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IOWA PORE INDEX TEST

INTRODUCTION

The D-cracking of portland cement concrete pavements in Iowa
was first recognized as a problem nearly 20 years ago. Early
investigations revealed that the D-cracking was primarily asg-
sociated with the use of limestone coarse aggregates that were
susceptible to freeze-thaw failure, but that susceptibility
could not be identified by any of the usual aggregate tests.

In 1962 research began into the freeze~thaw testing of aggre-
gate in concrete. The procedure used was similar to that de-
scribed by ASTM C-291. After several vears of invegtigation
proved the reliability of this type of testing, the 1972 Iowa
Standard Specifications required its use to determine the D~
cracking susceptibility of limestone aggregates that lacked
reliable service records.

While the freeze-~thaw testing of aggregate in concrete has
proven to be satisfactory in identifying limestone aggregates
that can cause D-c¢racking, the procedure (modified ASTM C-666,
Method B) does have undesirable features. The natural vari-
ability in the limestone sources associated with D-cracking

is such that some samples will perform well when tested. Con-
crete beams containing aggregate with satisfactory service
records c¢an fail if minor amounts of deleterious materials

are present in the aggregate. Also, a very long time——five

to six months--is regquired to complete the test. A congider-
able part of that time, 90 days, is required for a moist-room
cure. JIowa historically uses a moist room cure for concrete
specimens and shorter cure times did not provide ranges of"
either growth or sonic modulus sufficient to differentiate
between aggregates that do and do not cause D~cracking. In

an effort to develop a shorter, more efficient test, Wendell
Dubberke, a geologist with the (Qffice of Materials, began in-
vestigations into measuring the amounts of water, under low
alr pressure, that could be injected into oven-dried aggregate.

OBJECTIVE

The objective of the investigations was the development of a
test that would readily identify the potential of an aggregate
to cause D-cracking because of its susceptivity to critical
saturation.

DEVELOPMENT OF THE PORE INDEX TEST

A Press-Ur—Meter was modified by replacing the air chamber
with a one-inch diameter plastic tube calibrated in milli-

lThis test procedure is now designated as ASTM C-666, Method B.



liters. Oven-dried aggregate, cooled to room temperature,
was placed in the container and covered with tap water to
the zero mark in the plastic tube. Air pressure at 35 psi
was introduced through the top of the plastic tube. A
brief interval at the start of the test used to £ill the
larger void spaces in the stone, was termed the "primary
load". The amount of water forced into the aggregate in
the remainder of the test was termed "secondary load”.

The primary-load measurements had no relationship to the
susceptibility to D-cracking of aggregates with established
service records. It was noted, however, that a few poor-
guality aggregates with high primaryv-load measurements tend

to perform well on the concrete durability test (ASTM C666,
Method B), raising doubts of the validity of the test on highly

porous adgregate.

High secondary-lcoad measurements appeared to identify those
aggredates associated with the D-cracking of portland cement
concrete pavements. All subsequent investigation was there-
fore concerned only with the secondary-load measurements.

Equipment and procedural modifications continued to be made
until those described in Appendix A were finally adopted.

PORE~INDEX TESTING

Routine aggregate testing was performed for the first time
in 1978. All samples of coarse aggregate for use in port-
land cement concrete received by the Materials Laboratory
were tested. Because D-crackling aggregates are restricted
to a 3/4" maximum size, all pore~index samples were limited

to the 1/2" x 3/4" particle sizes.

The quality specifications for coarse agyregate for portland
cement concrete regquire that it have a freeze-thaw loss of
six percent or less on Iowa Test Method No. 211l. This is a
water—alcohol test similax to AASHTO T 103, Procedure B.
Because this test is quite severe on limestone aggregates
with acid-insoluble material of clay and silt size, nearly
all of the limestone samples tested had acid-insoluble con-
tents of approximately six percent or less.

The results of the 1978 testing are given in Appendix B. The
listing is in order by county number. Out-of-state sources
are listed first. The last column headed "SERV" contains a
number denoting the durability class of the source. . A "1"
indicates a Class 1 (D-cracking) durability source. A "2"

or "3" indicates a Class 2 (satisfactory) durability source.
Those listings with no number in this column are informational

samples from unapproved sources.
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Test Results on Aggregate with Service Recorxd

Samples were received from 28 sources with 10 or more yvears of
service record. Most had service records of twenty vears oxr
more. A secondary load of 27 milliliters is currently used

to separate sources of aggregate associated with D-cracking
from those that have satisfactory service records.

All 28 of these sources with established service records had
secondary loads of 27 or less on all those not associated with
D~cracking and above 27 on those that are asscociated with D-
cracking. All of the D-cracking sources were sufficiently
homogenous that no test results of 27 or less were obtained.
Composite samples can be a problem and the individual stone
tvpes should be tested separately when necessary.

Test Results on Aggregate without Service Record

Tests run on aggregate from the remainder of the approved
sources had 10 or fewer years of established service as coarse
aggregate in portland cement concrete.

Ag can be seen in Appendix B some pore~index results were con-
trary to the approved durability classes.

These were, in order of appearance, by {uarry name:

Lemley. This Class 1 {(D-cracking) source had good pore—~index
test results. This is a new gource. Other Exline sources
cause D-cracking. However, concrete beamg containing this
aggregate also indicate that a better durability rating is
Justified.

Kruse. The ligting is in error. This is a Class 2 durability
source consistent with the pore-index test results.

Hibness. Two of nine pore-index results are contrary to the
durability class rating.

Hodges~Dakota City. The durability class rating was originalily
established by testing of concrete beams. More recent results
are consistent with the pore-index testing, indicating that this
igs a source of variable durablllty that may require more testing
before additional use.

Klein. The two contradictory pore-index test results were due
to the samples containing material from unapproved beds below
the concrete ledde.

0Ollie. The approved concrete ledge at this quarry, because of
the pore-index test noted, was sampled bed by bed. A poor zone
was identified and a new Class 2 durability ledge approved.



Early Chapel. Three test results on samples from this quarry
are contradictory to the durability class rating. This is to
be expected since the source is variable in nature. ASTM C666,
Method B results are also variable. ‘

burham. The approved ledge at this quarry contains beds of
widely disparate character. They need to be individually
assessed before additional use.

Ferguson. This is a heavily-used, established source with a
recently approved ledge of lower quality. The ledge with the
established satisfactory servicé record contains some alkali-~
reactive material and frequently fails freeze-thaw, ASTM C666
Method B, and these pore-index tests. Additional beds have re-
cently been added to those that had been originally approved:
This source would never have been approved under any of the pre-
sently used criteria. However, it has a satisfactory service
vecord of more than 20 vears on the old ledge with the poor

material.

Northwood. This source has five pore-index test results con-
trary to its durabiliiy rating. Several of these were taken
to verify. aggregate gquantities containing material from un-
approved beds.

CONCLUSIONS

The pore index test was sufficiently reliable to determine the

D-¢racking potential of limestone aggregates in all but a few -
cases where marginal results were obtained. Consistently poor

or good results were always in agreement with established ser-

vice records or concrete durability testing.

In those insgtances where marginal results are obtained the re-
sults of concrete durability testing should be considered when
making the final determination of the D-cracking susceptlblllty

of the aggregate in question.

RECOMMENDATIONS

The following applications for the pore index test have been
recomnended for consideration:

1. Concrete durability testing be discontinued in the evalua-
tion process of new aggregate sources with pore index re-
sults between 0-20 (Class 2 durability}) and over 35 {(Class 1

durability).

2. Composite aggregates with intermediate pore index results of

20-35 be tested on each stone type to facilitate the possible

removal of low durability stone f[rom the production process.

3. Additional investigation should be made to evaluate the pos-
gibility of using the test to monitor and upgrade the accep-
tance of aggregate from sources associated with D-cracking.
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PORE INDEX TEST APPARATUS AND PROCEDURES
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Pore Index Test Apparatusg and Procedures

Test Unit Apparatus

A modified Press—~ur-meter is used to perform the pore index
test. The pump, valve and gauge were removed from the 1lid
and replaced by a 320 milliliter plexiglas tube, graduated
in two milliliter increments. The addition of a standard

60 psi pressure gauge completes the 1id modifications. A
hole was drilled through the side of the pot at the bottom,
fitted with a valve, and is used for loading and unloading
the pot with cold tap water. Two valves are located at the
top of the plexiglas tube. One valve is connected to a line
supplying air at a constant 35 psi. The other valve is a
vent valve and is opened while charging the unit with water.

Tagt Procedure

1. Place 9000* grams of oven dried, 1/2x3/4 inch aggregate
in the pot.

2. Attach the 1lid, aopen the vent valve, and fill the pot and
plexiglas tube with cold tap water to the "0" milliliter
mark. The pressure gauge on the 1lid must remain at the
zero P.8.I. mark during this £illing stage.

3. Close the water supply and vent valves and then open the
35 PSI air supply valve as soon asg possible. The air
valve remains open throughout the duration of the test.

4. Take a water level reading at one minute. The amount of
water injected during this first minute fills the aggre-
gate's macro-pores and is referred to as the primary load.

A large primary load is considered to be an indication of
a beneficial limestone property. A well developed macro=-
pore system probably functions in a manner similar to air
entrainment voids in concrete paste. The primary load is
not used in the pore index test result calculations.

5. Take a water level reading at fifteen minutes. The volume
of water injected between one minute and fifteen minutes
is the secondary lcoad and represents the amount of water
injected into the aggregate's micro-pore system. A secondary
leoad of 27 milliliters or more indicates a negative limestone
property that correlates with a saturated aggregate's in-
ability to withstand internal pressures caused by freezing.
The secondary load in milliliters is reported out as the
final pore index test result.

1 of 2



*During the evaluation phase of the Pore-Index test, samples
ranging from 3000 to 10,000 grams were accepted for testing.
Since the secondary load (Pore Index test result) is directly
proportiondl to the size of the sample, we computer adjusted
the test results to reflect a projected 9000 gram sample.
Many of the adjusted test results were from short samples
received from the districts but in a few cases we were forced
to use a half sample because some high absorption, full sam-
Ples, exceeded the capacity of the 320 milliliter tube during
the primary load phase of the test.

2 of 2



APPENDIX B

PORE INDEX TEST RESULTS BY QUARRY
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CORALVILLE #au s g ok a R K KR A R M N e R R KR AR AR R R AR AR AR R A A R KK Sk 172 L8-231 ) i
CORAMVILLE s s Euy s AF SRy AR O A R A A RSN E KRN E RS AR KB K AFER IR Ow RS RF SRS TR Qe Feppengingxzyr _  kr2 % |
CORALVILLE sk s o K R K A K X N A R S A R R KR E BN K A KR X A XA RV R RN U R R R SR LA T AT E ER G A H RS L/ L
SOLON COEEIRRAREEETRIRRR RO e [ e .3
SOLON AEMEREREREARKALERERAE - 172 3 ™
SOLON FEXXRENERTRKE R KB REEREEXR 3/2 LNE 3 .
HOPKINTON  ®¥2Xgsisixsfxss T T o T T o B T Ty
HOPKINTON k2 ixsegaiXsiwy N /2 .3
HOPKINTON  sxdskwsgysssxsxx 5 e i . 5 . I ¥ 4~ o3
HOPEINTON SSTssasgwsssTxix R /e 3 B
HOPKINTON #%efisvsdyFsRggss - 178 3
HOPKINTON  sxx . /2 3
HOPKINTON mxwx » /2 3
HOPKINTON  skxs® e S '7 4 - : S
HOPKINTON #xxixgunx . /2 3
HOPKINTON ®¥exx®gwxs - 172 3
HOPKINTON sxxxwixgxzx_ - e e e e R R dr2 3
HOPKINTON sxdxdfgsysrsiix . /8 3
HOPKINTOR R X e e W3
HOPKINTON x®xxx a e 3 )
HOPKINTON  skwkis s /2 3 ;
HOPKINTON  ®dwwsxx o, _ . e e R ¥ 4~ .3
HOPKINTON  kxxxkyxx o 173 3
HOPKINTON  x¥dkkzxx s 372 3
HOPKINTON  xkkxxgyxx T T e .o I T ¥ 4 - 3.
HOPKINTON sxewrsiopkx . 1/2 3
HOPKINTON  s¥exkkaiiy o 173 3
HOPKINTON  *¥&F¥xydxiss o @ e e e e e kB
HOPKINTON =smx¥dsxxixtk . /73 3
HOPKINTON 32y esxiusysx ° 1/2 3
HOPKINTON | xxxkrpssxsxsy e e IR 7 -SSR S
HOPKINTON e eeevriiXxaiqTLx . /2 3 :
HOPKINTON #X%sxex¥Esexixsx ° /2 3 ;
HOPKINTON _#3%%ifriesxxexxxd®s = o I . R SRS 7 4 - N- SR
HOPKINTON okl kg KRRk en o 342 3
LORALVILLE ®EXREAAIUXERKRIDREAXFRUEERFREER o il i e B LR b
o N 1
IOWA FALLS ®ev¥ssdssyysxs e /2 ? ;
- - i
GOUER KEFIEREREXRE . “1s2 3
GOHER EEEHEEREEERRERLRE . /e 3
S O SO U e e = e e

[ S—
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GRAPH OF PORE INDEX Lu.{ BINUTE LOAD FROM 0L MIN TO L5 fIIN

¥N SEQUENCE BY PORE INDEX WITHIN QUARRY WITHIN COUNTY

WENDELL DUBBERKE 1-535-296-1339 I0BA DOT ANES. IOKA o -

_ . BLES7 NONDAY. JANUARY

L] :
L4 1980 !

QUARRY _ CO UNIT _ ©Q . M___ 20 30 40, 50 GO W . 80 SIZE/BED/SERV.
RCEUIRE Lk GOWER RexgRERR . S ¥ - - T
HCGUIRE b 4OWER EXRIERKE - i YE 3
guingy 37 CORALVILLE sxorxex=syx e _ _ T D Y- N
gquIdsy 17 CORALVILLE =wxxeeXx¥kggx N /2
2UinBY 37 CORALVILLE ®xaxxsxk®ikasss . /e :
auInsy L7 (ORALVILLE *%scyxxxkkXxgsxsxs o e o Xy2 5-30_ 3
aurnady 17 CORALVILLE $®afXfSixfpxsass . L/3 5+310 3
GuInsy 37 CORALVILLE *ulsx¥¥exrasrxrsxs . /2 3
KOHLER 83 17 CORALVILLE wwssassdsusssx&REE8TT o T s 3= g~
KOHLER #2 L7 (ORALVILLE XxxexreXyAExs¥XRyXsn: . W2 1-8 3
LILLYBRIDG 37 OWEN ERERKXEFEIARRXEREFKR LS o T T N ) - 72 T3
NAIHUA 1% CORALVILLE #xxkkkkyxkxxss B o T 7 & -~ S
NASHUA 33 CORALVILLE Z¥%y¥x¥X¥XRXEa&E a L/2 2 :
MASHUA 39 CORALVILLE ¥%xxeXxfarkxxssxsxg . k2 2
NAZAUA 1 CORALVILLE sxvsxsskxxsskxksx o R ” ” I 7 - -
HASHUA 19 CORALVILLE sesxsxfd¥adXga¥¥xy - 1/2 94-33 3
NASHUA 19 CORALVILLE % sy eRARax kb e EXLFE . /2 9-33 3
NASHUA COM_ 19 CORALVILLE TEkryXxe®X(X¥x¥RL1¥ o e e e e -39 2
NASHUA S 19 CORALVILLE 2X¥ x¥Xf¥xkFXXTXILTER . e 3
HASHIA N 39 (ORALVILLE xerdxrrdxyysexiizxgysxz . 1/2 3
HASHUA £ 33 CORALVILLE %Y e ¥RRXXTEREREFRIRLR o R e I — Mo = D
NASHUA B 39 CORALVILLE (xsXtXXRIXIRXKEFXLEEIILLE . e 3
TWIN ROCKS 22 STOWARTVLY #x#xxdgxdxek sy ) R, e I v.,m;._ S 7 - -
BERTE-S 22 STEWARTYLE zfxrixkxsx N /2 4-4 a :
BENTE 22 STEYWARTVLE ®wgxx¥xkx N . e s e " k2 -9, .8
BENTE 22 STEWARTVLE %wisdrxksx . /2 u-9 2
BENTE-Y 22 STEWARTVLE Zxzxzedorik: o Lzse ¥-9 3
KRUSE T 22 STEMARTVLE sxkxxxzxstx o T - T T e T1r2 531 o
KRUSE 2d STEWARTVEL SedyeXfdwdxusk . /e 5-k2 3
KRUSE 22 STEUARTVLE #xxxuxRekXz®¥x _ __ . = e . e e e e MRk
KRUSE 22 STEWARTVLE sxxeexk¥Xaxixx e /2 3
KRUSE 27 STEWARTVLEE XXX ¥k ¥¥giXx%kL - /e :
KRUSE 22 STEWARTVLE #xxssXfis¥xxxxs . N - N U 7 4 - S A
KRUSE 22 STUWARTVLE ®xxx¥¥axssskxxx N /2 3 :
KRU3E 22 STEHARTVLE XR¥ssdeRk¥xiir%y ° Ve 2
KRUSE . 22 STEWARTVLE xx*sx®¥REXREXERRX e O . et e SR 7
KRUSE 22 STEWARTVLE XXX R ReRRBEREEL s /2 512 3
KRUSE 22 STEHARTVLE asxgd¥yXtsssxXRix . /2 2
MORAREND 22 STEWARTVLE mwxxxxsxszx e e ) ST L;Elmm 3 T
40Y SPRING 22 HOPKINTON, zxxzxkxswksxx - e e e et e e e o e MW 3.3
SENTE PIT 22 GRAVEL TOT 23t il s eaa st i i e kR R AR A S R A KA N LG R AR R R kR R KSR X /2 3
emcin s e mr— J— — W e mmmine cae o e e e L o - —— " - - Per— - - S s s« s . ————— ——— ——— .....-_l
i
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1
TW”‘LAENO RUARRY €O
| CAIuY SHAFFTON _ 23
C&797 SHAETON 23
{953k GOOSE LAKE 23
8375 BARBER 23
T C4%30 SEDRICK#3 38
€459 SEDMICKEI 23
__ CSuas SEDJICK#3_ 28
. CBalY LOGAN 28
i CE45) LOGAN 28
(85495 LOGAN 23
737 LOGAN 24
T CAGIS LEONHARD 29
C635C LEOHHARD 2%
{A503 MEDIAPOLIS 2%
C4318 HZILAPOLIS 29
CA327 LEONHARD 29
CA33Z LEONHARD 29
C3233 SUL SLOuGH 29
CA3LE SUL SLOUGH 29
CBAY4A DUBLALE 33
€938 3ROUH T3
C&92E KURT @& 31
CB8L5% ELDORADO 33
C5235 CLDORADS 33
(5278 ELDORADO 33
C&ETA CARVILLE 3%
CAPYD CARVILLE? 3y
Ca727 CARVILLE 34
CB724 CASVILLE 34
(6263 CARVILLE 34
€A213 CARVILLE 34
i (364 CARVILLE 34
CA530 CARVILLE 3y
_ €415 HISHESS 35
CC&Lb52 HIBNESS a5
CaL51 HIGNESS 35
© Ca3EEY HIBNESS | 3§
CBLSG HIBNESS 35
Cac28 HIBAESS a5

e et e e e e oo e g e o e it e e
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HOPKINTON
GOUWER

HOPKINTON
HOPKINTON
HOPKINTON

HOPKINTON
HOPKINTON
HOPKINTORN
HOPKINTON

BURLINGTON
BURLINGT 03
BURLINGTON
BURLINGTON
BURLINGTON
BURLINGTON

WASSONVLE
YASSONVLE

STEWARTVLE
STEWARTYLE
HOPKINTON

THOPKINTON

EDGEWOOD
HOPKINTON

CORALVILLE
CORALVILLE
CORALVILLE
CORALVILLE
CORALVILLE
CORALVILLE
CORALVILLE
CORALVILLE

GIt CITY
GIL CITY
GIL CITY
G6IL CITY
6IL CITY
GIL CITY
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LRAPH OF PORE INDEX L4-d MINUTE LOAD FRONM DL MIN TO 15 %IN
__IN SEQUENCE BY PORE INDEX WITHIN QUARRY WITHIN COUNTY
WENDELL DUBBERKE 3-515-236-1339 I0WA DOT AMES. IOUA
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LAZNO

céaiz

€6231

Cé2nu?

_ C8hay
8555

Ca3 7y
Ca&773
(8378
Caayg

 CA3BL

CE360
C8371
Cad3s
Ca8aLY

Celdk
Colhkt
C&h5n
ChbS5a
Chatid
Cou?l
€832}
Cdusa

C&7

{3297
(6258
%-ELTS
{g3e?
Ca3dh

(a3ge

8353
Ca55l
{alil
{aibs
{8057
€734
Cagse
€373Y4

T ¢s8kY

C&253
Cak33
Ch2dd
(6575
Cé&24s
Ca0%%%k
{a523

8943

Céhs7?
€827}

GRAPH OF PORE INDEX Lu.3 MINUTE LOAD FROM J3 #IN TO 1S HIM
CIN SEQUENCE 3Y PORE INDEX LITHIN 2UARRY, wITHIN COUNTY. _
WENDELL DUBBERKE 1-515-2%9k-1337 i0MA DOT ANES. IOUA

... lh357 TMONDAY. JANUARY Ly,

1380}

QBLARRY {0 UNIT a0 18 24 el ) W .52 RO RB . 8D SIZE/BLLD/SERV_
HIBNESS 35 6IL CITY  ZexdxfrkRLXTRRXXFXRRIAKR o /2 3
HIGNESS | 35 GIL CITY ek ¥ sddyXRERRERRAERRER LXK - e e e e Xfe. 3
HIBNESS 35 6IL CITY AR AR KT RN KL RRELR X /2 3
MOBERLY _ 40 GIL CITY  =xx e ° e _ . » [ 7 & - -
1O BERLY 40 6IL CITY  xxxxx . /2 3 i
HO3ERLY 85 GIL CITY ERERKKKEE . /2 L2CL3 i
ROSERLY 40 GIL CITY | kawkgxexx . e . S I 7 £~ -1 - - N
MOSERLY 43 6IL CITY ERERXKEEE N /2 3
MOBERLY 43 GIL CITY ARAKEREKEK . /2 3
MOBERLY Y43 GIL CITY | swxef¥rkxxx _.e U 'Y & - E
MOBERLY 43 GIL CITY  #¥zaxksxesss . 2 3 1
HOSE RLY 43 GIL CITY  sxywsxxextx%yx o AV 3 ;
HOSERLY 43 GIL CITY  srzskesEaxkksx o L e " _ MR OMMCXE2 3
MOSERLY @R 40 6IL CLTY RN EEE REAERE AR s /2 %1-13
GAXNER MM 4% OMEN FekkEKXY g o [ T i1 -
GARNER MM 4X OHEN KrkRekEx a e 3
GARNER MM 4k QUEN FREEXTEERKE . B2 -4E 3
GARNER 1M1 M3 CUWER COREERREKRRLEAERX e o e e e o2 b= 3
GAFNER 1 4% OREN EEEERERXRX KK ° /2 k-u4N 32
GARNER 7l 4L QUEN EREFELKERK KR N /e 3
GARNER 4L QWEN _ CORRERREHAREERRERE o e e e B Y - S R
GARNIZR MM ul QBEN PR TI LI I EL TS L 0 . /2 H-?N 3 :
GARNER MIT 4L OWIN KX ERAE AT ERERRERREX . L2 3
GARNER WWR 44X OWEN XS HEX . 172 3
GARNER WVR 41 QUEN RERkFRAEEER . /2 3
GARNER 4L OBEN LOREXIREERERRX o _ B _ . - I ¥ £ 3
GARNER WYR %% Obci ERXARKRERERK ® Y 3 :
GARNER Y1 OWEN KER¥RAFTRL KRR . W2 3 :
GARNER WYR 41 OuWiEN L EEREKEIARKERESRER —® . e e e e I Lsg. .3
ALDEH 8 ud GIL CITY ES 3 . /2 3
ALDEN N Yo oIt CITY | | %kwwxx - o e e . e /2 S I
AL DEN Y2 GIL CITY EEEERE N /2 k-3
ALBEN Y2 GIL €ITY REERK KK . /2 3 ;
ALBEN U2 GTL CITY . »wkwx¥x e SOOI OVUR 7 A -SNS- SNSRI
ALDEN  £AF u¥2 STL CITY ¥¥esx¥ksx . e 3 3
ALDLN 42 GIL CITY EEXRREKERR ° /2 E]
ALDEN (B} 8¢ G6IL CITY __=x¥kxx¥®kkx = o o _— e e e 3 3
ALDEN B2 GIL CITY ek wrxsdqLikx ’ e 172 3 i
ALDEN 42 Gie CITY ERXEEERERR KX . /2 3 :
ALDEN _ 42 XL CITY _ *xxxsxxxssxx _ o S - e e e e e e e BB 30
ALDEN Yg GIL {ITY kxR RHIAER LK K A Y73 3
ALDE N 42 GIL CITY EREREKRATRXAK L . /2 3
ALDEN 48 6IL (ITY __ #s¥xxkRxgxkwkyxk I e e e e e e YA - S
ALDEN He GIL CITY KXRTXERXWEXRKKRE . 1/2 3 :
ALDEN 42 GIL CITY XEEKAACEREKKERE K . a2 3 !
ALDEN 42 G6IL CITY ___*xXexXkgkk¥sdkrs B e e e e e e e e TR T4 - 10 1-d- NIV
ALDEN 42 gIL CITY EREFRERTHERERR LK . /2 3
ALDEN Y3 GIL CITY FERERKBFRERARR KRR » /2 3

i

i

]
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CA3sh
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{8517
£858L7
C8ai3

€538%
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Caues
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Ca3l?

I -FEN

€620b

{8234

{63%b
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CaLss
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€a239

Ceu?s
Col?lk
C4375

S Cenie

€339k
Cea7s
8536

L Lalyn
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CAZLE
Chali
{8821

C8u3E
capcéd
Ca594
CaLe?

2UARRY

LOGAN (L

RK

LOGAN (LK

LOGAN
LOGAN
LOGAN
LOGAN
LOGAN

SARATOGA
SARATOGA
SARATOGA
SARATOOGA
SARATOGA
SARATOGA
SARATOGA

SARATOGA

POTLLER

PALEY
DALEY
DALEY
DALEY
DALEY

SOUHRADA

SOUHRADA
SOUHRADA

KAMBEN
KANIPEN
KANPEN

HODGES
DAKOTA
HORGLS

SOUHRADA .

)
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LE
§3
83
13
43
43
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45

45
45
45
45
45
45

45
45

. 3t

45
45

yg

LH]
45
LE]

4k

Yk
L%
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Y

ik

HODGES E

ANDREW
ANDREY

PREIT 0N
PRESTON
PRESTON

CONKLIN
CONKLIN
CONKLIN
CORKLIN

Yk

49
g

Ly

49
49

52

52
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GRAPH OF PORE INDEX 1Y4.0 MINUTE LOAD FROM 0% MIN TO 15 MIN
IN SEGUENCE BY PORE INDEX WITHIN sUARRY WITHIN COUNTY

. ‘ :
o AbshE? RONDAY. JANUARY -%4s 19860

WEMDELL DUBBERKE 1-5L5-29b-2337 I0HA DOT ARESs IDUWA

50 .60 . ______ 8B __ __ SIZE/BED/SERV

UNIT oe X én ) 33 40 ORI - B -
i
BETH FALLS ¥ ke FrifSriX¥xXRLxyxy¥ o e L R 7 & - L__";j
BETH FALLS ¥k ¥ kB X YA RR KR E R EE AR AR X,y /2 bA
BETH FALLS »radrx e ¥R ety safuk e adxxxy 372 1
BETH FALLS oy ar et ef ek oau ke XXX L KK L e e R
BETH FALLY #¥ s s Re Xk b kR AKX RS ARLRFRKER 172 1 L
BETH FALLS #3a¥ssaxdsdaX a0 kkex Xk 8 ey ¥¥¥ /2 1 :
BETH FALLT ooyt s AR RN R R A RER B G R XA Y e /e e
HOPKINTON szxrxzyixix s /2 419 3
HOPKINTON  #¥xgswxeskkx o e /e a3z .3 | __
IoLoN ETRREEHREARABEL R - Ls2 3-3 3 H
HOPKINTON  SevkxxeXe3xxyes . /2 833 3 ;
AOPKINTON  sexdrxdxxyxifykss o . e o ) I ¥ 4= 1A SR S|
SOLON EXERRERETERKLR AR . /2 1-3 3
SOLoN HREXRARBRE G RRHERK . /72 -3 3
SOLON EERBBRELRERRLRRRERY e s . _W/RV-3 3
HOPEINTON s3exfxwexyk - 2/ 3
{
P b e miwsee e e . —— - e rtir e s+ e et e v e e 5 n mmn mmmeammrm s rmn s e ame s mam e o @ o e e s immmman % < immen smm - ek
HOPKINTON seadsvax o L/ 3
HOPKINTON exxnx%iy. o /2 3
HOPKINTON sxzx®asxssxxs e . e . S 7 - -
HOPKINTON #esdvtzeersxsss . /e 3 :
HOPKINTON ¥ wxax¥dsrakssiiiins a /e 3 ’
SOLON  szxxesszxsg . T T T T T T 178 -
SOLON EEEFFHEEFFXRLRKK . /2 3
SOLON | s EIRYSEIRENXRRIAKE ) I e /e 3
SOLON FEFIXRERRERNRR RS TR L R a 172 3
GIL CITY _sssservmasx_ S ¥ 7- S N
I CITY EFEXAXUKDEK . 172 3
GIL CITY EFXXFRHRERERL . 173 3
GIL CITY  SHtSris¥r&XtyRrdExsXxfx¥s e e T ) ae e
GIL CITY EEREE TR AR AR KRR EER AR LY KE LR . /2 E
GIL CITY sk sk vsdnRfobimkgkrakkxnkksyh®se BB LI%s
GIL CITY AEER AL R TN ER AR R BRSNS ERBRK KRR ENAERK W2 nwd-1s 3
HOPKINTON  s&wexxxysxxx ——— e IO [, Y- R
HOPKINTON Sasewgessgx . 1/2 3 ;
e i i
HOPKINTON Sfssyxgx®r&kys®sx o e e e /2 _7?-%0_3 G
HOPKINTON @ S¥ 2 ss¥ReXXsyxxXxtersn - 1/2
HOPKINTON SErsssxardXRisXgdenaiiexsiy 1L/2 3
CORALVILLE wxwxxxixexsxsxx ooy e o R V7 T
CORALVILLE SexsradRaLsixesy o 32 3 !
CORALVILLE ®®:xkxaxrxskdx¥dx s e e e e e et e e NDUUUNE 7 7 -SN- DR
CORALVILLE ToasssfusXsRaKEx - 172 3

s e o e e 1 24+ i o wh) e o s i re L % wm % e tes e s mmnian s mamst s 8s b Lk el ke sk ey
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C&L3Y
C&354

S CALOL

833k
Calcéd

C CAaS?

C&L2s
C&742

. €45a3

5723
Cavua

C87h7?

{8337
CH0TO%

CaasEq

. £9353

C&LL3
Ca4L3

. Cabkd
€913e

.. C&dal

Caca?
<4350

L8427

(8750

. €357

Cacin
Caedh

. €&2l5

Cablbe
C&?57
C673%
€539
Caabb
(&3l

Caaa?

Ca0bY
C&39e
caggd
Cdb20
CH?L3
C8810

€&93%

HUARRY

KLEIN
KLEIN
KLEIN
ELEIN
KLEIN
KLEIN

FARMERS
FARNERS

gatioy

FALLOY
BALL QU

STONE (I
STONE (I
STONE (T

OLLIE
OLLIE
OLLIE
SLLIE
OLLIE
OLLIE C

30WSER
3QUSER
BOWSER
30WSER

CDR RPD
ChR RPD
CPR RaAP
CPR RPR
CIR RAP
CDPR RPD
CPR RPD
CPR RPD
(PR RPD
CBR Rap
2R RPD

LISSON

oL 9T
oL J4CT
CoL 4T
oL J{7
CoL 4CT
CoLUBUS

EARLY CHAP b3

GRAPH OF PORE INBEX lY.d MEMUTE LOAD FROM OL NMIN TO 15 NIN ) & %
. _ IN SEQUENCE BY PORE INDEX UITHIN QUARRY WITHIN COUNTY. . _ Lt3S87 AONDAYs JAMUARY 14- 3340, |
GBENGELL DUBBERKE 1-51h5-296-3337 I08A DOT AMES. IOHA v
Qo unNiIT 084 {,BD oL.en £ BRI 1 SOOI - | M_""___?3""_n_h“,ﬁﬂn,,n-;~*WSIZElBEBISERV_MAﬁ
53 CORALVILLE % ovxkxxxeai®x N ‘L2 3 %
.52 CORALVILLE sxxk%kgsxRk¥x - e e e o e h#R 3
S2 CORALVILLE 28z xRRkEXRXEKLRREL o /2 3
57 CORALVILLE XEX etk xeXEx XX ERREX . 173 3
_ 52 CORALVILLE SXX¥sfkx¥XXk¥AARKKRRERRRRKAXKRERRLR e W23 -
S CORALVILLE xxxxxxxtxxzxxxtxxtxxatxxxz*x#txxxxa*##xxx*xxx*xxtxssxxzxxxxxzsxxx*xxxtxxxxsssxzss:attzta*}/a 3 :
¥
B3 GOHER SRR RER KR e LB 3 ?
53 GOWLR EXKEREMEREEKKELES . e 3
. 83 6O0WER _ RERRERKXFEXEX g e ) . o I hree 3
53 GOUWELR EEXXERAEEERKKRLE . - 173 3 -
53 GOWER EEFEXEFERERLXERFRR . /2 3 i
- e e e e e e e e e e e i e
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