flow ratte, which wiill depend oon the 

site hydrrogeologic conditions. HHigh precisioon pressure ttransducers are located in receiver wells 

and isolaated from recceiver borehhole storage effects by siingle or straaddle packerrs. Thus the pulse 

is of poinnt source orrigin and borrehole storagge effects arre eliminate ed from bothh the injectoor and 

receiver wwells. The innjector well is pulsed fo r a set time, shut in for tthe same timme period, annd the 

test is eitther terminatted as a singgle pulse testt, or the cyc cle repeated for a multip le pulse testt. The 

pulse souurce and recceivers can bbe located aat differing ddepth locatioons in their respective wwells, 

yielding a detailed quuantificationn of the site’ss hydrogeoloogical propeerties (Hockiing, 2004). 

2.2 MMathematicaal Model 

The poinnt source hyydraulic puulse interfereence test caan be modeeled from thhe solution of a 

continuouus point souurce in an infinite isottropic homoogeneous meedium (Carsslaw and Jaaeger, 

1986) as given by eqquation (1). This fundammental soluttion can be mmodified to iincorporate finite 
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aquifer systems, connfined and unnconfined c onditions, ananisotropic aand heterogeeneous condiitions 

in a simiilar manner as the line source soluution has been modifiedd in the petrroleum literaature.  

This linee source soluution for conntinuous injeection is thee exponentiaal integral, wwhereas the point 

source soolution for a single or cyclical pullse/shut-in test scenarioo is the commplimentary error 

function. The pressuure response in a receive r well is giv en by the fo llowing equation: 

))(1൲4ݐඥ൘൘ݎ൮ ݂݁ܿݎ ವೢସగൌ	)∆)ݐݐ
Where Δp(t) is the ppressure respponse at a giiven time, KK is the formmation hydrauulic conducttivity, q is the injection floowrate, SS  iss the formatiion specific storage, rww is the well bore radiuss of a 

source wwell, rD is thee dimensionnless distancce equal to rr/rw in whicch r is the ddistance fromm the 

receiver well to the source well,, tD is the diimensionles s time definned in equat ion (2) and pD is 

denoted aas the dimennsion pressurre defined inn equation (33): 

  ൌ ೈೈమ௧ௌೄݐ
(2) 

ସగగೈ∆(௧) (3)ൌ
Where t is the elappsed time siince the staart of the innjection. Foor the soluttion of the pulse 

interferennce test, equuation (1) neeeds to accouunt for the pperiodic natuure of the innjection floww rate 

in the souurce well.  TThe time inteervals of injeection and shhut in do noot need to bee the same, bbut an 

accountinng for their periodic natture needs to be includeed. The dimmensionless time intervaal for 

injection and shut inn are assumeed to be the same, thereefore the dimmensionless time intervaal for 

injection , tpD, is definned as: ௧ (4)	మൌݐ ೈೈ ௌೄ 

Where tp is the puulsed injecti on time intterval (Hockking, 2001)..  These foour (4) equaations 

representt the fundammental solutioons utilized to evaluate HPIT resultts, and weree used to evaaluate 

the data ffrom HPIT aactivities at tthe Olin Sitee. 
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3.0 HHYDRAULIIC PULSE IINTERFERRENCE TESSTING ACTTIVITES 

3.1 PPre-Mobilizaation Receivver Transduucer Calibraation 

Prior to the mobilizzation to thhe site, calibbration proccedures werre performeed on the hhighly 

sensitive and precise pressure traansducers used to monitoor the pulse pressure in tthe receiver well. 

The calibbrations werre complete d utilizing nnew Magnehhelic gaugess to developp the approppriate 

calibratioon coefficiennts for data logging by the data acqquisition sysstem.  Following calibraation, 

all equippment was then teste d against kknown watter pressurees to ensurre accuracyy and 

repeatabiility.  By caalibrating thee equipment and develooping up to ddate receiver well transdducer 

calibratioon coefficiennts, GeoSierrra confirmeed the accuraacy of the mmonitoring eqquipment pr ior to 

mobilizattion to the siite. 

The receiver transduucer calibratiion data, asssociated bestt fit curve aand polynommial equationns are 

included in Appendixx A.  The beest-fit polynnomial coeffificients were  then utilizeed within thee data 

acquisitioon system duuring testingg as the receiiver well cal libration coefficients. 

3.2 PPre-HPIT Teesting Videoo Inspectionns 

Prior to HHPIT, each wwell was insspected utilizzing a GeoVVision borehhole video caamera and viiewer 

system too verify the well construuction, log sscreen depthhs, verify thee elevation oof the water table 

relative tto the screenn interval, annd generallyy inspect thee condition oof the screenn prior to te sting. 

Detailed notes were  taken durinng the videoo inspectionn of the conndition of thhe well, andd any 

modificaations to the proposed baseline ttesting proggram were made basedd on the vvisual 

observatiions. 

The onlyy unexpectedd observationn made durinng the videoo inspectionss was the diaameter of GWW-6S 

comparedd to the well constructioon logs. Duuring video iinspection it was found that well GWW-6S 

reduced to a 1.5” diameter apprroximately 22.1 feet beloow top of caasing.  The wwell construuction 

required,, due to the ddiameter of the testing eequipment, i s a 2-inch wwell diameterr; therefore HHPIT 

testing coould not be pperformed o n well pairs that includeed GW-6S.  An additionnal test was aadded 

to replacee the GW-6SS tests usingg well LPB-444 as discusssed below.  

GEOSIERRRA ENVIROONMENTAL, INC. 9 
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3.3 HHydraulic Puulse Interfe rence Testinng Activitiees 

Based onn the approvved HPIT WWork Plan, aa total of elleven (11) wwell pairs wwere proposeed for 

testing during the baaseline testinng event. EEach well paair consistedd of one souurce well andd one 

receiver well with vvarying screen lengths, depths and intervals.  During videeo inspectio ns as 

noted above, tests asssociated wiith GW-6S wwere not posssible due too the reduceed well diammeter; 

thereforee the test of GW-34SR tto LPB-44 wwas substituuted in placee of the GWW-34SR - GWW-6S 

well pairr for the wel l pair testingg conditions outside of tthe slurry wwall. No addditional well pairs 

were deeemed availabble during bbaseline testing to replaace the otherr HPIT testss associated with 

GW-6S. As such, a total of eeight (8) tessts were connducted as opposed to the elevenn (11) 

proposedd as shown oon Table 1. 

3.4 HHPIT Field PProcedures 

As discuussed above, baseline HPPIT activitiees at the Oliin Chemical Superfund Site consistted of 

eight (8) tests in the vicinity of thhe slurry waall in four diffferent scenaarios based oon their locaations 

relative tto the slurry wall. As shhown on Tabble 1, two (2)) well pairs wwere tested where both wells 

were located exterioor to the slurrry wall, thrree (3) well pairs were tested wherre both wellls are 

located interior to thhe slurry waall, two (2) wwell pairs wwere tested inn a line thatt resulted inn tests 

through tthe slurry wwall and one (1) well paair was locatted inside thhe bounds of the slurry wall, 

however the receiverr well (GW-CCA1) was loocated insidee the equalizzation window. 

Setup of each pulse test includeed installatioon of the souurce and recceiver systemms in the deefined 

well pairr. The souurce well injnjection systtem consistss of an infllatable packker to isolat te the 

injection horizon froom atmosphheric dampenning effects (when possible), a preessure transdducer 

that is pl aced in the ssource well to monitor iinjection preessures, and a downholee injection syystem 

as shownn on Figure 22. The receivver well system also connsists of an iinflatable paacker isolatinng the 

high preccision pressuure transduccer from welll bore storaage effects bby sealing thhe screen intterval 

from the atmospheree within the well seal (wwhere possiible).  Durinng testing, thhe injection flow 

rate is coontrolled by a constant fllow rate direect drive pummp with soleenoid adjustaable time intterval 

switchingg values to pprecisely mo dulate the peeriodic time injection annd shut-in off the source wwell. 

During HHPIT, the souurce well’s fflow rate andd pressure arre monitoredd along with the receiverr well 

pressure.   The receivver well presssure transduucers are of high precision and can ddetect changges in 

GEOSIERRRA ENVIROONMENTAL, INC. 10 
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pressure as low as 1/10,000 poounds per sqquare inch ((psi).  The flow rate aand pressurees are 

continuouusly monitoored and reccorded at hiigh data acqquisition ratees throughoout the tests. To 

ensure thhe test parammeters (shuut-in intervall and flowraate) are reppeatable, the pulse switcching 

mechanissm is autommatically coontrolled byy a timed r relay switchh and recordded by the data 

acquisitioon system ass increases aand decreases in pressuree within the source well..  To optimizze the 

resolutionn of the testt, the sourcee well injecttion flowrate and shut-iin time interrval are typiically 

varied duuring initial ttesting depennding on sitee conditions . 

During innitial testingg utilizing GGW-34D as the source wwell and  GWW-6D as thee receiver wwell, a 

total of four (4) tessts were runn to determiine the inje ction flowraate and shuut-in intervall that 

providedd the cleanestt response att the receiver well.  Baseed on the evaaluation of tthe initial fouur (4) 

data sets onsite, a floowrate of appproximatelyy 12-gallons per minute (GPM) and a shut-in intterval 

of 45-seeconds weree selected aas the appr opriate paraameters for baseline teesting.  For the 

remaininng well pairss tested, 2 –– 3 tests weere run for each well ppair.  Durinng data reduuction 

activitiess, these indi vidual tests were identiified as testts A, B or CC and are l isted on Taable 1 

accordinggly. 

Additionnally, to rule  out the effeects of packer inflation on the receiiver well ressults, an infllation 

test was conducted bby inducing no pulse froom the sourcce well, inflaating the pacckers withinn both 

the sourcce and receivver wells andd logging the data withinn the data accquisition syystem.  As shhown 

on the raaw data graphh in Appenddix B, there wwas no noticceable effectt from simplly the inflatiion of 

the packeers on receivver well dataa. Additionaally, the dataa indicates thhat the condditions adjaceent to 

the slurryy wall were quiescent with little to nno variationss in pressurees over the 10-minute loggging 

interval. 

3.5 HHPIT Resultts 

The interrpretation of the point soource hydrauulic pulse intterference teest follows siimilar proce dures 

to line soource interp retation procedures usinng type curvves as detailled in Hockking (2001). The 

hydraulicc pulse interrference testt arrangemeent, typical ccurve matchhing analysiis (Figure 3)) and 

theoretic al source daata verificatioon curves geenerated via a check proogram are shhown on Figuure 4. 

The folloowing sectioons of this rreport providde details onn the HPIT data reductiion activities and 

actual ressults obtaineed. 

GEOSIERRRA ENVIROONMENTAL, INC. 11 
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3.5.1 Daata Reductiion Activitiees 
Followinng testing onnsite, the ddata was broought back to GeoSierrra’s office and reduceed in 

accordannce with a standard procedure for ddevelopmentt of the typpe curves acccounting for site 

conditionns, and reduuction of collected raw ddata for curvve matchingg commenceed. The raww data 

response from the tested well paairs is locateed in Appenddix C.  The type curve ddata and anaalysis 

are locateed in Appendix D. 

The type curve graphhs were geneerated as botth an unconffined and connfined typess, finite and ssemi-

finite aquuifer dependding on the location of thhe tested weell pair relatiive to the sluurry wall.  BBased 

on the curve fit data and the vverification pprogram oututput from thhe results (ddiscussed fuurther 

herein), tthe shallow aquifer at thhe Site appeaars to responnd as a conffined aquiferr to the hydrraulic 

pulses ass the confineed aquifer tyype curve fifitting yieldeed the cleaneest data mattch and the most 

reasonable, verifiablee results for the wells. This may bee due to horrizontal layerring of finerr silty 

material in upper porrtions of thee unconsoliddated depositts. Developpment of the confined aqquifer 

type curvves assumed a confined aaquifer fromm the top of tthe water tabble (approximmately 6 to 77 feet 

bgs) dowwn to the toop of bedrocck, or a totaal depth of 440 feet. A summary oof the parammeters 

utilized tto develop tthe type curvves are showwn on Tablee 2 includinng aquifer tyype (finite, ssemi-

infinite, free surfacee, upper or llower confinning layers),, top and boottom of aquuifer, sourcee and 

receiver wwell positionns. 

Followinng downloadding of the raaw data, the data is zeroeed to the starrt of the HPIIT test, convverted 

to minutees (raw data logs in secoonds) and grraphed on a logarithmic scale to alloow for curvee type 

matchingg. For receivver wells thaat exhibited a negative sslope responnse (common response aat the 

Olin Sitee), a transforrmation was applied to cconvert to poositive slopee to allow foor analysis, aas log 

scale annalysis cannnot be condducted on data with nnegative vaalues.  Thee negative slope 

transformmation utilizees the initiall negative sllope of the rreceiver respponse, calcullates the abssolute 

value of the slope annd multipliess the receiveer response bby the presssure responsee, time and slope 

value to invert the ccurve from the same zzero point. An examplle of negativve slope an d the 

resultant transformation is beloww: 

GEOSIERRRA ENVIROONMENTAL, INC. 12 
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Raww Data Priorr to Slope CCorrection RRaw Data PPost Slope CCorrection 

Negativee slope respoonses occur when the aqquifer responnds to the hhydraulic pullse with reduucing 

water levvels in the rreceiver wellls as opposeed to the exxpected incrreasing wateer level respponse. 

Normallyy caused by some type of tidal influuence or sitees with a siggnificant doownward graadient 

trend, thee Olin site haad neither off these knowwn conditionns. As such, GeoSierra can only theeorize 

that the iinteractions oof the pulse with surrou nding formaation, potenttially the undderlying beddrock, 

the slurryy wall and/orr the equalizzation windoow caused a temporary ddownward grradient withiin the 

test zonee. One final potential immpact was the constructioon of the shallow wells and their sccreens 

bridging the water taable; howeveer, there wass no discerniible trend to which receiiver well ressulted 

in an inittial negative data slope. 

To evaluuate the neggative slope response (iindicated ass a decreasinng water leevel during pulse 

testing) aand ensure iit was not aan artifact off the data accquisition syystem, baselline inflationn and 

aquifer resting-state testing was conducted ((Appendix BB). This basseline inflatiion test was used 

to evaluaate the effectts on the watter table fromm inflation oof the packeers with no aactive injectiion in 

the sourcce well. As shown by AAppendix B, the negativve slope wass not an artiffact of the teesting 

equipmennt and thereefore is conssidered a ressponse as a result of H HPIT activitiees. As suchh, the 

negative slope transfformation wwas used to aallow the daata to be redduced similaar to the positive 

slope datta. 

GEOSIERRRA ENVIROONMENTAL, INC. 13 
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The speccific storage and hydrauulic conductiivity are estiimated throuugh the typee curve matcching 

process. Once the tyype curves arre generatedd for the aquiifer type andd the raw daata is reducedd, the 

two curvves are overlaid and fit too where the two curves best match.   From that curve matchh, the 

values foor time and dimensionleess time are arbitrarily sselected on the matchedd curve, preessure 

and dimmensionless pressure aree read fromm the Y-Axxis; from ththose valuess storativityy and 

conductivvity are calculated usingg the equatio ns previouslly presented. 

To ensurre the accuraacy of the mmatched curvves and valiidate the callculated speecific storagee and 

conductivvity values, a verificatiion programm is used to back calcuulate and ploot the theoretical 

receiver rresponse usiing the test cconditions/reesults includding flow ratte, shut-in innterval, storaativity 

and condductivity froom a re-arranngement of Equations 11 - 4.  This  theoretical response iss then 

overlaid onto the acttual raw datta receiver response andd the curves  are comparred. The ouutputs 

from the check progrram used to evaluate datta reduction accuracy froom Baselinee HPIT conduucted 

at the Ollin Site are included in Appendix EE. The redd line represeents the theeoretical respponse 

while thee green liness represent thhe actual recceiver respoonse. When the theoretiical curves mmatch 

the actuaal raw data reeceiver data,, the graphs vverify that thhe appropriaate curve maatch was usedd and 

corresponnding valuees for condductivity annd storativityy were callculated acccurately. If the 

theoretic al response ddoes not maatch the actuaal receiver ddata, then thee data colleccted from thaat test 

is not veerifiable. If the data is not verifiabble with thee check proggram, the daata is considdered 

suspect, oor potentiall y not useablle. 

3.5.2 Reesults Discuussion 
There are three evalluation criteeria that GeooSierra utillizes to evalluate the quuality of thee data 

obtained during testinng. These evvaluations innclude: 

•	 RResponse Recceived – thiss is a qualitaative determiination that tthe pulse waas received aat the 
reeceiver well as a result oof injections into the sourrce well; 

•	 RReproduciblee Response –– during subssequent testiing and folloowing data rreduction, diid the 
data collectedd from multi ple tests resuult in a simillar receiver rresponse; annd 

•	 TTheoreticallyy Verified Reesponse – folllowing dataa analysis, was the data vverifiable thrrough 
mmatching of tthe theoreticaal receiver reesponse verssus actual reesponse as diiscussed aboove. 

These aree the three pprimary criterria that weree utilized to evaluate thee usability off data collectted at 

the Olin Site. A detaailed evaluation for eachh well pair tested includeed below. 

GEOSIERRRA ENVIROONMENTAL, INC.	 14 
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Based onn the data reeduction andd results conntained withhin the attacched Tables and Appenddices, 

mixed reesults were oobtained fromm the onsitee HPIT testinng activitiess. During teesting, a respponse 

was received in eighht (8) out of the 8 well ppair tests inddicating hyddraulic commmunication, wwhile 

six (6) teests were fouund to be connsidered reproducible annd three (3) ttests (1,2 annd 7) met all three 

criteria ffor response, reproducibbility and weere theoreticcally verifiabble with thee check proggram. 

For the ffive (5) testss that were nnot theoreticcally verifiabble, data setts were matcched againstt type 

curves annd conductivvities were ccalculated; hhowever, thoose values coould not be vverified usinng the 

check program wherre a receiverr response iss recreated. There are aa number off potential c auses 

for resultts not beingg verifiable and those causes are diiscussed furrther below on a test byy test 

basis. 

Test #1 - Source Welll GW-34D - Receiver WWell GW-6D ((Exterior to Slurry wall)) 

This welll pair servedd as the initiaal baseline evvaluation foor injection vvolume and sshut-in intervval at 

the start of HPIT testing activitties. Data ffrom this weell pair mett all three evvaluation crriteria 

above annd with the 1 2-gallon perr minute injeection rate annd 45-seconnd shut-in intterval, resultted in 

the cleannest, most ressponsive raww data sets dduring testingg. As shownn on Table 22 with suppoorting 

data in AAppendices CC – E, the appproximate cconductivityy between GW-34D and GW-6D, ouutside 
-7 ft-1of the sluurry wall, is 40.5 ft/day with a calcuulated speciffic storage oof 6.59 x 100 . As shhown 

on Tablee 1, this welll pair was loocated approoximately 2994 feet apartt, has well cconstructionss that 

are conduucive to HPIIT based on the results, and by meetting all threee criteria aboove indicatedd that 

this well pair was in direct hydraaulic commuunication durring HPIT acctivities.  

Test #2 - Source Welll GW-6D – RReceiver Weell GW-CA3DD (Exterior and Interiorr to Slurry wwall) 

This welll pair exhibbited the cleaanest, most reproducible data set oof all tests coollected.  Thhis is 

most likeely due to thhe well separration distannce, deep connstruction off the screen intervals annd the 

ability off the packerr systems to isolate the atmosphericc effects fromm the test bby sealing aggainst 

the casinng and grout seal of bothh monitoringg wells.  Thee data for thhe GW-6D too GW-CA3DD test 

met all tthree evaluattion criteria and resulteed in a hydrraulic conduuctivity betwween the we lls of 

46.4 ft/daay and a callculated speccific storagee of 3.25 x 110-7 ft-1 . As shown on TTable 1, thiss well 

pair is loocated approoximately 899-feet apart, has well coonstructions that are conducive to HHPIT 

based onn the results,  and by meeeting all threee criteria abbove indicatted that this well pair wwas in 

direct hyydraulic commmunication during HPIIT activities.. It is not cllear why thee hydraulic pulse 
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was obseerved at the  receiving wwell and not clear if thhe pulse proopagated throough the waall or 

under thee wall givenn the depth oof the respecttive well scrreens.  It shoould be noteed that there is no 

DAPL inn contact witth the wall bbetween thesse two wells  and the loc cal hydrogeoology indicattes an 

inward ggradient fromm outside to inside the wwall. The cleear indicatio n, however,  is that HPITT can 

serve as aan appropriaate testing mmechanism giiven approprriate well co nstruction ddetails.   

Test #3 - Source Welll GW-34SR – Receiver WWell LPB-444 (Exterior too Slurry Wa ll) 

The dataa from the GGW-34SR too LPB-44 weell pair doess not appearr to be usabble when graaphed 

against bboth confineed and unconnfined aquiffer type curvves as it onlly met the rreceiver respponse 

criteria ddiscussed aboove.  While curve matchhing againstt the confineed aquifer yiields a matchh, the 

results obtained fromm that curv e match aree not reprodducible, nor are they v erifiable or even 

appear possible. Wiith an estimaated hydraullic conductivvity of over 1,100 ft/dayy, which is aabout 

two ordeers of magnittude higher than reasonaable, the weell constructiion apparenttly does not yield 

data commmensurate wwith the assuumptions or nnecessary coonditions uppon which thhe methodoloogy is 

based. BBoth GW-344SR and LPPB-44 have shallow screen intervalls. The screeen intervalss and 

grout seaals are locat ed above thhe water tablle which likkely led to reesults that aare not consistent 

with a teest complete ly sealed annd isolated frfrom the atmmosphere. BBecause the distance bettween 

this well pair is insidde the distannce of other well pairs ((GW-34SR –– LPB-44 arre 215 feet aapart) 

that resuulted in data meeting alll three evaluuation criterria above, prropagation ddistance doees not 

appear too be a limitinng factor durring this well pair test. 

Test #4 - Source Welll GW-35S – Receiver Well GW-CA33D (Interior to Slurry WaWall) 

The dataa collected ffrom the GWW-35S to GGW-CA3D teest, while nnot verifiablee with the ccheck 

program,, has very rreproduciblee trends thaat allowed mmatching aggainst the tyype curves for a 

confined aquifer. Ass such, it meeets two of thhe three evaaluation criteeria.  Based on the data rresult 

from thiss well pair, aa hydraulic conductivity range of 44 – 75 ft/day aand a specifific storage off 2.41 

x 10-5 to 3.61 x 10-5 fft-1were estimmated. The screen interrval and grouut seals are bboth proximaate to 

the waterr table and aas a result, soome interacttion of the hhydraulic pullse with the atmosphere from 

GW-35S  may have ccaused the uun-verifiable result.  Beccause the disstance betweeen this well pair 

is inside the distancee of other weell pairs (GWW-35S – GWW-CA3D aree 261 feet appart) that ressulted 

in data mmeeting all thhree evaluattion criteria above, proppagation disttance does nnot appear too be a 

limiting ffactor duringg this well paair test. 
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Test #5 - Source Welll GW-35S – Receiver Well GW-30DDR (Interior tto the Slurryy Wall) 

While the data from the GW-35SS to GW-30DDR test was  matched aggainst the typpe curve, thee data 

were nott verifiable with the chheck prograam, thereforee, meeting two of the three evaluuation 

criteria. As shown inn Appendix E, althoughh the theoretiical curve mmatches the aactual data foor the 

first 3 miinutes of thee test, the puulse attenuatiion did not mmatch the chheck programm as expecteed for 

the rema ining test duuration. As such, while the data colllected indic ates a hydraaulic conducctivity 

of 27.8 ftft/day and a sspecific stor age of 1.12 x 10-5 ft-1, thhis data is coonsidered suuspect. Simiilar to 

other shaallow well ttests, the likkely cause iss the potentiial for impaacts from thhe shallow screen 

interval iin GW-35S that may sttraddle the wwater table. Because thee distance bbetween thiss well 

pair (1900 feet) is lesss than the ddistance of oother well paairs that me t all three evaluation crriteria 

above, prropagation ddistance doess not appear to be a limitting factor dduring this wwell pair test. 

Test #6 - Source Welll GW-35S – Receiver Well GW-76S (Interior annd Exterior too Slurry Wa ll) 

Similar tto the resultss for the GWW-35S – GWW-30DR welll pair, this ttest also resuulted in dataa that 

while it was matcheed to the typpe curves wwith good aggreement, thhe verificatiion programm was 

unable too match the aattenuation oof the curve, therefore thhe data is coonsidered suuspect. Whille the 

data meeets two of thhe three evaluuation criterria, the likelyy cause is thhe potential for impacts from 

the shalloow screen innterval in GGW-35S that may stradddle the waterr table. Thee data indicaates a 

lower hyydraulic condductivity commpared to otther wells onnsite (7.78 fft/day) but a higher hydrraulic 

conductivvity than Teest 7 along aa similar alignment. Th e lack of atttenuation off the pulse ssignal 

comparedd to the cheeck programm results in the data beiing questionnable. Becaause the disstance 

between this well paair (291 feett) is less thaan the distannce of other well pairs tthat met all three 

evaluatioon criteria abbove, propaggation distannce does not appear to bee a limiting factor duringg this 

well pair  test.  Basedd on the proxximity of GWW-76S and aalignment aloong the equaalization winndow, 

GeoSierrra is unablee to rule out the potentiaal for pulse propagationn through thee window annd its

effect on estimated c onductivity results for GGW-76S. 

Test #7 - Source Welll GW-35S – Receiver Well GW-CA11 (Interior too the Slurry WWall) 

The dataa from GW--35S – GW--CA1 test iss both verifiiable and mmatches well against the  type 

curves, mmeeting all tthree evaluaation criteriaa. Althoughh there is a sslight deviattion of the ccheck 

program versus the actual data at the tail oof the test (aat approximaately 14 minnutes), the ccheck 
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program appears to vverify that tthe pulse waas received iin the equallization winddow as showwn in 

Appendixx E.  A hyddraulic conduuctivity of 00.366 ft/day and a speciffic storage oof 2.02 x 100-6 ft-1 

were estiimated fromm the data set. As shownn on Table 11, this well ppair is locateed approximmately 

164 feet apart and byy meeting alll three criterria above, thhe data indicaates that thiss well pair wwas in 

direct hydraulic commmunication dduring HPITT activities. 

Test #8 - Source Welll GW-35S – Receiver Well GW-CA44S (Interior tto the Slurryy Wall) 

Althoughh the data frrom GW-35 S to GW-CAA4S was mmatched againnst the typee curves, thee data 

was not vverifiable noor does the ddata comparee to other veerified data collected onnsite. With aa 230 

ft/day conductivity eestimated froom the test aand the lack of matchingg during veriification anaalysis, 

the data from this teest does not appear usabble.  Additioonally, by mmeeting onlyy one of the three 

evaluatioon criteria, thhis data set liikely had siggnificant erroor during tessting. Theree are two posssible 

reasons for the dataa not matchhing the verrification chheck programm. These include bothh the 

distance of the test (3319’ betweenn wells) andd the very shhallow screenn interval off GW-CA4S (1.7’ 

below grround surface to top of sscreen). Botth of these ffactors may hhave influennced the dataa that 

resulted iin its failure of meeting all three critteria above. 

GEOSIERRRA ENVIROONMENTAL, INC. 18 




 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

HHydraulic Puulse Interferrence Test RReport 
Ollin Chemicaal Superfundd Site 

4.0 SUMMARYY 

HPIT waas completeed on eight (8) monito ring well ppairs of variious shalloww and deep well 

constructtions at the Olin Chemical Superfunnd Site locaated in Wilmmington, Massachusetts. The 

primary ggoal of the bbaseline testiing event waas to evaluatee the use of HPIT as a mmethod for fuurther 

testing of the previouusly construucted slurry wall onsite.  Ultimatelyy, the purposse of testingg is to 

determinne if commuunication bettween interi or and exterrior monitorring well paairs may exiist by 

hydrauliccally pulsing the aquiffer in a souurce well aand monitorring interiorr and/or extterior 

monitorinng wells as receiver we lls. Well paairs in whichh both wellss were locatted outside oof the 

slurry w all, both weere located inside of thhe slurry wwall and the well pairs were locateed on 

opposite sides of the slurry wall wwere tested dduring this bbaseline HPIIT event. 

A responnse was recceived at alll eight (8) well pairs ttested, six ((6) data setts are considdered 

reproducible, while three (3) of the eigght (8) testss met all tthree criter ia for respponse, 

reproducibility and vverification wwith the cheeck programm. For the rremaining fiive (5) tests,, data 

sets weree matched aggainst the tyype curves wwith conducttivities calcuulated but were not veriffiable 

with the theoretical check progrram.  Becauuse the resultts are not vverifiable witth the theor etical 

check proogram, the ddata from theese well pairrs is considerred suspect.  Suspect weell pair tests were 

further innvestigated ffor potential causes of unn-verifiable rresults. 

The primmary reason ffor data thatt was not verrifiable was well construuction detaills not suitable for 

HPIT (e..g. screens straddling wwater table, screens set extremely shallow, etcc.). This caan be 

inferred ffrom data seets from the ddeeper well pairs that mmet all three eevaluation crriteria while most 

shallow wwell pairs diid not.  Thesse results inddicate that HHPIT is a viaable test methhod for testiing of 

the slurrry wall at thhe Site wheere wells wwith proper cconstructionn are utilizeed and alloww for 

completee isolation off the wellborre and screenn from the attmosphere.  
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TTABLES
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Table 1. Hydraulic Pulse Interference Testing Summary. Olin Chemical Superfund Site. Wilmington, Massachusetts. G206001 

Test Number Source Well 
Screen Interval 

(feet) 
Receiver 

Well 
Screen Interval 

(feet) 
Testing Rationale 

Distance Between 
Well Pair 

(feet) 

Number of 
Tests Run 

Test Data 

Utilized3 
Response 
Received 

Reproducible 
Response 

Theoretically 
Verified 

Response 

Calculated 
Hydraulic 

Conductivity 
(ft/day) 

Calculated 
Hydraulic 

Conductivity 
(cm/sec) 

Calculated 
Storativity 

(1/ft) 

Test #1 GW-34D 23 – 33 GW-6D 17.9 – 27.9 Outside Slurry Wall 294 4 C YES YES YES 40.5 1.43E-02 6.59E-07 

Test #2 GW-6D 17.9 – 27.9 GW-CA3D 12.0 – 22.0 Across Slurry Wall 89 2 B YES YES YES 46.4 1.64E-02 3.25E-07 

Test #32 GW-34SR 4.5 – 14.5 LPB-44 5 – 15 Outside Slurry Wall 215 2 A YES NO NO 1130 3.99E-01 4.41E-05 

Test #4 GW-35S 8.1 – 18.1 GW-CA3D 12.0 – 22.0 Inside Slurry Wall 261 3 C YES YES NO 75.3 2.66E-02 3.61E-05 

Test #5 GW-35S 8.1 – 18.1 GW-30DR 26.9 – 36.9 Inside Slurry Wall 190 2 A YES YES NO 27.8 9.81E-03 1.12E-05 

Test #6 GW-35S 8.1 – 18.1 GW-76S 3.2 – 13.2 Across Slurry Wall 291 2 B YES YES NO 7.78 2.74E-03 1.32E-06 

Test #7 GW-35S 8.1 – 18.1 GW-CA1 1.7 – 6.7 
Inside Slurry Wall 

(Equalization Window) 
164 2 A YES YES YES 0.366 1.29E-04 2.02E-06 

Test #8 GW-35S 8.1 – 18.1 GW-CA4S 1.3 – 11.2 Inside Slurry Wall 319 2 B YES NO NO 230 8.11E-02 2.07E-05 

Test #91 GW-6S 9.7 – 14.7 GW-CA3S 2.0 – 11.8 Across Slurry Wall 92 0 N/A N/A N/A N/A N/A N/A N/A 

Test #101 GW-34D 23 – 33 GW-6S 9.7 – 14.7 Outside Slurry Wall 289 0 N/A N/A N/A N/A N/A N/A N/A 

Test #111 GW-34SR 4.5 – 14.5 GW-6S 9.7 – 14.7 Outside Slurry Wall 284 0 N/A N/A N/A N/A N/A N/A N/A 

Notes: 

1. 

Tests could not be performed due to the size reduction of the well casing to 1.5" inside of well GW-6S

 2. 

Test was substituted in place of the tests that included well GW-6S 
3. Two to four tests were conducted for each well pair with individual tests designated A, B or C.

 N/A: Not Analyzed 

GEOSIERRA ENVIRONMENTAL, INC. HPIT Supporting Tables 1-31-13 



                       
       
       
       
     
     

       
     
     

                       
          
          
          
           
           
          
           
           

                                                    

         

   

   

Table 2. Hydraulic Pulse Interference Test Well Pair Information. Olin Chemical Superfund Site. Wilmington , Massachusetts. G206001 

OLIN HPIT TYPE CURVE GENERATION PARAMETERS 

Evaluation #1 ‐ Unconfined Aquifer 
Well Pair Aquifer Type Top of Aquifer (Feet BGS) 1 Bottom of Aquifer (Feet BGS) Source Position Receiver Position 

GW‐34D ‐ GW‐6D Semi Infinite, Free Surface (3) 9 40 (0,0,29) (0,294,23) 
GW‐6D ‐ GW‐CA3D Semi Infinite, Free Surface (3) 9 40 (0,0,26) (0,89,18.5) 
GW‐34SR ‐ LPB‐44 Semi Infinite, Free Surface (3) 7.5 40 (0,0,15) (0,215,15) 
GW‐35S ‐ GW‐CA3D Finite, Free Surface (5) 7.5 40 (0,0,16) (0,261,23) 
GW‐35S ‐ GW‐30DR Finite, Free Surface (5) 6 40 (0,0,16) (0,190,32) 
GW‐35S ‐ GW‐76S Semi Infinite, Free Surface (3) 7.5 40 (0,0,16) (0,291,9) 
GW‐35S ‐ GW‐CA1 Finite, Free Surface (5) 7 40 (0,0,16) (0,164,9) 
GW‐35S ‐ GW‐CA4S Finite, Free Surface (5) 7 40 (0,0,16) (0,319,8) 

Evaluation #2 ‐ Confined Aquifer 
Well Pair Aquifer Type Top of Aquifer (Feet BGS) 1 Bottom of Aquifer (Feet BGS) Source Position Receiver Position 

GW‐34D ‐ GW‐6D Semi Infinite, Upper Confining Layer (2) 9 40 (0,0,29) (0,294,23) 
GW‐6D ‐ GW‐CA3D Semi Infinite, Upper Confining Layer (2) 9 40 (0,0,26) (0,89,18.5) 
GW‐34SR ‐ LPB‐44 Semi Infinite, Upper Confining Layer (2) 7.5 40 (0,0,15) (0,215,15) 
GW‐35S ‐ GW‐CA3D Finite, Upper and Lower Confining Layers (4) 7.5 40 (0,0,16) (0,261,23) 
GW‐35S ‐ GW‐30DR Finite, Upper and Lower Confining Layers (4) 6 40 (0,0,16) (0,190,32) 
GW‐35S ‐ GW‐76S Semi Infinite, Upper Confining Layer (2) 7.5 40 (0,0,16) (0,291,9) 
GW‐35S ‐ GW‐CA1 Finite, Upper and Lower Confining Layers (4) 7 40 (0,0,16) (0,164,9) 
GW‐35S ‐ GW‐CA4S Finite, Upper and Lower Confining Layers (4) 7 40 (0,0,16) (0,319,8) 

Note: 1) The shallowest measurement of depth to water between the receiver and source well was used to identify the top of the aquifer 

GEOSIERRA ENVIRONMENTAL, INC. Pulse Input File Table 
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Appendix A. Receiver Well Transducer Calibration Curve. Olin Chemical Superfund Site. Wilmington, Massachusetts. G206001 

Test #1 (Volts) 
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Pressure (PSI) 
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0.904 
0.948 
0.986 
1.032 
1.076 
1.121 
1.164 
1.252 
1.343 
1.435 
1.524 
1.712 

Test #2 (Volts) 
0.887 
0.938 
0.981 
1.027 
1.073 
1.117 
1.160 
1.250 
1.338 
1.432 
1.523 
1.712 

Test #3 (Volts) 
0.874 
0.923 
0.964 
1.012 
1.054 
1.098 
1.143 
1.235 
1.325 
1.413 
1.504 
1.696 

Pressure 
0.0 
0.5 
1.0 
2.5 
5.0 

Pressure 
0.0 
0.5 
1.0 
2.5 
5.0 

Voltage Pressure from Eq. 
0.904 0.00874 
0.948 0.52129 
0.986 0.96180 
1.121 2.51076 
1.343 5.00354 

Check Voltage Test #1 

Voltage Pressure from Eq. 
0.887 -0.05412 
0.938 0.52039 
0.981 1.00339 
1.117 2.52267 
1.338 4.96448 

Check Voltage Test #2 

%RPD 

4.2% 
-3.9% 
0.4% 
0.1% 

%RPD 

4.0% 
0.3% 
0.9% 
-0.7% 

Pressure 
0.0 
0.5 
1.0 
2.5 
5.0 

Voltage Pressure from Eq. 
0.874 -0.03473 
0.923 0.52279 
0.964 0.98758 
1.098 2.49575 
1.325 5.01256 

Check Voltage Test #3 
%RPD 

4.5% 
-1.2% 
-0.2% 
0.3% 

Pr
es
su
re

 (i
n 
h2

o)
 

Pr
es
su
re

 (i
n 
h2

o)
 

Pr
es
su
re

 (i
n 
h2

o)
 y = ‐0.6864x2 + 12.921x ‐ 11.11 

R² = 1 8.0 

6.0 

Test #1 (Volts)
 

Poly. (Test #1 (Volts))
 

4.0 

2.0 

0.0 
0.000 0.500 1.000 1.500 2.000 

Volts 

Test #2 (Volts) 
10.0 

y = ‐0.3426x2 + 11.89x ‐ 10.331 
R² = 0.9999 

8.0 

6.0 

Test #2 (Volts)
 

Poly. (Test #2 (Volts))
 

4.0 

2.0 

0.0 
0.000 0.500 1.000 1.500 2.000 

Volts 

Test #3 (Volts) 
10.0 

y = ‐0.4646x2 + 12.213x ‐ 10.354 
R² = 0.9999 8.0 

6.0 

Test #3 (Volts)
 

Poly. (Test #3 (Volts))
 
4.0 

2.0 

0.0 
0.000 0.500 1.000 1.500 2.000 

Volts 

GEOSIERRA ENVIRONMENTAL, INC. 



  

 

 

 

 

 

 

 

 HHydraulic Puulse Interferrence Test RReport 
Ollin Chemicaal Superfundd Site 

APPPENDIX B
 

ONNSITE PACCKER INFLLATION TEEST DATA OUTPUT 


GEOSIERRRA ENVIROONMENTAL, INC. 25 




P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

-2 

0 

2 

4 

6 

8 

10 

0 

5 

10 

RECEIVER (IN H2O) 
SOURCE (PSI) 

12-11-12 HPIT Testing
INFLATION TEST 
Source: GW-35S 
Receiver: GW-CA3D 

PACKER INFLATION 

RESTING STATE 

0 100 200 300 400 500 600 
TIME (SEC)
 



  

 

 

 

 

 

 

 

 

 

 

 HHydraulic Puulse Interferrence Test RReport 
Ollin Chemicaal Superfundd Site 

APPPENDIX C
 

HPIT RAWW DATA PPLOTS
 

GEOSIERRRA ENVIROONMENTAL, INC. 26 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

-5 

0 

5 

10 

15 

20 

25 

30 

0 

0.2 

0.4 

0.6 

0.8 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 1.C 
Source: GW-34D 
Receiver: GW-6D 
12 GPM 45 Second Shut-In 

0 100 200 300 400 500 
TIME (SEC)
 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

0 

20 

40 

60 

80 

0 

2 

4 

6 

8 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 2.B 
Source: GW-6D 
Receiver: GW-CA3D 
12 GPM 45 Second Shut-In 

0 50 100 150 200 
TIME (SEC)
 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

-1 

0 

1 

2 

-0.1 

0 

0.1 

0.2 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 3.A 
Source: GW-34SR 
Receiver: LPB-44 
12 GPM 45 Second Shut-In 
NEGATIVE SLOPE CORRECTION 

200 400 600 800 
TIME (SEC) 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

-2 

0 

2 

4 

6 

8 

10 

-0.2 

0 

0.2 

0.4 

0.6 

0.8 

1 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 4.C 
Source: GW-35S 
Receiver: GW-CA3D 
12 GPM 45 Second Shut-In 
NEGATIVE SLOPE CORRECTION 

200 400 600 
TIME (SEC)
 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

0 

2 

4 

6 

8 

10 

0 

1 

2 

3 

4 

5 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 5.A 
Source: GW-35S 
Receiver: GW-30DR 
12 GPM 45 Second Shut-In 

0 200 400 600 
TIME (SEC) 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

0 

2 

4 

6 

8 

10 

0 

0.5 

1 

1.5 

2 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 6.B 
Source: GW-35S 
Receiver: GW-76S 
12 GPM 45 Second Shut-In 

0 200 400 600 
TIME (SEC) 



P
R

E
S

S
U

R
E

 (P
S

I)

P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

) 

0 

2 

4 

6 

8 

10 

0 

0.5 

1 

1.5 

2 

SOURCE (PSI) 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 7.A 
Source: GW-35S 
Receiver: GW-CA1 
12 GPM 45 Second Shut-In 

0 200 400 600 
TIME (SEC) 



10 

0 200 400 600 

SOURCE (PSI) Source: GW-35S 
RECEIVER (IN H2O) 

12-11-12 HPIT Test 8.B 

Receiver: GW-CA4S 
12 GPM 45 Second Shut-In 
NEGATIVE SLOPE CORRECTION 

1 

P
R

E
S

S
U

R
E

 (P
S

I)


P
R

E
S

S
U

R
E

 (I
N

 O
F 

H
2O

)
 

8 

6 

0.5 

4 

2 

0 0 

-2 

TIME (SEC)
 



 

 

 

 

 

 

 

 

 HHydraulic Puulse Interferrence Test RReport 
Ollin Chemicaal Superfundd Site 

APPPENDIX D
 

HPITT DATA CAALCULATIOON SHEETTS 


GEOSIERRRA ENVIROONMENTAL, INC. 27 



 

 

 

JANUARY 2013	 G206001
 

HYDRAULIC PULSE INTERFERENCE TEST 1.C
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-34D RECEIVER: GW-6D
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0155 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
4.05E+01 
6.59E-07 

ft/day 
1/ft 

pD = 
t = 

8.54E-04 
2.00 mins 

t D  = 1367730.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 34D - 6D 45SEC 12GPM 



 

 

 

JANUARY 2013	 G206001
 

HYDRAULIC PULSE INTERFERENCE TEST 2.B
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-6D RECEIVER: GW-CA3D
 

pr 

qp
K 

w 

D 

 
 

4

Dw 
s tr 

Kt
S 2 

K  = formation hydraulic conductivity 

S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0309 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
4.64E+01 
3.25E-07 

ft/day 
1/ft 

pD = 
t = 

1.95E-03 
0.71 mins 

t D  = 1116860.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 6D - 3D 45SEC 12GPM #2 
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HYDRAULIC PULSE INTERFERENCE TEST 3.A
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-34SR RECEIVER: LPB-44
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0003 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
1.13E+03 
4.41E-05 

ft/day 
1/ft 

pD = 
t = 

4.06E-04 
0.71 mins 

t D  = 201372.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 34S - LPM44 45SEC 12GPM 
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HYDRAULIC PULSE INTERFERENCE TEST 4.C
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-35S RECEIVER: GW-CA3D
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0164 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
7.53E+01 
3.61E-05 

ft/day 
1/ft 

pD = 
t = 

1.68E-03 
17.51 mins 

t D  = 405509.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 35S - 3D 45SEC 12GPM #3 
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HYDRAULIC PULSE INTERFERENCE TEST 5.A
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-35S RECEIVER: GW-30DR
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0031 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
2.78E+01 
1.12E-05 

ft/day 
1/ft 

pD = 
t = 

1.18E-04 
2.90 mins 

t D  = 80167.80 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 35S - 30DR 45SEC 12GPM 
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HYDRAULIC PULSE INTERFERENCE TEST 6.B
 
SLURRY WALL TEST OLIN SITE SOURCE:GW-35S RECEIVER: GW-76S
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0038 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
7.78E+00 
1.32E-06 

ft/day 
1/ft 

pD = 
t = 

4.01E-05 
3.25 mins 

t D  = 212814.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 35S - 76S 45SEC 12GPM #2 
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HYDRAULIC PULSE INTERFERENCE TEST 7.A
 
SLURRY WALL TEST OLIN SITE SOURCE: GW-35S RECEIVER: GW-CA1
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0032 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
3.66E-01 
2.02E-06 

ft/day 
1/ft 

pD = 
t = 

1.58E-06 
10.01 mins 

t D  = 20137.20 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 35S - CA1 45SEC 12GPM 
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HYDRAULIC PULSE INTERFERENCE TEST 8.B
 
SLURRY WALL TEST OLIN SITE SOURCE: 35S RECEIVER: CA4S
 

qpD K  = formation hydraulic conductivity K  
4rwp 

Dw 
s tr 

2 
Kt

S S s  = formation specific storage 

where:	 q = flow rate 
p D = dimensionless pressure 

r w = well bore radius of source well 

 p = dimensionless pressure 
t = time 
t D = dimensionless time 

PULSE TEST DATA 
q = 12.00 gpm 

RESULTS 

r w  = 0.25 ft 

 p = 0.0032 psi 
TYPE CURVE MATCH PARAMETERS K = 

Ss = 
2.30E+02 
2.07E-05 

ft/day 
1/ft 

pD = 
t = 

1.00E-03 
5.00 mins 

t D  = 619441.00 

Project Name: OLIN Facility, W ilmington, Massachusetts Analysis By: SML 

Project No.: G206001 Checked By: KDD 

Test Date: 12/11/2012 Reference: Hocking (2001) 

GEOSIERRA ENVIRONMENTAL	 35S - CA4S 45SEC 12GPM #2 
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APPPENDIX E
 

CCHECK PROOGRAM DATA VERIIFICATIONN PLOTS 


GEOSIERRRA ENVIROONMENTAL, INC. 28 




12-11-12 HPIT Test 1.C THEORETICAL 
Source: GW-34D 

ACTUAL TEST 
DATA 

Receiver: GW-6D 
12 GPM 45 Second Shut-In 
VERFICATION CURVE 

00 22 44 66 88
 

P
re

ss
ur

e 
(P

S
I)


 
0.0.0404 

0.0.0202 

00 

Time (Minutes)
 



--

12-11-12 HPIT Test2.8 THEORETICALSource: GW~D
0.14 Receiver. GW-CA3D ACTUAL TEST 12 GPM 45 Second Shut-In DATAVERIFICATION CURVE 

0.12 

0.1 

f/) 

~ 0.08 

E 
::I 

"'"' 0.06
E 
D. 

0.04 

0.02 

2 3 4 5 

Time (Minutes) 



12-11-12 HPIT Test 3.A THEORETICALSource: GW-34SR 

P
re

ss
ur

e 
(P

S
I) 

0

0.02

0.04

0.06

0.08

0.1

0.12

0 

0.02 

0.04 

0.06 

0.08 

0.1 

0.12 ACTUAL TEST 
DATA 

Receiver: LPB-44 
12 GPM 45 Second Shut-In 
VERIFICATION CURVE 

00 55 1010 1515
 

Time (Minutes) 



ACTUAL TEST 
DATA 

Receiver: GW-CA3D 
12 GPM 45 Second Shut-In 
VERIFCATION CURVE 

00 55 1010 1515 2020
 

12-10-12 HPIT Test 4.C THEORETICALSource: GW-35S 

Time (Minutes)
 

0.0.22
 

0.0.1515 

0.0.11 

0.0.0505 

00 

P
re

ss
ur

e 
(P

S
I)


 



12-11-12 HPIT Test 5.A THEORETICALSource: GW-35S 
P

re
ss

ur
e 

(P
S

I) 

-0.1

0

0.1

0.2

-0.1 

0 

0.1 

0.2 ACTUAL TEST 
DATA 

Receiver: GW-30DR 
12 GPM 45 Second Shut-In 
VERIFCATION CURVE 

00 55 1010 1515 2020
 

Time (Minutes) 



12-11-12 HPIT Test 6.B 
Source: GW-35S 

THEORETICALReceiver: GW-76S 

P
re

ss
ur

e 
(P

S
I) 

-0.05

0

0.05

0.1

-0.05 

0 

0.05 

0.1 ACTUAL TEST 
DATA 

12 GPM 45 Second Shut-In 
VERIFICATION CURVE 

00 55 1010 1515 2020
 

Time (Minutes) 



12-11-12 HPIT Test 7.A THEORETICALSource: GW-35S 
P

re
ss

ur
e 

(P
S

I) 

-0.02

-0.01

0

0.01

0.02

0.03

0.04

0.05

-0.02 

-0.01 

0 

0.01 

0.02 

0.03 

0.04 

0.05 ACTUAL TEST 
DATA 

Receiver: GW-CA1 
12 GPM 45 Second Shut-In 
VERIFICATION CURVE 

00 55 1010 1515
 

Time (Minutes) 



12-11-12 HPIT Test 8.B 
Source: GW-35S 

THEORETICALReceiver: GW-CA4S 

P
re

ss
ur

e 
(P

S
I) 

-0.05

0

0.05

0.1

-0.05 

0 

0.05 

0.1 ACTUAL TEST 
DATA 

12 GPM 45 Second Shut-In 
VERIFICATION CURVE 

00 55 1010 1515 2020
 

Time (Minutes) 


	barcode: *576491*
	barcodetext: SDMS Doc ID 576491


