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Appendix A: Reid Exploration Program 

A.1 $uSiA* 

Forty-one geoLogic rings were drilled at designated locations along the 
18-mile alignment (see Drawings 1 and 3, Volume I). In addition 20 borings, 

100 feet deep, were drilled for down-hole placement of geophysical cross-hole 
geophones at ten station locations. The geologic borings varid from 100 to 
400 feet deep, with most being approximately 200 feet in depth, for a total of 

8,491 feet of drilling. 

Drilling arid corin4 Of the 61 bOring's took place Stwóefl Dethither 1, 198Q, nd 
March 17, 1981. Although three additional borings were added to the program 
(including a 400-toot continuous hard rock NX core hole) wiTh no schedule 
extensions, The program was successfully completed 14 days ahead of schedule. 
Sample and core reCovery from the 41 geologic borings was very good. Sample 
recovery from the Converse ring Split Spoon and Pitcher Barrel samplers col- 

lectively averaged 78%. A total of 1,649.6 feet of NX coring was performed in 

nine borings using wire line and conventional 10-foot Christensen double tube 
core berrels, and core récovéry avenged 92%. 

Included in This Appendix are the following: 

o Original Field BorThg Lggs (420 sheets), 

° Symbols Used On he Boring LO for tfeSømpliñg and Drilling Mode, 

Colored Phôt'otaøhs (figuies A-I throlugh A-38)1 

o 
Suththary of Boring Data (Table A-I), 

o Correlation of Soil Data Obtained in The Field (table A-2), 

o Defiiition of Engineering Geology Terftis used in the Boling Logs (Table A-3) 

o Water Pressure test Sumarly (table A-2)1 

o Groundwater Monitoring Summery (Table A-3). 

A..2 RRY WASH Mw wE LINE CoRING 
A.2.1 Technical StaH 

Members of three team firms par 

from conception to completion. 
project inclUde: 

Howard A. Spe I Iman 

Riepard C. ardipg 
Tim J. Manzagol 

Johh 0. Gallinatti 

Daniel R. Gillette 
Eli±abeth L. Schoeberlein 

Steven Slaff 
Stephen M. Testa 
John A. Campbell 

C) 

tici.pated in the dri I ling exploration program 
CwDD/E$A/GRC rsOnnel who worked on This 

- Project Manager1 CWDO 
- Assistant Prbject Maliager, ESA 
- Field E*ploration M6riaer, ESA 
- Field Geologist, ESA 
- Field Geologist, CWDD 
- Field Geologist, GRC 
- Field Geologist/Permitting, GRC 
- Field Geologist, CWOD 
- Permitting/Site Service, CWDD. 
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The field geologist continUOusly supervised each boring during The drilling 

and sampling operation. The geolist was also responsible for preparing a 

detailed lithologi.O lOg 01 the rñtary *ah cuttings and for sample/core 
identification, labeling and storage of al l samples. At the ten station. 

locations where two additional 100-foot-4eep borings were drilled (15 and 30 

feet respectively fran the saitipled ologic borings), the site geologist also 

prepared lithologic logs from The wash cuttings for These two additional geo- 

physical cross-hole gebphone holes. These logs have not been Included In the 
appendix; however, They are available upat written request from The Converse 
Ward Davis Dixon dfficé in Pasadena1 all.tornia. 

The field geol.ogit supervise d äl I water pressure tests; noted all meter read- 

ings; and was responsible for the timel9 :and proper installation of the 

piezneter pipe, gravel pack and bentonite seals. 

A.2.2 Drilling Contractors and Equipment 

Pitcher Drilling Company of East Palo Alto1 alifbrnia, supplied Three Fall- 

Ing 1500 rotary wash rigs, each operated by a two-man crew. For the hard rock 
reaches of the all9nments, near The flarik* hd the interior of the Santa Man-' 
ica Mountains, a CME-55 wireuine core rig owned &Id Operated by P.C. Explora- 
tion, Roseville, California, was used. Although Pitcher Drilling Company was 
hired specifically to drill and sample the alluvium and soft formation reaches 
of The alignment, They did a minor amount of NX cOriiig Ip Bcrings 34 and 35 

using a conventional 10-foot Christensen double tube cOre barrel. 

P.C. Exploration was contracted to diamond-cbS the hard rock tormation; 
however, near ground surface in the Santa Monica MOuntains, where pOor rock 

quality did not permit succesful core rècoveny, they successfully sampled 

using a Pitcher Barrel sampler. 

A.3 SOIL, SOFT GfiOUND AND HARD ROCK LOGGIG AND SAMPLING 

Three types of rotary drill/sampling pi-ocedures were completed over the 

18-mile-long subway route. They were completed at me folloving locations; 

o sOft ground tunnel reaches, 
° station locations, 
o hard rock tunnel reaches. 

A detailed description of each drilling and sampling procedure follows: 

çft Ground Tunnei Reaches 

Twenty-five of the 41 borings 
tunne I reaches of the route. 
these borings were sampled in 
SDllt spoai driven with a stan 

drilled were located along the soft ground 
As .speclf led in The CWDD/ESMGRC proposal, 
overburden every 10 feet, using a standard 

dard 30-inch-stroke1 140-pound hammer.. 

CWDD/ESA/GRC 11-2 
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At each 2ofoot Interval, prior to sampling wiTh The split spoon, an 

undisturbed Converse ring sample was obtained using a down-hole 450-pound 
slip-jar hammer. At These 20-toot intervals, The Converse sample was 

immediately followed with The standard split spoon sample. 

Where the soft Puente/Fernando Formations were encountered, The borings 
were either sampled wiTh a Pitcher-Barrel or cored continuously to total 
depTh. The choice of using The Pitcher Barrel or NX core barrel was made 

by The driller and the site geologist depending upon ground conditions 

encountered. 

Where continuous Pitcher Barrel sampling was performed in The softer 
Puente/Fernando Formations, all samples were extruded in The field, 

cleaned, logged and boxed - except for every sixth tube which was capped, 
taped, labeled, transported and stored vertically for undisturbed sample 
testing In The laboratory! Thl.s sampling procedure was modified at The 
discretion of The geologist when borehole conditions were poor. 

The nost canmon cause for altering The sampling Interval was when graels 
were encountered at The desired sampling depTh. Standard penetration blow 

count Information can often be misleading in This type of formation, and 

It is difficult to recover an undisturbed sample. Therefore, borings were 
advanced tmti I drill response and cuttings suggested a change in forma- 

5 t I on. 

The sampling program was also modified when dense formations of young and 
old alluvium were encountered and The Converse sampler would not pene- 
trate. The Pitcher Barrel sampler, superior in This type of soIl, was 

substituted for The Converse sampler in order to obtain better undisturbed 
samples. 

Station Locations 

One boring was located at ea& of The 16 proposed station locations where 
a more intensive sampling program was performed. The standard penetra- 
tion test (5FF) interval (using a conventional split spoa sampler) was 
decreased to every 5 feet and performed through The entire depTh of The 
boring or until continuous bedrock sampling began. Similar to The tunnel 
location program, an undisturbed Converse ring sample was taken at 20-foot 
intervals, followed by tile split spoon. When The soft Puente/Fernando 
Formations were encountered, the borings were either sampled wiTh a 

Pitcher-Barrel or cored continuously to The desired total depTh. This 
sampling was procedure modified when bore hole conditions, similar to 
Those described above, were poor. 

At 10 of The 16 station locations, geophysical downhole and crosshole 
surveys were performed. This procedure involved drilling two additional 

borings In line wiTh, and spaced 15 and 30 feet fran, The geologic bor- 

ing. It was not possible to canplete These borings as groundwater obser- 
vatlon wells because The 4 7/8-inch In diameter geolyliole was reantd to 
7 Inches, and 100 eet of 4-Inch PVC casing gróUted in place. However, 
special attention was given during The actual drilling operation to 

obser$ fugitive groundwater conditions-. Drilling fluid levels were 
usual ly ñotéd each morning priOr tO rig stärt-ti, an4 The nciture cthtent 

U 
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of samples was noted. Where scheduling permitted (as in the case of sta- 

tion locations 7, 15, 18, 24, 28 and 34), The borings were left open over 
The four to five-day drilling break, and water levels were checked prior 
to canmencement of the new work shift. 

Since The two additional geophàne holes also hat to be cased and grouted, 
It was not possible to canplete these as grouü.dwater monitoring welts. 

However, it would be possible to return to These sites at a future date 
and perforate The plastic casing using a wire-line perforation gun to 
transform the holes Into monitoring wells. 

Hard. Rock Tunnel Reaches 

Along the Reach through The Santa Monica Móuhtains (Borings 29 through S 
35), harder, more resistant, bedrock of the TdØàngä FOrS fiat was encoun- 
tered.. Qverburden and weathered bedrock wrè typical ly Thin in all bor- 
ings, except in Boring .35 where alluvium was ovet 120 feet Thick. 

The previously described sampling procedcAie were followed in The over- 
burden portion of The borings. However, since The CME-55 core rig was not 
set up. to sample with the Converse sampler all unditutbed saMples were 
obtained with a Pitcher Barrel sampler. 

When The harder more resistant bedrock was encountered, coñtiAuous NX cor- 
ing was carried out. All core was logged In detail by The site geologist, 
labeled, and boxed. This core is stored at Converse Ward Davis Dixon's 
office In Pasadena, California. 

With the exception of Boring 34, a cross-hole location, all hard rock bor- 
Ing locations were canpleted as groundwater observation wells wiTh .2-inch 
peforatCd plastic ABS casing. 

A.4 LIHOLOGIc LOG 

A.4.l Field Classification of Soils. 

All soil tpes were classified in the field by the site geologist Usiig The 
"Unified Soil Classification System".. Based on The characteristics at the 
soil, This system indicates The behavior of The soil as an engineering con- 
structiø!l material.* Although particle size distri:bution estimates were based 
at volume rather Than weight, The field estimates should fall within an 

acceptable range of accuracy. 

Table A-2 show the correlation of standard penetration Information and the 
physical description of The consistency of clays (hand-specimen) and the can- 
pactness of sands used by the field geologists for describing the materials 
encountered. 

*For a more ca'riplete discussion of The Unified Soil Classification System, 
refer to Corps of Engineers, Technical Memor'andum No. 3-357, Match 1953, or 
Department of the Interior, Bureau of Reclamation, Eafrth ManUal, 1963. vs 
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. 
The following .symls were used to indicate The type of sample and the drill- 

ing mode: 

Log Sample 
Type of Sampler Symbol Tyoe 

Bag - 
J Jar Split spoon 

C Can Converse ring 
Shelby Tube Pitcher barrel 

Box Box Pitcher barrel, core barrel 

Log 
S vmbo 

AD 

fl 

JR 

L 
DriJlIng Mode 

Augerdrli.l 
Rotary drill 

Pitcher barrel 
Split sPoonT 

Converse drive sample. 

Coring 

A.4.2 Field DescriptIon of the Formations.. 

The description of the formations is subdivided in two parts: li1ttology and 

physical condition. The liThologic description consists of: 

o rock nane; 

cblor of the wet core Cfran GSA rock color chart).; 
mineralogy, te*tural and structural features; and 

° any other distinctive features which aid In correlating or 
Interpreting The geology. 

The physical condition describes The physical characteristics of The rock 
which are Important for engineering design consideration. The form for the 
description is as follows: 

Physical condition: fractured, mininiurn 

maximum thótly ______________; hardness, 
strength; weèthered. 

Definitions of engineering geOlogy terms used on The boring logs are given cm 

Table A-3. Cne or more of The physical characteristics may change with The 
depth Of the hole. After the rOck was deEcribed in general, only Those char- 

O acteristics that changed and The pprbpriate dëñTh Interval were nOted. 

cWDb/is*i ORG Il-S 



A.5 WATER PRESSURE TESTING 

Water pressure tests were performed in 16 of The 41 geology borings. The test 
data obtained in The Santa Monica Mountains Reach of the alignment are acre 
reliable th6n those obtained in the Puente and Fernando Formations. Harder 
rock of The Tdpanga Formation (Santa Monica Reach) allowed better seating of 
The packers; hence, higher pressure tests and more accurate meter readings 
were obtained. 

Simi lar results were obtained using both ieumatic and push packers in the 
Puente and Fernando Formations. Because of The more massive and clayey nature 
of the Fernanco Formation, slightly better data were gathered. The tine sand 
Interbeds of the Puerité Formation tended to wash out around The packers at 
pressures between 20 to 40 psi. However, enough reliable data were obtained 
to demonstrate that both the Puenté and Fernando Formations are very tight 
and, in almost all cases, woUld take less than I gpm over a 20-foot test 
interval at 40 psI. 

It Is anticipated That the greatäst water Inflow fran These two soft 
claystone/siltstone formations will occlur along fault planes and along the 
hard-cemented concretlonary bedding planes encoUntered li a nUmber of The 
borings. Flows fran These zones áró áAticipated to be on the order of 1.0 gpm. 
Marginal success was achieved when attempts were made to double pack across 
sane hard-cemented zones. Packer leakage during these selective tests allowed 
only estimates of actua.l water loss to the formation. The tests did suggest 
water losses In the range of 2 to 5 gpm at 20 to 40 psI. 

The Topanga sandstones, conglanerates and tàsalts had very little to no water 
take. Exceptions were the upper portion of Boring 30 Plth averaqed 25 gpni in 
a 60-foot test interval at 100 psi and Boring 31 which averaged 26 gpth in a 
ISO-foot test Interval at 60 psi. Both borings are adjacent to The Hollywd 
Bowl Station and are located in The HollywOod faUlt zone. 

Table A-4 summarizes, by boring and associated depth intelrvals, all field 
pressure tests performed. 

A.6 GROUNDWATER MONITORING 

A total of 6,047 lInear feet of 2-inch plastic ASS pipe was installed in 31 of 
the 41 geology borings. In addition, 905.5 feet of 1 inch PVC plastic pipe 
was Installed in 11 of 31 borings to monitor perched water levels. Table A-5 
summarizes (a) data obtained fran the geology borings which were completed as 
groundwater observation wel Is and (b) The most current water level readings 
obtained prior to publication of the draft report. 

A.6.I Piezometer Installations 
there possIble, 2-inch ABS pipe was instal ted to the totaJ depTh in31 of the 

41 borings for permanent grOUnd water monitoring. The remaining 10 geology 
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C 
bOrings wórè cross-hole Station sites which required grOuting in 100 feet of 
4-inch diameter PVC casing. Duriig the drllllnô of these 10 geology borings, 
groundwater mthitoring waS performed prior to butlng and casing. Drilling 
fluid levels were noted most mOrnings prior to drilling tart-up, and most of 
the holes were left open durlAg The four tO five-day breaks. Upon return from 
the breaks, The geologist would note The fluid level in The boring. This 
"fugItive" information also appears in Table A-S. 

PrIor to installation of the piezometer pipe, the boring was flushed clean of 
drilling muds by lowering a weighted 2-Inch diameter hose to The bottom of the 
boring. Fresh water was drawn from either nearby metered fire hydrants or 

from water transported and pumped by The drilling equipment. The plastic pipe 
was perforated with approximately 1/8 inch wide by 1 inch long sawed vertical 

'C, slots spaced 6 to 8 inches apart. The perforated portions of the pipe were 
wrapped with fibrous nylon cloth to minize sand flow with time into The 
piezaieter. 

After installation of The piezometer pipe, the annulus of the boring around 
the pipe was backfi lied with a coarse sand/pea gravel aggregate. When double 
piezaneters were instal led In a boring, the two piezometers were separated 
vertically by a 3 to Sfoot seal placed below The upper piezometer and above 
the highest perforation of The lower piezometer where an impermeable SI It ár 
clay unit was encountered. The seal consisted of manufactured, compressed 
bentonite tElls. For unknown reasons, several of These ntonite ball seals 
proved Ineffective; hence1 only the upper perched water levels in These bor- 
ings could be monitored. Although double piezometer installatiais were not 
specified in The igInal RFP, the CWDD team conducted an experiment at select 
locations alatg The proposed alignment in an attempt to monitor geologic cai- 
ditiais which suggested multiple water levels. For future double piezometers 
another type of seal shou l.d be used. 

A 1 to 5-foot tbick surface bentonite seal was placed on all mS itoring holes 
to prevent surface water from artificially recharging the gravel-packed hole 
or contaminating local ground water. After The le±orSters were installed, 
the borings were flushed using air lift provIded by a trailer-mounted aft corr 

pressor. Each boring was covered with a standard 7-inch diàtheter steel water 
rioter p held at surface grade by a grouted in-p!a 3 to 4-foot lOng, 5-inch 
diameter plastic sleeve. 

S 
0 

A. 7 CORE PHOTOGRAPHY 

Photographs were taken of all extruded Pitcher Barrel samples of The Puente 
and Fernando Formations and NX core fran the Santa Mountain Reach 
including a small amount recovered fran The Fernando Formation claystone at 
Boring 7. All photos, as presented on Figures A-I thr4gh A-38, weretaken by 
CWDD staff In a temporary studio at CWDD's Pasadena office. To fad litate 
identification, large labels bear the oumber of each ring as wellas the top 
and bottom depth intervals for each box. 

CWDD/ESA/QRC 11-7 
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TABLE &I S.ry ci Iloring Data 

ueptb UI Fat it s%-a" srsc,nn9ltteusnacotury __ft.!!'J_"s.__ 4t.s Ani,? ci asinj4 Itt,-tailed 
Hole In in DepTh Oapti, llwsbar ol Sa.J±jus/i HecOvnrt Do-n .nns instil lad Last Natural Cae.i '° -1tt-- Soil lock Itt) (It) ----- Hole lola IipIh Ueptlu lntorvals bas 

:t80 
Piuzoeator nriI.i;i7;: 

150 149.1 292 119.9 - !25 01/Th 1/61 40/89 0/- nO no yes 0-149.1 90-110 Ymca - - 149.9 - - Single 

2 IOU 101.0 12.0 88.0 - 105 02/33 0/- 30/91 0/- no no 'es 0-Il)) tan porloreid Yua - - 100.0 - - Sln2ia 

3 ISo 150.6 88.0 61.5 - 1011 09/61 4/65 IS/OS 0/- no no- yes 0-130.6 Hot perlom.ad Trace - - 150.6 - - Single 

4 lQ IsO!0 101.5 40.5 - 80 07/31 I/DO 17/96 0/- no no yac C- 153 Dot perlcree,s lracn - 150.0- - - Single 

5- ISO 150.0 . 84.2 654 55 - 03122 1/110 26/78 0/- yes yes no - tot prIcre.d No lOG 200 - - / - 

6 ISO 150.2 19.0 71.2 - 50 iYd/b4 2/? 26/84 0/ no rio yi 9-151 Dot rirlomnad Tr,ta. - - 153.1) - - SIn1Iu 

7 ISO 200.5 18.0 Ibl5 75 - 10/el 3/86 36/89 9/69 yes yes no - 80l05 :40 10') 200 - - - 

8 2(11) 202.4 121.5 644.6 15 - 20169. 6/61 2//19 0/- )0s no yas 0-201_I itt parloneid Trace - - 102.1 - - Slr21e 

9 200 200.0 51.5 143.2 61) - 08/65 3/33 52/98 0/ yeS 110 
0-60- 62-3' 

- 200.0 60 - Double 0-200 82-102 

JO 2131 202.0 22.5 119.5 - 165 03/46 2/00 61/12 0/- no no yes 110? p.rlâr.ed Trace - - 200.0 42 - libIe ............................... --.-- c--------..--- 
II 200 201.1 20.0 180.2 60 - 04/100 i/lW 63/92 0/- yes yes no - 35-55 - Yes IX 2(10 -- . / - 

55-75 

Il 2J) 200.1 32.0 160.1 - 95 03/62 1/80 60/95 0/- no no yes 0-200 1101 perloread. Trace - - 20) . - Single 

IS 200 200.0 33.0 167.0 60 - 05/46 1/00 66/92 IW- yes yes no -- - 

14 2(3) 199.6 30.0 169.6 60 - 05/69 2/50 60/92 0/- yes no yes 100-120 i4 - - 200.0 30 - Doable 

72-92 
iS 211) 2(10.0 90.0 110.0 65 - 16/133 1/89 44/34 0/' yes yes rio - 95-115 Trace tOri 200 - - - 

- ..................... 
15 2(X) 199.2- 85.0 111.2 10 02/100 0/- 60/34 0/' no no yes slot jnrlommaj lb - - ZOO. 80 - rbIe 

II 200 200.9 3841 162.9 - 145 04/97 02/100 58/138 0/- no no yes 0-200 140? parloreod lb - - 200.0 - . - Single 

lB 2110 200.6 64;9 113.6 80 - 12/96 03/100 42/62 0/- yes yes 110 Trace 100 200 - - I - 

19 20(7 209,0 6641 143.0 - 455 08/87 04/59 -50/82 0/- no no yes 0-200 hot perliread Toe 200.0 - - Sing!! 

60-lOG 
20 21)0 192'S 109.7 62.3 943 - (3/88 01/79 43/82 0/- yes yes no - i00.121) Trace 100 200 - - / - 

-------- ----- ----- ------ -- --------- - ......... - ------ -. 
-Prcposah " Actual. 

f Two 9SO9SIOIO holes. 
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!°.t i.t.t StaIia. l..snsl' 5.piIng/Cc.cl4o.jry _il((!I!tAC.._ Wator a C_islnj loit_illed Hot, TOS.I Ilur$ 
110 Soil Rack Ill) III) E9iW Wii n hole Hole Depth plh, intervals On and Piezo.e.ter 

21 200 200.0 147.5 51.5 - ISO 11/95 04/88 30/89 0/- no no .s (lot pirlors_id - - 200.0 110 - 0c.ibi. 

22. 21._i) 2(13.3 110.0 60.0 - - 155 lI/SI 04/95 13/74 0/- no no us 'lot perI.ne,d Tue - - 200.0 129 - Doublo 

23 200 100.7 l220 78.7 8') - 19/91 10/190 fl/Ho 6/-- us no y.s 0-20) lot psrl.rn.4 Tee - - 200.0 - - SIngle 

236 200 417.5 194.2 19.3 - - 19/93 39/91 01/lOG 0/- e$ no y.s 0-217.5 'lot perlorm_id Truc, - - 217.5 - - SInglu 

24 :200202.5 2025 0.0 60 - 39/85 10/79 0/- 0/- yet y no - iiOlpurlol-lbd No I® 200 -. - / - 

25 21$ 202.3 202;s 0.0 - ISO 20/85 10/87 0/- 0/- no no ye.. 0-200 Hot purlonwd lb - - 21$ - - Single 

26 200 209.5 196.0 11.3 - ISO 49/76 07/91 04/64 3/- a, .0 . Hot perla...d lb - - 200.0 06 - Double 

27 200 201.0 201.0 0.0 - 125 18/90 03/100 06/80 0/- no no yes 0-200 Hot psrlo.med In - - 700.0 - - Single 

28 200 202.0 202.0 0.0 75 - 39/64 10/85 0/- 0/- yss pit no - Hot per!oteed lb 100 200 - - - 

26A 211) 217.5 61.6 155.9 . - 00/ 0/- 6/90 0/ no no ss !bt perlonsed lb - - 217.5 40 - Doable 0-2195 

-29 206 209.0 20.5 169.3 135 04/77 00/00 4/41 37/96 yes no yes - 205.5 38.5 - Uouble 

30 250 251.0 45.0 2th.0 ISO 34/87 Wi/DO 0/- 65/94 no no psi 0-125 lb - - 175 - - Single 

-SI 30) 500.0 0.6 299.4 80 03/62 00/00 0/- 95/91 yes, no y.n 0-180 lb - - ISO - - Single 

32 403 308.6 4.5 394J - 275 01/ 0.1/03 4/92 68/95 no- no yes 0-398.6 lb - - 396.6 - - Single 

32A 403 391.7 174 374.9 - '360 00/ 00/00 0/- 92/95 no no us 0-591.7 278-391 Pb - - 391.7 - - -Slngb, 

33 220 220.6 38.0 182.8 - 145 03/ 00/00 3/82 16182 no no yn- lb - - ISO 40 - Do.ibl. 

34. 240 200.0 50.5 149.5 70 il/Wi 03/83 37/93 4/lOG yes poe no - Not perlor.nd 110 100 206 - - / - 

35 2130 198.0 120.5 77.5 - 125 12/62 06/95 7/80 15/82 no no es lb - - 250 - Doable 

36 203 :206.7 206.7 0.0 - 125 18/ 09/00 06/66 0/' no no ye. 0-201 lOt perlo.w.d ho - 20) - - SIngle 

37 200 202.0 202.0 0.0 .- 120 20/63 10/IS 0/- 0/' no no yes 0-200 Intparfor.sd Ho - - 200 - - Single 

38 200 20(.1 201.5 0.0 - 65 21/61 05/65 Q7It8 0/ yes no pse 0-200 lOt poriors.6 Ho - - 2110 - - SIs.gt. 

Proposal. 
C' Actual:. 

Two geophois holes. 
P.rtord ast no date glien. 
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TABLE 4,2 Correlatla, of N-Values and Consistency/Compactness of Soif Obtained in The Hold 

(blows/foot) (clay. only). (clay or slit) 
I 

(sand a,iy) (blows/toot) 
O- 2 WIll sgueeze Stáen fingers when hand Is closed Very soft Very loose C - 4 

2 - 4 Ens) iv tided by firloers - - - Soft 
I 

Loose 4 - 10 

4- 8 Moldo4 by strbnQ pressure of fingers Firm. 
I __________ - 

$ - 16 Dented by stron. pressure of. fingers Sti ft 
I 

Medium dense 10 - 30 

.16-. 32 Dented Sily slightly b finger pressure V!ry stiff Dense 30- 50 

32+ Dented only sHitivby.orcti-polnt. Hard 
I I Very dense 50+ 

dWDo,EuioRc 11-10 
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TABLE #3 Bedrock Description Terms -. 

PHYSICAL. W40lt10N SIZE RN REMARKS. 

Crushed -5 mIcrons to 0.1 ft Contains clay - - 

Intensely Fractured 0O5 ft Pd 0.1 ft confains no cla4 

Closely Fractured 0.1 ft to 0.5 ft -_- 

Modeëately Fractured 0.5 ft to 1.0 ft 
Little-Fractured- - 1.0 ft--to 3.0- tt ------- - - - 

Massive 4.0 ft and larget 

& ItRONESS' 

Soft - Reserved for plastic materIal 

Friable - Easily crumbled or reduced to powder by fingers 
Low Hardness - Can S gouged deeply or rved with pocket knIfe 
Modorately Hard - Can S readIly -scratthed by a knife blade: scratd. leaves heavy trace of dust 

- - - - 

Hard - Can S ssatchád with difflcUlty sèratdi ñroducas little powder & Is Ottin faintly visible 
Very-Hard - -- Cannot S. scratthedwi.tfl-kni.fe.blade - -. _____ 

STRENGTH 

Plastic - Easily deformed by finger pressure W Friable - Crumbles when rubbed with. fingers 
WOak - tMtractured outcrop wald crumble under I Ight hanrer blows 

Moderately Strong - Outcrop would witflstand a few firm hanmier blows before breSklng 

str Outcrop would withstand a few heavy ringing hanmsr blows but would yield, with dIfficulty, 
oily dust & seal I trageents 
Outcrops would resist heavy ringing hanmar- blows & will yield with ditficulty, oily dust ery aig .... 

WEATHERING DEV0SITION DISCOLORATION FRACTURE CONDITION 

Moderate to cailpiete alteration of 
Peep Deep & thorough 

All fractures. oxtensively coated 
minerals. feldsôars altered to clay, etc. with oxides, carbonates, or clay 
Slight alteratiOn of minerals, cleavage Moderate or localized 

Moderate surfaces lusterless & stained & lntensp Thin coatings or stains 

Little - No negasâoplc Olteatlói In minOrals Slight & intermittent 
& localized Few stains on fracture surfaces 

- 

Fresh - Unaltered, cleavage juiface l istOn ing Nail 

Jolnts and fractures are considered th sans for physical description, and both are referred to as "fractures"; 
however, mechanical breaks caused by drilling operation were not included. 

"Scale for rock harWiess differs fr, scale for sOIl hardnCss. 

. 
6 

CWDD/ESA/GRC Il-Il 



TABL.E A-4 Water Pressure Test 

DepTh f Duration Ajera e Ooring Section Tested Pressure of Test Flow Remarks 
No.. Ut) (psi) (nit) (gpm) 

...Igt. .Botton 
90.0 110.0 10 Packers would not seat 

107.0 127.0 10 Packers would not seat 
110.0 130.0 10 Packers would not seat 
116.0 136.0 20 Packers would not seat-- -_ 

7 80.0 105.0 10 5 0 
80.0 105.0 20 5 0 
80.0 105.0 40 5 0 
80.0_105.O 60 5 0 

9 82.0 102.0 20 4 0 
82.0 102.0 40 5 0.1 
82.0 102.0. -60- -- -: - Packer seals wàuld not hold 

62.0 82.0 20 5 0 
62.0 82.0 40. 5 0.1 
62.0 82.0 60 5 0 - 

II 63.0 83.0 20 5 1.0 Natural artesian flow made packer 
63.0 830 40 5 1.0 leakage. estimates difficult 
630 83.0 60 5 1.6 

80 5 1 .6 

55.0 15.0 20 5 - 0.6 
55.0 75.0 40 5 0.7 
55.0 75.0 60 5 0.9 

_22a 75.0 80 5.. -0.8- 

35.0 55.0 20 5 04 
35.0 55.0 40 5. 0.9 
35.0 - 55.0 60 5 1.3 

80 

13 1!1.0 131.0 20 5 0 
40 3 0.7- Packer-i slais let loose 

51.0 71.0 40 5 3 
51.0 71.0 60 5 0 

_____ - 80 Packer--seals -would .nothoid. - 

14 100.0 120.0 20 -3 0.1 LeakIng 1/4 gal/mir. 
40 - - Packer seats would not hold 

- 

55.0 20 - Packer seals would nOt both 

65.0 20 - - - - Packer seals would not hold .42S 
90.0 20 - - Packet slats wOuld not hold 

25 .19Q 120.0 20 - - - PckstseaIs.would not-hold 
95.5 115.5 20 5 0 FormatIon hOld water at 20 psI 

40. - - Packet sóals would nc? hold 

71.0 91.0-j 40 5 0 
71.0 91.0 60 5 0 
11.0 91.0 80.- 5 0 

18 100.0 20 -- - Packer seals would not hold 

J.JjQ flj 20 Si 

_____ 20 0.33 27.6 

.20 120.0 140.0 20 0 
10.O 140.0 40 . 5 0 

- 

60 - - Hole washed our around packer 
13.Q 120.0 20 5 0 
100.0 120.0 40 5 0 
100.0 120.0 60 5 0 

- i.2a 80 - - Test aborted; toO mud fluctuation 

.EQ0 10 - - Test aborted; packer let loose- at 435 500-&-650 psI 

- CWDD/ESA/GRC I H 2 



TABLE A-4 Water Pressure Test (continued) 

Depth ot Duration Men e Boring Section Jested Pressure Flow Remarks 
No. Ut) (psi) (mm) (gpm) S2sot-ton: 

29 110.0 130.0 30 5- 0 
110.0 130.0 50 5 0 
110.0 130.0 80 5 0.2 
130.0 150.0 30 5 0 
130.0 150.0 50 5 0 
130.0 150.0 80 5 0 

.U. 100 5 0 

310 70.0 __130.0 20 5 0 
70.0730.9 0 5 0 FormatIon fractured 
70.0 130.0 60 3 0.9 

a jjO.o 700 5 28 PossIbly hydro-fradtured torniatia. at 100 psI 

130.0 251.0 20 5 02 
730.0 251.0 40 5 
130.0 231.0 60 -3 0 
l30.0151.0 .100- 3 -0 . . - 

31 138.0 300.0 20 5 1-7.2 Fractured rock -. 

- 

738.0 300.0 40 5 20.4 
738.0 300.0 60 5 29.0 

51.0 38.0 20 5 1.8 
57.0 138.0 40 3 11.6 
jJQ. ilQO -60 5 22.6 

32 340.0 360.0. 10 5 0 
540.0 360.0 50 5 0 . 
340.0 360.0 100 .5 0.1 

iQ 140 2 
- 

3Z0.0. 340.0 10 5 0 
320.0 340.0 50 5 0 
320.0 340.0 100 5 0.2 

32A 275.0 390.0 25 3 0 
278.0 390.0 60 4 0 
275.0 ajo 700 3.5 0.1 Due to rod ieakaae 

33 :- 740.0160.0 70 .5 0 
140.0 160.0 20 .5 0 
14.t160;O 0 5 0 
140.0 _J60,0 60 5 9 
.140.0. 160.0 --*00- - - 5 0.6- . - 

o 120.0 140.0 10 5 
120.0 140.0 20 5 0 
129.0J40.0 40 5 0 
720.0 .140.0 60 5 0 
U0.0 W0.0 100 5 1.6 

35 12S121Q 0 - - Packer would not seTat - 

159.0 181.0 0 - Packer would notseat 

--I 

0 
CWDD/ESA/GRC 11-13 
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TABLE! A-S G.-oundwater Monitoring Sunmary 

DenTh Depth Date of 
H I S 

Pipe Pipe Date water 
Oianoter Depth Depth wa-r water ni Remarks 

(In.) Ut) Itasured (tt) 
m 

________ 06/_Il/al - -- 

2 249.2 03-10-81 26.0 24.5 02-19-81 Perched water 

2 2 130.0 03-l0-81 13.5 13.5 02-19-81 Pipe has Ill led with a heavy oil/tar 

3 2 150.6 03-10-81 33.1 33.0 02-19-81 

2 150.0 03-10-81 30.0 29.7 02-19-81 

S crosshoie -- Boring grthted; data obtained during 
....L.... 

6 2 250.0 03-17-82 19.5 21.0 02-20-81 

7 crosshoie 12-18-81 
Boring grouted; data obtained during 

8 2 202.1 03-07-81 105.7 112,5 * 

9 2 200.0 03-07-81 53.0 53.5 02-23-81 Beotmite separatIng plug inettective 

9 I 50.0 33-07-81 51.5 52.5 * 

10 2 200.0 03-22-81 27.2 25. Bentonite separating plug Ineffective; 

10 1 42.0 03-22-al 22.7 22.9 02-23-81 Reads perched wal* 

II crosshàli - -- ---- 01-31-81 Artesian 

12 2_ 200 0 03-22-81 14 5 16 I 02-18-81 Reads perched water 

TIcro-sshole - 0130-.81 T L- Boring grouted; data obtained during 
! 

14 2 200.0 03-22-81 24.7 24.5 02-18-81 Bentonfte separating plug ineffective 

14 I 30.0 03-22-81 21.7 25.0 * Roads perched water 

IS crosshole - 01-27-SI ----- data obtained during nTOJte 

16 2 200.0 03-29-81 35.2 02-18-81 
Bentonute separating plug Ineffective; 

26 1 80.0 03-29-81 35.2 02-18-81 

17 2 200.0 03-29-81 24.9 02-18-81 Reads perched water 

IS crdsshol - 01-26-SI 15.0 ------ 0 data obtained during 

19 2- 200.0 03-29-81 12.6 ------ 02-20-81 
L:e 

lIed with a heavy tar/oil 
- 

20 &roisholi oi-i-si ------ * Boring routed; data obtained during - drillIng 

21 2 200.0 03-25-SI 209.! 1093 01-07-81 Deep aquifer 

21 3/4 110.0 03-25-81 16.5 14.0 01-07-81 Perched water 

Not sampled 

CWDD/ESA/GRC 11-14 
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TABLE A-S Groundwater Maiitering Suomiary (cmtinued) 

bepm DeTh Date of 
Hole Pipe Pipe Date to Meter 

Oiameter p DeØh water a!e Quality Remarks 
(in.) (it) Measured (fV 

06/11/81 

2 2000 - 36 5 02-16-81 011/tar seepageinto pipe; accuracy o 
water level uncertain 

22 3/4 129.0 03-25-81 15.6 11.5 02-16-6% Rea4s perdted water 

23 2 200.0 03-25-81 7.3 02-13-81 Perched water 

23A 2 217.5 03-25-81 21 .2 -'---- 02-20-81 

24 crosshols -- 

2 200.0 03-24-81 108.0 02-13-81 

26 2 200.0 03-24-81 24.5 25.5 02-12-61 

26 I 86.0 03-24-81 24.5 25.5 02-12-81 

21 2 200.0 03-24-8; 29.8 30.5 02-13-81 

26 crbsshol. - 01-12-81 75.0 * 

28A 2 2114 03-23-61 53.2 -- 
1 40.0 03,23-81 * 

29 2 203.5 03-23-61 73.2 * 

29 I 38.5 03-23-61 ---- "-'- * 

30 2 1750 03-20-81 22.2 20.5 

31 2 1800 03-20-61 28.5. 03-02-61 

32 2 398.6 03-20-el 56.9 56.5 02-24-81 

32A 2 391.7 03-17-81 9.5 

33 2 160.0 03-17-81 22.8 02-1 I-SI 

33 I 40.0 12-04-GO 21.5 02-12-8% 

34 crosshole 'aa 04-02-8; 19.0 * 

35 I (west) 175.0 - 93.0 93.5 02-12-81 

35 1 (east) 75.0 03-16-SI -- 1 TT 

36 2 201.0 03-09-81 110.3 118.8 02-10-8; 

37 2 200.0 03-09-81 121.5 123.5 02-10-81 

38 2 200.0 03-09-81 137.2 139.5 02-25-81 

* Net sampled 

Reads perched water 
Boring routed; data obtained during 
drllllhq - - 

Pipe froken during installation; both 
plezaneters rSàdin percheS water 

PäisibIy readina perched water; exist- 
ena of lower aquifer uncertain - 

Boring grouted; data obtained during 
drilling 

Dry 

Dry 

Possibly perched later? 

Possibly perched water? 

Reeds perched water a' top of drock 
Reeds perched water; rtonite 
separating plug ineffective 

Bering routed; data obtained during 
drilling 

Dry 

CWOD/ESA/GRC Il-I 5 



0 

. 

0 

. 
0 
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Earth Sciences Associates 
ONLY AT Th LI CATION MID TINE. Geo/Resource Consultants DWFER AT OTHER LOCATIONS OR TIME. 

PROJECT BO-\aBo- Z DATE DRILLED''\ -'' HOLE P40. 1 

LOCATIONk çç\ .,,.. - GROUND ELEV 3i? 
DRiLLING CONtRAtTOR3 3S-'4'.r '-' LOGGED BY ___________ DEPTH TO GROUND wATERai' -- . . ..- tIt -. 

TYPE OF RIGrr HOLE DIAMETER _ -it; HAMMER WEIGHT AND FALL \'r-. ) 

SURFACE TOTAL DEPTH NO. CORE BOXES _ 

DEPTH CLASS. F1EtD DESCRIPTION REMARKS 
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PROJECT _ B-.a-a DATE DRILLED \OF2c HOLE NO. _ 1. 

DEPTH CLASS. FIELD DESCRIPTION r I r REMARKS 
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PROJECT _ Bo 'zso- DATE DR1LLEDiOi HOLE NO._________ 

DEPTh ASS. FIELD DESCRIPtION C gi REMARKS 
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PROJECT 8O - DATE DRILLED \ F.. M8 HOLE NO.__________ 

DEPTH CLASS. FIELD DESCPTION p 1 
REMARKS 
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PROJECt _ SO-29OZa. DATE DRILLED HOLE NO. 1 - 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ ')O2O 2-Z DATE DRILLED ' -'- \9\ HOLE NO. _ t 
DEPTh CLASS. FIELD DESCRIPTION REMARKS 
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ConverseWardDavusbixon 
Earth Science4Associates 
Geo/Resource Consultants 

SUMMARY BORING NO. 1. 

Summary Data 
Boring No. _ 1 

PRO4ECTBO2ZZ STATION HOLE Mfl.- DATE DRILLED IO.H 

OVERBURDEN DEPTH (Ft.) 0 TO _____ 

BEDROCK bEPTH (Ft)1Th 2' o t°A (t.Dj 
I F / 1 

WATER PRESS.. TEST 'ES ; INTERVAL(S) TO \\0 to _____ 

GROUND WATER DEPTH (FT.) DATE 'z; VLST DATE _____ 
cTR4CE 

GAS YES DEPTH FIRST NOTICED , DATE ______ 

E-LOG _____ 

DOWN-HOLE SURVEY NO 

CROSS-HOLE. SURVEY IVtJ 

PVC CASING (1.03: 4" ; 3" _____ TO 
. 
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ConverseWardDavjsDjxon Boring Log 2- 
Earth Sciences Associates 

is a WTHIS LOG 5 APPUCADLE ONLY.ATTHS LOCA11ON AND TE. .-.esource eonsuitants MAY At OTHER LOCATIONS OR TL 

PROJET_AO Iflofl- DATE DRILLED.2Mft lit-HOLE NO. --2- 
LOCATION- I1 41. è .Mec.i GROUND ELEV. ZSo 
DRILLING CONTRACTOR ?c.Ltq- LOGGED BY ___________ DEPTH TO GROUND WATER.C2t 
TYPE OF RIG _ HOLE DIAMETER _ V HAMMER WEIGHT AND FALL /'fO i4.. 3o . 

SURFACE CONDITIONS TOTAL DEPTH _ W&c No. CORE BOXES _ 7 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ °/° - DATE DRILLED '1/94/ HOLE NO.___________ 
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PROJECT _ ° °- DATE DRILLED ______________ HOLE. NO._____ 

DEPTH CLASS. FIELD. DESCRIPTION C !! r REMARKS 
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PROJECT _ ' "° -- DATE DRILLED ______________ HOLE NO.___________ 

DEPTh CLASS. FIELD DESCRIPTION : 1! 
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PROJECT_1 'g'a DATE DRILLED 2/t/fft HOLE NO.___________ 

DEPTh CLASS. FIELD DESCRIPTION : g°; 
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ConverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

SUMMARY BORING NO. g 

Summary Data 
Boring No. _2- 

PROJECT _ 0 -12t0 -fl STATION HOLE "' DATE DRILLED 2,1)31%! 
I ' 

/ 

OVERBURDEN DEPTH (Pt) TO._____ 

BEDROCK DEPTH (Pt) /2' TO (to.). 
WAtER PRESS. TEST fl 

; INTERVAL(S) to _____ TO _____ 

GROUND WATER DEPTH (fl.) DATE _____ _____ DATE _____ 

GAS 4t.5; DEPTH FIRST NOTICED , DAtE ______ 

E-LOG ______ 

DOWN-HOLE SURVEY __________ 
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Converse WardDavisDixon 
o Earth Sciences Associates 

Gea/Resource Consultants 

r 

DR1LLING C 

TYPE OF RI 
SURFACE C 

BoringLog a 
ThIS LOG S AP#UCA8LE ONLY AT ThIS LOCATION AND TIME. 
coisornoNs MAY ATOI LOCATIONS OR TIME. 

Si t,.ntt*3r\caL.A.RJZr GROUND ELEV. 2.21' 
BY a DEPTH TO GROUND WATER9 
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TOTAL DEPTH NO. CORE BOXES _ 

DEPTH CLAS. FIELD DESCRIPTION I REMARKS 
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PROJECT _ 80 IZ9OZZ DATE DRJLLEDQ3tY \SBS HOLE NO. 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ 90.-usc 2.2. DATE DRJLLED3tt Lqst HOLE NO. _ 3 
DEPtH CLASS. FIELD DESCRIPTION 
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DEPTH CLASS. FIELD DESCRIPTION c 1 
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PROJECT _ 8D_I20TZt DATE DRILLED\F&cruwt1 HOLE NO. 3 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ SOTt260 - Z2_ DATE DRILLEDM E "IC\%!HOLE NO. _ 3 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ 80 1Z90 - 2.2.. DATE DRILLED \81. HOLE NO.:- 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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Converse Wa rd Davis Dixon 
Earth Sciences Associates 
Geo/Resource. Consultants 

Summary Data 
Boring No. _ 3 

SUMMARY BORING NO. ____ 
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OVERBURDEN DEPTH (Pt) O. to 
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Converse WardDavlsDixon 
Earth Sciences Associates 
GeO/Resource Consuftants 

BoringLog 4._ 

mis t.00 is APPLICABLE opay AT This LOCATION AND TIME. 
CONDITIONS MAY D AT OTHER LOCATIOIIS OR TIME. 

PROJECT rnt DATE DRILLED _ Z.- ?-8/ HOLE No. 'V 
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SURFACE CONDITIONS 'c.'.rn TOTAL DEPTH. _ ,'r0.t' NO. CORE BOXES _ S 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT ..ravr,o DATE DRILLED Z 9S/ HOLE NO. _ '' 
DEPTH CLASS. FIELD DESCRIPTION : il T REMARKS 
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ConverseWardDavisDuxon Summary Data 
Earth Sciences Associates Boring No. 7 
Geo/Resoure&consultants 

SUMMARY BORING NQ. 7 

pROaEcT-zat. STATION HOLE DATE DRILLED 

OVERBURDEN DEPTH (FT.) °° .'t,o 
a 

BEDROCK DEPTH (Ft) '° o OO#S (T. D.). 

WATER PRESS.TEST Yes INTERVAL( $c.o To ____ ____ TO ____ 

GROUND WATER DEPTH (FT.) ______ DAtE 
T 

DATE ______ 

GAS DEPTH FIRST NOTICED , DATE ______ 

E-LOG YeS 

DOWN-HOLE SURVEY __________ . - 
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Converse WardDavisDixon 
o Earth Sciences Associates 

Geo/Resource Consuftants 

. 

ci 

PROJECT_______________ 
LOCATiON o3%e,t'.Ae ,- in)Au 
DRILLING CONTRACTORtI4 itc'rer( 
TYPE OF RIG r3\550O HOLE DIAME 
SURFACE CONDITIONS Cottcrete 

Boring Log B 

'D THis LOG is AP#LICABLE.ONLY AT 15 LO ATION hID TIME. 

CONDITIONS MAY OFFER AT OTHER LOCATIONS OR TIME. 

DRILLED HOLE NO. 
S 

eS 5fl. GROUND ELEV.. _ 144 
LOGGED BY . DEPTH TO GROUNDWATER_ 

HAMMER WEIGHT AND FALL0' 30 '"r'fS 
TOTAL DEPTh01.' NO. ORE8OXES___ 

- 

DEPTH CLASS. FIELD DESCRIPTION -a 
_ 
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DEPTH CLASS. FIELD DESCRIPTION a 
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PROJECT _ SO 50 DATE DRILLED Ft' '\ HOLE $0 s 

DEPTH CLASS. FIELD DEscRiPTION il I REMARKS 
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PROJECT _ BC:- 2.2... DATE DRILLED Ft'b. \°\\ HOLE NO. B 

DEPTH CLASS. FIELD DESCRIPTION I 
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PROJECT _ SO-zsu- za DATE DRILLED \'7 '° HOLE NO.__________ 

DEPTH CLASS. FIELD. DESCRIIPTION 
I. ! I ! 
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DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ fl\12,Q '2..2 DATE DRILLED V7%9 b\\ HOLE NO. S 

DEPTH CLASS. FIELD DESCRIPtION a REMARKS 
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DEPtH CLASS. FIELD DEscRiPtioN : 1! 1 
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!JECT _ 9 DAtE DRILLED HOLE N. B 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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CoflverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

SUMMARY BORING NO. [Si 

Summary Data 
Boring No. B 

PROJECTBOZS2- StAtION HOLE DATE DRILLED\''BF2t'8 

OVERBURDEN DEPTH (Pt) O..o V5 

BEbROCK DEPTH (Pt) \auS 10Zfl.\ (TM,). 

WATER PRESS. tESt NP INTERVAL(S) to TO _____ 

GROUND WATER DEPTH (Pt) M5 DATE';S'3 DAtE5. 
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Converse WardDavisDixon Boring Log 
Earth Sciences Associates 

t.00 m APPUCAWa ONLY AT THIS LOCATION AI TWE. Geo/Resource Consultants co,wmos MAY DWER ATOmS L CATIONS OR TIME. 
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PROJECT DATE DRILLED -''' HOLE No.__________ 

DEPTH CLASS. FIELD DESCRIPTION 
J !4 REMARKS 
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PROJECT -DATE DRILLED 2-zt-t ROLE NO.__________ 

DEPTH CLASS. FIELD DESCRIPTION f jj J i REMARKS 
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Earth Sciences Associates 
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Earth Sciences Associates 
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PROJECT _ So-/ago-az. DATE DRILLED _ //'g -nA;, HOLE NO. _ ' 
DEPTH CLASS.. FIELD DESCRIPTION 
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DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT DATE DRILLED i/i9z71s' HOLE NO. _ ' . 
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j sj. 

La REMARKS 

fl-.O 

- 
gq.g-jo016 -s,trY CLAYSTnAJE: 
@nt) 
PAyj,aI caJMon.c ai 

dcsc.r.bcA ,. 

V r) Th T r 
I .tB/j.Sric.ouerl 

rock a,eLc& 
Sct.np'Its- dsrkec 10f. 

- - I 
/ i'- °"7' 

9 Sa.npIc fltQd'ø 
oo4 4o 

4e rtck oi± 

6ox 

Z4/..s r.tCO.&S" 
- - pene#ro.. 

p;ckS u rock 4e 

z.J/z.srcccaJer/ 
s,AL least. . dry 

/cq.c- -' - . ,-,4erEeddcd /enst5 
.Qa't'c\ üH..cf.r .C+f.,1 rn-,o5 -a 

i8)Z.Srcc.asit7 

- 
iY 

ce..e'# fe,sc.. 1. 5/j.B rcthn.y 
H 

110.0 -r . H- I.E/tB 

/a/Z.8 reLOiie7' 

- 

. 
H pr 

soC.' OU# 0 

...rrcI, .u,'340aa. crlr4b - 

SH- S :.. 
- 

11-176 



PROJECT _ 89/Z8b&z. DATE DRILLED j/iT-t7J1 HOLE NO. / 

DEPTH CLASS. FIELD DESCRIPTION ç REMARKS 
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o PROJECT _ So- /z.8o - DATE DRILLED_____________ HOLE NO. 
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DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT OITr DATE DRILLED j/j"/ _ z7/8 HOLE NO. C3 

DEPTH CLASS. FIELD DESCRIPTION V i 1 J r REMARKS 
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PROJECT TS/ZAO 1Z- DAtE DRILLED 'I'? - 2/Ri HOLE NO. _ 
DEPTh CLASS. FIELD. DESCRIPTION 
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converseWardDavisD,xon Summary Data 
Earth Sciences. Associates Boring No. _ ' 
Geo/Resource Consultants 

SUMMARY BORING NO. 'a 

PROJECT_$0i&SZ STATION HOLE ___________ DATE DRILLED _________ 

OVERBURDEN DEPTH (Pt) TO 

BEDROcK DEPTH (FT.) To WOk (TLD.L. 

WATER PRESS. TEST YES INTERVAL(S) TO _____ _____ TO _____ 

GROUND WATER DEPTH (Fr.) IS DATE iltiki DATE 

GAS .; DEPTH FIRST NOTICED , DATE ______ 

E-LOG YES 

DOWN-HOLE SURVEY YE 
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ConverseWardDavisDlxon Boring Log 1! 
0 Earth Sciences Associates 

THIS LOG IS APPLICABLE ONLY Al THIS LOCATION AND TIME. a Geo/Resource Consultants iAY DWfln At Ofl LOCATiONS OR TIME. 

. 

S 
S 

PROJECT fC,fleat. DAtE DRILLED _ HOLE NO. ____________ 
LOCATiON _ 1 -;k4.;r ctso,%J GROUND ELEV. __________ 
DRILLING CONTRACTOR _ - -Vrehsr LOGGED BY DEPTH TO GROUND WATER..0 
TYPE OF RIG _ F'L,4 HOLE DIAMETER _ V 4r" HAMMER WEIGHT AND FALL _ / J4g O 
SURFACE CONDITIONS _ icec(k TOTAL DEPTh _ 209.0 NO. CORE BOXES - - 

DEPTH CLASS. FIELD DESCRIPTION fl 
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PROJECT _ qJaq,o 'a DATE DRILLED 711241 HOLE NO. I? 

DEPTH CLASS FIELD DEScRIPTION 
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PROJECT _ ° - DATE DRILLED Jiz/ti HOLE NO.__________ 

DEPTH CLA. FIELD DESóRIPTION 
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PROJECT _ O/2.SO - DATE DRILLED -: HOLE NO.__________ 

DEPTH CLASS FIELD DESCRIPTION I L !! 
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o PROJECT _ '°------DATE DRILLED___________ HOLE NO.________ . 
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PROJECT _ ,29b DATE DRILLED ,/!r Ar, HOLE NO.__________ 

DEPTH CLASS. FiELD DESCRiPTION 
J 
r REMARKS 
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DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT 0I2O DATE DRILLED _____________ HOLE NO. 19 

DEPTH CLASS. FIELD DESCRIPTION 
I ft r REMARKS 
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DEPTH CLASS. FIELD DESCRIPTION _C r REMARKS 
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ConverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

SUMMARY BORING NO. / 

Summary Data 
Boring No. __ /9- 

PROJECT ¶°aq°r2 STATION HOLE __________ DATE 

OVERBURDEN DEPTH (FT.) TO 
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Earth Sciences Associates 
Geo/Resource Consultants 
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DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ DATE DRILLED i//82 HOLE NO. 2/ 

DEPTH CL4$S. FIELD DESCRIPTION 

------ 
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PROJECT _ l8o Z2 DATE DRILLED jj/ip-2Z/.0 HOLE NO. -I 

DEPTH CLASS. FIELD DESCRIPTION C jjJ REMARKS 

lWO;O $P /3.Q-jq oh/Vp 

,qz.o - - - 

j7gq3 ,r6i3tttr%3t 

I: - 

/q-,'n.s0rtj Ie.,cj 

FEAN ANte _ co,ijr,oaJ 
- 

rcc.t.ier/ iflz./3o 
fl%OtSt accasto..a% cew,en+ed I . 

'-°' 2. r.ty*nd 

lense? 

150.0- 
PAysicaL eond,+ion: rta5SivS 

cebte. ar'e$S c.nd Pc4tb; - 

J.#Ie_ wenksrt:I 4o r 

i'3 -j$ 1rnSC Er ;., r 
L/z.o recogerfr 

pTte4r ta. 
cI,o4#?rer4i-t run 

Y7 r 
jTi.3.s ce,e4J reeouer/ 

fl. .::. - - 

sir is.j.g cen-en4cà. 

- 
-- 

. 
,rcsltr"/ drHinc r 
unat.-4c*kc.n 

154.O -. 
s-i 55.fcenn - 

40 rNtc*ri-rt4nr 
rcrrlc.*nEo (o.t- .4 

- -- -. . .S°FtM .S3L7) ft4octcwc. 
'fliL Prrcuc& MnE(, iuSa. 

.1580-L- -- 

i 

IZ.O- ,cetne4ra.r 
zfl/sg 

box 
_._*# 
gC 

rSC.0ve7/ 

SHEEt 

II2O8 



PROJECT _ 1150 
DATE DRILLED /2A8n./go HOLE NO. 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ goiiZL DATE. DRILLED PL/?8'2-2 /80 

. HOLE NO.__________ 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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BORING NO. / 

PROJECT STATION HOLE DATE DRILLED _________ 

OVERBURDEN DEPTH (FT.) 0 10 

BEbROCK DEPtH (FT.) gz5 zoo' (T..D4. 

WATER PRESS. TEST NO INTERVAL(S) TO , TO 

GROUND WATER DEPTH (FT.) '9' DATE. IL/v/so. DATE ______ 

GAS VE5 DEPTH FIRSt NOTICED , DATE _____ 

E-LOG VE5 
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" I1O 70 SURPCL 
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conversewardDavlsoixon 
Earth. Sciences Associates 
Geo/Resource Consultants 

Boring Log ' 
IQ7TH1S LOG S APPLICABLE ONLY AT THIS LOCA1O AND TIME. 

CONDItIONS MAY DWFER AT OTHER LOCATIONS OR TIME. 

PROJECT S IflO DATE DRILLED _ ia./fl HOLE NO. Z2.. 

LOCATION _ ZkckI', m-. k Ve;atAiil GROUND ELEV.. _ fll_ 
DRILLING CONTRACTOR ?4cLtr -.- LOGGED BY ____________ DEPTH TO GROUND WATER-_ 
TYPE OF RIG_______ HOLE DIAMETER______ HAMMER WEIGHT AND FALL _ 190 £ '30 cLcs 

SURFACE CONDITIONS _ pt,e4 jC DEPTH _ 90Q3 $0. CORE BOXES 3 
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PROJECT _ ' fl DATE DRILLED ,-jiqit HOLE NO. 

DEPTH CLASt FIELD DESCRIPTION ! I REMARKS 
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PROJECT _ jo DATE DRILLED ia-lit HOLE NO.___________ 
I ' -- 

DEPTh CLASS FIELD DESCRIPTION 
I J 

; REMARKS 
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PROJECT _ i%D DATI DRILLED ______________ HOLE NO.__________ 

DEPTH CLASS. FIELD DESCRIPTION : 
! I r. 
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PROJECT _ t - DATE DRILLED_____________ HOLE NO. _ 
DEPTH CLASS. F1ELD DESCRIPTION 
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PROJECT° /2.0 - DATE DRILLED aiiT 1 HOLE NO. _ 
DEPTh CLASS. FIELD DESCRIPTION ft I 
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PROJECT TO /VSo -pa DATE DRILLED iz/'aO /'° 
. HOLE NO. _ 2-2.. 

/ / 

DEPTh CLASS. FIELD DESCRIPTION C jj 
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rio a7OflJ, .5ii'rflWE (anh) P0 

k/s(ca\ Car4N-4o 2.,4 
.e.c.neini 

criabte. 5#ret14 GAS kc.rd.css. 
I 

/.ffle_ e+heeed +0 tC5h 
" 

-- 

/2//b r"& 

iF±;: p;R 0Lt 
-- 

"9 I..-. -. H - 

)O'-f,eM o,d;,ni 
- - - 

T 
I poCket 

'#4.5 Lit/Si 

'V- H H 

a: 
LAs .:. 

-- - -. 

- 51: 

-H 

%j r&coal* 
jsHEETZoF1O 

11-218 



PROJECT _ 40 -I2%O -at DATE DRILLED /-'1 1'° HOLE NO. _ -2 
DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ - /2D -a. DATE DRILLED ______________ HOLE NO. _ 23. 

DEPTH CLASS. FIELD DESCRIPTION 
I REMARKS 
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ConverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

Summary Data 
Boring No. _ Z 

SUMMARY BORING NO. a 
PROJECT foi2_ STATION HOLE. 7,° DATE DRILLED _________ 

OVERBURDEN DEPTH (FT.) o to. itt) 
, / 

BEDROCK DEPTH (Pt) tO - (T.DJ. 

WATER PRESS. TEST /10 INTERVAL(S) TO TO ____ 

GROUND WATER DEPTH (FT.)- DATE _____ ____ DATE _____ 

GAS jr DEPTH FiRST NOTICED , DATE ______ . 

ELOG 

DOWNHOLE. SURVEY __________ 

CROSS-HOLE SURVEY - _ Pug. 1" / L3C' 

PVC CASING (I.Dj: 4" to ---; 3" ____ TO ; 2" _ / TO a°1 
GROUND ELEVATION REF.. UeZ 

'I 

SKETCH 
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Converse WardDavlsDlxon 
Earth Sciences Associates 

e Geo/Resource Consultants 

. 

0 

Boring Log 

7 Th$ LOG 5 APPLICABLE ONLY AT THIS LOCATIONANOTIME. 
CONDITIOI MAY DWFER AT 0mW LOCATIONS OR TIME. 

PROJECT ats-,ZROZ1. DATE DRILLED/th1/1/y/rn HOLE NO. ____________ 
LOCATION _ at ErierJy Sb4. GROUND .ELEV. /88 - 

DRILLING CONTRACTORTM. P,4c-r bA. LOGGED BY 5c,oeker'en, DEPTH TO GROUND WATERIIa' 
TYPE OF RIG 4-i. LW HOLE DIAMETER _ 4"/s HAMMER WEIGHT AND FALL _ JYC ibi 5O, 
SURFACE CONDITIONS C'Onc.a-e+S. ci*'tjoUr TOTAL DEPTH _ °' NO. CORE BOXES _ 4" 

DEPTH &ASS. FIELD DESCRIPTION 
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PROJECT An 1280 a DATE DRILLED /2,*,/aO _ HOLE NO. 2$ 

DEPTH CLASS FIELD DESCRIPTION : 1! 1 REMARKS 
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PROJECT _ O - / iSo - at DATE DRILLED /Z/3,/80 - /g/p / HOLE NO. 
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PROJECT SQ i89t- DATE DRILLED /2/31/80 '/t'/ai HOLE NO. 22) 

DEPTh CLASS. FIELD DESCRIPTION 
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PROJECT _ DATE DRILLED 1j/3/,/R0 'k's' HOLE NO. _ 13 

DEPTH CLASS. FIELD DESCRIPTION 
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DEPTH CLASS. FIELD DEsCRIPTIoN il J E REMARKS 
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PROJECT _ BO-17_8O-ZZ. DAtE DRILLED /t/3,/por i/al/el HOLE NO. 23 

DEPTH CLA FIELD DESCRIPTION ill REMARKS 
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DEPTH CLASS. FIELD DESCRIPTION I 
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PROJECT____________________ DATE DRILLED iz/.31/8o-- 'k's' HOLE No. _ E3 

DEPTH CLASS. FIELD DESCRIPTION fi I REMARKS 
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ConverseWard Davis Dixon 
Earth Sciences Associates 
Geo/Resource. Consultants 

Summary Data 
BorIng No. _ 23 

SUMMARY BORING NO. 23. 

PROJECT po-iZBozt STATION HOLE ___________ DATE DRILLED /z/3i/-!/Q4s 

OVERBURDEN DEPTH (Ft - TO IlL 
BEbR0CK DEPTH (Ft. _ TO (T.DJ. 
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Converse WardoavisDixon 
Earth Sciences Associates 
Geo/Resource Consultants 

Boring Log 23k 

THfl :n s an*asg Own' AT mis. LOCATION ADO TIME. 

coNomows MAY Dwutn AT OTHER LOCATIONS Oft TIME. 

PROJECT 0. 1.W.. 22-. DATE DRILl Ffl Ft'o.'%\ HOLE NO. _ 23 
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PROJECT _ B0 ZSO Z2 DATE DRILLED Zt3 YtAS HaLE NO.__________ 

DEPTH CLASS. FIELD DESCRIPTION V REMARKS 
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PROJECT _ 8O zeo-22 DATE DRILLED 3 'o.\S\ MOLE NO.Z3A 

DEPTH CLASS. FIELD DESCRIPTION il I 
REMARKS 
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PROJECT _ 80 DATE DRILLED ' ,ruac HOLE NO._________ 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT SO. '2 BO 22 DATE DRILLED3 Faru '' HOLE NO. 

DEPTH ___ CLASS. a___________ FIELD DESCRIPTION n REMARKS 
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PROJECT _ DATE. DRILLED 13+ R.b.Nsl HOLE NO. _ 23 Ps. 
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PROJECT '° DATE DRILLED. kM HOLE NO.__________ 

DEPTH CLASS.. FIELD DESCRIPTION I REMARKS 
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PROJECT _ 20-1280 22 DATE DRILLED H 19.81 HOLE NO. _ 23- k 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ Pr\2SO-2_2_ DATE DRILLEDM\5 :s\fl\ HOLE NO. _ as- A. 

DEPTH CLASS. FIELD DESCRIPTION i 
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Summary Data 
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Summary Data 
Boring No. _ as 

SUMMARY BORING NO. .S 

PROJECT 0 STATION HOLE ____________ DATE DRILLED 

OVERBURDEN DEPTH (FT.) 0 TO _____ 

BEDROCK DEPTH (Ft.) TO (to.). 

WATER PRESS. TEST ; INTERVALCS) TO _____ _____ TO _____ 

GROUND WATER DEPTH (FT.) DATE _____ DATE 

DEPTH FfRST NOTICED , DATE ______ 

C-LOG ______ 

DOWN-HOLE SURVEY 

CROSS-HOLE SURVEY __________ 
, 

PVC CASING (I.D.): 4" _____ TO ; 3" _____ TO ____ 2!! 0 _____ 

GROUND ELEVATION REF. .3Z_3 

S 

SKETCH 

't 

- FAK'tV &I S 

SHEET / qp 70 

11-262 

S 



Converse WardDavisD ixon 
Earth Scientes Associates 
Geo/Resource Consultants 

Boring Log :2 

u. 
1 ONLY AT i.I LOCATION AND TIME. 

coI4nroNs MAY DEFEATOR LOCATIONS OR TIME. 

PROJECT .60 -/zao- aa. DATE DRILLED_/z/a.-,/SOHOLE NO. &G 
LOCATION SVCanmre.. t un4nin GROUND £LEV. _________ 
DRILLING COkrRACTOR tftl. P;4.\,er (n.LOGGED BY te6rIQ?fl DEPTH TO GROUND WATER........ 

TYPE OF RIG - HOLE DIAMETER _ HAMMER WEIGHT AND FALL_______________ 
SURFACE CONDITIONS c _ TOTAL DEPTH NO. RE BOXES____ 

S 
0 

DEPTH CLASS. FIELD DESCRIPtION Z.j REMARKS 

0.0 A .r' n.Ø'AW .MOIC rrouea "i. i 
4, p-srirn;+y i4 

j.o' --20' SILTY pLAY.: cc,rk :QrC ZC 
bC ('Sr AM 98% k 

- ntS; s*4; -# 
.0 

14,3- -- -- 

- 
9c-ndn sctrd/ 
"nor star Cta1D1C, 

4-a reyizIi brown &O7 
.4 

7.0' - 3G.03Aw0y CLAY 
moderei+e. broujtt (SYR.3.S/'4) 

29 c-i-. 

85% cLoy, '62o medium .,' 
ce. %rnned sara; s+c4 

- -- 
l.3/i.e rtce.Jer/ 

.rhi2. 
ce4s"ra botni r 

-- set U.S 
dr.Ile(\ ca/ ''/e 
trc.c -- 

I3flSO$td Ien5c.. 

io- -- 
H 

is-1(. cicvj ter.tC. 

'rê cc.iktn+ dcroa5 

H 

o.o1_. 
11-263 



PROJECT Soiiaoaa. DATE DRILLED it/z9 3l/e HOLE NO, 

DEPTH CLASS. FIELD DESCRIPTION 
I 

REMARKS 

Zt. ' 7.0 - o sASQUY CLMV :(con4). iZ '3 .7//.S taueJ 

.1- 

trc.OT 0 
H H 

7 

3&O -- - -_a 
: 

- 
bsr.r\ 

ri En i'i'"t 

35' 

La. C 

I'+h;r..k +0 S' 
&e#er 

3o_qo.orLAseVSAPJP 
moderA4c. brotajri (s 
ZO% mod. pb4c. 
9!a 'flC- *0 med'U'fl 
ccctncd .und. 

SC. 

I -- 

-: 

-- 
9/C; 'z./.s 

l.o/,.o rec.over/ 

:°'- 
recovery 

--1 
so4vro4-ed wn'ples 

RD 

qq ::H SHEET1 oFO 
II-2M 

. 

.11 

. 



C) 

a 

. 
C 

pRoJEcT _ ...5O-ia9o-zp DATE DRILLED iz/z? -IVac HOLE NO. 

DEPTh CLASS. FIELD DESCRIPTIONL. il 4 REMARIS 

qq.o :.sc 36.O-q.o' aAyEy Sn 
(co.t) 

.L 

.4- 
-H. 

s43O.'( CLAY - - 

,odera1c- broian ?q/.i); 
75% c.Aay j 15% .,'nt+o . 

mSicn' rcnth sand.; ncAs4- 

-- 
'-$/'.s recauc.r/ 

Ii 

-' 

.4'L 

sac-'- -- -- 

flS qe( 

-r 
o/.s' n).s' 

c-S 
. i;oJ;.° rcco''/. 

5 : H 

- - 

HI 
e8 orauet 

7 

. 

SHEET _ 3 OF _ 70 

11-265 



PROJECT _ ...3Q-Ipso-2L DATE DRILLED //t- 3, /80 HOLE NO. 4&. 

DEPTh CLASS. FIELD DESCRIPTION 
I 

C j J 
REMARKS 

ae.c SC. G8.0 7CC ULRVEV s$UUC: 
nicckro+e br,ion (a r 
34% cloy fl% 5W'c. 

S 

. 

71.Q- 

: 

- 

7 )J'tO LPAICY CLAY: 
n,na.eea#t.. bra,.er (SYA 'II'?),: 

5% '.'cêern4ety pIa$4-jc.. ngs 
35% ver., nt yaned 

'io" tory 

.°"i clny "1 

OttS 
-- 

- 

-- 

J:3//. .-ccoJery 

-. 

r+roub. -C.iel 

t° s.b0. 

C - 
- 

- - 

ii 
7.cr- 

I 

78.0 

.1 
ona 4ecrecsc. 
pk5*ic4i ;rLrea5c 

: 

IC- . - 
- 

- 

- 
:a74o rt.iae.a'y 

- g3reUC. 

0//; 
- - 

Rb 

I. 
H 

-- 

ae 
H 

: 

9Q.0 
is/i.. S rrcovt7i V 

I :fl: SHEET _ OF _ /0 .19 

11-266 
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0 
n 

e 

0 

. 
G 

'PROJEcT. O ,ac-?a DATE DRILLED _ 12/29- 31/so HOLE NO. 2 

DEPTH CLASS. FIELD DESCRIPTION 
¶! ! 

0 REMARKS 

CL. ?/.o-//o s4Nuy.ccpy:(.e*: 
.1.. 

AC 
.1 

H H 

: 

- 
H 

I. 

- 

3 cfoi4ie 'e',sc 

H 

I000.i 

ct*ep sandA,4eejo4 zjs 
O.9) 

"/s//Sr?cover/ 

4 

IOL.o 0 

;O4'.O-Ø .. - 

H 

HI: H 

-- 

I°8-IIO. 

H'i5y,;5 rccntt/ 

')nyey esid 

- I... tr o4 10 n &m. 

- 
I'WO - /('4.O SILTY CLAy. 
modei% redo' h.-o, z5 

rodrrr#tfrpas. 
4s'e,1 fl.rn'd.isni c3rn.rr'd SI 

SHEET £ or O 

CL.. 

11-267. 



PROJECT OO DATE DRILLED IZh93i/0 HOLE NO. !' 
DEPTH CLASS. FIELD DESCRIPTION jR: liT F REMARKS 

,L(ao Zyq0 /,'l 51L7Y Ci-Ptl4antJ.RO 
dse;'.,o.s17 ,r!rbe s a 
sd,wrd%/t'o/ nrck.c1jv 

H 
s7/.s 35/S 
I,o/,.o recD10'/ 

iZo.C 

21° 
I 

V 

fZZ.0' r" - - 

-- 

1 7 
-- 

taco. -- -- 

i.S/s.5 rc.o.Jer/ 

13LO-.I-- 

!3q.o- ;. 3 + 
'.v'i'e.r Aa&er 

13(o.O - - - - 
H 

charcgd 40 p'4c'er T r 
138.0- Somie$ -bcrrI *0 eciSC 

cLZ 
4c cot-dy ek ,Je.st The. çj'rnpi.'Y\ rJrOC' 

ttit'ø' ,k,ar,c%Io1c. 44ro.zjo# t'-O°o' MØJ 
,.s/j.o rcouery 
SHEET dF.IO ,t: _ 

11-268 
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It' 
C 

0 

C 

C 

. 
0 

PROJECT 8°-usc- ZL DATE DRILLED i/Z93( lea HOLE. NO. _ é 

DEPTH CLASS. 

- 

FIELD DESCRIPTION I 
--a__. 

REMARKS 

/'io. o 
- S 

zr 
. 

114.0- ,,,g.p .5ic.Ty CLAY (...sj. 
jtiçea5C j-t1' 

.;; /.f//.5 ,-ec.oJery 

go 

,qz-.o- - 

-- H 

,q8.c- 

: 

I.s/.s'tcbucry 

H 
H 

-, irs. #ifrt .roJJtI 
kttrr 

ise.o 
Fcn5c '-.' 

OfChUC.iS to .tS 

CD!.'! .35/5 

::H SHEET 7 oF4W 
11-269 



PROJECT - .8O lZfio.- ta DAtE DRILLED //z9i!IaO HOLE NO.___________ 

DEPTH CLA. FIELD DESCRIPTION 
I 

REMARKS 

I(aM.O - /;3o 544MW dc: 
mod rot+C breujfl 
90% 'r'-#cs4t Anes FO% 
4-i.ie. +o. .ned'.un, saA1d +h 
occ.atiano.. ro.jt.Ia. densç 
mo'*; +,ana% caAtw+ - - 

J7&O-. 
H 

. - 

L5/tsrecaut7 

H e 
j /730 -l9o.o L4VE? SAØJO - 

Ssfl CS YR jc!I cçrad 

"ho- M 
tenj 

,,s +h; qraeI 1evrt. 

I? 

i73.o- -, 

/.8/z.G recoue-7' r 

H. 

iVs 
H 

'j :zo/i.orec.ovcry 

H 

- 
'Sa.o- decteS 

H H 

8%o 

.(, $hn ercweI IensC - ..c.Lht 

:SHEETROF/?) rPpp 
11-2/U 

F;' 

41 

S 



C 

El 

C 

. 
C 

PROJECT O 2 So ZZ.. DATE DRILLED 'V9!:: HOLE NO.__________ 

DEPTh CLASS. FIELD DESCRIPTION I REMARKS 

186.0: SC.. I7..0 pQO.O cLAyey snuG .g : 
J'.iI ra#C.. ,nc.rc5. 

'9y;sÜ)1qo.c/qe,o2Awo:qty4 TTBSZS' 
.. sst;+c.; ca.t;ns araIO 4 O.% rCCOtiCt( 

V,Mdci54 Of0.tl 
coo.rsc. som& s.,bro..nw#°, 

!9Z.o roved nt4nI" sand - - 

ic . - 

. - 

5Z 

- 

FEpN,cO FORPIATt.3 :1 

/q6.0 .0°5 T 
/9t0 possaCt.t 

SILtSTVIJE:cLE 
'00% 

cOMt4C.TD?G4Q s*s tdcoFf*m. 
P +ic4y (ine$ 1v. Sense. 

5 

sr'I;.ts. 4o t0 4J-r. 
- 

PG g'os;bIc. Lrdr,ck 

z.oz_o-_ - - 

Zo9.o - --,Ancr c14c,9ter LOfb C&or 
Josicy .rCtfl £&3' 

z04.O- ... H 

JBAo 

8.R to9.5 +ttIflt44c% hot. / : - - - - - 

,a+er ga1Ied t/ij/g 
SHEET 9 OF / 21ZO__ 

I 1-271 



ConverseWardDavis Dixon 
Earth Sciences Associates 
Geo/Resource Consultants 

SUMMARY BORING NO. l 

Summary Data 
Boring No.. _ fl 

PROJECT _ So-ipso-a STATION HOLE Mo - DATE DRILLED la/pg 

OVERBURDEN DEPTH (FT.) 0 To ______ 

BEDROCK DEPTH (FT.) TO Z.O9.S (T.D.). 

WATER. PRESS. TEST O -; INTERVAL(S) TO _____ _____ TO _____ 

GROUND WATER DEPTH (FT.) t DATE /°/; DATE 

GAS O.; DEPTH FIRST NOTICED ,DATE 

E-LOG (W3°/8è 

DOW1'4-HOLE SURVEY NO 

CROSS-HOLE SURVEY MO '" o 

PVC CASING (I.Dj: 4". TO ; 3" _____ TO ; 2" _ 0 to LO0 

GROUND ELEVATION REF. 3 /Z' 
ettont4tr $ It-) st. e. 

SKETCH 

JdCse 
.ta 
-Ut- 

,zo 

p;ct.mcIt4 'I 
,qo "! boACfl 4a.m., bn*on,4t. 

Io 4vrir. 3Th&nfla4an 

/0 

ISO '-.4 

joO 

tat tc5 

4' 

Ii) 

C 

S 

U) 

SHEET _ /0 OF _ JO 

11-272 
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ConverseWardDavisbixon Boring Log 1 
Earth Sciences Associates 

ONLY AT THIS LOCATION AND TI*E. Geo/Resource Consultants cornoss uar oti: At OThER LOCATIONS OR TIME. 

PROJECT _ Ba - ipso- z.z.. DATE DRILLED _ ,zJt6/ao HOLE NO Z7 
LOCATION H GROUND ELEV. 3- 
DRILLING CONTRACTOR.c1LP4c%er Ce. LOGGED BY L S DEPTH TO GROUND WATER 
TYPE OF RIQ4tLnfbO HOLE DIAMETER q HAMMER WEIGHT AND FALL /90 / /3orn.dc 
SLtR!ACE CONDiTIONS _ Oap&* 

DEPTh CLASS. .:.FIELD DESCRIPTION 
- S 

REMARKS 0 
° -tri,;o---/.q.D 5vL'rYccAY: A H :' dOIAY . 

bit r: csypç *'z) 4-c cfenr 04h#es 
98% c.v'eS, % F°" .nDidt'" drcuE ser #hen s"+e'SdM LOt44, 5i't* dot and .. e4 
sand ?fOMtk - 'It" +o a" .ouerojc 
44tcJcnt55 

£tS Son. -H 
- 4tS-II.b .ssJ5'é.y; - 

dark yeIfoiosJ. brousr 
Cia YR W/z) 9SZ.c;.ne - - 

;n&ea5;nc jif j. 
sanâ &;+k dego+k 

LV/tSrecauer/ 
. 

,Lo-I.gbyeysuä 
/ensc. - .. - - /3 04 

T snSo\\ Ctrvtcun# o4 T E1r0r c kc4er 
2" %rWEI ctrck cccr5C 

cord 

'c sacay tic.q 

/5.0- ' cioyey -H -H 

9° ZO pLAV'1 MMD: 
broi.n ac.i+er 

20.0 : 
,roderat- yebc,,.sk 

-CóYRt/q)jS%A'neS,8% / OF iO 
I i-a a 



PROJECT _ SD IZRO 2.2.. DATE DRILLED LL)/S'f8/RO HOLE NO. _ 7 

DEPTH CLASt FIELD DESCRIPTiON il I 
REMARKS 

aoo -iq.o -Zj)CLAYGY SAMO; (ant): F :ao/zo re.coUcr 
araireè sand oaS.Ona\ 

I 
F 

tcesC- sane,' jne4arn ckEnfl .964 
Moist +0 UJ& 1'4S' mica. eu4 af aSop.s.s. 

Z2O .3 
: RO 

vj4 
eey.tk 'c-k 

:5 
-- to SAIJO: MO&S*C 

-- 
SP 

yeIioie5k brtj;,t (ioyrts/q); 

95% ,neditrn Ztr 9% 
arc o.r'd 'sraser; 

22.0 -. - 

- . . - 

30.0 -; 
r,.a,,.s resUe7' 

3 

310-szO coarse.. sara E -.- fl 

s*Y sa.nd ,'terbe9 
I ,4, ç. à 1en5e4 

..'/a." 4klc..k. -. 

3C.O 

35-33.5 coarser r 

no 
cin tro4tt. 

recouer,y -- E''/n 
- 

odera4-e YI/OU)(Sk 
I 

CG 04 zS\op.s.i 

U comsc .540P 
-- _rt1/1.srecCrt 

at :i-9 

iØ ¶EET 2. oriO ___.!___ 
II1/4 

. 

[I 

. 



o PROJECT _ Pn-1aO '' .DAT! DRILLED. _ ,z/i5i8/8t HOLE NO.--- 

S 
a 

DEPTH CLASS FIELD DESCRIPTION fl REMARKS 

$tJ qo.a-53h0 1\JELLY saNe: RD 
(con+) 

- - - 

qas-wst/Jy sand, Fn5.. 

- 
53 

sz.o-4:. 

3W sa.o-7o.O cnn-v .sAtJQ; - - 

,nodeia4e.. ydlloto,'sh raC'Jfl 

(ioPl'Z /i'Of so'. sill-, 707o - - 

tc. ratn4 S404 £iJ @10014r. 

coarse 
or c3raOe Ie.sts1 

mcd")"' den .e, .noisfr H 

50- - - - 

57' SI?+'/ ckt'/ Cfl.ck 

-; 

d,eckc4 °r cctS 

H- r 
2.3./..S recOUtr5/ 

-- .3 -. 
p6 + # asop.&i. 
ec4r'xAedt.1.park-io\k/ 

r ths+us-he4 duc 'O 
deLors-4 .s.,g. 

1S/I.S 
- 
9 55 

JP. 

'3 

- - 

J. I. - - 

8.S +l.n ck%v - 

1k275 



PROJECT So DATE DRILLED /z/15i8/8O HOLE. NO. a? 

DEPTH CLASS. FIELD. DESCRIPtION I 
- 
tQ 
- - 

REMARKS 

7°°& 700iZD.C)ftN0y C2-ft: 

72.0- 

r.. ;;tt,r'°: 
scsr; ery 5+tf44o hard; .; 

rno..+crAcd Cey .sar4.. 
-. 

/.S/i 

2. - 
P0 

I 
4 -- 

H 

- 

n4 
fl$/a7,S .-ecc.Je7 

6cO# o.t toop.s.. 

- J.S/5 reCOJt*t/ - 
- - 

55 
- 

-- 
i'.2r6t "'s" 

- 0 H 

4 - 
H 

-- 
0 

50114 Iense.. -. 
H: 

1 '7 

: 90.0- H - 
1.5/1.5 c'Jtf%' 

0 93' q' cc cosIotOI 

lensci (+k;r) 

cc cas' c,trt C 

94.0 : SHEET U' OF4() 
11-276 

El 

. 
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. 
'a 

PROJECT _ 8 I2.8ofl_ DATE DRILLED iZ/f518/86 HOLE NO. 2) 

DEPTh CLASS. 

- 

FIELD DESCRIPTION REMARKS 

CL 70.0 - /LO.O sANDY cLRYct 

- - - - 

98.0- 

0 T Tt.75/.7s c.CC.0uC1'/ 6 T 
0 
7 H 

. 1.s/,s recoe/ 
sample. ccn4nncl 
vo&S probab%.y clue 
4o rcjç cbz+ruc+to 

- 
71 

- a'? 

: 

H 

- - - - 

H 
i/ec reeouct7 

RD 1)1.0 - - 

10.0% 

£O"d Ien5C 

114.0- - '_ - 

0 :: SHEET6 __ ora/O 
ii-;cii 



__________________.DAT! DRILLED HOLE NO. _ 2.7 

DEPTH CLASS. FIELD DESCRIPTION 8 REMARKS 

1/8.0 Z 70:0 -/2.0:0 Pt&1QY CL,qy: (ce"t zr $4.rok4 ofl .350 
lb. sUp 3or5 

.9 Ha/5 's/S 
:1.0//a recau tzao-,flo SAJQvhoderacw br' (EYiv//'i); t :JV.3. V 

98% ,ned;.n- r&ncA wp. 
moiS+ dense.,' 1r#erbat 

a-. w/ c(clL/S and jraueAs. 
na-in. crsC, 

arci %e5c. 

,zq.ó- ::. 

lZfo.O- :7- - 
ass f:4 siIty' 
cla/ H 

IZ3.O-'' - 
H 

-H--an i.s/i.s _- 
a"44.,ck 

H 

/8rse:-_-±-.3 
i3Z.C- 

/3'to '' - - 

iflor7S.O SMJOY CLM: 
mott4c. brown q/q). 

ii9.o .70% Anes 30% seucd. 1 - s+f; ,nost 
.d .4 rnet 

Z/.s So/.S bIi,S 
40/,Q reCO3ery' 

I //I.5 rtcoUfr/ 

_______________.:: SHEET _ ° or-tO 
IIiIaa 

. 



Q PROJECT _ 80,iBO 'ZZ... DATE DRILLED Ia/is-rn/go HoLE NO.27 

r 

S 

0 

. 
0 

DEPTH CLASS. FIELD DESCRIPTION rc U I REMARKS 

iqz. CL '37.o-175.D SANDY cY(Onti 
- 4. -- qj-qs cOarSC. 

o"4 
- - 

"#6.0- - - 

H 

- - 

2 

150o L-' 13 

H 

1 
RD 

.0- 

:7 
- - - - 

is'Lo- - 
H 
- - 

H - 

H 

- 

'58.o... - .. 

. 
ro4e,eoi-ed P6, 3uc.. 
&M-&á 

- 
PS 

- .; 

H 
- z.s' 

1&0.OH - 

- 

cca*ack 

. i..jAbeck o,j4- ...$' 

z..5/i.3 rcc.ouey' 

SIiEETL..OF/O 
II-z/ab 



PROJECT _ Ro-izea.-_az DATE DRILLED. _ IZ/IS'Jt!/aO HOLE NO. 

DEPTh CLASS. FIELD DESCRIPTION f Ii [ 
C REMARKS 

V to 775.0SA*JOY CLAY:(tonf :'.s/'.5 

'ø 

7&OH 

4 
-- -r 

i7z-O- - -- 

:7 
// 

-, -- 

)'5.O -Zo.o CEALVEY 5A&o:.' r-c3 cIa*Sr' 
5r_ 

VA q,oder*#c. rq'MtS YR /'q) H 

I7.Q- V as, cA'esj '5o 4cV 

nckjtr .sn4 1.0/ cccaS,OrDt, 

ISJ very der,5e, P9'OI$*; 

£ömt. rcutt 

,;s.o- -: - - 

'° fl . 

r/O/0 rec.aJt7 

.4 
H fume4 a" 

181.0- ' 

H 
ni;o/i.O reCO'JC-P/ 

'St 

t' 

dec,eost 
+-rk.onC 

if 

186o- *et - 

H 
- - 

H 
- 

-- ::: SHEET_SOF _ 10 

tI-278c 

S 

. 
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PROJECT___________________ DATE. DRILLED. _ ia/iS-IS/SO HOLE No. 27 

DEPTH CLASS. FIELD DESCRIPT!ON ü I REMARKS 

r 175- ZO1.O .cL4yY 5MNy:cnt i.o/io rEtieY7 

b4 da/ ':/,° - 
il/ia/aD 

,q3-At /es q,e, - 

-- - 

198.o- - /98-icc' -. - - 

z.t' :" 
aoi.c +errro+cd 

acz.o- - - 
4-er sompse4 a/slat 

- - - 

H 

- - 

zio.o.:J. 

z/l.o.... 

- L.sc+2prY° 
11-2/Ud 



onverseWard Davis Dixon 
Earth Sciences Associates 
Gea/Resource Consultants 

Summary Data 
Boring No.. 17 

SUMMARY BORING NO. 17 

PROJECt _ STATION HOLE DATE DRILLED _________ 

OVERBURDEN DEPTH (FT.) C TO ZOI 

BEDROCK DEPTH (Pt). _ NA .10 _____ (ltD.) 

WATER PRE$S. TEST A.Th ; INTERVAL(S) TO _____ _____ TO _____ 

GROUND WATER DEPTH (FT.) ______ DATE- _____ DATE. ______ 

GAS lt/0 ; DEPTH FIRST NOTICED , DAtE _____ . ........ 

E-LOG YES 'MS/st 

DOWN-HOLE SURVEY MO 

CROSS-HOLE SURVEY ___________ 

PVC CASING (1.0.): 4" _____ TO ; C _____ TO ; Z" _ 0 o 2. 
R0UND ELEVATION REF. ____________________________________________ 

C 

- 

S 

MO 

It 

SKETCH 

Funn'AlIbJ 

0 t 
1 

SHEET- /0. OF: 'Q 

I I-278e 
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CoflverseWardDavisDlxon BOiing Log 
Eattb Sciences Associates 

ONLY AT Th LOCATION Geo/Resource Consultants '' Cfl Dffl AT OTHER LOCATIONS OR TIME. 

PROJEC so- 'ago - 21. DAtE DRILLED _ J/5JI H EQ.____________ 
LOCATION _ Cm-ne,nnn OLt k.i#. GROUND 

DRILLING CONTRACTORtM. Pj4#\-e- CO.LOGGED BY Schpp.aren DEPTH TO GROUND WATER_ 
TYPE OF RIGPoiItr. ISoO HOLE DIAMETER _ 4'/8 HAMMER WEIGHT AND FALLJVO lb /3,neM 
SURFACE CONDITIONS OS .s#ee.e+ TOTAL DEPTH _ OL: NO. CORE BOXES _ C 

DEPTH CLASS. FiELD DESCRIPTION REMARKS 
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DEPTH CLASS. FIELD DESCRIPTION I iE: REMARKS 

10.0 9 19s.±-2d.o flrJDY c.iy :(e.st). 
s.anl; ujtt so;*. c-i 

- - : Z7S z/5 
1.0/4 rccftQt7 

zz.0 

fl ZI.O:t30 CLAYEy n,vo: 
!f\oer.at yIsih broaa (;o?t, /5-to?. So-Ø5% ..: 
Ve 4'.'e. ernwed oet;: 

iJ/,.s reco.acry 
1q 

_ff j - 
zqO.. 

L3.o-ZU.o RpvEL: 
40 9hrtQfl .t 3 da.ae*ec 

r eVccr .a.f& 

sP 
- 

31.0 SAtJQ. : 
hro..)e (sO V 

tTo.i/i.S reco.1e7 

- 
IC, 

Ac 

32o- 

J. 

3Lo-.gq AVY SANQ 
rC%4C_ ye cic(s'c brt.ãn 

/t20% eic'71 pO-6E% er/ 
.c"C.. c\racEa $UrAulc.b 

SscC. ,.+.. 
Oc.CaS'Oca\ 
Qfo4e\s o 

0 /1.5 
reck. t#uc'c ø 

-1 Sc. 
- 
zV 

- 

- -- 
/ 

op 

tt7/i.5 recojery 
- 

L 33_ 

IL jf :.: is/ni 
S"&L4,-0 IS'4,o.rn. 

38O - 
H 

3$-IbJr.er iV4.r,t 

d710 recoutr/ :t 
-7SS 

. . ii O/i.G ..cccver/ 

LT 

__________________::::i SHEET _ a OF-/0 
11-27% 



C 

. 

. 
0 

PROJECT _ -apoa_ DATE DRILLED -. HOLE No. _ 28 

DEPTh CLASS. FIELD DESCRIPTION 
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FIELD DESCRIPTION 
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PROJECT _ 8Ol2SOt DATE DRILLED ____________ HOLE N0. _ 
DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ Soi&B0 DATE DRILLED 1 - HOLE NO. _ 
DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ P0 lZC tZ DATE DRILLED //S HOLE NO. es 

DEPTH CLASS. FIELD DESCRIPTION. ft I REMARKS 
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CoriverseWardDavisDixon Summary Data 
Earth Sciences-Associates Boring No. - 

Geo/Resource Consultants 

SUMMARY BORING NO. 

PROJECT O-ZO-Z. STATION HOLE DATE DRILLED ________ 

OVERBURDEN DEPTH (FT.) TO _ 
BEDROCK DEPTH Ut) TO _____ (T.D.) 

WATER PRESS. TEST Mo INTERVAL(S) To _____ ____ TO 

GROUND WATER DEPTH (FT.) 75 DATE///&;. DATE 

GAS ')O DEPTH FIRST NOTiCED , DATE ______ 
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GROUND ELEVATION REF 385' 

q" Ptt (a.toincD) 
SKETCH 

5cur# 
p; 4;.. 
éank. 

I 

SH&ET- _ jo 

11-282 

. 



CoflversewardDavisDjxon Boring Log a - : ==nTlMt. 
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DEPTH CLASS. FIELD DESCRIPTION 1 Li REMARKS 
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PROJECT__________________ DATE DRILLED ZM Fè\. L% HOLE: NO. _ as A 

DEPTH CLASS. FIELD DESCRIPTION 
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DEPTH CLASS. FIELD DESCRIPTION C REMARKS 
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DEPTh CLASS. FIELD DESCRIPTION £ 4 REMARKS 
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PROJECT ZBOa2_ DATE DRILLED ZM-25 F.'\ HOLE NO. aGA 
DEPTH CLASS. FIELD DESCRIPTION J REMARKS 
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PRoJECT _ B0tZSQZZ DATE DRILLED F&. i' HOLE NO._________ 

DEPTH CLASS. FIELD DESCRIPTION I Li REMARKS 
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HOLE No. _ as P\ 

DEPTH CLASS. FIELD DESCRIPTION fl REMARKS 
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Earth Sciences Associates 
Geo/FIesource Consultants 
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Earth Sciences Associates 
Geo/Resource Consujtants 

Summary Data 
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DEPTH CLASS. FIELD DESCRIPTION j REMARKS 
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converseWard DavisDuxon 
Earth Sciences Associates 
Geo/Resource Consultants 

Summary pata 
Boring No. 32- 

SUMMARY BORING NO. 3z- 
I /2.4-24)61 

PROJECTIL STATION HOLE No DATE DRILLED .2/i-/a/Si 

OVERBURDEN DEPTH (FT.) 0.0 TO .45 

BEDROCK DEPTH (FT.) 
45 

o ______ (T.DJ. 

WATER PRESS.. TEST S INTERVAL(S) 3t.o TO 34o to 3o 
GROUND WATER DEPTH (FT.) DATE ; DATE 

GAS .; DEPTH FIRST NOTICED , DATE ______ . 

E-LOG 

DOWN-HOLE SURVEY __________ 

CROSS-HOLE SURVEY 48 
As . 

CASING (I.D.): 4" TO ; 3" _____ TO_ 

GROUND ELEVATION REF. 77o, U. 
it 
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çonversewardDavisDixon 
o Earth Sciences Associates 

Geo/Resource Consultants 

-------- aA... ),AA -): 
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DRILLING CONTRACTOR 

TYPE OF Rsa1k £4 
SURFACE CONDITIONSJ 

Boring Log 

Ths 
LOG IS APPUCABLEONLY AT THISLO 10P4. TiME. 

CONOmONS MAY DIFFER At OTHER LOCATIONS OR IME. 

PATE DR,LLED3)q-n1 HOLE NO. 3-a- A 
Dv ,,'i4- ) OAf O43e4iQt GROUND ELEV 770! 
.OGGEQ '9? /)AIJ 4IUS. DEPTH 10 ROUND WATERES 

HAMMER WEIGHT AND FALL _ N A ,t sr'ee 5VTOTAL DEPTH _ 3111 NO. CORE Boxs3q 

DEPTH CLASS FIELD DESCRIPTION 
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PROJECT _ ?O i2go-2z. DATE DRILLED ?)-T7/ %' HOLE NO. _ 
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DEPtH CLASS: FIELD DESCRIPTION I REMARKS 
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PROJECT _ &) J2''Ze DATE DRILLED 3) U HOLE NO. 32.-A... 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ q7 -- DATE DR!LLED _____________ HOLE NO.82 -4. 

DEPTH CLASS. FIELD DESCRIPTION a REMARKS 
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PROJECT _ O-i2RO 27- DATE DRILLED..3/qt!41 HOLE NO. _ 32-4 

DEPTH CLASS. FIELD DESCRIPTION 
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PROJECT _ ?)O' )2bg - 2-2 D4tE bRILLED ____________ HOLE NO. _ '32--A 

DEPTH CLASS FIELD DESCRIPTION 

- - - - 
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'$ o24ö23S.o 6AMA5TOME (cat): 'E' T to /i.oisqc 
iI&.0/l?.o !4MtA47!p 

6) 
i%5 tlst 5f 

-p 

.::: iL 

p 2j 115 c-hio /20 -, 4 1 t 
2-i 

''/2. vecoue1 

1220.1271 

-- 
- 

T E: ç H 41/s. '1OO1. 

72tqJ23 It).j. I32.'.. 
B 

kit- 't'i3 
i135 :: 

FIaeio/L:Zj..,e 
tI/tts'j.4.tbv8b 

A f.IYetooCQl ' 3I34- iUfrj. - _____-________ 
Slat 1 Po&j 24 132.2- 1373 :/ 

4 
/ 

T 

, .1_(-' 
. 

- 
H 

::.Ae,J tf3, vcoocfl 

s ii Pu&j2? 1373-1423 

__________________H. ::SHEET0OF 
11-353 



r 

S 

ii 

PROJECt _ 'O !2&O - 2-2.-. DATE DRiLLED ____________ HOLE NO. _ 32.A ______ 
DEPTH CLASS. FIELD DESCRIPTION 

---a--- 
a ! i. ! REMARKS 
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PROJECT _ O 1280 2l DATE DRILLED. _ 3)911 fti HOLE so._________ 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT_________________ DATE DRILLED 3)gJ7( I HOLE N0 3iA 
DEPTH CLASS. FIELD DESCRTION I 

a 
REMARKS 
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PROJECT _ %o- :MTE DRILLED___________ HOLE NO.________ 

DEPTH CLASS. FIELD DESCRIPTION 
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REMARKS 
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PROJECT _ tOi2tD 22. DATE DRILLED 3) Cfr rihi MOLE NO. _ 32. A 

DEPTH CLASS. FIELD DESCRIPtION I REMARKS 
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PRO4Ect'tO 2-2_ DATE DRILLED .)g-/7h;. HOLE NO. .32-A.. 

DEPTH CLASS. FIELD DESCRIPTION g 
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PROJECt _ 8O ,&O 22 DATE DRILLED ____________ HOLE NO. _ A 

DEPTH CLASS. FIELD DESCRIPTION 
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REMARKS 
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PROJECT _ -!2-S'32_2._. DATE DRILLED 3)9-n )ôi HOLE NO. _ 32--A. 

DEPTh CLASS. FIELD DESCRIPTION 
-I C REMARKS 
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DEPTH CLASS. FIELD DESCRIPTION 
s4 

REMARKS 
g 

242O-3fl SAMbK7OME I 4 

C6MOflPA7Ffr4J. .HR'n4ii 331.5-374 -a 
%$TA1t P\tbU 4b 

14 

yecovt" 

6 °. P*stc&! APPEAMc( 2nJ6O trl.4-344 
:6 LE9L4qr.b1.(&-) tso 

j'te.s(s43/ 
9'o.in 9vA1 54 Ah) 80 

VSu114&O petit1 
Stelro $4osiL CIIh91Ah.J! 1 

ct1sKA:4ot. 
ZwJS1 34L43*i 

/ 

-flklsi?tj 

A 

Yb IS 
A&Ot 

T TTo' 
a 

'' ?ikftc tuceç jM 
'4 si 

II' 

344; M1114( 

MI1MIt4k tni 
(lewIitj)63c.JeeA4 

tt 

i...Qn4S3 a47.s-332g s 

::° 

2-. 

,ç3 -.5ttk5 S 352.5-357.4 

H 8 

S :e L__ sHEr)S0FJS 
11-362 



PROJECT _ %n12AOr22_ DATE DRILLED ____________ HOLE NO. _ 3ZA 
DEPTH CLASS. FIELD DESCRIPTION Z., REMARKS 
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onveseWardDavisDixon 
Earth Sciences Associates 
Geo/Resource Consultants 

Summary Data 
Boring No. 31-A 

SUMMARY BORING NO. 32A 
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O Earth Sciences Associates 
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DEPTH CLASS. FIELD DESCRIPTION a REMARKS 
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ConverseWard Davis Dixon 
o Earth Sciences Associates 

Geo/Resource Consultants 

. 
Summary Data 

Boring, No. _ 3 

SUMMARY BORJNG NO. 33 
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PROJECT _ 9o-'zo 1Z. DATE DRILLED i/iVitMi HOLE NO. 3 

DEPTH CLASS. FIELD DESCRIPTION REMARS 
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PROJECT: -'O-aL DATE DRILLED HOLE NO. _ 

DEPTH CLASS. FIELD DE%CRIPTION REMARKS 
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PROJECT _ o-)Z8O-&t. DATE DRILLED _ I"/ th' HOLE No. _ £5 

DEPTH CLASS. FIELD DESCRIPTION 
I fl REMARKS 
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converseWard DavisDixon 
Earth Sciences Associates 
Geo/Resource Consultants 

Summary Data 
Boring No. _ S 

SUMMARY BORING NO. 3.5 

PROJECt Ro-/1Ro..zL STATION HOLE 1 DATE DRILLED 4-rs/8i 
OVERBURDEN DEPTH (Ft.) - TO- 

BEDROCK DEPTH (FT.) /Zo...5 o '-° (T.D.). 

WATER PRESS. TEST ; INTERVAL(S) /69 to /9/ 9 to iS!. 
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ConversewardDayjsDjxon Boring Log. 
Earth Sciences Associates - 

Geo/Res /7HIS LOG APPLICABLE ONLY AT.THIS L CATION AND TIME. 
ource %.onsu,Lants CONDITIONS MAY DIFFER AT OThER LOCATIONS OR TIME 

PROJECT 8c-izo-rz. DATE DLED1U/TV30 HOLE NO. ____________ 
LOCATION .95 'it a .vfr,.,t& E COtbJ 7'A) ó at) corb GROUND ELEV. gp9 
DRILLING CONTRACTOR _ -cM R+rrto. LOGGED BY ntJIe#tt DEPTH TO GROUND WATER±t.t 
TYPE OF RIGS'.' HOLE DIAMETER _ HAMMER WEIGHT AND FALL _ /4f/bs - 30"detp 
SURFACE CONOItIONS _ d&ta.'tk. -cide,*ioi TOTAL DEPTH _ Z0S.'7 NO. CORE BOXES____ 
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PROJECT _ o0'IZSO -aL DATE DRILLED HOLE NO. 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ 8oi280Z1 DATE DRILLED HOLE NO. _ - 

DEPTH CLASS. FIELD. DESCRIPTION REMARKS 
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PROJECT 50n/ZSOZZ 
- DATE DRILLED ,a/5-7/ao HOLE NO. _ - 

DEPTH CLASS. FIELD DESCRIPTION REMARKS 
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PROJECT _ ZZ. DATE DRILLED 1257180 HOLE NO. _ -3 

DEPTh CLASS. FIELD DESCRIPTION 
I 
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PROJECT _ 5°- /100 3L DATE DRILLED /a/5-7/80 HOLE NO. Mo 

DEPTH CLASS. FIELD DESCRIPTION 
I 
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PROJECT _ 50-17-SO -12. DATE: DRILLED /2/S-i/SO HOLE No. _ 3 

DEPTH CLASS. FIELD DESCRIPTION a REMARKS 
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PROJECT 8o- izao- Zt DATE DRILLED _____________ HOLE NO.__________ 

DEPTH CLASS. FIELD DESCRIPtION ! REMARKS 
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PROJECT BOrj Lao -fl DATE DRILLED '2/6-7/80. HOLE NO. 3 
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DEPTH CLASS. FIELD DESCRIPTION i -[ 
F; REMARKS 
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onverseWardDavisDixon Summary Data 
Earth Sciences Associates Boring NO. Geo/Resource Consultants 

SUMMARY BORING NO. .36 

PROJECt rIZ!flL STATION HOLE ___________ DATE DRILLED _________ 

OVERBURDEN DEPtH (FT.) C TO goL7 

BEDROCK DEPTH (Pt) M TO ______ (tO.). 

WATER PRESS. TEST MO INTERVAL(S) To _____ _____ to _____ 

GROUND WATER DEPTH (FT.) _____ DATE ---; DATE 

GAS NO DEPTH FIRST NOTICED. , DATE______ 

E-LOG-Y65 'zJ,/ao 

DOWN-HOL SURVEY '° 
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ConverseWardDayjsDjxon Soring Log 
C. Earth Sciences Associates r in THIS LOG 5 APPUCAO4.E ONLY AT THIS LOCATION AND TIME. ..eo, nesource %.onsultants coiSrrKMflAt*wFE AT OTHER LOCATIONS OR TIME. 

PROJECT Ic DATE DRILLED/2-/fr-o/n HOLE NO ____________ 
LOCATION _ HL.ksa bf. (6ae t0sL tci&dc.\ GROUND ELEV. 46?' 
DRILLING CONTRACTOR _ ?rkk- LOGGED _____ DEPTH TO GROUND WATERJ?LP1' 

TYPE OF RIG _ 1'4 MOLE DIAMtnn_____ HAMMER WEIGHT AND FALL _ ,Vo lAS ) 3Q,&L} 
SURFACE CONDITIONS _ Sdea#cLfr 4p rt,- TOTAL DEPTH _ 20" NO. CORE BoxEs_SE? 
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DEPTH CLASS. FIELb DESCRIPTION REMARKS 
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PROJECT go/a5022- DATE DRILLED _____________ HOLE NO.__________ I, 
DEPTH CLASS. FIELD I REMARKS 
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PROJECT _ - - DAtE DRILLED ______________ HOLE NC. _ 37 

DEPTH CLASS. FIELD DESCRIPTION C REMARKS 

'/5*J &3.S cy.o R$"1LLY sanD;(.t 

.4- 

H 

hJL. 
r' g° 

j;W/ ly 
- .IJ -- 

509 :- 

T 

(Q;3) 

.mt,V4t 
P 

c9HH--cro-7q.o Se4WD:ve. 1 H 
- -. $et $#o;3# -. 

"'CoC&'l.& .sP. -. 

-- -- 

- .... 

-- 

1 - -. 

Cs 

pcon... - 
/t 

- 
H 

s. 
. 7 

I 7 

SW SHEET-OFIO 



PROJECT O -iaso fl DATE DRILLED /t/ HOLE NO. 37 

DEPTH CLASS. FIELD DESCRIPTION C REMARKS 
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Appendix B; E-Logging 

't/ 

8.1. sulv'IARY 

All 41 geologic sample borings were electric-logged by Converse Team Member, 
ESA. A full suite consIsting of spontaneou potential resistivit9, nturai 
gamma,. casing col lar locator, caliper, neutron and density logs was prforrne.d 

In each boring, for a total 41,693 feet of log. 

Data interpreted fran These. logs were used extensively during the field explo- 
ration program to: 

provide depth to bedrock information and facilitate decisions regarding 
canpletion of holes; 

° determine ground water levels, perforation intervals for installation of 

piezaneters and location of bentonite seals when double piezometers were 

Installed; 

o provide approximate borehole volumes for grout and gravel packing; 

o determIne location of rugose hole conditions for better placement of push 

and pneumatic packers; and 

o avoid borehole washout zones during down-hole geophysical surveys, thereby 
optimizing compressional and shear wave velocity information and minimiz- 
ing damage to geophone bladders caused by overexpansion in washout areas. 

When the various field and laboratory data were being compi led and synthesized 
in The office, The logs were used frequently to:: 

o facIlitate interpretation of surface geophysics; 

o verify ground water depThs; 

o check The field geologists' limologic log unit picks; 

prepare the final geologic profiles for this report; and 

o determine depth intervals for petroliferous deposits where sampling was 
not performed. 

A complete set (172 pages) of reduced E-logs for all 41 geologic sample bor- 
ings fol lows This appendix. 

8.2 EQUIPMENT 

A Model 3200 Gearharf Owen skid-mounted down-hole logging unit, transported In 

a ndified 3/4 ton Ford truck, was used for all logging. All down-hole sondes 
were slim line (1 5/8-to 1 11/16-inch diameter) Gearhart Owen tools. The 
radioactive source, used for the neutron device, was a Gulf Nuclear 3curle 
AinBe; for the density tool, a 125-millicurie Cs source was used. 

CwDD/ESA1GRc 11-483 



8.3 LOGGING AND QUALIP( ASSURANCE 

Both operator error and equipment malfunction can occur while obtaining geo- 
physical data frau electriä-iogs. The most common causes of elrrors are: 

o selection of ground surface geophysical sonde and cable ddtUms; 

o slippage of cable on sheave (most commonly caused by iMpedance of sonde by 
borehole obstruction); 

o backlash in the strip-chart paper drive linkage; 
false tool response due to borehole rugosity; and 

o varian in drilling mud formation invasion and chemical differences in 
the dri I ling muds used for The various holes. 

The following precautions were observed to assure top performance and accurate 
results: 
o To maintatn continuity and uniformity in all boreholes, the drillers were 

requested to use The sane or slml tar mud for advancement of all borings. 
Except for several locations in the downtown Los Angeles River Reaches, 
where coarse gravels were encountered, simple Sntonitic drilling fluids 
provided adequate control of water loss and borehole stabi lization. In 
The NX core holes of the Santa Monica Mountains Reach, a "Quick Thick" 
polyrrér was used which had little effect on tool response. 

All logging was perforusd by two experienced geologists familiar with The 
Gearhart Owen unit. They verified The accuracy of the depth and checked 
Odoneter readings at the beginning and end of each probe. Depth accuracy 
for all logs Is plus or minus one toot. Prior to its use, each tool was 
alibrated at the well site in accordance with The manufacturer's spec!- 

f i cat I on s. 

° A minimum of two 100-foot duplicate runs for all logs was produced in eaàh 
of the 41 borings to verify electronic function and accuracy of The log 
depth. Copies of These Quality Assurance runs are available upon written 
request. 

3.4 INTERPRETATION AND LIMITATTOIG 

Each tool functioned satisfactorily during each suite of well logs run in the 
41 borings and produced usable interpreti data. Although the casing collar 
locator CCCL) was not requested in the original Rif?, the log was ru to can- 
plete the suite. The results of this log were useful In locating discayriected 
surface casing in Borings 33 and 35. The CCL also shows why S.P.-RES. logs 
were not run to the surface in sons borings, such as BorIng 19, where sign ifi- 
cant amounts of steel casing were installed to control caving. S.P.RES. 
tools are not capable of logging through steel or plastic casing. 
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The natth'al fresh water environment of the San Fernando Valley, Santa Monica 

Mountains Sd the Centrài Lbs Mpeles Basin area, along with The fresh water 

drilling muds allowed for high quality spontaneous potential and resistivity 
logs.. The tésistivJty logs, specifically, responded distinctly to the high 

resistivity tar sands, pervious sands and gravels, and the hard cemented zones 

within The Puente and Fernando Formations. Very distinctive low resistivitles 
wiTh a sharp signature change can be seen consistently wiThin tUe high resis- 
tivIty alluvial overburden which lies unconformable on the Pliocene/Miocene 
si ltstone and claystones. Typical flattened and smoothé4 SP cutvBs fran the 
effects of gas can be seen in BorIngs 2, 19 and 23 and help to verify The 

existence of quantities of gas in Thésé borings. 

The resistivity tool used for This project was a point resistivity tyPe. It 

Is a shallow to medium reading tool, depending on The borehole diameter, and 

Is designed specifically for high resolution In Thin bed formations. Conse- 
gently, it is an excellent tool for lithologic cOrrelations. However1 
because of .deep...drFli fluid penetration (large flush zones) in The coarse- 
grained alluvium, values for R1- may S inaccurate. Resistivity values for 

This tool in alluvium should be consldered qualitative and not quàntltàtive. 
Nigh resistivity, kicks in The alluvium, below known groundwater levels, are 

areas high permeability can be expected. However, high resistivities are also 
Indicative of petroleum-saturated formations. 

Resistivity interpretations are nore complex in The Santa Monica Mountains 

Reach because of different physical properties of The rock. Regardless of 

water content, resistivity readings will likely be nigh If The rock. Is a mas- 

sive, dense material. When referring only to a resistivity log, an accurate 
determination of water content in hard bedrock Is difficult. Intensity of 

fracturing and Their inter-relationships make water content estimates .specu- 

I at i ye. 

Because a P.i.gh percentage of mica and potassic feidspars exists in The sands 

of The Los Mgeies Basin alluvium, natural ganuna ray logs, tend to be 

"muddied." SePratlon of natural gamma counts between clayey materla.l and 
C) sands is reduced, making lithologic correlations more difflcuit. For liTho-' 

logic unit identification, the point resistivity proved superior to The nat- 
ural gamma tool in This natural geologic condition. However, The natural 

gamma log did produce excellent logs In The Topanga siltstone, shales and 

sa Its. Separation was further enhanced because The igneous rocks were 
andesitic and doleritic; i.e., contained very small amounts of potassic feid- 

spars. The natural gamma also very clearly identified ash beds wiThin The 

alluvium and soft formation sediments. Identification of These ashes may 
prove useful for age-dating if fault activity studies are perfOrmed at a iatei 

date. 

One major value of the caliper log Is to identify weak, fradtured rock zones 

and 10, unconsolidated sediments. Such areas can be detected by noting 

depth intervals where the borehole has Scat larger Than The drill bit size 

used. It should S noted that washout zones and potential running sand areas 

C 
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are easier to identity in deep borings where groundwater levels are high. In 

these situations, when The drill pipe is removed fran The hole, The pipe 

volume is large and displaces enough drilling fluid so That The elevation of 

The remaining fluid in the hole is lower Than The surrounding groundwater. 
TherefOre, saturated unnsolidated sands have a greater chance of caving off 
the bOrehole walls or possible "running in." Washout areas occurring only 
near the top of the hole may be deptive because other weak saturated sands 
may exist at greater depths. If the material Is weak, It will be washed out 
to some extent no matter where it Is encountered in The boring. It should be 

noted that increased hole rugosity will also occur In borings where extensive 
sampling has been undertaken, or where a driller is advancing a boring using 
excessive pump pressure and drill fluid volumes. 

Regulations of the State of California Department of Health, Radiologic. Sec- 
tion, prohibit the use of radiOactive well logging tbols in an open hole if 

groundwater contains less Than 2,000 ppm total djssolved solids. Conse- 
quently, The borings had to be cased before The radioactive, density and 
neutron tools could be activated. Performance of The density tool was 
hindered by This requirement because it is an eccentric mechanism which must 
be pushed against The borehole wall tO achieve optin*im results. It also Is 

more shallow-reading tool than the neutron. 

Because hole canpletion had been consistent and laboratOry tests had produced 
a large volume of bulk density data, The density tool was ut Into operation 
to determine If an empirical gamma ray count versus density cOuld Droduce 
meaningful results (see Figure B-I). The actual denElty values calculated 
fran results of laboratory tests performed on undisturbed samples for both 

alluvium and The Pliocene-Miocene soft formation bedrock were plotted togeTher 
versUs gamma ray counts for a given sample depth. Although bulk densities for 

ttieEe samples varied between 110-135 pounds per cubic foot, separation of 
lithologies along The x-axis (gamma ray counts) did not occUr. The majOrity 
of samples fell within a narrow 175 count span regardless of bUlk density or 
liThology. This count range probably represents an empirical bulk density for 
The ABS pipe and gravel pack and masked The actual formation densities That 
surrounded The borehole. 

Data obtained fran This field experiment are of limited value becaUse the tool 
operated in an unfavorable environment; I.e., ThrOugh casing is a gravel- 
packed boring, interpolation of these data to unsampled portiOns of The bor- 

ings is not recannended. 

The density tool was not operated in the 10 cross-hole Station locatlon 
because of poorer borehole environment; I .e., larger reamed diameter of the 
borings; thicker larger diameter PVC casing; and the greater density of The 
grout versus gravel pack. 

The neutron tool was also run through the plastic ABS pipe. The plastic pipe 
has a large percentage of hydrogen, which absorbs The high velocity neutrons 
emitted by The AaEe source. Data obtained fran these borings should be con- 
sidered empirical rather than quantitative. 
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Various types of neutron detèctPr tools are avai able. The type and source- 
to-detector spacing Used wiTh the Gearhart Owen surface equipment result in 
high counting rates when The hydrogen concentration is low1 and vi versa. 
The Theory is identical it That used in density logging. With higt hydrogen 
concentrations, the neutrons are thermalized and captured close to The source 
and a few, relatively spe:akiñg, reach the detector. With low hydrogen concert- 
trations, the neutrdns must go fUrther to be Therrnalized because There are 
fewer hydrogen atoms to slow Their progriss, and more neutrans rOah The 
detector. Generally, The higher The neutron count, the lowör the hyrtgen 
count; i .e., less volume of water versus matrix material In pore spaces. Care 
should be eerclsed by noting shale content of The formation of intérCst to 
avoid confusing total porosities and water content wiTh effective porosity. 

C' The small diameter boring, thin-walled ABS casing and the ability of The néu- 
tron tool to read an approximate 6-inch diameter span created favorable con_ 
ditlons for obtaining more meaningful data than That gathered fran The density 
tool. Figure B-2 shows counts versus laboratory water content. Only samples 
which were analyzed for water content and were located below the piezometric 
surface (That existed within the borehole when The neutron log was run; see 
Table A-5) were plotted. The water-filled gravel pack acts as a neutron 
absorber and, Therefore, affects The neutron count returning to the tool 
detector. A separate graph could be produced plotting water content versus 
lithology types for samples located above The borehole piezometric surface. 
Such a graph was not produced because limited lab data did not allow for a 

meaningful statistical analysis. 

Figure B-2 cn S summarized in terms of Igg Interpretation as follows: 

log coUnts in The 200's indicate saturated silts or clays; 
° neutron log counts In The mid 300's to low 400's Indicate saturated sands; 

log coUnts In the low 300's is a "grey zone" represented by mixed litholo- 
gles of sandy clays and si Its. 

AlthoUgh not grapi)ical ly represented, neutron data obtained above The borehole 
piezanetric sUrface (although limited) can be summarized as follows: 

o counts of 600 and above are typically unsaturated soils; 
o clays range between 600 to 1,000 counts; 

si Its and sands range between 900 to I ,200 counts; 
° course sands and gravels are 1,100 counts and greater. 

The accuracy of The neutrai tool's prediction of formation water content was 
good. A least square regression analysis was performed. The resulting 
regression line (see Figure 5-2) showed That1 as expected, The neutron counts 
were inversely proportional to The water content. The corresponding standard 
error of estimate of y on x was 5%. For example, tqr a neutron count taken 
fran a specific depth of interest and projected to the regression line, The 
corresponding mOisture content would probably be wiThin +5% of laboratory test 
res u Its. 
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These data referenced to The bulk density values compared wiTh results from 

grain-size analysis can provide rough estimates of effective porosities. 

The neutron logs also show very definite inflections when The pró$ Passels out 

of the groundwater level In the plezometers. Consequently, groundwater levels 

in stabilized wells can be read accurately. It might also be noted That the 

neutrai log clearly depicts The hard cemented zones and ash beds within The 

Puente and Fernando Formations wi+h large deflections to The right. The den- 

sity log does not have a large deflection for The cemented zones; however, It 

locates the ash beds very clearly with large deflections to The right. 

. 

. 
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