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MANAGEMENT PERSPECTIVE
l 

Conservation of biodiversity in healthy ecosystems. Priority ecosystems are conserved and 
restored_. 

Since 1995, the Groundwater group at NWRIV has been involved in an exlehsive field and 
' 

laboratory hydrogeological research program at the Smithville PCB site in Smithville, ON. In
‘ 

1998 as the work to develop the conceptual model was nearly complete we started a new project 
which involved drilling two new boreholes close to the source of the contamination. Extensive 

p 

sampling of these new boreholes and several of the older boreholes was undertaken to examine 
both directly and indirectly the vertical extent of contamination in the subsurface. Methods to 
sample discrete fractures and improve development, of the boreholes were developed as part of 
this study. This report outlines the work carried out on the new and existing boreholes and makes 
conclusions as to the vertical extent of contamination. Overall, this research data filrther our 
understanding of the hydrogeology of .heterogeneous rock systems and improve our ability to - 

predict and prevent the environmental efi‘e_cts of toxic substances in groundwater and help to 
. 
conserve and restore‘ priority ecosystems in thejGreat Lakes Basin. 

This report represents the final. report on-this study. The boreholes installed and instrumented as 
part of this study are included in an ongoing ' weekly monitoring program. Besides, this 

monitoring, no further work is planned at the present time. — 
*

"
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ASOMMAIRE A L’I.N”1‘EN‘Tl_ON DE LA DIRECTION 

Conservation de la biodiversité dans des écosystemes sains. Les écosystemes 
prioritaires sont conservés et remis en état. 

Depuis 1995, Ie groupe de |'|NRE regsponsable des eaux souterraines a participé a un 
vaste programme de recherche hydrogéologique in situ et en laboratoire sur le site de 
stockage de BPC de Smithville, en Ontario. En 1998, com_me le travail d’é|aboration 
d’un modele conceptuel était presque achevé, nous avons entrepris un nouveau projet 
qui consistait a creuser deux nouveaux trous de sonde a proximité de la source de 
contamination. On aentrepris de prélever une grande quantité d'éc_hantiI|ons dans ces 
nouveaux trous de sonde et dans plusieurs autres plus anciens en vue d’examiner 
directement et indirectement l’étendue verticale de la contamination dans la 

_ 

subsurface. Dans Ie cadre de cette étude, on a développé des méthodes permettant 
d’-échantillonner des fractures discontinues et de perfectionner les trous de sonde. Ce 
rapport décrit le travail effectué sur les trous de sonde’ nouveaux et anciens et tire des 
conclusions quanta I’-étendue verticale de la contamination. Dans l'ensem_ble, ces 
données de recherche nous ‘aideront a améluiorer notre compréhension de 
|’hydrogéologie des systemes rocheux hétérogénes et notre capacité de prévoir et de 
préven_ir les incidences environnementales des substances toxiques dans les eaux 
souterraines. de meme qu’ac.onserver et a rétablir les écosystémes prioritaires dans le 
bassin des Grands Lacs. ‘ 

Le présent rapport constituele rapport de cette étude. Les trous d_e sonde installés et 
instrumentés dans -le cadre de cette étude font partie d’un programme de surveillance 
hebdomadalre constante. A part cette surveillance, on ne prévoit pas d’autres travaux 
pour le moment.
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EXECUTIVE SUMMARY 
In the fall of 1998, two new boreholes were drilled in the i'mmediatevi/cin_ity of the assumed. 

distribution of the DN/VIKPL source underlying the CW ML site in Smjithvi_lle, ON. The boreholes were 
drilled through the entire thickness of the Lockport formation at this location. The purpose of the 

drilling program was toindirectly investigate the horizontal and vertical extent of the DNAPL at the 

site so as to aid in -the selection of remedial alternatives. The additional ‘boreholes also help to 

delineate the distribution of hydraulic head both in the vertical and horizontal di'rection's_.- Following 

drilling, discrete groundwater. samples were obtained from the permeable zones in each borehole 

using a double packer and submersible pump system. .Additional sampling was conducted in 

boreholes 56 and 34C to confirm previous work. The results of hydraulic testing conducted 

following the sampling, was used to configure the permanent multj-level monitors installed in May 

1999. Permanent instrumentation was also installed in three previously-drilled boreholes at this time. 

The new monitors have been incorporated into an ongoing, weekly program of hydraulic head 

measurement. 
h

I 

The results of the organicsampling show‘ that very little contarnination remains in‘ the area 

outside of the source «zone. TCE concentrations of ‘no more than 10, pg/L were measured-in only two 

zones in borehole 67- and no contamination was detected in borehole66. The contaminated zones 

in 67 are located at the top and bottom of the Erarnosa unit. At the top of bedrock (top of Eramosa) 

in borehole 67-, small amounts of PCB,‘ 1,2,-3-TCB and 1,2,4-TCB were also detected. No evidence 

of TCE degradation products '(cis- and transeDCE) were measured in 
I 

any of the samples. 

Concentrations of TCE;in boreholes 56 and 34C are consistentwith concentrations in 1997 

and show little change over the last two years. Some TCE was measured in thelower units of 34C 

(< 5 pg/L). The results of the hydraulic testing showed the di,stribution of transmissivity in the new



vi 

boreholes to be similar to that obtained from previously-drilled boreholes located elsewhere in the 

study area. The distribution is dominated by permeable fracture features in the Eramosa, Upper 

Vinemount, and Goat Island members, and by a low-transmissivity unit 
I 

at the base of the 

Vinemount. Measurements of hydraulic head in the new boreholes and in the boreholes instrumented 

with multislevel piezometers as part of this study, show weak vertical hydraulic gradients in the site 

vicinity. Adjacent to the assumed source area the hydraulic gradients are upwards, governed by the 

presence of the extraction well system. At boreholes located down-gradient from the source area, 

both downward and upward gradients are observed, with only one borehole having a downward 

gradient across the low-transmissivity interval at the base of the Vinemount member. 

Based on these results, it is hypothesised that DNAPL in the source area penetrated to the 

base of the Eramosa member and no further. The presence of TCE contamination at depths greater 

than the low-transmissivity unit in the Lower Vinemount is attributed to the presenceof weak 

downward hydraulic .g__rad'ients’ present outside the immediate vicinity of the DNAPL source. The 

diminishment of the TCE concentrations recently observed over time is most likely the resultof a 

reduction in solute transfer from the non-.aqueous phase to the groundwater due to DNAPL 
weathering or elimination.



RESUME 

A l’automn'e 1998, deux nouveaux trous de -sonde ont été creusés aux environs 
immédiats de la source présumée de diffusion des liquides non aqueux denses 
sous-jacents au site de la CWML, a Smithville, en Ontario. Les trous de sonde ont été 
percés a travers touts l'épa_isse’ur de la formation de Lookport présente a cet endroit-. 

9 Ce programme de forage visait a délimiter indirectement Pétendue horizontale et 
verticalie des liquides non aqueux denses a cet endroit de maniere a faciliter le choix 
d'options dedépollution. Les trous de sonde supplémentaires aident ausisi a cemerlla 
répartition a la verticale et a l’horizontale dela charge hydraulique-. Aprés Ie _forage, un 
packer double et un systéme de pompe submersible ont permis de prélever des 
échantillons ponctuels d’eaux souterraines des zones perméables dajns chaque trou de 
sondage, Des travaux d’échant_illonnage ont été effectuésldans Ies trous de sonde 56 
et 34C afin de confirmer des travaux précédents. Les résultats de tests hydrauliques 
effectués apres I’échantillonnage ont tservi a configurer Ies appareils de surveillance 
permanents muilti-niveaux_ installés en mai 1999. Part la ‘meme occasion, un 
appareillage permanent a aussi été installé dans trois trous de sonde précédemment ‘ 

creusés. Les nouveaux appareils de surveillance ont été intégrés a un programme 
hebdomadaire, permanent de mesures de lacharge hydraulique. 

Les résultats de:l’éch‘antillonnage organique montrent qu'-ilreste trés peu de 
contamination dans‘ le secteur extérieur ala zone source. Des concentrations de 
trichloréthylene ne dépassant pas 10 ugIL ont été mesurées seulement dans deux 
zones du trou des sonde _67, etraucune. contamination n’a été-décelée dans le trou de 
sonde 66. Les zones contaminées du trou, 67 sont situées au sommet et au-fond de 
|’Eramosa. Au sommetde. Ia roche-mere (sommet de- l'Eramosa) dansjletrou de 
sonde 67, -de petites quantités de PCB, de 1,2,3,-TCB et de 1_,_2,4-TCB ont également. 
été détectées. On n’a.détecté aucune présence des produits de dégradation du TCE 
(cis- et trans-DCE) dans Ies échantillons. Des concentrations de TCE dans les trous de 
sonde 56 et 34C étaient cohérentes avecjles concentrations mesurées en 1997 et 
présentaient des changements minimes par -rapport aux deux demieres années. On a 
mesuré une petite quantité de'TCE_ dans Ies-unités inférieures du trou 34C (< 5 pg/L). 
Les résultats des essais hydrauliques ontmontré que la distribution de la transmissivité 

‘ dans Ies nouveauxtrous de sonde était semblable a celle obtenue ailleurs dans la 
zone d’étude. La distribution est dominée par des caractéristiques de fractures

‘ 

perrnéables dans les membres Eramosa, Upper Vinemount et Goatlsland, et par une 
unite de faible transmissivité a la base du Vinemount. Des mesures de la charge 
hydraulique dans les nouveaux trous de sonde et dans ceux instrumentés avec des 
piézométres mu|ti—niveaux dans le cadre de la présente-étude montrent des gradients 
hydrauliques .v_erticau_x faibles dans le voisinage du site. A proximité de la source

_ 

d’origine présumée, |es'gra‘dients hydrauliques sont orientés vers le haut, a cause de la 
présence du systerne de puits d'extraction. Dans les trous de sonde situés en ajval - 

dans Ie gradient par rapport a la zone d'origine, on observe des gradients orientés vers 
le has et vers le haut, ‘ujn seul trou de sonde présentant -un gradient vers le has a 
travers |’intervalle de faible transmissivitesitué a la base du membre Vlnemount



En se fondant sur ces résultats, on émet rhypothese que Ies Iiquides non 
aqueux denses de la zone source ont pénétréAjusqu’a la base du_ membre Eramosa, 
mais pas pius loin. La présence de contamination par Ie TCE a des profon_deurs plus 
grandes que l’unité de faible transmissivité dans le Vi_nemo‘u'nt inférieur est attribuée a 
la présence de gradients hydrauliques faibles, orientés vers Ie bas, presents a 
I’extérieur de |'entourage immédiat de la source de Iiquides non aqueux denses. La 
diminuution des concentrations de TCE récemment observées au Cours du temps est 
trés probablement le résultat d_’ufne réduction du transfert des substances en solution 
de la phase non aqueuse aux eaux souterraines a cause de I’aItération ou de 

. l>’séli,mination des Iiquides non aqueux denses.



1.0 INTRODUCTION 

Most of the efforts focussed on site characterisation at the Smithville CWML facility 
conducted by NWRI, Brock University and various subcontractors between 1995 and 1998 have 

been completed with the objective to establish a defensible conceptual model for groundwater flow 

and contaminant transport intthe bedrock underlying the site (Novakowski et al., 1999). In 1998, 

with this objective close at hand, _er_nphasis shifted to the evaluation of alternatives for the long-term 

management of the both the non—aqueous phase (DNAPL) and aqueous-phase contamination 

remaining in the bedrock. To evaluate the different possible technologies forsite clean-up and 

management, a good understanding of the vertical and horizontal distribution of the DNAPL, ‘is 

required, in addition to the conceptual model for flow and transport. The results of previous 

investigations have defined the approximate distribution of the DNAPL in the shallow bedrock based‘ 

on existing information (Golder, 1999). However, the depth of DNAPL penetration below the low- 

permeability unit in the Vinemount member‘remain_s an uncertainty. 

Prelir_ninary interpretations of the distributions of hydraulic head in the Eramosa, Vinernount 

and Goat Island/Gasport members estimated from previously-‘drilled boreholes completed with 

multi-level packer systems. and ’loca_ted_ elsewhere in the study.are_a, suggest that directions of
' 

groundwater flow in ‘each of these units may be different and‘ independent(Novakowski et a1., 1999).- 

In addition, during the period since the-cessation of pumping at Municipal Well #2, concentrations 

of the most mobile contaminant, 'l’CE, have declined,signifi_cantly-in all boreholes with the exception 

of 5 lD28 which shows a slight_r‘i'se in concentration from IND to approximately 1.0 it 

is suggested that a change in groundwater flow direction, perhaps in all three may have 

occurred during. this period. It -is also possible that the decline in concentration is: the result of a 

diminishing or Weathered source, or due to natural degradation processes. A prelirninary study of the
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distribution of TCE and daughter products present in discrete fractures intersected by boreholes 56 

and 34C, suggested that natural degradation may indeed occur (Brown et al., 1998). 

Studies to address the issues outlined above were i_ni_tiated in November 1998 by NWRI and 

Brock University, under contract to the Smithville Phase IV program. The objectives of this study 

were as follows: i)’pdetermine the potential depth of penetration of the DNAPL (by inference based 

on the magnitude of the TCE concentrations), ii) assist in the estimation of the lateral distribution 

of DNAPL at depth, iii) refine the estimate of the direction of groundwater flow in the vicinity of 

the DNAPL source, and iv) provide additional opportunity to investigate the potential for natural 

attenuation of the TCE and possibly otherless mobile contaminants. To meet these objectives, two 

new boreholes were drilled through the entire sequence of Lockport dolostone in the immediate 

vicinity of the present estimate of the ‘distribution of DNAPL. Samples of the groundwater were 

obtained from discretely-permeable features, and a complete profile of the distribution of 

transmissivity was obtained from each borehole. Finally, to obtain estimates of hydraulic head in the 

vi‘cin_ity of the DNAPL source, these boreholes along with three previously-dril_led holes, were 
instrumented withmulti-level piezometers. This ‘report presents -the results of the drilling, core 

analysis, groundwater sampling, hydraulic ‘testing and provides interpretation of the observed 

distribution of contaminants and the distribution of hydraulic head in the assumed vicinity of the 

DNAPL source.



2.0 METHODS 
2.1 Drilling 

The location of the two new boreholes to be drilled was determined based on two cr_iti‘era; 

i) presumed proximity of DNAPL in the upper Erarnosa unit, and ii) the need to evaluate an easterly 

component of flow in the Erarnosa. Thus, the location of borehole 67 ,satisfie_s the foflner criteria and. 

the location of borehole 66 satisfies the latter (Figure 2.1), The drilling program was completed in ' 

November 1998. Both boreholes (66 and 67) are 76 mm injdiameter and were constructed using 
diamond drilling techniques. In each case, _steel drill collars were installed through the overburden 

and driven i_nto "bedrock. Tripleatube techniques were used to obtain a continuous core sample in 

‘both boreholes. 

Because the boreholes were located in the aqueous-phase plume and close to the ‘source 

zone, all drilling operations were conductedassuming that contaminated water and DNAPL could 
be encountered at any time. This entailed the establishment of ‘contarninated’ and ‘clean’ areas in 

the vicinity of the drill site to ensure that no subsurface groundwater con_t_arn_inated_the surface. An 

expert on contaminated site set-up and operations (Mr. John DeVries of Procter and Redfem Ltd) 

was sub-contracted by NWRI to advise "and monitor safety during the drilling. The following 

procedures/protocols were followed: 

(1) All staff (including _sub-contractors) attended a twohour field safety session presented by Mr.
H 

John Devries. At this time, all staff were fitted with a personal respirator which they kept at 

their disposal while on site. 

(2) The drill area was delineated with snow fence and signage. ‘Clean’ and .‘dirty‘ work areas 

were established with boundaries strictly enforced. 

(-3) A lined pit was established for drilling water return. The pit was constructed sub-grade and
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(5) 
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(8) 

<9) 
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lined with plastic sheeting. A metal ‘trough’ was placed on the plastic and geotextile was 

used to line the trough. Plywood sheets and more plastic sheeting were used to direct the’
— 

water around the rig to the pit. A flow d_iverter' was installed on the surface. casing. Only 

minor amounts of water were collected during the drilling operations as return water was 

generally lost at less than 12 m (ie. the first encounter with a large open fracture). 
. Geotextile, plastic sheeting and plywood were laid down over most of the contaminated 

(‘dirty’) work area to ensure that no contamination of the ground surface ensued. 

No smoking, food or drink was allowed in the work area. 

All personnel in the dirty area were equipped with ‘Level C’ protective clothing. This 

included Tyvek overalls, latex inner gloves, rubberouter gloves, rubber steel-toed boots, hard 

hats, safety glasses and hearing protection. Duct tape was used to seal the overalls at the 

wrist and boot tops. Entry to and from the site was strictly controlled by the safety specialist 

and drilling manager.
I 

Rock core was stored, after logging was completed, inplastic lined core boxes and protected 

from the weather at all times. 

All drilling equipmentwas swabbed with a hexane 'priorto commencement of drilling, 

between boreholes and at the completion of the project. Samples were analyzed for PCB 

content within 6 hours and no movement of dr_'i'lli,ng equipment was allowed prior to lab 

analyses being available, 

A phase meter was utilized in the boreholes to check for any product in the borehole as 

it was being drilled. A photo-ionization detector (PID) was used to scan‘ for volatile V 

contaminants on the core and borehole. 

All drilling water was assumed to be contaminated‘ and transported to onsite Sanexen‘



(11) 

(12)
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facilities for treatment. A gate was‘ installed in the fence separating the Sanexen/OCWA 

facilities from the Phase IV site prior to this study commencing. This enabled tr_an_sport of 

water and core totally on site without the necessity of transporting on publiclroads, 

A contingency plan to be followed‘ in the event DNAPL was encountered. was established 

prior to the start of drilling. This plan entailed the modification of the drilling program to 

grout and telescope boreholes as a means of ensuring that more widespread contamination 

was not introduced due to drilling a_ctivit_ies..All full-time NWRI field staff on site (three 

persons) had obtained 40 hr. OSHA training for contaminated sites. Student assistants (two 

pe_rson__s) were briefed on all procedures prior to the start of the project and were under the
T 

supervision of full-time staff at all times in the field. 

Following drilling, the boreholes were developed as part of the geochemical sampling 

program described in-section 2.3. The boreholes were surveyed for elevation and 

and additional grout was used to secure the surface casing. 

2.2 Core logging 

Immediately following removalfrom the core barrel,‘ eachvcorerun was photographed and 

logged while still in the inner split tube. The core photographs were processed digitally, producing 

electronic logs of the core. During core logging, all breaks in the rock were identified as either 

mechanical or open fractures. Open fractures were identified by the presenceof infilling (generally 

calcite or gypsum), rough surfaces or evidence of weathering, and classified as one of three open 

structural features:- i) a bedding-plane fracture (horizon_tal’ feature), ii") a vertical fracture or iii) a 

broken-core zone. Lithological features such -as vuggy zones, chert or gypsum ‘nodules were also 

noted in detail.-
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The true orientations of vertical and sub-‘vertical fractures observed in the drill core were 

obtained using a geometric calculation (Lau, 1983). In this approach, the angular relationships 

between the apparent orientations of the fractures, the plunge and trend of the borehole and a 

reference line, were used to calculate the true attitudes of the fractures. The method is described in 

detail in Novakowskiet al. (1999). 

2.3 Geochemical measurements 

2.3.1 Large zone sampling 

Boreholes 66 and 67 were systemat-ical.ly developed and sampled using a subrnersiblepump 

positionedlbetweentwo packers (each 1.23 m in length). ' The boreholes were developed before 

sampling was undertaken. Development of the boreholes was conducted by pumping discretely- 

transmissive zones with .the submersible pump to remove drilling water. This procedure was 

undertaken contiguously (1 .27 In pumping section), allowing for a complete profile of each borehole 

at 1.27 m intervals. Isolated zones were initially pumped between 6 and 8 ljmin until rock flour, 
entrapped in small fractures during drilling, was cleared from the pump effluent. When water had 

‘cleared, part’ of the flow -was diverted to a flow-through cell where dissolved ‘oxygen, Eh, pH, 

temperature and electrical conductivity weremeasured. Flow through the cell ranged between -100 

to 350 mL/min. When these measured parameters had stabilized, groundwater was considered to be 

representative of the formation sampled and samples for organic and inorganic analyses were taken. 

Stabilization of measured parameters occurred when changes over three consecutive measurements 

were approximately 10% (McCarthy and Shevenell, 1998). Parameter stabilization generally 

occurred Within 10 to 30 min. The total volume of groundwater pumped out of each zone was



recorded once sampling was completed. 

Groundwater samples obtained for volatile organic compound (VOC) analyses (T CE, cis and 

trans-DCE) were collected in pre-cleaned 40 ml borosilicate glass containers capped with Teflon 

faced silica septa. Each glass vial was filled completely to the top leaving no headspace. Samples 

were collected in triplicate and treated with approximately 0.5 g of "Sodium Bisulfphate to prevent 

possible degradation of the organic compounds and to increase the storage life-of the samples. 

Samples were kept cool in the field and refrigerated at 4°C beforeanalyses. Wasterwater Technology 

Institute (WT I) in Burlington, Ontario completed the analyses within two weeks of collection;
S 

Samples obtainedfor the analysis of PCB and TCB 'were~collect6§l.,in 1L.amber bottles. filled 

to the top, allowing for no headspace. Samples were kept cool in the field and refrigerated at 4°C 

before analyses which -were completed within two weeks of collection by Canviro Labor_atories in 

Waterloo, Ontario. 

Groundwater samples were also obtained for analyses of inorganic constituents. In this case 
. 

groundwater was filtered using a 0.45 pmin-line filter into 60 mL high density polyethylene bottles. 
Samples submitted for. cation ‘analyses’ were preserved using. ultrapure. HCl to maifntainv a pH of <1. 

Samples were kept cool in the fieldand refrigerated at 4°C before analysis. Analysesiwemcoinpleted 

within two weeks of collection by The "National Laboratory for Environmental Testing (NLET) in 

Burlington, Ontario. 

2.3.2. Small Zone sampling 
i

‘ 

A second ‘round of sampling ‘was undertaken "in borehole 67 using a double-packer system 
with a 0.1m sampling interval. Samples were obtained using a bladderpump in_sta‘lled above the top
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packer and connected to the test zone. Sampling protocol was identical to that described above for 

the large zone sa_rnp_ling. Conductivity, pH‘, Eh and temperature were measured on surface and 

samples were obtained for organic analysis (TCE, cis-DC-E and trans-DCE) in 40 mL glass vials with 

septa. 

2.4 Constant-head injectionltests 

Constant-head. injection tests (CHI'Ts) were conducted in both boreholes to determine the 

vertical distribution of transrnjssivity (T) of the rock mass in the vicinity of the boreholes. The 

principle of a constant—head injection test (CHIT) is to inject‘ or withdraw Water. at a constant 

hydraulic. head into an isolated portion of the borehole and to measure the. flow rate at steady-state 

conditions (Ziegler, 1976). For-the present study, a series of 5 tanks ranging in diameter from 0.01 

to 0.3_ m, fitted with rnanometers and mounted on a light trailer, was used to inject water at aw-ide 

range of ‘injection flow rates" (Figure 2.3). A range of Tvbetween 10'” and 10" m/S2 can be determined 
_ using this testing apparatus. Flowrate was measured by timing the change in water level as viewed 

through the tank manometers. Compressed nitrogen gas added under ‘regulated pressurejabove the 

water in each tank was used to ensurea constant flow rate as the tank empties. Each test interval was 

. isolated using a pair of pneumatic packers. A pressure transducer located down-hole was used to 

measure the pressure changes due to the water injection. The lastzone tested each day Was repeated 

the _following morning for quality control purposes. 

U sing measurements of flowrate, Q, and the change in pressure expressed as achange in
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hydraulic head, AH, at steady conditions, the T of the tested zone is calculated using the Theim 

equation: 

T= Q -ln(£) 
AH21t r—W 

The radius of influence, re, or outer flow boundary, can generally be- assumed to be between 10 and 

15 m for moderate values of T (Blissand Rushton, 1984). While the actual radius of influence is 
unknown in most field situations, because it appears as a logarithmic term in the equation above, 

large errors in estimation of r, will result in only small errors in the calculation of T. Further 

discussion of this issue can be found in ‘Doe Remer (1980). 

2.5 Borehole instrumentation 

The Westbay® System was used in this study for permanent multilevel instrumentation. This 

system consists of lwater-filled packers connected by easing elements and pumping and 

measurement/sampling_ ports for groundwater sampling and the measurement of hydraulic head 

(Black,-1987) (Figure 2.4)., This system allows for‘ multiple monitoring zones to be installed in a 

single borehole maxirn_i'_zi_ng-the amount‘ of data that can be obtained at a single location. Water 

pressure is measured and representative. groundwater samples are obtained using a submersible probe 

which is lowered into the casing and connected to an electronic data acquisition device on surface. 

The probe has a small which is used to locate each measurement port inside the casing. Once ' 

positioned on the port, a mechanical foot is activated ‘and presses the probe against the-inner casing 

wall. This causes an o-ring on the opposite side of the probe to seal around a button valve, exposing 

the pressure transducer in the probe to Water pressure outside the casing. Groundwater samples can
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be obtained using the same port by opening a valve from the surface unit and allowing water to fill 

a sample container attached below the probe (Figure 2.4). 

2.6 Measurements of Hydraulic Head 

The hydraulic head, h, (masl) is calculated from the pressure measurements in each Westbay 

monitoring zone using: 

h =BHe,ev-((p,. -pm) *0.'7038) 

where BH,,,,, is theelevation of the casing top (masl), p, is the pressure inside the (ie. 

prior to activating the shoe) (psi), pm, is the pressure in the monitoring interval (psi) and 0.7038 is 

a constant converting the pressure measured to metres of water. To use equation given above, the 

pressure measurement must be obtained with the casing completely filled with water. 

Measurements ofihydraulic‘ head were obtained on a weekly basis following the completion 

of each Westbay-instrumented borehole, The newly instrumented boreholes were added to an 

existing monitoring program consisting of _Westbay intervals, -other multi.-level completions, 

_ piezorneters and temporary packer monitors’ (N ovakowski et al, 1999). The measurements collected 

from the traditional piezometers and_ rnulti-level completions were obtained using an electric water 

level tape.
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3.0 RESULTS AND DISCUSSION 

3.1 Drilling and core analysis 

Borehole 66 plunges at 55° and has an azimuthal trend of 324°N,V while borehole. 67 pl_11.I1ge.S 

at 54.5“ and has a trend _of O4°N. ‘Both boreholes were inclined towards the source zone. Logs of 

horizontal bedding plane fractures (BPFs), vertical fractures and broken core zones as well as the 

lithology were all determined from visual core eitamina_tion.vThis information will be included in the 

Smithville database andwill not be discussed further in this report. 

Visual and olfactory inspection of the recovered core from both boreholes provided no 

evidence of the presence of DNAl’.L or chlorinated solvents, Frequentsampling and mon_itorin_g with 

a photo ionization detector also indicated no concentration of volatile organics above background 

levels in the work areas, boreholes or recovered core. 

3.2 Aqueous Geochemistry 

3.2.1 Large zone .prof1les in new boreholes 

In boreholes_66 and 67 -, it was atternptedto obtain groundwater at fixed intervalsflover the 

total length of the borehole. Twenty seven of the 35 zones attempted in borehole 66 "produced 

sufficient water to allow for sampling (Table 1) whilein borehole 67, 23 of the 36 zones. atternpted 

produced sufficient water to allow for sampling. Values for the inorganic parameters measured in the 

field are shown in Figures 3.1 and 3.2. The groundwater sampled in borehole 66 shows ti sharp 

change in Eh below 20 mbct suggesting a change from oxidizing to reducing. conditions. 

Conductivity is observed to increase with depth while‘ alkalinity de'crease's slightly. In borehole 67 

reducing conditions are suggested over the entiresequence with only one zone showing an.Eh greater
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than 0 mV. These results are consistent with the results obtained from other instrumented boreholes 

(e.g. BH 53) located nearby. The results of the inorganic analyses (Tables 3.3 and 3.4) are also 

consistent with previous studies showing Mg and S04 enriched water in the upper horizons and Na 

-‘Cl enriched waters at depth. 

In borehole 66, no significant concentrations of TCE, TCB or PCB were measured (Table 

3.5). It should be noted that whilethe results show concentrations up to 3.9 ug/L, the laboratory 

reported blank concentrations of up to In borehole 67, in only two zones concentrations 

of TCE above 5 u were measured (‘Table 3.7). In the original analyses of these samples, as 

the case with the samples from borehole 66, the laboratory reported blank concentrations up to 3.5 

ug/L. Duplicates of the samples below 168 masl were submitted again for analyses after the 

laboratory resolved their blank problems and provided proof of this through performance samples. 

The new analyses showed that the concentrations of measured TCE were below detection limit (0.22 

ug/L). The results presented _in Table 3.7 are a composite of both analyses. The samples between 

181.5 and 169 mas] were not resubmitted and as such these results may or may not be representative 

of the formation conditions. Minor amounts of '1 24-t_TCB, 123,—TCB and PCB (were detected in the 

182.48’-.18 1.45 masl zone (Table 3.7), The TCE degradation products (cis-DCE‘ trans-DCE) were 

not measured in any samples. 
I

I 

The absence of any contamination in borehole 66 is strongevidence that the direction) of 

aqueous-phase migration has not shifted towards the east as might be suggested by recent 

interpretations of horizontal groundwater flow directions in the vicinity of the site (Novakowski et 

al., 1.999). This further illustrates the difficulty in interpreting the distribution of hydraulic head in 

a complex, stratified fracture network.
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3.2.2 Small zone sampling in 67 

A selected portion of borehole 67 was sampled using an interval of 0.1-m. In a previous 

study (Brown et al-.—, 1997), higher concentrations of "TCE were measured using the 0. 1 In test interval 

suggesting that discrete fractures are controlling the aqueous transport of contaminants in this system. 

In eighty two zones was attempted to obtain sufficient water for a groundwater sample. The zones 

sampled in this manner covered the two intervals in which T CE was detected at concentrations over 

5 pg/L (Table 3.7:) and an interval adjacent to the upper zone which was not sampled with the larger 

sampling system because it did not produce sufficient water (181.95-.l8.3.22 rnasl). _In the upper 

interval sampled, about 20% of the zones produced sufficient water. ‘In the lower interval, all of the 

zones in the 1.6 rn interval tested produced water. This illustrates the differences in fracturing in the 

system and is consistent with previous studies at this site (Novakowski et al., 1999). The implication 

for aqueous solute transport is illustrated by the results showing that in the upper interval-, TCE was 

detected in only one of the 0. l0 m zones while in the lower interval no TCE was detected in any of 
' the 0.1 m zones whereas inthe larger sample, 6.5 ‘pg/L TCE had been detected. Thus, it is likely that 
the discrete fracture responsible-for the higher concentration in the largerinterval sample was missed 

(i.e’.r located at an overlap in test zone) during the smaller interval testing. Therefore, even though 

prodigious fracturing may result in zones of large transmissivity, only one or two-fractures_ in that 

zone is likely to carry contamination. 

3.23 Re-sampling in S6 and 34c 

Groundwater samples were obtained from-boreholes 56 and 34C’ to confirm the results of 

earlier studies (Brown et al_., 1997). Zones that had been sampled in 1997 were Are’-sainpled using the
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double packer] pump system with a 1.25 In test zone. Thirteen samples were obtained from borehole 

56 and seventeen samples from borehole 34C. The measured TCE conceritrations for both years in 

both boreholes are shown in Figure 3.3 and Figure 3.4. In borehole 56, concentrations measured for 

this study are similar to those measured in 1997 with maximum concentrations of 10 ug/L measured 

at 180 masl and 174 masl. Similar results were obtained in 34,C with concentrations generally less 

than_5‘ pg/L. 

To illustrate the vertical distribution of TCE contamination with respect to distance from 

source a cross section is drawn for data collected from boreholes 67, 5-, 56, and 34C (Figure 3.5). The 

distribution is illustrated in Figure 3.6 along with the stratigraphic column for the formation. 

Recognizing that the Lower Vinmount member is generally of low permeability in the. site vicinity 

(Novakowski et _al, 1999), the appearance of TCE- below the Lower Vinemount to an increasing 

degree with distance from the source, suggests that i) DNAPL has penetrated to depths greater than 
the Lower Vinemount and is not detected in borehole 67 simply by happenstance, or ii) there are 

pathways and downward hydraulic gradients which promote the migration of aqueous-phase 

contarnionation emanating from a shallow source in the Eramosa across the low-T layer in the 

Vinemount. The results of the hydraulic testing and the measurements of hydraulic head obtained 

from the multi.-level monitors will-help. to resolve this. . 

3.3 Constant-head injection tests 

Thirty six constant-head injection tests‘ were conducted in borehole 66 and thirty five were 

conducted in borehole 67 to characterize the vertical distribution of transmissivity overinihe length of 

each borehole. A.-testing interval (packer separation) of 1.25 m was used in both boreholes. The
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results of testing ‘in both holes, is shown in Figures 3.8. ‘In both boreholes, a range of 

transrnissivity between <10"° m2/s and >10'2 m2/s was measured». The results from these boreholes 

are consistent‘ with measurements obtained’ in the 1.8 other boreholes tested as of the site 

characterization studies discussed in'Nov'akow’ski et (1999). Of note in this case, however, is the 

limited thickness of the low-T layer in the Lower Vinemount unit and the high transmissivity 

observed in the Middle Vinemount.» 

3.4 Westbay Installations 

In May 1999, permanent Westbay instrumentation was installed in the new boreholes (66 and
I 

67) as well as in boreho1_e_s '34C,‘37C and 64. The instrumentation‘ was installed.bTyNWRI staff (J. 

Voralek and C. Talbot). John Voralek was trained and certified by Westbay Instruments‘ Inc. in 

installing the specialized “equipment. Installation details and records for the five "boreholes 

instrumented as part of this study are included in Voralek ct alp.(;'l’9.99). Each borehole was 

instrumented with7-10 rnonitorin g zones adding a total of 43 new monitoring points to the existing 

system at the site (Table 3.11). It is important to notethat the configuration of the isolated intervals 

was primarily based on-the results of the _constant—head injection tests and not strictly on the core and 

‘ 

lithology logs. Thus, the zones were designed to ‘isolate hydraulically significant features andpackers 

were located on low permeability rock" wherever possible. 

3.5 Hydraulic Head Distribution 

In this section, the vertical distribution of hydraulic head in the newlyinstalled Westbay 

boreholes is discussed as well as the results of a one day survey of water levels in ‘180“rno'nitors' in 

and around the CW ML site, obtained on July 6, 1999. Because the new Westbayrinstrumentation was
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installed very recently (i.e. May, 1999), it is premature to discuss temporal changes in these intervals. 

In addition, while measurements of hydraulic head have been obtained on a weekly basis in all 

Westbay monitors between December, 1998 (cut-off date for site conceptual model study 

[Novakowski et al., 1999]) ‘and the present date, these measurements will be discussed in a future 

' 

report. Nevertheless, a hydrograph covering the period of from July, 1996-July, 1999, for a 

"representative monitoring zone has been included in this report to illustrate the temporal changes in 

hydraulic head observed in, the region. 

3.5.1 Vertical distribution or hydraulic ahead in new boreholes 

The vertical distribution of hydraulic head in the five newly instrumented boreholes (37C, 67, 

V64, 66, and 34C) are shown in -Figu_re3._9-Figure 3.l3, respectively. Boreholes 64-, 34C and 37C, 

located approximately’ 300 m downgradient of the source show very similar vertical hydraulic head 
profiles. There is only 30 cm vertical headdifference from top-of-bedrock to elevations of about 170 

m_asl,.below_ which thelowerzones show less 5 cm difference in hydraulic head. The lowest hydraulic 

head in two of thesetboreholes (excepting 34C), is located in the Upper to Middle Vinemount where 

very,-high transmissivity is predominant. The lowest hydraulic :head in 34C in both the 

Vinemount and the Goat Island units (i.e.- straddling the low-T in the Lower Vinemount). Thus, there 

is some (albeit weak) evidence to suggest the occurrence of vertically-downward migration of 

aqueous-phase contamination to below the low-T layer in the vicinity of these boreholes. 

In the two new boreholes located closer to the source zone (and to the extraction well system), 

a different pattern is observed. Again the total difference in hydraulic head over the length of the 

boreholes is small, and in this case, the lowest hydraulic heads are located near the top of bedrock.
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In both boreholes, an upward hydraulic gradient is observed across the low.—T layerin the Vinemount. 

The low hydraulic heads observed in the Upper Eramosa are clearly related to the presence of the 

extraction well system and the presence of the excavation. The influence of this system is observed 

in a high-T feature as far away as borehole 66 (the second from uppermost zone). Thus, under the 

present pumping conditions there is no evidence for downward -migration of aqueous—phase 

contamination in the immediate vicinity of the DNAPL source. 

The conditions prior to the establishment of the pu_rnp—and—treat system are obscured by the 

present pumping regime. although results from previous studies have suggested that the municipal 

pumping in the Upper Vinemount acted a regional drain. Thus, only after the municipal pumping 4 

ceased was "there li_kely to be downward hydraulic gradients sufficient. enough to promote the 

migrationof contaminants across thelow-T layer in the Lower Vinemount in the area outside the 

immediate vicinity of the site. 

In Figure 3.14, hydraulic head from all 5 of the site boreholes are plotted together. These 

measurements suggest that estimates. of hydraulic gradient in the horizontal direction will be very 

low. For example, a-rough estimate of the hydraulic gradient between boreholes T66 and 37C in the 

interval below -170 is 5x 10" (0.14 m Y/300 rn). This is also: strong evidence that. there is 
significant horizontal connection within -the region covered by these boreholes. 

3.5_;2 Temporal changes in hydraulic head 

Figure 3.15 ‘illustrates the temporal changes in hydraulic head «in monitoring zone 53-8. This 

hydrograph is representative of seasonalchanges in groundwater levels throughout the region. Levels 

generallypeak in March.of each year andare lo'west‘in the fall. Peak level in March was about 

one metre lower than previous years and "current groundwater leyels continue to decline. These
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changes are due to several years of lower than normal precipitation. 

3.5.3 Results of one day hydraulic head survey 

On July 6, 1999 Water levels or pressure was measured in over 180 monitors located on and 

around the site. These monitors included Wesbay instrumented boreholes, rnulti-level piezometers 

and single zone piezometers. The monitors are completed in various units of the Lockport dolostone 

with the largest number being completed in the Eramosa member. In some monitors, -water levels 

were not recorded because of: i) dry conditions, ii) the monitor was abandoned, or iii) the casing 

elevation was unavailable. The complete results ofthis survey will be included in Smi'thvi_l,le database 

and are partially included in Table 3.12. 

Examining all of the hydraulic head measurements spati_ally is difficult. While many of "the 

original monitors were designed to measure water levels inlspecific geologic units it is not clear from 

the data that this is appropriate as connected hydraulic features may notbe related to lithological sub- 

divisions (Novakowskiet al., 1999). At the feature-specific scale, the differences in hydraulic head 

are in the order of centimetres in monitors located hundreds of metres apart. This suggests (as 

indicated in the previous section) that very low gradients predominate in the horizontal direction-. In . 

addition, accurate _hydrau_l_iche'ad measurements are dependent on accurate survey information. It was 

beyond the scope of this study to verify that the survey measurements currently in use for theolder 

monitoring wells are accurate, Thus, no furtherinterpretation was conducted using the results from 

these monitoring points.
i 

a... 

An extensive single day survey of water levels was conducted in October 1_994 (Golder, 

1995). These levels are compared to the current water levels in Table 3.12. Differences between the
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two surveys range from 1.76 m lower in 199.9 to 1.13 In higher in‘ 1994. While most of the 1999 
levels are lower than those measured in 1994, some are higher. Because current groundwater levels 

in Ontario are at their lowest level in decades and the site extraction wells remain operational, the 

integrity of the monitors in which measured water levels are higher should be investigated if these 

monitors are to be used in any future studies. Differences in monitoring points 11A-1 IE are ‘likely 

due to a change in survey as these boreholes were re-surveyed by NWRI in 1996 prior to being 

incorporated intothe recent ‘water level monitoring program.
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4.0 SUMMARY 
To investigate the potential vertical extent of DNAPL migration and assess the component 

of groundwater flow in the easterly direction, two new boreholes were drilled in the vicinity of the 

assumed source zone at the former Smithville CW ML site. Theboreholes were drilled to the base 
of the Lockport formation and completed“ with multi-level piezorneter casinglalong with three other 

recently-drilled boreholes located nearby. Both new boreholes were inclined toward the assumed 

location of the source at a plunge of approximately 55 °. Prior to the installation of casing, a complete 

suite of groundwater samples to be analyzed for both organic and inorganic- constituents was 

obtained. Hydraulic testing of the entire formation thickness was also conducted in each borehole 

using a 1.25-m packer spacing. 

The results of the organic analyzes show that no contamination is observed in the new 

borehole located to the east of the source and only minor concentrations of TCE (i.e. 6-7 pg/L) are 

observed in the upper unit of the Lockport formation in the borehole located immediately south of 

the" assumed source. Although abundant permeability is present below this unit, no contamination 

was detected. However, samples obtained from boreholes ranging up to 300 m down-gradient from 
i 

the assumed source area show ‘increasingly pervasive contamination with depth. The distributionof 

transmissivity in both new boreholes is consistent with that measured in other recently-completed 

boreholes located in the site vicinity. In particular, the low-T layer located in the Lower Vinernount, 

which appears ubiquitously elsewhere, is of limited thickness (2.5 in) in the site vicinity? A feature 
having very high transmissivity is also observed imr_nedi_ately_ above this low-permeability horizon. 

Measurements of hydraulic head in the multi-level piezometer showed that only riiinor vertical 

hydraulic gradients are observed. The lowest hydraulic head in the boreholes located adjacent to the
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assumed source show slight upward hydraulic gradients towards the stratigraphic horizons presently 

pumped .by the extraction well system. In the boreholes located approximately 300 m to the south 
of the source, the vertical gradients are less well.-defined», with at least one borehole showing a 

downward vertical gradient across the low-T zone in the Vi-nemount. Horizontal hydraulic gradients 

were observed to be very srnaljl (in the order of 10“), suggesting strong horizontal connection in
I 

specific features. 

Based on these results, it is su_nnised that the‘ penetration of the'DNAPL in the downward 

direction underneath the assumed source area has not exceeded the base of the Eramosa r"n_eniber.,The 

occurrence of contamination at depths below the low-T layer in the Vinemount unit are presumed 

to result ‘from thedownward -migration of aqueous‘-phase contamination in the area outside the 

influence of the pump-and-treat system. This hypothesis is based on: i) the observation that the 

degree of contamination (i.e. the number of fractures carrying contamination) increases with 

increasing distance fromfthe source, ii) the absence of contamination at depth in the boreholes. 

adjacent to the source, i_i_i_) on the presence of downward gradients presentvin one (and only 

one) multi-level piezometer located in the tdown-gradient direction. Although this ‘evidence is 

compelling and considering‘ that significant changes to the hydraulic gradients occurred after the 

‘ 

V 

source was established (municipal well shut-down and pump-and-treat established), it isdifficult to 

be absolutely conclusive about this hypothesis and further testing of the concept should be 

considered. This could entail more detailed interpretation _of the temporal distribution ofiihydraulic 

head in the multi—level piezometer systems, and a simple modeling study conductedusing a.cross- , 

section of the 'stratigr_aphy between the source area and boreholes 34C, and 37C. 
V 

"" 7 

Finally, it is important to note that the present levels of contamination observedin all
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boreholes outside of the those drilled directly into the presumed location of the sourceare well-below 

the drinking water“ guideline for _TCE. No other contaminants are observed at locations outside of the 

source area. Considering that TCE concentrations'we're well. in excess of 1000 ug/L in many of the 

monitoring wells located outside of the source area during the late 1980s, a considerable 

diminishment in source flux (i.e. dissolution from the DNAPL), or an active degradation process has 

occurred. The absence of copious concentrations of TCE degradation products suggests that the . 

former is the most likely explanation. 

There are several possible mechanisms that might lead to the diminishment of source flux. 

These include hydraulic- ‘cut-off, DNAPL weathering, and DNAPL .eliminat—ion. _It’ is necessary to 

determine which of these mechanisms is at play, to properly evaluate natural attenuation as a 

remedial alternative. For example, if it can be shown that hydraulic cut-off does not influence the 

transfer of contamination from the DNAPL to the groundwater leaving the vicinity of the source, 

then the DNAPL source, in it’s.present form must be considered to be innocuous. The strongest 

evidence to support this hypothesis, is the presence of TCE at the base of the Eramosa member in 

borehole This contamination occurs at a horizon where upwardgradients prevail, suggesting 

either that the pump and treat system has not prevented the downwardémigration of aqueous-phase 

TCE, or that DNAPL has penetrated to at least this depth ‘in the stratigraphy. In either case, this 

observation ‘suggests that the weathering or the elimination of the DNAPL is responsible for the 

diminished aqueous-phase concentrations off-site.
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Table 2.1. Summary of instruments used for field and laboratory analyses of geochemical 
parameters. 

Parameter Instrumentation Z k
A 

Eh Orion platinum electrode (‘model 96-78-00) with an 
Ag/AgCl reference solution, Bamant meter (model 30) 

pH* Orion combination Ag/AgCl ele'ctrode(model 910600); 
Coming meter (model 313) 

D.O. Orion D.O. probe (model 830) 

Conductivity Conductivity probe, Oakton meter (model WD—35607-00) 

Alkalinity HACH digital titrator (model 16900) . 

Temperature Temperature probe combined with dissolved oxygen 

I'nor’g‘ani‘c. Cations 

Inorganic Anions 
Volatile Organic Compounds 
(TCE, cis and trans - DCE) 
PCB add TC-B 

probe (model 830) 
ICP-MS (coupled plasmaspectroscopy) 
COB-AS (ultraviolet photometry)"

' 

GC-MS (gas chromatography coupled with mass’ 
spectrometry) . 

*The pH probe was calibrated using buffer solutions iwitha pH of 7 and 4.‘
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Table 3.1. Summary: of zones in borehole 67 iii whiéhfgi‘oundwater s_a1mplinfg was ‘att<_=._mpt_ed.. 

Zone ‘Depth 
' 

Eievation ‘Producing N011‘ Comment. 
(mbdt) (fn3Sl)- . -.;......._l’_.r.<'>..c.l.ujc.i_11g 

1 11.6 
‘ 

J ’. 12.87 182.99‘ — 181.95’ x 
2 12.87 — .14.14 181.95 . 

- 180.91 
.3 14.14. .— 15.41. 180.91 — 179.87 
4 15.41 — 16.68 17.987 - 178.83 x 
5 

‘ 

16.68 3 - 1-7.95 178.83 _' 177.79 x
. 

6 17.95 — 19.22 177.79 
‘ 

— 176.75 x_ ‘lowflow 
7 19.22 — 20.49 176.75 -’ 175.71 . 

- 

. x,
’ 

8 20.49 - 21.76 175.71 
_ 

- 174.67 X high flow 
9 21.76 -_ 23.03 174.67 4 -173.63 x . 

7 
.. 

10 23.03 - 24.3 173.63 -. 172.59 ":1 low flowv 
11 24,3 — 

7 

25.57 172.59 — 171.55 x
’ 

12 25.57 - 26.84 171.55 ' - 170.51 x 
413 26.84 — 28.11 170.51 — 169.47 x 
14 28.11 - 29.38‘ 169.47. - 1.68.43 :1 

15 29.38 - 
4 

30.65 168.43 - 167.39 .x 

.16 30.65 - 
V 

. 31.92 167.39 -» 166.35 x 
‘17 31.92 

8 

'- 33.19 166.35 
8 

- 165.31 .x 

18 33.19 - 34:46 16.5.;31 164.27, x 
19 34.46 — 35.73_ 164.27 - 163.23 x 
20 35.73 - 37 : ‘$631233 i1.62.f19‘ 

_

x 
21' 37- ‘ - '38.27_ 162.19 - 1:6-1.15 

‘x 

22 
' 

-38,27 39.54 16_1,._1,5' .4 160.10 4 

23 39.54 — 40.81. 160.10 - 159.06 . 

24. 40.81 . 42.08 159.06 -_ 4 158.02 2:. low flow 
25“ 42.08 - 43.35 158.02 -— 156.98 x low flow 
.26 43.35 - 44.62 156.98‘ .4 155.94: xv

‘ 

27 44.62 — 45.89 155.94 -154.90 x- ‘_ 

28“? 45.89 . 47.16‘ 154.90 - 153.86" x 
,. 

“29 47.16 -1 
“ 

. 48.43 153.86" ; 1.52.82 :1 1owr16w 
30 48.43 - g 49.7 

‘ 

152.82 -1 -151.78 x
‘ 

31' 49.7 - 50.97 ~ 71:51.78; 150.74 x ._ 

32 50.97 - 52.24 1450.74’ -' 149.70 - 

33 4- 52.24 - 53.51 149.70 -4 148.66‘ x . 

34 53.511 —. 
, 54.78 148.66‘ 3. 1147.62. x 

35 - 54.78 - 56.05 147.62-.* - 146.58 x 
57.32‘ "146.58 — 145.54 x

'
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Summary of zones isolated in borehole 66 in which it was attempted to obtain‘ Table 3.2. 
1 groundwater samples. 

Zone Depth Elevation Producing Non Comment 
(mbct) (masl) Prodllci 

. .. fig 

1 11.07 - 12.34 "il873.43 182.-39. x 
2 12.34 — 

' 

13.61 182.39 181.35 x 

3 313.61 ~ 14.88 181.35 180.31 x 

4 9 14.88 - 16.15 180.31 179.26 x 
5 16.15 

1 

- 17.42 179.26 178.22 x- 

6 17.42 - 18.69 178.22. 177.18 x 
7 18.69 —‘ 19.96 177.18 ‘176.14 x 

8 19.96 - 21.23 176.14 175.10 x 
9 21.23 — 22.5 175.10 174.06 x . 

10 22.5 - 23.77 174.06 173.02 x 1_ow¢r flow 
1.1 23.77 - 25.04 173.02 171.98 x _ 

12 25.04 — 26.31 171.98 1170.94 x 
13 26.31 - 27.58 -170.94 169.90 x 

14 27.58 — 28.85 169.90 168.86 - x 
15 28.85 - 30.12 168.86 167.82 x 
16 30.12. - 31.39 ‘167.82 - 166.78 x 
17 31.39 - 32.66 166.78 165.74 x 
18 32.66 A - 33.93 165.74 164.70 x 16w flow‘ 
19 33.93 - 35.20 

_ 

164.70 163.66 x very low 116w 
20 35.2 - 36.47 163.66 162.62 x

’ 

21 36.47 
A 

- 37.74 162.62 161.58 x 
22' 37.74 - 39.01 .161.58 160.54 x 
23 39.01 - 4028 

_ 

160.54 159.50 x 
24 

_ 
40.28 

‘ 

.—. 41.55 159.50 158.46 - x 
25’ 41.55 - -4 42.82 158.46 157.42 _x 

26 
’ 

42.82‘ — 44.09 157.42 156.38 x. 

27 44.09 .— 45_.:36 156.38 155.34 x 

.28 45.36 > - 46.63 ‘155.34 154.30 x 
29 46.63 - 47.9 154._30 153.26 x 
'30 47.9. 

_ 

- 49.17_ 153.26 152.22 x 
31 49.17 - 50.44 -152.22 . 151.18 x 
32 50.44 - 51.71 151.18 

1 

150.14 x 
33 51.71 - 52.98 150.14 149.10 x 
34 52.98 

' 

- 5’4..’25 149.10 ' 148.06 x :..._ 

35 55_.5_2 148.06 147.01 x



Table 3.3. Results of parameters‘ measurcdjn groundwater -zones in Borehole 67. 

Zone -Date ‘ CL. S04 S10, - A1 . Ba » Bet 
‘ Cd Co Cr Cu 3 

Fe 
Sampled? Mg/L 1 Mg/L. _mglL‘ . mg/L . mg/L mg"/L mg/L . mg/L mg/L 

2 12-03--1998 19.8‘ 594 115.2 6 0.22 0.058‘ 0.001 
‘ <0.005 <0.005 <0.005 < 0.005. 1.34 

. 3 , 
12-03-1998 19,8 902 131.4" 0.17 0.034 .<'0.00l < 0.005 < 0.005 < 0.005 ’ 0.011 0.128 

6 
3 

12-03-.1998 2.5 ~ 385 12.3 0.13‘ 0.046 <0.001 <0.005 < 0.005 < 0.005 . 0.005 0.066 
8 12-03-1998- 27.4‘ 846 _13.7 0.2 0.026 0.001 < 0.005 0.007 < 0.005 0.017‘ 0.062 — 

8 '12-03-1998 28.1 _ 

925' 13.7 0.26 
_ 

0.029 0.00] <0.005 0.007 -0.009 
_ 

0.024 0.065 
10 12-03‘-1.998 1.9.2 804 13.9 0.27 0.014 0001 < 0.005 0.0.1 1 0.009 0.028 0.059 
1 1 12-03-1998» 27.2 875 .1326‘ 0.29 0.022 0.001‘ ' < 0.005 0.016 0.0115 0.026. 0.041 
:12 :12-03-1998‘ 17,9 1 140 13.7 0.32 0.018 0.00] < 0.005 0.012" ‘0.014 0.035 0.051 
13 ' 12-03-1998 24.9 1120‘ ' 13.2 0.26 0.017% <0.001 <0.005 0.013‘ 0.01 0.029 0.053 
14‘ 12-03-1998: 26.7 - "899 13.6 0.32 0.02 0.001. <0.005‘ -0.013" 0.014 0.032‘ 0.043 
15 

_ . 
12-03-1998 _‘.107 1040 11.7 0.31 0.022 0,001» . <0.005 ' 

0.011 0.013 0.034 "0.048 

16 12-03-1998" ' 172 1570. 10.2: 0.36 0.018: 0.001‘ <0.005 0.016 -0.009 0.036 0.065 
17 12-15-".1998" 278 1140' ' 7.48 0.37 0.012 0.001‘ <0.005 -0.016 0.012 0.039 0.096 
17B 12-15-1998 230‘ 1250 8.47 

A 

0.23 0.0.14 0.00] < 0.005 0.013 0.012 0.025 0.077 
18 . 12-1-5-1998 307 1190 7.43 0.33 0.014 0.001 <0.5 -0.012 0.011 0.035‘ 

4 

0.039 
1813 12.-15‘-1.9.98- 21.57 1080 11: 0.26 -0.016 0.00] <0.005 0.009 0.009 0.03‘ 0.047 
19 12-~15‘-1.998’ 293 12809 7.45 0.33 

' 

0.02 0.001 <0.005 0.014‘ 0.02- 0.036 0.06-1 

319B 12-15-1998" 158 964’ 11.2 0.3 0.018 ’ 0.001 <0.005 0.011 ’ 0.012 0.035 0.047 
21 12-15-1.9.98.1 

A 

270 1970 9.18 0.37 0.0139 
2 

0.001 <0.005 0.015 0.018 
I 

0.042 0.051% 

24 12-15-1998 498 1230‘ 7.36 0.45 0.016 0.00_1 <0.005 0.02 0.023 0.055 0.066 
25 12.-.15-"1998 524 1430 7.67 0.37 0.015‘ 0.001 

‘ < 0.005 0.016 0.013 0.041 0.09 
27 "1-2-15-1.998 555 1210 

2 

7.8 0.38 
2 

0.013 0.001 <0.005 0.016 0.014 0.045 0.077 
29 12-15-1998‘ — 580. 1240. 7.74’ 0.4 0.014 0.001 <0.005‘ 0.018 0,017 0.041 0.095" 

30 12-15-1998 689 1250 7.59 0.37 - 0.015 0.00] < 0.005 0.019 0.017 0.043 0.073 
31 12-15-1.9.98 740 1270 7.65 3.0-.33 0.015 . 0.00.1 < 0.005 0.015 0:018 0.037 0.053 
33 2-1'2-21.5-1'998" 1340 1300 7.371‘ g 0.39 0.016 0.001 <0.005 0.019 0.02 . 0.043 0.071 
34 1560 1300 .7.07_ 0.37 0.018 0.00] <0.005 0.017 0.023 ‘ 0.046 0.048 12.-.15-1998... 

L’?



Table 3.3 (cont’d) Results of inorganic constituents measured in groundwater zones in Borehole 67. 

Date Zn
1 

Zone Li Mn Mo Ni Pb Sr V B Ca Mg Na K 
Sampled. mg/L mg/L mg/L mg/L. mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

‘2 12-03-1998 0.053 0.082 0.008 <0.010 <0.020 
A 

3.63 <0.005 0.079" 0.1.8 174 151 55-1 3.4 

3 12-03-1998 0.055‘ 0.032 <0.005 <0.010 0.052 5.82 0.005 0.01 0.19 316» 110 37.7 3.2 

6 
' 

12-03-1998 0.034 0.007 0.008 < 0.010 0.02 4.23 < 0.005 0.007 0.1 120 94.6 34.6 2.6 

8 12-03-1998 0.074 0.03 
A 0.008 <0.010 <0.020 7.11 0.007‘ 0.006 0.24 397 109 37 3.4 

8 12-03-1998 0.071 0.03 0.011 0.012 0.047 6.99 0.016 0.006’ 0.25 389 108 36.6 3.9 

10 12-03-1998 0.072 0.025 0.011 <0.010’ -0.027. , 6.89 0.015 0.006 0.19 360 90.7 30.8 3.5 
1-1 12-03-1998 0.071 0.029. 0.018 0.016 0.046 6.87 0.018 0.005 0.36 385‘ 106 37.5 4.4» 

12 12-03-1998 0.083 02026 0.017 0.0118 < 0.020 6.92 0.021 0.008 0.25 374_ 95.9 30.8 4 
13 12-03-1998 0.078 0:037 0.011 0.01; <0.020 6.86 0.015 <0.005 0.25 373 1-01 34.2 -4.2 

14 12-03-1998‘ 0.077 0.03 0.014 0.011 
A 

0.049 6.57 0.022 <0.005 0.26 370 99.6‘ 353 4.3 

15 12-03-1.998 0.103 0.038 0.018 < 0.010 <0.020 7.21 0.02 0.006 0.42 429’ 110 63.8 7.2 

16 12-03-1998 0.129 0.044 0.019 <0.010 0.042 7.74 0.015 <0.005 0.59 479 120 86.1 10.7 

17 12-15-1998 :0.171 0.069 0.031 0.025 0.023 8.71 0.013 0.008 0.86 517 126 132 15.7 

17B 12-15-1998 0.144 0.054 0.021 0.019 0.04 -8.17 0.015 <0.005 0.79 485 128' 116 14.1 

18 1-.2.-15-1.998 -0.182 0.072 0.015 0.014 0.034 9.63 0.015 0.007 0.9 585 135 147 16.2 

18B 132-15-1998 0.1 18 0.049 0.01 0.013 < 0.020 7.79 0.013 0.005 0.56. 457‘ 1 13 84 9.5 

1.9 ‘1'2-15-1998 0.17 . 0.071 0.021 0.014 0.028 9.26 
1 

0.028 0.005 0.88 569 130 13.9 16.3 

19B 1'2-15-1998 0.125 0.05 0.015 0.021 0.048 7.97 0.01_2 0.008 0.56 473 119 85.6 8.9 

21 12-15-1998‘ 0.177 0.076 0.016 0.025 0.04 9.49 0.017 0.011 0.91 565 134 "134 -14.7 

24 12-15-1998 0.266 0.076 0.021 0.038 0.081 11.1 0.03‘ 0.011 1.02 644 150 226 19.1 

25. 12-15-1998 0.242 0.083 0.016 0.011 0.057 10.6‘ 0.016 0.011 0.97 610 146 225 18.5 

27 12-1.5-1-998' 0.273 0.093 0.015 0.02 0.07 10.6 0.017 -0.014 1.04 607 145 242 18.6 

29 12-15-1998 0.265 0.103 0.02 0.027 0.069 10.5 0,022 0.017 1.06 609 146 255 21 

30 12-15-1998 0.319 0.107 0.016 0.023 0.048 
' 

10.8 0.02 0.009 1.13 628 153 31.4 22.6 

31 12-1,5-1998 0.331 0.106 0.017 -0.026 0.066 10.8 0.019 0.007 1.17 626 153 .336 23.6 
.33‘ 12‘-1:5‘:-1998 0.615 0.102 0.017 0.026 0.062 11.9 -0.029 0.009 =1.8 671 178 639 37.4 
‘34 1'2-15-"1998 0.708. 0.099 0.023 0.023‘ 0.065. - 12.5. 0.03 0.006 ' 

1.92 706 189 7.39 39.5 

8-’?



Table. 3.4 Results of parameters measured in groundwater zones in Borehole 66. 

Co Cr. Zone Date 
’ CL SO41 . S10, A1 Ba Be ' Cd ‘ Cu Fe 

Sampled ' mg/L mg/L mglL mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

2 ‘12-23-1998 16.6 534 15.8 < 0.05 0.08 < 0.001 _< 0.005 .< 0.005 <'0.005‘ < 0.005 1.05 
3 12-23-1998: ' 131.7 610’ ' 

15.9‘ 0.08 0.1 41 < 0.001 V<0.005' < 0.005 < 0.0051 0.009 1.04 
4 12-23-1998 *1 

17.8 650 14.6 < 0.05 0.2108 <30.0.01 
' 

'<» 0:005 <‘0.005 < 0.005 . < 0.005 -'1.1 

5 12-23-1998 1 1.2 406 14.7 < 0.05 0.133 < 0.001 <‘.0.005 < 0.005 < 0.005 ' < 0.005 ‘ 0.052
_ 

6 ’ 12-'23‘-1.998 10 346 14.5 < 0:05 1 

0.129 < 0.001 < 0.005 ' < 0.005 <‘0.005 < 0.005 0.05 
8 12-23-1998 .363 708 14.3 V 0.1'1 0.085 < 0.001 < 0.005 0.005 <-0.005 0.014 0.652- 
10 12-23-1998 6 20.2 875 14 0.15 0.015 < 01001 < 0.005 0.006 0.007 0.025 0.116 
1 1 12-23-1998 100 1100 12.3 0.3 0.02 < 0.001’ -0.006 0.019’ 0.014 0.046 0.1206 . 

12 6 12-23-1998 -41.3 1030 153.4 0.27‘ 0.02 < 0.001. . 0.5 0.016 0.013 0.039 0.072 
13 '12-.23‘,-15998 64.6 1040 12.2" ' 0.26 0:019 < 0.001‘ < 0.005 0.008 

"I 

0.014 0.037 0.068 
14 12-23-19.98 177 11470 9.56 0.32’ 0.017 < 0.001 0.006 0.017 0.02 

A 

0.049 ' 0.0471 

15 .112-231-1998 ‘149 51500 9.54 0.337 0.017 10.001 
_ 

‘0.007 0.019 0.022 0.046 -0.056 

16 V_1?2-23-11998 139 1360 9.58. 0.21 0.016 < 01001 < 0.005 0.012 0.013 0.034 0.039 
18 12-23- 1998 4.1 1 ‘.1940 17.218 0.23 0.02‘ 0.00] ‘< 0.005 .013 0.019 0.031 02034 
19 _12-23- 1998 428, 1580 7.51‘ 0.24 0.017 < 0.0041 0.007 0.015 -0.015 0.036 0.118 -- 

20 12-23- 1998 454 1580 7.43 0.24 0.017 0.001 
I 

02006 0.009 =0;013 0.034 0.046 
21 

V 

12-2-3-1998 477 1490 7.46 0.42 0.015 0.001 < 0.005 
I 

0.019 
. 

0.022’ 0.051? 0.047 
22 112-23--1998 48.1 1500 7.43 0.39 03.014 0.001 <70.005 0.02 ° 0.02 0.041 0.044 
24 12-23-1998 467 1730‘ -8.82 0.35 0.021 1 < 0.005 0.021 0.017 0.041‘ 0.034 
26 1 ‘12-23-1998 550 1550 7.39 0.42 0.017 0.001 < 0.005 0.018 0.02 0.047‘ ~' 0047 
27 12-23-1998 51-7 1630 ' 6.87 

A 

0.4 0.012 0.001 
’ 

0.005 0.024 0.017 0.049 0.041 
28 12-23-£19198 519 1860 6.8 1' 0.61" 0.021 0.002 0.008 0.034 0.039 0.077’ 0.056 

j_ 

29 ‘12-23-1998 538 1430 7.21 0.34 0.01 0.001‘ 
3 
< 0.005 0.014 0.011 0.034 0.039 

30 ‘12-23-1998 553 1780 7.14 0.57 0.0251 0.001 0.005 
) 
0.036 0.034 0.073 0.227- 

3 1 1-2-23-1998 -664 1590 8.03 0.37 . 0.017 0.001" < ‘0.005 0.018 0.017 0.042 0.038 
32 

A_ 
712-23-1998 977 1550 7.03 0.36 0.016 0.001‘ 0.007 0.022 0.022 

3 

0.043 0.05 
33 12-23-1998 1220 1560 7.29 0.41 0.017 0.001‘ < 0.005 0.022 "0.022. 0.053 0.044 

617



Table 3.4 (eont.’d) Results of5in,o,rganic’cohstituents measured in groundwaterlzones in Borehole 66. 
Zone Date Li Mn Mo ' Ni _ Pb Sr _ 

V Zn B Ca Mg Na K 
Sampl'ed' mglL mg"/L mg/L mg/L mg"/L mg/L mg/L rm/L mgIL mg/L mg/L mg/L mg/L 

2 12-23-1998 0.056 0.035‘ <0.005 <0.010 0.02 2.929 <0.005 0.028 0.17 104 132 55.8 2.9 
3 12-23-1998 0.066 0.061, <0.005 <0.010 <0.020 3 0.005 0.024 0.19 112 144 58.5 '3.1 

4 12-23-1998‘ 0.05 0.037 <0.005 <0.01'0 <0.020 2.53 <0.005 0.023. 0.18 138 145 54.5 3 
5 12-23-1998 0.039 0.007 <0.005 <0.010 <0.020 3.21 <0.005 0.007 0.28 86.9 90.8 42.8 2.4 
6 12-23-1998 0.04 0.005 <0.005 <0.010_ <0.020 3.17 <0.005. 0.007 0.16 88.4 884.6 .41 2.2 
8 12-23-1998 0.067 0.039 

' 

0:006 <0.010 - 0.033 4.36 0.006 0.005 0.23 211 117 50.4 3.5 
10 12-23-1998 0.072 0.022 -<0.005 0.011 0.041 6.06 0.008 0.01 0.2’ 343 82.6 29.3 2.8 
11 1-2-.2-3-1998 0.117‘ 0.034 0.01- 0.018 0.041 6.99 . 0.022 0.008 0.41 429‘ 97.1 59.9 5.8 
12 12-23-1998 0.091 0.026 0.015 0.016 0.047 6.35 0.02 0.007 0.26 377 86 37.8 3.9 
13 12-23-1998 0.095 0.045 ' 0.008 0.01 0.043 6.88 0.024 0.007’ 0.34 406 90.6 43.5 5.6 
14 1i2-23-1-9,98 0.131 0.05 0.017 0.019 0.079. 7.81 0.023 0.007 0.61 535? 103 81 9 
15 1‘2-23-.1998 0.124 0.053 0.02 0.02-1 0.075 8.6 0.027’ 0.008 0.66 594 . 110 78.5 9.9 . 

16 1'2-23-51998 0.117 0.049 0.011‘ 0.011 0.031 8.27 0.018% 0.007 0.63 573 105 71.5 9.1 

18 1'2-23-1998’ 0.188» 0.058 0.0214 0.024 0.052 9.58‘ 0.024 0.007 1.24 562 133 165 15.2 
119' 12-23-1998 0.207 0.069 0.014. 0.028‘ A 0.069‘ 9.25: 0.0216 -0.016 0.99 .571 130 .177 13.5 

20 12-23-1998. 0.223 0.071 0.009 0.02 0.061 9.95‘ 0.015 0.01" 0.95 630 142 208 15.7 
2-1 12-23-11998 0.232 0.069 0.02 0.028 0.082 9.35 0.027 . 0.009 0.94 553 128 190 16.7 
22‘ 12-23-1998 0.218 0.074 0.021 0.028 0.082 * 9.4 ‘0.024 0.008 0.97 554 129 195 17.4 
24 12-23-1-998 0.212 0.031 0.024 0.022 0.092 7.77 0.021 0.006 0.88 492 159 188 15.8- 

26 912-23-1998 0.247 0.058 0.023 0.024 0.062 9.04 0.026 0.009 0.9 534 137 218 18.1 

27 12-23-1998'" 0.245 0.059 0.021 0.023 0.09 9.24 0.02.1 0.008 0.87 558 136 21.2 17.2 

28 12-23-1998 0.247 0.067 0.034 0.054 0.116 8.27 0.049 0.011 0.84 524 12.1 196 17.8 

29 12-23-1998’ 0.225 0.059’ 0.016 0.012 0.035 8.59 _0.012 0.012 0.86 544. 134 206 16.9 

30 12-23-1998' 0.257 0.069 
' 

0.032» 0.05 0.095 8.53 0.042 0.014 0.89 539 131 206 17.2 

31 12-23-1998 0.275 0.056 0.018 0.018 0.054 8.43 0.022 0.009 0.97 543 159 265 20.1 

32 12-23-1998 0.402 0.085 0.023‘ 0.03 0.103 9.5’ 0.025 0.01 -1.26 583 1146 403‘ 24.7 
0.075 0.025 0.014 0.065 ' 10.1 A "0.028 0.006 1.43 604 ‘159 506 29.4 152.-243-1998'

b 

0.5

OS



Table 3.5. 
)7 

Results of parameters measured in groundwater zones in Borehole 66. 

Zone Depth Elevation 
_ 

Date ’Volum,e' Eh pH Conductivity Dissolved Alkalinity _T** TCE* 
(mbct) n(mas1) Sampled Purged (mV) (mS) Oxygen (as CaCO3) (°C) (pglL) 

V 

’ 

~ 

. 

» 

' 

V 

- '(/L)" . 

' 

‘ (mglL)' 
2 12.34 13.-61 -182.39 181.35 1'4-Dec-98 610 225 7.35‘ 1647. 5 0.08 401.16 8.1 3:74 . 

3 13.61 14.88 181.35 1580.31 15'-Dec-98 324 255. 7.15 11:94 ’0.51 313.13 9.6" 3.76 
4' 124.88‘ 16.15 

_ 

180.31 179.26" 1:5-Dec-98 160 1-83 7.05 1293 0.23 310.98 110.6 — 

:5 
‘ 

-_1%6.1_5 17.42 179.26 178.22 '1e5-Dec-98_ "323 134' 7.28 940 0.29 298.70 10.8 -- 

6 17.42 18.69" 178.22‘ 177-.18 -15-Dec-98 185 -121 7.26 966 .0124 212.50 10.8 3.88 

7 

8 19.96 21-._.23 176.14 175.10 15-Dec-98 277 -.2113 7.14 1:396 0.18 265.06 10.1 2.52 
10 22.5 23.77 - 174.06 173.02 16-Dec-98 289‘ -.152 7.08 1215» 0.21 2.87.50 9.2 3.24‘ 

11 23.77 25.04 173.02 1751.98 16-Dec-98 198 -144 7.04 1530 0.25 298.91 9.4 — 

12 25.04 
' 

26.31‘ 171.98" 170.94 16-Dec-98 157 -136 7.04 13737’ 0.21% 256.25 9.2 2.7 
13 126.31 

V 

27.58 170.94 169.90 16-Dec-98 90 -.148 7.04 1789 10.13 191.49 9.8 =- 

14. 27.58 28.85 3169.90 168.86 16-Dec-98 139 -165 7.03 2000. 0.14 225.00 9.6 - 

. 15 128.85 30.12 168.86 167.82 -16-Dec-98 196 -157 7.00 1980, 0.05 256.10 9.3 3.68 
16 3_0._:12 31.39 -167.82 166.78 16-Dec-98 30 .-155 6.97 2070 0.03 285.71 9.3 - 

118- 32.66 33.93 165.74’ 164.70 16-Dec-98 26 -179 6.98 "2740 0.00. 237.50 8.6 3.16 
199 33.93 35.2 164.70 163.66 17-Dec-98 10 -165 7.15 2200 0.3.3 _ 

241.38 4.9 
7 

-_7 

20 
_ 

35.2 36.47 163.66‘162.62 17-Dec-98 200 -178 7.10’ 2400 0.13 267.86: 7.1 3.06 
2-1 36.47 37.74 162.62 161.58 17-Dec-98 .215 -178 7.00 2580 0.00 246.75 7.0 - 

22 . 37.74 39.01 
’ 

161.58 160.54 17'-Dec-98 -235 -186 7.00 2670 0.19 263.89’ 3.18 
- 24 ‘-40.28 ~ 41.55 159.50 158.46 17-Dec-98 .180 -174 7.38 2620 0.32 227.85. 8.3 , 

2.98 

.26 42.82 144.09 _157.42 156.38 1.8‘-Dec-98 225‘ _-'-194 7.14. 20.10 0.1-1 416.67 7.6 3.24 
27 44.09 45:36 156.38 1755.34 18-Dec-98 _99 -172 7.15 

7 

2460 0.43" 209.158 7.9 - 

28 -45.36‘ 46.63 155.34 154.30 18-Dec-98 1'06 -173 7.05 2460 " 0.19 185.37 8.0 3.32 
29 46.63 47.9 154.30 153.26 18-Dec-98: 161 -193 7.18 2400 0.11 241.94 7.5 - 

'30 47.9‘ 49.17 153.26 152.22 18.-Dec-98T'1i33 6 -183 7.130 2780‘ 0.09 284.09 8.4 — 

31 7,749.17 50.44 152.22 151.18 18-Dec-.98 147‘ -180 7.22 2900 0.23 219.51 7.4. 3.52 3 
.32 »‘ 50.44’ 51.71 151.18 150.14 18-Dec-98 170 ‘-201 7.00 3270; 0.24 235.29 7.9 - 

33' —~ 51.71 52.98 '1.5,0.1;4.- 1491.10 22-Dec-98 229' -1.87. 7.03 21130 0.00. 227.27 6.4 3.26 
*Lab_.or-atory resultsindicate th at method blanks «contain 3.10 - 3.80 ppb TCE 
*Temperature likely affected by ‘outside air temperature.

’



'E‘ab1e=3.6. -Results of parameters measured in groundwater zones in Borehole 67. 

Zone Depthi 
0 

Elevation. Date Volume Eh p11 Conductivity Dissolved Alkalinity T** 
— (mbct) (masl) . Sampled P-urged (mV) (mS) Oxygen (as CaC03) (°C) 

. 

' 

» (L) 
_ 

(mg/L) ' 

2 12.87 14.14 181..95 180.91 30:-Nov-98 460 -59 7.29 1059 0.12 354.17 14.4 
3‘ 14.14 1.5.41 ~ 180.91 179.87 30-Nov-98 262 -104 7. -12 1351 0.08 240.74 14.9 
6 17.95" 19222 177.79 . 176.75 '0-1-‘Dec-98; 153 37 1 7.26 694 0.25‘ 363.64 1 1.2 
8‘ 20.49 21.76 175.71 174.67 013-Dec-'98 340 -169 7.07 1345 0.13 258.06 10.6 
10 23.03 24.3 173.63 ' 172.59 01-Dec-98 10:1 -1 17 7.06 1.612 0.10 266.67 9.8 

‘ 

131 24.3 25.57 172.59 171.55 02.-Dec-98' 301 -138_ 7.05. 1564 0.10 307.69 1 1.4 

12 25.57 26.84 171.55 170.51 02-Dec-98 1'75 -136 7.05 1683 0.09 271.43 12.1 
13 26.84 28.11 170.51 169.47 O2-Dec-98 193 -148 7.11 1790 0.10 270.83 12.1 
14 28.11 29.387 169.47 168.43 02-Dec-98 226 -129 7.08 11865 0.1 1 234.38 1 1.9 

15 29.38 30.65‘ 168.43 167.39 02-Dec-98 208 - 138 
_ 
7.14 1820 0.08 6 265.06 1 1.7 

16 30.65 - 31.92 167.39 166.35 02-Dec-98 161 -1-35 7.19 2.140 0.10 250.00 1 1.5 

17 31.92 33.19 166.35 4 165.31 03-Dec-98 284 -147 7.19 2120 0.07 208.33 1 1.1 

18- 33. 19 34.46 1265.3 1 1:64.27 -03-Dec-98 2.1 8' -140 7.08 2420 0.09 295 .08 ll 1 . 1 

19 34.46 35.73 164.27 163.23 03-Dec-98 A 257 -137 7.06 2500 
V 

0.10 253.97 ' 10.8 
21 ‘37 38.27 162.19 1161.15 04-Dec-98 492 -167 7.01 1850 0.31 266.13 1 1.5 

24 40.861 42.08 159.06 158.02 04-Dec-98 96- - 159 6.86 2520 10.23 2119. 18 12.3 
25 42.08 43.35 158.02 156.98 04-‘Dec-98 88 -1.51 6.93 2860 10.27 1‘ 18.42 12.2 
27 44.62 45.89 155.94. 154.90 04-Dec-98 122 -137 6.81 2910' 0.29 - 148.94 1 1.3 

29 -47.16 48.43‘ 153.86‘ 152.82 07-Dec-98 25.9 « -1347 7.03 2900 0.29 359.38 9.7 
30 48.43 49.7 152.82. 151.78 07-Dec-98 245 -158 7.05 3340 0. 13 293.65 9.4 
31 49.7 50.97 . 151.78 150.74 07-Dec-98 195 -156 7.00 3500 0.10 253.52 9.5 

0 

33 ‘ 52.24 53.51 149.70 -148.66 08'-Dec-98 322 -172 7.01? 3.950 0 12 269.84 8.1 

34 53.51 54.78 148.66 147.62 08-Dec-98 232 . -169 6.97 4350 0:11 305.56 8.6
ZS
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Table 3.7. Results of organic ‘analyses ‘in borchble 67. 

Zone Date TCE cis- D51? trans-DCE‘ Total PCB"A1'2Z1i=I‘CB’ "I23-TCB 
.. . 

_. Vsa11_1g1e0»V_b (ug/L) (ug/L) (ug/L) (11-g‘/L‘) 

2 30-Nov-98. 7.22 <o.22 <o.19 0.85 2.4 0.81 
3 30-Nov-98 <o.22 <0.22 <0.19 <0.02 0.14 0.05 
6 01-Dec-98 29* <0.22 1 <0.19 <0.02 0.05 <0.02 
8 01-Dec-98 .3.1_8* <.0.2.2 <0. 19 <0.02 

‘ 

0.16 0.05 
10 01-Dec-98 258* <0.22 <0.19 \ <0.02 0.04 <0.02 
11 ~ 02-Dec-98 <_0._22 <o.22 <0.19 <0.02 0.03 <0.02 
12 02-Dec-98 <o.22 

‘ 

<0.22 <o.19 <0.02 0.03 <0.02 
13 02-Dec.-98 <o.22 <o.22 <o.19 . <0.02 0.03 <0.02 
14 02-D-cc-.98 3.-68* <o.22 <0.19 <0.02 0.03 <0.02 
15 02-Dec-98 ’ 

6.54 8<0.22 <0.19 <0.02 0.03 <0.02 
16 02-Dec-98 <o.22 <0.2;2 <0..19 <0.02 0.02 . -<0.02 
17 03-Dec-98 <02-2 <o.22 <0.1_9 <0.02 -0.03. <0.02 
18 03-Dec-98 <o.22 <o.22 ‘<0.19 -<0.02 <0.02 . <0.02 
19 03-Dec-98 <o.22 <0.22 <o.19 <0.02 <0.02 <0.02 
'21. 04-Dec-98. <o.22 <o.22 <o.19 <0.02 <0.02 <0.02 
24 04-Dec-.98 . <o.22 <o.22 <0.19 9 <0.02 <0.02 <0.02 
25 04-Dec-98’ <o.22 <o.22 <o.19 -<0.02 <0.02 .<o.02 
27. 04-Dec-98. <0._22 <o.22 <o.19 <0.02 <0.02 . -<0.02 
29 07- ec-98 <o.22 <o.22 <o.19 <0.02 _<0-.02 <0.02- 
30 07-Dec-98 <o.22 '<0.22- <o.19 <0.02 <0.02 <0.02‘ 

1 31 ,~o7-Dec-9i8 .-<o.22 <o.22, <o.19 <0.02 <0.02 <0.02 
3.3 '08-Dec-98 <o.22 <o.22 .<o.19 .<0.02 <0.02 <0.02 

- 

_ 08-Dec-98 .<0.22 <o.22 <o.19 <0.02 <0.02 <0.02 
Labéiatbry ré's111ts'i'r1di¢até 1115: method blanks contain 3.10 - 3.80 pg/L TCE



Table 3.8. Results of small zone sampling in borehole 56. 
Zone Depth Elevation Date Eh Conduct- Dissolved T** TCE cis- trans- 

(mbct) (masl) Sampled (mV) ivity Oxygen (°C) (pg/L) DCE DCE 
- (mS) (mg/L) (ug/L) (pg/L) 

1 1-2.5 12.6 182.78 182.70 No Flow 
2 12.6 

_ 

12.7 182.70 182.62 No How 
3 12.7 12.8 182.62 182.54 No Flow 
4 12.8 12.9 182.54 -182.46 No Flow 
5 12.9 -13 182.46 182.38 No Flow 
6 13 13.1 182.38 182.29 No Flow 
7 13.1 V 13.2 182.29 182.21 No‘Flow 
8 13.2 13.3 182.21 182.13 No Flow .

. 

9 13.3 13.4 182.13 182.05 25-Jan-99 -123 709 0.07 .10.1 5.14 w w 
10 13.4 13.5 182.05 181.97. 26-Jan-9.9 -73 801 0.15 8.8 w "w w 
11 13.5 13.6 181.97 181.89 26-Jan-99 -125 952 0.18 5.9 w w w 
1.2 13.6 

' 13.7 181.89 181.81 26-Jan-99 -134 1035 0.22 8.9 w w w 
13 13.7 13.8 181.8! 181.72 27-Jan-99 -123 "1002 0.2 8.4 w w w 
14 13.8 13.9 181.72 181.64 27-Jan-99 -123 . 968 0.17 10 w w w 
15 13.9 1-4 181.64. 1.81.56 No Flow 
16 14 14.1 181.56 181.48 No-Flow 
17 14.1 14.2. 181.48 181.40 No Flow 
18 14.2 14.3 181.40‘ 

: 181.32 No Flow 
19 14.3 14.4 181.32 181.24 No-now

_ 

20 14.4 14.5 181.24 181.15 No Flow. 
21 14.5 

" 
14.6 181.15" 181.07 No Flow 

22 14.6 14.7‘ 181.07 180.99 _-No Flow 
23 14.7 14.8 180.99 180.91 No Flow 
24 14.8 14.9 180.91 -180.83 . 28-Jan-99 -128 748 1.35 . 10.3 w w w 
25 14.9 15 180183 180.75 28-Jan-99 -139 780 -0.61 10.5 w w w 
26 15 15.1 18075 180.67 No Flow ‘ 

27 15.1 
' 

15.2 180.67 1-80.58 No Flow 
28 15.2 

, 
15.3 180.58 180.50 No Flow 

29 15.3 15 .4 180.50 180.42 _No Flow 
30 15.4 15.5 180.42 180.34 No Flow 
31 29 29.1 169.35 169.27 28-Jan-99 -189 1227 0.26 10 

32 5 

29.1 29.2 316927 169.19 29-Jan-99‘ -164‘ 102-114 0.04 10.4 w w w 
33 29.2 29.3 169.19 169.11 29-Jan-99 -171 1104 0.04 10.8- 

34 29.3 29.4 169.11 169.02 29-Jan-99 -183 1193 0.07 10.3 
35 29.4 29.5 169.02 168.94 .- 29-Jan-99 -191 1457 0.08 11 

36 29.5 29.6 168.94 168.86 29-Jan-99 -188 1350 0.05 10.8 

179



Table 3.8 (cont.’d) 
Elevation Eh Conduect-— Dissolved T** Zone Depth Date TCE cis- trans- 

(mbct) _(mas1) Sampled . (mV) ivity Oxygen (°C) (pg/L) DCE DCE 
- 

1 

- - 

. (IDS) (mg/L) (Hg/L) (Hg/L) 
37 29.6 29.7‘ ' 168.86 168.78 29-Jan-99 -188 1350 0.07 10.5 
38 29,7 29.8 168.78 168.70 29-Jan-991 -.193 1397 0.12 10.4 
39 29.8 29.9 168.70 168.62‘ 29-Jan-99 -191 1435 0.09 10.3 w w w‘ 
.40‘ 29.9 30 168.621 168.54 01-Feb-99 --183 1047 0.3 1.0.9

’ 

41? 30 30.1 168.54“ 168.45 0.1‘-Feb-99 -196 1036 0.12 10.6 v 

42 30.1 30.2 168.45 168.37 01-F61’)-"9,9 -250 1364 0.07 10.6. 
-43 30.2 30.3‘ 

_ 

168.37 168.29 01-Feb-99 -262 13363 0.06 _10.7 
44 30.3‘ 30.4 168.29 . 168.21 01-Feb-99 -274’ 1412 0.06 10.5 
.45 30.4 30.5 168.21 168.1:_3 02-Feb-99 -204 1485 0.07 110.3‘ 

46 A 30.5 30.6 
_ 

168.13 168.05 02-Feb-99 -224 T 
1 

1622 0.07 10.5 
47 30.6 30.7 16805 ' 167.97 02-Feb-99 -229 1657 0.06 150.5 

48.. 30.7 30.8 167.97 167.88‘ 02-Feb-99 -244 1731 0.19 10.5 w w w 
49 30.8 30.9 167.88 167.80 02-Feb-99 -233 -11848 0.1 1: 1.0.5 

50 30.9 31 167.80 167.72 
A No»Flow — 

1 15.4 15.5 180.42 1 80.34 No~F1ow 
.2 15.5 15 .6 180.34 180.26 No Flow 
3 15.6 1-5.7 180.26 180.18 No Flow 
4 15.7 115.8 180.18‘ 

_ 

180.10 No Flow 
5 15.8 15.9 180.10 180:0] No.F1ow 
,6 15.9 16 180.01 179.93’ No Flow 
'7 16 16.1 179.93 . 1.79.85 NoIF1ow 
8 by .1 16.2 179.85 179.77 10-Feb-99 74 636 0.08 14.2 w w‘ w 
9 16.2 16.3 179.77 179.69 10-Feb-99 ~ 8‘ 656 0.05 12.4 w w w 
10 16.3 16.4 179.69 179.61 No Flow" 
11 

' 

16.4 16.5 179.61 179.53 No.Flow‘ 
12 16.5 16.6 179.53 179.44 "No Flow 
13‘ 16.6 -16.7 179.44 179.36 No Flow- 
14’ 16.7- 16.8 179.36 179.28 No Flow 
15 16.8 16.9. 179.28 179.20 No Flow 
16 16.9 

' 

.17 1179.20 179.12 No Flow 
17 17 5 

-17.1 179.12 179.04 No Flow 
18 17.1 17.2 179.04‘ 178.96 

1 No Flow 
19 17.2 17.3 1378.96 178.87 No:F1ow 
20 17.3 17.4 178.87 . 178.79 NoIF1ow 
21 17.4 17.5 178.79 

' 

178.71 No1F1ow 
22 -17.5 17.6 ‘ 178.71 178.63 No Flow ' 

_23 "17.6 17.7- 178.63 178.55 No Flow
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Table 3.8 (cont’d) 
Elevation

_ 

1 

Date Zone ‘Depth 
b 

Eh Conduct— Dissolved v T** TCE cis- trans- 

(mbct) -(masl) Sampled (mV) ._ ivity Oxygen (°C)- (pg/L)’ DCE DC_E 
V 

' 
« (ms) (mg/L) (112/L) (llg/LL 

24 17.7 17.8 178.55 178.47 No Flow 
25 17.8 17.9 178.47 178.39 No Flow 
26 17.9 18' (178.39 178.30 11-Feb-99 -80 61 :1 0.04 11 w w w 
27 152.4 12.5 182.86 182.78 No Flow 
28 . 12.3 12.4 182.95 182.86 No Flow 
29 12.2 12.3 183.03 

‘ 

182.95 No Flow 
30 12.1 12.2’ 183.1 1 

_ 

183.03 No Flow 
31 12 12.1 183.19 183.11 No Flow 
32 1 1.9 12 183.19 No -Flow 183.27
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’ Table 3.9. Resultsof geochemical measurements in borehole: 56. 

Zone Depth. Elevation Date’ Volume Flow rate Eh Conductivity Dissolved T TCE 
(mbct) (masl) Sampled Purged (mumin) (mV)6 (mS,) Oxygen (°C) (pig/L) 

V 
V (L) — 

_ 

1 

‘(‘mg/L) 
1

‘ 

'R'F«ZONE #1 12.4 13.7 182.66 181.58 23-Feb-99 500 240 205 803 . 0.1 7.9 w 
RT ZONE'#3 15 16.3 180.50 179.42 24-Feb-99 382 350 171 725 0.08 7.2 11.5 
RT ZONE—.#5 17.6» 18.9 178.34 177.277 24-Feb-99 265 3200- -100 454 0.06 9.5 w 
RT _ZONE.#6 18.9 20.2 177.27 176.19 24-Feb-9'9 » 59.0 6500 -83 502 

A 

0.05 9.1 w 
RT ZONE #7_ -22.5 23.8 174.28 173.20: 52‘5-Feb-99 530 200 1:53 .518‘ 0.1% -8 9.86 
RT ZONE#9 27.4. 28.7." 170.22 1—:_69.1,4 25-Feb-99 

_ 
338 

7 

-129 617 0.07 8.1 w 
RT ZONE:#1.1‘ 30‘ 31.3 168.06 166.99 25-Feb-99 420 -27 695 0.08 9.6 6.74 
RT ZONE #12» 31.3 32.6 166.99 165.91 26-Feb-99 ' 186 380 148 1725 0.06 110.5 6.38 
‘RT ZONE #13 37.3 38.6 162.01 160.94 26-Feb-99 87 355 50 A938 0.06 11.2 586 
RT ZONE #14 38.6 '39.9 160.94 1459.86‘ 26-Feb-99 350 225 -6. 994 0.08 '9.6- 5.1.4 

RT ZONE #15 43.4 44.7 156.96 15.5.88 01-Mar-99 60 500 -140 1790 0.09 
‘ 

7.9 3 
RT ZONE #1'7"47'.3 48.6 153.72 152.64 ~01-Mar-9'9 1.52 520 ‘-159 2110 0.08 

1 

7.4 w 
RT ZONE #18 48.6 49.9 152.64 151.57 03-Mar-99 425 

’ 

-1:61 1960 0.07 9.7 1.56 
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Talble'3.110. Results of geochemical measurements in borehole 34C. 

Zone Depth Elevation Date‘ Volume Flow rate ‘Eh Conductivity Dissolved T TC13 
(mbct) (masl) Sampled Purged (mumin) (mV) (mS) ~Ox-ygen (°C) (pig/L) 

8 (L) s <mg1L) 
RT ZONE#2 17.6 18.9 178.20 177.11 10-Mar-99 72 239 897 0.2. 3.8 w 
RT ZONE #3 18.9 20.2 177.11 176.02 10-Mar-99 268 

, 
130 227 768 0.08 4.7 

_

w 
RT 25.3 26.6 171.74 1.70.65 11-Mar-99 66 575 74 1246 0.17 7.9 w 
RT ZONE #5 26.6 27.9 170.65 169.56 11-Mar-99 258 225 -125 1099 0.06 10.3 w 
RT ZONE.#6 27.9 29.2 ’ 169.56 168.47 11-Mar-99 213 475 -149 1590 0.03 11 w 
RT ZONE #7 29.2 30.5 168.47 167.38 11-Mar-99 238 500 -67 1122 0.03 10.4 3.70 
RT ZONE #8 30.5 31.8 167.38 1166.29 12-Mar-99 280 179 81.5 0.11 10.2 4.28 
RT ZONE#9 31.8 33.1 166.29 165.20‘ 12-Mar-99 320 166 860 0.05 10.1 3.98 
RT‘ZONE-#10 31.1 34.4 166.88 164.11 12-Mar-99 "310 -43 1128 0.03 10.2 2.94 
RT ZONE #11 34.4 35.7 164.11 163.02 12-Mar-99 13.5 263 852 2.14 11.3 2.62 
RT ZONE #12 35.7 137 163.02‘ ‘161.93 12-Mar-99 55 1 350 -13] 1-025 0.03 1.2 1.66- 

RT #13 37 38.3 161.93 160.84 15-Mar-99 18 150 -37 1154 l'.42 11.1 3.26 
RT ZONE #15 39.6 40.9 159.75 1.58.66 16-Mar-99 .301 27 1.96 910 0.17 10.2 5.12 
RT #16 40.9 42.2 158.66 157.57 16-Mar-99 83 . -137 1276 0.06» 10.6 0.40 
RT ZONE‘#17 42.2‘ 43.5 157.57 

' 

156.48 16-Mar-99 180 300 -87 1042 0.03 10.5 4.28 
RT ZONE #19 44.8‘ 46.1 155.39 154.30 16-Mar-99 323 300 82 993 0.05 10.2 5.34 
RT ZONE'#20.46.1 47.4 154.30 153.21 16-Mar-99 228‘ 175 13 1039, 0.03 11 5.22
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Table 3.11. Summary of _new Westbay monitoring intervals. 

59 

Interval.
‘ 

Monitor Installation Length Monitor 
” ' ” 

Installation Interval Length 
Date (masl) (m) ‘ Date .. ..(mas1)-._ . (In) 

"6421 19-May-99 145.76 143.63 2.13 67-1. 14-May-99 150.62 148.13 2.50" 
4 

64-2 19-May-.99 149.49 147.00 -2.49 67-2 14-May-99 154.70 .151.85 2.85 
64-3 19-May-99 152.80 150.73 2.07 67-3 1.4-May-99 156.73 155.92 0.81 
64-4 19-May-99 159.44 154.05 5.39 67-4. 1,4-May.-99 159.99 157.95 204 
64-5‘ 19-May-99 164.83 160.68 4.15 67-5 14-May-99 162.84 161.21 1.63 
64-6 19-May-99 170._21 166.07 4.15 67-6 14-May-99 173.83 164.06 9.77 
64-7 .19:-May-99 173.94 171.46 2.49 67-7 14-May-99 175.86 175.05 0.81 
64-8 19-May-99 176.02 175.19 0.83 67-8 1.4-May-99 186.91 177.08‘ 9.83 
64-9 19-May-99 180.58 177.26 3.32 34c-1 18-May-$9 154.38 149.29 . 5.09 
64-10 19-May-99 183.06 181.82 1.24 34c.-2 18-May-99“ 160.25 156.06_ 4.19- 
37c-1 17-May-99 150.45 147.12 3.33 34c-3 18-May-99 1 164.86 161.51 3.35 
37c-2 1'7-May-99 158.64 151.68 6.96‘ 34c4 1_8-May-99 171.15 166.12 5.03 
3703 17-May-99 161.51 159.87 1.64 34c-5 18-May-99 _'174.0j9 172_.41 1.68 
37c-4 ‘l7-Ma’y&99 165.60 162.74 2.87 34c-6 1 18-May-9‘9 177.03 175.35 -1.68 
37C-5 1'7-May-99 168.47 166.83 1.64 34c-7 18,-May-99 -181.22 _178.28 2.94, 
-37C-6’ 17-May-99 172.16 169.70 2.46 34C-8 18-May-99 _l85.33 182.48 -2.85 

37c-7 17-May-99 175.02 173.39 1.64 
37C-8 17»-May-99 180.-35 176.25 4.10 
37c-9 _-17-May-99 182.40 181.58 0.82- 
66-1 12-May-99 147..44 145.74 1.70 
166-2 12-May-99 156.04 148.67 7.37 
66-3 12-May-99 1-59.32 157.27 2.05 
66-4 1'2-May-99 166.28 16.0.55 5.73 
66-5 12-May-99 172.42 167.51 4.91. 
'66.-6 12-May-99 174.47 173.65 0.82 
66-7 12-May-99 1.76.52 1-75.70 0.82 
66-8 12-May-99 185.76 177.75 8.01
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Table 3.12. Comparison of hydraulic head measurements between two surveys. 

Monitor Hydrafilie ,Hy_drau1ic- Change Monitor 
H 

Hydraiflie "Hydraulic Change 
Head Head (m) Head Head (m) 
(masl) (masl) (masl) (masl) 

(Oct-26-94) (Jul-0.6-99),... . 
(Oct-26-94)(Jul—06-9.9.). 

10S9 184.08 184.21 
0 V 8 

0.13.‘ 
W V 

3FS'9N 184.53 185.20. 
1 

0.67 
11A 184.05 1184.39 0.34 3S9S ‘ 186.88 186.98 0.10 
11B 185.60 185.84 0.24 40D 1 7 184.00 183.90 -0.10" 

11C 184.02 184.37 0.35 40S12 184.55 184.33 -0.22 

11D 184.06 184.40 0.34 41S10 184.13 183.92 -0.21 

11E 184.11 184.37 0.26 42S11 184.37 183.78 -0.59 

11F 184.20 184.34 0.14 42S8 185.99 185.97 
_ 

-0.02 

12A 183.83 ' 183.66 -0.17 44S‘11 188.21 189.19 0.98 
12B 183.75 183.61 -0. 14 4487 188.38 

8 

189.25 0.87 
12C . 

183.68 183.56 -0.12 .45D29 184.34 184.13 -0.21 

12D . 1- 183.80 183.64 . -0.16 461926 184.46 184.40 -0.06 

12E 183.99 183.78. -0.21 481326 183.89 183.70 -0. 19 
15S9 183.81 183.83 0.02 ~49D18 184.06. 183.82 -0.24 

16S9_ 185.24 184.66 -0.58 49D27 184.35 184.30 -0.05 

17S9 184.12 183.89 -0.23 
' 49S 1 2 '» 187.91 188.38 0.47 

19S9 184.79 185.06 0.27 1 4S8 187.98 1588.14 ‘ 0.16 
1 S10 183.71 182.89 -0.82 V . 50D30 183.88 183.65 -0.23 

2089 184.52 184.81 0.29 50S14 183.28 182.41 -0.87 

21A 184.49 184.34 -0.16 51 D20 184.01 183.75 -0.26 

21B 184.04 183.63 -0.41 51D28 183.89 183.68 -0.21 

21C 184.24 184.19 -0.05 51S14- 183.83 183.61 -0.22 

21D 184.35 184.20 -0.15 52D19 184.02 182.89 -1.13 

21E 184.55 184.22 -0.33 52D29 183.66 182.52 -1 . 14 
21F 

1 

183.96" 183.75 -0.21 52814 184.19 182.89 -1.30 

22S9 185.98 186.59 0.61 5D19 184.28 183.77 -0.51 

25S 1 1 184.30 
_ 

183.41 -0.89 SD25 183.97 183.72 -0.25 

26S8 185.44 185.46 0.02 SD35 183.97 183.75 -0.22 
2659 184.83 184.89 0.06 SS1 1 184.70 184.23 -0.47 

27OB3 190.19 189.82 -0.37 2 SS 14 183.98 183.72. -0.26 
27S7 186.69 186.62 —0_._07 6D 17 

, 
184.10 183.96 -0.14 

28OB4 189.89 190.24 0.35 6S1 1 
' 

184.55 184.20 -0.35 
28S7 186.03 186.40 

A 

0.37 7D23 184.29 184.14 -0.15 

2889 184.28 184.39 0.1 1 7D26 183.93 183.71 -0.22 

29S12 184.30 
_ 

183.57 -0.73 7S13 186.40 184.99 -'1-.41 

2S9 186.40 185.69 -0.71 7S17 184.09 184.01 -0.08 

30S 14 184.30 183.79 -0.51 . 8D‘1_5 184.02 183.78 -0.24 

31S12 . 184.46 184.17 -0.29 ’ 887 188.09 188.74 0.65.’ 

32S12 184.48 184.15 -0.33 9D 16 183.00 183.75 '0.7-5‘ 

33D16 184.25 184.00 -0.25 9S8 185.96 187.19 1.23 

34D18 184.04 183.82 -0.22 RWS1 183.19 183.26 0.07 
34S 12 184.33 183.85" -0.48 RWS2 183.60 182.67 -0.93 

37D17 184.02 183.79 -0.23 RWS3 183.82» 182.36 -1.46‘ 
37S11 184.19 183.91 -0.28 RWS4 183.74 182.34 -1.40" ‘ 

38D17 183.99 183.83 -0.16 RWS5 184.12 183.28 -0.84 

38S 14 184.23 183.98 -0.25 RWS6 184.26 
’ 

182.50 . -1.76 

391318 183.98 183.83 -0.15‘ RWS7 182.84 182.33 -0.51 

39S13 ' 184.30 184.03 _ -0&7 
. 

RWS8 182.73 18L83 0.10
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