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UNDERGROUND STORAGE TANKS

”For the purposes of th|s summary report the Bulldlng 02 mvest:gat!on results wrll be
combined with the Building 40 rnves’ﬂgatlon results due to the' proximity of the underground
\-,_storage tanks (USTs) See Attachrnent 1 for forrner tank Iocatrons

Locatron

i The four USTs assomated wath Burldmg 02 (Tanks 67!02 70102) were '

Iocated on the southwest corner of Burldmg 02 See Attachment 1.

LJST gzontent

L 'f';:f;;"The |dentlﬂcat|on number sxze and contents of the USTs deta|led on the
*Buick Motor Division Storage Tank Iayout drawmg number 42361 M dated
‘*1973 are summarlzed as follows 0y 5 N

”-:067’02 10,0007‘93”0nl Unleaded Gasolme S

“'_"068/02‘ .10 O'O'O-gali'on e _Unleaded Gasoline ..

; 'lnstallatton and Removal Dates

S0 2o '0691_02 . 10,000-gallon = '~ Leaded Gasoline -*
070!0'2’ " I 10 OOO gallon Leaded _Gasolme

Pagar © " : -
590,05

UST removal actlvmes assocaated wrth Burldlng 02 began in August 1985

and were completed November 1 1985 UST |nstallatson dates are not
_ava|lable | g - ST ey '

INVESTIGATION ACTIVITIES

Durlng UST removal actwltres wsual and PII readrngs 1ndscated the presence of gasollne
in the ‘sail adjacent. t0 the tanks. In September 1985, an. oil loss report was submitted to -

the Michigan Department of Natural Resources An unknown volume of son was.
excavated The depth of the excavatlon was apprommately 14 bgs e

2.1

'Summarv of lnvestloatlon Actrvrtres

3 ;":'Based on the mformatton above Global recommended that 50|l bonngs be

Ll i 'conduoted to determme the condrtlon of impacted medla

g "On July 24 1996 Global superwsed the advancement of t‘ve son bonngs

1s: (40 -1 through 40-4) usnng a Geoprobe an the area of the Bu”dmg ) tank



B4

: '_farm The borlngs were located in a line between Burldlng 40 and Burldlng :
02, The borlngs were advanced to a mammum depth of 19 feet below grade 2

- On July 29 1996 Global superwsed the advancement t’ ve sail bonngs (028—.]

Bk 1 through 02S-5) using a Geoprobe ih and -around the former excavation . -

L assocrated with the Building 02. 'Obstructions were noted in each. boring.

k ~with the exception of 02S-1. - The maximum borlng depth was 21 feet below |

ground - surface - Sait - and groundwater samples were collected when,‘f_;

S possmle

. ;;_:On November 11 1996 Global superwsed the advancement two momtonng

*wells (SBthWl and SB2/MW2) using .a truck-mounted dnll rig.. “0on. -

- December - 10, 1996, Global ‘supervised the  installation "-of “MW-3

N ‘(OZSIGP‘HMWS) using a Geoprobe which due to the soil types present, - .
2 ultimately proved unusable. On. June 3, 1997 Global returned to the site to " .

“re-drill and install a new-well at the MW- 3 location; An attempt was made

i i to install a fourth monitoring welt Iocated in the: roadway, west of MW-2, An -
'..:‘i";,obstructron was encountered at: five feet below - ground surface ‘and the
< boring was ‘abandoned. © Also,” one borlng each was to be’ drllled msrde

Building 02 and Building 40 usrng a Geoprobe operated by Great Lakes

. ';Geologrcal Technical Servrces Inc: The boring located in Building 40 could j
" " not be completed due fo- the: presence of a subfloor The boring drilled i ll‘l‘

) }-_the southeast end of Bulldlng 02 was advanced to 21 feet below grade

. -;'Groundwater ‘was encountered at varylng depths in- tenses of varylng .
. thickness and grain size.” MW-1 was located in an- unpaved ‘area. The
i monltorlng ‘wells were screened as shown below See alSO Attachment 10 S

| Monrtonng Well Logs

",Well ID Screened lnterval 5 q :Sorl Type

- -r-:“"f'(f_elet b_g_s)_ S s
-:'i'-"MW-T,. ol &= e Sandy SlltlSllty Sand .

CUMWR2 - 0510 —‘ | T Silty SandISandy Clay -
S lVlW CR 14 19 2 1""‘Srlty CIayISand -

" 0on January 2 1997 MW-1 and MW—2 were sampled On September 10,

;"‘11997 MW-3 was sampled On September 12, 1997 a slug test was
conducted on MW SO g’ e _ e L i

2 1 1 Sample Collection and Analysrs

A mrnrmum of two sorl samples were. collected for laboratory analy5|s"t
from each sorl borlng based on- the hlghest organrc vapor analyzer_



2.2

reading (OVA) and/or the groundwater water interface, and the
bottom-of- bore. Sail samples were collected from depths ranging -
from 7 to 27 feet below ground surface. Actual sample depths are
given in Attachment 3 OVA results can be found on the sorl bonng.
logs, Attachmente g T '

;‘Each of the sorl samples collected was placed |nto an unpreserved

four-ounce container and transported af four ‘degrees Celsius (4°C).
-using - chaln -of-custody. procedures to - F|re & Envrronmentali .

. Consulting Laboratones Ine.,'in East Lansrng, Michigan. Samples'_----
‘were analyzed in accordance wrth recommendatlons contained .in-
Environmental Response Drv:sron Operatron Memorandum #6 )
;Revrsron #4 dated Septem’oer‘lS 1995 RETE '

-{!Groundwater samples were collected from Geoprobe borlngs-
~whenever possible using-a screen point sampler attachment. “The .-
screen pornt sampler was driven to the desired sampling depth and. -

—aninner core, consisting of stainiess steel wire screen, was pushed

f into the borehole allowrng water to collect i inthe sampler.. Mon:torrng
~wells were developed prior to sampllng using a stainless steel bailer..
until - water clarlty stab|l|zed Approxrmately 48 hours following -
: development the monrtorrng wells were sampled At the time of .
- sampling, the monltorrng wells were purged a m:mmum of three well- -
“volumes. to ensure sample clanty A - o

: Each of the groundwater samples collected for laboratory analyS|s £

“was placed in. Iaboratory-prepared glass bottles. . Samples to be " :-

_analyzed for dissolved lead were filtered in the field and preserved
- with nitric acid. ‘Samples to be analyzed for volatlle organics were .
. preserved with hydrochlonc acid.*Each' sample was transported at.
. 4°C using ‘chain- of-custody procedures to Fire & Environmental -
~Consuiting Laboratories, Inc.;-in East Lansing, l\/llchrgan Samples' ]
. were analyzed in accordance ‘with recommendatlons contarned in
: Envrronmental Response Division Operatronai Memorandum #6
; Rewsron #4 dated September 13, 1995 | :

S

Sum a_-' of | eolo_ |cal Informatlon _

There are four basrc rock format|ons compnsmg the bedrock of Genesee )
County: . the Coldwater, Marshall Michigan, and Sagmaw formations. ' The .
Coldwater formation consists of sandy shale, and is a poor ‘water producer &
The Marshali formation consists of white to gray sandstone of varying grain .
size in the Iower pornon and Napoleon Sandstone and Marshall Sandstone‘_:‘.\'

(]



2.3

in the'uop'er”portlon The Marshall formatlon ylelds hlgh quallty

groundwater. The lVllchlgan formation consists of a- gray shale and some -

thick dolostone layers, and is nota prmmpal water bearlng formatlon The

Saginaw formation is the youngest formation, and consists of sandstone e

shale, sandy shate limestone, -and ‘coal Iayers Groundwater may be
obtained from the sandstone !ayers W|th|n the Sagmaw formatton GIacra[ 2
drift rnatenal overlles the bedrock B : g

Summarv of Hvdrocteoloolcal |nformat|on
2.3:1 Depth to usab!e aqutfer

:The Clty of tht s on a. mun|0|pal water system Most of the potabte
‘water wells within Genesee County are located beneath the glacial ..

drift in the Sagtnaw Formation. The: depth to-the. Sagrnaw Formation.

varies throughout the county, but is tocated roughly 300 feet below
) ground surface ‘ . - . S ;

2.32 :'Locaf Groundwater Ffew D:rectfon i e

,]It is assumed that groundwater ﬂow IS east toward the r:ver atthough
the | presence of subsurface structures such as tunnels and burldlng“.f

footings may influence groundwater ﬂow at shallow depths Aflow.

~could 'not - be" determlned ‘based on " the “static water level.

fmeasurements from the three monitoring we[ls due to the vanabmty o

' of the well screen depths andsoil types: encountered inthe screened
intervals: See Attachment 10: Monitonng WeII Logs and Attachment
RAE Groundwater Flow Dlagram : '

P

233 H ydrauhc Gradtent

;The hydraullc gradlent for thls area of the 5|te coutd not be _'-’i
determlned for the reasons stated m Sectton 2. 3 2, above

2.3.4 _H ydrauhc Conduct:v:ty
Slug test. data obtamed usmg a Hermit 2000@ and analyzed usmg .

Aqtesolv@ software indicated an average, hydraultc conductwtty of .
,_0 0016 ft/mln See Attachment 12 o Sl oo



| 2 3 5 Natural Groundwater Ve!ocrty (Seepage Velocrty)

,5 i_--‘ ' ,The natural groundwater velocrty is estlmated based on the hydraullc .
e 'conductlwty, the hydraulic gradient, and the effectlve porosity.. Due "
" to the variability of the well screen depths and soil types encountered

“ i the screened mtervals ‘heither the hydraullc gradient nor the .

teffectwe porosﬂy could be determlned in this area.- Therefore the'.' |
i -,j_gnatural groundwater vetocnty has not been estlmated

'SOIL SAMPLE ANALYTICAL RESU LTS

4

Sou samples were submttted to Flre & Envuronmental Consultlng Laboratorles Inc

. located in East Lansing, ‘Michigan for - analysis.’ Initially,” sample’ anatytlcal"l=

parameters were based on the former UST contents individually: associated with. -

4 each tank farm (Bundlng 40 and Bu:tdlng 02). Asthe mvestlgatlon proceeded and.

it became clear that comblmng the two areas would-be more efficient, analytical -

R 'parameters were expanded for each sample to include the foIIowmg constituents: -
i ‘benzene toluene, ethylbenzene,: and. xylenes (BTEX) -polynuclear aromatic
+ hydrocarbons (PNAs) halogenated hydrocarbons chromium, and- lead.  Analysis -

" indicated the presence. of the following constituents in concentrations exceeding the.

: “Tier 1 -Soil: Leaching to- Groundwater Risk-Based- Screemng Levels (RBSLs): ..

benzene, toluene, ethylbenzene, xylenes 2- methylnapthalene and lead. Additional -

v -‘constltuents were detected in concentrations that did not exceed the RBSLs, No -

" "exceedances: of the Tier | Direct Contact RBSLs were noted, with the except|on of

lead in sample Bldg 02S-2 (5-6'). See Attachment 3 for a summary of soil analytical

. _results, Attachment 4 for a T|er I companson table and Attachment 5 for son,t

L concentratlon mapS

4.0

GROUNDWATER SAMPLE ANALYTICAL RESULTS e VR

. -'-Sorl sampies were submltted to Ftre & EnVIronmentaI Consultlng Laboratorres lnc .
" “.located in East Lansing, Mlchlgan for- analysis. -~ Initially, sample; analytlcal

: iparameters were based on the former UST contents individually associated with
~ - each tank farm (Bulldlng 40 and Bulldlng 02). As the mvestigatlon proceeded and -

it became clear that combrmng the two areas would be more efficient, analytical -
parameters were expanded for each sample 1o include the' followung ‘constituents:
benzene, -toluene, ~ethylbenzene, ‘and’ xylenes: (BTEX), polynuclear aromatic -

--,-hydrocarbons (PNAs), halogenated hydrocarbons chromium, and lead. Analysus'f‘

""" indicated the presence of the foliowing constituents in concentrations exceeding the

.. Tier'| Residential Health- Based:Drinking Water and/or the Groundwater-Surface
- Water | Interface RBSLs: benzene, ethylbenzene toluene, xylenes, napthalene and

lead. - Additional constltuents were detected in concentrations that did not exceed
RBSLs No exceedances of the T:er I D|rect Contact RBSLs were noted, W|th then-

:‘,.J‘ a



exceptron of benzene |n sample Bldg 028 S See Attachment 7 for a summary of
. groundwater analytrcal results, Attachment. 8 for a Tler I comparlson table and’

‘ Attachment 9 for groundwater concentratlon maps

5.0

QCONCLUSION

,-’_'-'fSon concentrat|ons exceedlng the Tier I Soil Leachlng to Groundwater RBSLs e
- -.'{,,present and lead is present in concentrations exceedang the Tier | Direct Contact .-
RBSLs As the srte rs under pavement exposure to |mpacted soil rs not expected |

) Groundwater concentratlons exceedrng the Tier |- Resrdentral Heatth Based-fe-'

Drinking. Water Groundwater Surface Water Interface and Dlrect Contact RBSLs‘ :

- .1:-=;',Iare noted

: ’ Slgnlfrcant barrrers to rnvestlgatlon are noted m thls area |n the way of bundlngs
*equipment, " subflooring, and: subsurfaoe structures/obstructions. Detrneatang -
lmpacted medra to resrdentlal cntena |n thrs area may not be possrble = e :

o 51.° '-'-Sensmve Receptor

: '_: 'The Fllnt Rlver is. Iocated approxmately 1500 feet east of the former tank
~farms: See Attachment 1. Current data indicates it is unlikely that rmpacted'“
g groundwater emanatrng from the former tank farm has or wttl reach the rlver o

The Crty of tht is on a mumcnpat water system Most of the potable waterfff
~wells within Genesee County are located beneath the glacial drift in the.
. Saginaw’ Formation. The depth to the Saginaw Formation varies throughout
- the county, but is located roughly 300 feet below ground surface Itis -
i unllkely that |mpacted groundwater WI|| reach thls aqurfer o

:"Accordlng to- MDEQ Guldehnes as estabtrshed in the Memorandum datedw
1 January 19; 1996, the extent of contamination both horizontally and. vertlcally‘
> must be dehneated to below the Tier | resrdentlal unrestncted values

o Son |mpacted wuth BTEX and PNA constltuents is not dellneated honzontally '
.: “to the south or vertically at boring 40-1." Sail impacted with BTEX is not -
s ".dehneated dlrectly north of boring 025-4. Substantially eievated levels of .

~ lead are noted in borings 028-2, 02S-3, and 025-4, and the lead is not
-dehneated vertically at these points, and is not dellneated to the north or'

- south: ‘Substantially elevated levels of BTEX are also noted i in this: area, in -
bonngs 028 il 028 3 028 4 028 5 and vertrcal detlneatron was obtalned r



in only one bonng 028 1 and the entlre pocket remams undehneated to the_

north.. See Attachments 5a - SJ “Borings 025-2, 028-3, and 02S8-4 were

. termmated due to the presence of obstructions, and vertical delineation in

this area may. not.be possibie-at this time. The concrete obstruction was .
" noted ‘in ‘each boring .at -approximately six feet ‘below ground. surface. .
 Further, delineation to the north may’ not be possnble due to the presence ’

':j.;' ]q_structure and contents of Bundmg 02."

" Groundwater is |mpacted W|th BTEX constatuents is not dellneated to the"
.. 'south or west of borings 40-1 and 40-2, and to the north of boring 02S-5."

:’,_;-_-Groundwater impacted with lead is- not dellneated to the east, north, :and
"+ “south. of $B-1/MW-1-and boring 40-1. Boring 40-1 also-indicated the

< ‘presence- of 1,2- D|chtoroethane above the Tter | Health-Based Drinking
" ‘Water RBSL." This constituent was not noted in any other samples analyzedlr

= f for. hatogenated hydrocarbons ‘See Attachments 9a - 9.7 The presence of .

.u_bundmgs equipment, subfloormg, and subsurface structureslobstructrons
. may. prevent any further dehneatron in th|s area. w I :

Ctosure Potentral

' "“-In addltlon to the barners encountered dunng the lnvestigatton the’ |9Ve|5 of

BTEX in the soiland groundwater greatly exceed the applicable Tier | Direct

7 Contact RBSLs for both residential and industrial sites.” Active- remed|at|on

54

< s requrred n thls area to reduce concentratlons to acceptable levels

»

Future Work :

) Globai recommends that a feasnbthty study be conducted to determlne the

most cost effectlve and effIC|ent remedtatlon option avallable

, "f,": Thls re commendatlons may change based on negotlatlons wtth the MDEQ
and the development of the sﬂe-wrde remedlal actlon ptan

|
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@ Geoprobe Sample Locations TITLE: gg&%%)géﬂgg gfongNTRATION MAP: BENZENE
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———— Tire Protection Line SCALE: 1"=50" DATE: 4/29/97
Sanitary Line APPRGVED BY: ALK
Storm Sewer Line Global PREPARED BY: C.G.S8.
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” - * Global Environmental Engineering Inc. -

. 5467 Hill 23 Drive, Suite B

" Flint, Michigan 48507

|| - Tel:(810) 2389190
L Fax: (810) 238-9195 -

© |{Monitoring Well: -

MW-1 -

‘ _ij ect Name:

Date: )

11/896 .~ .-

.~ GM-CLCDN. .
ProjectNo:.  F174 ‘

-_ Contractor . ~

_GEEL .

->" Location: - _

: l-Prcpnren:lBy:-k '

ICW

"+ Building 40/02 South "
Twleah_g.éZ’_Sec.:r' A e

Time Started:. Lo

. DepthDrilled: , 12 . "

- |[Time Completed:

12:45 .

) Ho]eDiamaiér: W 8.25"l'

Col;ingDevil.;:: e

’ Inni_arDiamater: _ T4.50"

Drilling Fluid: .., None * ~

Driller: - ;.0 ; Elroy " '

Hollow Stem Auger

- Helpér: . Sy NA

7 HandAuger vic o i <!

Nell Casing Cover: .~ . .
“ .~ Material: - ., Steel
Sl Diamater < o 12% - | "
S e Leck Y Ne

A

Lohe
v

el Casing: .
o 8e o

S

PRt ORL .-Dia;na-t,e_f:'.- Lign

7 " Top of Casing: -

© Depthto Top of -
- Grout Bzﬁckfl_ﬂ:

 Length 48 . |- o

- Material: Sae . PNC L
. Cap~ .- Expandable
- Locking:

«

Well Serees -~ . e oo
L‘ S Dismater: S T2t vl
Siotsiza: 5 S o L -

Material: . BVC . f

Well Screen - _RET
Filter Pack: . - Sand | -

;] - oa ° e .
2 L B i I 2
§ N - _ S |-

“ . 'Dolphin - - " -

- Depthto Top of
.0 Bentonite: -

" Depthto Top of - "
. Scresn:.

Total Well Depth:

;'llDeplhto Top,(rlf-r e
3 Sand". '

" |Groundwater Encountéredat 5 0

' [End of Boring 12!~~~ -

Moo




- GlobalEnwronmental Engiﬁeefing tnc.;' : _
y+7 5467 Hill 23 Drive, Suite B £ e
©©  Flint, Michigan 48507

. Tel: (810) 238-9190 - ", ._, K

{IVonitoring Well: .

MWz

Project Name: '

y ﬁat;:

1148196

8 “Project No.: B

"+ GM-CLCDN. .
CFIT4

||Contractor: .-

-+ Location: .. -

Prepared By:

", GEEI
W -

: - - "Building 40/02 South *
‘ Twp/Range/See.: SR B ik

Time Started: *

. Fix: (810)238-9195

14:50 . - -

' Depth Drilled:

18

- T_i_m;e Cnmpleted:- I

oiFy

., Hole Diamater:

' 8-25_"

Corng Device:

L dsen

- “Nohe

“Elroy. -7 <

- Hollow Stem Auger

- SWL Elevation

- |Helper T v -

CNA -

" Hwdae

" Geoprobe

ye
-

EWcrll Ca§iﬁg C_(')yef::_; B

!l oL Material
P Diamater:

" Lock:' "

|
o
:fWell'Casih'g:. a .
I ", Diamater: *
: ‘Leﬁgtﬁ: -
-, Materi‘ai_: =0
. Locking:

il = Eea

Well .Screen.

Length: -
Slotsize: - 5
i Matersal: -
] ‘ .Wel_l Screen
Interval:
Filter Pack:

kDiamz_t"cér: B

L ¢ o3

— T o oo

PVC

* Expandable” |’
-+ Dolphin . "

.8 -
01"
PVC -

CLssip0s

. Sand

i DéptllxtoTopof‘

= ° . Topof Casing: -~

r

: Dlept}':.téTop'of -

. GrowtBackfill: <1 [ Lo

Depth‘to Top of

"' ' Bentomte: S Lo i

L

T

CooSand: - 4.5

R DeplhtoTopof h
% Screen:

R CORET o e s

© Total Wéll Depth:  ** 10,5

" |45 - Sandy Clay . . L

. |456.5 Clay

. |End of Boring 16"

65410 Sandy Clay

i ‘Cl-réﬁndwzite'r Eng:ounte;ed',ht 6.5 ‘ L |

0 ”
0 5
i N .
3 o
i
i
f a
'
Y




i

Flmt, M;clugan 48507
Tel: (810) 238- 9190
“ Fax: (810) 238-9]-95.

Global Env:mnmental Engmecrmg Inc. a
5467 Hill 23 Drive, Stiite B “

" |IMonitoring Wel!: ©

Project Name:

Date: .. 12/10/96 | .

Project Na.:

© GM-CLCDN. ©

F174

Contracior: - - YECI

- Location:

- Building 40/02 South

‘|(Prepared By: . - oW

** Twp/Range/See.:

5 9§

| Time Started: * " 14:18

Depth Drilled:

21

Time Cumbiet:d: L '

Hole Diamater: o

825" . - 1,

Cof;ng Deviée:

CAs0n

- ;None'_ '

Scott. -

~ Hollow Stém Auger -

SWIL, Elevation

HandAﬁgar :

X 5 Geoprobe Pl P Lo g L

i WellCnsmgCover =

: Dnmatel_'. R Vi

 Ilwell Casing; o 7
Lo Digmater: ... """ 2"

Matetial: ~  PVC. -

e ‘ l 'LOCkililg.':"

|| Wl screen L TR
T ._Diamatef: Lo g

‘Material: ©~ PVC
Well Sereen " .
Slnterval; T 8

- "Material: - 7 Steel

Lock iy T : No'”_ i

_ Length- " A .: | ‘12{‘, . 2

" Cap: ..  Expandable |

" FilterPack: - Sand

. Top.of Casing: .

- Depthfo Top of -
- Grout Backfill:

T Dolphin- - | ,j e

Depth to Top of
Bentonite: -

Depth to Top of |
s Sand:

o

Dei:;th 10.T0p\0f -
B Screen:

Length: > - _ 5 .
‘Slotsize: © - - 01" -

- Total Well Dc_pth; 2

I

cabie -

T

0' 5' Concrete

. 5;5'-4.51;7 's'a‘n&'

o lase - cﬁy

!
"

< . eh

. 1135417 - Sandy Silt. .

ST s

119221 - Sand

|End of Boring 21",

5'-9' 's.mdy Clhy -
-- _9' 12 5' : smy Clay s
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AQTESOLV RESULTS
Versmn 110 :

'. 0'7'/2_5/931-_1"".;;_ -‘15:02;08

S TEST DESCRIPTION

N "_Data set...-'.-'..;.... gm40mw3n dat ok
Data set title..... BUILDING 40/02 - MW3
= Knowns and Constants :
- No. of data pomts......;;:; ........ 88 :
- Radius of well casing...... 0. 08333
" Radius of well ..., o, 0'.333__3, B e
‘ ".Aquer saturated thlckness 6.."5;;;& Ko
- Well screen length................. -S re ST
“' Static height of water in well ...... 2 91 .
Log(Re/Rw)............. .._.".'.L;_'..'.‘.-.'.‘l455.'(‘ o
AB, Cov i 2021 0301 0000

ANALYTICAL METHOD 5

Bouwer-Rlce (UncOnﬁned Aqulfer Slug Test)

RESULTS FRQM STATISTICAL CURVE MAT[ HING

'STATISTICAL MATCH PARMTER ESTIMATES

Est1mate Std Error ’
- K=.1 6251E-003 +/-. -5.9071E-005
‘ yO —»_ 9 9414E—002 +/-‘ 1. 7421E .03

. ANALYSIS OF MODEL RESIDUALS

5 res1dual calculated observed .
% e1ghted re51dua1 = resxdual o welght

We1ghted Re51dual Stansncs T
_Number ofresn:iuals.......;.‘.'.5_.’.'. 88

" Nuriber of estimated parameters 2 .o
.Degrees of freedom. ... ring 86
‘Residual mean.................... 0 0005688 L b
Residual standard deviation....... 0.006431
Res1dual vanance....'.i‘ﬁ';-...;'.' ...... 4 136E-005 .

/. =



Model Resuduals

~T,1rne g

Observed:;{ "

Calculated - Residual  Weight

~.0.0083 :.\
700186 -
7 0.025 7

- 0.0333 .
0.0416 -

<0.05

. 0.0666 .
© 0075 .
.0.0833 ..

. 0.0916

e 0
0.1083 ..
0.1166 -
L0125 -

-, 01333

01416

015
0.1583 -
0.1666 "

0.175

0.1833
10,1916

B0

02083
02166 ¢
+:0.225,
02333 ¢
- 02416
NG S
S 0 oSRI R
- 0.2666
NG TSRERE
1028337
0.2916 " -
.- 03083
03166,
1 0.3333
SRR
-0 3666 '“"':
10,3833

o129
L0119 4
L L

0.107

0.063
0063
0.063

- 0.056.

- 0,104
.;,0104
.-0.094 -

C0.075 0
10,078
0.075
50,075
'-'3"_0-.072 »
- 0.072
0072

/0,056
0.056 -
0056
0:056
0.053
- 0.053 .
005

0.095497

©0.094231 -
.10.092982°
0.091735 -
- 0,090519 -
0,088 -
.. 0.085 ..

0082
0078

- 0.089319

0.088121 -

'oj.o-s@sz
£ 0.0858
0.084649.

0.083527"

10.082419

-+ 0:071121
0.070178
. 0.069236 "
7 0.068319 "
0.067413 -
10.063 "7
.. 0.063 ..
U 0.06
#.0.06
© 006"
- 0.06 .

0.066509

0 065627 :

0.064757

0.063888
-0.063041
10.062205

0.061371

 0.060557
7:0.059755 -
70.058953 1

£ 0.058171
- 0.05663 ¢

0.098096 -
0.096796 -

0081314
10.080236
10.079172
.0.07811
. 0.077074 .
0,069 ;-
10,069 . ..
©0.069
o 0.069
0.066
0,066 -
10.066

0.076053 "
0.075032 "
. 0.074038 -
“0.073056"

0.072076

-0 012265
-0 0034812 :

00013188 -
-0.0031206° 1.
-0.0049524 -,
-+ -0.0077997- % 1:
- -0.0066487 < .
-0.0085266 -
-0.0044193 - o
1<0.0063136 i ]
-0.0052357. 1
--0.007172° = i1
-0.0061099 . 1
el 0050744 L]
-0.0070527 .
-0.0060324
0.0050377 .- .o
0. 0040562;’1' N
‘-000‘512‘07__ S
-0.0041779
-0,0062364 1
00053186+
_-0.00441_29;;_-‘,__‘ -4
. -0.0035085 .~ - -
-0.0026269 - . 1

'-0,0047569 -
-0.0038881 - ..

.-0.0030412
-0.0022055 -
10005371 .. -
-0.0045574
7200037546 it
7-0.002953 -
..~0,0021715 - -
£ -0.0036303 .-
10.055139
0.053678

-0.0021388

10.030904 1
0022204 - 1
001450_» R
10.012769 .
0011018

0.0036779. .+



04
04166

10.4333 .
045
0.4666 -
0.4833

. 0.5

05166

055
", 0.5666-
05833
0. 6166
06333 ¢
5 i0:65
" 0.6666

0. 6833

_;07166 :
- 0.7333 -
RRONSE

~0.7666

0. 7833

~0.8.

- 0.8166 .
08333 . -
. .0.85 -
L 086667 .

708833

v 0028

- 5.0.9166 L
09333
0.95 ¢

+ 0.9666"
70,9833

© 0.9

o lae
S 14

2.4

‘oos

0 047

_.0 047
0.047
- 0.047

0.044 .

0.044
. 0.044
0044 .
1 0.041 -
0.041
10,041

0:037

0,037,
"10,037..
0.037

- 0.034

50,034
0 0.034 -
-0.034 -
~0.034 .~
0031
- 0.031"
0.031

0,031,
. 0031
-0:031

0:031 <
0.028

-0, 028 -

- 70.'028
. 0.025"
0025
: 0.0.19_
0015 { _
. 0.012

0.009
0.009 -

..0.006
50,006
26

0.003’

0, 052256 0, 00;9;'25'5'8'
£0,05088 +-0.0038795
o 049532 . -0.0025315 -

0.048219 . -0.0012192 i.-g (s
0.046949 ~ 5.0759E-005 -
£ 0,045705 * -0.0017054 . - .

'0 044494 -0, 00049445

0.043323 .-0.00067743 = .
'0.042175 .+0.0018252 -,
| 0.041957,_-5_740_5_}3 0057 - .
- 0:039976 °  0.0010239. .
- 0.038917 - '0.0020831-
0.037886 -0.00088586
- 0.036888 . 0.00011196 . -
-0.035911 0.0010893 .
0.034959" - 0.0020407 .~
0034035 0.0029614 -
1003313740, 00086325

0032259+ 0.0017412

_0.031409 10.0025908 - .
0.030577, - 0.0034229 -~ .
-0.029767 . 0.0042331- .

. 0,028983 - " 0.002017 ..
. 0.028215 _0.0027849"

0.027468 - 0.0035325 .

0.026744 .- 0.0042559 .

0.026036 0.0049644

0.022772.  0.0052281

0,025346 .. 0.0056542 - " 1
0.024678 0.0063218 . -
. .D.024024 - 0.0039756 -
- 0:023388 =+ 0.0046121 . ¢ .
0028.."

et ek

©0022169:  0.0058314 R

0021581 -10.0064187

0021013° 00039871 . .
K | 0-020456 .0.0045438 " 1
0019914 1 0.0050858 .

-0.014438 0. 0045621

+ 0,010468 - 0.0045324 e
0.0075891 ©.0.0044109 - -
-0.0055022" - 0.0034978 .. .1
0.0039891° 00050109 " -~
10:0028921 " 0.0031079 -

0.0020968 : -0.0039032"

00015202 00014798



RESULTS FROM VISUAL CURVE MATCHING

VISUAL MATCH PARAMETER ESTIMATES

Estimate
K = 1.6251E-003
y0= 9.9414E-002



