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Project: NASA Plum Brook, Reactor Area HE tC. E| E D Log of Boring RA-MW-02
Project Location: Plum Brook, Ohio MAR 15 000
Project Number: 19-F0OB5721.00 Sheet 1 of 1

an d k't September 9, 1S33 GDde.s J.And;'s A'.O R er .1 Berk

Dt HOJIo wxten auger Cenu9ctr Summit Drilling, Inc. - 2.0 feet

SapU2-Inch-dia. nie pl po HammerEtaif
Dsunlined spl 140 lbs 1 304nch drop Tro=c" n S2S.07 feet MSL
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Project: NASA Plum Brook, Reactor Area Log of Boring RA-MW-03
Project Location: Plum B~rook, Ohio Set1o

Project Numbitr 19-F0087521.03 he 1o

September S. 19S GCeologist J. Andenson RA~ J.BorSt

r Hollow-stem auger Summit Drilling, hc. Total 22.0 feet

2-itnch-dia. unlined spHet *po 140 Tbs 130nch dop C. t MSL

S _i an Typ 24nch-dia stainless steel #10 *lo( (1.5-20.5 feel) As n 62 IA
of WON Cssiog Perf ___________________oration MSwrla a O 623 pbn t w l

Seal or Bentonita-cement grout 3.5-11.5 fook -~mef Refor tosiepafowllbt.
Backdill bentonit. Pellets 111.5-13.6 feet *Cmet espa o eltctoe
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Project: NASA Plum Brook, Reactor Area Log of Boring RA-MlW 04
Project Location: Plum Brook, Ohio Set1o

Project Number: 19-FOO87521.00 Set1o

DWslt), Ioleddstalld September 9, 1998 Geologist J. Ancderson Rwboev r J. Bork

DIN Hllow4tem auger Summit Drilling, Inc. To 2.0 feet

2.-Inchclta unlined split *pwn Hemmer 4 Ibs I 3-nch drop 1AO sing $283. reet MSL

df Wad Tzne 24nch-dia stainl1es steel Potn #10 slot (20.25 feet) | b wsb L211 feet USU

Seal or Dervtoniftecement g1rutos-s te Come1nfe Refer to nib plan boc-
Backbill bentanita pefleta 1 .18 feet Cmnet rF iepsnWwl wto
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Project: NASA Plum Brook, Reactor Area Log of Boring RA-MW-05
Project Location: Plum Brook, Ohio
Project Number: 19-F0037521.00 ShJot 1 of 2

Dats) Dib Sapterner 21 and 29,5 198 G seolgt J. Andorson . Ww J. Berk

DrIlMng Hollowotem auger. NX core, air rotery Dniiling Summit Drilling, Inc. Dep* 50.0 feet
M had with TolrbtCotatrC(ZEakwo0.0Fee

Sa~gNo samipling performed Hammer plial Top of C6in 27.87 feet MSL
Mh (boring logged from cuttll(4) Det Not b 813/ fee MSL

Sez and Type 6-Inch-4D galvanized steel 0-28 feet; Screen A xt b28 fea MSL
ofWIICasing 2-inch-dia.atainles steel0-50feet Perforaion J sSurlafeeEvation

Sel or ortcemnt 1rout 26-30. et Comments Drilled to 26 ft using -4144n.4D uger to 28 t wth air rotary to oat owter caSing,
BacWi bentonite pellets 30.644.5 feet cored through casing to 31.5 1t1 ramed and drilled 50 St with 5-ST4W. roller bit
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Project: NASA Plum Brook, Reactor Area Log of Boring RA-MW-05
Project Location: Plum Brook, Ohio
Project Number: 19-F0087521.00 Sheet 2 of 2
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Bottom of boring at 60.0 feet

Unconsolidated materlal was logged using soil cuttings.

LBS Orelner Woodowd
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Project. NASA Plum Brook, Reactor Ara Log of Boring RA-MW-06
Project Loa~tion: Plum Brook, Ohio
Project Number: 19-F0087$21.00 Sheet 1 of I

DZa(ns)dhDr September 5, 1585 |Geologtst J. Anderson Ri J. erk

d o Hollow-stem auger S summit "iIing, Inc. 23.1 feet

Sompilng 2inch-di& unlined split spoon Hammn 1ing 62764feeMo-tiod ot 1140 lbs I13O.inch drop Tp~Csn 2.4fe S

Size and Type 2-Inch-dia. stainless steel obn f1i lot s 13t 2 feet) elbo. E2B Jt WSL

sr or bentonitefaent =fouI 35t4 ft,-- Comments Refer to sIte plan for well ocAdon.

(IRSA rGlner WoodwardE Noe
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ONR 7802.90
TYPE OR USE PEN

SELF TRANSCRiBING
PRESS HARD

WELL LOG AND DRILLING REPORT
Ohio Department of Natural Resources

Divison of Water, 1939 Fountain Square Drve
Columbus. Ohio 43224-9971 Voice (614) 265-6739 Fay (614)i 447-9503

S iq8 8 7 7 .

I WELL LOCATION i CONSTRUCTION DETAILS

county k Township Itr_/ 1i~ I

Buiuder PLJ.-7"- Wus t lc , L S

Address at e cJC L/ t
Well Location _Or~U t).

M1er IbSINST

Cy _AS .1 V ur 1c Z Zip Code +4'i 7CJ
pemnril. RW o-. Sc 5A

Location of Well in State Plane
coordinates, it available: Use of Well r C i Y (t I pi 1 -

N _ X ._ i h. or m

SD 7 Y _________ - . or m

Elevation of Well +__. _ _ t or m
Datum Plain: D NAD27 D NAD83 Elevation Source
Source of Coordinates: O GPS [ Survey D Other

_I

,Rotary O Cable E Augered 5 Driven _ _Othed _ _ ' _C

BOREHOLE/CASING imeasur*,d trn grud suw'ic)

lsrorehole Diameter .. .7. inches Depth ; h 5 I

Casing Diameter - in. Length2..Q S ft.Thickness .5Y'Jit in
20 Borehole Diameter inches Depth tt

Casing Diameter in. Length _ __ t.Thickness in

Casing Height Above Ground - ) ) _t

Type Stee ° Ga 1 PVC
2 20l 20trter

C C
Joints OL'readed ° Welded Solvent

2 0 2 0 2 0 2 E 0ther_

SCREEN
Diameter Slot Size / 0 Screen Length 5 f.
Type _SLC r- Material_ Pv_ _

SetBetween _ _ _ ft. and _ 1 5 _ .

GRAVEL PACK ilow P&tC_

Material/Size S4 '<.A ' 5 VolumeNleight Used 1 14trL&#t
Melhod1otlnstaliation rar-,- ' .- 5/A(FSketch a map showing distance well lies from numtered state highways, street

ritersections. county roads, buildings or other notable hidrarks. li tlatitude and
longilude are available please include here: Lat:_ _ Long!

North

5 5X
lt

Depth: Placed FROM it. t TO J ft.
GROUT '.

Material i N r 'L ̀i ar 4, .7 Volume-Weight Used 2. f - / ,Sdj
Method at Installation - -_ C .. - i
Depth: Placed FROM /7 f t. TO ft.

DRIILUNG LOG, I

South

INDICATE DEPTH(S) AT WHICH WATER tS ENCOU4TEPED.
_ Show color, texture. hardness, and fomation: 1
6andstone, shale limestone, ravel cayv sand. etc. From To

....... .. ..... ........ . ... .....

A/ L7Lj !-Th
.... . .. .. ....

............ ........... ...... . ........... _ .... . ... .... .... ............ ..

. . .................;,.... . ........... ..............

. . 5 ... ... .... ........................ .

........................................................................................... .... ...I..... ..............

_. .. ........... .............

...................... ....... .... .f. i .-S.. ........ . .. ..............

........................................... ........................... ...... ___... ...... _1.. ............

. . . . ............ ........... . . . .......... .. . . . . . .. .. . . . .. .. . .. . . .. ... . .................

WELL TEST

Pre-Pumping Static Level _ _ ft. Date

Measured trom: 0 Top of Casing 0 Ground Level 0 Other_
O1 Air 0 Bailing OPumping D therI -

Test Rate _ gprn Duration of Test _ _ hrs.

Feet of Drawdown t_ ft. Sustainable Yield _ gpm
JtAlach a copy of the pumping test record, per section 1521.5S, ORC)

ts Copy Attached? O Yes [] No Flowing Well? G Yes O No

Ouality

4.... ................... , ........ 1-41 .................. _4 ........... -4

PUIMP/PITLESS-. . .. .. . 1
Type Of pump Capatily gpm.---- ......
':jurP set at -ft. Pitless Type - . -.

uimD installed by
Inere~y Comtity tno ntnormaition given is ii r acc rat necorrect to mie Dest ot my ioowlelgo......................... .. ........ ............- ........... I

;i~rea . ~ ~ ~. ~. .~ * T :.) D te................m.......is n eoe r -1 ........ thri~I ..I.. .......................... ...... ....... r.. ..

)D'- ;e;islralion fuurmcer ' 5 Dt otWe mpieor U rf/& h TiiDet tWll.. .

'ieion ofri f~ c~r is requiraZ ly sc-tior' F.C.C-Y~ evse~ c~o~.i~wt 3C vsaicmilcr.' l

NPIG!NL C ODY. -0- DNR tR/VIS1 ' Y c Ih l aMU'=' r f ~ ~ *-



LOG OF WELL NO.

9A -o75

i.,?3•c I Job Number
,>c .,-/ o Date Installed

'3K. Technician

Surface Elevation

PviC Riser Pipe Material

P\C Screen Material
/0, Screers Diameter

,v JScreen Slot Size

3 v Bottom of Boring

,23 :. Bottom of Screen

/g, s Top of Screen

_______| Top of Sand

• . Top of Bentonite Pellet

o STop of Bentonite S y- r_
O Top of te / CementG

| Top of Soil Backfill

__ _ |Top of Well Riser Pipe

,( |Top of Guard Pipe

Initial '.AVater Depth

_._2_ Completion of Water Depth

24 Hour Water Depth

48 Hour Water Depth

r-- ;2.5
� .17-

coj cae T r--

leo

CI?~4ro Imer

I5 - 00I

I1
e
I0F

Hour Water Depth
. -

Renafts:
i+

BOW
MORNEIR
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TYPE OR USE PEN
SELF TRANSCRIBING

PRESS HARD

WELL LOG AND DRILLING REPORT
Ohio Department of Natural Resources

Divison of Water, 1939 Fountain Square Drive
Colurrbus, Ohio 43224-9971 Voice (614) 265-6739 Fax (614) 447-9503

970708
WELL LOCATION I CONSTRUCTION DETAILS

I
County P./ 17 Township i p f- A V I l_

,elr A~i tr'] .Z/|r,-S 3, Z;,t/

Address of
Well ocation

CV v.tliu Zip Code +4 Lt t K 17 <
PerrnitNo. _ 2A - 14 C tdo~o 1tj

Location of Well in State PlanQ
coordinates. if available: Use of Well _ll :- , * 7j , Al I

NO X _ , _ __ sorm

sO Y IL.__. torm

Elevaiion of Well . tt or m

Datum Plain: C NA027 0 NAOB3 Elevation Source__

Source It Coordinates: 0 GPS 3 Survey 0 Other_

C Rotary OGable Augeted CDniven nter - et-t
BOREHOLEICASING lrneasu kowngtoundsulace)

t,'Borehole Diameter inches Depth ? i_ .
Casing Diameter ? in. Length S ft.Thickness 54Jy, in.

20 Borehole Diameter inches Depth _ ft.
Casing Diameter in. Length ftThickness ._ in.

Casing Height Above Ground __ ft._ .

Type Steel Galy. 1 PL 1
2 0 2 0 2 0 Other

J~ns ~ir Aod 0 % Q 0
Joints I "Threaoet °Welded Solvent

2 0 2 0 2 0 2 0 Other
SCREEN
Diameter ,Z Slot Size LLQ Screen Length. . L ft.
Type-- r: 1 Material _ _ _

Set Between . ' ft. and ft.
GRAVEL PACK(Fe.' Pack)
Mateiial/Size , t A . , <' Volume/Weight Used _7! 6 ^.;41
Method of Installation r4P.. F ,- ;a'/ i- 1 < , -
Depth: Pieced FROM ? ft. TO t n.

GROUT
Material , Volume/Weigft Used /r- / .S i
Method of Installation 7 n G i ..

Depth: Placed FROM I ( ft. TO . ft.

s

|SXech 3n Tap shtoWig dCsance well lies from numbered state hghways. street
intersections. county roads. buildings or other notable landmarks. IH latlude and
longitude are available please include here: Lat;_ _ Long:

p , Nonth

Se5t

s-

it

I

South
WELL TEST'

Pre-Pumping Static Level _ _ ft. Date

Measured from: 0 Top of Casing 2 Ground Level 0 Other_
5 Air 0 Bailing ' Purnping 0Other___
Test Rate _ gpm Duration of Test . hrs.

-eet of Drawdown _ _ ft. Sustainable Yield gprr

'(Attach a copy of the pumping test record, per section 1521.05, OROC)
S Copy yAachee? - Yes D No Flowing Well? 0 Yes z No
)uaiity

PUMP/PITLESS

DRILLING LOG
INDICATE DEPTH(S) AT WHICH WATER IS ENCOUNTERED.

E ahndstone, shale.rimestone.srajeel!. clay, sand, etc. From To

A.. ....... G. .... _ .. ..... .......o. .
~~~~.....!. 7.> .4 i.3.1.2... . r . _..... .. f...........

t.tY.. 6;A ..... ..y ..... f 2g. tB. .........b...........

........ .......... . 5t.X.!........ .i...... - 9§1

..R.. ......... ' ...... ..... ..... I.. z...... s.4.S.I

_ . - .. 7 .............

._. . . .. 4.

.. ...... .
_............................ ................. ...... .... ...... . ......................... ............ _ i .............. ........ .......

....... - .-.-------- .------- .. -- ---

yDe of pump Capacity gpm

'umo set at ft. Piless Type
'umo installed by

I hierxy certiry the information givenI
trailling Firm c4-

;rry. Szare. Zipi _ )4i

OHR sa~o Nurmber

s acc

VI

.

'ii rnofe space is neeced I'D cornziet; cnijil-ri log, use next Ccnse uhivety nurle~ec tor.

/5 al,- c -il o.pito .~ . ota! Depth of Well.4 t

Icirn~pleitior cf th-.s 'r, sc rc-uired by se-:icir' 1591i.i5, Omiio ~z `~ze j wivkri 3f cavs aher compietion otcrw
O.RiGNAL COPY TO - C.DR DIVIS1IO1xJ CDP WATE 71F 2 > HPi :*-' /-~.-..-~ .



LOG OF WELL NO.

I . .. .. _

i,29j0 Job Number

Date Installed
CJ4. Technician

Surface Elevation

p SC Riser Pipe Material

PC Screen Material

Screen Diameter

Screen Slot Size

Bottom of Boring

Bottom of Screen

z 7 Top of Screen

Top of Sand

Top of Bentonite Pellet

/ D Top of Bentonite St'6,

v. Top of BE ae / Cement At

Top of Soil Backfill

; . s Top of Well Riser Pipe

3 Top of Guard Pipe

; initial Water Depth

Completion of Water Depth

24 Hour Water Depth

48 Hour Water Depth

( , -7;,

osC0,Ce, ,_

/, e

r. :aft O , -(rr:s
tr¢a)a I

777.

/ V
;;~x- p7

K 2~
Hour Water Depth

I._ - I.

Remarks:

BO SE
MORNER
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-it-�Xe

Wrl.L LOG AND DRILNG REPORT
State of Ohio

PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES
OR TYPEWRITER Division of Water
DO NOT USE INK. 1S62 W. First Avenue No. 244868 -

Columbus, Ohio

Township..r. : .....A ...i.5 ...._ Section of ow .........hi

Owner ... _ . .. ......A..A .. A ..... Address ............... .
Location of propert...y...... .. ....... .......................

/ CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter ......... ....... Length of casing..41i&. .. Pumping rate ... 6. G.P*' Duration of test ....4 ... hrs.

Type of screen ......... . Length of screen D...... _..... Drawdown ..... ft. Date ....... 4/.3 & ................ °

Type of pump ... .. ........ __Developed capacity ... A. .......................

Capacity of pump........... Sai l eld p to e.....................................................Static level- depth to water. .. ......... f....................

Depth of pump setting .................... .................................... Pump installed by.................................

Date of completion...........&/ .. ..........-. 6.0

WELL LOG SKETCH SHOWING LOCATION

Formations
Sandstone, shale, limestone, From To Locate in reference to numbered

gravel and clay State Highways, St. Intersections, County roads, etc.

0 Feet *2.3 Ft. N.

Approve~-" 3C'*7<

A .at sf n. E.

D And, W,u
S.

See reverse side for instructions

Drilling Fir . . eo .....................

Address ....e .[.e.vw a/ o.........
D ate.../. 4 / . . ..................... °./.

Signed .......... ../..

3
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OB3CxAUL
W'LL LOG AND DRILUNG REPORT

State of Ohio
PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES

OR TYPEWRITER. Division of Water
DO NOT USE INK. 1562 W. First Avenue No. 244867 .

Columbus, Ohio

T ownship.zoekisw ............... Sectio of shi. .. ........... .

Owner ............. Address .. h C!....... . .d7 a A'.
Location of property ..P . ... 2.0 I f ... n ¢. ............ . .......................

4 CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter ....... S...... . _Iingth of casing%.. . .....Pumping rate ............... G.P.M. Duration of testi. lrs.

Type of screen . .......... _.s.Lcngth Length of screenL....-......... Drawdown. ....................... ft. Date ...... : _

Type of pump . . . . _Developed capacity.......... .................................................

Capacity of pump ..................................................................... Staticc level-depth to water .... ....... --ft
Depth of pump setting ... ........... _ Pump installed by .............. : :

Date of completion .............. /... .........................

WELL LOG SKETCH SHOWING LOCATION

Formations Locat inreerenceto numbered
Sandstone, shale, limestone, From To Ste Loteirfrectoum rd

gravel and clay SaeHighways, St. Intersections, County roads, etc.

&rqry fMack

L. / Se e

0 Feet ...Z6.Ft.

0'/

N.

1 _

w. hula@>*- 1�9d' -- r - -- T E.I

W"

P. B. 0,W

Drilling Firm .... o ....................

Address ........ ..... .... .

S.
See reverse side for instructions

Date .... /a/......o.. ... ..
Signed...................
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W'TL LOG AND DRIING REPORT OmomAL

State of Ohio
PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES

OR TYPEWRITER. Division of Water
DO NOT USE INK. 1562 W. First Avenue NTo. 244865

Columbus, Ohio

County ..... . .. ........ Township.A/ k) '.;L2 . ............. Section of Township ..........

Owner ...........S... Adress 0.4-Z0 .....2...... .

Location of property7..PI 7) s9.rs4 A:7 gtV)l ¢ ; . ..........

VV3 CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter .. Length of casing ... J ... Pumping rate .......... G.P.M. Duration of test ............... hrs.

Type of screen .............. _ Length of screen...... . Drawdown .......... ft. Date ..................... :

Type of pump. .... Developed capacity....................................................................... -

Capacity of pump.......................................S.............................. tatic level-depth to water..D..r.y...H /e/ - ft.

Depth of pump setting..................................................................Pump installed by.

Date of complttion ............ J./ /4 / .. ....... .....

WELL LOG SKETCH SHOWING LOCATION

Formations Locate in reference to numbered
Sandstone, shale, limestone, From To State H ighways, S t. I ntersections, Couby roads, etc.

gravel and clay H S I C r

G -. MuHock A

A4' c -s-i, 77 e

0 Feet .afy..Ft'

4elo

N.

2 4

W. E.

V
f'8 .0, W,

S.
See reverse side for instructions

Drilling Firm 4 .ie..£.22.....................

Address .... --- --I ........

Date - c;-/ to/ e.- - -.-.-.............................

Signed 4....9..6. .4..
1.1

--s-
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Wvl-l LOG AND DRLLING REPORT
State of Ohio

PLEASE USE PENCIL DEPARTMENT OF NATURAL RESOURCES
OR TYPEWRITER. Division of Water
DO NOT USE INK. 1562 W. First Avenue N 244866

Columbus, Ohio

County.-.X~t.. A.. ~... rTownship-.sphe.11S ....... -Section of Township ......... ..... _.
.i"AAl A em........ &

Owner . ...... .. ............. Address ..C.19 4 ...... Y..A ! .

Location of propert..R....... .3r.... '. Jy.... o h ...

CONSTRUCTION DETAILS BAILING OR PUMPING TEST

Casing diameter .. ............. gLength of casing.3 ̂ ;4.1d Pumping rate ................ G.P.M. Duration of test .............. hrs.

Type of screen ....... .. ._ Length of screen...... .... : Drawdown ... ft. Date .. :..... ......

Type of pump .... .e. veloped capacity ............... ..

Capacity of pump ........ ..... Static level-depth to water PisY .//....... /0 ....... ... ft.

Depth of pump setting. .................. . Pump installed by .................................................

Date of completion ............... _..... ... ........

WELL LOG SKETCH SHOWING LOCATION

Formations Locate in reference to numbered
Sandstone. shale, limestone, From To State Highways, St. Intersections, County roads, etc.

gravel and clay

'- ay 0 Feet . N.

A 7'?es1. on ,Ec~r

to

S.
See reverse side for instructions

Drilling

Address

Firm.. .o...............

..de-h-aiV . e ...... ..h...'
Date .. .6.140-.14- . ....

Signed,., k ./..(.....-.-------

j3.
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DNR 78C2.9e

TYPE OR USE PEN
SELr TRANSCRIB)NG

PRE3S HARD

WELL LOG AND DRILLING REPORT
Ohio Department of Natural Resources

Divison of Water, 1939 Fountain Square Drive
Columbus, Ohio 43224-9971 Voice (614) 265-6739 Fax (614) 447-9503

964876
WELL LOCATION I CONSTRUCTION DETAILS

Courny ...I..._ _ _ __I_ _ Tow ns hip p _ _A _ _ _ _ _ _ _ _

.ftag PLvP ka4 Utg-V- Q4-b-fftLNClE -woL

-Address ot
Well Locallon - C L Lt-/r.l .. <tk f2zr~

4

Z Cip Code +4 YY 5 °

Location of Well in State Plane
Coordinates, if available: Use of Well ,'1 l) 'I T t j. m

N ( X _____ .. f or m

S ':'Y ._ _ h.orrn

Elevation of Well .It__h, or m

Datumglaim-F4NAD27..-.NAD83. Elevation.Source_

Source of Coordinates: 0 GPS C Survey' D Other_ ____

D Rotary C Cable C Augered u Driven gOther 5 O 'C

, BOREHOLE/CASING ieesue irom 9rcund swleoo

d Borehole Diameter .. 2 jr inches Depth . S S .
Casing Diameter.. in. Length ?22•,c_ 1t.Thickness.t,4 _in.

6.Borehole Diameter S inches . DePth .y. S tt.

Casing Diarneter . . in. Length -/!J5 L t Thickness S U in.

Casing Heignt Above Ground . ft.

Type Selw Galy. IJ Pvc 10
2 U 20 2;L 2 Otther

Joints Threaaed Welded I Solvent
2 2 2 2 0 h O _her

SCREEN

Diameter 3 . Slot Site .1).) Sareen Lemgth I - ft.

Type S -- ;,7F r Material P V C _

Set Between _'K___tl. artnd Yt
GRAVEL PAQKiFf.rPam --

Material/Size -Zhj, '- At z• Volume/Weight Used I ;.L . 1 i-L5;

Method ol Installation Pt Cr3 T,4-0jI. .'4 A S ki/-

Depth: Placed tROM 4 It TO J. 2 tt.
G2ROUT
Material /-r -- ,. 7 V Yolumeeight Used tJ.,:/ze

Method of Installation 7-4 £ .t'

Depth: Placed FROM _ft I. TO 1. 0 tt.

Sketch a map showing distance well lies from numbeved state highways, street
intersections, county roads, buildings or other notable landmarks. if latitude and
longitude are available olease Include here: Lal: . . Long-

Noith

DRILUNG LOG
INDICATE DEPTH(S) AT WHIICH WATER IS ENGOUNTERED.

I E Showscolor, texture hardnessandformation: From To
e a sandstone, shale. lImestone, cravel. clay, sand. etc

. ................ .... .. .. .....±......... .- y.........

.. .. . .r.......f.... .

Sout.. ......L ....... .c

WELL TESr ,(__.

Dre-PumPing Static Level . .ft. Date bi'(..

'Aeasured trom- ClOTop o1 Casing El Ground Level O Other K . .-.,.... . .- . I-& 3#}---- ...-

DAit- DSailing OPumrping 00Otner _ ....(.... 1..L9.5
test Rate __ gpm Duration orTest _ hrs. (. , £ . , _ 7jR . -|._. .

'eet of Drawdown n t. Sustainable Yield gp_ .... ...... ......... .......

lAttach a copy of the pumping test tecoro, per section 1521.05, ORC) . . . . .... ................ ....... 1 ............... ... .................. ......

,Copy Attached? 3Yes CNo Flowing Well? r Yes C No
Xualty _. ..............._._......_........_......._......_......... .... ........ ..... ..............

. __~~~~~~~~~~~~~~~e . __...... . .. .... .......... ..... ....... .?---- ---;- ------- --T|

y p e fl p ue t a taft. i e. .Ty p e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.

um p5 iset l .iess byp_ ........ ............ ..... ...... .. . ............. ................................ ................ .... ...
umW imstallec by. _ _ .i

rilre t ty %rio 1torrnalfon given is ac=uraie and correct to me best ct my lowiecge.

rillingFirrn F irm- /! % ..... . .. . . --.

03. e ss _ (j i 2 _ X; t &Q ' - As -F
ity, Stete. Zl..x)~, r -~ l~ v .%{J' -.-. - I.._.-.- _, .

gnl . . '3 at . 22at 1 ore sPacc is neeoec ' o mrrzete orflltnc J.Se net! Co`IeCLre~ !VeR' %I-~ere. lorr

7- . :4eMst'retlon Nurrme, . Dale & Well CCrmpietiCr t c. oa Depth of Welltt.~

Cot.ti r f thics ~ftri 1S reqjirec b,, secic: , -2 C.0 Ohio, Re visce: t>ooe . '4=e wi-*~ ft~ er co 1pei~ton C ~ c llir~

CRIG. ,NAL CO PY T C - F fj \/ v. . V - -,,. . - - -



LOG OF WELL NO.

- P, A - 0 7

T

I) 9 ;55o Job Number

,1 '7- Date Installed

Technician
Surface Elevation

j3 a C Riser Pipe Material

|C AScreen Material

Screen Diameter

It) Screen Slot Size

Bottom of Boring

Bottom of Screen

DSTop of Screen

t2 5 Top of Sand

Top of Bentonite Pallet

Top of Bentonite $yevMT

O .) Top of R ul / CementEZ

Top of Soil Backfill

_ _ Top of Well Riser Pipe

07. Top of Guard Pipe

initial Water Depth

/ 5 _ Completion of Water Depth

24 Hour Water Depth

48 Hour Water Depth

7'-'- '-2- "

0. a- 7 7

G- 1IJ )

-3-5

Hi;; -r .-

. SL-eI-

_1;' I 9-

I

I
IS

Hour Water Depth
+ I --

, .

Remarks:

+

_I

rBOWWSER
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TYPE OR USE PEN
SELF TRANSCRIBING

PRESS HARD

v r.L. IJ Mv r A.M L)MILLINU REPORT
Ohio Department of Natural Resources

Divison of Water, 1939 Fountain Squatre Drive
Columbus. Ohio 43224-9971 Voice (614) 265-6739 Fax (614) 447-9503

9 7 '37 9
WVLL LU.L-A IUF M M YUCiCnv DE-TAlLS V

_ _ _ ,

County IF2 r Township rzt Z. , t4

D~bram {.,V F~tt L4t11 f -31 1

Addresst oP/^n J /?!W~ell Location "L~ S

Cit SA ItI/)LSKZp Code +4 VV KS7 Q
Permit No. JZA -Q 5A S . - i A-

Locabon oF Well in State Plane
Coordintaes. it avaikabie. use oD Welb A 0 Mu ti I U-
N ] X t. ororm

S ___Y___.__ __4tt. orm
Elevation of Weil ._ _ +- ft. or m
Datum Plain: 5 NAD27 M NAD83 Elevation Source
Source-of Coordinates 0 GPS 0 Survey . Q Other_ ___

I

5 Rotary D Cable Auigered 3 Dnven gOther V c t i C
SOREHOLEICASING ImeOsNSWO romrOsmlrt3cal

f EBorehole Diameter jincries Depth ?32.t. it

Casing Diameter. .2 in. Length 2 ft Thickness icILŽL.in.
29lBorehoie Diameter _ inches Depth t .J7 t

Casing Diameter- 44 in. Length .2L . fl.Thickness.kvdj*in.
Casing Height Above Ground _ o 5_ _ ft.
Type - Steel 1 ° Gafy. -^ PVC

2 u 2 C 2.4 2 0 Other

Joints iThrneaoed Jeldbd 1 Solvernt 1 _
' 2 G 2 'v 2 0 Other_ __ _

SCREEN
Diameter - Slot Size . Lf Szreen Length . C. ft.
Type £/ JTT > Material 59 C
Set Between _ ft. and _ _ _ _ __ if.
GRAVEL PACKTFier Paet

MateriaVStze S/1 - A.< c VolurneJWeight Used dL-Lc ./I i.0
Methoo of Installation PL'v - l -4 iJ5.. (
Depth: Placed FROM t n. To / 5 nt.

GROUT

Material I C-'1 j if VotumeeWeight Used 4 M ,, 616

Method of installation } f

Depth: Placed FROM R 2 ' 1t. TD _ ft.

Sketcn a map showing distance well lies from numbered state highways. street
irntersections. county roads, buildinpor otlhr notable landmarks. It labtude and
longitude are available please include here: Lat:_ _ Long:

North

I
DRILLING LOG*

< I /INDICATE DEfTH(S) AT WHICH WATER IS ENCOUNTERED.IA- I] Show color, texture, hardness, and lormation From To
e El sarvdstona. shaeftlmone. _Qand ,raveiclay, sand. etc.

1its _TSl p _,,,,,,,,,,,,,,,,,,,,,,. .:t,.

...... . ... !..... . ... . -- q-:3 -- i . . .S...

Sexfth t; if ,<-,r' ,:\~~.vrLc.^.s,, ,.......... ................ -7 L

WELLTES ....... . . . . .......... .l .A. . .....
:re-Pumping Static Level ft. Date __ _ _____

'Aeasured from: Top ol Casing i Ground Level O Other. . . .........-. ---------- - ....
Air SBailing CPumping' Other_ _.__ ............. ........ .................. , _.,. . - ...

rest Rate _ gpm Duration rA Test _ _ hrs. r . -f
reet of Drawdown _ _ ft. Sustainable Yield _._._... .gpm...... '.. .... ... , ..4.......... .... ....... .........
fAttach a copy at the pumping test record, per section 1521.05, ORC) ., , . ' ....... I...... .

Copy Attached? 3 Yes O No Flowing Well? 3 Yes O NO
.ua.y _ _ I . .. ,. ......... ..... _... ....... ... . .....

PUMP/PITLESS ..-

yce of piump Capacity m -
um. set at ft. Pitless Type....
urric instaltled ty .
i nercy cervne inforinaeon olven ,s accurate anc correct 10 the best of rny xnowleoge, . ......

. V 2mI *_................. . ................. ........ ..... 1.

0* ress - 5 c ;/I -A z k
ltv, -late, 'ir, Ii i ... ........ . ...L-..--......-----.

-erdt ~ t'4 ' a I ! _ ( ..; Date C fL -nore spacE is reedeO to ccrnoiete dnling Lo;, £5E next consecutively nuwntered tor'..)

3ate of Web Complatarion ', f. ) .' - Total Gepth cf Wei. , - h.
-

:omietion o! trt~s lorm I;S rezuvire-j v ysection 'I -521C~ .0D!n;Eve f~ipe wit nin 30 icazv sat e, cO ei0 Ofd frlsin
`RR!GINALi COPY TO- DNR. DIVISION OF WAT'ER 192t; PC)t,11J SO. D7)\/E



LOG OF WELL NO.

gA -OSC

Job Number

jo-a- -C3 Date Installed

G Xj Technician

Surface Elevation

F" VSC Riser Pipe Material
P'V-c Screen Material

Screen Diameter

Screen Slot Size

Bottom of Boring

Bottom of Screen

i• Top of Screen

t/-, Top of Sand

3- . - Top of Bentonite Aet c 14 qPS

/. 0 Top of Bentonite S i -o,

0 0 Top of P i / Cement t
Top of Soil Backfill

. Top of Well Riser Pipe

3 Top of Guard Pipe

3. e) Initiai Water Depth

v v Completion of Water Depth

24 Hour Water Depth

48 Hour Water Depth

Vx 0 -

/. 0

r <) T

l3-2.l 5

1//I,--Ot5
C0 0t3

5. 0

,5'

?+7

I C

Hour Water Depth
4 - -

Remarks:

BOWSER
MORNER



Section 2: PBS Wells
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lHThRW. DRILLING LQG .- 4i--U-Di. jH- 1PSE

I. COMPANY NADf Z DRILL SUSCONTRACTO SHE rS-ETS

.1VTC map". yec4.A. OF

a. PROJECT 4. LOCATION 4

. 1_ NASA ?M t" k Strim Or%,o
-~s. NAME Or- ORIL3ER 45 MMUA CTUE ES ATON OP; DRILLDad ct t~v. 5-- Kt~i T5rn 4qo tf-zooe~~wo

. SItES ASONOTYPESOO UPNG p / i " fW> 1A SDRLlNa. HOLE LOCATrOm

AND SAMKING EGU t..PMSNT
5 ),n4%jAAV- hW . rW'1 lb Z Ob ASA. kidmk 9S. SLWACEELEVATION

; V oU t ib ut&~ rQ4ET.I L 4IC"OD '7 i ,.
% I L d tta Lt Q b.Lr 3 10. OAT STARTE . 11 T COMPLETED

7.VE81ROEN THCNESS ¢IS. DEP Ft GRDUNOWATER ENCOUNTERED
I. 3VER8URO.N

Ia DEPTNDRILLEO1tNTROCK . 16. OEPTNTOW hERANDELAPSEI t'MMEAFTERDRtLLtNGCtWPLETED

. 14 TOTAL DEPTH OF HOLE 1?. OINENWATIERLtEVELMASUREMENTS(SPECIFYI

1S. GEOTECMNC SAMPLES C"AYJVIIED U| OSTUPROD |1S. TOTAL SUMER OF CORE BOXES

./VA m ,A I
20 SMPLES FOR CHEMICAL ANALYSIS voc ASTALS OTHER(SPECIFY) OTlHER SPECIFYl OTHER ISPECIFY) 21. TOTAL.CORE

_____________AIAA RECOVERY/ft

23 DISPOSITION OF HOLE CIFtLLtED WONIYORING WELL OTHER (SPECIFY J3. SIGNATURE OF INSPECTOR( ' X

. _ _ , b . , . ;

*14~ -~ ~.**-** *;'- IQ41 2-4-us; s-!r t-4r4

i , , . ., I 1 I *,tt .
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: TW DRIL LING LOG I NeRhrA)5 villt 17W IJ7_3
46 CO i "cle.rz|. _ n

.

-

, ,v--- " _8_ ._ _- ... :~ - - . _-. VK-bWF~vl_ _ [_PHt ? ., S"ETS

-.. I|tt5b=--10- Lor4 V4,& * a c
PAO)ECT I ~vJ7- --,v

N~v<JtASA Ml" trook S0w It- 1'
b AE OF tDR(LER AWATU fros TO OF *5\lt *STASS^v DRILL

7. SIZES ANZ0 rfPES ofi MtwtlN W N." |t/ *"h hSA w%;K & "OLE LOATION
.^ND SAWPLING E0O |ttbV'M "4lt tt S

.soh&s. Pa6A rt- tA , 4E l , t Ob A-A. N~rxk I URACtE EEVATION

W.Sr I'lp irWt)totc*V sek1 .7Is thd 4"W t' lu~ ,wob 3 1,\t
Jk(.r 4|ttl f~sl ~. rS.{m cotic WW,T Pf l>j4T. 7om 3 .1Q 4Tj STMRTE, 31. DATEXOMLETED

wtil, 8125lo 71 Ijfl
t XNtflS~,KESS 1 %.1 DETH GR8vlNDWATER ENCOUNiTEREO C

. v3. De~r REEED tLLEtTO RCK _ Iti DEPTH TO W."ER AND ELAPSED 7 lAtFTtR DRILLNG COPAPFrEO

14 .OTALDEPTHOFHLE 1 Li ,? OTHFWE~tLW^E^MEASUREMENT3($PECW-'*

*Tt COT~tHNICAt SNldPLSs GSTvftEUlS71J tit | TOTAL NUMBER Of CtRtWE 8X

NA AIA I
70 SAMPLESt FO OREMICALAAYSIS WC MEEALS DTt~SEClfY OTHR R4SPEC" OTIPER SPECWY)l I 21. TOTALAORE

.NJ JAAA IJP I 4 1 COVERT

2Z. olSPOS"IONf or ME lACKFILLED O NItioORINGW~EtL OTHERISPEC"Y I2ATURE Of I SPECTOR l 1

LOC)ATION SKETCHICOMMENTS SCA\LE- Ala J. Sn,^

i : i Ii g ! | * t g ^ ' ^ ! ;L
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HTRW DRILLING LOG DSTRICT asile MOLE NER
1. COt.)PANY NA:.E 2. DRILL SUBCCNTRACTCR SHEET 1

IT Ccrcoration Alrar~ce OF 3 SHEETS

2. PROJECT 4. LCCA7tICN'
PBOW Erie County, Ohio

5. NAME OF DRILLER S. MANUFACTURER-S DESIGNATION OS DRILL
Paul D. McAdams Dielrich 0-50

7. SIZES AND TYPES OF DP-LLING 2- Scl4 SoCns. 6-1'2" O.D. 8. HOLE LOCATION
AND SAMPLING EOUIPMENT Augers Near O!d Pump House by Powerhouse #2

9. SURFACE ELEVATION

630.92 leet IMSL)
10. DATE STARTED 1 j. DATE CCMPLETED

9/25i96 9I27i96

12. OVERSURDEN THICXNESS S. DEPTH GROUNDWATER ENCOJINTERED
10.4 ft

13. DEPTh DRILLEO INTO ROCK t6. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING' COMPLETED
4.6 h. _.82 _s davs

14. TOTAL DEPTH OF HCLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
15.0 ft. NA

¶8. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED | 19. TOTAL NUM8ER OF CORE BOXES
x x

20. SAMPLES FOR CHEMICAL ANALYSIS VCc MAETALS OTHER (SPECIFY) OTHER (SPECIFY) OThER (SPECIFY) 21. TOTALCORE
RECOVERY

NA .
22. DISPOSrrIOW OF HOLE 6ACKFILLED MONITCRING WEL! OTHER (SPECIFY) 23. SIGNATURE CF INSPECTCR

x Wesley White

LOCATION SKETCHICOMMENTS SCALE: Not to sca e
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---------- 1 - ------ ------ ------

. . . _.- . -_ ,- . .. . … - -

…… \ -4-.i

. , . I , , I . . I

__________,___---r- ---- 1---------- -------- s---- - - - ---

_ _........__ ......4___---------1---- ------ -- '--'-------'---

PQIECT MOLE NO.
PEOW IT-MW8

' .12-25 Eu. 101flRHATIONAL
TECHIIOLOOY

"CO RPO LATZON1



HTRW DRILLING LOG mcCtuAnc.Nss,.E! HOLE 6*. IT-MW8

PROJECT; PBOW jINSPECTOR: W. White SHEET 2OF 3SHEETS

ELEV.

a

DEPTH

b

DESCRJPTION CF MATERIALS

FIELD
SCREENiNG

RESULTS

d

GEOTECH SAMPLE
OR CCRE BOX NO.

a

usca BLOW
CCUNTS

q

_ReVmRAS

-4JI4 I1 ___

1-

2 --

Stitt to hard. dark gray (10 YR 4/1) clayey SILT,
medium to low plasticity, low dry strength, trace
organics (roots), .^cist

2.2

. ,

0.0 S-1 ML
2.3
5,6

3 -7

4-

5 -

8 -

7_

6-i

Hard. brown (10 YR 513), clayey SILT, trace very
fine sand, low to medium plasticity, tow dry
strength, dry to moist (well below plastic li.^^it)

4.2

0.0

Dense, strong brown (7.5 YR 5J6) momted with
pinkish gray (7.5 YR 7/2), silty very tine SAND,
well sorted, poorly graded. well rounded dry
to moist

5.75

0.0

5-2

Geotechnical
Sample

S-3

Geotechnical
Sample

S-4

Geotecrnical
Sample

ML

SP 6,5
4,4

6,7
9.11

Hard, gray (10 YR 5/1), very line sandy SILT. low
plastcity. 'ow dry strengtM, dry to moist 6.3

2

4

6

8

10

Very sliHf to hard. grayish brown 110 YR SO2 CLAY.
medium to high plastcity. moest

8.0

4.5
5.100.0 CUCH

8-

9 -

.4 4 .4. 4- 4 -

Hard, grayish brown (10 YR 5t2) sitly CLAY,
trace medium to coarse sand, medium
plasl:city. moist

5,11
14.170.0 5-5 CL

CL

9.6_ ,
Very stilf to hard. siity CLAY and weatnered
shale. bluish cray (S PS 611 I. low

Pro~ect. P50W HO.O W.o. LT-MWS

rmwz~oW4.Ric1I. -'a-16 t-IairiNA



HTRW DRILLING LOG IcCNTt;UANo4S- I HOLE NO. IT4MW8

PROJECT: PBOW INSPEGTCR: W. White I SHEET 30F 3SHEETS

FIELD GEOTECH SA.MPLE UsCS BLOW
SCREENiNG OR CORE BOX NO. COUN IS

ELEv. DEPTH DESCRIPTION OF MATERIALS RESULTS REMARKS

a b c - td ____ _

CL
10.4

-Very hard, bluish gray (10 B F.)). shale. Cry
MA.8

_ .

0.0
10,12
13,16

11 -
S-EWeathereo shale zone, bluish gray (5 PB El1).

frncist I 1.3
-4 ..

Very hard, bluish gray (I0 B el1), shale. dry

12.0
1Z~ -f14

Weathered shale zone, bluish gray (5 PB 6/1).
moist

12.8

Augerecl down =
I tLhard -

13-

14 --

Very hard, bklish gray (10 8 E), shale, dry 0.0 S-7
7,14

a0"

A 5
*E _ .-. �J. 4 +

16
-t

17

18

19

Tolal Depth a 15.0 FL
Hit reflusal
at15ft.

II
- � -2II1'---� *1 - ___________ - -

Mole No. IT-MSBProlea: PBOW

I- 1244 L.= ' mr-*A



IT-MWO9



iuEc

0.0 fL-U

MATIMA

MAT - Top Of waiI Pm*tmm

(Not To ScaLe)

too a t "1 n- 77. fl- f

li I 'I coomuc Pad (4'x 4'x4')
- Gmuod 3acfm=

14 -

2.0 -

3.1 -

13.4 -

13.5 -_

3aDc=a~m (cZI pwgcdur

- 2- LD, SCH 40, RI= Fer

1 2LD., SCEE40, PVC ui
0.010r iou,6 10y kagl

Siudc morunJwgN at1.IA ft. an1014/96

- 27*a1 Wefl Dcvt

oa- Tt

Wail Constuctn Digram
prad for

USACE - NASHVUILE

PLUM BROOK ORDNANCE WORKS

wen No.: rr-Mw9
1wa JZaJUcd 9fl

Evvuimx Top Or Caai
11BMW an M= Sm Zawd[ oap



HTRW DRILLING LOG Nashvle IT-MW9
1. COMPANY NAME 2. D:ILL SUBCCNTRACTCR S'HSET I

IT Corpoation Alliarce OF 3 SHEETS

3. PROJECT 4. LOCATION
PBOW Enie County. Ohio

S. NA.VE OF DRILLER 6. MANUFACTURERIS OESIGNATICN OF DRILL

Paul D. McAdams Olelr;ch D-50

7 SIZES AND TYPES CF DPtLUNG L2 spldspcis, 8-li2 O.D. & HOLE LOATICN
AND SAMPLING EC=IPMqE\T Aur s North al TOT Area C

_ _ _ . . 9. SURFACE ELEVATION

645.72 fet (MSL)

.O_ 10. DATE STARTEO II. DATE C.OPLETED

9S2S,969/27r0°6

.12. OVEREBURDEN THICKNESS 15. DEPTH GROUNDWATER EsCCUN tERED
9.0 ft.

-13. DEPTH DRILLED INTO RCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COM.PLETED
6.0 ft. t,2.2 fJ5 days

T4. TOTAL DEPTH OF HiC;LE 5.01f. 17. OTH.ER WATER LEVEL tEASURP,EtiNTS IS;ECIFY)

INA

18. GSOTECHNIICALSA,.PLES DISTUREED UNDISTURBED I 9. TOTAL NUMBER CF CORE BOXES

x X I
2Z. SAMPLES FOR ChEMICAL ANALYSIS VC^ METALS OTHER (SPECIFY) OTHER jSPECIFY) OTHER ISPECI"1F 21. TOTAL CORE

NA RECOVERY

2. DISPOSITICY OF HOLE 9ACKFILLE MONTCORING W LL OTHER ISMiCIFL 23. S:GNATURE OF INSPECTOR

X |Wesley White

LOCATION SKETCHCOOAMENTS SCALE: Nct Io scale

,. _ . r 1 I I /I 4

. ..-----.- -

- - - - - - - - ----------- - - - - ------ -- - - - - -

B~~~~' -f

-t - -- - -- - - - -, - - -_

- .@................. . .__ t - r- - - - - - - - - -' - - - -

- 1 - * - : :

- - - - - -! - L - -

- ;- - - ------- --------- - - - - - -- - -- - - - - -2 - - - - - - - - I->-- -

'''_ - - - - - - - - --- - - - -- - - - - - - -1- - - - - - -___...____

iPRJECT 
t O

M TI KCXWOLOGY
-- CORPOaAT103e



HTRW DRILLING LOG ICCrNUAZN S-EiM| HOLE NO IT-MW9

PROJECT; P5OW INSPECTCR: W. White SNErET 2CF 3SHEETS
I ,

ELEV.

a

DEPTH

b

DESCRIPTION OF MATERIALS

C

FIELD
SCREENINS

RESULTS

d.

GEOTECi SAMPLE
OR CORE SOX NO.

4

USCS BLOW
COUNTS

g

REMARKS

h
_ .4

1 -

2 -

Firm to hard, cari grayish trown (10YR4/2).
sitty CLAY, medium plasticity, blocky, dry
to moist (near the plastic Jlimit)

0.0 S-i CL
1.3
6.6

2.0
i 4 4. -I

3-

4-

6

8

9-

Hard to 'very hard, brown (tO YR 513) silty CLAY.
medium plasticity. blocky, trace medium sand.
dry 10 mctst (below pIastac limit)

10% bne to medium SAND, tracefine gravel and
coarse sand size shale tr2gments

7 .2

0.0 S-2

Geotechnirca
Sampie

S-3

7,10

14.21

CL V,15
21.250.0

9

I amealem Kru
:Samplze

2

4

6

8

10

12,19
25720Q.0 S-4

Harc, dark grayish brown (1O Yi 42) silty CLAY,
25% sand of various sizes, rnedium pLant city,
trace fine gravel, blocky, dry to moist

Geolechnical
Sample CL

_._

Hard ID very hard, bluiSh gray (10 B 511) silty
CLAY, medium plasticity, blocky to platey. trace
medium sand. ory to moist

9.0 9,14
1929O.D S-5

WeaUtered shale. platey

_1 - - _

Projbct: PR0OWI Hie NC. IT-MW9

M 1.1spcrCAn

=V4LOGYt~
_ :rc



HTRW DRILLING LOG (C0MNUAr:N SHEET- IOLE NO. I

Ps Ctat P80W INSPECTOR: W. White ShEET 3oF 3SHEETs

FIELD GEOTECH SAMPLE USCS SLOW

SCREENING CR CORE BOX NO. COUNTS
ELc-v. DEPTH DESCRIP'TION CF MATERIALS RESULTS1 REMARKS

a -1 bC _ _ _ _ _ _ _ _ _ _ _ _ _ _

11 -

12 -=

13-

14-

Very hard. buish gray (10 9 6/1) shale, dry

0.0 S-8
29.44
59.

50-3tl2

_

Shale bcke -

up easily

Augered dowzn to=
Is I'.

0.0 S-7
23.5
100:5

150DI. '���.1. I

1 e-z

7-

18-

IS-

Total Depth = 15.0 FL

12

14

16

18

20-20I I

Prc'cs: PBOW Mole No. rr-MW9

xar~~sO~~BN-sHV :t rm:MtS w Es-.rr-7G-I_ I i 4rcIM OPiIrz



IT-MW1O



~aL

+2.3
+2.S rutCap

C:55 Tcy Of Wail PUdr~t~

(Not To Scale)

, _, . _ I

Dsrp*: (ftJ

0.0 &i-

4.5

6.6 -

3s -

93 -

I

fibavadom 7cpofCain - 645. 12 ft. (izzi

M-C-zrm Pad (4'x 4z4)

____Gnd Sua

Top of Cocc Grout

Do Pr of Wal Ptowaor

- 2 LD., 50140, Rim Pte

canct QVIA

-Bcd~hoSed

SuMd Pxk

2' LD., 30140. PVC Sm=
0.010 di, 10 Iw Len&

- Stma Oramdwvw at 17.6 ft. an 101419

- btd Wagl Deap&19.1 -

20.0 to

Na&&

Wall No.: IT-MWI0
Dift IvaUcd' VWi
Mmdmi Top ofd ie
* 3* m Ile Sinamd 1~0

Wag Consoran Diagram
prepmd for:

USACE - NASHVIL
PLUM BROOK ORDNANCE WORKS



OiSTRICT KOLE NULAERHTRW DRILLING LOG NasNh111Lo IT-MW1 0
1. COMtPANY NAME.'S 2. DRJLL SUBCCNTPACTOR SHEET I

IT Corpoatior Allanice CF 3 SHEETS

3. PROJECT JO4. LC=ATICN
P6oW EnEe Ccunty, Ohio

5. NAME OF DRILLEf 6. 4ANLUFACTURERS DES1GNAT7:N OF DRILL
Paul D. M:Adarns Dietrich O 50

7. SIZES AND TYPES CF CRILJNG 2" Spli: Spoons. 8-1/2" O.D. 8. HCLE LC^AT:CN
AND SAMPLING EOUIPm~E~yT Aurmers NCr~hwesi of Redviater Pond

9. SURFAFCE SLEVATIC.N
642.51 feet ({MSQ

tO. DATE STARTED _ 1DATE COMPLETED

12. O'IERBURDEN THICKNESS 15. DEPTHGAlOuNDVlA .EfiEtN^COUNTERED
_ 19.51ft. NA

13. DEPTH DRILLED N17OO RCZK 9 S. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COM.PLETED
0.5 tt. 17.9 ftJ5 aavs

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY]
20.0 n. NA

18. GEOTECHNICAL SAMIPLES DISTURBED UNDISTRB8ED 19. TOTAL NqLJBEROF CORE BOXES
X x I .

20. SAMPLES FOR CHEMICAL ANALYSIS vC^ METALS OTHER (SPECIFY) OTHER (SPEC!FYl OTHER ISPECIFY1 21. TOTAL ORE
RECOVERY

NA Pest/PCBs Nilfo NA %

22. DISPOSITtON OF HCLE IRACKFILLED MON7ITCRING WELL OTHER (SPCOIFYi 23. SIGNATURE OF INSPECTOR

X__ Wesjey Whset

LOCATION SKETCH/COMMENTS SCALE: Not to sCale

---- - - - C -a t , e - - - - - - - -

. I II

7. - 7 --- - -

Pso II I1

EUO I ATO



HTRW DRILLING LOG LCcNTC`UAT;e swEET, HOLS NO. IT-MWI0
.. . _ ,T:-_

PROJECT: PBOW | INSPECTOX W. White | SHEET 20F 3SHEETS
4 *

ELEv.

a

DEPTH

b

DESCtRPTION OF !:ATERMALS

�1

I-

2 -

3

4

5_

6

7

9 -

Flrrm. dark gray { 10 YR 4'1) mcttled with pale
crown IO0 YR 613) si lty CLAY. mediu m plasl city,
moist, rcrts

Hard, very pale brown (IC YR 714), clayey SILT.
ow to medium poasltcily, Mcieratefy low dry
strenglh, dry to mclst (telow plastic lirnut)

Firm. very pale trown (20 YR 7/3) clayey
SILT to SILT, low plastcilty. low dry strei'gth, dry

Firrn to soft, gray (10 YR 511), interte.eed
silly CLAY and SILT, medium to lowv pasticity,
silts are dilatent, silty clays are moist to wet.
silts are moist to diy

Silts are beccming mcist to wet

Fewer clay teds (predorin ant si;ls)

Prcieci: PEOW Ho!e N. IT-MWIO IL

PeGW3CPV;PC ORSSUI * 12- S5



I HTRW DRILLING LOG (CCk~rJNUArTlC.4s'skEc) HCLENO. IT-WMW10

PROJECT' Peow INSPECTOR: W. Wile ISHEET 3OF 3SlWEETS

FIELD GEOTECHI SAM.PLE USCS BL CW
SCREENING OR COPE BOX No. COUNTS

E LEV. DEPTH DESCRIPT:ON OF M,'ATERIALS RESULTS e REMARKS

a Ib ca e Ig A__ _ _

11 -

12-

¶ -

t4-

=

15

16

17

18

19

0.0

0.0

3.2
3.4S-6

1,3
4,4S-r ML

l,3
3,30.0 -8 _

Geotechnical
Sample

5-9
2.3

3.40.0

Geotectnical
Sample

Hard, dark bluish gray (5P8 411) clayey SILT,

trace gravel and sand, low to medium
p!asticity, moist to dry, iimestoe Iloat

_i I _.1

I19 .5 j

0.0 S-10 ML
8.11
SO,

50-1.2

_ _.

Limestone
20.0

I p ro : PBOW I IT-MNN.C



PR-MWO7



HTRW4 DRILLING LOG PX -
DaCmNne's & Moore be(I, IIIU f Ce ',EE T

14UPp &ACcT fe. f f er L
Plum Brook Ordnance Works Sandusky, Ohio

5. 0pUa, Or 0ftILi.. 6. 1iakup44!I.Jt4 CIEJ.WJAIIC4 CO' VALL

Ntf-, CO -3pT

'a lo -ek. AA9Z I140AC L.1$ S O s It. ?OfI. fED It. CAM lczLX

No e- - -- -¶- I I1 I

MCT A Sv. spcI,
R- -.I% -!1 fE ,~ r

F-p. -. iv- E(

I PSOexI

Plum Brook Ordnance Works

I '.C -.



HTRW DRILLING LOG

I gAlst If
KAC41Cqi

o~rgp", Sldims1ic,
PteC.- I. t

&Sttst~Q

5Z7 IIA 1v-A 5pfdg

Loyh- a

LceA Gba

%F. - I -(.Cly I saht�("I�
�46wm #Tn b1c,

bwj-,5t C'i WoSa# me~,'
bicwn5 hd we4 m~jle Asc.% 2.0

r

Plum Brook Ordnance Works



94A: Zt

Cow Ccu4 f

~ pJ&~&c~.1. &&f-R 0
/ R/ WhiP.

I./7

Plum Brook Ordnance Works



HTRW DRILLING LOG
Brook Ordnance Works I

WS low o pwk-~o - ,tl,
_ Wow,'&t/

v C ~4 A. Lu.,t- S ~ t

- 1a20 17,

Plum Brook Ordnance Works



QQ i) STEEL PROTECTIVE CASING PB-PR-MW7

OVERBURDEN WELL DETAILS
NOTE: 3" x 5.0 steel post set at

0 4each corner of the concrete pad Plum Brook Ordnance Works
I to a minimum depth of 2.0'. Sandusky, Ohio

DAMES & MOORE

0 0- STEEL POST , _] A



PR-MWO8



HTRW DRILLING LOG A-ix-SI&I /Md:
Dames- & Moore

P".Ec r 4. LC!& riev

Plum Brook Ordnance Works Sandusky, Ohio
1. mawC Of .10ILLE11 r, "' f4C I OCR S CES104A I ICN 4V CRILL

.- I

1. i'M Prot$ of C91,4. wz ego_,,%
E owfuFf I d Arzo IiArAtu'u- s:hw..Sj &M+11Lklida I W J -A

w. WE sr&ATED W. DATC CCwPLETED

I.. w~g4 90.5 "A

13. OEPTR CRILL0 INID ACCI 14. ccpt- P* WC01 -hO EL�"d 'I'VE rrtn 04'LL-9-C

rorAL ofFIN Cf *C,.E VATE- U�fL %CAJL4C&RCmrS IS

it. GICIPEtwelCA& SL&PLLS M�STOOLC 31. 10(AL NLUGCO ($ Wa e4xE'

None --- 1 IV14 -
.. ... VC1. -EtAL5 f WU ".Kc is # I ar"CR SptCW- 0

L;AfJ I U�

940f.u.0 Wm tvt.#4, .9" ccf

LOCATION SKETCH/COMMENTS -SCALE:

. . .........

7 7

1"'MIT

Plum Brook Ordnance Works

IW.E -).



HTRW DRILLING LOG

I im 4#.- LdA '

e~ &1 C , ;w/D/
a6 ~_ - )q -

Ct A --
m4se-

.tc. j.0
6,"t s54Losti, 0tta

bv, 11s3 iel S A1 4 s

SsftB-tA Inov~cz&A: PTs~AA=3

Ce , _ _ _ _ _ _ _ _ _ _

/CWAS) hU6 ,> ~t[iLl.

5Cik4 L'/S, &~ICA

biuq qq Pe
sal C4L14w4DIAC(

Plum Brook Ordnance Works



HTRW DRILLING LOG

QCVnip'low 0, "Tat.�&
(4)

SC,AL S~ 4~" W 14'c i
Fecti : .OC
fler" .7.

A~ P.
L, o4 . 0

LCCO'C

G~Cf.e" %t// f1tjA~J

SAotte? Ad,

omard-t %,,g
flclj .

.5c-J ~V"Y41

SL,%te, .. ~ ,fif'{ej r,,c S 44
/7OMyj

RR^'.;i.a
Rtc-.-�-d
ta i I d

Plum Brook Ordnance Works



HTRW DRiLLING LOG

&A L71.f- ~ A.J.

CZ, /I

Re(,., ;Z.o
LOA, 6

5)/,.1 zJ

IdAO

t

A1.5 Ft -

Plum Brook Ordnance Works



+5-

VENTED LOCKING CAP

SURFACE0-

-5 -

-10 -

-15 -

-20 -

-25 -

CEMENT GROUT -

TOP OF GENTONITE SEAL 3.0' BGS -

TOP OF SANDPACK 4.0' BGS -

TOP OF SCREEN 5.0' BGS-

BENTONITE SEAL

SANDPACK FILTER

No. 0.010 SCREEN. 2" PVC Sch. 40 TRILOC

TOTAL DEPTH

-30 -

I

o o -STEEL PROTECTIVE CASING

NOTE: 3" x 5.0' steel post set at
each corner of the concrete pad

lto a minimum depth of 2.0'.

0 | 0- STEEL POST

PB-PR-MW8
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

& DAMES,& MOORE
C -- A r_3 .. .9.~



PR-MWO9



rX19-ALS191

HTRW DRiLLING LOG I A kA !P

Dame & Moore a ~ .f S/V Zi
L. POO-CC r It LCCA 1 4Plum Brook Ordnance Works San9dusky, Ohio

1. NAME Of 001ILLLA Dq1 (% 5. U1.A0 CILRE~A1 COSICRAfIa4 Cf:9L

4I~vf _- O __ - - -E tCEV.7%0f

LOCATION S ETOi-WCOMENTS SCALE

~ ~~~1...- 0. . . - . . -.--..-.-.- .

DEPTIO C*1LAQ wro 4.- *---.--O )..It.-..E--.-....-A..'D.ASd'es " O 1 1.*--- .- . U. .

TOAL (AwCf I ,. F 0 WR f, .EE ~. .A"r ti

GZ~r j..CA -KE 0,7&:& 0To ***M*aaor en OX *

None' WA-

et - R -- 7IE Sv tt'pCCI I~.1LPC

4 J I I I . C-E L

I

WI",. t, I

Plum Brook Ordnance Works



HTRW DRILLING LOG

pfekb ArA Cw5,vi
,G.5

81k"40 4AW INe~l
'ut¶( 5 Four Jr

de-.I SL~kk l~r

t'n' Q.O
ReM! 'O
as I x

R".s ; ro
Aef: H.
Lojk 40.

_ -A .10 61 .J

&U054', Clcij
-1w aj ¾Vf ;I-Ar Iov

~rtI I

I fj got g C, fif own
SYrr( q ~5s

/AtA: --z
ACC P-0

LVAi [0

qneb sG4e.ltd
b.o)

Rtv. P?. o0
LA . 0

5z CdL. w! W"7J Stoj
CZ)I1 1ze L /,l

arn Srv fe(s;W&e+

,AA i454
Plum Brook Ordnance Works



vEC(SrIFIC" OrV PIL

SW[ 4I c6, >set

i-(n ve r: sVOfa cl -;
,,;,4 ,p ),;Z4 , C %r
Satij; Wei

14AI: 2.O

Git'd ve r', rtvr^

^iqk pl*Atl>; , wip
M S Pa,%

tg: 1,7 ?RhE; 1,
RGIg 1 7,

& /,p -1 5 p1', * a .k

G-'shi C6vj I Swede W, -
tries of sfh4e> ;,oksv
>e; I, V e S peen

; 6rdVI; hI'
.Enine, aft So

Plum Brook Ordnance Works



+5 -

STEEL PROTECTIVE CASING

0-
AIR SPACE -

CEMENT GROUT -

TOP OF BENTONITE SEAL 2.0' BGS -

TOP OF SANDPACK 30' BGS
... -.. BENTONITE SEAL

TOP OF SCREEN 4.0' BGS-
-5 -

-- SANDPACK FILTER
-10-

- No. 0.010 SCREEN. 2" PVC Sch. 40 TRILOC

-15-

TOTAL DEPTH OF WELL 19f0 E . - CAPISL

-20 -

-25 -

Q O) STEEL PROTECTIVE CASING

1. NOTE: 3" x 5.0' steel post set at
1 each corner of the concrete pad

0 to a minimum depth of 2.0'.

a 0- STEEL POST

PS-PR-MW9
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

DAMES & MOORE
:z9i a. -



TNTA-MW10



HTRW DRILLING LOG Mvl
Das& Moore ONA.cI ettC' a *:i i41

PlmBrook Ordnance Works Sandusk,. Ohio
5, N'-.E CT DRlI.LLER 61~ . U**.jACI1tIR S OCIIC,..?T3C. of Dqt..

0 1-4 I -sop oge-
1.~ ..01: T PC IF O 0t'"A: IN ~ S~i~ v~,. "OLE LocArtJE4"

1.-0I~.I.4 LCUIPs4',f o ;4 t,7A'1 Aue X ,6f' "AT 7e A '
I2 t.4 I Lf gIb 0 4MqCJr 4. ulftPrC LLCV~tdcN

'W. o.TE STAMMr II. DAT c.-LLT a

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _)ac1 .,cl - 10 15... if

Ii. CEPIR CAILLED INTO AtQC't 14. CEPTH TO .&t(A .I.D CI.&PIED rjC .'T(IR 911.L.1140 t1¶P.Ctr

1)'0.O.~ ~7
i*. GTOTA DEPC OrA..5.LCI i~AC L,,43Os'LRICO 4. :aEu. IW4-O *C CNQC ISPCIF

No e ~*,'~ .. P~g'i )~( IPF (s .;C*
4 C-

*..,AL (CA N S.1J P' CC LI

* -I.lFL. .. af
4

I tiL 1VM *P~(5~ ~ is It4 I )I.* 4P TOR?.L

LOCATION SKETCH/COMMENTS " SCALE:

JI;- . s7TTA- -

_ . . ; ^-.r,~so

I - - , . - . .. , ,

. .- .- -- -.-- .X i .-. ;

Plum Brook Ordnance Works



&QS

& IAf(a;Ct 6oJ 'veIlI
~%j A .L.y+:.

1us't 0. a.Sb"r- e-y

V4~W
1; L0 0;+o

PI C-C, , LQ I

901C.1 hi5hl� veld�..Q
qoi,,j,+ CvAiAw

01F "449tt ;ftSj�vh
AM -. �-O'
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Plum Brook Ordnance Works



HTRW DRILLING LOG

.if= oA:15., q3 50 j
#r 3 ItLc; t/

Owl .0
1t*4AI.D n40

Plum Brook Ordnance Works



+5-

VENTED LOCKING CAP

0-

.5 -

-10-

STEEL PROTECTIVE CASING -

?W&AP VCAISELE

4" MINIMI JM - r
AIR SPACE-

CEMENT GROUT -

TOP OF BENTONITE SEAL 2.0 BGS -

TOP OF SANDPACK 2.5 BGS '
TOP OF SCREEN 3.0' GS-

TOTAL DEPTH OF WELL t 1.0 BGS

;ROUND SURFACE

BENTONITE SEAL

No. 0.010 SCREEN, Z PVC Sch. 40 TRILOC

CAPISUMP

-15 -

-20-

-25 -

.

00 STEEL PROTECTIVE CASING

/ NOTE: 3" x 5.01 steel post set a
Ieach comer of the conc0 1 ii ~ i5aIt

it
rete pad
2.0'.

TNTA-MW1 0
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

& DAMES & MOORE
r =4 z40- STEEL POST
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+5 .

0-

-5 -

-10-

STEEL PROTECTIVE CASING -

4" MINIMUM-rg]
AIR SPACE

CEMENT GROUJT
TOP OF BENTONITE SEAL 2.0'BGS-

TOP OF SANOPACK 2.5' BGS ......
TOP OF SCREEN 3.4' BGS

...........

; ;.......

TOTAL DEPTHIOF WELL 11.4 BGS;

l

-

I

...........

.. . . . . . .. . .

- VENTED LOCKING CAP

2.8 STICK-UP
GROUND SURFACE

.

BENTONITE SEAL

- No. 0.010 SCREEN, 2" PVC Sch. 40 TRILOC

- SANOPACK FILTER

- CAPISUMP
_ . . _ _ . .

... -

-15-

-20-

-25 -

.

STEEL PROTECTIVE CASING

NOTE a x 50a steel post set a
each comer of th~e conc

0 to a minimum depth of'

0 U- STEEL POST

rete pad
?0'.

TNTA-MW11
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

DAMES & MOORE
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HTRWN DRILLING LOG f-,Th--
Dames & Moore -n ka t Ide :[a ~

~*~*~Plum Brook Ordnance Works Sandusk . Ohio'
S. NME1~ Of Ohit4.CRE I, M~hL#AC1%LEAJ F rE$ &N CH CF CRILL

£10 ~tIG C~J~.t'T A l5 i ( /cI C

Isa[aL-CeJgn r- O. sf ~6nW

LOCATAON SSEACLDCWE NTS SCAL
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Il

+5 -

VENTED LOCKING CAP

0-

-5 -

STEEL PROTECTIVE CASING-
2" PlC RISER-
1/4" DRAINHULE

4"4 MINIMt IM -r
AIR SPACE

CEMENT GROUT
TOP OF BENTONITE SEAL 1.7' BGS ,-

TOP OF SANDPACK 3. BGS -

TOP OF SCREEN 5.0' BGS-,

ID SURFACE

- BENTONITE SEAL

- No. 0.010 SCREEN. Z' PVC Sch. 40 TRILOC

I -10- - SANDPACK FILTER

TOTAL

-15 -

-20 -

-25 -

O) STEEL PROTECTIVE CASING

NOTE: 3" x 5.0' steel oost set at
! 0 /each corner of the concrete pad

to a minimum depth of 2.0.

0E
U 0U STEEL POST

TNTC-MW3
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

iDMES & MOORE
E,, _
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0-

-5-

-10-

-15 -

-20 -

VENTED LOCKING CAP

STEEL PROTECTIVE CASING -

2" PVC ISER-.1/4' DRI HLE
4' M1NIMI IM - -

AIR SPACE-
CEMENT GROUT-

TOP OF BENTONITE SEAL 3.5' BGS-

TOP OF SANDPACK 6.0 BGS-

TOP OF SCREEN 8'10" BGS

TOTAL DEPTH OF WELL 18 3 BGS

SURFACE

BENTONITE SEAL
TOP OF CAVE-IN 4.5' BGS

- SANDPACK FILTER

- No. 0.010 SCREEN. 2" PVC Sch. 40 TRILOC

-25 -

O STEEL PROTECTIVE CASING

NOTE: 3" x S.C steel post set at
each comer of the concrete pad

0 to a minimum depth of 2.0.

TNTC-MW4
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

a DAMES & MOOREJo0 .9- STEEL POST



TNTC-MWO5



HTRW DR ILL ING LOG -Yoefse,444erZ~
~Damnes & Moore wrArIho b.1 s-:s ' i11

i. poetcl 4. 4C:AiIC~4

Plum Brook Ordnance Works Sandusky, Ohio
1. 1NhML Or CAILLC (. UA. Ificum7 ?aR GN~&ViIO C' "LL

C. ILFWtt6 ELEAvTIC'4

'C). D&TE S?*T611O. J'. Daft C -. pU!

IF_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _0 -13 -0'T I ) -1

IS. WN D-%LD 140 AM 6. DCPrN tO *4TLA Ch* ELx.PJCD Nut *fT~ftA DLL11.C !C..'LEtEL

4ftft 'm A11 (0)MA

it.OCattpCAO SK-iETCH/OMMETS10Wi L"0L SCALE:V~

NoneI -- . M

j. '

.-7-

-~-------. *-- -

-.- - - - - - - - - " - .-. --.. .- ~ - -.. ..-- --7

Plu Boo Odnnc Wrk



HTRW DRILLING LOG VMA,

OSCi~,PTIG. Of "OIALS
'C,

Nr *A '

Rw A0 ( / I

Otm) /%fk5jl ~ 1~f /

------------ I-------

kA I VC,4;

Arv- �-,Cwn $,am ,� C6V

5plaill Plate vfSQ,,

do'7

Rtc: .I -*Il

I '4 Tqa dl
O 4-1)t' Is'p

AV Ot Iy ;h

' 37 1
fR(C* i- W

1'1fl44i {d154iFF
C N 0 Qjil

I?

6r~ .Cl 1

Plum Brook Ordnance Works



HTRW DRILLING LOG

i&"-: Z'/
~eAt' a. I1
lat (.01'

� I sm.)r'4 � . d";
MqT�

k". �� CIP-CM
w"KIIA 5eavvj, I

A ajV6
Aw4g1 D,'a

.Acc: i*,)
fo i.oI.'

YrA -1 I I ,f

m4S w OK Spi
Awe.' 1. 0'
ks~lda el/

or ve+ants '1 qvo

-s4. S~ I0 ? .t7
RI AI. 10 J d

giec .20
6~i& 0 '

C, rve, c2 r., I
344ff I & IV,,
0 F lve-kar 11A.�40,4

Ip) If

At .i70 Gr
(,sA~ t pv

Plum Brook Ordnance Works



Plum Brook Ordnance Works



HTRW DRILLING L0~ r,5 #~j t"C
Dames & Moore ~, 5vd 1

P*G.Ctr . LOC0108CPlum Brook Ordnance Works Sandusky, Ohio
~,M4OF CAILLLA L .AAK.4JCTACRi.S CSIdAIrm Cr C*L

i12 OATC ?.TW ED. Or CCdLttEO

A/IA

rCT&L ZEA" Cf Nc~ 0. 01P .Oarai L .EcA 04 I a'CI

Ls OOCTEIONii SUKETC/OMNS DIS .YAL L0 eC LE

L. 1 4 A V

I kV

LOATONSETH/ -. NT SAL:

¶ 4

- ..- .. -7

| so.!' r

Plum Brook Ordnance Works

I--L is).



HTRW DRILLING LOG *qfr:to.J noL4!r7. >rC
,qo~cr IriCCTaA .. $.t1

Plum Brook Ordnance Works I JO_?, __ _o i 41 C S ;t

1- | vr. ] r ILO go j C'm I.- C. I r_

1 r I__ 5- fe _.^._ -_
!

IVD4tI C1,1e, %

91tifcf9 sVI 4 jI

ith*6 C

Ckm

P9W U* -'f j $ 7,, 1

fitcr." l-S1

2 -

43-

0 ~

1ON/Ct 0.5'

arCt fv,,1 40I

ACCT: I-si'

tost' C >;tl

9 -. �4 �.- J. I J�.

(cfvA 1 tJ. J7i

I ..

I _ _ I _ _I_ , -
_ _

1''-'-

Plum Brook Ordnance Works



+5 -

STEEL PROTECTIVE CASING

0- ' MINIMUM -r- z

AIR SPACE-
CEMENT GROUT -

SURFACE

TOP OF BENTONITE SEAL 2.0' BGS=
- BENTONITE SEAL
= TOP OF CAVE-IN 2.9' BGSTOP OF SANDPACK 3.7T BGS -

.5- TOP OF SCREEN 4.7'GS-

-10 -

i!W 7.

= : :' I :": . :

- SANDPACK FILTER

- No. 0.010 SCREEN, 2" PVC Sch. 40 TRILOC

.15 -

-20 -

i'

-25 -

=- 2: - ;"1

TOTA!
-30 -

(_ n STEEL PROTECTIVE CASING

NOTE: 3" x 5.0 steel post set at
each corner of the concrete pad

0 to a minimum depth of 2.'.

TNTC-MW5
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

3 DAMES & MOORE
in .- ;- STEEL POST
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VENTED LOCKING CAP

0-

STEEL PROTECTIVE CASING

4" MINIMU M -ra
AIR SPACE-1;

CEMtENT GR~OUT.,
TOP OF BENTONITE SEAL 2.0 BGS-

TOP OF SANDPACK 2.5' BGS
TOP OF SCREEN 3.2' BGS

SURFACE

BENTONITE SEAL

-

No, 0.010 SCREEN, 2' PVC Sch. 40 TRILOC

SANOPACK FILTER-10-

TOTAL DEPTH OF WELL 12.Z BGS

-15 -

-20 -

-25 -

-STEEL PROTECTIVE CASING

NOTE: 3" x 5.0' steel post set at
each comer of the concrete pad
to a rninimum depth or 2.0'

TNTC-MW6
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

, D*ES & MOORE
-STEEL POST
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VENTED LOCKING CAP

0-

-5 -

-10 -

-15 -

-20 -

STEEL PROTECTIVE CASING -
2" PVC Z14%H
1 /4"DRA H LI

A" MEINIMI IM _--

AIR SPACE-
CEMENT GROUT -

TOP OF BENTONITE SEAL 2.0' BS -

TOP OF SANDPACK 3.7 BGS-
TOP OF SCREEN 4.3' BGS-

Tr)TAI nFPOT1 nfP V 1 I ')) 141A(-

SURFACE

BENTONITE SEAL

- SANDPACK FILTER

No. 0.010 SCREEN, 2" PVC Sch. 40 TRILOC

- PAOXI, v ,^.

-25 -

0 O STEEL PROTECTIVE CASING

NOTE: 3" x 5.0 steel post set at
each comer of the concrete pad0 to a minimum depth of 2.0'.

PB-WA-MW1
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

f DAMES & MOORE
L=L: ^ -0' _ -) STEEL POST
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0o

STEEL PROTECTIVE CASING -

2" PVC RISER -
1l4" DRAIN HOLE

4' MJNIML M-tS
AIR SPACES

CEMENT GROUT Y
TOP OF BENTONITE SEAL 2.0 BGS- a

TOP OF SANDPACK 2.5' BGS _
TOP OF SCREEN 3.0' BGS =

2.0'

GROUND SURFACE

- VENTED LOCKING CAP

.5 -

-10 -

'- BENTONITE SEAL

- No. 0.C00 SCREEN, 2" PVC Sch. 40 TRILOC

- SANDPACK FILTER

- IAPi iMPTOTAL DEPTH OF WELL 12.U BGS

-15-

-20 -

-25 -

Q 0 l STEEL PROTECTIVE CASING
II

NOTE: 3" x 5.0 steel post set at
each comer of the cencrete pad

0 to a minimum depth of 2.0.

PB-WA-MW2
OVERBURDEN WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

N DAMES & MOORE
so, _, _ .. .

Q L 0 . STEEL POST
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STEEL PROTECTIVE CASING
4" PVC RISER\

1/4" DRAIN HOLE VENTED LOCKING CAP
CONCRETE PAOD \1=
4" MINIMUM t s2.5' STICK-UP

AIR SPACE-

CEMENT GROUT

GROUND SURFACE

I I
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II
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7

TOTAL DEPTH OF BOREHOLE 75.5' BGS

- STEEL PROTECTIVE CASING

NOTE: 3" x 5 C' steel post set at
each corner of the concrete pad
to a minimum depth of 2.0'.

STEEL POST

P3-Bed-MW-1 3
BEDROCK WELL DETAILS
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114" DRAIN HIOLE \ VENTED LOCKING CAP
CONCRETE PAD 1=
4" MINIMUM ^ IA.' STICK-UP

AIR SPACE i.

CEMENT GROUT

TOP OF ROCK 24.5 BC
_ .. _ . .. _ . .

GROUND SURFACE

iS

TOTAL DEPTH OF BOREHOLE 52.2' BGS

0f STEEL PROTECTIVE CASING

NOTE: 3" x 5.0 steel post set at
I ( each corner of the concrete pad

Byo a minimum depth of 2.0.

0 0)- STEEL POST

PB-Bed-MW-1 4
BEDROCK WELL DETAILS

Plum Brook Ordnance Works
Sarndusky, Ohio
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STEEL PROTECTIVE CASING-
4" PVC RISER-

1/4' DRAIN HOLE -
CONCRETE PAD-
A" ZAIL.I1AA IM

+4 -
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-12 -

-16 -

-20 -

-24 -

-28 -

-32 -

46 -

-40 -

-44 -

-48 -

-52 -

-60 -

-64'-

-68 -

-72 -

-76 -

TOTAL DEPTH OF BOREHOLE 74.4 BGS

STEEL PROTECTIVE CASING

NOTE: 3" x 5.0' steel post set at
each corner of the concrete pad
to a minimum depth of 2.0'.

PB-Bed-MW- 15
BEDROCK WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio

i DAES & MOORE



PB-BED-MW16



HTRW DRILLING LOG
I. NN~W~ *.... cpruING lifaetiticrc, '.p

Dam~e~s & Moore J el~ 12rf1;,% •~,.'ces et/S-Ur$

Plum~~. Brook Ordnance Works Sandusky, Ohio
1. NM IC O f DR AI ERC L U &J N LV A "R Ift ft$ IC NAF C t CF V CM L.

Wa3JAWV&d11I CeCiw, ~Ii FA" */4...r Come 7'/h-.e e
NX' Corc E 0vi 4# t.ii p , . Iij~r-CE ELEVATICI.

I-.. DATE %f~ArW ,, 0.'C ~CIOi.CrE
/O -/, - 1,v 6

I., n. jV~~t f.4" *CS1 II. U~rI ot s~CAQU0~ .,.O IL A CS D I. .ni Uk ''..C C

it. roru 0CP¶w Cl if. g~ OrpiR BaslER I.Cvgj. & A1UPCt .f% (SPECC'F-

9. 6'/i 3 .%5 7 7a1C 6 q. 'ero7d, 114
it. GEOTCtt.loCAL SiI.DIES DiS%4.R6C "IS FI$LASCO I. TOTII. Nm.1C;P ac CCAC MEXL

None g- ~ 4 ~ ~ -f~ J~ ~1
CI

LOCATION SKETCH/COMMENTS .SCALE.f

ITI _

I I7

.3

I i'~.

IPmirOI

Plum Brook Ordnance Works

W.,-.C Wn
I 1;Sgc5J fiUJ/1'



HTRW DRILLING LOG

Plum Brook Ordnance Works



s5 14 , . ;1,
el" , d4 y I.0

by ht;} /, IItI e , 4,

hot'' ., wc,/ 41 m r *: IS,, ;csA

O,jr; -/70)W~rj

10" iferloVery

5 o Ia L V C / �) " A9 r c -i Ye;- /

slirdla U- , C r

.f. 15'is

-� W. W/&,0,5 -,8 '.) - In
Plum Brook Ordnance Works



HTRW DRILLING LOG

lac ArJ >Upaie

Plum Brook Ordnance Works



HTRW DRILLING LOG

I'

B- GeC1l -1w/4
Plum Brook Ordnance Works



#6, h /d e

5.Aale "/fX fVS#9c rvcS; Oa-k
6! -A/ (N4a S r D Cos , Jv ?) If

f4;;Ie/,y S7z1//.e i/zg fiefs
ayt-;eoZ'd Ir'f/Ss Is

1i4o A se. + e e L j
ixi I-Aeeor e <olcce-,r

Apff ; I eo cord.

r;- 8,ckl
co I- e

los 4

6'0 '/
3N 4 '5

; 3.5 ';

4~~~ Cd ^ S In Ad,

T; B ret k

Pg-ge/- m J/4
Pluim Brook Ordnance Works



HTRW DRILLING LOG I - -_,-A, .. /&

Plum Brook Ordnance Works I _._____ ____._I_7 4I
ULCV. AUTM icsio, ; of ^ "S ro 'tMZ It~t MOKC -MA

:C. 1 GCT i g CM s..o, j .- 4, . j&. _

I tx I - - Iai 0 I_ I., 1 .1
77V

r. s,-

51 -

S5-

_51ct
T. . IF

hedi;im O9k G Iled) o pok
Gry (3), t w*eylwn

77Beee akz; teA

r% 4/k/,

r; IMe k

f 5.3 eak e /,f5

Ws./y/c/spefl/e ysi,

ol reo k COrC-

7;BB~k

-r. 6tect kcr

7?

,z0

/ 5 IC .5 {

,V4 /hrV / tarC~ J I SL#

59*,54d. 'p4 O~ct q.4'650. 3i / Y 5j. V, 5-? 6
SYStY, G e -,J d55. 4

C reC

I? e c

Lo cs4

7G
76 ,

5• -

15A _.-2a S6

5S7-

I ~-

tax 2-

z>,gte tn 3 s4 55I. 5

/G 0> * --FC A
Ccr tC

fA, 8.eA / rpo e /IvCS &44

4 " 517 Z; 1.1 ,, Gl 4,
43. ,6 6t.

b,-I ,f" d hei A e
f,,*k . .p o7er ri-f

Cre

gec.
L/o C

1"0 "

/G~ It

Iv .I ,

I R8 Bec -'nW/LO
Plum Brook Ordnance Works



HTRW DRILLING LOG

I B~eczk

Box 2.

65 ,eak

i

tasek

, - he's. -~ y.+

s 8'. r

pe-Bed- onW/4
Plum Brook Ordnance Works



HTRW DRILLING LOG

/175 1OAIev;7o rLp&

Peltcl A(tfat C

73. to

Are~ke.,C//7,5,

or.,

Plum Brook Ordnance Works



STEEL PROTECTIVE CASING-
4-" PVC RISER-

1/4" DRAIN HOLE-
CONCRETE PAD -
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-32 -

-36 -

40 -

44 -

-48 -

-52 -

-56 -

-60 -

-64 -

-68 -

-72 -

-76 -

VENTED LOCKING CAP

AIR SPACE
CEMENT GROUT

TOP OF ROCK 44.2' BGS

TOTAL DEPTH OF BOREHOLE 74.0' BGS

STEEL PROTECTIVE CASING

NOTE: 3" x 5.0' steel post sot at
each corner of the concrete pad
to a minimum depth of 2.Y.

PS-Bed-MW-i6
BEDROCK WELL DETAILS

Plum Brook Ordnance Works
Sandusky, Ohio
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STEEL PROTECTIVE CASING-\
4' PVC RISER>

114" DRAINHL \ VENTED LOCKING CAP

CONCREEPD\_Lv
4 MINIMUM t52 t . STICK-UP

AIR SPACE _

CEMENT GROUT ;

GROUND SURFACE-

-20 -

-24 -

-28 -

-32 -

�'. i
�j

I II

i,;A

a i
- 1I

TOP OF ROCK 37.3' BGS

-40 -

-4 -

-48 -

-52 -

-56 -

-60 -

-64 -

-68 -

-72 -

-76 -

TOTAL DEPTH OF BOREHOLE 64.4' BGS

O 2 STEEL PRO

NOTE 3" x

0 e e30 to a

0 ~ (D- STEEL POST

TECTIVE CASING

5.0' steel post set at
o corner of the concrete pad
minimum depth of 2.0'.

PB-Bed-MW-17
BEDROCK WELL DETAILS

Plum Brook Ordnance Works
Sandusky. Ohio
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STEEL PROTECTIVE CASINGn
4" PVC RISER >

114" DRAIN MOLE > \VENTED LOCKING CAP
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AIR SPACE .

CEMENT GROUT -. a

GROUND SURFACE
_l .

TOP OF ROri 'n 3r R

-72 -

-76 -

TOTAL DEPTH OF BOREHOLE 75.4 BGS

0 O STEEL PROTECTIVE CASING

0'_
NOTE: 3" x 5.0' steel post set at

each ccmer of the concrete pad
to a minimum depth of 2.0'.
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AIR SPACE
r'rkhr KT f.Rf~lIT X

GROUND SURFACE
.

vulwlo | Cove,

-60 -
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-76 -

TOTAL DEPTH OF BOREHOLE 49.5 BGS

NOTE: 3" x 5.0' steel post set at
each comer of the concrete pad
to a minimum depth cf 2. .
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Table 2-5

Groundwater Level Elevations
Groundwater Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio
-_ ._________ __________ , _ _____= _____ ____ .___ ,______

Water Level Water Level Wamer Level Waser Level
TCC Grour~d Elevation Elevation Elevation Char~ge since

Well Elevation Elevation Dec-94 Mar-95 Oct-96 Mar. 95
Identification (feet. m ms) (feet. mst) (feet. msl) (feet, msl) (feet) Notes

PB-TNTANMWIO 640.18 637.5 633.71 637.04 635.62 | .1.42

PB-TNTA-MWtl 640.50 637.86 630.56 632.82 633.56 0.74

PB-TNTC-&SW3 645.41 642.57 Dry. c628.57 639.2 635.01 -4.19

PB-TNTC-MW4 854.43 651.89 634.87 651.07 648.51 -2.56

PB-TNTC-AW5 651.81 649.07 628.01 647.52 643.28 -4.34

PB-TNTC-MW6 659.40 656.82 651.93 655.2 654.56 -0.64

PB-WA-MWI 644.43 642.32 619.85 619.45 624.99 5.54

PS-WA-MVM2 633.65 631.16 629.59 631.91 628.75 -3.16

PB-PR-MW? 633.99 631.5 626.32 631.65 629.64 -2.01

PB-PR-MWi 635.02 632.5 624-55 629.98 627.5e .2.42

PS-PR-MW9 633.70 630.7 622.92 630.12 626.57 -3.55

PSB-ED-W13 648.27 645.81 607.85 619.29 621.79 2.5

PB-SEO-MW14 648.04 643.05 621.76 624.39 625.23 0.84

PB-BED-MW15 631.64 629.08 603.54 598.91 610.22 11.31

PB-BED-MW16 536.02 633.68 571.38 633.68 630.17 -3.51

PB-BED-MWt17 629.97 627.34 802.57 602.9 602.76 -0.14

PB-6EO-MWl8 851.50 648.83 625.05 620.39 621.68 1.29

PB-BED-1W19 643.07 640.5 621.07 623.52 622.92 -0.8 ____

PB-BED-IM2O 676.33 673.57 681.35 661.28 661.98 0.7

KIK-PAW10 840.89 638.06 626.66 Not Meaksu¶a 632.23 _

MI-~MW1 637.69 634.71 625.22 631.36 628.89 .2.47

MK-MW16 674.32 671.33 667.14 669.36 688.42 -0.94 _

MK-MW17 664.64 660.97 659.58 661.1 660.56 -0.54

NK-MW22 638.05 635.58 628.85 631.55 630.07 .1.48

MK-MW2S 639.07 638.95 620.88 628.12 632.14 4.02 _

MK-MW24 657.12 654.44 648.31 650.77 649.61 -1.16

rTlMW002 639.63 636.69 627.32 633.75 629.33 .4.42

IT-MWW0S 634,99 631.91 620.19 629.62 623.36 46.26

IT-MW07 635.03 632.3 . _ dry. c 627.3 - oiezometer

IT-MWX8 633.16 630.6 . 619.96 - new well/survey data

ITMW09 647.45 645.4 . . dry, 8 632 - new welUsurvey data

rT-MW01t 644.60 64t2 , 828.41 _ new welVurvev data

Note: TCC and ground surface elevations were reported in Table 5-2 of Dames & Moore
Site-Wide Groundwater Investigation report (Dames & Moore. 1996) unless otherwise
indicated.
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Table 6-2

Summary of Groundwater Elevation Measurements
Former Plum Brook Ordnance Works, Sandusky, Ohio

I',

(Page 1 of 3)

TTop of Groundwater Elevation Measurements
[Coordinates I(Ohio Plane)' Casing Ground ____ ____(feet above mean sea level [mail) _____

Wdenllato Easting Northing 1Elevation' Elevation Jo/95j119'ji 11197 2 2 1
Identification__ ______ (fl inti) (a Mal) 1211994b 1 2 a/27i11997l'Jl1/12 1 1197' = 02i24II9984 5/51 o510511998'

IT.AA11.BEDGINW-00 1917718 623089 641.04 638.8 -' - - - - 30.52 610.52 30.50 610.54 29.1 611.94

IT.AAI-GWOO2 1917726 623068 640.85 638.8 - - ' - 6.22 634.63 3.05 637.80 3.42 637.43
lT-AA2-BEDGW-001 1909553 623800 644.08 64165 - - 13.11 630.95 1 1.58 632.48 9.89 634.17-
!T.AA2-GW-002 - 1909481 823589 643.95 641.5 -. - W - - dry - dry
lT-AA3-BEDGW.001 1914957 625037 636.43 634.1 -- 23.22 813.21 21.53 614.90 21.62 814.81
IT.AA3-GW.002 1914956 825028 838.11 634.1 - 6.30 629.81 3.88 632.23 3.97 632.14
IT.ABG-BEOGW-001 1921506 621580 860.59 858.2 - . -6.09 854.50 3.55 657.04 5.80 854.99
lT.ABG-GW-002 1921516 621579 861.08 658.2 - - 6.55 654.51 3.95 657.11 4.92 85.14
PB-BEO-MW13 1912176 621044 847.95 845.49 60785 619.29 621.79 27.80 620.15 27.08 820.8? 48.47 599.48 41.40 808.55
P"-ED-MW14 1910457 622720 645.72 842.73 621.78 824.39 625.23 18.51 827.21 19.72 628.00 16.44 629.28 115.99 629.73
PO-BED-MWI5 1919283 626179 631.31 628.78 603.54 598.91 610.22 29.95 601.38 21.12 610.19 20.34 810.97 19.79 811.52
PB*BED-MW16 1920594 623299 635.70 833.38 571.38 633.68 630.17 11.80 823.90 7.41 628.29 2.28 633.42 2.74 632.98
PB.8ED-MW7 1924121 625417 629.65 627.02 602.57 602.90 602.76 26.48 603.17 27.75 801.90 26.85 1 602.80 26.40 603.25
PB*BED-14W18 1925483 623849 651.18 648.51 625.05 620.39 621.68 30.58 ,620.60 30.22 620.98 30.55 620.63 30.72 820.46
PS-BEO-MWI9 1910174 623889 642.75 M4. 19 621.07 823.62 622.92 1985 622.90 20.55 622.20 19.00 623.75 `18.45 524.30
PO-BEO.MW20 1922952 612423 678.01 873.25 681.35 681.28 681.98 14.28 661.73 14.42 681.59 13.98 662.03 13.29 882.72
IT.BGt-%E0GWV.00l `190985 6,1835 M7.56 873.7 - - -8.38 670.18 6.11 668.45 5.86 670.70
ES-GM-011 1918339 623583 840.45 837.70 - .. - 877 631,68 9.29 631.10 7.35 633.10 7.97 83248
EB-GM-02 1917822 624435 637.52 634.90 - .. - 10.78 626.76 9.48i 628.00 4.91 832.61 5.14 632-38
E8-GM.03 1917775 624131 838.90 638.20 - - - 6.28 1632.62 7.38 631.52 5.81 833.09 5.99 632.91
EB.GM.04 1917442 624052 636.34 633860 -. 5.58 630.78 5.55 630.79 3.27 633.07 3.91 632.43
E8-GM-05 1917802 623872 639.70 637.00 -. 6.24 833.46 7.57 832.13 5.80 633.90 dr/ dry
E8-GM*06 1917799 623723 639.81 637.00 - . 6.08 633.53 7.38 632.25 5.92 633.69 6.00 633.61
EB-PS*02 1920081 824344 8 38.53 635.70 *- - - 5.97 632.58 5.87 632.68 4.81 633.72 4.90 6313.8
E8-PS.03 1920167 624324 637.15 634.40 - * - 5.65 631.50 8.35 63.80 6.62 631.53 15.52 631.83
EG-PS-04 1920259 624296 637.87 635.30 &.- - 887 629.00 9.00 628,87 17.30 630.57 5.28 632.61
E-B-RA-01 1917783 625964 633.97 631 40 - .61 627.38 7.88 826.09 5.63 628.34 5.75 628.22
EB-RA-02 1918282 628944 633.95 631.30 *.- 8.10 82.5.85 8.72 62S.43 6.52 8127.41 8.72 627.23
E8-RA.03 1918348 626788 633.63 630.90 * - *. dry - dy 9.09 624.54 9.70 623.93

EO-RA-04 1918389 6287311 633.54 630.70 - - - 8.07 625.47 10.38 623.18 7.12 628.42 7.53 626.01
EB-RA-05 1918492 628717 633.34 630.60 - - 7.95 625.39 8.87 624.47 68.87 626.A7 7.07 628.27

EB-AO 1918750 626748 632.84 830.10 - -. 8.65 623.99 7.86 624.78 5.20 627.44 4.49 1 628.15

EBS.11927550 613598 655.07 852.30 *. - 6.43 648.84 7.55 847.52 5.54 649.53 5.78 8 49.29

EB-SP.03 1926836 813398 657.73 855 10 - - . 5.26 852.47 16.94 1 6,50.79 4.26 653.47 _4.21 6 53.52A

KN/4319ifl.-r.Cb6.2Y1/625J99(0 1 Aht)
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Table 6-2

Summary of Groundwater Elevation Measurements
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 3)

TTop Of Groundwater Elevation Measurements
Coordinates i Ohio Planer Casing Ground _ ___ ___ ____ ___ (feet above mean sea level jm3lJ)_________

Idniiainx y (ft mnall (ft mul) i 2 11 9 4b IM9'1019 S 812719 112 1111211997' ~2/24s 02/24/1998' 5/5 OS/0S/19981

E0-SP-04 1926937 613162 658.02 655.25 - * 7.20 650,82 818 649.84 4.21 853.81 7.20 650.82
EB-SP-05 1926897 613051 657.00 654.50 -5.08 651.92 6.17 650863 4.92 652.08 4.96 852-04
1E0.SP-06 1927074 813056 858.25 655.40 -- - 6.80 651.45 8.10 650.15 1.04 6511.21 7.24 651.011
GCL-MWOI1 1921255 617560 674.81 671 40 - - .32 666,49 8.81 668.0 .4.5 870.24 4.98 669.83
GCL.MVVO2A 1920961 617937 872.96 869.70 - . 7.57 665.39 7.79 665. 17 4.85 668,31 4.85 668.11
GCL-MWO2B 1920984 617941 673.42 689.60 -. - 8.32 685.10 8.41 665.01 4.59 668.83 5.00 668.42
GCL-MWO3 11920777 617641 672.57 669.55 - - 6.00 668.57 6.61 665.96 4.20 668.37 4.50 668.07
IT.MVWIO 1915525 616901 678.19 674 50 - - 5.45 672 74 7.00 671.19 4.66 673.53 4.60 673 59
IT-MWO2 1910285 622512 839.28 636.37 627.32 633.75 629.33 8.09 631.19 9,78 629.50 5.68 633.60 6.79 833.49
lT-MIM)5 1919475 625346 634.67 631.59 820.19 529.62 623.36 9.88 624.79 10.45 624.22 4.42 630.25 4.76 629.91
IT.MWV06 1918768 628642 631.70 628.50 - - 8.34 623.36 9.21 622.49 4.01 627.89 4.02 827.6a
if-mW071  ¶909862 622076 635.0 632.30 - . - dty - I dry - dry - dry
IT.MVV06 19i11132 822498 833.16 6j30.60 - 1998 8.22 624.94 -10.72 6j22.44 2.91 630.25 3.12 630.04
IT-MWO9 1910699 620956 847.4 645.40 - dry 6.00 641A4 7.24 640.21 4.72 642.73 5.02 642.43
IT-MWIO 1919465 623027 644.80 842.52 -. 626.41 11.25 633 55 12.12 632.6 8.20 636.60 8.19 636.61
MK.MWO92 1908872 623901 645.61 642.95 --- 6.09 839.52 6.49 639.12 5.00 840.61 4.99 640.82
mx.mVwio 1910564 623360 840.57 637.74 82568 - 632.23 7.13 1633.44 8.49 832.08 7.15 833.42 5.22 635.35
MK-MWII1 1910564 623860 637.35 1634~39 825.22 8 31.36 628 89 7.13 630.23 8.14 8 29.22 5.92 831.44 6.51 630.85
MK-MWI2 19076754 621233 640.93 838.10 - - . 9.86 631.07 10.78 630.15 7.45 833.48 8.38 632.55
MK-MWi4 1913325 618311 881.28 678.50 - .17 673.09 8.72 672.54 4.62 676.84 4.81 676.45
MK-MWIS 1913304 616488 680.63 677.80 *. -- 8.22 672,41 8.80 671.83 4.92 675 71 4.86 675.177
MK-MW16 1918011 816834 674.00 671.01 667.14 869.38 668.42 5.97 668.03 7.75 686.25 5.14 88.8 5.10 668.90
mK-MW17 1917813 618572 664.32 680.65 859.58 861.1 660.56 4.32 1680.00 4.75 659.57 5.68 660.64 3.90 66042
MK-MWI9 1917535 623871 539.13 836.20 - - - 7.99 631.14 683 1 632.30 3.67 635.46 4.56 634.57
mK-MW20 1920539 822912 637.51 634,30 - - 4.97 632.54 4.78 832.73 8.61 830.90 5.85 631.66
MK-MWV22 1923776 624339 837.73 635.24 628.85 631.55 630.07 8.20 629.53 8.24 629.49 6,94 830.79 7.42 630.31
MK-MW23 1925354 624657 639.11 636.63 820.88 628.12 632.14 8.49 630862 8.02 631.09 5.61 633.50 6.54 632.57
MK-MW24 1923302 622264 658.80 654.12 648.31 650.77 649.61 7.08 649 72 7.22 649.58 6.25 650.55 6,18 850.62
iT-MNTA-BEOGW-0o1 1918699 623808 638.40 636.05 - -- - -. - 28.04 610.38 27.05 611.35 2580 1 612.80
PO.PR-MWN07 1919021 824996 633.67 831.18 626532 831.65 629604 5.35 628.32 5.06 628.61 2.21 631.4 2.17 831.50
PO-PR-MVWDB 1919309 624889 634.70 632 16 624.55 629.98 627.56 6.66 628.0 7,72 628.98 4.90 629.80 4.37 630.33
PO-PR-MWO9 1919510 825092 633.38 630.38 29 630.12 62857 6.50 62.8 7.85 625.53 3.38 630.02 3.40 629.9
REACTORI 1917983 626773 630.51 630 45 -. -- 15.32 616. 19 22.06 608.45 33.25 597.28 32,30 59821
REACTOR2 ¶918003 626681 631.05 631,00 614711 601.89 _____ 15.40 615.65 4.81 626,24 285 0.2 27.50 803.55

KW4.4J?97wnwm96.2Yfi25t"1( I 1.1 AM)
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Table 6.2

Summary of Groundwater Elevation Measurements
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 3)

J Top of Groundwater Elevation Measurements

Coordinates iOhio Plane) r Cashng Ground [ (feet above mean sea level fial))

Well Easting Northing Elevaton Elevation
Identification x Y In Mall) (IIml) 12V1994' 0311995 tO11996 8U27 W2711907' 111112 11/1V121997' 21`24 0212411998' US OS/O51199e

= = __ - = _ - - =

REACTOR3 1918148 626685 631.21 831.10 - _ - 14.60 616.61 22.17 609.04 37.45 593.76 37.08 594.13

P8-THTAIAW10 1923399 62384 639.AA 6316 833.71 6317 04 835.42 4.t6 635.70 4.67 635.1A 310 636.76 3.24 63|.62

PB-TNTA-MWtl 1922744 623518 640.18 637.54 630.60 632.82 633.68 6.49 634.69 5.16 635.02 4.78 635.40 4.34 635.84

IT-TNTB-BEDGW-001 1917218 618738 662.43 659.8 - -- - - - 4.11 658.32 5.60 1656.83 2.1 659.52

IT-TNTB-8EDGW-002 1918021 618835 873.35 6701 .. - - 6 91 886.44 2.89 870.46 7.67 865.68

PB-TNTC-MW03 1911391 621465 645.09 642.25 dry 639.20 635.01 8.07 637.02 9.27 635.82 3.80 841.20 4.95 840.14

PS-TNTC-MWo4 1910470 620413 654.11 651.57 634.87 651.07 848.51 6.15 647.98 7 62 848.49 3.32 650.79 321 659.90

PB-TNTC-MW05 10911811 820692 651.49 648.75 628.01 647.62 643.28 6.62 645.87 5.60 645.89 3.02 648.47 3.10 648.39

PB-TNTC-MW06 1913006 620429 659.08 656.50 651.93 655.20 854.56 4.46 654.62 5.71 653.37 3.72 655.38 3.81 655.27

PB-WA-MWOI 1909948 622641 644.11 642.00 _ - _ 14.00 630.11 16.15 62796 4.09 640.02 470 63941

PB-WA-MIW2 1910176 622124 633.33 630.84 - 3.9 629.44 4.46 628.87 1.53 831.80 1.54 631.79

Survey data are scaled to the Ohio State Plane Coordinate System (North Zone)

b Dala from Dames & Moore, Sitewide Groundwater Investigation Final Report (4/97).

e Data from Dames & Moore. Siteyide Groundwater Investigation Final Report (4197).

d Data from IT Corporation. Sie-Wide Groundwater Investigation Report (9197).

Data from IT Corporation, 1st Quarterly Water Level Measurement Event Report (10/97).

a Data from IT Cporation, 2nd Quarerly Water Level Measurement and Ild SemiwAnnual Groundwater Sampling Evenl Report (5/98).

O'Dala from IT Corporatiin. 3Ud oad*e1t Watae 'teve Meawuramenlr EiA Repork t6197).
h Data from IT Corprataonr 4th Quarterly Watr Level Measurement and 2nd SemkAnnual Groundwater Sampling Event Report (this volume).

Symbol denotes data are not available.

I Temporary piezometer.

k Well was dry at the time of the measurement

KNI43we.2y3Irl tS AI)0
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Table 6-1

Summary of Groundwater Elevation Measurements

2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

(.

(Page 1lof 6)

Top of Groundwater Elevation Measurements
Codnates OPln) Casing Ground (fet above me*" sea level m ____

well Easting iNorthing Elevatin Eeejon' 121"4 101g 817$2127 2219
identification (a j Y) (ft Met) (ft MalJ 12l*4 319t95V l fB O 2 1719 11112 1`11`1211997' 2 214429

IT.AAI.BEDGW-00I 191?771 623069 641.04 638.80 -.- . 30.52 610.52 30.50 610.54
lT-AAI-GVM302 1917720 823068 640.85 638,60 * *. - 6.22 634.63 3.05 637.80
lT-AA2-BEDGW4-001 1909552 623600 644~00 6141.60 - - - 13.11 630.95 11.58 632.48
IT-~AA2-GW-002 1909481 623589 643.95 641.50 - - - - -. dry - dry
IT-AA3-BEDGW.001 1914957 6250;37 636 43 634.10 - . - - 23,22 813.21 21563 614.90
IT-AA3-GW.002 19,14956 625028 636.1i1 634.10 - - - 6~30 629.81 3.68 632.23
IT-ABG-BEDGW-001 1921506 621580 660 59 658 20 -. - . 6.09 654.50 3.55 657.04
IT-ABG-GW-002 1921510 621579 661.06 656.20 - - -- 6 55 654.51 3.95 657.11
P8-DED-MW13 1912175 621044 647.95 645.49 607.85 619.29 621.79 27.80 620. 15 27.00 .62087 46.47 599.48
PO.8E0.MW14 1910457 822720 645.72 642713 62i.78 624.39 625,23 18.51 627.21 19,72 626.00 16.44 629.28
PB-BED-MWiS 1919283 626179 631.31 628.76 603 54 598.91 610.22 29.95 601.38 21.12 610.19 20.34 610.97
PS-BED-MWI6 1920594 623299 83.70 633.36 571.38) 633.68 630,17 1 1.80 623.90 7.41 626.29 2.28 633.42
PS-BED-MWI? 1924121 625417 629.65 627.02 602.57 602.90 602.75 26 48 603.17 27.75 601.00 26.65 602.80
1P84BED-MWIS 1925483 6238149 651.18 648.51 625.05 620.39 621,688 30.58 620.60 30.221 620.98 30.551 620 63
P".ED-MWi9 1910174 623869 642.75 640.19 621.07 623.52 622.92 19.65 622.90 20.55 622.20 19.00 623.75
PB-BED-MVV20 1922952 012423 8 76.01 673.25 601.35 661.28 661.96 1428 661.73 14.42 661.59 13.98 662.03
PB-BED-MW22 1916367 629778 629.67 627.22 - - - - - - - - -

PB-BED-MW23 1918150 625838 633.71 631.11 - - -

PB-BEDMW624 1908168 622916 645.98 644.20 - -

PB-EOMW2S 1914458 617621 6814.59 681.99 - - - -- - -
PB.ED-MW26 1920274 6,13678 677.21 674.61 --

PR.BED-MW27 1920791 627896 627.14 625.24 - - - - - -

IT.BG8.EOGW-001 1909857 618635 676.56 673.70 - .6.38 670.18 8.11 668.45
EB-GM-01 1918339 623563 640.45 637.70 -$-8.7 631 68 9.29 631.16 7.35 633.10
EB-GM.02 1917822 624435 637.52 634 90 - -10.76 026.76 9.46 628.06 4.91 632.61
EB-GM-03 1917775 624131 638.90 638,20 - 6.28 632.62 7.38 631.52 5.81 633 09
EB-GMI-04 1017442 6240S2 636.34 633640 -. - . 5.5 630.78 555S 630.79 3.27 633.07
EB.GM-06 1917802 623872 639.70 637.00 - . 6 24 633.48 7.57 632.13 15.80 633.90
EB-GM-GO 1917799 623723 639.61 637.00 - -6.08 633.53 7.36 6.32.25 5.92 633.69
EB-PS..02 1920061 624344 638.53 635.70 - - .97 632.58 5.87 032.66 4.81 633.72
EB-PS-03 1920187 624324 637.15 634.40 - . 5.65 63t.50 8.35 630180 5.62 631.53
EB-S-04 1920259 624298 637.87 635 30 - -. 867 629.00 9.00 628.67 7.30 630.57
E8.RA.01 1917783 625964 633 97 631 40 a - 61 627.38 7 86 626 09 563 628.34
EBRA-02 1916282 626944 633.95 631.30 -. - 10 62.8 0.72 1625.43 6.52 627.43
EBRA-03 1916346 626766 633.63 830 90 - - dry - r .09 624.54

EB-RA-04 1918389 626731 633.54 630.70 - .. 07 625.47 03 62.8 7.12 626.42

KtN21WBO 8200l GVv11ltTAOLESITa~e 6.l.xis(2001)1316102 4.41 PM)
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Table 6-1

Summary of Groundwater Elevation Measurements
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 6)

Top of Groundwater Elevation Measurements
Coordinates (Ohlo Plbn*)' CasIng Ground (fet Fove an sa levl rnsl

Wall Easting orth Elevtlon' Elvauon' 1 ... ... ...
d In,,. Northing Jlvtin Ele l2tl99' 12 j1 0319MS' 1611996' 01 27 J W271199' j11112 1"112I197' 2I124 0212411996-

EBRA-m 1918492 626717 631.34 6 0 799 867 62447 es 7 8w6t4
ES-RA-M 1,18750 626748 63264 630.10 - - - 8865 623.9 7.66 624.76 5.20 627.44
E8-SP-Ot 1927550 6135"9 655.07 652.30 - _ - 6S43 848.64 7.55 647.52 5.54 649.53
E8-SP-03 192683e 813398 657.73 655.10 - - 526 65247 6.94 650.79 4.26 6S3.47
E8-SP-04 1926937 613162 658.02 65525 -_ _ 720 650.62 8. 18 649.64 4.21 853.61
EB.SP-oS 1926897 613051 657.00 65450 -_ 508 651.92 6.17 650.83 4.92 652.08
E8-SP-08 1927074 613056 65825 65s540 _ 6.80 651.4s 6.10 650.15 7.04 6S1.2`1
GCL-MWOI 1921255 617500 674.81 671.40 _ _ _ .32 e66.49 8.81 666.00 4.57 670.24
GCL-MM2A 1920961 617937 672.ss 669.70 7 57 665.39 7.79 665.17 4.65 6e$831
GCL-MW028 1920984 617941 673.42 669.60 .. _ .32 665.10 8,41 665.01 4.59 668.63
GCL.MV03 1920m 617641 672.57 69.ss _ 6.00 666.57 6.61 66596 4.20 668.37
IT-MW01 1915525 616901 678.19 674.50 _ - - 5.45 672.74 7.00 871.19 4.66 673.53
IT-MW2 1910265 822512 63928 636.37 627.32 63375 629.33 6.09 631.19 9.78 629.50 5.68 633.60
ITMVVtS 1919475 625346 634.67 631.59 82019 629.62 623.36 9.88 624.79 10.45 824.22 4.42 630.25
IT-MWO6 1918768 628842 631.70 62850 _ -_ 8.34 623.36 9.21 622.49 4.01 627.89

IT- Mt)7' 1909862 622076 635.03 632.30 _ - dry _ dry - dry

IT-M 1911132 622496 633.16 630.60 _ 619096 8.22 624.94 0.72 822.44 2.91 830.25
lT-4'sg 1910699 620956 647.4s 645.40 _ dry 860 641.45 724 640.21 4.72 842.73
IT-MW1O 1909485 623027 644.80 642,20 _ _ 626.41 11.25 633.55 12,12 632.68 8.20 836.60
MK-Mwo9 1908872 623901 645.61 642.95 - 6.09 639.52 6.49 e639.12 5.00 640.61
MK-MWIo 1910564 623860 640.57 637.74 8266e6 - 632.23 7.13 633.44 8.49 632.08 7.15 633.4
MK.MWI 1910564 6230 637.36 634.39 625 22 631.36 62.889 7.13 630.23 8.14 629.22 5.92 631.44
MK-MWn2 1908764 821233 840,93 638.10 - - - 9.86 631.07 10,78 630.15 7.45 633.48
MK-MW14 1913325 018311 681,26 678.s0 - _ 817 673.09 6 72 672.54 4.62 676 64

MK.MWIS 1313304 616488 680.63 677.80 - . 8.22 672.41 8.80 671.83 4.92 675.71
MK-MW16 1918011 616834 674.00 67101 67. 14 669.36 668.42 5,97 668r03 7.75 666,25 5.14 68866
MK-MWIV7 1917813 e1s572 664.32 660.65 659 s56 61.10 860.56 4.32 660.00 4.75 659.57 3.68 660.64
MK-MW19 1917535 823871 639.13 636.20 - - - 7.99 631.14 6.33 632.30 3.67 63S.46
MK-MW2O 1920539 622912 637.51 634.30 - - - 497 632.54 4.78 632.73 6.61 630,90
MK.MW22 1923776 624339 637.73 635.24 828.85 631.55 630.07 8.20 629.53 8.24 629.49 6.94 830.79
MK.MW23 1925354 624657 639.11 63663 620 88 828.12 632.14 8.49 30.62 .02 631.09 5 61 633.50
MK-MW24 1923302 622264 65680 654.12 648 31 6S0.77 649.61 7.08 49.72 7.22 649.58 6.25 650.55

KN2%P110WA270 GWIfTMTLESUT 6-l.x1*(200C13/M(4:41 PM)
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Summary of Groundwater Elevation Measurements
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 6)

T rop of Groundwater Elevation Measurements
Coordinates (Ohio Piano)' Csing Ground (kot above men sea levl t"rnl)

Wall Eastng Nfthingt Elevaton Elevtiosn'
Identifstion W(x) (Y) (inula (hr " l) 12j11t Slev III |t127199r IU1 12 1211997' 2124 021241198S

iT.MN7TA-EDGW.Ool 1916699 623808 636.40 636.05 _ - - _ 28.04 610.36 27.05 611.35
PBePR-mWo7 1919021 62496 633.67 63t 16 628.32 631.65 629.64 5.35 62s 32 5.06 628.61 2.21 t 31.46

P4-PR.MWO8 1919309 624889 634.70 632Z16 624. 5 629.98 627.56 6.5 628.04 772 626.98 4.90 629 e
PB-PR-MWY)s 1919510 62s092 633,38 630J38 622.92 830.12 626.57 6.50 626.8B 7.65 625.53 3.36 630.02
REACTORI 1917963 626773 630f51 63045 - - - 15.32 615.19 22.06 608.45 33.25 691.26
REACTOR2 1916003 8266es 631.05 63100 6147 6011.89 - 15 40 615.65 4.61 626.24 26.53 602.52
REACTOR3 1916148 626685 631.21 631,10 - - - 14.60 616.61 22.1i 609.04 37.45 593.75
REACTOR4 1916147 626630 630.63 630.44 - - .. - - - -

PB-TNTA-MW10 1923399 623864 639.66 637.16 633,71 631.04 635.62 4.16 635.70 4.67 635.19 3.10 636.76
Pg.TNTA-MWII 1922744 623518 640.16 637.54 630.50 32.82 633.56 5.49 634.69 5.16 635.02 4.78 63540
IT-TNTA-BEDGW.001 1922580 623447 638,79 636899 - - - - -
IT.TNTO-BEDGW-001 1917218 616738 662,43 6596.0 _ _ _ 4.11 658.32 5.60 656.83
IT.TNTe-8EDGW.002 191021 616835 073.35 670.10 - _ _ _ _ 6.91 W686.4 2.89 670.46
IT-TNTS-BEDGW-003 1916710 618103 683.11 681.34 _- - -_
iT.tNTB BEDGWoO4 1918572 618469 666.63 66.78 I - A . - -
IT.tNTCBEDGWOOI 1912853 820254 667.04 66404 w _ _ _ _ _ - - -_
PB-TNTC-MYMW3 1911391 621465 645.09 642.25 dry 639.20 635.01 8.07 37.0z2 9.27 636.82 3.80 641.29
P8.TNTCAMW4 1910470 620413 654.11 651.57 634.67 861 07 646.51 6.15 647,96 |762 840.40 3.32 660.79
PD.TNTC-MVS5 1911811 620692 651.49 848.75 628.01 647.62 643.2 5.62 645.67 5.60 645.89 3.02 64s.4i
Pe-TNTC-MW06 1913006 62029 659.08 656.50 651.93 655.20 654 56 4,46 654.62 5.71 653.37 3.72 655.3
PB-WxMwo I 1so9946 622641 644.11 642.00 _ _ _ 4.o 630.11 161! 62796 4.09 640.02
PB-WA-MWO2 1910176 622124 633.33 630864 I _AM 36 62944 |44 82887 1.53 631.80_ _ _ - - - - _

K"2%P60Wh2001 0WRtntASLES18" 6S1..S(2D01?131$(4 41 PM)
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Table 6-1

Summary of Groundwater Elevation Measurements
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

(

(Page 4 of 6)

Groundwater Elevation Measurements
(feet bove mean sea tM2 1)n

Identificatk ttt 10snsR9989120! 0912 ? [17' 0111710i US1'l 61I1 ul~tIS' 111S101
IT-M1-8EDGwo0l 29.1 611.94 14.30 626.74 - - 31 00 610.04 32 16 608.88
IT-AAI-0W002 3.42 637.43 4.20 636.65 360 637.25 7.32 631s53 4.38 638.47
ITAf2EDGW.001 s.89 634.17 14.30 629.76 - - 13.25 630.81 15.91 028. I5
ITZW-GW.002 - dr 13 20 530.75 750 8 36.45 18 57 627.38 20.58 623.37
IT-AA3-8EDGW-W1 21.82 614.81 25.20 811.23 24.90 611.53 25.61 610.82 27.56 608.85
rt-AA3-GW.002 3.97 632.14 5.10 631 01 4.00 832.11 8.0e 627.31 6.82 629.29
IT-AMGBEOGWO0o 5.60 654.99 5.80 654.79 4.20 656.39 7TO0 652.79 5.s9 654 60
IT-ABC-GW-002 4.92 656.14 5.80 655.28 4.60 656.46 8.51 652.55 6.46 654.60
Pe-EOMV13 41.40 6".5s 27.90 620.05 2.40 619.5S 30.31 617.64 45.60 602 35
P BED -MW4 15.99 629.73 18.80 626.92 17.90 627.82 19.63 62s 09 21.73 623.99
PR.OEO-MWtS 19.79 611.52 20,40 810.91 18.80 612.51 17,13 614.18 31,18 600 13
PB.BEDMMWS 2.74 632.96 5.00 630.70 - - 5,29 630.41 30.14 60556
PBBED-KI7 26.40 603,25 29.80 5998s 0.00 629.65 29.33 600.32 31.50 598.tS
PS-BEO-MWIa 30.72 620.46 30.90 620.28 31.80 619.38 31.79 619.39 33.10 61808
PB-BEDMWVIW9 18.45 624.30 21.20 621.55 21.90 620.85 2S.38 6t17.38 24.91 617.84
PS-BED-M2. 13.29 662.72 O3.80 662.21 13.80 662.2 13t75 662 26 14.48 661.63
PS-SED-MW22 - - _ _ _ _ _ _
PO-8ED-__MW23 - - - - _ _ _
POED-MW24 _ _ _ _ _ _ .. .. _
PB-BED-MW25 _ _ _ _ _ _ _ _ _ _

PS-SED-MW26 _ _ _ _ _ _ _ _ -
PB.BEO-MW27 _ _ _ _ _ _ _ _ _ _
MT-GS-BEDGW-00l 5.86 670.70 s.40 671.16 6.00 670,56 9.04 667.52 5 57 67099
ES-GM-oi 7.97 932.48 8,40 632.05 8 60 631.85 9.71 630.74 8.57 631.86
EB-GM.02 5.14 632.38 7.80 629.72 s.Ao 632.42 14.04 623.48 14 83 622 69
EB-GM03 5.9S 632.91 6.00 632.90 6.40 632.50 7.60 631 30 6.81 8320
EB-GM-04 3.91 632.43 4 60 631.74 3 90 632.44 10.20 626.06 4.57 631 77
EB"M-os dry dry 6 40 833.30 6.90 632.80 7.48 632 22 7.05 632 65
E64M.06 8.00 613.61 8.30 833.31 6800 632.81 7,23 632.36 7.65 831.96
EB-PS-02 4.90 633.63 5.70 632.83 4.50 634.03 7 27 631.26 5.96 632.57
EB-PS-03 5.52 631.63 5.70 631.45 6.30 630.85 6 2 630.e8 6.35 630.80
EB-PS.04 5.28 632.61 6.40 629 47 8.60 829.27 9.43 62545 6.e0 629.27
ESRAOl 5.75 626.22 6.40 627.57 5.90 628.07 9.35 624.62 7.42 626 .5
EB-RA.02 6.72 627723 7,10 626835 7.30 626 65 10 45 623.50 9.50 624.45

E-RA-03 970 823 93 12.60 621.03 15.70 617.93 16.03 617.61 14t27 19s.36
ES-RA-04 7.53 62S.01 8.60 624.94 9.80 623.74 11.30 622.24 9 18 24 36

KNMP8Y%2001 GWRKTABLESITah6-I xbs(200t3-W02(4:41 PM)
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Table 6-1

Summary of Groundwater Elevation Measurements
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

C

(Page 5 of 6)

Groundwater Elevation Measurements
(feet abov, mean sea level Imsl)

Well _ . .
Identliication 264 oso1*se 9 20 0e tms e11 not u1s oi1svie _ 111t Mle 1R1 u01

EP-RA-05 7.07 626.27 7.10 626.24 7.40 625.94 1o.10 623.24 8.29 625.05
EB-RA06 4.49 628.15 6.10 620. 4 5.20 627M4 9.66 622.N 6.76 625.88
ES-SP-o1 5.78 849.29 7.40 647.67 6.50 64867 9.34 645.73 7.89 647.15
EB-SP.03 4.21 653.52 4.80 652.93 - - 7.07 650.66 5.94 s51.79
EB-SP.04 7.20 650.82 7.40 850.02 - - 7.7e 850.26 7.80 650.22
EB-SP-05 4.96 652.04 5.40 651.60 - - 7.03 649.97 5.95 851.0O
EB-SP.0o 7.24 651.01 6.40 651.85 - - 7.63 650.63 7.63 6S0.62
GCL-MWD1 4.98 669.63 6.80 68 .01 6.00 667.91 10 12 664.69 8.94 68s.87
GCL-MWO2A 4.85 668.11 5.60 667.36 4.90 668.06 920 663.76 6.34 666.62
GCL-MW28 5.00 668.42 6.10 667.32 5.20 668.22 9.67 663.75 8.86 68.54
GCL-MW03 4.50 66807 5.30 667.27 4.60 667.97 8 25 664.32 5.60 686.97
ITNMV 4.60 673.59 5.30 672.89 4,80 673.39 8.12 670.07 5.60 672.69
IT-MWt2 5.79 633.49 6.95 632.33 S.80 633.48 11.66 627.62 9.88 629.40
IT-MWOs 4.76 629.91 8.80 625.87 6.40 628.27 12.35 622.32 14.t5 620.52
IT-MWOO 4.02 627.66 - - - - 1048 621.22 10.08 621.62
IT-MVW7' - dry 3.90 631.13 2.70 632.33 6.81 628.22 - -

IT-MWW6 3.12 630.04 6.60 626.58 s.20 627.96 12.18 620.98 14.38 618.78
IT.MW09 5.02 642.43 8.30 639.15 6.80 640.65 9.50 637.95 7.06 640.39
IT.MW1O 8.19 636.61 10.30 634.50 9.50 635.30 16.00 628.74 14.09 630.71
MK-MIAM 4.99 640.62 6.80 639.81 6.60 640.01 9.21 636.40 6.35 639.26
MK-MW1o 5.22 635 35 5.60 634.97 5.20 635.37 9.33 631.24 6.98 633.59
MKMWI1 8 51 6308s5 6 80 630.56 6.50 630.86 12.07 625.29 7.99 629.37
MK-MWi2 8.38 632.s5 - - 9.40 831.53 I t50 829.43 10.39 830.54
MK-MWI4 4.81 67645 7.50 673.76 8.00 675 26 9.58 671.68 950 671.76
MK-MWMS 4 66 675.77 7.40 673.23 6.80 673 83 9.13 671.50 8.75 671.88
MKiMWt8 5.10 668.90 5.90 6t6.10 6.10 667.90 8.49 665.51 6.77 667 23
MK44W17 3.90 660.42 5.10 659.22 4.90 659.42 5s78 658.5s 5.10 659.22
MK-MW19 4.56 634.57 4.90 634.23 4.80 634.33 8.30 630.83 5.68 6;3.45

MK-Mi20 5.85 631.66 5.50 632.01 - - 5.57 631.94 6 12 631.39

UKMW22 7.42 630.31 7.60 629.93 6.90 630.83 9.60 628 13 7 28 630.45

MK4uW23 65s4 632.57 7.40 631.71 7.30 631.81 10.35 628 76 7.11 632.00

M#K-VV24 6.18 650.62 7.50 649.30 6.10 650.70 9.39 647.41 824 648.58

K B21WM2 GMATABLESAT&b 6-1,xK(2001A3MW(441 PM)
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Table 6-1

Summary of Groundwater Elevation Measurements
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

r(

(Page 6 of 6)

Groundwater Elevation Measurements
(feet babve mean sea leve Imdl_

Woll I .
hdentillcatlon 515 061sZ61991 "20'1 09120100 In?' 011171011 8115 0U115101 1111tt5' £1/15101

IT-MNTA-EDOGW-001 25.60 612.80 _ 2940 60900 30.99 607.41
P5.PR.tMd7 2.17 631.50 - - -_ 5.63 625.05 5.05 628.59
PB-PR-MwS 4.37 630.33 - _ _ _ 7.19 627.51 6 82 627.66
PB-PR.W9 3.40 62901 9 -_ _ 8 70 624.66 8 40 626.98
REACTOR1 32.30 598.21 25501 605.01 31 t0 595.71 30.20 600.31 26.64 601.87
REACTOR2 27.50 603.55 27.40 603,65 2710 603.95 0.13 630.93 0.00 631.05
REACTOR3 37.08 594.13 35.60 595.61 35.20 596.01 34A43 596.78 34.43 396,75
REACTOR4 - - 20.40 610.43 20.30 610.53 20.65 610.18 20.40 610,43
Pt3TNTA-MWIO 3.24 635.62 4.80 635.05 2.90 636.96 8.03 631 83 560 634.26
PB-TNTMVWi i 4.34 635.64 6.20 633.98t 3.10 637.01 7.30 632.86 9.40 630.78
tT.TNTA-BEDGtW001 - - - - - - - - - -

IT.TNTB-BEDGW-001 2.91 659.52 3.60 658 63 3.60 658.83 4.78 657.65 3.83 658 60
IT-TNTr-BEDGW.002 7.67 605.68 6.20 667.15 5.60 667.76 8.20 665.1t5 6.48 6660.7
IT.TNTEt-BEDGW-003 _ - - - -_ _ _ _ _

IT-TNTS-BEDGW-004 - _ _ _ _ _ _ ._
IT.TNTC.BEDGW-001 - _ _ _ _ _ _ _ _
P8-TNTC-MWO3 4.95 640.14 6 80 838.29 4.20 640e9 i1.40 633.63 11.31 633.78
P9-TNTC-MWO4 3.21 659.90 6.80 647.31 4.00 650.11 7.80 64631 6.66 647.45
PBRTNTC-MW0S 3.10 648.39 5.20 646.29 160 64789 7.76 643J73 176 0 633.89
PB-TNTC-MWVs 3.81 655.27 4.90 654.18 4.10 654.9e 6.68 652.40 4.89 654. 19
PS-WA.MWOI 4.70 639.41 14,20 629.91 9.20 634.91 17.65 626.46 21.12 622.99
P6-WA.MW02 1.54 631.79 3.90 629.43 1.90 631.43 4.74 628.59 339 629.94

Norlltig and Enstigs are sealed to the Ohio State Plane Coordinate System (North Zone). NAD 1983. Vertical datum to NGVD 1929.

'Data from Dames & Moore, Sitewide Groundwater Investioation FinMl Repott (4197).

Dats from Dames & Moore. Siewide Groundwater Investigation Final Report (4197)

'Dato from IT Corporation. She-Wtde Groundwater Invesligatlon Report (9197).

* DOats frot IT Corporation. 1st Ouarterly Water Level Measutemenl Evenl Report (10197).

'Dali from IT Corporation. 2n Quarterly Water Level Measurement and lst Semi-Annual Groundwater Sampl*ig Event Report ([S98)

'Dats from IT Corporation. 3rd Ouarterly Water Level Measurement Event Report (6/97)
Oeta from IT Corporation. 4th Ouarterly Water Level Measurement and 2nd SemI-Annual Groundwater Sampling Event Report (6199).

'Data received from tCI theld measurements (2102).

'Symbol denotes dat awe not vaulable.
- Product In wel No measurement recorded.

Temporary piezomneter.

KN2WPDOO'00t GW~hTABLES1Teble 6-l.rts(200l1' 3I 02 (4 41 PM)
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Table 6-1

Summary of Groundwater Elevation Measurements
2002 Groundwater Data Summery and Evaluation Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

C

(Page I of16)

Top Of Gouncdwater Elevation Measurmments
C oa*W 0IND pimw C-"i Grolildf ow- m..n '9" *,

WW Ee.Img Mb11tV EsW~AMW Ewnvdoi
Idft M $IIl ((81 's! 12194 12 119 94 31 g 03191 35 la " 6 106095 62 7 910 2 7n 997 11 2 ¶111211 24 fl j

Overborde WI"1016 Well-s - - -

m lIow W2 1917728 8230 6 WA0.8 63660 - - - - 622 034N.63 8,05 837.80

AA24CW.00 1309461 823580 643.96 841850 - eV - ..

AA3-OW .002 1914986 625026 6361 634.10 - - - - 630 62981 S.86 63123

ABC-OW-OW 1921516 $21672 661.06 6520 - . - - - - - - 6.65 654.51 195 667.11

E S-G M-Cl191 813 623SS3 640.4 637.70 - - - 677 631.6 6 9 29 631.16 7.85 638.10

E9-GM-02 1917822 624438 637.52 634.90 - - - - - - 10.78 626.76 9.46 MN.0 4.91 Me26

E8.GM.03 191775 624131 636.30 6 36.20 - - - 6.26 032.02 7.36 631.52 5,61 63109

E8-05604 19,17442 624M 63634 63360 - Sea-- - 5 6:30.78 5.55 680.79 3.2? 683307

E6-04 .0 191760 623672 a 3970 637.00 - - - 6.24 6134 7.57 63 .1 .160 633.0

68.056-08 101779 628723 63961 637.00 - - - - - 6,06 63353 7.36 4W 2.2 5.92 683,69

F" 3P$02 192MB1 624344 63653 635.70 - .97 032.56 8.87 432.86 4.8 633.72

66-8 -08192018 6524324 637.15 634.40 M N 6 6 6 15 8.35 630.80 8.82 631.158

E " 84& 4 192026 624296 .. 7-A L M .3 - - 7 62900 900 828.8 7.30 63(17

EB-R -CI1917163 825964 63 897 831.40 - 6.61 627.86 7.66 626.09 8.68 82634

ES-AA .02 191826 62 694 838.06 63 1.30 m o - - 61 6 26.95 8.72 82543 6 52 627.4

E8-RA.03 1M1 34 62676 63363 63030 dry- - - * dy 9.09 824.84

ea.R4-4M 111636 82673 63354 83070 - - - - ,07 62547 10.36 623.16 7.12 82642

EIRAP 05 191O M 82617 638 34 630 0 -- - 7,95 626,39 8.87 624.47 6.8 62647

ES-4 AM1918750 82846 63284 630.10 -e . .e-- s6 623.9 7.ffl 624.78 5.20 627.44

EM-P.01 1927680 61366 85907 852.3 - .43 64864 I 7.55 647.62 5.54 649853

EU-SP.403 19263 6 I 61339 857 73 1 65310 - - 288 66347 6094 6317 4.26 683.47

EaS.P-04 192693 613162 6302 85825 - 7.20 6080,2 6.-16 64984 4.21 65881

Ell-SP-05 192669 81305 857,00 '4'545 .. - 5.06 851.92 8.17 650.83 4.92 692.06

£8-SP.OS 192704 61305 86 .25 856.40 - 6680 661,45 6.10 65015 7.04 661.21

OCL4IWOI 1821256 617560 874801 671.40 - - 6.32 66.49 8891 68800 4.57 670.24

OCL4VW02A 1920961 61793 67296 66970 - - -- 7.57 86 39 7.79 666.1 4.48 066.11

GCI.-56W e2 19209514 817941 673.42 666.6 - - - - 32 M8.10 6.41 WA501 4.59 68683

GCL4%WOS 192077 617841 67l67 669.55 - - .0 6 6 7 6.1 66596 4.20 66837

F74.I~tV 191662 81690 676.19 674.5D - - - 5.45 67274 7.00 671.19 4-66 673.63

IT.56v02 1910265 622512 639.26 636.8 1199 827.32 553 633.75 995 62.33 6.06 63J9 6.78 6250 56W 638.80

ff4.q!AS 1910475 825348 834.87 631.62 14.46 620.19 6.05 6296 11.51 623.36 9686 824.79 10.45 624.22 4.42 630.2

178651018M6 62664 2 631.70 628.5 - - - - - - 834 82.33 0.21 62249 4.01 627.89

1 0 662 82078 -.0 -3 - - - -r - -_- -d-

1744WA 191132 622496 633.1 6 3000 - - - - 1320 819.6 6.2 624.94 10.72 62144 1 1 63D25

FT.MW0% 1910399 82095 847.45 64540 - - ry I - 600 641.45 7.24 84021 4.72 84273

grTkqWl0 190946 623027 64480 842.20 - - 168.9 826.41 11.25 688.65 112.12 63266 6.2 636.60

M K.56 0 190 6672 62 330 843.6 642.9 5 - - 809 639.5 8.49 639X 12 5.0 0 1 84 . 1

MKA MIO 1910564 6236 1 840.67 637.74 13,91 62 .6 - - 8.4 6 22 1 3 . 4 8 9 8 1 8 71 8 4

M(.W 11 1 91 6 3 2 62 37 30 884,39 12.14 625.22 6,0 0 8311.363 847 828613 6 0 2 61.29 2 59 1 6 1 4

W - ~W 2 1 90 7 4 62 2 3 640 .93 836.10 - - 8 6 1 0 1 . 8 3 . 5 . 5 3 4

M K-.5W I4 1 91 3 5 1 311 -6 61.26 67 6.50 - - - - - 3 7 4 3 0 7 7 . 4 4 6 7 6

9 5 (K 4 W 5 1 9 3 0 1 8 4 8 8 0 * 5 0 63 6 7 7 . 6 - 2 7 . 1 6 6 7 . 8 4 9 7 7

1N4iPMNM 0W~tii. $.I,0RshWlu~ rN0W~46AAM)



Table 6-1

Summary of Groundwater Elevation Measurements
2002 Groundwater Data Summary and Evaluation Report

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Poge 2 of 6)
. ouxwialr Elevabion Measurements

COoninuses Ohbl Plop Ca"n y *b 6"3e IftD

WON Eassdosg NW"r EIvbo? I VI I5M l I ijg en IW 012I0nsm 2I272t [I10.90 9 OSOV2klarfocai~mi (XI (rI (f ~t Iw (Atme) 175J272016'1 912MW0269 01110 1-15-I - 0mm
v01aurl" Monitorlk" Weils

AMI.GW.02 1917720 623068 640.86 63660 142 637.43 4.20 636,65 3.60 837.25 1.32 633.53 4.38 836.41 3539 WAS4 132 637,63
AA2-OW.002 1909481 623589 643.95 641560 - dr 13.20 830.75 7.50 636,45 16.57 62738 20.50 622.37 1063 63332 4.85 63".10
A.A3-GW-M0 I914958 02502 836.11 624.10 191 632.1 5.10 631.01 4.00 63211 860 627,31 5602 629.29 4650 631-61 4,22 631.89
ABG-GW-M0 1921516 621679 66106 65820 4.92 856.14 5.80 655,26 4.60 856 46 651 65255 6.46 66.6 4.16 66686 4.06 667.00
ED-GM-01 1916339 623563 640.45 637.70 7.91 632.48 6.40 63205 66 6318NS 971 630,14 8.51 631.88 8.10 -6323 6.18 63230
E13140*402 191192 624436 637.52 63490 6.14 632.38 7.50 629172 5,10 632.42 14.04 623.4 14.63 6226 472 632.8 55 632.37
E0-08M.03 1917775 624131 83690 ,636.20 5,99. 63291i 600 83290 6,40 163250D 7.60 631 30 Bel1 632.0 569 0Saw9 6,17 6U327
ES.GM.04 ¶9174.42 62406 W6,36.3 63360 31911 6343 4IM 0 631.4 3.90 I63244 ¶0.26 162606 4 67 1631.77 3.47 632.87 194 63240
EBS-0GM-OS267 3.0 W.0 r r 4 6I3 2 3ZW 74 3.2 .3 826 6.25 6334 6.40 633.3
ES-GM-OS 1917799 62313 83961 637.00 6.00 633,61 6.30 6313 6601 63281 7.23 63238 7665 631.96 6.28 633.33 82.4 632
EB-PS-02 1920061 624344 638.53 6370 4.90 633.63 510 632.83 4.50 634.03 7.27 631.26 5.16 63257 4710 633.63 51i9 633.34
E"S8503 192O6 624324 63716 034.40 5.52 631.63 510 631.45 6.30 63085 6 27' &3088 6236 630800 596 631.19 5.96 631.17
EB-PS.04 -1920259 624266 831.87 636.30 5.26 632.61 6.40 62947 8.60 62927 9.43 626.45 8.60 629.2 6.00 62967 6.16 029.71
EB344A0 191778 _626164 63397 .631.40 6.7 628.22 6.40 627.57 590 626.07 9.35 624.62 7,42 626655 5906 626.12 625 627.72
E8-15A-02 M91OM 62894 63396 431.30 6.721 62723 7.10 62085 7 30 626.68 10-45 I623.60 9.50 624.45 NMA - - -
EH.AA.03 191634 e62088 633.63 63090 9170 623.9 126 621.03 1570 617.93 1603 617.61 K427 619.36 NM - - -
EM-W404 191838 626731 633.54 630)0 7.53 626.01 6.60 624,94 980 623,74 11.30 622.24 9.18 624.36 WA -

ES-RA-0S 1918492 626717 633.34 6M0.6 7.01 6X267 710 W62.24 7.40 625.94 10.10 623.24 8.29 625.06 NM -

68-NA-OS 1916750 62748 63264 63010 4.49 62815 6.10 626,54 620 62744 9,66 62298 6.l6 625.68 NM - -FED-SP-0I 1927M5 613696 05.50 662.30 5,78 649.29 7.40 647.67 6.60 648.57 9.34 645173 7.69 641.1 6.10 64897 6.20 64887
EB.SP-03 192683 16133W 657.73 655,10 4.21 653.52 4.80 652.9 - - 7.07 660.66 5,94 681179 4.19 65354 4.76 652.9
E8-SP-04 1926937 6 -13162 656.02 655 25 7,20 6,062 7.40 65062 - - 7,76 65026 7.80D 65022 7,30 660.72 7.44 660.56
EB-SP-05 1926897 613051 657.00 654.50 4.96 652.4 6.40 651.60 - 1 .03 649.97 5.95 651.05 4.16 662.04 5.27 651.73
ES-Se-o6 1921074 613058 668.25 665 40 7.24 651.01 6.40 651.85 - - 7.63 65063 7.63 65062 4.15 654.07 7.25 65100
GCL4A#1 '1921256 617660 674.81 671.40 4.96 669.83 6800 666.01 610 567.91 10.12 66489 8.94 665.67 610 600.71 5.22 669.59
GCt.4VW02A 1920961 61793 672.96 669.70 4.85 64611 5.60 66736 40 668.06 9.20 66376 6.34 666.62 4.75 86621 5.26 667.71
GCL-uvWD28 1920964 617941 673.42 66960 SW 666.42 6.10 66732 5.20 66622 9.67 663.75 6.M 666.54 4,84 668.56 5.02 66840
0CL-WMIN 1920171 617641 612 57 65956 460 66807 530 66717 4.60 661.91 5,25 664132 560 66691 4,30 668.27 4.52 666.0
17-811110 1915526 616901 671,19 614.60 4.60 67359 5.3D 672.69 460 671339 6.12 670.07 S.6 612.50 4.66 67153 4.66 673)34
IT-M1W02 1910265 622512 639.26 636.37 5.79 633.S 6,96 632.33 5.80 633.4 11,6$ 621.62- 986 629.40 65.2 633.46 6.0 633.25
IT-MV406 1919415 62534 03461 631569 4.76 62991 6690 52567 6,40 28.27 112 35 622 32 1415 620.52 5.17 629650 480 mu.6
IT-1iwos 1916168 628642 031.70 628.60 402 621.68 - - - *. ¶ 0,48 621.22 1006 621.62 5,84 625.66 411 627.60
lTf _____ '190965 622016 63603 632.30 - -r 3-90 631.13 2.70 63233 6691 628 22 NM - NM - -

'l1-Mma 191132 622496 633.16 636 1 12 63004 860 626.56 5.20 627.96 12.18 620.16 14,38 61878 4,19 62.97 S.30 621.86
IT-MWNO9 191 0699 02056 64A4 645.40 5.02 642.43 6.30 639.1 680 6406 950 837.95 7 08 640,39 6.42 641 03 7.16 64027
I7.4AWIO 1909486 623027 644.60 642.20 8.19 6366 1630 634.1 960 63.30 11-06 62874 1409J 630.71 8.77 636.03 625 63655
MK.N6909 190652 623601 645.61 642,95 4929 640682 5800 639.61 5.60 640.01 921 636.40 6.35 8 39.26 551 64010 841~ 640,20
MK-Mwi0 1910564 623861 8405 631174 522 635 SAO 13.4.97 5.20 635.3? 9.23 31.24 696 SU3'" 5.02 63.65 55 616.04
MK.WIiI 1911643 623829 031.30 634,39 651 63065 6890 6305 6560 630.16 12 07 62529 7 99 6293 3.92 635.44 6.91 63045-
MK-81W12 1913325 6216311 61263 67.50 4618 864.5 75 77 60 6315.2 9.58 679.43 9603 670.76 5.88 615.38 512 616.14
MK-.MWI2 M332SI WM23 640932 68180 8.38 632.456 TW -7 94&O 631532 9150 629.43 50. 6308 5830 I62.638 8.60 632.43
MKMI4WIS 1913304 618468 680.63 677600 4.86 6177. 7.40 11123 6.80 613683 9,13 671150 6.15 671-88 5.29 61 6734 5.21 675.36

W-A. fat ASh. 0.6
I 9
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Summary of Groundwater Elevation Measurements
2002 Groundwater Data Summary and Evalustion Repoit

Former Plum Brook Ordnance Work~s, Sandusky, Ohio

r,

____ ___ ___ ___ ___ ___ ___(Page 3 of 6)

TOP d Gm .ur tese El6evation Measuferiws

WGI Ea-"~ MMh"~ Ewsviaff jIEwM"SM
Malt~eafto M Y Msg) ¶2194 1194 3119 031019 tW9 1011996r 612 61271tr 11112 111121193 m4%01

MKAvIWO 1018011 6163 674.00 671101 8.8 667.14 4.64 66936 536 86842 597 86.03 7.75 86525 514 66686

M4W 17? 191783 61851 664.32 88065 474 659.56 3.22 MA1.1 3.7 86056 4.32 6600M 4.75 65957 388 66084

MK44W19 1917535 62367 63913 636.20 - - - - - 7.90 6-14 6.83 6M323 387 35.46

PAK.MW2 190283 W7212 8375 Si 4.30 - - - - - - 4,97 63254 478 83273 8.61 630.00

MK-44W22 1I23M7 6 24339 637.73 636.24 68 62885 &I 6.1 31.155 7.66 63007 6.20 1629.53 6.24 629.49 I .94 6W.79

UI(.MW23 1920354 624657 639.11 63863 18.23 62a8 10.99 626.12 6.97 Ml4 .9 606.2 8.02 631.02 8.61 6350

MI(.&W24 10232 822264 65OO8 6512 8.49 648.31 6.0 880.77 7.10 649.61 .7.08 648.72 7.22 64986 6.25 660.5

PR-MM7 19111M1 86490 633,67 631.18 7.35 628.32 2.021 631.85 4.03 62964 5.35 62.3 5.0 628.1 2.21 63146

PR*AWV 1919309 624889 634.70 632.1 10.1 624.55 4172 620.0 7.14 627.86 8.66 62.04 7.72 62."0 4.0 629390

PR-MW09 1911610 62509 63336 6O303 10.46 62192 3.28 83012 6.81 62.57 6.80 626.86_ 7.88 6253 3.3 630.02

TpfTp4Iwio 192339 623664 639865 637.18 MS1 63171 2.82 637.04 4.24 63562 4.1 693470 467 638.19 3.10 OW636

ThTA4RMWI 19M244 623518 640.1 637.54 0.68 83050 7.36 63282 6.62 633.56 5.49 63489 5.16 635.02 4.78 83840

794TC-AMWO 1011391 621465 -645-09 84125 - 8.89 63920 10.66) 63501 8.07 637.02 9.2 63582 3.8 641.29

TNTC44W04 1010470 620413 854.11 65.5 19.24 6347 3.0 651Wr 5.60 6a851 615s 647.06 7.6 646.49 132 680.7

TNTC4A'l0 1911611 62066 68$1.49 648.75 23.461 282.01 1187 1647.62 8.21 64328 5.62 64587 5.6 645809 302 646.47

I N I4AV40S 191300 629429- 85008 -M 686.5 7.1 65.1.0 I. 685.20- 4.52 664.56 4.46 684.62 5.71 653.31 172 685536

WAr*WA1 109048 62241 4411 642.00 - - - 100 63011 le15 627.00 4.02 64.0

AMA-14W02 1910176 622124 63333 63.6 - 89 629.44 446 628 87 153 831.50

B~dmck Manitolavvg Wells___
AAI 4SE0W.00 191771 623069 641.04 6388 .. - - - 30.52 610.5 30.50 610654

AA28ED"(Y19f 1909552 623600 64406 641.60 - - -I- 11 6M.95 11.56 MZ248

AA3-8EtJGWVW 1914957 628537 63643 63.1MAO- - - 322 613,21 21,53 614.90

A80-EOGW-M0 1921506 621580 880.80 658.20 - - - - - - - 6,09 654.50 3.86 65704

508.8600W.0 100268 618635 678.56 673.70 - - - - 6.36 7.8 6MO .11 68845

M?4TA.OOOOWN0 101869 82380 636.4 63806 -05 .- 26,04 610.36 27.056811.38

PI.8rO4AMM3 1912175 621044 647.05 645.49 40.10 607.65 26.4t681920 26.16 621.79 27.50 620.15 27.06 620.7 48.47 60048

P8.8FD-UW4 190457 82272 645.72- 642.73 23096 621.76 21.33 624,39 20.49 62523 1851 627.21 19.72 626.00 18.44 62926

PR.8EV.MWI5 191028 828179 631.31 628.76 27.77 8SM5 32.40 89891 210 010.22 29.95 601.36 21.12 610.10 20.34 610.97

P8.e04ff#16 1920594 823299 635.70 63.36 64.32 571.38 2.02 633ift 663 630.1 11.80 623.90 7.41 626.2 2.2 6142

P9.&0.MWI7 1924121 825417 620,65 62702 27.08 602,57 2M7 60200 2689 802.78 26.48 6OM? 27.75 801.00 28.85 60250

Ps-BE0.97#1 192463 623649 851.18 648.51 26.11 625,08 30.7 0 6039 290 621.88 30.56 620800 30.22 620.96 30.5 62063

PS.8504~W9 1910174 82388 642.75 640.19 21.86 62.07 1923 8252 1983 622902 19.85 62150 20.58 622.20 1900 82375

P843ED.W~20 192295 612423 6761 67225 "4.6 661.3 1471 Ml 2% ¶4.03 Ml106 1428J 661.13 14.42 86159 1398 8603

P8E-M0W422 19126 62077 _62987 627.22 - - - - - - - - - - -

P8-8ED-.MW23 1918150 62883 636.71 631.11 - - - - - - - - - - -

PR8FQ8.0W424 1908168 622916 645.96 644.20 - - - - - - - - - - -

P".E0.MW25 1914454 61M2 664.59 481.909
Pfl.07D4k826 192074 6MM7 077.21 674,61 - - - - - - - - -

P8.8E0-MW27 19279 82789 627,4 62.24 - - - - - - - - - - -

VTWA-K600W001 1922580 623447 638.79 636.09"- - - - -

TNTS43EIX3-00i 1917218 81873 662.43 859.50 - .1 658.32 5600 656.83

TNTBO-EO(W02 1918021 81883 si 6335 67O010 - - - -- 61 666.44 2.89 670.4

TNTS88- W.K 1918710 618103 68311 881.34 - - - --- - - - - I

KNPWY"XW OATOM 8.1I .s8tlW0(46 AN)
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Former Plum Brook Ordnance Works, Sandusky, Ohio
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Top oq Grwrowaler Ejevaboui MeaUeowewlns

Cowdraneb (0WI 96 Camh' IrGoad abon4 ohm nww ~uW Ine1!

(R) ceon(Y) (14 -) (ftmsIJ 615 WmG196 /0 032(16 11W 01117471 WS! oM061)1 MIS6 tuisei 27272W mwar 514 056)9

MI(4W1 191 6011 616834 67400 67101i .10 686.90 5.90 66-10 C.10 887 .0 8.49 665.51 6,77 667M3 6.36 66.64 5.34 666,8

MK-WIV7 1017013 610672 664.32 660.66 200 660.42 610 65022 4.0 666.42 &5.7 66666 6.10 550.22 4.46 660.66 4,40 66592

MKAMWI 107635 62371 6n013 63620 4.56 6WM 4090 634.23 480O 63433 830 03.63 see 633.45 4.27 634,66 460 634.33

MK ____ 1260 292 637651 634.30 666 6368 56 632.01 - - 5.57 004 6.12 631.30 7- -
MK-MW22 1023776 1 624339 637.73 63S.24 7.42 630.31 7.80 629.3 6.00 630.63 0601 62613 7.25 63045S 6.60 631.04 735 63038

MK-MW23 1925354 624657 63A1 636,63 6.5.4 632.57 7.40 631.71 7.30 631681 10.35 02876 7.11 63209 5096 630315 6.43 83266

MK.14W4 1023302 622264 6560 654,12 6.16 65062 7.50 64030 610 65070 9.30 647.41 624 648.56 615 6665 6.16 65062

PRUMd0 1919021 62A096 833.6? 63115s 2.17 63150 - &S 53 62606 $%0 62.50 2.46 531.21 2.23 W133.

PR-MVIV 101930 624889 63470 63216S 4.37 6333 - -- 7.19 021.61 6.62 627.66 5,06 620.62 446 630,24

PR-M)W09 11010610 62509 633,38 63038 3,40 62n0 9 - - 70 624.48 6.40 6359 3,40 629(A 342 M62 6

TNTAJJWIO 1923390 623364 63.M 637.18 3.24 63662 460 6506 2.90 636-06 6 03 631.53 560 65426 320- 63668 3.18 "6866

TNTA4,MWII 1922744 1 623516 640.16 637.54 4 34 63564- 620 63396 1310 6931.05 7.30 032.66 9,40 630.76 4.30 63568s 441 635.77

TH1C4#m70 191130 621465 646.00 642.25 405 64.14 6.80 63820 4 20 640.89 1146 0363 11.3 63376 4,66 64054 521 630.66

TUTC4MWO4 101D470 620413 664.11 651.57 321 65090 660 647 31 4.00 66011 7.60 046.31 6606 647.45 2.65 660 28 429 649.62

THTC-#4WD5 M19111 620692 661.40 64.75 3.10 64836 -5.20 646.20 360 647.60 7,76 643.73 17.60 633009 3,0? 648.42 3.20) 648.19

TNTC-MWO6 1913006 62029 6500 650.50 3.6 652 4.90 65418 4 10 664.06 66 65240 4.80 654.19 3,74 65634 A440 65468

WA MIWl 109D46 6264 44.11 642.00 470 63.1 1420 629091 920 63491 1765 626,46 21,12 62290 18.3 62573 520 63662

WA4AMW0 1910176 62212 633-33 630.84 1 54 631.79 1390 62043 190 654 74 250 30 62994 127 63.0 12 311

Eladw mon Wkmhin Woea
AAI.6Eo"W.W1 1917719 62306 841.04 838.8 20.1 611.94_ 1430 62.74 - - 31.00 610.04 32.16 606.86 30.93 610.11 3.50 606.54

AA2.SEOGW-00i 100965 623600 64406 64160 9.69 634.17 14.30 620.70 - - 1326 63061 15.1 62IS1 15.06 628.08 13802 630.44

AA34iE0WW00l 1914957 62637 63643 634.10 21.62 614681 26.20 611.23 24.90 611.53 25.61 01062 27.6 606.65 20.66 61&.7 25.90 610.66

A8CG-680GW-00 92715 621560 660.60 65.620 5.60 66490 &,6 65479 4.20 656.30 7.60 662.70 5.8 65460 3,62 6645,77 3.61 666.76

OGB43EDGW4001 1909657 61663 676.56 673.70 &56 670,70 6.40 671.1 6.00 670.66 9.04 067.62 5567 67099 5.68 670.66 5.62 67074

MNTA-SEOGW.01 191OM 62MS0 638.40 636.06 25.60 612690 - - - 20.40 609.00 30,99 607.41 30.19 606.2 31.60 606.00

P"-ED-MWI3 1912175 621044 r647.95 645,40 41.40 W 6065 27.900 620.05 20.40 610,66 30231 01764 4560 GM235 37.60 A 614 6,67 601358

P6-E044W14 100457 622720 64572Z 642.1'S 1599 62973 1680 52M0.2 17.90 627.62 1063 02600 21.73 62309 1650 627.13 017. 62642

PO-B80-UWIS 1919283 62170 531.31 628.76 10.79 61152 2040 1610091 16.6 6.12. 1 17.13 01418 3116 60013 23.96 607.35 30-05 WI126

P8-0D4.1W6 1920694 623299 6570 633 36 2.74 63 26 -600 63070 - - 529 30430 30,14 606.56 iw - --

PB.5ED44W17 1924121 625417 629065 627.02 26.40 60325 29600 509.68 0.00 S20.6 20.33 600032 31.60 506.15 29.66 800.09 31.62 69603

P84-8W-MWl8 1925453 623640 661-16 64661t 3072 62046 30.90 6202 31.80 619.36 3179 61030 33,10 615-06 32.43 618.76 32.50 618.50

P13-DEO-lW19 191017 623660 64275 64019 16.45 624.30 21.20 621.55 21.90 620.5 25 38 011738 24.91 617684 23,27 610.48 2275 62000

P5-5E0-MW20 1922952 612423 61601 1673.25 1329 66272 1380 662,21 1160 66221 13765 662,26 14-46 661563 13.81 66220 1394 662.0

P8OfaEDUW22 191636 60776 62A6 62722 - - - -- - - 29716 5"90.0 2660 601.17-

P84OEO-MWV23 m91i50 626638 W3.1 631.1 -.- - -- WN06 5729 7304 66(167

PO-BEQ.14W24 1906155 62016 645.98 644.20 - - - - - 2560 -620.16 2460 621.18

PS 0E0MW25 19144581 617821 664.59 561,99 - - -- - 14.06 670.54 13)90 6769

P~e-O&9926 1920274 613876 677.21 6746 - -- - -- - 6063 617.58 50068 61725

P843ED-MW27' 1020791 627696 627.14 622"t- o- . --- 46 62.54 46.10 55104.

tNrASEDGWOM0 1922560 623447 63879 639 -- - - - - 736 5623 7.70 576

YTNB.RIPOGW-M0 1017216 618738 662.43 690 2.91 6W652 3.0 656 360 65863 476 6565 3.83 56660 3.16 66027 3.10 65033

TNTB-SEDGW 002 1916021 616635 67335 6700 67 6666 60 671 5.60 865775 8 20 I65S 646 68687 5.72 667.3 58 65

TNTS.BEDGW.003 1918710 616103 68I I 66134 - . - - - - - - - - ¶98 673 228 5.3
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Top d Groundwter Elevation Measuements
Connt. Og e Piwr Cawv Grat i 1_

Id"Ifteft (a) (ft mu) 12i84 la219941 311 03t1W9 10jm 10Fs er2? f27w¶Yn r 11912 ¶l1t2I9WT 2924 MUMl
..NTRZEOGW.04 1918572 61840 86666 66676 - _ _ _ _ -_ _ _ _
TNTC-SE0GW-01 ¶912653 e20254 0e7.04 54.04 - _ _ _ _ _ _ _ _ _ _
REACTORI i9173 62 S 630.51 6304a - - - _ _ _ 5.32 61519 22n06 eo45 3125 5s?26
REACt2 191OW23 8268 63105 6310e 1634 14.71 291 669 _ _ 15.40 615s65 4.B1 6.24 26.53 60252
RERTOR3 1s91614 62"65 631.21 631.10 - - - _ _ 14-60 61661 221T 29.04 374S 5I3S7
REACTOR4 1916147 62663 830.3 e 44 _ _ _ - I _
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Top Grounsd"Iw Elevabon Masurements

Cowdkwe. (ONO Planar Ce.V Gmtd (1 d m s l
WON E-&i Nwftv Elrsia ElW [ _ -.-

ki~laicton (as fy) (ft nul (Onmus) We O,~oD 91U 20 oVM II1? 01117101 WI! 00f11601 11115f 1111510 2122W 0227102 5A 06o04W0

tkT8.OEGW-004 1918572 616469 6673 . _ _ - 7.-1- 66.U 7.20 861.0

INTC."DGWo001 191263 620254 6.04 4,04 _ _ _ _ _ _ _ _ _ _ 67.84 60.40 Sass 610.06

REACTORI 19173 2e6773 630.1 3045 3230 596.21 2550 60501 31.8 3.7t .20 60031 28.64 601.87 NM - -

REACTOA2 19185l3 62ti61 63106 631.00 27.50 6M.55 27-401 3.65 27.10 60W35 0.13 63093 0.0 631.05 NM - -
REACTOR3 191514 6265 63121 631.10 37.0 $"413 36.60 59&e1 M 20 5 96.0 34.4U 597 34.43 66.70 NM _ _ _
REACTOR4 1918147 626630 63083 630.44 - _ 2040 610.43 20.30 61053 2065 610.1 20.40 610.43 NM _ _ _

Nakllr~g NM Eaeski~s am aene Iso ft Ohio State Please Cowdnhul System (Mulh Zcnk NMA 1963 Verfical d"Mg to NOWO 1029
Sp e1c wm osSele rudwrlvnlg~o ia WO Rmfeport(4097).

rDao hIrm Dames & MaaOM 660w406 GoM~damvr kwsllgaho Fh Report (49).
eOV Am NMI Ca~orpoamaxn S6941-ids GOundMgl IM0eisgim Repas (67)

DOWe srom IF Caroraton lISt Q..istelly wow er Le el mwuru9 Ewi Repst (1607).
~DVA trmm IF Carporatoait 2nd Quarterly Walte LftVe 14sisumuaw NMW It Ssmi.AeNl Graoidwaler Sanp~ng Event Repost (5196)
'Oge Imm IT CoeWallwx 3rd OuarterlVfWaer Lervel Meemnosiae Evert Repel (MY?)
90Me Sam IT Ca~rpsutos. 40v Ouwer WaOe Level Meawaumset srW 2nd SenriA'vjel Gmw~dmWla Swome~ Everd Reps (619).
Doata rncaivd Amm ic WMg meakoW114(te
Symbld deroes dale am not evadses..

T
omnpwaruyphmeza wr (uewnoed 414002).

t
tydmOCatbon pfodu In vnM. No meastaement recorded.
Monitrin wed PB4WA-MW27 was Ibuelor ad Oa theublmic request In lAmwey 2003 do to Wleausw (hydmgen Ualio) WOdr
frxkOvfl w WtUelveio coroddIr tydacbar padu in wel. TOC .virmwn- (depth to Womimawae - Wwduct Wlkiwwo *0.01)

fob99 K a le 0-1 ,J ( s e l 4 2 3 5 6 A M )



APPENDIX E

GEOLOGIC CROSS SECTIONS PREPARED BY IT

Section 1: IT (1999)
Section 2: IT (2002)

Section 3: Shaw (2003)



Section 1: IT (1999)
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IT-MWO8 Slug Test I
PBOW, Groundwater Investigation

Elapsed Time Input I

0 1.547
0.0033 1.472
0.0066 1.453

0.01 1.406
0.0133 1.413
0.0166 1.366

0.02 1.366
0.0233 1.341
0.0268 1.315

0.03 1.294
0.0333 1.268
0.0366 1.24

0.04 1.237
0.0433 1.212
0.0468 1.221

0.05 1.171
0.0533 1.162
0.0566 1.153

0.06 1.124
0.0833 1.112
0.0666 1.077

0.07 1.052
0.0733 1.055
0.0766 1.037

0.08 1.024
0.0833 1.008
0.0866 0.993

0.09 0.977
0.0933 0.961
0.0966 0,949

0.1 0.921
0.1033 0.918
0.1066 0.877

0.11 0.889
0.1133 0.867
0.1166 0.855

0.12 0.842
0.1233 0.833
0.1266 0.82

0.13 0.808
0.1333 0.792
0.1386 0.78

0.14 0.767
0.1433 0.755
0.1466 0.742

0.15 0.733
0.1533 0.72
0.1568 0.708

0.16 0.698

Page 1



IT-MW08 Slug Test 1
PBOW, Groundwater Investigation

Elapsed Time Input 1

0.1633 0.686
0.1666 0.683

0.17 0.676
0.1733 0.667
0.1766 0.664

0.18 0.632
0.1833 0.62
0.1866 0.61

0.19 0.601
0.1933 0.592
0.1966 0.582

0.2 0.573
0.2033 0.564
0.2066 0.554

0.21 0.545
0.2133 0.535
0.2166 0.526

0.22 0.517
0.2233 0.51
0.2266 0.482

0.23 0.491
0.2333 0.482
0.2366 0.476

0.24 0.466
0.2433 0.46
0.2466 0.451

0.25 0.444
0.2533 0.438
0.2566 0.429

0.26 0.423
0.2633 0.416
0.2666 0.407

0.27 0.401
0.2733 0.394
0.2766 0.388

0.28 0.382
0.2833 0.375
0.2866 0.369

0.29 0.363
0.2933 0.357
0.2966 0.35

0.3 0.344
0.3033 0.338

0.32 0.31
0.3366 0.285
0.3533 0.263

0.37 0.241
0.3866 0.225
0.4033 0.209
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IT-MWO8 Slug Test 1
PBOW, Groundwaler Investigation

Elapsed Time Input 1

0.42 0.197
0.4366 0.184
0.4533 0.175

0.47 0.166
0.4866 0.156
0.5033 0.15

0.52 0.144
0.5366 0.137
0.5533 0.134

0.57 0.128
0.5866 0.122
0.6033 0.119

0.62 0.115
0.6366 0.112
0.6533 0.109

0.87 0.106
0.6868 0.103
0.7033 0.1

0.72 0.1
0.7388 0.097
0.7533 0.094

0.77 0.094
0.7888 0.09
0.8033 0.087

0.82 0.087
0.8368 0.084
0.8533 0.084

0.87 0.081
0,8866 0.081
0.9033 0.081

0.92 0.078
0.9388 0.078
0.9533 0.075

0.97 0.075
1.17 0.059
1.37 0.053
1.57 0.048
1.77 0.04
1.97 0.037
2.17 0.034
2.37 0.031
2.57 0.028
2.77 0.028
2.97 0.025
3.17 0.025
3.37 0.021
3.57 0.021
3.77 0.018
3.97 0.018
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IT-MW08 Sfug Test 1
PBOW, Groundwater Investigation

Elapsed Time Input 1

4.17 0.015
4.37 0.018
4.57 0.015
4.77 0.015
4.97 0.015
5.17 0.012
5.37 0.012
5.57 0.012
5.77 0.012
5.97 0.012
6.17 0.009
6.37 0.012
6.57 0.009
6.77 0.009
6.97 0.009
7.17 0.009
7.37 0.009
7.57 0.009
7.77 0.009
7.97 0.006
8.17 0.006
8.37 0.006
8.57 0.006
8.77 0.006
8.97 0.006
9.17 0.006
9.37 0.006
9.57 0.006
9.77 0.006
9.97 0.003
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PBOW~ IT-MW08 Rising Test 2
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IT-MWOB Slug Test 2
PBOW, Groundwater Investigation

Elapsed Time Input 1

0 1.3
0.0033 1.272
0.0066 1.225

0.01 1.209
0.0133 1.178
0.0166 1.159

0.02 1.14
0.0233 1.124
0.0266 1.068

0.03 1.096
0.0333 1.068
0.0366 1.049

0.04 1.046
0.0433 1.012
0.0466 0.98

0.05 0.958
0.0533 0.98
0.0566 0.933

0.06 0.933
0.0633 0.918
0.0666 0.892

0.07 0.877
0.0733 0.858
0.0766 0.811

0.08 0.833
0.0833 0.82
0.0866 0.808

0.09 0.792
0.0933 0.78
0.0966 0.764

0.1 0.752
0.1033 0.739
0.1066 0.73

0.11 0.714
0.1133 0.701
0.1166 0.692

0.12 0.676
0.1233 0.664
0.1266 0.651

0.13 0.642
0.1333 0.629
0.1366 0.617

0.14 0.607
0.1433 0.595
0.1466 0.585

0.15 0.573
0.1533 0.564
0.1566 0.554

0.16 0.542
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IT-MWO8 Slug Test 2
PBOW, Groundwater Investigation

Elapsed Time Input 1
0.1633 0.532
0,1666 0.523

0.17 0.513
0.1733 0.504
0.1766 0.495

0.18 0.485
0.1833 0.478
0.1866 0.466

0.19 0.457
0.1933 0.448
0.1966 0.441

0.2 0.432
0,2033 0.426
0.2066 0.416

0.21 0.41
0.2133 0.401
0.2166 0.394

0.22 0.385
0.2233 0.379
0.2266 0.372

0.23 0.363
0.2333 0.357
0.2366 0.35

0.24 0.344
0.2433 0.335
0.2466 0.332

0.25 0.322
0.2533 0.316
0.2566 0.31

0.26 0.307
0.2633 0.3
0.2666 0.294

0.27 0.288
0.2733 0.285
0.2766 0.278

0.28 0.272
0.2833 0.259
0.2866 0.263

0.29 0.256
0.2933 0.253

0.31 0.231
0.3266 0.209
0.3433 0.191

0.36 0.175
0.3768 0.162
0.3933 0.15

0.41 0.14
0.4266 0.131
0.4433 0.125

0.46 0.115
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IT-MWO8 Slug Test 2
PBOW, Groundwater Investigation

Elapsed Time Input 1
0.4766 0.109
0.4933 0.106

0.51 0.1
0.5266 0.094
0.5433 0.09

0.56 0.087
0.5766 0.084
0.5933 0.081

0.61 0.078
0.6266 0.075
0.6433 0.072

0.66 0.068
0.6766 0.068
0,6933 0.065

0.71 0.062
0.7266 0.059
0.7433 0.059

0.76 0.056
0.7766 0.056
0.7933 0.053

0.81 0.053
0.8266 0.05
0.8433 0.05

0.86 0.046
0.8766 0.046
0.8933 0.043

0.91 0.043
0.9266 0.043
0.9433 0.04

0.96 0.04
1.16 0.031
1.36 0.025
1.56 0.018
1.76 0.015
1.96 0.012
2.16 0.009
2.36 0.006
2.56 0.003
2.76 0.006
2.96 0.003
3.16 0.003
3.36 0
3.56 0
3.76 0
3.96 -0.003
4.16 -0.003
4.36 -0.003
4.56 -0.003
4.76 -0.003
4.96 -0.003
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IT-MWO8 Slug Test 2
PBOW, Groundwater Investigation

Elapsed Time Input I
5.18 -0.008
5.36 -0.006
5.56 -0.008
5.76 -0.006
5.96 -0.006
6.18 -0.006
6,36 -0.009
6.56 -0.009
6.76 -0.009
6.96 -0.009
7.16 -0.009
7.36 -0.009
7.56 -0.009
7.76 -0.009
7.96 -0.009
8.16 -0.012
8.38 -0.012
8.56 -0.009
8.76 -0.012
8.96 -0.012
9.16 -0.012
9.36 -0.012
9.56 -0.012
9.76 -0.012
9.96 -0.012
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PBOW IT-MWO8 Rising Test 3
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IT-MW08 Slug Test 3
PBOW, Groundwater Investigation

Elapsed Time Input 1

0 1.375
0.0034 1.353
0.0067 1.237

0.01 1.228
0.0134 1.2
0.0167 1.178

0.02 1.153
0.0234 1.165
0.0267 1.102

0.03 1.102
0.0334 1.08
0.0367 1.062

0.04 1.055
0.0434 1.018
0.0467 1.024

0.05 0.987
0.0534 0.974
0.0567 0.958

0.06 0.93
0.0634 0.927
0.0667 0.905

0.07 0.886
0.0734 0.871
0,0767 0.864

0.08 0.846
0.0834 0.833
0.0867 0.814

0.09 0.802
0.0934 0.786
0.0967 0.78

0.1 0.761
0.1034 0.748
0.1067 0.733

0.11 0.72
0.1134 0.704
0.1167 0.695

0.12 0.683
0.1234 0.67
0.1267 0.657

0.13 0.648
0.1334 0.636
0.1367 0.623

0.14 0.614
0.1434 0.601
0.1467 0.589

0.15 0.579
0.1534 0.57
0.1567 0.557

0.16 0.548
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[T-MW08 Slug Test 3
PBOW, Groundwater Investigation

Elapsed Time Input 1
0.1634 0.535
0.1667 0.526

0.17 0.517
0.1734 0.607
0.1767 0.498

0.18 0.488
0.1834 0.479
0.1867 0.469

0.19 0.46
0.1934 0.451
0.1967 0.444

0.2 0.435
0.2034 0.426
0.2067 0.419

0.21 0.41
0.2134 0.401
0.2167 0.394

0.22 0.388
0.2234 0.379
0.2267 0.372

0.23 0.363
0.2334 0.357
0.2367 0.35

0.24 0.344
0.2434 0.338
0.2467 0.329

0.25 0.325
0.2534 0.316
0.2567 0.31

0.26 0.307
0.2634 0.3
0.2667 0.294

0.27 0.288
0.2734 0.281
0.2767 0275

0.28 0.272
0.2834 0.266
0.2867 0.26

0.29 0.256
0.2934 0.25
0,2967 0.244

0.3 0.241
0.3034 0.235
0.3067 0.231
0.3234 0.209

0.34 0.191
0.3567 0.172
0.3734 0.159

0.39 0.147
0.4067 0.137
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IT-MWO8 Slug Test 3
PBOW, Groundwater Investigation

Elapsed Time Input 1
0.4234 0.125

0.44 0.119
0.4567 0.109
0.4734 0.103

0.49 0.097
0.5067 0.094
0.5234 0.087

0.54 0.084
0.5567 0.081
0.5734 0.078

0.59 0.072
0.6067 0.068
0.6234 0.065

0.64 0.062
0.6587 0.059
0.6734 0.059

0.69 0.056
0.7067 0.053
0.7234 0.053

0.74 0,05
0.7567 0.046
0.7734 0.046

0.79 0.043
0.8087 0.043
0.8234 0.043

0.84 0.04
0.8567 0.04
0.8734 0.037

0.89 0.037
0.9067 0.034
0.9234 0.034

0.94 0.034
0.9567 0.031
0.9734 0.031
1.1734 0.021
1.3734 0.015
1.5734 0.009
1.7734 0.006
1.9734 0.003
2.1734 0
2.3734 0
2.5734 -0.006
2.7734 -0.006
2.9734 -0.006
3.1734 -0.009
3.3734 -0.009
3.5734 -0.009
3.7734 -0.012
3.9734 -0.012
4.1734 -0.012
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IT-MWOB Slug Test 3
PBOW, Groundwater Investigation

Elapsed Time Input 1
4.3734 -0.012
4.5734 -0.015
4.7734 -0.015
4.9734 -0.015
5.1734 -0.01 5
5.3734 -0.015
5.5734 -0.018
5.7734 -0.015
5.9734 -0.018
6.1734 -0.018
6.3734 -0.018
6.5734 -0.018
6.7734 -0.01 8
6.9734 -0.01 B
7.1734 -0.01 5
7.3734 -0.021
7.5734 -0.021
7.7734 -0.021
7.9734 -0.021
8.1734 -0.021
8.3734 -0.021
8.5734 -0.021
8.7734 -0.021
5.9734 -0.021
9.1734 -0.021
9.3734 -0.025
9.5734 -0.021
9.7734 -0.025
9.9734 -0.021

Page 4
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Aquifer Test Results

Plum Brook Ordnance Works
Sandusky, OH

Project Number 825635

1.0 Purpose

This aquifer test in the form of slug testing was conducted to estimate the hydraulic conductivity of geologic

materials in the vicinity of eight monitoring wells at the Plum Brook Ordnance works, Sandusky, Ohio.

Newly installed during the 2001 Site-Wide Groundwater Remedial Investigation, the following wells were

tested:

PB-BED-MW22 (Bedrock)
* PB-BED-MW23 (Bedrock-)
* PB-BED-MW24 (Bedrock)

PB-BED-MW25 (Bedrock)
PB-BED-MW27 (Bedrock)

* TNTB-BEDGW-003 (Bedrock)
* TNTB-BEDGW-004 (Bedrock)
* TNTC-BEDGW-001 (Bedrock)

2.0 Method

The methods of Bouwer and Rice (1976), as implemented through the computer program AQTESOLVf for

Windows (HydroSOLVE, Inc. 1989), was used to calculate the hydraulic conductivity near a well. The

calculation was based on the rate of water level change after adding a slug of known volume to the well

(Falling Test) or sudden removal of a volume of water (Rising Test).

3.0 Theory

The Bouwer and Rice (1976) method for unconfined aquifers is based on the following equation:

In(R,/r.)

where:

Q is the flux to the well (Iength3/time), K is the hydraulic conductivity of the aquifer (length/time),
L, is the length of screen contributing water to the well (length), y is the difference between the
water level in the well and the equilibrium water table (length), R is the aquifer radius over which
water level changes are dissipated (length) and r. is the boring radius (length).



The instantaneous change in water level in the well, dy/dt, is given by:

dYldz-Q/1rre 2

Where X re I is the cross sectional area of the well.

Combining equations (I) and (2) yields:

1 2__ _ _ _ _ _

- dy di 3
Y rc'ln(R¢/r.)

Integration of (3) between yo at time t 0 0 and yt at time t and solving for K yields:

K = [r 1n(R /rw)] nl n Ye 4

K and the factor in square brackets are constants. Therefore, field data plotted as In(yi) versus t
should lie on a straight line with slope,

2 KL 5

rc'ln(Rlr.)

The factor ln(R/r.) in (4) is an empirical function of aquifer and well geometry. For partially
penetrating wells:

R, 1-l A + B lnf(H -LJIr .1
In=+ ,6

r. In(L,/r.) A+ fL[lr ./rwi]

where In [(H-LwYr3] 5 6.

For fully penetrating wells:

In R. 1. l + CJrwl =(n(L.1fr.)+L/r)

The dimensionless parameters A, B, and C are empirical functions of well geometry as determined by
electric analog modeling (Bouwer and Rice, 1976).

Hydraulic conductivity is calculated from (4) using the slope and y-intercept of a line fit to the field data and
ln(R./r,.,) from (6) or (7).



4.0 Assumptions

The Bouwer and Rice (1976) method for unconfined aquifers is based on the assumptions that:

* The aquifer is homogeneous, isotropic and unconfined.
* Drawdown is negligible compared to aquifer thickness.
* Vadose zone flow is negligible.
* Well losses are negligible.

5.0 Procedure

The following steps were followed in estimating the aquifer hydraulic conductivity:

a) Define the aquifer and well geometry using the following parameters (Table I):

H Aquifer saturated thickness (assumed)
L. Length of saturated well screen
1L. Static height of water in well
rc Radius of well casing
r. Radius of boring
ax Porosity of filter pack (Assumed to be 30 percent. Porosity of unconsolidated sand

ranges from 25 to 50 percent [Freeze and Cherry, 1979])
yO Initial change in water level

b) Using the field data to determine whether water level fluctuations occurred within the
screened interval of the well.

When L, = L. Water level fluctuations occurred in the screened section of the well.
Modify r, to account for filter pack storage according to:

rat = [r4 + O(r. - r2)J 8

When L, > L,. Water level fluctuations occurred above the screened portion of the
well. Note that the filter pack porosity in this cast does not affect
subsequent calculations, therefore, r, is used in calculation.

c) Input geometric parameters listed above and time versus drawdown data.

d) Perform hydraulic conductivity calculations. Hydraulic conductivity is calculated
interactively using AQTESOLV' for Windows. AQTESOLV' is used to display field data,
which is then visually matched with a best-fit line. AQTESOLV" then calculates the
hydraulic conductivity from the input geometric data and slope and y-intercept of the best-
fit line.



6.0 Results

The slug tests were performed from November 13 through 15, 2001. Both falling and rising tests were
conducted in PB-BED-MW22, PB-BED-MW23, TNTB-BEDGE-003, TNTB-BEDGE-004, and TNTC-
BEDGE-O01 while only rising test was conducted in PB-BED-MW22, PB-BED-MW23, and PB-BED-
MW27 because the water level prior to the test was below the top of the screen. Two monitoring wells
were originally planned for slug testing but were not tested. PB-BED-MW-26 had an insufficient water
column (about 2 ft) for a meaning test and was therefore not tested. Another well TNTA-BEDGW-001
exhibited an erratic water level fluctuation between August 2001 and November. The depth to water
measurement at this location was 11.18 ft below ground surface in August and was 158.8 ft prior to the
test, indicating that this location was not suitable for aquifer testing purpose.

Table I summarizes the depth to groundwater, the total well depth, and the geometric data of each well
tested. Values of calculated hydraulic conductivity (K) and transmissivity (T) are summarized in Table 2.
The hydraulic conductivity values of the tested well are range from 0.00231 ft/day (PB-BED-MW27) to
5.48 ft/day (PB-BED-MW25) with a geometric mean of 0.358 ft/day. The transmissivity (T) was also
calculated for each test using an assumed aquifer saturated thickness for each location. T values are
summarized in Table 2.
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C f
Table I

Summary of Monitowing Well Geometry Data
PBOW, Sandusky. ON

C-,

Water Total

Well No. Level Depth H rc rw

(TOC) (1t) (TOC) (t) (Assumed) (tt) (it) (t) (tt)

PB-BED-MW22 30.24 44.45 14.21 0.08 0.25 15 14.21

PB.BED-MW23 67.33 75.6 8.27 0.08 0.25 20 8.27

PB-BED-MW24 27.46 42.78 15.32 0.08 0.25 15 15.32

PB-6ED-MW25 15.05 40.8 25.55 0.08 0.25 10 25.55

PB-8E0-MW26 58.02 60.15 2.13 0.08 0.25 15 2.13

PS-BED-MW27 48.44 107.7 59.26 0.08 0.25 78.5 59.26

TNTA-BEDGW-001 80.2 85.45 5.25 0.08 0.25 15 5.25

TNTB-BEDGW-003 29.55 41.23 11.68 0.08 0,25 10 11.68

TNTB-BEDGW-004 8.39 26.75 18.35 0.08 0.25 10 18.36

TNTC-BEDGW-001 59.03 87.62 28.59 0.08 0,25 15 28.59

Note: H - Aquifer saturated thickness (assumed)
r- Radius of well casing

r- Radius of boring
L. Length of saturated welt screen

L - Static height of water in well
o - Porosity of filter pack (Assumed to be 30 percent. Porosities of unconsolidated sand ange from

25 to 50 percent (Freeze and Chery, 19791)

_q wpbmwiwK1M XLSW72r2~8 19 Mi
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Table 2

Summary of Hydraulic Conductivities
PBOW, Sandusky, OH

Date Aquifer Saturated Test Transm vi Hydraulic Hydraulic Hydraulic
Well No. Tested Response Aquifer Type Tamivies Conductivities Conductivitles Concluctivities,

Thickness

(Assumed) T (fteIday) K (ft/min) K (cmIsec) K (ft/day)

PB-BED-MW22 11/13/01 Unconfined 14.21 Rising 3.69E+00 1.80E-04 9.16E-05 2.59E-01

Pi3-BED-MW23 11114/01 Unconfined 8.27 Rising 5.41E-01 4.54E-05 2.31E-05 6.54E-02

PB-BED-MW24 11/13101 Uncrofrmed 15.32 Falling 2.35E201 1.07E-03 5.42E-04 1.54E+00
Rising 2.81E+01 1.28E-03 6.48E-04 1.84E+00

PB.BED-MW25 11/14/01 Unconflined 25.55 Falling 1.40E+02 3.81E-03 1.94E-03 5.48E+00
Rising 1.23E+02 3.33E-03 1.69E-03 4.80E+00

PB-BED-MWZ_ slug test was not performed due to low water column In the well

PB-BED-MW27 1114/01 Unconfined 59.26 [RisingI 1,37E-01 J 1.61E-06 I 8.16E-07 i 2.31E_03

TNTA-BEDGW-001 slug test was not performed due to low water column in the wel
f alangnsufficint data

TNTB-BEDGW-003 11113101 Unconnedt 1 Falling inu1.68ndt
Rising 2.82E-02 1.68E-06 8.52E-07 2.41E-03

TNTB-BEDGW-04 1111301 Unconfined 18 Failing 4.03E401 1.53E-03 7.75E-04 2.20E+00
Rising 8.51E+01 3.22E-03 1.64E-03 4.63E+00

TNTC-BEDGW-001 11/14/01 Unconfined 28.59 Falling 9.36E+00 2.27E-04 1.16E-04 3.27E-01
Rising 5.46E+00 1.33E-04 6.74E05 1.91E-01

Maximum 1.40E+02 3.81E-03 1.94E-03 5.AE+0Q .

Minimum 2.E22-02 1.61E-06 8.16E-07 2315-03

Geometric Mean 7.06E+00 2.49E-04 1.26E04 3.58E201

pticsv o*V6WKI101.XLSV.2M27V19 AM



Time Versus Drawdown Data
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FALLING TEST ANALYSIS

!, h Data Set: C:t. .\cw1faqt
\ i Date: 02/21102 Time: 15:26:24

PROJECT INFORMATION

Company: IT
Client: USACE
Project 825635 04000000
Test Location: PBOW, Sandusky, OH
Test Well: TNTC-BEDGW-001
Test Date: 11114101

AQUIFER DATA

Saturated Thickness: 28.59 ft Anisotropy Ratio (KzJKr): 1.

WELL DATA (CGW-001)

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 15. ft

I Gravel Pack Porosity: 0.3

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 28.59 ft

Aquifer Model: Unconfined

<J K = 0.0002274 ft/min

SOLUTION

Solution Method: Bouwer-Rice

y0=2.852ft
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RISING TEST ANALYSIS
I

Data Set: C:\Documents and Settingsjli\My Documents\Projects\PBOW\cgwlr.aqt
Date: 02121102 Time: 14:11:12

'II

-
.. _.. . ..... _ __ _ .................................... .. ..... -... . -

PROJECT INFORMATION

I Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOWSandqsey OH
Test Well: TNTC-BEDGW-001
Test Date: 11/14/01

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.Saturated Thickness: 28.59 ft
E .L.._ _ ----- ...D _..

WELL DATA (CGW 001)
_ _

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 15. ft
Gravel Pack Porosity: 0.3

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 28.59 ft

Aquifer Model: Unconfined

K = 0.0001326 ftmin

SOLUTION

Solution Method: Bouwer-Rice

yO = 4.318 ft iL'
II
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RISING TEST ANALYSIS

Data Set: C:\Documents and Settingsjli\MyDcuments\Procts\PBOMgw3r.aqt
Date: 02/21/02 Time: 14:13:53

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sandusky, OH
Test Well: TNTB-BEDGW-003
Test Date: 11113/01

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.Saturated Thickness: 11.68 ft

WELL DATA (GW-O3)

Initial Displacement: 1. ft Casing Radius: 0.08 ft
Wellbore Radius: 0.25 ft Well Skin Radius: 0.25 ft
Screen Length: 10. ft Total Well Penetration Depth: 11.68 ft
Gravel Pack Porosity: 0.3

SOLUTION

Aquifer Model: Unconfined Solution Method: Bouwer-Rice

K = 1.676E-06 ft/min yO = 0.8637 ft
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FALLING TEST ANALYSIS I
Data Set: C:\Documents and SettingsWi\My Documents\Projects\PBOW\gw4f.aqt
Date: 02/21/02 Time: 14:15:07

.__.. ._ ... .. .. .. .

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sandusky, OH
Test Well: TNTB-BEDGW-004
TestDate: 11/13/01

AQUIFER DATA

Saturated Thickness: 18.36 ft Anisotropy Ratio (Kz/Kr): 1.

WELL DATA (GW-004)

Initial Displacement: 1. ft Casing Radius: 0.08 ft
Wellbore Radius: 0.25 ft Well Skin Radius: 0.25 ft
Screen Length: 10. ft Total Well Penetration Depth: 18.36 ft
Gravel Pack Porosity: 0.3

.SOLUTION
SOLUTION

Aquifer Model: Unconfined

K = 0.001525 fL/min

Solution Method: Bouwer-Rice

yO=4.318ft
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RISING TEST ANALYSIS

Data Set: C:\Documents and Settings\li\My Documents\Prjects\PBOVgw4r.agt
CDate: 02/21/02 Time: 14:15:30

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sandusky, OH
Test Well: TNTB-BEDGW-004
Test Date: 11/13/01

Saturated Thickness: 18.36 ft

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.
-...- . ........ ...... .. _--

WELL DATA (GW-004)

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 18.36 ft

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 10. ft
Gravel Pack Porosity: 0.3

Aquifer Model: Unconfined

- K = 0.003218 ftImin

SOLUTION

Solution Method: Bouwer-Rice

y3.554 ft
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RISING TEST ANALYSIS

Data Set: C:\Documents and Settingsyli\!My Documents\Projects\PBOWunw22r.aqt
Date: 02/21/02 Time: 14:16:02

PROJECT INFORMATION

I
i

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOSandusky, OH
Test Well: PB-BED-MW22
Test Date: 11/13/01

AQUIFER DATA

Anisotropy Ratio (KzIKr): 1.Saturated Thickness: 14.21 ft

WELL DATA (MW-22)

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 15. ft
Gravel Pack Porosity: 0.3

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 14.21 ft

SOLUTION

Aquifer Model: Unconfined

K =0.0001802ft/min

Solution Method: Bouwer-Rice

yO = 1.054 ft 11-k}
- - - - - - - - - - -
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RISING TEST ANALYSIS

i iData Set C:\Documents and SeftingsIif\MyDocuments\proiects\PBOmw23r.aqt
Date: 02/:1-d2102 Time: 14:16:30

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW Sandusky, OH
Test Well: PB-BED-MW23
Test Date: 11/14101

AQUIFER DATA

Saturated Thickness: 8.27 ft Anisotropy Ratio (KzlKr): 1.

WELL DATA (MW-23)

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 20. ft
CGravel Pack Porosity: 0.3

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 8.27 ft

Aquifer Model: Unconfined
K

WIK = 4.542E-05 ftmin

SOLUTION

Solution Method: Bouwer-Rice

yO = 0.1244 ft
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FALLING TEST ANALYSIS

Data Set: C:\Documents and SettingsliWMI Documents\Projects\PBOW' nw24f.aqt
Date: 02/21/02 Time: 14:16:52

-- 1'
PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sanduskv OH
Test Well: PB-BED-MW24
Test Date: 1113f01

AQUIFER DATA

Saturated Thickness: 15.32 ft Anisotropy Ratio (Kz/Kr): 1.

! Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 15. ft
Gravel Pack Porosity: 0.3

WELL DATA (MW-24)

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 15.32 ft

.. _ ._.-

SOLUTION

Aquifer Model: Unconfined

K =0.001067 ft/min

Solution Method: Bouwer-Rice

y0=3.94ft k
I-i
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RISING TEST ANALYSIS

2> 2'Data Set: C:\Documents and SettinggWy Documents)Frojects\PBOWw24r.agt
Date: 02/21/02 Time: 14:18:08

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sandusky, OH
Test Well: PB-BED-MW23
Test Date: 11/13/01

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.Saturated Thickness: 15.32 ft

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 15. ft
~rsutal Pack Pnrncitv. n 3

WELL DATA (MW-23)

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 15.32 ft

________.......................... __ .. ____ _______..__ ___ _.___

Aquifer Model: Unconfined

%..' K =0.001275ftImin

SOLUTION

Solution Method: Bouwer-Rice

yO = 3.18 ft
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FALLING TEST ANALYSIS

Data Set: C:kDocuments and Setting \j!WyDocuments\Projects\PBOW\mw25f.aqt
Date: 02121102 Time: 14:19:18

I.

PROJECT INFORMATION

I Company: IT
Client: USACE
Project: 825635 04000000
Test Location: PBOW, Sandusky. OH
Test Well: PB-BED-MW25
Test Date: 11/13/01

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.Saturated Thickness: 25.55 ft

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 10. ft
Gravel Pack Porosity: 0.3

WELL DATA (MW-25)

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 25.55 ft

Aquifer Model: Unconfined

K = 0.003808 ft/min

SOLUTION

Solution Method: Bouwer-Rice

yO = 4.458 ft I--,
=a
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RISING TEST ANALYSIS

Data Set C:\Documents and Settingsvli\My Documents\Pro ects\PBOVMnw25r.aqt
Date: 02/21/02 Time: 14:19:52

PROJECT INFORMATION

Company: IT
Client: USACE
Project: 825635 04000000
Test Locabon: PBOW Sandusky, OH
Test Well: PB-BED-MW25
Test Date: 11/13/01

AQUIFER DATA

Anisotropy Ratio (Kz/Kr): 1.Saturated Thickness: 25.55 ft

WELL DATA (I

Initial Displacement: 1. ft C
Wellbore Radius: 0.25 ft V
Screen Length: 10. ft T
Gravel Pack Porosity: 0.3

SOLUTIC

Aquifer Model: Unconfined S

YMW-25)

.asing Radius: 0.08 ft
Veil Skin Radius: 0.25 ft
otal Well Penetration Depth: 25.55 ft

olution Method: Bouwer-Rice

- -K = 0.003333 ft1min yO=4.729ft
'a
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RISING TEST ANALYSIS I
Data Set: C:\Documents and Setting RMY Documents\Proects\PBOW__ w27ra_ t
Date: 02121/02 Time: 14:20:11

PROJECT INFORMATION

Company: IT
Client USACE
Project: 825635 04000000
Test Location: aBOW ndusky. OH
Test Well: PB-BED-MW27
Test Date: 11114101

AQUIFER DATA

Saturated Thickness: 59.26 ft Anisotropy Ratio (Kz/Kr): 1.

Initial Displacement: 1. ft
Wellbore Radius: 0.25 ft
Screen Length: 78.5 ft
Gravel Pack Porosity: 0.3

WELL DATA (MW-27)

Casing Radius: 0.08 ft
Well Skin Radius: 0.25 ft
Total Well Penetration Depth: 59.26 ft

Aquifer Model: Unconfined

K = 1.606E-06 ft/min

SOLUTION

Solution Method: Bouwer-Rice

yO = 0.07082 ft h
I
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Table 6-4

Well Pair Vertical Hydraulic Gradients
Former Plum Brook Ordnance Works, Sandusky, Ohio

(..

I -

Groundwater Elevation

Unit
Monitored
(ft below
around)

Well TD
(ft

below
around)

Depth of
Monitored

Zone
(It below
around)

.

Elevation of
Ground

Surface (ft)

Elevation of
Center of

Monitored Zone
(ftl 11112197

Averag
Vertical
Gradient

IffifilWell Name 8127197 2124198 5 /5I1R
- IT-AA1 -W002 BI 0 22 6.8-21.9 638.6 624.26 NA 634.63 637.80 637.4 3

6 |IT-AAKI-BED-GWOOI DL 65.0 49.8-64 638.8 581.90 NA 66152 ¢10.54 611.9_4
Distnce Between 42.35
Center of Monitored
Zones

riadient NA 0.5 0.637 0.596 0.599
ITA-GW-002 OBIOLS 18.5 8.3-18.3 641.5 628.20 NA DRY DRY __3.95

. IT-AA2BED-GW01 DL 54 21.8-42.8 641.6 ¢06.30 NA 630.95 632.48 634.17 _
Distance ietween 21.90
Center of Monitored
Zones
Vertical Gradient NA _NA NA _0.447 0.44T

AI -AA3-GWO02 .-.O 16 5.8-15.8 634.1 623.30 NA 629.81 632.23 622.14
. K AA3-BED-GW001 DL 53 37.8-52.8 634.1 588.80 N 613.21 -61 614.81 ___0__6

Dlstance Between 34.5
Center of Monitored
Z o n e s _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Vertical Gradent NA 0.481 0.502 0.212 0.398(ft bneo w G a dient

. - ^ ^rAo u n d .)- -ft-- . f I

toIEL
^0%x-%XTWVV& U.0 00J. IU NA b04.01 bS7.1 I 657.06i
ABG-BFD-GW00W1 Os 21 10.8-20.8 658.2 642.40 NA 654.50 657.04 656.99
Distance Between 11.30
Center of Monitored
Zones
Vertical Gradient OBIOS _ NA - - 0.006 0.006 0.004
MK-MW16 OBIOS 8 2-7 671.01 666.51 668.35 6.2 869.18 669.22
TNTB-BED-GW002 OS 24.2 14-24 670.10 6S1.10 NA 666.44 670.46 665.68
Distance Between 15.41
Center of Monitored
Zones
Vertical Gradient _ NA 4.012 -.081_ 0.223 0.044

OB - Overburden.
OS - Ohio Shale.
OLS - Olentangy Shale.
DL - Delaware Limestone.

KN/437916-4i/6123/99( I1 14 AM)
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Table 6-4

Well Pair Vertical Hydraulic Gradients
2001 Groundwater Remedial Investigation

Former Plum Brook Ordnance Works, Sandusky, Ohio

_ _ __i - Groundwater Elevation
Depth of Elevation Average

Unit Monitored Elevation of Center of Vertical
Monitored Well TD Zone of Ground Monitored GradientWell Name (ft bgs) | (ft Ns)s) f Surface (H) Zone (It) 8J27197 11112197 2124/98 6U5/98 (fttft)

IT-AA1-GWO02 OSOS 22 6.8-21.9 638.6 624.25 NA 634.63 637.80 637.43
IT-M1-8EMGWOO1 _ OL 65.0 49.8-64 638.8 581.90 NA 610.52 610.54 611.94
Distance between

. Center of Monitored
Zones
Vertical Gradient , NA 0.63 0.637 0.596 0.599
IT-A2-GW-002 0/OLS 18.5 8.3-18.3 641.5 628.20 NA DRY DRY 643.95
IT-AA2-BED-GWO01 OL 54 27.8-42.8 641.6 606.30 NA 630.95 632.48 634.17

r Distance between
r Center of Monitored

Zones 21.90
Vertical Gradient NA NA NA 0.447 0.447
AA3-GW002 OB 16 5.8-15.8 634.1 623.30 NA 629.81 632.23 622.14
M3-BED-GW001 OL 53 31.8-52.8 634.1 588.80 NA 613.21 614.9 614.81
D Distance between

" Center of Monitored
Zones 34.50

____Vertical Gradient _________ ____ NA 0.481 0.502 0.212 0.398
ABG-GWW02 OB 6.8 2.5-6.5 6582 653Z70 NA 654.61 657.11 657.06
ABG-BED-GW0I OS 21 10.8-20.8 658.2 642.40 NA 654.5 657.04 656.99
Distance between

. Center of Monitored
Zones _ _ _ _ __ _ __ 11.30 _ _ _ _ _ _Vertical Gradient OBIOS 11.30 NA 0.001 0.006 0.006 0.004
MK-MW16 0OBOS 8 2-7 67101 666051 NA 666.25 669.18 669.22
TNTS-BEO-GWW02 OS 24.2 14-24 670.10 651.10 NA 666.44 670.46 665.88
FDistance between

. Center of Monitored
Zones . 15.41 -A -0.012 -0.81 0.223 0.044
VrIca Grdet ________ ______ _ _____ NA -02 -. 8 0223
OB- Overburden.
OS - Ohio State.
OLS -Olentangy shale.
DL - Delaware lirnestone.

Cf.

KN2SPGOW l WhTABEh P3 PM)
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23353.9460
23447.8330

633. 5100
633.0200
633.C0OC
63'1.4900
631. 2100
631.3200
631. 1100
633.6700
631.1200
631 .1000
632.2900
630 .4200
632.8100
632.4800
633.0200
634.5400
631. 1900
629.8330
630.7303
631. 6100
630.5700
634.6300
630.3200
629.8300
629.9700

P-EH2
P-SM 3
P - MD 2
P-5H5
P-BH6
P°-BH7
P-SH9

?-3'..10
P -MBWH 19
P-EH12
P-3B3.13
P-MW14
P-BH' 5
P-3:H16

P-BH201
FB-PR-S21
P -3H21A
PB-PR-S22
PE-PR-S23
P3-PR-S24
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NEW MONITORING WELLS (NASA PBS COORDINATES)

PT U

252
251

227
228

233
234

246
246

Y x ELEV WELL #

29982.500
29982.504

30437.005
30435.170

28884.946
28882.831

30926.420
30924.244

13987.892
13987.790

15248.293
15247.906

14852.186
14852.220

13587.695
13587.828

632.640 MW7GND
635.350 MW7CAS

630.920 MW8GND
633.480 MW8CAS

645.720 MW9GND
647.770 MW9CAS

642.510 MW10GND
645.120 MW10CAS

NEW MONITORING WELLS (OHIO STATE COORDINATES)

PT #

251
225
231
245

Y x

622075.676
622497.939
620955.600
623026.644

1909861.839
1911132.383
1910699.468
1909484.655

ELEVATION
(ground)

632.300
630.600
645.400
642.200

ELEVATION
(casing)

635.030
633.160
647.450
644.800

WELL #

IT-MW7*
IT-MW8
IT-MW9

IT-MW10

* - temporary piezometer
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*XISTING MONITORING WELLS (OHIO STATE COORDINATES)

PT # y x ELEVATION WELL POSITION

1100
1101
1102
1103
1104
1105
1106
1107
1108
1109

1200
1201
1202
1203
1300
1301
1302
1303
1304
1305

1306
1307
1400
1401
1402
1403
1404
1405
1406
1407
1408

1409
1410
1500
1501
1502
1503
1504
1505
1506
1507

624339.440
624339.661
624656.620
624655.534
622263.851
622254.944
623863.520
623861.382
623517.575
623515.418

616833.698
616834.747
618572.482
618572.092
621464.997
621465.147
620412.716
620410.329
620691.637
620691,918

620428.714
620430.320
622512.007
622511.675
622511.924
623859.687
623860.782
623859.687
623828.580
622640.734
622640.619

622123.895
622124.533
624996.059
624995.842
624888.805
624888.942
625091.706
625089.037
625345.617
625344.046

1923776.407
1923775.783
1925353,648
1925353,894
1923302.327
1923301.968
1923399.445
1923398.533
1922744.173
1922744.065

1913010.497
1918009.976
1917812.572
1917811.385
1911390.720
1911392.442
1910470.087
1910469.141
1911811.188
1911813.344

1913006.304
1913004.737
1910284.705
1910254.431
1910264.557
1910564.322
1910563.734
1910564.322
1911843.397
1909947.711
1909948.210

1910176.458
1910176.535
1919020.828
1919020.879
1919308.729
1919308.382
1919510.083
1919513.212
1919475.123
1919473.379

637.730
635.240
639.110
636.630
658.800
654.120
639.860
637.180
640.180
937.540

674,000
671.010
664.320
660.650
645.090
642.250
654.110
651.570
651.490
648.750

659.080
656.500
639.280
638.370
639.310
640.570
637.740
637.360
634.390
644.110
642.000

633.330
630.840
633.670
631.180
634.700
632.180
633.380
630.380
634.670
631.590

MK-MW22
MK-MW22
MK-MW23
MK-MW23
MK-MW24
MK-MW24

PB-TNTA-MW10
PB-TNTA-MW10
PB-TNTA-MW1 I
PB-TNTA-MWI1

MK-MW16
MK-MW16
MK-MW17
MK-MWi7

PB-TNTC-MW3
PB-TNTC-MW3
PB-TNTC-MW4
PB-TNTC-MW4
PB-TNTC-MW5
PB-TNTG-MW5

PB-TNTC-MW6
PB-TNTC-MW6

IT-MWO02
IT-MWO02
IT-MWO02
MK-MW10
MK-MWIO
MK-MW.k1
MK-MWt1

PB-WA-MW-1
PB-WA-MW-1

PB-WA-MW-2
PB-WA-MW-2
PB-PR-MW7
PB-PR-MW7
PB-PR-MW8
PB-PR-MW8
PB-PR-MW9
PB-PR-MW9

IT-MWo5
IT-MWO5

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

CAS
GND
CAS
GND

MEASU.
CAS
GND
CAS
GND
GAS
GND

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

1600
1601

621044.151 1912174.521
621042.117 1912174.539

647.950 PB-BED-MW13
645.490 PB-BED-MW13

CAS
GND
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1602
1603
1604
1605
1606
1607
1608
1609

1610
1611
1612
1613
1614
1615
1616
1617
1618
1619

1620
1621
1622
1623

622719.990'
622719.740
626178.959
626178.892
623298,550
623296.570
625417.226
625419.121

623848.512
623846.215
623869.017
623866.980
612423.248
612421.674
626773.634
626773.771
626660.982
626661.200

626685.067
626685.072
626630.217
626630.259

1910457.060
1910454.570
1919282.558
1919284.779
1920593.533
1920593.727
1924121.493
1924122.212

1925483.197
1925482.960
1910173.785
1910173.474
1922951.545
1922950.501
1917983.404
1917983.396
1918003.256
1918003.208

1918148.350
1918148.453
1918146.484
1918146.510

645.720
642.730
631.310
628.760
635.700
633.360
629.650
627.020

651.180
648.510
642.750
640.190
676.010
673.250
629.800
631.890
630.360
630.400

630.560
630.410
630.830
630.440

PB-BED-MW14
PB-BED-MW14
PB-BED-MW15
PB-BED-MW1 5
PB-BED-MW16
PB-BED-MW16
PB-BED-MWI7
PB-BED-MWI7

PB-BED-MW18
PB-BED-MW18
PB-BED-MWI 9
PB-BED-MW1 9
PB-BED-MW20
PB-BED-MW20

REACTOR1
REACTOR1
REACTOR2
REACTOR2

REACTOR3
REACTOR3
REACTOR4
REACTOR4

CAS
GND
CAS
GND
CAS
GND
CAS
GND

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

CAS
GND
CAS
GND

EXISTING MONITORING WELLS (NASA PBS COORDINATES)

PT #

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009

2000
2001
2002
2003
3000
3001
3002
3003
3004
3005

y

32580.157
32580.363
32935.171
32934.091
30493.623
30494.707
32095.281
32093.121
31733.664
31731.505

24937.473
24938.512
26671.128
26670.709
29408.697
29408.888
28334.519
28332,110
28645.608
28645.938

x

27844.966
27844.337
29414.244
29414.516
27420.866
27420.481
.p7479.522
27478.661
26832,705
26832.648

22260.669
22260.123
22021.002
22019.825
15531.026
15532.745
14635.879
14634.991
15969.988
15972.137

ELEVATION

638.050
635.560
639.430
636.950
657.120
654.440
640.180
637.500
640.500
937.860

674.320
671.330
664.640
660.970
645.410
642.570
654.430
651.890
651.810
649.070

WELL

MK-MW22
MK-MW22
MK-MW23
MK-MW23
MK-MW24
MK-MW24

PR-TNTA-MWI0
PB-TNTA-MW10
PB-TNTA-MW11
PB-TNTA-MW1 1

MK-MW16
MK-MW16
MK-MW17
MK-MW17

PB-TNTC-MW3
PB-TNTC-MW3
PB-TNTC-MW4
PB-TNTC-MW4
PB-TNTC-MW5
PB-TNTC-MW5

POSITION

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

CAS
GND
CAS
GND
CAS
GND
CAS
GND
CAS
GND

3006
3007

28411.461 17171.165
28413.029 17169.559

659.400 PB-TNTC-MW6
656.820 PB-TNTC-MW6

CAS
GND
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4000 30428.422 14380.094 639.600 IT-MWO02 CAS
4001 30428.083 14379.828 836.690 IT-MW002 GND
4002 30428.335 14379.948 639.630 IT-MWO02 MEASU.P
4003 31783.011 14647.261 640.890 MK-MWIO GAS
4004 31784.092 14646.646 638.060 MK-MWtO GND
4005 31783.011 14647.261 637.680 MK-MW11 GAS
4006 31782.648 15926.807 B34.710 MK-MWII GND
4007 30549.503 14060.075 B44.430 PB-WA-MW-1 GAS
4008 30549.400 14060.577 642.320 PB-WA-MW-1 GND

4009 30038.273 14301.193 633.650 PB-WA-MW-2 CAS
4010 30038.913 14301.254 631.160 PB-WA-MW-2 GND
5000 33122.354 23074.634 633.990 PB-PR-MW7 CAS
5001 33122.138 23074.690 631.500 PB-PR-MU17 GND
5002 33022.042 23365.050 635.020 PS-PR-MW8 GAS
5003 33022.170 23364,700 632.500 PB-PR-MW8 GND
5004 33229.738 23561.485 633.700 PB-PR-MW9 CAS
5005 33227.194 23564.676 630.700 PB-PR-MW9 GND
5006 33482.754 23520.431 634.990 IT-MWO5 CAS
5007 33481.141 23518.725 631.910 IT-MW0S GND

6000 29006.777 16324.772 648.270 PB-BED-MWI3 GAS
6001 29004.744 16324.838 645.810 PB-BED-MWI3 GND
6002 30640.982 14567.410 646.040 PB-BED-MW14 GAS
6003 30640.673 14564.926 643.050 P8-BED-MWI4 GND
6004 34311.288 23307.881 631.630 PB-BED-MW15 GAS
6005 34311.275 23310.1D4 629.080 PB-BED-MWtS GND
6006 31463.005 24687.792 636.020 PB-BED-MW18 CAS
6007 31461.030 24688.033 633.680 PB-BED-MW16 GND
6008 33666.003 28164.077 629.970 PB-BED-MW17 GAS
6009 33667.915 28164.751 627.340 PB-BED-MW17 GND

6010 32130.350 29563.185 651.500 PB-BED-MW18 GAS
6011 32123.048 29563.003 648.830 P8-BED.MW18 GND
6012 31752.954 14256.584 643.070 PS-BED-MW19 CAS
6013 31780.910 14256.322 640.510 PB-BED-MW19 GND
6014 20646.714 27306.637 676.330 PB-BED-MW20 GAS
6015 20645.115 27305.631 673.570 PB-BED-MW20 GND
6016 34874.615 21994.717 630.120 REACTOR1 GAS
6017 34874.752 21994.708 632.210 REACTOR1 GND
6018 34762.465 22017.272 630.680 REACTOR2 CAS
6019 34762.682 22017.219 630.720 REACTOR2 GND

6020 34790.031 22161.756 630.880 REACTOR3 GAS
6021 34790.039 22161.859 630.730 REACTOR3 GND
6022 34735.148 22161.209 631.150 REACTOR4 GAS
6023 34735.191 22161.233 830.760 REACTOR4 GND
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2001 - PBOW Survey Data

Monitoring Wells, Temporary Pleometers. and Soil Borings

1&S ID!
FIMW22
PMW.23
MW14
MW2S

PMW26
PMW21
1421

GWO03
GW04a
GWO2a

629778.465
625837.856
622916.444
617820.942
613878.45
627896.268
623446.55
618102.551
618468.655
620253.524

E-W
1918366.518
1918150.334
1908168.033
1914457.628
1920274.330
1920791.393
1922580.206
1918710.111
1918572.329
1912852.629

Riser Elevation
629.67
633.71
645.98
684.59
677.21

627.14**
638.79
683.11
668.63
667.04

'Ground Elevation
627.22
631.11
644.2
681.99
674.61
625.24
636.99
681.34
666.78
664.04

I.T. DESIGNATION
PB-BED-MW22
PB-BED- MW23
PB-BED-MW24
PB-BED-MW25
PB-BED-MW26
PB-BED-MW27

TNTA-BEDGW-001
TNTB-BEDGW-003
TNTB-BEDGW-004
TNTC-EI3EGW-001

Elevation of the well indicated by the double asterisk (*), is reported
to the lip of thc metal casing, the lip being further defined as the rim of the
un-hinged portion of the casing when the well is open.

Temporary Pitzometer Locations: TNT AREA "A"

M&S ID#
AGWI 1
AG W 14
AGW'.'7
AGWIS
AGW19

I AGW20

AGW22
AGW24
AGW24
AGW25

AGW29

NIy
622927.387
623190.957
623355.606
623615.678
623612.675
623518.063
623536.519
623786.499
624594.636
624626. 183
624216.2087
624710.322
624060.502

1923122.509
t922681.123
1923280.926
1922615.978
1923052.195
1923277.547
1923487.366
1923374.405
1923848.627
1924076.124
1924365.209
1925228323
1925148.986

Ground Flevation
660.78
651.03
657.67
635.99
640.78
650.07
653.45
636.96
630.05
630.71
647.27
635.59
651.70

I.T. DESIGNATION
PBOW-TNTA-GWI I
PBOW-TNTA-GW14

PBOW-TNTA-GW17
PBOW-TNTA-GW 18
PBOW-TNTA-GW 19
PBOW-TNTA-GW20
PBOW-TNTA-GW21
PBOW-TNTA-GW22
PBOW-TNTA-GW23
PBOW-TNTA-GW24
PBOW-TNTA-GW25
PBOW-TNTA-GW26
PBOW-TNTA-GW29

Temporary Piezometer Locations: TNT AREA 'B"

M&S ID#
G W0~ I
GW02a
GWO03
BGWO4
GWO~a

N fw
618367.591
618188.481
618102.551
617135.012
618217.994

LEZ)
1918624.926
1918855.644
1918710.111
1918389.937
1918058.619

Ground Elevation
666.70
675.42
680.81
671.48
668.41

I.T, DESIGNATION
PBOW-TNTB-GWO1
PBOW-TNTB-GWO2
PBOQW.TNTB-GW03
PBOW-TNTB-GWO4
PBOW-TNTB-GWO5
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Temporary Ple0zomeer Locations: TNT AREA "C"

hl&S IDt
CGWl 1
CGW 12
COW13
CGW14
CGWIS
CGW16
CGW17

1422
1424
1427

CCW22
C.GW24
CGW29
CGW31

Ni(v
620331.710
620146.522
620758.676
620274.222
620356.049
620580.093
620595.298
620512.153
620501.150
620516.741
620004.907
619961.510
619944.630
619846.540

ELz
19!0550.710
1910611.696
1911179.138
1911096.543
1911289.110
1911620.405
1911806.326
1912367.605
1912567.123
1912868 095
1910543.651
1910900.212
1912604.500
1913163.050

Ground Eevatlion
653.83
662.05
646.45
665.86
663.64
652.40
654.39
656.21
653.19
650.61
667.56
673.99
675.09
673.35

I.T. DESIGNATION
PBOW-TNTC-GWI I
PBOW-TNTC-GW12
PBOW-TNTC-GW13
PBOW.TNTC.OW 14
PBOW-TNTC-GW I5
PBOW-TNTC-OW16
PBOW-TNTC-GW17
PBOW-TNTC-GW 18
PBOW-TNTC.GW 19
PBOW-TNTC-GW20
PBOW.TNTC-GW22
PBOW-TNTC-GW24
PBOW-TNTC-GW29
PBOW-TNTC-GW31

Soil Borings

E1W I.T. DESIGNATION11&S ID# NS{v

575
583
587
600
619
621
1069
1080

625038.03
624840.68
625028.14
622543.21
622546.61
622425.11
618043.21
618323.00

1919102.57
1919354.54
1919381.06
1910216.51
1909995.23
1910395.07
1918673.57
191SS33.09

PBOW-PRWP.DP03A
PBOW-PRWP-DP1 A
PBOW-PWRP-DPIOA
PBOW-WRWP-DP 13A
PBOW-WRWP.DP09A
PBOW-WRWP-DP 16A
PBOW-TNTB-SS375A
PBOW-TNTB-SS295A

!.1 & S CONTROL POINTS USED:

68
1137
1139
1305
1310
1423
1425

6
10
55
59
94
95

597
1428
1429

6203B4.34
623519.65
623137.9
620363.23
620524.21
620366.89
620319.01
621515.91
620366.08
622733.16
622538.8
624985.39
624663.49
622610.14
622395.48
618585.17

1912011.51
1922494.73
1922479.99
1912296.61
1912187.81
1912542.66
1912809.24
1921536 94
1921493.74

1910235.74
1910286.75
1919003.31
1919144.88
1910150.91
1910271.94
1919007.83

ELEV

662.63
638.67
652.75
662.99
653.25
662.89
662.82
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Notes:

'Ground Elevation not provided by survey crew. Elevation obtained by subtracting riser height from TOC elevation.
: -A) SAMPLE STAKES AT NINE PREVIOUS SAMPLE LOCATIONS WERE RECOVERED
\ AND/OR REPLACED BY CONVENTIONAL LAND SURVEYING TECHNIQUES. A

TOPCON GTS-303 ELECTRONIC TOTAL STATION WAS USED TO MEASURE
ANGLES AND DISTANCES FROM CONTROL POINTS PREVIOUSLY ESTABLISHED
BY MURPHY AND SACKS SURVEYORS. WHERE AN EXISTING SAMPLE STAKE
WAS NOT RECOVERED, STAKES WERE RESET AT A HORIZONTAL TOLERANCE
OF 0.1O' +/-.

B) WHERE POSSIBLE, NEW SAMPLE POINTS WERE COLLECTED BY DIRECT STATIC
DIFFERENTIAL GPS OBSERVATION USING THREE LEICA SR-261 RECEIVERS.
GPS VECTORS WERE ADJUSTED HOLDING FIXED STATION "CLARK" USING LEICA
SKI SOFTWARE (VERSION 2.30), PRODUCING A LEAST SQUARES ADJUSTMENTS
OF THE WGS 84 POSITIONS. A LOOP OF 5,409 METERS USING THE
UNADJUSTED VECTORS PASSING THE FIXED AND DERIVED CONTROL
YIELDS A LOOP PRECISION OF I PART IN 177,490. COORDINATE VALUES
ARE REPORTED IN OHIO STATE PLANE SYSTEM, NORTH ZONE (NAD 1983.) A
COMBINED SCALE FACTOR OF 0.9999270034 WAS USED IN THIS CALCULATION.
VERTICAL DATUM IS NGVD 1929. VALUES OBTAINED ARE WITHIN THE
HORIZONTAL TOLERANCE OF 0.10' +I- AND THE VERTICAL TOLERANCE OF
0.01' +-.

C) WHEN DIRECT GPS OBSERVATION PROVED IMPOSSIBLE NEW SAMPLE LOCATIONS
(M&S ID# 1421, 1422, 1424, 1427) WERE LOCATED BY CONVENTIONAL
SURVEY TECHNIQUES AS DESCRIBED IN SECTION -A", ABOVE. VALUES OBTAINED
ARE WITHIN THE HORIZONTAL TOLERANCE OF 0. 10' +J- AND THE VERTICAL
TOLERANCE OF 0.01' +1- -

GPS CONTROL:
K MONUMENT "CLARK" WAS ESTABLISHED BY M&S IN 1996 AS A PERMANANT. ON-SITE

GPS CONTROL STATION. HORIZONTAL VALUES WERE DERIVED FROM NOS MONUMENT
'SKYWAY RM 2" AND VERTICAL VALUES FROM FIRST ORDER CONTROL BENCHMARK
1318 USING A CLOSED, ADJUSTED GPS TRAVERSE. VALUES FOR MONUMENT
'CLARK" ARE:
NORTHING (y) 191.029.0899m
EASTING(x) 585,910.9777m
COORDINATE REFERENCE SYSTEM IS NAD 83 (OHIO STATE PLANE NORTH ZONE)

ELLIPSOID ELEVATION 190.6255m (NGVD 29)
REFERENCE ELLIPSOID IS WGS 1984

GEOID HEIGHT -35.1900m
EPOCH IS GEOID 93
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APPENDIX I

FRACTURE TRACE ANALYSIS

(Dames & Moore, April 1997b)



J.0 FRACTURE TRACE ANALYSIS

A preliminary fracture trace analysis was performed at the PBS to try to identify

optimal locations for installation of wells in the limestone and shale bedrock underlying

the site. The geology of the subsurface at the PBS is similar to other locations where

fracture trace analysis has been useful in evaluating the occurrence and movement of

groundwater. Fracture trace analysis was also felt to be useful in locating zones of

preferential flow beneath PBS, and therefore aid in locating future monitoring welts.

J.1 APPLICABILITY OF FRACTURE TRACE ANALYSIS TO PBS SITE

Lattman (1958) defined a fracture trace as follows:

A photogeologic fracture trace is a natural linear feature consisting of

topographic (including straight stream segments), vegetation, or soil

tonal alignments, visible primarily on aerial photographs, and expressed

continuously for less than one mile. Only natural linear features not

obviously related to the outcrop pattern of tilted beds, lineation and

foliation, and stratigraphic contacts are classified as fracture traces.

The importance of fracture traces to groundwater hydrogeology comes from the

observation that these features are often underlain by zones of closely-spaced

fractures or faults in the bedrock. These zones are capable of transmitting larger

quantities of water than the adjacent less-fractured bedrock, and of localizing

groundwater flow.

In typical sedimentary rocks and unconsolidated sediments, groundwater is contained

in pore spaces between individual grains. Groundwater movement is controlled by the

movement of water within and between pore spaces. Within individual units, aquifers

are often considered somewhat homogeneous and isotropic. In carbonates and shales

like those that underlie PBS, groundwater occurs along joints, bedding planes, faults

or other fracture zones. Groundwater movement is controlled by the distribution,

interconnectivity and orientation of the joints, faults, bedding planes and fracture
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zones. These fractured aquifers are, therefore, strongly non-homogeneous and

anisotropic. Groundwater flow rates along zones of fracture concentration are typically

orders of magnitude higher than flow in the surrounding rock. Therefore, the locations

of the zones of fracture concentration must be considered when locating monitoring

wells and interpreting groundwater flow patterns for a particular region.

Fracture traces are considered to be surface expressions of vertical or near-vertical

zones of fracture concentration. They are straight, cut across topography, and often

independent of regional structural trends. Typical thicknesses range from 6 to 70 feet

(Gold and Parizek, 1976).

The fracture trace technique is basically a method for locating narrow zones of highly

fractured rock. It has been very successful in geological settings where solutioned

limestones are exposed or have a thin soil mantle. It can also be used in areas of

glacial cover, as bedrock fractures tend to be propagated upward through the

overburden by means of a complex combination of drainage enhancement, differential

settling, and erosion. Fracture trace analysis for water well location is not foolproof.

The fracture trace technique is simply a means to maximize the chances of obtaining

well yields in the upper end of the range possible for a particular geological and

hydrological setting.

The geology in the vicinity of PBS consists of gently dipping carbonate and shale

bedrock units ov lain by a thin veneer of glacial sediments. Carbonates underlie the

northern and western portion of the site, and shales underlie the south and eastern

portion of the site. Karst topography has been observed in carbonate bedrock in

northern and western Erie county, north and west of PBS. The depth to bedrock ranges

from zero to 25 feet.

Groundwater flow in the carbonate and shale bedrock units is probably influenced by

joints, faults, bedding planes and other zones of fracture concentration. Identifying

these zones of fracture concentration is important in understanding the groundwater

flow patterns in the vicinity of the site, and for locating monitoring wells.
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The thinness of the glacial covering lends itself to fracture trace analysis. The zones

of fracture concentration in the bedrock can be propagated through the thin glacial

covering as described above. Fracture trace analysis is both relevant and applicable for
the PBS.

J.2 AERIAL PHOTO INTERPRETATION

J.2.1 Aerial Photos Interpreted

Aerial photos at three different scales at PBS have been interpreted for fracture traces.
The scales range from the largest scale of 1:6000 to the smallest scale of 1:20400.

These photos generally overlap enough so that stereoscope analysis is possible.
Table J-1 lists the essential details for three photo sets. The photo sets are named

based on their identification numbers printed on each photo in the set.

The recommended scale of aerial photography for fracture trace analysis is 1:20000

(Meiser and Earl, 1 982). The aerial photography available for PBS ranges from scales

smaller to scales larger than the recommended scale. The photography available also

ranges from 1950 to 1988, providing coverage during most of the period of time that

PBS was actively in use. The 3823 photo set has significant snow cover in all photos.

This snow cover makes photo interpretation for fracture trace analysis more difficult.

J.2.2 Photo Interpretation Methods

Fracture trace analysis was performed for each set of photographs. The procedure

used for fracture trace analysis is described below.

1 . The photographs were fit together into a photomosaic of the site. A clear

plastic overlay was prepared to overlay the photomosaic. A few major

road features were transferred to the photomosaic, so the overlay could

be oriented over any individual photograph.
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TABLE J-1

PBS AERIAL PHOTOGRAPHS

__ __ __ _ _ _ _.. I,
PW Set 1:20400 October, 1950 8 All except SE

(1 = 1700 ft) corner

733 Set 1:8400 ?? 7 Only NE
(V1 = 700 ft) portion

3823 Set 1:6000 ?? 61 Entire site
(1 - = 500 ft) I
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2. The photomosaic was dismantled, and fracture trace analysis was

performed using multiple methods. These methods include:

* Stereoscooe Viewina: Most of the fracture traces were identified using

a stereoscope. Two photos at a time were used for stereoscopic

viewing. The stereoscope was moved over the appropriate portion of

the photos, and the linear features noted.

* Non-stereoscope Viewing: Each'photo was also examined individually,

without the benefit of the stereoscope. This method was particularly

successful in the large scale photographs, because the linear features

were generally larger than the field of view of the stereoscope in these

photographs. The photographs were examined using both high and low

angles, and the photograph was rotated to check all possible

orientations.

* Alternate light sources: For both stereoscope and non-stereoscope

viewing, several different light sources were used. Incandescent

lighting and daylight were both used for reflected light viewing. Various

positions for the light sources were also used. Transmitted light was

also used during the non-stereoscope viewing. In some cases, the

transmitted light highlighted fracture traces that were difficult to

discern using reflected light.

3. For all of the viewing methods, the photographs were directly viewed

without the clear overlay. After each fracture trace was identified, the

clear plastic overlay was placled on the photo and the linear feature

recorded on the overlay. The overlay was then removed, and the search

for more linear features continued. This procedure was used to record the

location of the linear features without marking or in any other way biasing

the photographs. This procedure also allowed all of the linear features for

each set of photographs to be recorded on a single integrated overlay. The

overlay was used for all photos in the set. For mapping the entire PBS

site, this procedure was easier and resulted in less bias than the traditional

method of marking the ends of the linear features.
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4. For all scales of photographs, only those linear features which had

apparently non-human origins were recorded. Mapped linear features

included topographic lows, straight segments of streams, vegetation

alignments, and soil tonal alignments. No roads, power lines, plow lines,

or other clearly man-made features were recorded. In some cases, it was

difficult to assess whether some of the features were the result of human

activities. In many areas, lines of trees exist, and the origin of these lines

are not clearly apparent.

5. In order to synthesize the fracture trace information, the observed fracture

traces at the various photo scales were plotted on a common scale. The

fracture traces interpreted from each set of aerial photos were transferred

to a clear overlay of a USGS quadrangle map of the PBS site (USGS

Sandusky and Kimball Quadrangles), at a 1:24000 scale. In order to

transfer the fracture traces to the map overlay, the fracture traces were

numbered and described. Then the approximate location of each fracture

trace was plotted on the map overlay. This process was performed for

each set of fracture traces. The locations of the fracture traces plotted on

the map overlays are approximate, since many features have changed over

time, and several features from the aerial photos are difficult to locate

exactly on the map.

J.2.3 Results of Air Photo Interpretation

The PW photo set (1:20400) covers most of the PBS site, except for the extreme

southeast portion. This photo set is the closest to the recommended scale for aerial

photo analysis. Seventy fracture traces were mapped in and near the PBS site on the

PW photo set. Figure J-1 shows the USGS map overlay of the fracture traces mapped

in the PW photo set, and Table J-2 lists the corresponding fracture traces. This photo

set was taken in October of 1950, and the mapped linear features were identified

based on soil tonal alignment, vegetation alignment, and observed depressions. Some

linear features were mapped based on straight stream segments.
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TABLE J-2

LISTING OF FRACTURE TRACES IN PW AERIAL PHOTO SET

Fracture ? Equivalent Ground
Trace lApproximate jFracture Traces Truth
Number Orientation Photo Evidence in other Photo Area Ground Truth Evidence
PW- I NE aqueduct?
PW-2 NNE aqueduct?
PW-3 NE dark soil tonal alignment 733-1
PW-4 N1W light soil tonal alignment 733-16 TNTA man-made
PW-5 NE dark soil tonal alignment 1733-17;3823-4 TNTA sligt dcpression
PW-6 NW depression and vegetation aligent ITNTA no evidence- too wooded
PW-7 NE !soil tonal alignment 1733-8 TNTA no evidence- too wooded
PW-8 NNW jsoil tonal aligrnent 737 _

PW-9 (N`NW .light soil tonal alignMent ,733-10 ITNTA man made
PW-10 iE vegetation alignrnent 733-9 TNTA man-made
PW- I I |NE light soil tonal alignmcnt _
PW-12 (NE ditch and soil line
PW-13 IN vegctation alignmcnt 3823-44
PW-14 E vegetation alignnment SRBP Sigh pression
PW-15 N jvegetation alienment 3823-33
PW-16 NE depression and vegetation aliEnmc 3823-42
PW- 17 INE soil tonal pfignrent._ 3823-36 BW boundary fplowed ficld
PW-18 INW vectation alignment _

PW- 19 N light soil tonal alignment __

PW-20 N liph sil tonal afiiruent_
PW-21 NW soil tonal alignment SRBP slight depression
PW-22 N light soil tonal aligrnent SRBP no evidence
PW-23 N vegetation alipnment SRBP no evidence
PW-24 NE ditch and soil alient TNTB man made ditch
PW-25 'N vegetation aligMent TNTB no evidence
PW-26 IN vegetation alignment TNTB no evidence
PW-27 INNE Ivegetation alignment 1NTB no evidence
PW-28 NNE light soil tonal alignment TNTB no cvidence
PW 29 NW dark soil tonal alignment 733-26 38 23_13 , I
PW-30 NEE vegetation alignment BW man made
PW 31 IN dark soil tonal alignment |MTT no evidence
PW-32 [E vcgetation alignment 3823-33 I
PW.33 N soil tonal alignment MTT broad dcprcssion
PW-34 iNE straight strcanm segmnt 7'33-21; 3823-12 |
PW-35 NE aqueduct? - IPR RWP aqueduct
PW-36 ]NE straight strcaom and light soil align ! 733-28 PR RWP taligned ditches
PW-37 JNNW depression | PR RWP man made
PW-38 JE ~ dcpression I SA Ino evidence
PW-39 iNE Isoil tonal alignment iPRRWP igood deprcssion
PW-40 1N vcgetation alignment PiR 4VP no evidence
PW-41 NE Istraight stream segment 1733-41 1
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TABLE J-2

LISTING OF FRACTURE TRACES IN PW AERIAL PHOTO SET

Fracturc | Equivalcnt 'Ground
Trace Approximate Fraclure Traccs Truth
Number OrientaLion Photo Evidence in other Photo Arca Ground Truth Evidenc
PW42 ,NNE straight stream segnicnt_=_|_-__
PW4; NEE Idark soil tonal alignment __ _
PW-44 NEE Jdark soil tonal alignment
PW-4i NEE dark soil tonal alignment _ !
PVW46 NEE dark soil tonal alignment 1 _ t

PW47 LNE dark soil tonal alignment |
PW-48 INNE dark soil tonal agent____ _

PW-49 N vegetonalient
PW-iO E straight stream segnent IWA RWP man madc ditch
PW-i I N veetation alignment TNTC man made? __

PW-52 NW vegetation alignsent TNTC Iman made?
P vegeaion aignmnt _ TNTC man made?
PW-54 INNE straight stream scgment 13823-S3 WA R.WP straight stream
PW-55 INE soil tonal alignmcnt WA RWP broad depression
PW-56 tIE vegetation alignment 3823-55 WP RWP very sligt top h
PW-57 INE soil tonal alignment
PW-58 IN soil and vyeetntion alignment _ TNTC man made?
PW-59 jNNW vegetation alignmcnt and depression TNTC Iman madc?
PW-60 !NNW soil tonal alignment I TNTC Iman madc?
P*W4*I- W Isoil tonal alignment _ TNTC I nocvidcncc -overgrown
PW-62 1N Ivcetation alignmcnt I
PW-63 NE 7light soil tonal alignment __---_---

PW-64 Nliht soil tonal alignment TR1BP no evidence
PW-65 NNW straight stream segment 13823-43 ITR8P no evidence
PW-66 iNW ljh soil tonalalignment and depression ISTT no evidence
PW-67 NNW soil tonnl alignment ISTT slight depression

P 68 IN soil tonal alignment 3823-59 lSTT no evidene
PW-69 NtW soil tonal aligmnt ?STT slight dcprcssion
PAW-7lNE------ soil tonal alignment lI_
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The 733 photo set 11:8400) covers only the northeast portion of the site. Thirty-one

fracture traces were mapped in the region covered by the 733 photo set. Table J-3

lists the corresponding fracture traces, as well at their approximate orientations and

identifying evidence. The mapped linear features were mainly due to soil tonal and

vegetative alignments, as well as straight stream segments.

The 3823 photo set (1:6000) covers the entire site at a large scale using 61 photos.

However, significant snow cover exists in the photos. This snow cover prevents

mapping fracture traces based on soil tonal alignment, and makes it more difficult to

map vegetative alignment. Also, the snow cover makes it much more difficult to

evaluate whether the straight line segments are due to human activities. The mapped

fracture traces are mainly due to depressions in the snow surface or alignment of large

vegetation. Sixty-one fracture traces were mapped. Table J-4 lists the corresponding

fracture traces, as well at their approximate orientations and identifying evidence.

Many of the fracture traces mapped in one photo set are different from fracture traces

mapped in other photo sets. This phenomenon is expected. since the photos cover

different seasons and cover a range of nearly 40 years. Fracture traces that are

mapped in more than one set of photos may be a result of strong expression of zones

of fracture concentration, or a result of human activities. Table J-5 shows the number

of mapped fracture traces that are common between various photo sets. The tables

listing the fracture traces for each photo set also contain a column listing the common

fracture traces between photo sets.

J.3 FIELD CHECKING OF PHOTO FEATURES

In order to locate wells using the fracture trace technique, it is important to field check

the photo evidence. This process is made difficult because there are often several clues

of different types which define a fracture trace, and some of the linear features may

be due to human activity. The most common land features seen on the ground are

topographic lows or depressions, stream alignments, vegetation alignments, and soil

tones.
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TABLE J-3

LISTING OF FRACTURE TRACES IN 733 AERIAL PHOTO SET

1 -Equivalent
Fracture Fracture Ground
Trace Approximate Traces in Truth
Number Orientation Photo Evidence other Photo _ Area Ground Truth Evidence
733-1 NE aqueduct? PW-; j_
733-2 NE soil tone alignment
733-3 NW vegetation alignment I
733-4 NE soil tone alignrunt I _-

733-5 NNW light soil tonal alignment
733-6 NW vegetation and dark soil tone 1
733-7 NNW soil tone alignment PW-8 _

_ __ ____ _ _ _ __ _________

733-8 NE soil tone alignment !PW-7
733-9 E soil tonal alignment PW 10
733-10 NNW Ilight tonal aligrnment PW-9
733-11 NE 1vcgetation alignment __,_-
733-12 'NW Ifight soil tonal alignent 13823-7
733-13 NE |dark soil tonal alignment ',
733-14 NNW light soil tonal alignment
733-15 NE depression and dark soil tone
733-16 NW light soil tonal alignment PW-4
733-17 NE light soil tonal alignment PW-5 TNTA Islight depression
733-18 NE vegetation and dark soil tone T NhTA ino cvidence
733-19 NE vegetation alignment TNTA Iman-made ditch
733-20 NW Ivegetation and dark soil tone _NTA _broad low depression
733-21 NE |straight stream segment PW-34 _

733-22 NNE dark soil tonal alignment _

733-23 N depression .-

733-24 NE strai ht stream sement fPW-41 !
733-25 E soil tonal alignment :
733-26 NE dark soil tonal alignment PW-29 _

733-27 NE aqueduct? 3823-17 PR RWP laqueduct
733-28 NE straight stream segment PW-36
733-29 ME aqueduct? PW-29 _
733-30 INNE Ito raphkc line 1PR RWP Inear power line - no evidence
733-31 |NE iegetation alignment IISA Iwide, slight depression
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TAB3LE J-4

LISTING OF FRACTURE TRACES IN 3823 PHOTO SET

Equivalent
Fracture

Fracture Traces in Ground
Trace Approximrate other Photo Truth
Number Orientation Photo Evidencc Sets Area Grotnd Truth Evidence
382;-1 NE snow tone - depression
3823-2 NNE snow tone - d52ression
3823h3 NE igh snow mound j
38234 NJW gegetation and depression PWTT m
3823-5 INE vegetation alignment T ___ TA parial_ _a_ made. pLn r
3823-6 : depression - ITNTA man made ditch
3823-7 Nl; dark tre line and deprcssion 733-12 1
3823-8 JNNW deresson
3823-9 !NNW tree line _ TNTA no evidence - too wooded
3823-JO E yegetation and snow tone afuncm _

3823-l I NE snow tone - deprssion _
3823-12 INE straight stream segmcnr PW-34
3823-13 N vegclation aligpment _PR RWP rx alignment, no depression3S23-J4 jE vv-eataion aligru ln
3823-15 IN vegeLtation lignment PW-.29
3823-16 )NE depression and vgctation alignment _ j __ j_
3823-17 INE snow tone - deprcssion 733-27 SA jaqgeduct
3823-18 |MVN Idcprcsson and vegetation aligsument | _pWWDB ! sharp and Marshy depression
3823-19 tN vegetatmoo alirunnt !PWWDB Ishallow depression and marsh
3823-20 N . veS etiaion afIg nuzmn ._
3823-21 NW topographic alignes t PMV-44
3823-22 N tlo aphic tignrncnt
3823-23 IN depression _ _

3823-24 NE depression
3823-25 N depression _
3823-2 N topograhic alignment _ _

3823-27 TNNE Itopographic alimcn t _

3823-28 INNE itopographic alignment _ _ I
3823-29 NW Jide ression I I I
3823-30 'NEE straight stream nscgrnet | jMTT man made
3823-31 IN vgetation and topographic li__ent_
3823-32 1E depression _ ___

3823-33 jN tree line IPW-32
3823-34 iNE deprcssion I I_ i
3823-3S TNE re ression and v Cttion alinm cnt |__|3823-36 iNE IdepBession and vegealion aligm t pW 17 IBW t no evidence - overgrown
3S23-37 ',NNW itree alignrnent I BW 'znan m adc - old road
3823-38 , E [vegetation aligmncw IPW-IS i _ --
3823-39 NE )vegetation aliguncnt ! I
3323-40 JN depression and snow tone t ;_ _ _L

382341 IN E snow tone i__l_ _

3823-42 TJNN E snow tone line PW. 16 _

3823-43 gE v etation and topopaphic alinmentPW-65 t
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TABLE J-4

LISTING OF FRACTURE TRACES IN 3823 PHOTO SET

Equivalent
Fracture

Fracture Traces in Ground

Trace Approximate other Photo Truth
Number Orienuation Photo Evidence Sets Area Ground Truth Evidence

3823-44 NEE vegetation aligruncnt PW-13 _3 J___
3823-45 NEE vegetation aliprnent j 1
3823-46 NEE vcgetation alignment _ j _

3823-47 NE depression _ I I

3823-48 NNE depression and vegetation alignment ! _

3823-49 IN depnrssion and vcgetation alignment + TNTB Ibroad shallow depression

3823-S0 JE vegetation and straight stream segment TNTB Iman madc ditch

3823-SI IN Idepression _ TRBP dpressvion and ss alignmcnt

3823-52 NW vegetation alipue l
3823-53 NE straight stream segment IPW-54 WA RWP straiaht siream

3823-54 NNE straight stream segent and de essioWA RWVP 3CgMt of Plum Brook- inan made?

3323-- INE .v eation altli nt PW-56 WA RWP lver slight high and low toeopJahy

3823-56 NE to 2 hic alienn -_
3823-57 NE topographic alienmeni TNTC _ sharp topographic tine, man made?

3823-58 N lvcgptation alignMent 0-8 BOA no evidencc-too wooded

3823-S9 NNW vyation ali ent PW-68 .

3823-60 NNW ItopoEa hic ali ent I
3823-61 NNW -Jopographic alignment -1 -
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TABLE J-5

FRACTURE TRACES COMMON AMONG PHOTO SETS
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Since zones of closely spaced fractures are more easily weathered and eroded than

surrounding rock, the most common form of ground truth is a linear sag, swale or

valley along the fracture zone. Abrupt changes in the courses of streams are often

related to region joint sets in bedrock. In carbonate bedrock, it is common to find

sinkholes and closed depressions aligned along a zone of fracture concentration.

Vegetation alignments form because the deeper weathering along a fracture zone

results in deeper root development along fracture traces. Vegetation along a fracture

trace may be larger or more dense than neighboring vegetation. This evidence is often

difficult to see at the ground level.

Soil tonal alignments are often easy to see in aerial photos, but much more difficult to

discern on the ground. The field of view on the ground is very limited. The amount of

sunlight, plant cover, and time since the last rainfall can all effect the usefulness of soil

tonal alignments as a tool for ground checking.

At the PBS site, ground checking of the fracture traces was performed on March 13

and 14, 1995, No snow cover was present at the site during the ground checking. Not

every fracture trace observed in the aerial photos was checked on the ground. Only

those fracture traces situated in areas of the site where monitoring wells are likely to

be located were checked. Fracture traces were checked on the ground in 13 general

areas. These areas and the corresponding fracture traces that were checked in each

area are listed in Table J-6.

The results of field checking of these fracture traces are also included in Tables J-2,

J-3, and J-4. if a fracture trace was field checked, the general area in which it is

located is listed in the appropriate table. The ground evidence for the fracture trace is

also provided. In general, the ground evidence for fracture traces fell into several

categories: (1) human activity, (2) no evidence, (3) slight to strong depressions or

other evidence. Many of the fracture traces observed in the aerial photos were the

result of human activities, and field checking allowed man made features to be easily

identified. Twenty of the fracture traces which were field checked were thought to be

a result of human activities.
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TABLE J-6

FRACTURE TRACES FIELD CHECKED

Snake Road Burn Pit (SRBP) PW-14,21,22,23

Taylor Road Burn Pit (TRBP) PW-63,64; 3823-51

South Toluene Tank (STT) PW-66,67,68,70

G-8 Burn Ground Area (G8BG) 3823-57

Sellite Area (SA) PW-38; 733-27,31: 3823-17

TNT Area A (TNTA) PW-4,5,6,7,9,10, 29,30; 733-
17,18,19,20: 3823-5.6,9

TNT Area B (TNTB) PW-24,25,26,27,28; 3823-49,50

TNT Area C {TNTC) PW-51,52,53,58,59,60,61; 3823-57

Middle Toluene Tanks (MTT) PW-31,33; 3823-30

Pentolite Road Red Water Ponds (PR RWP) PW-35,36,37,39,40; 733-27,30;
3823-13

Pentolite Waste Water Disposal Basin 3823-18.19
(PWWDB)

West Area Red Water Ponds (WARWP) PW-50,54,55,56; 3823-53,54,55

Background Well Area (BW) PW-17,30; 3823-36,37,51
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For many of the fracture traces observed in the photos, no ground evidence could be

found. Many times, the photo evidence was a result of soil tonal alignments, and this

evidence could not be seen on the ground. However, a lack of ground confirmation

does not rule out the possibility that these fracture traces exist. Soil tonal alignments

are very difficult to see on the ground, yet may overly significant zones of fracture

concentration. In other cases, the vegetative cover was simply too thick or too

wooded to see any evidence of fracture traces. The photos may have been taken when

the vegetation was much smaller, and subsequent growth has hidden all ground

evidence of these fracture traces.

Depression were observed on the ground for a number of the fracture traces. These

features range from very slight depressions of less than a few inches to depressions

greater than a foot. The width of the depressions range from several feet to over 20

feet. Some of the depressions were aligned with vegetative evidence. No sinkholes

or other evidence of karst topography was observed.
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