APPENDIX A

FIELD DOCUMENTATION PORMS

Field Sample Log Book Format

Daily Time Log

Field Meter Instrument Calibration Log
Boring Log

Observation Well Installation Diagram
Piezometer Installation Diagram

Well Development Form

Water Elevation Form

Infield Permeability Test Form

Well Purging and Sample Collection



Field Sample Logbook Format

(Bound notebook, with sequential pages)

ITR No.

OTR No.

ample
Numger

Site

Specific
Sample
Number

Collection

Date
Time
Who

RAS
Shipment Info

Date
Sent | Lab | Airbill #

Extractables
PCB/Pest.
Inorgani

SAS Residential
Well Organics
SAS TP, COD
TSS, TDS

SAS Residential
Well Inorganics

Yolatiles

Comments

Recorded by

QC’d by




DONOHUE & ASSOCIATES, INC.
CONSULTING ENGINEERS
SHEBOYGAN, WISCONSIN

Weather: A.M.

CLIENT DATE
PROJECT _ BY
PROJECT NO. PAGE NO.

P.M.

Temp. Range Bi

Low

Equipment Used

Frost Depth

Contractor's Personnel

Hrs

Donohue Observer(s)

Time Log indicating work in progress, remarks

7:00 - 7:30
7:30 - 8:00
8:00 - 8:30
8:30 - 9:00
9:00 - 9:30
9:30 - 10:00
10:00 - 10:30
10:30 - 11:00
11:00 - 11:30
11:30 - 12:00
12:00 - 12:30
12:30 - 1:00
1:00 - 1:30
1:30 - 2:00
2:00 - 2:30
2:30 - 3:00
3:00 - 3:30
3:30 - 4:00
4:00 - 4:30
4:30 - 5:00
$:00 - 5:30
$:30 - 6:00
6:00 - 6:30

Items requiring follow-up:

cC:

Visitors

Representing




FIELD METER

INSTRUMENT CALIBRATION LOG:

pH METER
4.0 BUFFER 7.0 BUFFER 10.0 BUFFER
Date True Meter True Meter True Meter CAL
Calibrated | Value Reading Value Rndin)gr Value Reﬂg Adjustments By
COMMENTS:
oH Meter: MFG Model EPAID #
Buffers: 4 Source Date Opened
7 Source Date Opened
10 Source Date Opened




FIELD METER
INSTRUMENT CALIBRATION LOG:

TEMPERATURE, CONDUCTIVITY,
DISSOLVED OXYGEN

THERMOMETER CONDUCTIVITY D.O. METER
Calc. Read
NBS Field Correction True Meter Air D.O. D.O.
Date Reference | Thermometer] Factor CAL Value | Readings| CAL | Temp.| Air Air CAL
Calibrated] °C °C °c By umhos | umhos | By °Cc | (mgl) | (mg/L) | By
COMMENTS:
‘hermometer # EPAID #
Conductivity Meter: MFG Model EPAID #
Conductivity Standard: MFG Opened Date:
D.O. Meter: MFG Model EPAID #




Sheet __ of

Donohue BORING LOG SOIL BORING NO.

SITE: PROUECT NO.
Engneers & Architects —_—
COPUER AIND DESIOR THS
r————————————I——————— ]
DRILLING METHOD: WATER LEVEL READINGS GROUND SURFACE ELEV.
FOREMAN: DATE TIME 0EPTH PHYSICAL SETTING: ———
ASSISTANT; [ Y1 % DATE STARTy
GEOL./ENG'R, aLR DATE COMPLETE:
MRS, A.D.
LOG BY: RS, AD.
EPTH TO I SAMPL INC DATA
oweces |5 & POETRATION | USCS SOIL DESCRIPTION COMMENTS
mosTRATA | B E M T AR T

e

FTrryrrrT T e YTy

| J

S .

i Y

e e e e e e

SREE
|
L

Frrrrrrry vy rrrryryrrvr ryrrrrTrryrvy vy v r v
. |

- +-4—4-4t-+—1+1-F-1-+-1-t+14-t-1--

BEEEEREEEREEEERERREREESEEREEREEEEERRRERRERRERERRERRR




SHEET er OF e

DRILLING DATA SOIL BORING NUMBER

Nonohue

S N N )

ADDITIONAL DRILLING DATA DRILLING INFORMATION

sp‘l‘ Tube siZQ lD OD ; ::.:-:1.:.:::'?::':.::0.(::.'.-“' shetpy . s0re] BOpThi. emule (ntervel langth of
Hammer Wt. b in drop 3 e T erountred waws and a4y smar autact mate preguiiet tan
Thm Wlll Tube Sile__OD : ::: ::‘0:::’:;‘7’::?’”:!:‘::::".' :n::'l:‘: l:'n'lt.' l:.l:l'v'll“::.:ll.l:ln tvgal
Gasing Lised LF—Dis R e p e e
Casing Hammer__1b_____in drop . mmEmnoTUoII
Dfl“ Rod Size ] Report panersl Graiing CONGIIBNG. {TOMPITANFE TOMIRG. o%
Drilt Bit Type (a) {b) Sod/Mees Donrpton Moy irements
Drill Bit Size {a) (b) ! :“ ey
Auger TYDC_—OD : ::2.7:.\.'“ 0econsary companents "% NG st Jroves. LOBBISY
Hollow Stem Auger____ID $ Sue moine
Core Barrel Size 1D Length 1 Comistoncy ieonsumel o Senuty inenconeume!
Core Bit Serial U uiver/meany
COI’! Bit sﬁl’ill (R DS OMLIBAS SAVNOAMOAY
D"" MUd TVDC ! :“. Clesntsrron
Drill Mud Formuia e e e
Depth Drill Mud Used T Gereeru
Back Filled Date : g::"::‘ﬂ comontanen
Method by D Dot mesmeny
Dfi" Rig Mfg. Mod. '. :,’::‘.:’-’:.:‘::m:uun Ar@rouiic CONGuC Ity 1O1IBAME
e Euip e L R T A
Other Equip. recovery '
Texture Abbreviation ize Abbreviation Soil Particle Size
Boulder 8o Over 3.0”
Large L 1.0"t0 3.0"
Gravel Gr Medium M .38 to .99”
Small Sm 2.0mm to .38
Course Co .75mm to 1.99mm
Sand S Medium M .25mm to .74mm
Fine F .05mm to .24mm
Silt Si .002mm to .049mm
Clay C Smaller than .022mm
Consistency Abbreviation N Density Abbreviation N
Very Soft Vs 0-2 Very Loose VL 04
Soft s 34 Loose L 59
Medium M 5-8 Medium Dense MD 10-29
Stiff St 9-16 Dense D 30-49
Very Stiff VST 17.30 Very Dense vD 50+
Hard H Over 30
% of Dry Weight Term Abbreviation
0-10 Trace or Occassional TR or OC
11-20 Litde Ll
21.35 Some SO
36-50 And or With &orWw/

CONDITIONS FOR USE OF SOIL BORING LOG

This field soil boring log records the soil descriptions and other data observed or measured in the field by qualified soil technicians. The soils
between the sampies may have been determined by the “feel” of the drill bit or wash cuttings. The changes between the soil strata may be
transitional rather than abrupt, particularly with respect to color, weathering, and consistency changes. The amount of large sized gravel or
boulders is generally estimated because the sampiing tubes seidom retain these larger sized 30il particles. Delayed readings of ground water

levels mav not be entered on this field log.



Donohue

OBSERVATION WELL INSTALLATION DIAGRAM Weil No.
Site: Date:
By: Project No.

e

1T

>

—

Protective Caingj

N0000000000

Notes: Water Source

Type Vented Type
Diameter Locked o
Length Keoy®=

Plug

Type

Vented

Concrete ColllrJ

Quant. Cement Ibs. + Quant. Water____ gal.
Total Quant. gal.

Manufacturer

Sesl

Powder/Granular/Pellets Quant. gal.
Manufacturer

Hydrated__________gal, Time

Pipe

Type

0.0. - Manufacturer.

1.D ” Schedule

Length/persec.__ __ _ No. of sec.
Joimts

Threaded Flush Joint
Teflon Taped Yes/No
Tape
Manufacturer,

Bacicfill

Typels)
Source
Volume

5]

Type Slot Size
0D e No. Slors/fr.
i.0. d Schedule
Manufacturer
Langth/per sec. No.ofsec. _____
Cap
Type
| Material




Donohue

Site:
By:

PIEZOMETER INSTALLATION DIAGRAM

Date:

Project No.
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Notes: Water_ Sowcg

Type
Diameter
unom

No.
Type

Vented
Locked
Key ™

Tvoo

Vented

Manufacturer

Cement
Total Quantity

Manufacturer

ibs. + Water gal.

gal.

Powder/Granular /Peilers Quant

Hydrated

ype
o.D.

gal., Time

** Schedule

1.D.

*“Manufacturer,

Length per sec.
Cament -

No. of sec.

Bentonite Grout

. Mix

Cament
Water

Total Quantity gals.

Manufacturers

Cement
Ibs. + Bentonite
gals.

Bentonite
Ibs. +

Threaded Fiush

Tefton Taced Y=as/No

Manufscturer

[ Seal |

Powder/Pellets Quant,

Hydrated

[ Screen |
ype
0.0.
1.D.

— RIS
gal., Time

Slot Size
No. Sou/ft.
d Scheduie

Length per sec.
Manufacturer

No. of sec.

Beckfil

Type

Sourcse

Volume

gal.

[Cao|

Type

Volumes

Material
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Donohue Well Dowlo?mont
Engineers & Architects  Project No. Site
: — —
Method of Development Pumped ; Bailed Blown Surge Block
Equipment Aidift N2 Lift in.Bailer ______Length________ Ft. Material
Pump _____ Manufacturer Diameter
Description of site (westher, temp, soil conditions)
Weil Time a::' o g;:::'? :;E;;d 2::’:‘ pH | Cond.|Color Sd/: Temp. | Turdidity Comment

|

\

Additionsa! Notes:

Entered on computer Signature Dats




DONOHUE

WATER ELEVATION

ENTERED ON COMPUTER __ SIGNATURE

PROJECT NO SITE
WELL ELEVOA‘TION DFI'OTH WATER D%TH WELL INTEGRITY COMMENTS
INumser tOP OF PIPE| WATER| ELEVATION [8OTTOM| 0 [camm jomom |ommuc
-
—cSCRPTION OF SITE
SO CONDITIONS
WEATHER TEMPERATURE

DATE




Sheet of
Donohue INFIELD PERMEABILITY TEST
Project No Site
Client Well Screened In Diameter of Pipe {ft.)
(formation) (2r)
Well Drilled By Static Water Level Screen Length (ft.)
(SWL)

Date Test Performed

Diameter of Hole (ft.) “L" Length (ft.)

Top of Pipe Elevation

(2R)
Depth to Top of Screen

{note below)
Vol. Removed

Estimated m= KH/KV

-t 20

DEPTH TO WATER
(FT)
AFTER BAILING

Dy

Time D, SWL=H,
{min.;

READING s

Hy / Mg

10

.
G
{({ 3

-

[
PRAT N

:STAT!C

4

R

RFA

| WATER LEVEL

M, att,

|

.
~

743

N

ti

12
13
té
15
18
17
t8
t9

7

at t,

110
it

ettt etahat
A
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L

4
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SILCA SAND
l WELL SCREEN

Hvorsiev Equation for Piezometer in Anisotropk Soil

)

e ? mL

X,

"

2L (1, -t )

= K¢ omsec

Notes:

H,

H,

tie
113

14
tis

tie

(R4

tis

> 1.508:

120
t 2l
t 22
t23

t 24

Date

Test Performed By
Calculations By.

Date

Checked By

Date




DonOhue Well Purging and Sample Collection

Engineers & Architects

Project No. Site
Method of Purging Pumped Bailed
Equipment Airlift N2 Litee—___In. Bailer Length Ft. Material
Pump_—______Manufacturer —Diameter Description of site
(wegther, smp. 508, conditiona)
el No, Volume | Volume idi
Depth 10 | Depth to Depth Turbidity
Tume| Water | Bottom [CHGISIeI| ROENSd | Ateer pH | Cond.  JTempl Ty;y " | Comments
_ _
Notes
Signature Date

7M. [86
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APPENDIX B

SCHEMATICS

Piezometer Construction
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APPENDIX C
FIELD METER CALIBRATIOR PROCEDURES
Thermometer
pE Meter
Conductivity Meter

FILTRATION UNIT OPERATION



THERMOMETER

Measurement Techniques for Water Temperature

Temperature measurements should be taken in-situ, or as quickly
as possible in the field. Collected water samples may rapidly
equilibrate with the temperature of their surroundings.

If a thermometer is used on a collected water sample:

1. Rinse the thermometer with a portion of the collected
sample.

2. Immerse the thermometer in the sample until temperature
equilibrium is obtained (1-3 minutes). To avoid the
possibility of contamination, the thermometer should not
be inserted into samples which will undergo subsequent
chemical analysis.

3. Record values on field forms.

If a temperature meter or probe is to be used, the instrument
should be calibrated according to the manufacturer's recommen-
dations and a National Bureau of Standards (NBS) certified ther-
mometer or one that is traceable to NBS certification before
field use. Cross-checks and duplicate field analyses should
agree within +0.5 degrees C. A cross-check with a calibrated NBS
certified thermometer shall be made at least semi-annually and
within one week before use in the field.

Thermometers should also be checked against the NBS reference
thermometer. Results of all calibration should be reccrded on
the Field Meter Log Sheet.

Source: Ebasco Rem III Program Guidelines No. FT-7.10.

ARCS/RP/AK1



SPECIFIC CONDUCTANCE

It is important to obtain a specific conductance measurement soon
after taking a sample, since temperature changes, precipitation
reactions, and absorption of carbon dioxide from the air all
affect the specific conductance.

Measurement Techniques for Specific Conductance

The steps involved in taking specific conductance measurements
are listed below:

1. Check batteries and calibrate instrument before going
into the field. Potassium chloride standard solutions
with a specific conductance closest to the values
expected in the field should be used. The table below
may be used for guidance:

SPECIFIC CONDUCTANCE OF KC1l SOLUTIONS AT 25 DEGREES CENTIGRADE

Concentration Specific Conductance
mol/L mg/L umhos/cm
0.0001 7.456 14.94
0.0005 37.28 73.90
0.001 74.56 147.0
0.005 372.8 717.8
0.00702 523.4 1000
0.01 745.6 1413
0.02 1591.2 2767
NOTE: This table has been modified from Standard Methods for

the Examination of Water and Wastewater (1980).

2. Record the true and actual meter readings on the Field
Meter Calibration Form.

3. Rinse the cell with one or more portions of the sample
to be tested.

4. Immerse the electrode in the sample and measure the
conductivity.

5. Read and record the results in a field log book. Adjust
the temperature setting to the sample temperature.

6. Repeat the procedure with fresh sample until repro-
ducible (+/-10%) results are obtained.



If the specific conductance measurements become erratic, or
inspection shows that any platinum black has flaked off the elec-
trode, replatinization of the electrode is necessary. See the
manufacturer's instructions for details.

Source: Ebasco Rem III Program Guidelines No. FT-7.10.

ARCS/RP/AK1



pH METER

Two field methods are available for pH measurement: the pH meter
and pH indicator paper. Indicator paper is used only when a
rough estimate of the pH is required, for example to check proper
acid/base preservation of samples. The pH meter is used when a
more accurate measurement is needed. The response of a pH meter
can be affected by high levels of colloidal or suspended solids,
but the effect is usually small and generally of little signifi-
cance. Consequently, specific methods to overcome this interfer-
ence are not described. The response of pH paper is unaffected
by solution interferences from color, turbidity, colloidal or
suspended materials unless extremely high levels capable of coat-
ing or masking the paper are encountered. In such cases, use of
a pH meter is recommended.

Equipment

The following equipment is needed for taking pH measurements:
1, Orion portable pH meter, or equivalent.

2. Combination electrode with polymer body to fit the above
meter (alternately a pH electrode and a reference
electrode can be used if the pH meter is equipped with
suitable electrode inputs).

3. pPH indicator paper, such as Hydrion or Alkacid, to cover
the pH range 2 through 12.

4. Buffer solutions of pH 4,7 and 10, or other buffers
which bracket the expected pHE range.

Because of the diversity of pH meters currently available on the
market, the investigator has the option of selecting the urit
that best meets his investigative needs and field limitaticns.
Digital meters are preferred, as opposed to deflection meter
outputs, because of the relative ease in reading response for
in-situ measurements.

Measurement Technigues for Field Determination of pE

1. pH Meter

The following procedure is used for measuring pH with a
pH meter:

a. The instrument and batteries should be checked and
calibrated in the laboratory prior to initiatior of
the field effort.



f‘

The accuracy of the buffer solutions used for field
and laboratory calibration should be checked.
Buffer solutions need to be changed due to degrada-
tion upon exposure to the atmosphere. (The date of
preparation of each buffer should be included on
the bottle label.) Record source of buffer and
date opened on Field Meter Log Sheet.

Immerse the tip of the electrodes in water over-
night. 1If this is not possible due to field con-
ditions, immerse the electrode tip in water for at
least an hour before use. The electrode tip may be
immersed in a rubber or plastic sack containing
buffer solution for field transport or storage.
This is not applicable for all electrodes as some
must be stored dry.

Make sure all electrolyte solutions within the
electrode(s) are at their proper levels and that no
air bubbles are present within the electrode(s).

Immerse the electrode(s) in a pH-7 buffer solution.

Adjust the temperature compensator to the proper
temperature (on modes with automatic temperature
adjustment, immerse the temperature probe into the
buffer solution). Alternately, the buffer solution
may be immersed in the sample and allowed to reach
temperature equilibrium before equipment calibra-
tion. It is best to maintain buffer solution at or
near expected sample temperature before calibra-
tion.

Adjust the pH meter to read 7.0.

Remove the electrodes(s) from the buffer and rinse
well with demineralized water. Immerse the elec-
trode(s) in pH-4 or 10 buffer solution (depending
on the expected pH of the sample) and adjust the
slope control to read the appropriate pH. At least
three successive readings during calibration, one
minute apart, should be within +0.1 pH unit. For
best results, the standardization and slope adjust-
ments should be repeated at least once daily before
use.

Immerse the electrode(s) in the unknown solution,
slowly stirring the probe until the pH stabilizes.
Stabilization may take several seconds to minutes.
If the pB continues to drift, the sample tempera-
ture may not be stable, a chemical reaction (e.g.,
degassing) may be taking place in the sample, or



1.

the meter or electrode may be malfunctioning. This
must be clearly noted in the log book.

Read and record the pE of the solution, after
adjusting the temperature compensator to the sample
temperature. pH should be recorded to the nearest
0.1 pB unit on the Field Meter Calibration Log.

Rinse the electrode(s) with demineralized water.

Keep the electrode(s) immersed in water when not in
use.

The sample used for pH measurement should never be saved for
subsequent conductivity or chemical analysis. All pH electrodes
leak small quantities of electrolytes (e.g., sodium or potassium
chloride) into the solution. Precipitation of saturated electro-
lyte solution, especially at colder temperatures, or in cold
water, may result in slow electrode response. Any visual obser-
vation of conditions which may interfere with pE measurement,
such as oily materials, or turbidity, should be noted on the
Field Meter Calibration Log.

Source: Ebasco Rem III Program Guidelines No. FT-7.10.

ARCS/RP/AK1



FILTRATION UNIT

Samples collected for dissolved metals analysis will be filtered
in the field immediately after collecting the sample. The fil-
tering process is designed to remove suspended sediment from the

sample.

Such suspended material can react with the sample and

may change the concentration of certain dissolved constituents.
Following the filtering process, samples will be preserved using
appropriate chemical preservatives.

Field filtering procedures are as follows:

l.

2.

The filtering apparatus will be set up according to the
manufacturers directions.

A 0.45 micron membrane filter will be used. If the
sample is highly turbid, a pre-filter may be needed to
prevent clogging.

A minimum of 500 ml of reagent grade water will be
flushed through the filtering apparatus prior to filter-
ing the sample in order to reduce the risk of altering
the composition of the sample by the filtering opera-
tion.

The sample will be pumped through the filter and the
first 100-200 ml discarded.

The remaining volume of sample will be collected in the
RAS metal sample containers.

The filter membrane (and the pre-filter is used) will be
removed after the sample is collected and discarded.

The filtering apparatus and tubing will be flushed with
500 ml reagent grade water.

The filter apparatus will then be reassembled for the
next sample,.

The sample label, traffic reports, and chain-of-custody
forms will indicate that the sample was field filtered.

ARCS/RP/AK1



APPENDIX D

PROJECT SCHEDULE



TIvITY I DM' Ip!l! %_F 'f'l.? §ﬂ¥ th mm = i:v wt [ [ m [ra]m][m™ =

1 PROJECT INITIATION ¢ 0 19AY8q 24MATBY [ |

3 [PA PROJECT KICKOFF MEETING 1 0 25MYPa  25Mr8q || |

5 BACKGROUND DATA REVIEW 120 26MAYB9  1UNBY |3 ,

7 TECHNICAL SCOPING MEETING 1 11 26MAY8e  264AY89 [

q  DEVELOP PROJECT APPROACH + 0 14JUNBQ  19JINE] ] i

11 PREPARE CDST & SCHEDULE ESTIMATES 6 0 20JUNBY  27JNBS [

13 PREP DRAFT WORKPLANS -SAP-QAPP-NSP-DWP 6 0 20JUNBG 27JINBQ o

15 PRE-QAPP MEETING 1 S 20JUNBA  20JUN8Q 1

17 DONOHVE QC REVIEW 6 0 20JUNBY  6JULB] o

19 PRINTING & REPORT ASSEMBLY 4 0 789 12Ju89 1
21 SUBNIT DRAFT WORK PLANS 10 EPA 2 0 120189 14JULe] 1
21 EPA REVIEW & COMMENT 40 0 10UL8Y  115EP8] —
27 NORK PLAN REVISIONS q 28 125(PBQ 2250PHQ o}
29 C0ST L SCHEDULE REVISIONS 9 28 125(PB9  225EPB o

43 PREPARE SUBCONTRACT SOW ¢ SPECIFICATIONS - W 14 0 125(P8  295EP8Q =)

35  DONDHUE OC REVIEW/WBRK PLANS 3 28 255(P8a  275EP8q 4

37 PRINTING € FINAL HORK PLAN ASSEMBLY 1 20 255(P8Q 2SSEPBY |§

3 SUBNIT 10 EPR 1 28 265[P89  265EPB9 H

3 MEETING VITH WPCA ¢ SITE RECONNATSSANCE 1 0 275(PBA  275EPEQ i

41 EPA REVIEW L APPROVAL 8 28 275tPBa  6OCTE .

33 SITE STATUS SUMMARY MEMD/FINALIZE WELL LOCATIONS 3 326 20CT89  40CT89 !

45 [INTERNAL QC REVIEW 3 0 200789 40CTeq !

47  REVISE BID DOCUMENTS 2 0 50CTeq  60CTeq 1

44 PRE-BID CONFERENCE 1 0 (789  QCTEQ '

S1 CONDUCT BIDDING 14 0 100CTB9  270CT89 =

S EPA REVIEW € APPROVAL 6 0 J00CTRQ  ENOVEQ )]

SS  ARRANGE FOR CQUIPMENT 2 3 300189 310CTEQ

57 BID ANALYSIS t NEGOTIATIONS 37 3 INOVBA  NOVEQ ]

59 PREPARE FIELD NOTEBOOK 33 INOVBA  NOVE9 ]

61  CONTACT LANDOWNERS/ACCESS COORDINATION 3 3 INOVBQ  INDVEq ]
63  SUBCONTRACTOR COORDINATION ¢ 3 6NOVBQA  NOVEq 0
60  AWARD CONTRACT 2 0 TNOVE  ONOVER '
56 MOBILIZATION - MONITORING WELLS S 0 INOVBY 1SNDVBY (]
6¢  CLP LA COORDINATION 1 3 10NOVBQ  1(ONOVSQ )
65 M FACILITIES SEV UP 2 0 16NOVBA 17NOVEQ b 3 |
67  INSTALL WT WELLS 3 0 20NOVBQ 22NOVE9 ]
79 CONDUCT FIELD AUDITS 8 204 20NOV8Q  1DECS q
71 INSTALL PIEZOMETERS 6 0 2INOVBA  30NOVSQ o
75  WELL ABANDONMENT t 0 10£CBA  &DECEA ]
81 REPAIR NELLS t 0 7ECBY  12DECEY ]
82 SURYEY NEW WELL LOCATIONS 2 0 1DECBY 14DECSQ ]

L= iy ovion o DONOHUE & ASSOCIATES - 20022 Swet 1ot 3
) " WA 13-SN45 SOUTH ANDOVER
st St + 100 PROPOSED PROJECT SCHEDULE bote bete 1o
Pricawrs Jystess, Inc. rue-ne Prodect Finish: 17009 Plot Date: 26%P8Y
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85 SUBCONTRACTOR COORDINATION 2 277 1WECBR  14DECB] | i
89 ARRANGE FOR EQUIPMENT € ACCESS 9 0 10ECEY  19DECE] [ ] i
kil CONDUCT SLUG TESTS 4 0 200ECB9  26DECES [ ]
Q3 SLUG TEST ANALYSIS 4 51 27ECBA 2JANY0 [5
q7 PRE-FIELD COORD INATION - GW 3 0 2WECHY  2DECH ‘.
9 ARRANGE FOR EQUIPMENT - GW 3 0 27ECBY  29DECH !
101 SITE ACCESS COORDINATION - GW 2 { 27EC89  26DECSQ
103 ACCESS COORDINATION - PRIVATE WELLS - GH 2 1 2MECBA  26DECA J.
105 PURGE/SAMPLE MONITOR WELLS b 0 2JANSO QAN . |
% FIELD TECH MEMD - SLUG TESTS 4 51 3N 8JAND
119 SITE GEBLOGY ¢ GEOTECH RESULTS 12 51 9JANG)  24JAN%D O
121 SLUG TEST ¢ NYDRO EVALUATION 12 250 9JANGD  24JAN90 ()
107 PURGE/SAMPLE PRIVATE WELLS 1 0 10JANSO  1OUANSD )
109 COLLECT WATER LEVEL INFORMATION 1 0 11JANS0  11JANY0 )
M PACKAGE/ HIPPING - 6W SAMPLES 2 0 12JANGO  15)AN90 L
112 CLP LAB COORDINATION 1 0 12JANG0  12JAN90 |
113 FIELD TECH MEMDS - GW SAMPLING k] 0 12JANS0  16JANYD |
1S OBTAIN GROUNDWATER ANALYTICAL RESULTS 0 0 17JANS0  27FEBYW
125 GEOLOGY TECH MEMO 8 51 26N  SFEBYO
127 HYDRO TECH MEMD 8 51 25JAN%0 SFEBY0
116 DATA YALIDATION 14 0 20FEBYW  1MARW - ]
123 INPUT ANALYTIOAL 0ATA 8 0 20MAR90 2R o
129 GROUNDWATER DATA EVALUATION 10 0 30MARA0  12nPRY0O =]
1N CHENISTRY TECH MEMD k) 0 13APRR0 1 7APRQ0O 1
133 DETERNINE MONITORING NEEDS 2 0 18APRA0  19HPRY0O I
135 PRELIM ASSESSMENT TECH MEMD 5 0 20APRA0  26APRIO l‘
137 EPn REVIEW MEETING 3 0 27APRY0 1MAYY0 I'
139 AGENCY EVALUATION AND DETERMINATION 15 0 2MAY30 22MAYA0 [ = |
141 DETERMINE DISCHARGE AREAS 1 46 2MAYS0 2MAYW |
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April 9, 1990

U.S. Environmental Protection Agency
Region V

Office of Superfund (5HS-11)

230 South Dearborn Street

Chicago, IL 60604

Attn: Mr. Bruce Sypniewski
Remedial Project Manager

Re: EPA Region V ARCS Contract No. 68-W8-0093
EPA Work Assignment No. 13-5N45
Donohue Project No. 20022

Vi vest

Submiccal of Work Plan Addenda

Dear Mr. Sypniewski:

Enclosed with this correspondence are addenda to approved Work
Plan documents prepared for the South Andover Design Investiga-
tion (DI). The enclosed revisions to the Final Site Investiga-
tion Plan (SIP) and Final Quality Assurance Project Plan (QAPP)
are necessary to accommodate changes in our approved scope of
work as discussed in the Work Plan Modification Request No. 1.
As you are aware, the additional scope of services to be com-
pleted by Donochue for this project includes, among other tasks,
the chemical analysis of soil samples to address the possibility
of whether soil contamination occurs at select localities across
the site.

Please note, the format of the enclosed Work Plan Addendum No. 1
allows for the revisions to be included as an appendix to the
approved Work Plan. A revised Table of Contents and List of
Appendices is included.

During an earlier telephone conversation, you expressed concern
about obtaining timely approval from the EPA Quality Assurance
Section (QAS) for the South Andover DI QAPP addendum. However,
we believe that since this addendum involves only the addition of
18 soil samples for routine CLP organic and inorganic analysis,
the time required for EPA QAS review and approval will be mini-
mal, provided the entire approved DI QAPP is not re-reviewed.

As an alternative to expedite the QAPP addendum review process,
you suggested the possibility of including the enclosed QAPP
revisions within the QAPP currently being prepared for the South
Andover Second Operable Unit RI/FS. However, while both projects

W 4738 North dtith Street
PQ Bax 1067
Shebovwan. Wisconsin 53(42-1067
J14.435.58711
Telerar 414 4340537
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are occurring at the same site, such action appears inappropriate
since each is a different work assignment with different goals
and objectives.

We do not believe the time required for EPA approval of the DI
QAPP addendun is critical for maintaining the project schedule.
Rather, the schedule for this project is dependent upon the com-
pletion of other activities, including receiving indemnification
pass-down and consent approval from EPA for the drilling subcon-
tract. In addition, Donohue is currently evaluating with you the
possibility of adjusting schedules to provide for concurrent
implementation of the field programs for both work assignments.
Such an effort is anticipated to increase overall program coor-
dination and reduce total expenditures.

Finally, should you determine that acceleration of the current DI
program schedule is needed, you may wish to request the EPA QAS
to perform a priority review of the DI QAPP addendum.

Should you have any questions concerning this correspondence,
please feel free to contact me at (414) 458-8711.

Very truly yours,
DONOHUE & ASSOCIATES, INC.

ot S

DaVvid S. Voight
Site Manager

Varun Q. Cuehtl

Marcia A. Kuehl
Site QC Officer

DSV/MAK : cm]
enc: As Noted
cc: Donohue

Roman Gau (1 copy)
Jim Garvin (without enclosures)

ERA

Marshall D. McReynolds (1 copy) (5MSC-TUB4)
Patricia Vogtman (2 copies) (5HR-11)

PMO Files (2 coples)
ARCS/0/L/DS7
Mr. Bruce Sypniewski

April 9, 1990
Page 2
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EPA Contract No.: 68-W8-0093
Work Assignment No.: 13-5N45
Donohue Project No.: 20022

%% ADDENDUM W

SITE INVESTIGATION PLAN
SOUTH ANDOVER
DESIGN INVESTIGATION
ANDOVER COUNTY, MINNESOTA

APRIL 1990

Prepared by: 4 21«2/442 Date: ‘//4/70
David S. Voight

Site Manager, Donohue & Assoclates, Inc.

Approved by: /(n--—.. AAAAq.gMO_ Date: }’//3/’0

Roman Gau, P.E.
ARCS Project Manager, Donohue & Associates, Inc.

approved by: 2P led et (s~ vatei___4[13/%0

Michael L. Crosser
ARCS V Technical Services/Quality Assurance Manager,
Donohue & Associates, Inc.



EXHIBIT A

Site Investigation Plan Addendun

South Andover Design Investigation
Work Assignment No.: 13-5N45

INTRODUCTION

The purpose of this addendum to the Final Site Investigation Plan (SIP) pre-
pared for the South Andover First Operable Unit Design Investigation is to add
several modifications which have resulted from information obtained during an
on-site well inventory, and EPA rescoping of project requirements. Specif-
ically, this addendum addresses the field screening and chemical analysis of
soil samples collected during soil boring activities, abandonment of wells B3A
and B3B, and deleting the abandonment of W26A.

The following portions of the Final Site Investigation Plan are affected by
the present scope changes, and are included in this addendum:

1. Table 4-1

2. Section 5.2.3.3
3. Section 5.3.5.1
4. Section 5.2.5.3
S. Section 5.2.6
WORK ON

Appropriate changes to each section of the SIP which have been affected by the
revised scope of services are given below.

e : e 4- atjo d itoring Well Installatio
a nd Aband
1. Well Abandonment. Table 4-1 has been revised to include the abandonment

of wells B3A and B3B.

2. W ondition Rec d e Re . Monitoring well
W26A has been determined to be usable, by the EPA and MPCA, and therefore
will pot require abandonment.

tem 2; ection oni{to %] allatio

1. Four monitoring wells will be installed within the surficial aquifer.

em 3; ction 2 o d Geotechn am n

5.2.5.1 Introduction



Soil samples will be collected continuously at each new well location with a
standard split spoon sampler. Each will be classified according to the USCS
Soil Classification System by the on-site geologist or hydrogeologist.

Samples will also be field screened with a photoionization detector (PID) for
select volatile organic compounds (VOC). This will be accomplished by jmmedi-
ately placing a portion of each soil sample into an 8 ounce jar for VOC head-
space equilibration testing, and the remaining samples into two volatile vials
for possible laboratory analysis. Three soil samples from each borehole
having the highest PID readings will be labeled, packaged and sent to the
laboratory for analysis. If no PID readings above the background levels are
detected during field screening, soil sample selection criteria will be based
on the presence of visual contamination, or samples will be obtained from the
first and last sample interval, and from the approximate middle of each
boring.

4. am n du

1. Soil samples will be collected gontinuously in each soll boring until the
total depth of the boring is reached.

[¢) W alla

5.2.6.1 Introduction

1. This investigation will include the installation of gix monitoring wells
at locations formerly occupied by wells which have been, or are planned to
be abandoned.

ARCS /P/SANDOVER /AQ9
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EPA Contract No.: 68-W8-0093
Work Assignment No.: 13-5N45
Donohue Project No.: 20022

w* ADDENDUM &
FINAL QUALITY ASSURANCE PROJECT PLAN
SOUTH ANDOVER
DESIGN INVESTIGATION
ANDOVER, MINNESOTA

APRIL 1990

Prepared for:

U.S. Environmental Protection Agency

Emergency and Remedial Response Branch

Region V
230 South Dearborn Street
Chicago, Illinois 60604



EPA Contract No.: 68-W8-0093
Work Assignment No.: 13-5N45
Donohue Project No.: 20022

vk ADDENDUM &

FINAL QUALITY ASSURANCE PROJECT PLAN
SOUTH ANDOVER
DESIGN INVESTIGATION
ANDOVER, MINNESOTA

APRIL 1990

Prepared by: /V)‘QACU\ d‘M Date: /:/¢r/f°

Marcia A. Kuehl

Site QC ijiiﬁ;ﬂ Donohue & Associates
Approved by: / /4‘ Date: 99/;/é@

David S. Voight
Site Manager, Donohue & Associates

Approved by: 2144@{% (A gl Date: "///3/9‘3

Michael L. Crosser
ARCS V Technical Services/Quality Assurance Manager,
Donohue & Associates

Reviewed by: pm /é‘\"va_,_g@ Date: %?/9"

Roman Gau, P.E.
ARCS Project Manager, Donohue & Associates

Reviewed by: Date:

Curtis Ross
Central Regional Laboratory Director, U.S. EPA Region V

Approved by: Date:

Valerie Jones
Quality Assurance Officer, U.S. EPA Region V

Approved by: ' Date:

Bruce Sypniewski
Remedial Project Manager, U.S. EPA Region V



EXHIBIT B
a ssu o) t dd

South Andover Design Investigation
Work Assignment No.: 13-5N45

ANTRODUCTION

The purpose of this Quality Assurance Project Plan (QAPP) addendum is to make
necessary modifications to the existing approved QAPP to provide for the
chemical analysis of soll collected during the installation of six monitoring
wvells. Monitoring well installation was addressed in the approved QAPP dated
August 21, 1989, but geotechnical analyses only were included. To maximize
the site characterization information obtained during the well installation
program, the EPA and MPCA have requested the addition of chemical analysis on
the samples. Only those revised sections of the approved QAPP that apply to
the addition of soil chemical analyses are included in this addendum:

1. Section 3.5.1
2. Section 3.5.2
3. Table 3-2

4., Table 3-3

5. Section 5.5

6. Section 9.0
WORK ONS

Appropriate changes to each section of the QAPP which has been affected by the
revised scope of services are given below.

m 1: czion S P ec

1. The tasks listed in the August 21, 1989, approved QAPP are to be revised
as indicated:

* Install gix wells.
* Soil samples collected for grain size, Atterburg limits, RAS organics
and RAS {norganics, during the monitoring well installation at
at _each we on to eld .

o nte
1. a stic
Confirm and define the nature and extent of groundwater contamination, and

obtain information useful for assessing whether soil contamination occurs at
select areas of the site.



Item 3: Table 3-2

This table has been revised to include the addition of 18 soil samples
collected for the analysis of grain size, Atterberg limits, VOAs, TCL, BNAs,

PCB/pesticides and TAL inorganics from monitoring well installations.

Item 4: Table 3-3

The soil matrix was added to the table with DQO level IV for CLP analyses and

DQO level III for soil physical analyses.

Item 5: Section 5.5 Accuracy, Precision, Completeness,
Sensitivity of Analyses

Groundwater and soil samples will be analyzed using the CLP.

Item 6: Section 9.0 Analytical Procedures

Analytical procedures to be used for the South Andover DI are:

* CLP RAS organics and inorganics methods for groundwater and soil

(DQO Level 4).

ARCS/P/SANDOVER/AQ3

samples



South Andover DI joct Pian Section 3
ARCS V Quality Assurance Pro, Revision 1
EPA Contract No. 68-W8-0093 Table 3-2 oiﬂ?'g.n. 1989
Sampling and Analysis Summary
Andover Site, Minnesota
Field QC Lab QC
Total
Sample Field | DQO Lab DQO Field to | LDor Purpose
Matrix Parameters | Level | Parameters |Level | Lab [Samples BB | TB | FB | FD | Lab | MSD | MS of Samples
GROUNDWATER pH 1 - - - 2 - - 3|3 - - - Assess well stabilization
B2A B4C Conductivity] 1 - - - 23 - - 3 3 - - after purging
B6A B7C Tempersture 1 - - - 23 - - - 3 - - -
L v
B9A 1 ster
WIA W23C | Leva I - - -1 -t-1-1-1- - - masltoring for water
39/\ *W17A =
16A °*B2B ”
TCLVOAs | IV CLp| 23 - 3 |> IMSD | 2 Characterize
zg: TCL BNAs v CLP| 23 - M_“ 3la b;;‘ 2 MSD 2 groundwater
waeA TcLpere| v [cp| 3 | - |- [ 11| s |1imsp| 1 i o eriraciton
B6B TAL l-nrpnk:i v CLp| 2 - | - 3 {3 » 2LD 2 sysiem
3/7138 COoD \ 4 SAS 23 - - 3 3 2 3Lb 3 ’A-ul mlc lo:dhg
W21B ™ v SAS | 23 - |- 3|3 29 3LD 3 ;“"'m' w‘::' e:'t“'vw
w23B TSS vV [sas| » -l- (3|3 ®» |3 | - input to design of
1S V |sas| » - |- 31312 | 3D | - system extraction snd
selection of discharge
option
Legend
* Proposed by Donohue in addition % scope TCL = Target Coimpound List
*¢ The number of matrix totals exclude trip blank samples :ﬁ;gﬁ‘:ﬂﬁtm
TB = Trip Blank
FB = Fleld Blank
FD = Fleld Duplicate
LD = Lab Duplicate
MSD = Matrix Spike Duplicate

MS = Matrix Spike




South Andover DI gxlim 3 sdend
ARCS V Quality Assurance Project Plan bl - H evision A um
EPA Contract No. 68-W8-0093 Table 3 - 2 (continued) Date: April, 1989

Sampling and Analysis Summary
Andover Site, Minnesota

Field QC Lab QC
. . Total
Sample Field DQO Lab DQO Field to LD or Purpose
Matrix Parameters | Level | Parameters |Level | Lab  |Samples| BB | TB | FB| FD ] Lab | MSD | MS of Samples
Residential Wells pH 1 - - - 4 - - 1 1 - - - Assess well
RWO1 Conductivity] 1 - - - 4 - - 1 1 - - - groundwater
RWO3 Temperature | - - - 4 - - - 1 - - - quality indicators
RWO04 CRL/
RW06 Volatiles | V. lcLpsas| 4 |- [ wep 1|1 | 6 jIMSD) 1 Characterize
CRL/ groundwater
BNAs Vilcupsas| 4 |- |- | v ]| e [tmMsD] 1 contamination for
CRL/ design of extraction
PCBPests | V |opsas| 1 |- |- | 2t {1 ] 3 [1msD| 1 system
CRL/
Metals/CN V |cLpsas| ¢ - - 1 1 6 1LD 1
Soil from Grain size m PS M’.‘ B - - - ’ - - Geological characterization
Monitoring well
Installation borings
Atterberg m PS bd - - - - 9 - -
Limits Max
Legend _ -
TCL = Target Compound List TCL VOAs v CLpP 18 2 2 22 1 MSD 1 Assess existing nature
TAL = Target Analyte List _ _ 2 and extent of soil
BB = Background Blank TCL BNAs v cLp 18 2 2 1 MSD 1 contamination in new
T8 = Trip Rank TCLPCB/pest | IV | cLp | 18 " |- | - 2 (2| 22 jimsD | 1 monitoring well
FD = Field Duplicate TAL Inorgani v CLP 18 - - 2 2 22 1LD 1 locations
LD = Lab Duplicate "1
MSD = Matrix Spike Duplicate
MS = Matrix Spike * Proposed by Donohue in addition to scope
PS = Pool Subcontractor ** The number of matrix totals exclude trip blank samples OIS Adke «




South Andover DI
Quality Assurance Project Plan
EPA Contract No. 68-W8-0093

SITE

NAME: SOUTH ANDOVER

NUMBER :

PHASE: DESIGN INVESTIGATION

FIEL s
MATRIX pi  COND IEMP
RESIDENTIAL

WELLS 1 1 1
GROUND

WATER 1 1 1
SOIL

ARCS/P/SANDOVER /AM7

TABLE 3-3

DQO LEVELS

EPA REGION V

Section: 3
Revision: Addendum
Date: April 1990
Page

DATE:
CONTRACTOR: DONOHUE & ASSOCIATES
SITE MANAGER: DAVID S. VOIGHT

(4

LABORATORY ANALYSIS
SAS
CRL/CLP
RAS SAS RESIDENTIAL
RAS EXTRACT- TP, COD, WELL SOIL
INORGANICS ABLES VOLATILES TSS, TDS ANALYSES PHYSICAL
5
4 4 5
4 4 3



EPA Contract No.: 68-W8-0093
Work Assignment No.: 13-5N45
Donohue Project No.: 20022

ATTACHMENT 1

FINAL QUALITY ASSURANCE PROJECT PLAN
DESIGN INVESTIGATION ACTIVITIES

SOUTH ANDOVER
DESIGN INVESTIGATION
ANDOVER, MINNESOTA
SEPTEMBER, 1989

Prepared for:

U.S. Environmental Protection Agency
Emergency and Remedial Response Branch
Region V
230 South Dearborn Street
Chicago, Illinois 60604

This document has been prepared for the U.S. Environmental Protection Agency.
The material contained herein is not to be disclosed to, discussed with, c¢r
made available to any person Or person without the prior expressed approval of
a responsible official ¢f the U.S. Environmental Protection Agency.



EPA CONTRACT NUMBER: 68-W8-00913
) WORK ASSIGNMENT NUMBER: 13-5N45
DONOHUE & ASSOCIATES, INC.

FINAL QUALITY ASSURANCE PROJECT PLAN
FOR
DESIGN INVESTIGATION ACTIVITIES
SOUTH ANDOVER
ANDOVER, MINNESOTA
SEPTEMBER, 1989

Prepared by: %M 4 M/tff Date: 7//-3—/57

Marcia A. Kuehl

Site QC Officer, Donohue & Associates

Approved by: Date: 9QAﬂi/%ﬁ
L4

David S. Veight
Site Manager, Donochue & Associates

Approved by:MM\ Date: Z//-{/K?

Michael L. Crosser
ARCS V Technical Services/Quality Assurance Manager,
Reviewed by:

Donohue sociates
Date: 9/15/53
James W. G

ARCS Project Manager, Donchue & Associates

Reviewed by: Date:

Curtis Ross
Central Regional Laboratory Director, U.S. EPA Region V

Approved by: Date:

Quality Assurance Officer, U.S. EPA Region V

Approved by: Date:

James R. Van der Kloot
Remedial Project Manager, U.S. EPA Region V
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Contamination in the area
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Respense to letter
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Consultants on S/12/83

Notas of phore
convereation with
RBa:ce re review of
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Conditions at iiszing
and status
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for ¥aste Disposal
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of Drums and Contaminated
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fiction Meso:
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with 3 Aesedial Investigation
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Rapids Cha!lenge, Winter
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Cozaunity Relations
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USToR News Relaase: EPR To
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Feasibility Study
Report

South Andover,
Andover, Mn

Suzerfund Fact Sheet
sugrarizing S.Andover
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SUMMARY OF REMEDIAL ALTERNATIVE SELECTION
SOUTH ANDOVER SITE
GROURDWATER OPERABLE UNIT

SITE LOCATION AND DESCRIPTION

The South Andover site is located in the southern portion of Andover,
Minnesota, approximately 16 miles north - northeast of Minneapolis. The
site is located in the southern half of Section 34 of Grow Township
(T.32N., R.24W.). The South Andover site vicinity §s shown in Figure 1.

A residential neighborhood exists 1/4 mile north of the site.

Development is currently planned to the west and the south of the site.
Bunker Lake Boulevard borders the site on the north, and Jay Street on
the east. Small businesses along both roads deal in used cars, auto
parts, and auto salvage, Several pieces of property within the site are
auto salvage yards, and a'large portion of the site fs buried under a
pile of tires and miscellaneous junk. The Waste Disposal Engineering
landfill (WDE), which previously accepted hazardous waste, is located
3,000 feet northeast of the site. WDE is a Natfonal Priorities List site
which is undergoing remedial design. . -

The site is comprised of several separate parcels of land totaling
approximately 50 acres. Various independent storage and disposal
activities took place on the site. The parcels of land are shown in
Fig$re 2. The waste storage and disposal activities are detailed in
Table 1.

SITE HISTORY

Industrial waste handling activities at the South Andover site are
reported to have begun in 1954 with the storage of solvents and inks on
the Cecil Heidelberger property. Open pit burning of liquid wastes began
on the Batson property in 1970. Chemical waste storage began at the
Mistelske property in 1973.

Actions to limit the waste handlers at the various properties began in
1973 when Anoka County officials instructed Cecil Heidelberger to remove
and dispose of the chemical wastes stored on the property. Citizen
complaints of well contamination prampted investigations by the Minnesota
Pollution Control Agency (MPCA). MPCA issued a Citation of Violation to
Cecil and Marion Heidelberger in 1976 for the storage of chemical waste.
The Heidelbergers discontinued processing waste in early 1977 and stopped
accepting waste in 1978.

Actions to regulate other waste handlers at the site occurred in 1980.
Notices of Violation were issued by the MPCA to Shirley Heidelberger,

Cyril Link, and Charles Mistelske for improper disposal of industrial

wastes.
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TABLE 1

WASTE LOCATION AND DISPOSAL ACTIVITY

LOCATION
Cecil Heidelberger
Property
Batson Property
Charles Mistelske

Property

Meyer Property

Klar Property

DISPOSAL ACTIVITY

Chemical wastes were stored and disposed of
on the property. A majority of the property
is covered with tires and other debris.

Thousands of barrels of solvents and inks
were allegedly burned in open pits. A
wetland on the property was used as a
disposal area prior to filling.

The property was used to store approximately
8,300 gallons of paints, adhesives and
greases in 1-,2-, and S5-gallon containers.

The property was used to store approximately
200 drums of chemical waste. Spillage of
chemical waste is known to have occurred.

Storage of drummed waste and transformers
occurred on the property.

An inactive smelting plant, empty drums and
miscellaneous debris are present on the site.
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Cecil Heidelberger disposed of the contents of approximately 700 drums in
1981 by mixing the contents with waste oil and using the mixture as fuel
in an asphalt plant, Approximately 500 additional drums were removed in
1986 by a group of potentially responsible parties (PRPs). Some drums
remain onsite.

Several site investigations have been performed at the site. An initial
appraisal was performed by Residual Management Technologies (RMT) and
PEDCo Environmental in 1979 at the request of U.S. EPA. A follow-up
investigation by RMT/PEDCo in 1981 included the installation of 22
monitoring wells. Ecology & Environment, Inc. (E&E) installed 26
additional wells and 22 piezometers in 1981 as part of an expanded FIT
groundwater investigation.

An initial remedial ‘investigation (RI), completed January 29, 1988, was
performed at the site to characterize the nature and extent of
contamination, Soil investigations were limited by the presence of a
large volume of tires piled onsite and piles of junked automobiles at
various auto salvage yards onsite.. The tires on the Cecil Heidelberger
property, the majority of the tires, are currently being shredded and
removed from the site under a grant from the Minnesota Waste Management
Board. The tire removal is scheduled to be completed by Spring 19839. A
subsequent RI, looking at contamination of site soils and possible
contamination of the lower sand aquifer, is planned for the site
following the tire removal,

A feasibility study (FS), completed January 29, 1988, was developed in
conjunction with the RI. The FS looked at a variety of alternatives for
dealing with the groundwater problem. The alternatives ranged from no
action to complete lateral containment of the surficial aquifer with
groundwater extraction,

ENFORCEMENT HISTORY

Sixteen parties were notified, by a March 15, 1982 letter from U.S.EPA's
Office of Enforcement and Compliance Monitoring (OECM) in Washington,
that the U.S. EPA was considering spending public funds at the South
Andover site and that they may be 1iable for money expended by the
government. These parties included site owners, site operators and waste
generators,

In a July 30, 1985 letter from U.S. EPA Region V, 21 PRPs were notified
that U.S. EPA planned to conduct an RI/FS at the site, and that the U.S.
EPA would consider an offer by the PRPs to conduct the RI/FS. None of
the PRPs indicated that they had the desire and ability to conduct the
RI/FS. Negotiations were terminated in an August 29, 1985 memorandum,
and the Superfund was used to- conduct_the RI/FS. . .

- D emm - — e Ao

———
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Copfes of the Proposed Plan for this operable unit were sent to the PRPs
on February 1, 1988, 1In a February 26, 1988 letter from U.S. EPA Region
V, 21 PRPs were notified that the U.S. EPA intended to conduct a remedial
action at the site and that the PRPs had 60 days to submit 2 good faith
proposal. No response has been received as of this date.

COMMUNITY RELATIONS HISTORY

Community relations activities at the South Andover site have been
handled with direct involvement from the U.S. EPA and the MPCA. The
initial contact with the public was in the form of interviews with
representatives of the City of Andover, City of Coon Rapids and property
owners on or near the site.

Two public meetings have been held for the site. The first meeting was
held on September 25, 1985 prior to initfating field activities. The
second meeting was held on February 8, 1988 to answer questions and
receive comments on this initial groundwater operable unit.

Public involvement and participation on the site has been limited to
date. Representatives of the City of Andover and Anoka County have asked
for greater involvement. There is a strong interest from these local
bodfes to facilitate development of the site and the surrounding area,
Concern has also been expressed regarding the impact of this site when
combined with the presence and remedial actions planned for the WDE site.

SCOPE OF OPERABLE UNIT

This response action is an initial groundwater operable unit and is
consistent with Section 300.68(c) of the National Contingency Plan (NCP).
This initial groundwater operable unit is being implemented to protect
public health and the environment by controlling the migration of
contaminated groundwater. The operable unit addresses known areas of
groundwater contamination in the surficial aquifer. The U.S. EPA and
MPCA feel the possible migration of contaminants from the surficial
aquifer off the site or into the lower aquifer are the major concern
posed by the site. This operable unit was initiated to deal with these
concerns.

The operable unit is fully consistent with all future site work,
including the subsequent RI/FS planned for Spring 1989. In addition, it
is believed that the gradients established by the extraction well system
may be beneficial to the subsequent RI by aiding in the location of "hot
spots® which have not been detected. The extraction well system will be
incorporated into any subsequent remedial action decisions at the site.

It was determined that the sofls do not pose a risk which needs to'be
addressed as part of the present operable unit. A subsequent RI/FS. is . .-

T gy ——-
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planned for the site following the tire removal presently scheduléd to be
completed by Spring 1989. Because the soil investigation has not been
completed, it was determined that soil removal or capping at the present
time could interfere with the subsequent RI/FS, may not be consistent
with the final remedy and may not be cost effective. For these reasons,
an interim soil remedy was determined to be unnecessary and inappropriate
at the present time.

SITE CHARACTERISTICS

The initial RI focused on the surficial aquifer and portions of the site
which were clear of tires and other debris, The results of the RI can be
broken down into three areas: 1) groundwater, 2) soils, and 3) surface
water and sediments.

Multiple waste handling operations occurred between 1954 and 1981 on
several different properties within the general site boundaries. Because
of this, there is not one source area, but multiple source areas which
include locations where drums were stored, where wastes were discharged
to the ground, and where wastes were allegedly burned. -

As a part of the inftial RI, potential risks from contaminated
groundwater and exposed soil locations on the site were calculated based
on present site use conditions and on possible future residential or
commercial development conditions. Both carcinogenic and noncarcinogenic
risks were calculated., Risks were not calculated for surface water and
sediment locations at this time, but will be included in the subsequent
RI.

The carcinogenic risks are theoretical quantifications, and are reported
as excess lifetime cancer risks. Excess lifetime cancer risk is defined
as the incremental increase in the probability of getting cancer compared
to the probability 1f no exposure occurred. For example, a 1x10-6 excess
1ifetime cancer risk represents an exposure that could result in one
extra cancer case per million people exposed. Noncarcinogenic risks are
determined by comparing potential doses of contaminants by site visitors
to contaminant specific reference doses. The reference dose is an
estimate of an exposure level that would not be expected to cause
adverse effects when exposure occurs,

The analytical results from the remedial investigation and the risk

assessment can be found in the RI Report for the South Andover site
;oTpIeted January 29, 1988. A brief summary of the results is presented
elow,

Groundwater Contamination

The site s underlain by a surficial sand aquifer, a middle aquitard, a
lower sand aquifer, a till unit and a bedrock aquifer. The lateral flow
in the surficial aquifer was found to radiate in a generally westwardly
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direction from the eastern portion of the site. Water level measurements
in the well nests indicate a dominant downward component of flow fn both
the surficial aquifer and the middle aquitard, Residence time of
groundwater in the surficial aquifer and the aquitard are less than 10
years and 28 to 70 years respectively. The potentiometric surface of the
lower sand aquifer indicates lateral flow southwest across the site.

Groundwater samples were collected from 50 monitoring wells and 8
residential wells on or near the site. Elevated levels of a number of
organic and inorganic compounds were detected in shallow monitor wells on
site. The highest detected contaminant concentrations are shown in Table
2. Only one contaminant was detected in the lower sand aquifer, and it
was only detected in one well which contained 97 ppb methylene

chloride. The methylene chloride may be a lab contaminant as opposed to
actually being present in the well. Additional RI work is planned for
the Tower sand aquifer. Residential well sampling by Anoka County and
the MPCA indicated that one residential well on-site, which was drawing
from the surficial aquifer, was found to be contaminated. This well was
ordered to be abandoned by the MPCA.

The contaminants are found in zones of discrete contamination rather than
in a continuous plume. This 1s indicative of the multiple waste handling
and disposal operations which occurred on the site.

The contaminated surficfal aquifer exceeds a number of maximum
contaminant levels as set by the Safe Drinking Water Act and pose
incremental cancer risks of greater than 1x10-6. The groundwater does
not pose an imminent risk to the population because the upper aquifer is
not currently used as a source of drinking water on or near the site.
However, because there {s a downward gradient through the aquifer
separating the upper and lower sand aquifers, the upper sand aquifer is a
possible source of contamination to the lower sand aquifer which serves
as a regional drinking water source. There 1s a potential for an
increase in the incremental cancer risk of greater than 1x10-6 if wells
are set in the upper aquifer as a result of future development of the
site or if the lower aquifer becomes contaminated. In additfon to the
cancer risk, use of the contaminated groundwater would exceed the
reference dose for bis(2-ethylhexyl)phthalate and acetone.

Soil Cbntalfnation

A complete surface and suybsurface soil characterization could not be
performed at the site due to the presence of the large volume of tires
and three active auto junk yards. A limited soil sampling was performed
during the RI concentrating on suspected waste storage and disposal areas
which were not buried under tires or automobiles.

The sofl samples indicated elevated levels of organics and inorganics.
For the most part, each contaminant was found at low levels and in a
limited number of locatifons. Under current land use the incremental



TABLE 2
CONTAMINANT LEVELS AND STANDARDS

HIGHEST COON TREEK GROUNDWATER
DETECTED 30-DAY DRINKING POTW

GROUNDWATER  AV. DISCHARGE WATER DISCHARGE

CONCENTRATION LIMITS STANDARDS LIMITS
COMPOUND (ug/1) (ug/1) (e) (ug/1) (ug/1)
1,1,1-Trichloroethane 330 830 200 (a) 5000 (f)
1,1,2-Trichloroethane 37 900 6.11 (b) 5000 (f)
1,1-Dichloroethane 12 - - . 10,000 (f)
1,2-Dichloroethane 2 2140 3.8 (b) 15,000 (f)
1,1-Dichloroethene 20 - - 10,000 (f)
1,2-Dichloroethylene 9 1880 70 (a,b) 10,000 (f)
2-Hexanone 75 - - 15,000 (e)
4-Methyl-2-Pentanone 18 16,970 - 15,000 (e)
Acetone 170,000 1,270,000 - 15,000 (e)
Chlorobenzene . 4 200 60 (b) 1000 (f)
Ethylbenzene 18 2410 680 (a,b) 10,000 (f)
Methylene Chloride 1600 6430 350 (c) 15,000 (e)
Tetrachloroethylene 20 150 6.9 (b) 10,000 (f)
Toluene 3200 1010 2000 (a,b) 15,000 (e)
Trichloroethylene 3 1360 5 (a) "~ 10,000 (f)
Vinyl Chloride 12 86 0.15 (b) 15,000 (e)
Xylenes 22 320 440 (a,b) 15,000 (e)
Benzoic Acid 7 - - 15,000 (e)
Bis(2-Ethylhexyl)Phthalate 2200 10 21,000 (d) 10,000 (f)
Diethyl Phthalate 1 4340 434,000 (d) 10,000 (f)
Di-n-butyl Phthalate 24 - - 10,000 (f)
Di-n-octyl Phthalate 3 - - 15,000 (e)
Isophorone 25 9750 5200 (d) 15,000 (e)
2-Methyl Phenol 21 - - 15,000 (e)
4-Methyl Phenol 56 - 15,000 (e)
N-Nitrosodiphenylamine 6 10 71.1 (b) 10,000 (f)
Phenol 6 2550 "280 (c) 15,000 (e)
Arsenic 17 400 50 (a,b) 100 (f)
Cadmium 256 - 5 (b) 1000 (f)
Chrom{um 127 - 120 (b) 10,000 (f)
Copper ) 673 - 1300 (b) 8000 (f)
Lead 23 220 20 (a,b) 100 (f)
Nickel 168 2720 150 (b) 1000 (f)
Zinc 8120 3060 - 30 (f)
(a) B?sed on Federal Safe Drinking Water Act Primary Maximum Contaminant

Leve
(b) Based on State of Minnesota Recommended Allowable Drinking Water Limits
(c) Based on Federal Qffice of Drinking Water Health Advisories (Relative
Source Contribution) for long-term exposure (to be considered only)

(d) Based on Federal Clean Water Act Water Quality Criterfa for Human Health

adjusted for Toxicity Protectioa { to.be considered only) .
Based on MPCA Division of Water Quality proposed effluent lﬁmftqtion
Based on Threshold in inhibitory-effect for:activated. s\udge-planf§
" U.S.EPA/530-5SH-86-004 (to be coasidered oaly)-_:3-20% 5= & i

-
r‘__,-u-

(e)
(f)
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cancer risk posed by the soils is less than 1x10-6. The levels of lead
in three of the soil samples could result in lead intakes which exceed
the reference dose. Under future residential or commercial development,
the cancer risk would exceed 1x10-6. Future use scenarios of light
commercial/industrial development and residential development had
incremental cancer risks of 4x10-5 and 1x10-4 respectively. Under both
of these development scenarfos, three soil samples had lead levels which
could result in intakes of lead greater than the reference dose.

Surface Water and Sediment Contamination

Six surface water and sediment samples were collected from ponded water
locations on the site. No pesticides or volatile organic compounds were
found in any of the samples. Phenol phthalates and benzoic acid were
detected in the samples. Naphthalene was detected in one sample.
Elevated levels of inorganics were also detected.

The surface water bodies are not used for drinking water or recreation.
Therefore, the surface water and sediments were not dealt with at this
time. They will be considered during the overall site RI/FS.

ALTERNATIVES EVALUATION

The major objective of the feasibility study (FS) was to evaluate the
need for an initial groundwater measure and possible actions which could
be undertaken, As discussed above, this operable unit will not address
sofl remediation. This will be addressed in the subsequent RI/FS. Due
to the limited scope of the RI/FS, which examined the threat to public
health and the environment posed by the contaminated surficial aquifer,
alternatives were formulated to achieve the following four goals:

Minimize the potential for direct contaminant consumption;
Control contaminant migration to the lower sand aquifer;
Control contaminant migration to surface water; and

Provide measures that will be consistent with the final site
recommendations,

A comprehensive 1ist of appropriate remedial technologies was identified
for groundwater control. These technologies were screened based on the
characteristics of the site and the characteristics of the contaminants.
The technologies which survived the initial screening were further
screened based on effectiveness, implementability and cost. Cost was
only used between alternative technologies providing similar degrees of
protection and treatment,

Technologies which satisfied the screening requirements were combined to
form remedial action alternatives. Alternatives which could not
guarantee consistency with future site work were dropped from
consideration at this point in the evaluation process. The remaining
alternatives ranged in scope from no action through complete lateral

”~
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containment of the surficial aquifer with groundwater extraction, The
four alternatives developed are detailed below.

Alternative 1 - No Action

The no-action alternative is required by the National Contingency Plan
(NCP) to be considered through the detailed analysis. It provides a
baseline for comparison of other alternatives. Under the no-action
alternative, no remedial measures would be undertaken at the South
Andover site at the present time. The choice of the no action
alternative at this time would not affect the U.S. EPA’s and the MPCA's
plans to perform a subsequent RI/FS at the South Andover site and is
completely consistent with all future site work.

Alternative 2 - Alternative Water Supply

The alternative water supply alternative has the following three major
components:

- Provide municipal water to private well users on.or near
the site;
Monitor groundwater movement at the site; and
Place restrictions on new wells on or near the site,

Connection to the municipal water supply would provide uncontaminated
water to residences currently using their own private wells. Municipal
water hookups would be provided to the eight residences sampled during
the RI. Residential wells in both the surficial and lower aquifers will
be properly abandoned to eliminate conduits for future migration of
contaminants into the lower aquifer, This alternative would not affect
future site work,

Groundwater monitoring will be used to detect lateral and vertical
migration of contaminants. The monitoring will be coordinated with
future site investigations. The well restrictions would eliminate the
chance of new wells being installed in a contaminated aquifer,

Alternative 3 - Groundwater Extraction

The groundwater extraction alternative has the following four major
components:

Extract groundwater from the surficial aquifer;
Provide municipal water to private well users on or near
the site;

- Monitor groundwater movement at the site; and

- Place restrictions on new wells on or near the site,

QJama

- - - - . L Y -5



-8-

The extraction wells would be located in or slightly downgradient of
known contaminated groundwater areas. The wells would pump approximately
20 to 50 gpm (total). The extraction well system would control the
horizontal migration of groundwater offsite and 1imit the vertical
migration of contaminants into the lower aquifer by withdrawing the
contaminated groundwater found in the surficial aquifer. The exact
number and locatfon of the wells will be determined during the remedial
design process. Effects on the WDE extraction well system will be taken
into consideration at this time.

The municipal water supply, groundwater monitoring, and restrictions on
wells are the same as described in Alternative 2.

This alternative will not interfere with future site work., In addition,
the gradients imposed by the extraction well system may be helpful in
locating unknown areas of contamination.

Alternative 4 - Lateral Containment

The lateral containment option has the following five major components:

Install a slurry wall around the site;
Extract groundwater from the surficial aquifer;

- Provide municipal water to private well users on or near
the site;

- Monitor groundwater movement at the site; and

- Place restrictions on new wells on or near the site.

This alternative incorporates all aspects of Alternative 3 with the
addition of a circunferential slurry wall., The slurry wall will further
1imit horizontal groundwater contaminant migration and exclude clean
water recharge from the surrounding aquifer. The entire site would be
surrounded by the slurry wall which would average 30 feet in depth, 3
feet in width, and be approximately 5,800 feet long.

With a reasonable amount of coordination between the development of the
workplan for the subsequent field work and the design of the slurry wall,
this alternative should not affect future site work. This alternative,
however, may limit future development to some extent.

@roundwater Discharge Options

Alternatives 3 and 4 involve groundwater extraction., It is necessary to
provide for a discharge option for the extracted groundwater for both of
these alternatives, Three possible discharge options were developed.
The discharge options are as follows:

- Direct discharge to Coon Creek;

- Onsite treatment of groundwater with d1scharge to
Coon Creek; and . . . .-

e -l . L. Tte =
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- Discharge to the Metropolitan Waste Control Commission
(MWCC) publically-owned treatment works (POTW).

The choice of groundwater discharge option will depend on preliminary
work performed during the remedial design (RD) process. Information
needed to make the final decision would include actual flow rates from
the extraction wells, confimation of the levels of acetone, methylene
chloride and bis (2-ethylhexyl) phthalate present in the surficial
aquifer, the National Pollution Discharge Elimination System (NPDES)
permit requirements and possible interactions with the remedial action at
the WDE site.

Direct discharge of the extracted groundwater to Coon Creek would require
an NPDES permit. The NPDES permmit sets specific contaminant discharge
limits for the discharged waters, The discharge limits would be
established by the State of Minnesota and would take into consideration
the size and flow rate of Coon Creek, contaminant levels in Coon Creek
from other sources and the uses of Coon Creek.

The levels of contaminants found 1n the surficial aquifer onsite
currently exceed two of the proposed discharge limitations to Coon Creek
provided by the MPCA. These compounds are toluene and bis (2-ethylhexyl)
phthalate. The toluene level only exceeds the proposed discharge
limitations in one monitoring well. The actual discharge leve! of
toluene, when the discharge of all the extraction wells are combined, is
expected to be below the discharge 1imitations. In this case, no
treatment prior to discharging may be needed. The level of bis (2-ethyl-
hexyl) phthalate significantly exceeds the proposed limitations, but has
not been confirmed and may be a laboratory or sampling contaminant. The
presence of this compound will be checked prior to determining the
discharge option., The cost of the direct discharge is $160,000. A
detailed breakdown of the cost is shown in Table 3. :

If the NPDES discharge 1imits are exceeded by the extracted groundwater,
onsite treatment of groundwater prior to discharging to Coon Creek would
be provided as needed to meet proposed NPDES discharge 1imits established
by the MPCA. A possible system was analyzed in the FS which would remove
fnorganic, volatile organic and base/neutral organic contamination
through the use of an inorganic metal precipitator, an anthracite-
greensand filter, an air stripper, and a granulated activated carbon
system. This system is anticipated to meet a "best available technology
economically achievable® criteria for the treatment of groundwater,
Additional sample results during the remedial design may indicate parts
of the system are unnecessary. This option would require significant
operation and maintenance. Therefore, the maximum present worth cost of
an onsfte treatment system is $1,700,000. A detailed breakdown of the
cost is shown in Table 3. :



ASSEMBLED
ALTERNATIVE

Alternative 1
NO ACTION

Alternative 2
ALTERNATIVE
WATER

SUPPLY

Alternative 3
GROUNDWATER
EXTRACTION

Alternative 4
LATERAL
CONTAINMENT

DISCHARGE
OPTIONS

DISCHARGE TO
COON CREEK

ON-SITE
TREATMENT -
DISCHARGE TO
COON CREEK

DISCHARGE
TO POTW

TABLE 3
COST SUMMARY

CAPITAL REPLACEMENT OPERATION
cosT cosT & MAINT.
$0 $0 $0
$65,000 $0 $48,000
$290,000 $50,100 $48,000
$3,000,000 $50,100 $48,000
CAPITAL REPLACEMENT OPERATION
COST cosT & MAINT.
$160,000 $0 $0
$430,000 $32,000 $140,000
$26,000 $0 $31,000

PRESENT
WORTH

$0

}520,000

$760,000

' $3,500, 000

PRESENT
WORTH

$160,000
$1,700,000

$320,000
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The discharge to a POTW option would entail sending the extracted
groundwater to the MWCC wastewater treatment system., The onsite sanitary
sewer lines could be used for this purpose. The MWCC POTW has adequate
capacity and is in compliance with all of its discharge permits, The
highest level for each of contaminants found in the surficial aquifer
onsite meet the pretreatment limits for the POTW with the exception of
acetone and zinc. The levels of acetone and zinc that will be present in
the combined discharge of the extraction wells are expected to meet the
pretreatment standards. The addition of the discharge stream is expected
to have little if any effect on the MWCC treatment system due to the low
contaminant levels and flow rates. The present worth cost for this
option is $320,000. A detailed breakdown of the cost is presented in
Table 3.

SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES

The four alternatives assembled were evaluated based on the following
nine criteria:

- Overall protection of human health and the environment;
- Compliance with all federal and state applicable or
relevant and appropriate requirements (ARARs);
Reduction of toxicity, mobility or volume;

Short term effectiveness;

Long term effectiveness;

Implementability;

Cost;

Community acceptance; and

State acceptance.

A summary of the relative performance of the alternatives with respect to
each of the nine criterfa is provided in this section.

Alternatives 2, 3 and 4 would all be effective in protecting public
health from ingestion and inhalation of the contaminants detected in the
upper aquifer and possibly present in the lower aquifer., By providing
municipal water to homes in the vicinity of the site, potential exposure
to contaminated groundwater 1s eliminated. Additionally, Alternatives 3
and 4 provide a level of current and future protection to the environment
by limiting contaminant migration offsite or into the lower aquifer
through extraction of contaminated groundwater from the surficial
aquifer, Alternative 2 does not provide protection to environmental
receptors. Alternative 1 does not provide protection to human health or
the environment.

Compliance with ARARs dealing with cleanup levels are not necessary for
operable units., However, while the operable unit does not have to meet
these ARARs, the final remedy will. Therefore, it is desirable that
this remedy meet all ARARs. R . e -

v -~
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The primary ARARs for this initfal groundwater operable unit are the
maximum concentration 1imits (MCLs) under the Safe Drinking Water Act
(SDWA). MCLs are applicable where the water will be provided directly to
25 or more people or will be supplied to 15 or more service connections.
MCLs are relevant and appropriate where surface water or groundwater f{s
or may otherwise be used for drinking water. Alternatives 1 and 2 do not
address the contaminated groundwater and, therefore, do not meet the SDWA
ARARs. No reasonable grounds exist at the present time to justify a
waiver of this requirement at the present time for Alternatives 1 and 2.
Alternatives 3 and 4 meet the SOWA's MCLs by removing the contaminated
groundwater in the surficial aquifer which has been found to exceed the
MCLs. Also considered ARARs for the groundwater operable unit are the
RCRA groundwater protection standards. These use background, MCLs or
alternate concentration 1imits {ACLs) as the cleanup level, The criteria
for choosing between background, MCLs and ACLs are detailed In 40 CFR
Part 264.94,

Because the operable unit is being implemented for the purpose of
controlling contaminant migration as opposed to restoring the surficial
aquifer, the extraction well system will operate until the completion of
the subsequent RI/FS regardless of future contaminant levels. Final
cleanup levels will be established as a part of the subsequent RI/FS.

Additional ARARs, which are related to discharge options, would need to
be met if efther Alternatives 3 or 4 were chosen., These include the
Clean Water Act, which covers discharges to surface water bodies, the
Clean Air Act, which covers air emissions and POTW pretreatment
requirements, which cover contaminant levels being discharged to a POTW.
The relevant ARARs will be met by the discharge option chosen.

The criterion dealing with the reduction of toxicity, mobility or volume
of contaminants only considers reductions due to treatment. Alternatives
1 and 2 do not incorporate any treatment. These alternatives, therefore,
do not reduce toxicity, mobility or volume. Alternatives 3 and 4 would
involve treatment if either the discharge to POTW option or the onsite
treatment with discharge to Coon Creek option is chosen., Both of these
discharge options involve treatment which would significantly reduce
mobility and volume. 1f direct discharge to Coon Creek is chosen,
neither Alternative 3 nor 4 would involve treatment.

Alternatives 2, 3 and 4 provide a high degree of effectiveness in the
short term in achieving prompt protection of human health with no
significant adverse effects resulting from the implementation of the
remedy. The hook-up to municipal water supplies would not require any
sfgnificant time delays and is very effective in protecting the public
from any potential risks due to consumption of contaminated groundwater.
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Alternatives 3 and 4 are protective of the enviromment in the short term.
The anticipated implementation timeframe may be somewhat longer for
Alternative 4 due to the time required to design and construct a slurry
wall, The no action alternative is not adequately protective of human
health or the environment.

Alternatives 2, 3 and 4 are effective in providing long term protection
of human health, The hook-up to municipal water eliminates the need to
use groundwater on or near the site, but does not address the .
contamination present in the shallow aquifer or the threat to the lower
aquifer. Alternatives 3 and 4 provide a moderate level of long term
effectiveness with regard to protection of the environment by controlling
contaminant migration. Neither Alternative 3 or 4 eliminates the
downward flow gradient through the aquitard or removes contaminants
already present in the aquitard, but both decrease the volume of downward
flow from the surficial aquifer and the volume of contaminants present in
the upper aquifer that pose a threat to the lower aquifer. Long term
issues will be addressed more fully in the a subsequent RI/FS. The no
action alternative is not adequately protective of human health and the
enviromment. . .

The implementability of each alternative is based on the technical
feasibility, administrative feasibility and the availability of services
and materials for the alternative. All of the alternatives are
technically feasible. They all involve technologies which have been used
regularly in the past and have a demonstrated performance record. All of
the alternatives are administratively feasible. Alternatives 3 and 4
would require obtaining a NPDES permit if a surface water discharge is
used, Approval of the MWCC would be necessary if the POTW discharge is
chosen for Alternative 3 or 4. Alternative 4 may require additional
steps and time delays during design and in obtaining access and clearing
Junk automobiles from around the site prior to the construction of a
slurry wall., The services and materials required for each alternative
are expected to be readfly available. '

There are no costs associated with Alternative 1, the no action
alternative, Alternative 2 has a total present worth cost of $520,000.
Alternative 3 has a total present worth cost of $760,000. Alternative 4
has a total present worth cost of $3,500,000., Alternatives 3 and 4 would
have the additional costs associated with the chosen discharge option. A
summary of the costs for each alternative is provided in Table 3.
Alternative 4 1s not felt to offer significant increases in
protectiveness to public health and the environment, short term
effectiveness or long term effectiveness for the extra cost.

Limited comments were recefved from the community regarding the various
alternatives considered. The comments received indicated the communities
concern regarding the discharge options which were considered in the
event a groundwater extraction alternative was chosen, These comments
indicated a general opposition from the community, including
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representatives from Anoka County, to a discharge to Coon Creek.
Representatives from the City of Andover expressed concern regarding any
discharge to the City's sewer system due to the volume limits set by the
MWCC for the City and the resulting displacement of potential future
development.

The State of Minnesota, through the MPCA, has been actively involved in
the RI/FS process for the South Andover site. The MPCA concurs with
the U.S. EPA's selected alternative. The selected alternative must be
presented to Minnesota's Citizen Review Board prior to the State's
commitment to fund 10 percent of the remedial action.

SELECTED ALTERNATIVE

Based on available data and analysis conducted to date, the U.S. EPA
selects Alternative 3 as the most appropriate solution for meeting the
goals of the initial groundwater operable unit at the South Andover site.
The characteristics of Alternative 3 that are considered most important
are:

- The alternative provides immediate protection to human health ~
from the potential threats associated with consumption of
groundwater from the site.

- The alternative 1imits migration of groundwater offsite and
controls migration of contaminants into the aquitard and lower
aquifers, '

- The alternative provides for management of surface water
quality through monitoring of contaminant levels in the
surficial aquifer and possible surface water discharges.

- The alternative is consistent with additional site actions and
will be compatible with the final site remedy.

Clean-up Levels

The initial groundwater operable unit is being implemented for the
purpose of controlling contaminant migration not restoration of the
surficial aquifer to drinking water standards. Therefore, no cleanup
levels are being established at this time. The extraction system will
operate until the completion of the subsequent RI/FS. At that time, the
groundwater operable unit will be incorporated into the overall site
remedy and clean-up levels will be set. The levels to be set are
expected to meet all Federal and State ARARs.

Due to the discontinuous and possibly intermittent nature of the
contamination, continuous extraction of the groundwater would provide a
more reliable migration control system than one which would pump only
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when analytical data indicates a contaminant specific or risk specific
action level was exceeded. The continuous extraction is also supported
by the predominately downward gradient which exists through the aquitard.
By increasing the horizontal gradient through the remainder of the study,
the chances of capturing contaminants, prior to them entering the
aquitard, is increased.

A second important advantage of continuous extraction is that extraction
could significantly aid the subsequent RI in locating potential sources
of contamination. Previous efforts, using monitor wells and soil gas
analysis, did not locate any source areas of high concentration in
groundwater or soil. The gradients caused by the extraction wells will
potentially draw in pockets of high contamination and facilitate the
pinpointing of the source areas.

Operation and Maintenance

The recommended alternative requires a certain degree of annual operation
and maintenance (0&M) activity to ensure that groundwater will be
extracted and treated to meet the clean-up levels. The degree of Q&M
cannot be determined until the discharge option is selected. Dfrect
discharge to Coon Creek and discharge to the POTW would both require
monitoring of the discharge contaminant levels. An O0&M plan will need to
be developed during remedial design after the groundwater discharge
option has been chosen.

A groundwater monitoring plan will also need to be developed and
implemented to determine if contaminants have migrated offsite or into
the lower aquifer. This can be incorporated into the subsequent RI/FS
work planned for the sfte.

All O0&M responsibilities will be covered as specified in Section 104(c)
of SARA. The 08M plan will be reviewed at the completion of the
subsequent RI/FS and be incorporated into the final remedy.

STATUTORY DETERMINATIONS

The U.S. EPA and MPCA beljeve that this remedy will satisfy the statutory
requirements of providing protection of human health and the environment,
attaining applicable or relevant and appropriate requirements of other
environmental statutes, will be cost-effective, and will utilize
permanent solutions and alternative treatment technologies or resource
recovery technologies to the maximum extent practicable. The choice of
discharge option for the extracted groundwater will determine whether
this operable unit will satisfy the preference for treatment as @
principal element.
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Protection of Human Health and the Environment

The selected remedy provides adequate protection of human health and the
environment by preventing consumption of contaminated groundwater through
the provision of an alternate water supply, limiting offsite migration if
contaminated groundwater and protecting the deeper aquifer from becoming
contaminated by the implementation of a groundwater extraction system,

Mditional controls on exposure are achieved through restrictions on new
wells on or near the site and through monitoring of groundwater at the
site.

Attainment of Applicable or Relevant and Appropriate Requirements

This remedy will ensure that drinking water to be supplied to current
private well users will attain MCLs under the SDWA and that the discharge
from the groundwater extraction system will meet NPDES limitations under
the Clean Water Act if discharged to Coon Creek.

Cost-Effectiveness

This alternative affords a high degree of overall effectiveness in not
only protecting existing well users against exposure to contaminated
groundwater through the provision of an alternate water supply, but also
in halting further migration of the contaminated groundwater offsite and
into the lower drinking water aquifer through the extraction system. The
present worth cost of this action will range from $920,000 to $2,460,000
depending on the discharge option selected during design. This compares
with the $3,500,000 required to construct 2 slurry wall around the site,
U.S. EPA believes the costs of the selected remedy are proportionate to
the overall effectiveness it affords such that 1t represents a reasonable
value for the money, c-

Utilization of Permanent Solutions and Alternative Treatment Technologies
or Resource Recovery lechnologies to the Maximum Extent Practicable

U.S. EPA believes this remedy 1s the most appropriate solution for
meeting the goals of the initfal groundwater operable unit at the South
Andover site providing the best balance among the evaluation criteria for
the alternatives evaluated., This remedy provides effective protection in
both the short- and long-term to potential human and environmental
receptors, protects the deeper aquifer from becoming contaminated, fs
readily implemented, is cost effective and is consistent with future
response actions that may be undertaken at the site.

Preference for Treatment as a Principal Element

Due to the limited scope of this'remedy;ﬁuhich is not ‘the final response
action for any of the principal threats posed by the site, the statutory
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preference for treatment may not be met. The choice of discharge option
during design will determine if the preference is achieved. Subsequent
actifons are planned, however, that will definitively address the
principal threats.

SCHEDULE

The remedial action start is one of the 175 sites comprising a statutory
goal for remedial action starts by October 1989. The following-are the
key milestones for implementation of the remedial action in the event
that RD/RA negotiations are not successful.

Approve Remedial Actfon (execute ROD) March 1988
Initiate Remedial Design June 1988
Complete Remedial Design June 1989

Initiate Remedial Action (Award Contract) September 1989

FUTURE ACTION

A detailed study of a large portion of the site was impossible due to the

large volume of tires and junk automobiles present onsite. The tires are

currently being shredded onsite and sent offsite. The operation is

taking place under a grant from the Minnesota Waste Management Board and

is scheduled to be completed by Spring 1989. c
N

A subsequent RI/FS {s planned for the site following the tire removal, <

The subsequent RI/FS will study and determine appropriate final

groundwater remediation and source control measures.
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APPENDIX B

SAS REQUEST FORMS

Total Phosphorous

Chemical Oxygen Demand

Total Dissolved Solids

Total Suspended Solids

Drinking Water and Residential Wells - Organics with
Low Quantitation Limits Rev. 8.0, 6/89

Drinking Water and Residential Wells - Metals, CN
Rev. 5.0, 4/88 or Rev. 6.0.



5/016__ -0-6/87 Total Phosphorus in Hp0 6/29/87

U.S. Environmental Protection Agency
CLP Sample Management Office SAS Number

P . Box 818, Alexandria, Virginia 22313

Phuat: (703)/557-2490 or FTS/557-2490 | |

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
Client Request

' l Regional Transmittal I I Telephone Request
x \

A. EPA Region/Client: Region V

B. RSCC Representative: :QQLQ Eela

%« Telephone Number: (312) 353-2720

D. Date of Request: }
E. Site Name: Soutn Andover, Andover Minnesotn

Please provide below a description of your request for Special Analytical Services under

the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
yo= request, please address the following considerations, if applicable. Incomplete or

e. .eous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested: Analysis for total phosphorous

in waters (surface waters, ground waters, drinking waters, leachate, etc.). Most samples

will be unfiltered although certain aliquots can be filtered and preserved at time of

collection, Results will be reported as mg/1 P.

2., Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous o~ soil and sediments;
and whethe~ low, medium, or high concentration):

29 low level gmuMWsz (ggucg“;)gm(gs

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Superfund D sign Dweshiga on WB




5/016 -0-6/87 Total Phosphorus 6/29/87

4.

4

6.

e

9.

10.

1

—— -z-

Estimated date(s) of collection: _[_Qc;(f'ob&f“_flq @? ? _7

Estimated date(s) and method of shipment:

Number of days analysis and data required after laboratory receipt of samples:

Laboratory should report results within 30 days after receipt of samples.

Analytical protocol required (attach copy if other than a protocol currently used in
this program):

Total Phosphorus EPA Method 365.1 (Automated, Colorimetric, Ascorbic Acid)

Total Phosphorus EPA Method 365.2 (Automated, Colorimetric, Single Reagent)

Total Phosphorus EPA Method 365.4 (Block Digestor)

Samples will be preserved in the field with 1 ml/1 HySO4 to pH <2 and stored at 4°C

until analysis and validation of results,

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection 1imits, etc,) Check sample pH using wide-range pH paper. If
the pH>2, contact CPMS, CRL for instructions:

Dilute and redigest samples with absorbances

or péak heights higher than the highest standard. All standards, blanks, audits, etc.
must be digested, The holding time is not to exceed 28 days from sample collection.

Jse only the method(s) specified above. The calibration curve must incliude at least 5
standards, (One of the standards must be zero concentration).

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion:
The test procedure used will be clearly identified. Bench

records and all records of analysis and calculations for samples, blanks, duplicates,
spikes and all control checks with peak height or response and concentrations will be

provided with copies of worksheets. Results will be reported as mg/l P. Any digestion 10g
will be provided showing sample aliquots and concentratifons of all samples tested. Records

must be legible and sufficient to recalculate all concentrations. A photocopy of the
jnstrument readout f.e. stripcharts, printer tapes, etc. must be included.

reference samples, or any other reference sample or i1nitial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or

target values and assoclated 9Sifconfidence‘1im¥ts for analysis results will be provided
for all reference samples used,

Other (use additional sheets or attach supplementary information, as needed):

Yame of sampling/shipping contact: Marda ;LLQII/MIKC Whl'm’ggign

Phone:w ’B 211



5/0166-0-6/87 Total Phosphorus 6/29/87

3.
7. DATA REQUIREMENTS
Parameter: Detection Limit Precision Desired
+% or Conc.,

Total P 0.05 mg/l Duplicate results must

agree to within 10%
NOTE: These are minimum for concentrations
requirements. Report > 0.5 mg/7 or within
actual detection limits 0.05 mg/1 for con-
used based on specified centrations < 0.> mg/1

methodologies,

TI. QC REQUIREMENTS - Do not use designated field blanks for QA audits

Audits Required Frequency of Audits Limits* (% or Conc.)

at least 1 per group of
Matrix Spike* 10 or fewer samples 85% - 115%

at least 1 per group of
Lab Duplicate 10 or fewer samples + (10% or 0.05 mg/1)

at least 1 per group of
Lab Blank (Also serves as 10 or fewer samples <0.05 mg/1
a calibration blank),

Calibration ver~ification 1 per group of 10 samples 90% - 110%
standard and end of sample set

1 set of EPA nutrient QC
reference samples conc. 344 1 per sample set 85% - 115%

*The matrix spike concentrations will be approximately 30% or larger of sample
concentrations, but spiked samples shall not exceed the working range of the

standard curve,

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and reanalyze samples,

Contact Jay Thakkar (312) 886-1972 or Chuck Elly (312) 353-9087,

Please return this request to the Sample Management Office as soon as possible to expedite
prr 3sing of your request for special analytical services. Should you have any questions
or ...ed any assistance, please call the Sample Management Office.



5/018__-0-6/87 COD (Hi- and Lo-levels) 6/26/87

U.S. Environmental Protection Agency
CLP Sample Management Office SAS Number

P. 0. Box 818, Alexandria, Virginia 22313

PHONE: (703)/557-2490 or FTS/557-2490 : |

SPECIAL ANALYTICAL SERVICES

Client Request Approved for Scheduling
, X ' Regional Transmittal l ‘ Telephone Request
A. EPA Region/Client: Region V

B. RSCC Representative: Jan P{'JS.

C. Telephone Number: 312/ 353-2720D

D. Date of Request:

E. Site Name: South Andover, Andovesr Minnesota

" Please provide below a description of your request for Special Analytical Services under

the Contract Laboratory Program, In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General description of analytical service requested:
Analysis of chemical oxygen demand

(C0D) (Hi-level) (50 - 800 mg/1) and COD (Lo-level) (5 - 50 mg/T) in water (surface water,

mg/1 will be determined and reported as COD (Lo-level).

roundwater, leachate, wastewater, drinking water, etc.). Samples will be unfiltered, Any
sample with COD values less than gﬁ ]

Samples with COD values greater than or equal to 50 mg/) will be determined and reported
as EUU (Hi-Tevel). The COD (Lo-Tevel) method 7s used for optimum precisjon and accuracy
of measurement 0f low concentration COD values.

If field specific conductance values are greater than or equal to 5000 umhus/cm, field per-
sonnel will indicate this on the SAS Packing Lists or any future RAS/SAS Traffic Report

Forms, the field conductance values and the instruction "Check fo- Possible Chloride
Interference in COD Test® for any such samples. If this is the case or if there is other
definite knowledge of chlorides exceeding 2000 mq/1, the laboratory will determine the

chloride content and inhibit chloride interference pursuant to Section 7.l of EPA Method
410.3.

NOTE: It is expected that few waters from Region V (<3%), will have chloride concentrations

in excess of 2000 mg/1, however, it is the responsibility of field personnel to first iden-

tify any samples having a chloride interference for COD so that the COD test can be modi-
fied to compensate for any chloride interference,

Results are reported as mg/l COD.

2. Definition” and number of work units involved (specify whether whole samples or
fractions; whether organics or fnorganics; whether aqueous or soil and sediments;

and uhether low, medium, or high concentration):
29 lou) Iml 9ﬁzsmaﬁuzd:£ (25((&2“:2 Sam’g[&s

3. wrpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,

“DES, etc.) , bon "Zb ) E



5/018__-0-6/87 CO0 (Hi- and Lo-levels)

5.
6.

7.

-2- 6-26-87

Estimated date(s) of collection: COC('Db-'/Y; [1_8_5/ ?Z

Estimated date(s) and method of shipment:

Number of days analysis and data required after laboratory receipt of samples:

Laborafo:\j Should veprt vesuits vy QOd&q;_gfk( receipt-

Analytical protocol required (attach copy 1f other than a protocol currently used in
this program):

EPA Method 410.1 (Titrimetric, Mid-level) for COD > 50 mg/1.

EPA Method 410.2 (Titrimetric, Low-level) for COD < 50 mg/1.
Use Section 7.1 of Method 410.3 if chloride concentration exceeds 2000 mg/1 in a sample.
1f titration blank is necessary for each different amount of mercuric sulfate used for
inhibition of chloride interference, SAS Packing Lists will note the samples requiring
assessment of chloride interferences., Measurement of chioride will be done using any
method of “Standard Methods",16th ed., or “EPA Methods for Chemical Analysis of Water and
wastes , 1983 ed., whenever possible chloride interference 1s noted.
Samples will be preserved with 1 ml of H»S04 to pH less than 2 and kept at 4°C until
sample analysis and validation of results are completed. Holding time is not to exceed 2¢
days from date of sample collection,

Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Check sample pH (wide range pH paper). If pH>2, contact CPMS, CRL for further
instructions.

2. Use a) 50 mI sample aliquots for both methods, b) 0.250 N K2Crp07 reagent and 0.25 N
ferrous ammonium sulfate titrant for Method 410.1, and ¢) 0.0250 N KoCro07 reagent
and 0,025 N ferrous ammonium sulfate titrant for Method 410.2.

3. Dilute and reanalyze (by Method 410.1) any samples with COD values > 800 mg/1 or ti-
trant volumes < 5.0 ml, Reanalyze samples (by Method 410.1) 1f initial sample values
are > 50 mg/1 COD by Method 410.2. Reanalyze samples (by Method 410.,2) if inityal
sample values are < 50 mg/1 COD by Method 410.1.

4, Any sample aliguots < 50 mls will be diluted to 50 mls so that the COD reaction mix-
ture will be 50% Hp504/ 50% water by volume.

5. Titration blanks will be determined, at least in duplicate each day of analysis and
will not differ more than + 0.1 ml titrant for Method 410.1 and + 1.0 mi titrant for
Method 410.2.

6. oSeparate sets of QA Audits wil] be performed for each method, 1f both methods are
used.

7. Use potassium hydrogen phthalate as a matrix spike compound, Use 20 mg/l matrix spike
concentration for Method 410,.2.

8. Samples wil] be refluxed for at Jeast 2 hours,

9. Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative
suspended solids. .

10. Use only the method specified.




5/018__-0-6/87 (2) COD ( Hi- and Lo-levels)
6/26/87

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion,

Bench records, tabulating titrant standardization, titration
volumes for titration or sample blanks (2 or more in number), samples, and QA Audits will
be provided for each method used. All records of analysis and calculations must be
legible and sufficient to recalculate all sample concentrations and QA Audit results.
Records of chioride analysis will be provided for any samples so specified on the RAS/SAS
Traffic Report or SAS Packing List. Separate bench records will be provided for any COD
determinations of high chloride samples (>2000 mg/1 C1) including weight of mercuric
sulfate used, sample titration volume and titration blank volume for each sample type.
EPA QC Reference samples, or any other reference samples, will be identified as to source,
1ot number, and sample number., Corresponding “"true” or target values and associated
98% confidence 1imits for analysis results will be provided for all reference samples

used,

10. Other (use additional sheets or attach supplementary information, as needed):

. [ ’

: \
11. Name of sampling/shipping contact: 'h}’}

Phone: @4’1) 4-5_6 -8 7) |
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5/018G-0-6/87 COD (Hi- and Lo-Levels) 6-26-87
1. DATA REQUIREMENTS
Parameter: Detection Limit Precision Desired
T . (+% or Conc.)
COD (Method 410.1) 50 mg/\ Method 410.1: Differences in
sampie duplicates are to be
COD (Method 410.2) 5 mg/1 < or = to 0.2 m titrant or

Il.

111,

F

< B8 mg/l for concentrations
< 80 mg/1 and < 10% for COD

concentrations exceeding

NOTE: These are minimum 80 mg/1.

requirements., Report Method 410.2: Differences in
actual detection limits : sample duplicate results are t
used based on specified be < 1.0 ml titrant or < 4 mg/
methodologies. for concentrations less than

40 mg/! and are to be < 5 mg/)
for concentrations between 40

50 mg/1.
0C REQUIREMENTS
Audits Required Frequency of Audits Limits* (% or Conc.)
Matrix spike (KHP) at least 1 per group of
Method 410.1* 10 or fewer samples 85 - 115% Recovery (410.1)
Method 410.2(Use 20 mg/1 spike) 75 - 125% Recovery (410,2)
Diff < ( 8 mg/1 or 10%)
Lab duplicate " " (410.1)
v v Diff < ( 4 mg/T - 5 mg/1)
(410.2)
Titration blank (used for at least 2 per sample Diff in titrant volumes shall
calculation of results) set for each method used not exceed 0.1 ml for 410,1
and 1.0 ml for 810.2
1 set of EPA OC Demand 1 per sample set for 90 - 110% Recovery or < 8 mg/l
“Reference samples - each method used error for 410.1 and < 5 mg/1
2 concentration levels error for 410.2 in aTiquot

tested
* - Matrix spike will be greater than 30% of the sample concentration, but spiked sample
shall not exceed 800 mg/1 for Method 410.1.

ACTION REQUIRED IF LIMITS ARE EXCEEDEN:

Take corrective action and reanalyze samples. Contact Jay Thakkar (312) 886-1972

or Chuck Elly (312) 353-9087,

Contact Region V RSCC Dennis Wesolowski (312) 886-1971 concerning questions on

chloride interferences and modifications of COD test.

se return this request to the Sample Management Office as soon as possible to expedite

pi wcessing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.



5/024__ -0-6/87 Total Dissolved Solids 6/29/87
U.S. Environmental Protection Agency
HW] Sample Management Office ’ SAS Number

P.0. Box 818, Alexandria, Virginia 22313
Phone: (703) 557-2490 or FTS-557-2490

Special Analytical Services
Regional Request

. , I Regional Transmittal I I Telephone Request
X

A. EPA Region and Site Name: Region V

B. Regional Representative:
C. Telephone Number: (312) ~ 33 -2720D

D. Data request:

E. Site Name: _ Sou¥h Andors, Andover 7 1nnefofa

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable., Incomplete or erroneous information may result in delay in the processing of
your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested: Analysis of total dissolved

solids (180°C) in water (surface waters, wastes, qroundwaters, drinking water, leachate,

etc.) Results are reported as mg/l dissolved solids,

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

29 ngg level 9[@_454% {Q5¢1e0u§ ) \Cgmpks

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

Svperfund D:C:.':E'?n Lnveshgahion {&VNM)
4. Estimated date(s) of collection: [ Qd‘o\o«; )9&17 ]

5. Estimated date(s) and method of shipment:
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6. Approximate number of days results required after lab receipt of samples:

La r re 30 days vecei ot
Laboortoy should et results wrthin 30 days Offer receipl,
in

7. Analytical protocol required (attach copy if other than a protocol currently use
this program):

~

1. EPA Method 160.1, 1983 ed,, or

2. Method 2098, “Standard Methods®, 16th ed. Samples will be kept at 4°C until

sample analysis and validation of results. Holding time is 7 days from date of

sample collection.

8. Specail technical instructionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1) Use standard aliquots of 100ml:
however do not use sample aliquots yielding more than 200 mg residue. If residue 1S
greater than 200 mg, repeat the analysis using a smaller sample aliquot. 2) If the
pH value 1§ lTess than 4,0, raise the pH of the aliquot (using NalH titrant) to between

H 4 and B and subtract the weight of sodium added from the weigth of the residue.
gi Residue will be weighed either to constant weight pursuant to Section /.6 of Method
160.1 the final weight is to be used for calculations. Constant weight is defined as
a) Tess than 0.5 mg or less than 4% weight loss from the previous weight, whichever 1§
smaller, or b) dried overnight (12 hours drying time) with a single weight used for
calculations,

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc, ) If not completed, format of results will be
left to program discretion.

Identify the OC reference sample 1ot numbers used and their true values with 95% con-
fidence intervals., Bench records of tare weights, final weights, additional weights
to determine constant weights, volumes filtered, blanks, duplicate samples, and refer-
ence samples will be provided with copies of work sheets used to calculate results .
Dates and time of 1) determination of tare weights, 2) sample filtration, and 3) deter-
mination of residue weights and constant residue weights will be part of bench records.
A1l records of analysis must be legible and sufficient to recalculate all sample
concentrations and results,

10. Other (use additional sheets or attach supplementary information, as needed):

v

11. Name of sampling/shipping contact:

(41y) $52-57]1

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.

Phone:




§/024G-0-6/87 TOS in Water 6/29/87

-3-
I. DATA REQUIREMENTS
Parameter Detection Limit Precision Desired
(*% or Conc.)
TDS 20 mg/) Difference in duplicate
sampie aliquots shall

Note: These are mini- not exceed 2 mg for
mum requirements. residues, Duplicate
Report the actual differences shall not
detection Iimits used exceed 10% for sample
based on allowable values greater than
methodology options. 200 mg/1.

11. QUALITY CONTROL REQUIREMENTS Do not use any designated field blanks for QA Audits.

Audits Required Frequency of Audits Limits* (+% or Conc.)
1. 1 set of EPA QC 1 per sample set 85-115% Recovery

Mineral Reference
Samples*- 2 concen-
tration levels.

At least 1 per group of +(10% or 2 mg of residue)
2. Lab Duplicate 10 or fewer samples
At least 1 per group of - 20 mg/1 to + 20 mg/)
3. Lab Blanks (100 m 10 or fewer samples
‘of filtered reagent
water)

* Alternate reference samples must be approved by Region V RSCC prior to analysis.

111, *Action Required if Limits are Exceeded:

Take corrective action and retest samples. Contant Charles T. Elly (312/353-9087) or

Jay Thakkar at (312/886-1972).




5/025__7Q-{/87' Total suspended solids in water 6/29/87

U.S. Environmental Protection Agency .
HWI Sample Management Office SAS Number |
P.0. Box 818, Alexandria, Virginia 22313
Phone: (703) 557-2490 or FTS-557-2490

Approved for Scheduling
Special Analytical Services
Regional Request

l I Regional Transmittal | | Telephone Request
X

A. EPA Region and Site Name: Region V

B. Regional Representative: Tan Pels
C. Telephone Number: (32) 3S3-2720

D. Data request:

E. Site Name: _sSoubin fonddver, Andones yNINNASOTA

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Dumpsite Program. In order to most efficiently obtain
laboratory capability for your request, please address the following considerations, if
applicable. Incomplete or erroneous information may result in delay in the processing of
your request. Please continue response on additional sheets, or attach supplementary
information as needed.

1. General description of analytical service requested: Analysis for total suspended

-

solids (103-105°C) in water (surface waters, groundwater, drinking water, leachate,

etc.) Results are reported as mg/1 total suspended solids.

2. Definition and number of work units involved (specify whether whole samples or
ractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

o~ vi) S s

3. Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA, -
NPDES, etc.):

;gl)p&{@_nL 'Df..gqn :D'\\/CS‘)'\g_Lﬁ)Or\ (MM)__
4. Estimated date(s) of collection: _[OC/T‘Db&Y‘, 1989 ?7

5. Estimated date(s) and method of shipment: Daily by overnight carrier.




5/c25__-§-§/87 -2- TSS in water  6/29/87

6. Approximate number of days results required after lab receipt of samples: _ 30

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

1. EPA Method 160.2, 1983 ed., (Gravimetric, Dried at 103° - 105° C) using glass fiber
filter discs without organic binder such as: Millipore AP-40, Reeve Angel 934-AH,
Gelman A/E, or equivalent. Use only membrane filter apparatus with 47 mm dijameter
glass fiber filter and a coarse {30-80 micron) fritted disc filter support. The filter
and support specifijcations are mandatory. Samples will be held at 4°C until sample
analysis and validation of resuits are completed. Holding time 1s / days from date
of sample collection.

8. Specail technical instructionns (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Sample aliquot volumes are selected
on the basis of the following factors. a) During initial sample fiitratrion, fiitration
rate should not drop rapidly, or require more than 5 minutes of filtratrion time. (In-
crease the filter area or decrease the sample volume as needed for sample reanalysis),
b) The sample aliquot filtered should provide a residue with greater than 1.0 mg for
aliquots less than 200m! in volume, and c) Sample aliquots should not exceed 200ml in
volume. 2. Duplicate sample aliquots will be filtered with 2 or more intervening
samples. 3. Final residues are to be weighed either to constant weilgnt pursuant to
Section 7.6 of Method 160.1 (The final weight is to be used for calculations), or dried
overnight (12 hours of drying time) with the single weight used for calculations. Constant
weight is defined as less than 0.5 mg or less than 4% weight loss from the previous
weight, whichever is smaller. 4. Use only the method specified above in items / and -

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

ldentify EPA OC reference sample lot numbers used and their true values and 95% con-
fidence intervais. Bench records of tare weignts, final weignts, volumes filtered, blanks,
duplicate samples, and reference samples (all in the order filtered) will be provided

along with copies of worksheets used to calculate results. Dates and time of a} filtra-
tion of initial 100m) volume, b) determination of tare weights, c¢) sample filtration, and
d) determination of constant residue weights will be part of bench records. All records &f
analysis must be legible and sufficient to recalculate all sample concentrations and

QA results.

10, Other (use additional sheets or attach supplementary information, as needed):

11. Name’of sampling/shipping contact: N LA) y
Phone: ["HV) Q/)’S’ 87”

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office,




5/025G-}- |/89 -3-

I. DATA REQUIREMENTS

Parameter Detection Limit

Suspended Solids 2-3 mg/1 for 200 ml

Note: These are minimum sample aliquot

requirements. Report the
actual detection limits

used based on allowable
methodology options.

TSS in water 6/29/87

Precision Desired
{+% or Conc.)

Difference in duplicate
results shall not exceed
0.5 mg for duplicate
aliquots filtered.

II. QUALITY CONTROL REQUIREMENTS Do not use designated field blanks for QA Audits.

Audits Required

Frequency of Audits

1 per group of 10 or
fewer samples

%l Lab Duplicates
See item 8.3 on Page 2)

1 per group or 10 or

2) Lab Blanks fewer samples

{200 ml aliquots)

3) 1 set of 2 EPA QC 1 per sample set

“Residue Reference
Samples-2 concentration

levels

Limits* (+% or Conc.)

less than 0.5 mg- resic‘ue_
\g:s +hen IC%p ‘or 5¢mpic’. rr
q,ii"f}gf

-OQS to +0.S mg.

< 5 mg/) error for con-
centrations < to 50 mg/l
or < or = to 10% for nom-
inal concentrations > tnan
50 mg/l

* Alternate reference samples must be approbed by Region V RSCC prior to analysis.

I11. *Action Required if Limits are Exceeded:

Take corrective action and reanalyze samples.

Contact Jay Thakkar (312) 886-1972 or Chuck Elly (312) 353-9087.




U.S. Environmental Protection Agency

c
L

tE.

Sample Management Office SAS Number

J. Box 818, Alexandria, Virginia 22313
PHONE : (703)/557-2490 or FT5/557-2490

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmittal ' ’ Telephone Request

EPA Region/Client: y/ : '

RSCC Representative: Jan Pelg

Telephone Number: _(312) 383-2720

Date of Request:

Site Name:

Please provide below a description of your request for Special Analytical Services under
the Contract Laboratory Program. In order to most efficiently obtain laboratory capability for

* request, please address the following considerations, if applicable. Incomplete or

e roneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1.

2.

3.

General description of analytical service requested: Analysis of drinking watar’
resi ial i - i ticd e

guantitation limits,

Definition and number of work units {nvolved (specify whether whole samples or
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medfum, or high concentration):

ow leve ) ), : ~vio/e

2 low level vesidenbad (well Samples fov \olahles
3 _low Jevel vesidenbat wedl Sdmolrr {n- PCR JPests

Purpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,
NPDES, etc.):

SV erfind Dc_s;‘gn :D*)\/fs‘h;ij‘éb/\ (&Mmgl_

Rev. &% 80 5/8'7
e




I

4. Estimated date(s) of collection: [QthM4] qu 7 _7

§. Estimated date(s) and method of shipment:

6. Number of days analysis and data required after laboratory receipt of samples:

7 days for analysis. Final report and data dye !ﬁmn 15 days.

7. Analytical protocol required (attach copy if other than a protocol currently used in
this program):

CLP SOW for Organic Analysis (Multi-Media, Multi-concentration) 3SR alj?&

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.g

g2
1. Modifications to the CLP Organic souﬂg‘un Attachment I.

Z. Required low level quantitation 1imits in Attachment II.

5
-

9. Analytical results required (if knoun', specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be
left to program discreti

on
As per CLP Organics SOW g with modifications as outlined in Attachment I.

-J. Other (use additional sheets or attach supplementary {nformation, as needed):

11. Name of sampling/s>“:-‘ng contact: Mggcgg KU:G"\’Z[H]LL‘, wl’HH)fQ'/DYl

Phane: ﬂ-HV\ V)X ?,)ll




I. DATA REQUIREMENTS

Parameter: Detection Limit Precision Desired
(#% or Conc.)
_See attachment I See attachment IT ony

IT. QC REQUIREMENTS

Audits Required Frequency of Audits Limits* (% or Conc.)

5T 2

As per CLP Organic SOW é As per CLP Organic SOW g Exceptions to CLP Organic

SOW y: See attachment I
&

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Contact Region V RSCC Jan Pels (312) 353-2720
Chuck E1ly (312) 353-9087

. - : . - - < e
*"ezse return thic -2quest to the T - 'anagement 0f€i:: 3s soon as possible = 2xpedit Rq

el aal mmmnto ChantAd Ao Rave a- ac*inrng &



i. Spec

ATTACHMENT 1 (page { of 2)
MODIFICATIONS TO THE CLP ORGANICS SOV 8/87
FOR THE REGION V RESIDENTIAL VELL SAS

{a) Technical Instructions.

Volatile Analysis

a)

b)

c)

Sampie volume is increased from 5 sl to 20 or 25 =l to achieve
lower detection limits. Lab must use the same volume of sample that
is usec for the MDL study. *

Acrolain and acrylonitrile are additional target

coapounds. These compounds will be added to both initial

and continuing calibration mixes. Acrolein and

acry!onitrile will use bromochlioromethane as internal

stancard. The primary and secondary quantitation ions to

be used for these compounds are:

Concound Prisary lon Secondary lon(s)
Acrolein 56 -1
Acry:.onitrile 83 52

Initial calibration: Five point initial calibration - 5,
10, 20, 40 and 60 ug/L for all cospounds except for
acrolein and acrylonitrile, which should be analyzed at
25,50,75,100 and 125 ug/L.

d) Continuing calibration: Perforsed at 20 ug/L for all

e)
1)

compounds except acrolein and acrylonitrile, which should
be analiyzed at 50 ug/L.
Surrogate standards: SOV standards spiked at 20 ppb.
Matrix spike/matrix spike duplifcate: Matrix spike
compounds at 20 ppb.

Semivolatiles Analysis

a)

b)

c)

d)

e)

Extraction/blowdown: Extract the entire one liter bottle, rinsing
the cap & bottle and add to sample. Final blowdown voluse amay
be decreased to 0.5 ml to achieve required detection

liaits.

Initial Calibration: Five points at 5,10,20,50, and 100

total nanograms except for benzoic acid, 2,4-

dinitrophenol, 2,4,5-trichlorophencl, all three

nitroaniline isomers, a4-nitrophenol, 4,6-dinitro-2-
methylphenol and pentachlorophenol! which should be

analyzed at 20,50,80,100 and 120 total nanograms.

The laboratory should notify the Regfon if this calibration range
is not possible.

Continuing calibration: 20 total nanograms except for

benzoic acic, 2,4-dinitrophencl, 2,4,5-trichlorophenct,

all three nitroaniline {somers, 4-nitrophenol, 4,6~
dinitro-2-methylphenol and pentachlorophenol

which should be analyzed at SO total nanogranms.

Surrogate standards: SOV standards spiked as 20ppb

for base-neutral standards and 40ppb for the acid

standards.

Matrix spike/matrix spike duplicate: Matrix spike

cospounds as per the SOW spiked at 20ppdb for base-



e e e S eme e

neutrals and 40ppb for the acids.

ATTACHMENT 1§ (page 2 of 2)

Pesticides/PCBs Analysig
a) Extraction/dlowdown: Extract the gntire one liter bottle; rinse

cap & bottie and add to sample. Final biowdown volume
may be decreased up to 0.5al to achisve required detection
limits.,

b) Surrogate standard: Spiked at 0.2 ppb.
c) Matrix spike/matrix spike duplicate: SOV Matrix spike

compounds spiked at 1/5 the SOU concentration.

2. Analytical Results Required.

b.

b.

C.

Quantitation Limits: Organic Analysis Data Sheets, Form |}
will reflect method detection limits experimentally
determined and verified previously by the contractor.
Additional volatile parameters: Results will include

all data for scrolein/acrylonitrile analogous to the
other valatile target compounds in the SOW. Foras 1s may
be appended to include these parameters.
Dilutions: The contractor will request permission of the
Region to dilute any sanple exceeding the initial
calibration range for any parameter. Diluted anc undiluted
sanple data will be included in the results as per the
sou.

Requirements:

Initial Calibration (Volatiles/Semivoiatiles):

SPCC criteria apply.

The %RSD for the RFs for all compounds sust be < 35%.

The RFs for all other (non SPCC) compounds sust be > 0.05.
Continuing Calibgation:

SPCC criteria apply.

The %D for the RFs for all cospounds must be ¢ 25%.

The RFs for all other (non SPCC) compounds sust be > 0.05.
Matrix Spike/ Matrix Spike Duplicates:

SOV criteria apply for %R and %RPDs.

Surrogates:
Sow criteria apply for %R and corrective action.

Blanks:
Sow criteria apply, however, the calculated MDLs zust be used
instead of RAS CRQLs.



(ALL -UNITS RARZ mMICRCGARAAMS/LITEND

ATTACHMENT I1I

 COMMCN LAEZRATORY SOLVENT
BLANK LIMIT IS Sx METHOD DETECZTION LIMIT

™ Xl ~

Cas »

ANALYTE QUANTITATION LIMIT
BENIENE 7i-63=-2 .=
FRCTCDIC=_DRC™ETHANE 7%-27-4 1.
BROMOFZA™ 7T-22-2 1.8
ERC™OMETHANE 74=-33-3 1.5
CAREIN TETIEZ-LIRIDE €5-23-% 1.8
C=-.2322212 .2 10g=30=T :. <
CmulRIZTmaENE 7T=00=3 1.2
CrLIRCFIRM 67-86-3 1.8
CHLORCMETHENE T4=-87-3 .5
DISACMOCHL2RCMETHANE 124=48-1 1.2
1, 1=DICHLORCETHANE 7%-34-3 .S
1,2=DIC=L2RCETmRNE 107=06~2 1.9
1. 1=DICALORCETHENE 7T-3%-4 1.5
$oTal =1.2-DICHLORCETHENE . 1.5
1. 2-DIC~LORCPACRANE 78-37-% 1.5
cis~1,3-DICALIPACPROPENE  10061-01-% 2
trans-1,3-DI1CHLORCPRCPENE 10061-02-5 3
ETHYL BENIENE 100=41=4 1.5
METRYLENE CRLZRIDE (») 72-03~-2 b
1.1.28.2=TETRAS~LORCETHANE 73=-34-% 1.3
TETARACALIROET~ENE 127=18~4. 1.2
TOLUENE (=) 108-38-3 1.9
1,1, 1-TRICSLSICETHANE 71-2%-%5 1.9
1,1.2=-TRIC=LCRCETHANE 73-00-5 1.5
TRICHLORCETRENE 79=01=5 1.3
VINYL CHLORIZE 7S=01~4 1.5
ACRCLEIN 107-02-3 as
ACETONE (=) 67-6o-1 5
ACAYLONITRILE 107=-13~-1 25
CAREON DISULFIDE % 75-12-0 3
2-5UTANGONE (%) 78-33-3 s
VINYL RCETATE 108-0%-4% =
A=METHY =2=-PENTANONE 108-10-1 .5
2-HEXANQONE S19-78-6 ?
STYRENE 100=42-%
m=XYLENE R¥ 108-38-3
0—XYLINE e 9=-47-6 .S
B=XYLINE oe 106-42-3

dho
ee THE o=X7LINiZ AND p=-XYLENE ARZ REPCATED RS A TOTAL OF THE &~



ATTACAMENT 11
(RLL UNITS ARE MICACGRA™S/LITER)

ANALYTE

BIS (Z=CRLORCETHYLIETHRER
P=ENCL

€-CLORCA=ENCL
1.3=-DIC=~_DRISEINIENE

1, 6=D10_JRISSNIZENE

1, 3= I0=_QRSEENIENE

EEINIYL ALZS3~TL

EIS.2-I~_0RTISICSCEVL) ETRES
2-~I"-vL3Z-2nCo

PEAmc=_ JRCSTmaNE
N=NITRCSCSDIPRCPYLAMINE
NITRCEESNIENE

b=mETHY _P=ENCL
ISCE=CRCNE
E=NITRCE=ENCL

2. =2 IMETHYL2=ENCL
BIS(Z=-CHLQRCET=CXY)METHANE
. 4-DIC . ORCF=ENCL

1. 2. 4=TRICRLORCEENZIENE
NAS=THRALSENE
4="NLORCANILINE
HMEXAC=_JRCEBLUTADIENE
BENZDOIZ RCID
ES-METHYLNAESTHALSENE
A=CHLORC=2=-METRYL_LP=ENCL.
MEXATSLIRCCYCLOPENTRL IZNE
2, 6.5-TRICHLARQRAR=ENCL
. 46,2-TRICHLIRQPHENGL
2-C=L2RONARTRALENE
ACENSFTHYLENE

DIME =YL PWMTHALATE
2.5=-DINITRCTOLUENE
ACZINAC=HTHENE
3=-NITROANILINE
DIBENITFURSN

2, 4=JINITRCP=ENOL

2, 4=DINITRQTOLUENE

CRS »

1li=bbs=cs
108-3%-¢2
9% ~-27-2
Sel=73~-2
106=4&~7
9%=-20=-1
100=-%1 -5
33£28-32~3
L =ne~-7
87 =7c-.
6S.~84=-7
98-3%~3
106 =44s~%
78-23~=1
88=7=-%
108=37-3
111=91~1
129-35-2
120-8z~-2
91-290-3
106=47~-8
87-88-3
6Z-3%-0
91-57~3
SG=-S0=-7
TT=aT=d
88-06-2
9L-9%=4%
9:1-%8~-7
228-~-3&e~-8
13i=11-3
806-20~-2
ac-3z~39
99-05-2
132-64-9
Si1-29~-5
121=14~2

2 of 4

QUANTITATION LIMIT

.
(1)

L] L]
i
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(CSNTINUEDS) (BLL UNITS ARE MICRCGRAMS/LITER)

ARALYTE
F_JUCRENE
h=NTRC===NIL

-—— A et © e e ee

ATTACHMENT II

4=TSLORCE=INvL PmENYL ETRES

ISTHYL P=Tm3LATE

4, §-DiNITAC-Z=-~ETmYL3=INCL

NeNITR ST IS=INTLa™INE
Dis=ENY_AMINE o
b=NITRCENI_INE

H=2RCMTS=ENYL PB=ENYL ETRER

RMEXRACALIRSEZINIENE
PENTAC=L_IRI==ENCL

PmSNANTRRENE
ANTRRSCENE
DI=n=5UTYL. P=THALATE
F_UCRANTRENE

PYRENE

PUTYL BENIYL PWTHALATE
CHRYSENE o»
EENZD(a)ANTRIRATENE oo

BIS(2=-ETHYL_L=ZUYL) P=TRALATE

DI=-n=0CTY. S=TrRL.ATE
BENZD(D)S__TSSNTRENE o
EENID () FL_ZEANTHENE eee
EENZID(a) PYSEINE
INDENC (L, 2. Z=-22)BYRENE
DIRENIQ(a. =) SNTHRACENE
BENZO(g, M, 1) "SRYLENE
2-NITROANZ_INE *

e TRESE T=C PARAmESTESRS
oo THESE Tl PﬁﬁﬁmETERS
oeoe THESZ Twec PARAMETERS

VALUES IN PRRENTHESES
DETERMINED AT THIS TIME.

ARE

D
p ]
mp

ARE

ARE E3TIMATES.

CAS »

3 of 4

QUANTITATION LIMIT

86-72-7 1
100=0e-~-7 1.S
7002-72-3
8+-58-2
S3==Zz-1
85-3. -5
182-2%--
100=91-<
101=-S2-3
118=74~-2
87-86~-2
8Z-01-3
120=12~-7
8b=74=2
&06-44=0
129-00-0
8Z-53-7
2:8-01-9
S6-3%2-3
117=-81-7
1.7=84&=Q
eus-9¢-2
&o7T=08-9
S0-3&-3
1935-33-S
€2=-70-3
191-24=-2
88-=7b6~4

-~
>e
R v
-

L] .
(LNL)

(L}

Ghos = PO > ) o = () 0=

e pa e
* [ ]
] (L]

HMOPIJN"

RERQRTED AS A TOTAL
REPQRTED RS A TATA.
RERQRTED RS A TATAL

ACTURL VALUES

RRE BZING

Rev.

&/%



Attachment I

Target Compound List (TCL) and

Contract Required Quantitation Limits gcngz*

A3

Pesticides/PCBs

alpha-BHC
beta-BHC
delta-BHC .
gamaa-BHC (Lindane
Heptachlor

Aldrin

Heptachlor epoxide
Endosulfan 1
Dieldrin

4,4'-DDE

Endrin

Endosulfan 11
4,4'-DDD
Endosulfan sulfate
4,4'-DDT

Methoxychlor
Endrin ketone
alpha=Chlordane
gamma-Chlordane
Toxaphene

Aroclor-1016
Aroclor-1221
Aroelor-1232
Aroclor=1242
Aroclor-1248

Aroclor-1254
Aroclor=-1260

4 of 4

Quantitation Limitsgee

thcr
CAS Number ug/L
319-84-6 0.010
319+85-7 0.008
319-86-8 0.00S
58-89-9 0,00
76-44~8 0.0
309-00-2 0.005
1024-57-3 0.008
959-98-8 .0l O
60=-57-1 § 6
72-55-9 ‘
72-20-8 0.010
33213-65-9 0.010
72-54-8 020
1031-07-8 g?g
72-43-5 020
5$3494=70-5 8 ) 8;0
$103-71-9 0.0320
$103~74=2 020
8001-35-2 8 fs
12674-11-2 0. 10
11104-28-2 o0
11141-16=5 0.10
$3469-21-9 0.10
12672-29-6 0.10
11097-69-1 0.10
11096-82-5 0O:10

Rev. &5 02, 6/89



5/030__-4-5/87 Orinking Water (Inorganics)

.S. Environmental Protection Agency
CLP Sample Management Office SAS Number
P. 0. Box 818, Alexandria, Virginia 22313 .
PHONE : (703)/557-2490 or FTS/557-2490

- proved for Schedulin
Ar-peoved For Scheduiiry Ap s

APR 25 1989 9’
X Regional Transmittal I Telephone Regquest

¢ SPECIAL ANALYTICAL SERVICES
Q.L ' Client Request

A. EPA Region/Client: A |

B. RSCC Representative: Jan Pels

~— C. Telephone Number: (312) 383-2720

D. Date of Request:

E. Site Name: Soutn Andover, Andover Minnesota

"*ease provide below 2 description of your request for Special Analytical Services under

2 Contract Laboratory Program. In order to most efficiently obtain laboratory capability for
your request, please address the following considerations, 1f applicadble. Incomplete or
erroneous information may result in delay in the processing of your request. Please continue
response on additional sheets, or attach supplementary information as needed.

1. General doscr‘lption of aoﬂyﬁca'l service requested: Analysis of Drinking Water

and/or residential well water for metals and cyanide using detection 1imits lower than So&

\,A'o&.rann-;jge Attachment II) Six elements are to be determined by GFAA using the method of

standard additions. 6FAA analysis of samples free of particuhtes may be conducted on the

Lo

" undigested sample. . 1T R

2. Definition and number of work units involved (specify whether whole samples or
fractions; whether organics or {norganics; . whether aqueous or soﬂ and sediments
and whethor 'lou aedhn. or Mgh concentration) v v TR R

. .. -’)-“' s - a“-
- . RER o Y s‘o -‘.s- LRI W~ R Im.

e ool vesgeanil el Samplei =

d Purpose of analysis (speciﬂy whether Superfund (Remedial or Enforcement), RCRA,
NPOES, etc.):

_Superfund  Degm Inveshation (Dl )
, - Rev—48— 5.0 T

5187 q/gr




$/030__-4-5/87 -2 - Drinking Water (Inorganics)

~. Estimated date(s) of collection: SO ('{"Db&/ [98? 7 j

S§. Estimated date(s) and method of shipment:

6. Number of days analysis and data required after laboratory receipt of samples:

Labogto < A 30
vy a
7. Analytical protocol required (attach copy if other than a protocol currently used in

this program): 1Inorganic analysis as per SOW 785, IFB WA-85-J838, with the exceptions

Tisted in Attachments 11 & III. ICP emission spectroscopy, mercury, and cyanide analyses

follow the SOW mentioned above for sample preparation and analysis protocol with the

{nstrument detection 1imits and matrix spike lTevels given in Attachment II and the QC
audits as described in Attachment I11. GFAA analyses may be run undigested if the samples
are free of particulates. If particulates are present the samples are to be digested as
per SOW nentgoned above. The ECP digest {s to be used for 3D analyses, if digestion is
required. A detailed set of instructions for conducting the GFAA analyses are included

~{n Attachment IIl. Special instrument detection limits and matrix spike levels are
1isted on Attachment I1.

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection 1imits, etc.): 1) Check the pH of each sample (wide range
pH paper 1s acceptable). If the pH values are outs{de of the specified Timits of

SOW785, contact Region V for instructions. -
Z) Instrument Detection 1imits{IDL) of Attachment 11 are to be met prior to any sample

analysis. 3) Spike Ca, Mg, Na and K and all other parameters as per Attachment II.
The §pikes for these four analytes shall De to a separate aliquot unless documentation is
provided that no contamination results for the other analytes.

The 6FAA protocol is specified in Attachment 1II. The frequency and 1imits of certain
audits are changed from that given in SOW /B85 for al] analyses as per Attachment [11.

9. Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.). If not completed, format of results will be

left to program discretion. e e
ot CcoRLe~NT SO0

A1l of the deliverables included 1n SOW78S are required. Also, provide current quarterly
XTI, XIT, XITT for each case. Submit Form 2801 separate for each separate parameter
analyzed by MSA. Form VIII must be modified to include the slope of each addition as well
as thﬁrco;reTat1on coefficient., Use footnotes on Form I for reporting results, exceot
se IUL of Attachment I] for detection limit. NMA kg SN oN Fo i oI
L(—'—--—*-fns Cort TR &iry 7S AMD TD L OAars Af.blo%-..n_, 4= €. 0 +o
10. Other (use additional sheets or attach supplementary {nformation, as needed):

"

_-. Name of sampling/shipping contact: Maf ‘ w . o
Phone: [ 41V ) S/):Z’ £211

Please return this request to the Sample Management Office as soon as possible to expedite
processing of your request for special analytical services. Should you have any questions
or need any assistance please call the Sample Management Office. '

- s A& AN
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1.

11.

I1L..

Orinking Water (Inorganics)

DATA REQUIREMENTS - -

LY

Parameter: Detection Limit Precision Desired
(+% or Conc.)
JCP Metals See Attachment II 10% RPD or Duplicate
Differences < oL
Furnace Metals * . of - Attachment 11
Mercury, Cyanide . See Attachment II as per Sow 785
QC_REQUIREMENTS
Audits Required Frequency of Audits Limits* (% or Conc.)
For ICP -AES, Hg, and CN See 9,A of Attachment III

GFAA gund‘l?ested) As,Cd, " See 9.B of Attachment III
b’ » e.

GFAA (digested) As,Cd,Pb, See 9.C of Attachment [I1
Sb,Se,

.. ———- . =, ,

ACTION REQUIRED IF LIHITS ARE EXCEEDED°

—‘Y’ 5-— AT N

-~ -

Take corrective action and repeat ana]ysis

s 2 N #W‘t..-
Contact Ja¥ Thakkar reue . .o ..

Rev. 8 S0
- S Yges
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ATTACHMENT II
Instrument Detection Limit and Spiking Level for Drinking Water

Required Instrument Required Matrix Spike
Compound Detection Limitl ug/L Concentrations ug/L
. GFAA I1CP  Other 6FAA ICP  Other
Metal:
1. Aluminum 100 2000
2. Antimony 2 5 20 500
3. Arsenic 5 20
- 4, Barium : S0 2000
5. Beryllium ] 50
6. Cadmfum 2 0.5 2 50
;. Calcium 3 10(130 so,ggg
« Chromium 0
9. Cobalt 10 500
10. Copper 10 250
* lron 2 2 100 ) 0 1230
« . Lead 20 - 0
13. Magnesium 3 1000 25,000
14, Manganese 10 200
15. Mercury 0.2 : 1.0
16. Nickel : 20 400
g. Po?s:'.um 3 2000 20,000
« Selenium 2 10
19. Silver 5 50
gg ;:dm 3 1000 50,000
. allium 2 20
22. Vanadium 10 500
23. Zinc : 20 200

24, Cyanide : 10 : . 100

1 Instrument Detection Limits (IDL) must be met before ‘any samples are analyzed. The Lab may
submit their quarterly Form X1 with each case if all IDLs meet the detection limits. I'F peteesrn
LirmiTs Com et bo Mol by USime- Tcp, USE OF (Fan REQW sy |

2 1CP analysis results may only be reported for Sb, Cd and Pb, 1f the concentration is
2 10 times the IDL of {nstrument used. If ICP resu!ts are reported all ICP audits are
requ‘lred 1ncTud1ng matrix spike. : '

3 sort Ca, Mg, Na and X on separate Form V for Matrix Spike 1f a separate a11quot 1s
ad for this spike.

L . -
- - - . - .

Rev. 40~ S0
§/87 ._,/“
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§/030A-4-5/87 (Page 1 of 3)

1.

2.

3.

4.

ATTACHMENT 111

Special 1nstructions for GFAA and QC requirements for all analyses.

Sample aliquots are preserved 1n the field as follows:

a) One liter preserved with 5m1/1 of S0% HNO3 to pH<2 for all metals
(excluding Hg).

b) One 1{ter sample preserved with 0.5% HNO3 V/V and 0.05% KzCr207 W/V
for Mercury.

c) One liter of sample preserved with Sml/1 of 6N NaOH to pH > 12 for
cyanide determination.

Analysis of the six metals (specified in Attachment 1I) by graphite
furnace atomic absorption (GFAA) must use the method of standard additions for

quantitation.

A11 of the samples for GFAA metals can be analyzed without digestion {f the

samples are clean and without any partfculates. In this case, a calibration

bhnk duplicate, ICYS, and CCYS shall be analyzed without digestion. /'~ ccv
Ot ' Retiom Puvivid 10 Serpiid ondd cov <

If any of the samples contain particulate or significant suspended solids,

sample aliquots, preparation blank, duplicate, matrix spikes and lab

control samples are to be digested per page D-2 of SOW785. The samples

digested for ICP analysis are to be used for antimony determination.

No {dentified field blank may be used as a laboratory duplicate or matrix
spike sample

Rev. ¥.0-5.0
A qfst

- - e
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6.1

6.2
6.3
6.4

6.5

6.5

6.7

a.f'
1

io

ATTACHMENT III

Zeeman, Smith/Hieftje background correction or equivalent (not D2) is required
for Arsenic, Selenium and Antimony or any element with structured background
{nterferences.

The matrix modifiers of SOW785 are mandatory for As & Se.

L'vov platform 1s allowed.

Any matrix modifers for Sb, Cd, Pb and T1 must be approved by the Region v
Central Regional Laboratory’'s Contract Project Management Section prior to
use and documented with the raw data.

Each sample or QC audit is to be determined by the MSA using the sample or QC
audit and then three consecutive spikes.

Each calibration blank and QC audit solution must contain the same nitric
acid concentration as the sample (or diluted samples). All solutions analyzed
must have their matrix concentrations fully documented {n the raw data.

Each analytical determination must have the resulting absorbance clearly
recorded and documented in the order of determined.

The data for each MSA determination must show; slope (signal/conc.),
intercept and correlation coefficent (r). The results must be reported
on Form YIII for all samples and QC audits in order of analysis. Fomm
VIII must be modified to include the above mentioned slope.

Samples and QC audits will be tested in the following order for the method of
standard addition quantitation.

a) calidbration blank and + 3 spikes

b) ICVS (provided by EMSL-LY) +3 spiies

c) 5 samples, each with 3 spikes

d} calidbration blank + 3 spikes

e) CCVS + 3 spikes - .
f) succeeding sets of 5 samples, cal. blank, and CCVS. - -

Report the correlation coefficient for all MSA analyses. r> 0.995 1s required

for all sample and audit analyses. A correlation coefficent (r) > 0.998 {is

recommended for the calibration blank or prodblems will occur with the sample

analysis. If r<0.995 or the slope 1s <35% of the 1nitial calibration blank,
_reanalyze the sample once. If the standard addition again fails these criteria, 2/'/ui
117 R aingn R G0d reanalyze. If the standard addition again fails, flag _

the data with a™+", :
Care must be taken to avoid exceeding the 1{near range for all GFAA analyses.
This problem {s especially severe with Cd and Pb. Dilution of the samples may
be necessary to avoid this problem. ¢/ .

'» 5‘1’*&. Con conttaon HiGdun I2mm P Mgty ) .S)IF" Aol
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=% /"osm"-?’.sm LT SRR A GHENT 111 TR Y B 3) SN =
Q.C. IEQUIREHENTS Znr s
o A ICP Metals, Mercury and € en‘lde '
udits Required Frequency of Audits Limits
T UICVS, CCVS, ICP serial ~ T Tas per SOW 78S T T asper SOW 785 T T
dilution, ICP ICS, Distilled .
CN standard
be‘libration Blank Beginning of Run and < IDL

1 in 10 thereafter

Preparation Blank 1 1n 10 samples < SAS IDL of
Attachment 11

Duplicate 1 4n 10 samples 10% RPD or
Difference is

X SAS IDL, 15% For

Hg & CN
— Matrix Spike (ICP) ' 1 in 10 samples 85 « 1151 Recovery
::tr;;):'Sp‘!ke(ICP-Ca,Hg, 1 in 10 samples 85 « 1157 Recovery

Matrix spike (Hg & CN) 1 in 10 samples 80 - 1202

Digested Lab Control Sample 1 per sample set - 85 - 115%

'Hay be combined with other sp!ke (34 un 8 of SAS)

B 6.F.A.A. Undigested Samples

iuahsi utred Frequency of Audits Limits -
I} Duplicate 1 in 10 samples Difference of

< SAS IDL of
Attachment 11
or < 10% RPD
2) Calibration Blank Initially and after - < IDL
every 5 samples ‘
. ..3) ICVS and CCVS ... . . Initially ICVS,and CCVS . 90% - 1103 S
T T = "after ever_y ] suphs _*_'_“.—f —ooTrm T

B S . e 0~ . . . -
. - . .
. Lo e 13 L e e se.

S.C G6FAA DY ested Samples . e e -

.. ———Rudits Required i . —.-Frequency of Aud1ts ts S .
I) Ca HBreﬂon Bhnk !nithlly and aTter L P

eveq 5 smles e sty S e wiedali

A _2) Preparation Bhnk _ 1 !n 10 saup'les

UTL L (Digested) T ' SR L, —

R et Ot R okt atade SN N . sy e L, e
F '-*-Jv-‘n:--v--u

“""‘"""’3) Duﬁhce‘fes (D19ested) ""1 1n 10 sw'les "f:'"“ s Difference “of _‘:_[ rn e

= ‘€ SAS IDL or v i
a -‘::‘i) """* SP“‘& (Ufgested) e 1 1n 10 smpTes '»»’-“fas - 1151 Recovery AT
- 5) Lab Control SU'P‘G_? ' 1 per set of smpIes o 85 - 1151 Recovef'.v o
mels -—A”k' -(Ngested) __.,._-,-.. Eaune A ;T em kTS - LTI A *‘-_-_;-_; .
1...'..[:.‘) ICVS, COVS ooieniii- " ..tnmmy 16VS, “ind COVS. g0 - 1108 Recover'y =
Bt i CeTos “after eve 5 samp1es . ; .
= N ry | rev. 4,0-;-0

- | or eve 52
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APPENDIX C
PEYSICAL SOIL TESTING ANALYTICAL METEODS

Particle Size
Atterberg Limits
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qm) Desigratior: D 422 - 83 (Reapproved 1972Y"

AME RICAN SOCITTY FOR TECSTING ANO MATEAALS
196 Ram $¢.. Miatpipni, Pu. 19133
Arivnnyd trom thy Asrest Soet of ASTM (urmer®. Caprrght ASTH
¥ nat ey W T AFTON GRS ien . will APPEE N The ABA T JErTIBR

Standard Method for

PARTICLE-SIZE ANALYSIS OF SOILS'

Thn assded ¢ snad vade B faef dmguaton D 42.. the sumher iameharts ol wing Ay AFgAstan (Alain (A war &
onpaatl aleption of. @ Bix G of ANBOR. U YOr of IR WIS A SuMNET 19 SATAUAREN Al U T ¥ sl TERCYS s 8
A WmgETETYE Qi () Vicun o8 SROME) Chaage BRcT N NS APVIROR OF FREITUA &

‘Mm:;-an-.um-im-_Mntm 1994

Testing Purposer’
E 100 Specification for ASTM Hydrometers*
3 Apparates
31 Balonces—A balance sensitive 10 001 g
for weighing the material passing 8 No. 10 (2.00-
mm) sieve, and a balance sensitive 10 0.1 % of
the mass of the sample 10 be weighed for weighing

0164

the mawenal retaned on a No 10 ueve

32 Summng dppurarus —Either apparatus A
or B may be used

3.2.1 Appanatus A shall coaust of 3 mechan.
ically operated stirmag device 10 which 2 saitably
mounted electne motor turns 3 vertcal shaht at
8 speed of not lem than 10 000 rpm wathout Joad
The shaft shall be equipped with a replaceable
stirming paddie made of mewal, plasuc, or hard
rubber. as shown ia Fig. 1. The shaft shall be of
such length that the stiming paddle will operate
aot lem than % in. (19.0 mm) sor more than 1%
in. (38.1 mm) above the botiom of the dispernon
cup. A mpecial dispersion cup conforming W
cither of the denigna shown in Fig 2 shall be
provided to hold the mmpile while it 8 being
disperaed.

3.2.2 Apparatus B shall consint of an ar-jet
dispersion cup’ (Note 3) conforming 1o the gen-
eral dewails showa in Fig. J (Notes 4 and ).

Novt J—The amousnt of air equired by sa air-et
dinpersion cup & of the order of 2 A*/mis; some moal)

. . )
knows & 3 dispersios tube, developed by Chu and
Devichioa at fowa Siate Colicge. hag been shows 0 pve

' Than method u uader the pradictaon of ASTM Commsnar
D18 on Soi aad Rock sad » the direct rmpoaminbry of
Subcommitier D11.0) ca Testwe. Pnsticaty, sad Densty Char-
acerigtacs of Soih.

Current afivos approved New. 21, 193 Ongaally pub-
lishedt 1933. Repiecss D623 - 62

3 tamual Book of ASTM Sanderds, Vi 04.08

} pnunl Bock of ASTM Sendards, Vol 14.02

¢ swnal Book of ASTM Sianderds, Vob 14.01.

? Duuailed worting drvming for this cup are svailabie of
somieal cast from the Amercan Society for Teming sad Ma
wnak, 1916 Race S, Phledeiphes. PA 1910). Order Adpuact
No. |2-404220-00.
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being the oniy ivem of difference.

3.4 Sedimersation Cylinder —A glam cylinder
emeatially 18 in. (457 mm) in height and 2w .
(615 mm) in diamesey, aad marked for & volume
of 1000 ml. The imside diameter shall be such
that the 1000-mL. mark is 36 £ 2 cm from the
botiom om the insde. .

» IFOI0
34 Siever—A series of sieves. of square-mesh
wowen-wire cloth, coaforming 10 the require-

iachudes the following (Note 6}

3in (T3-am) Ne. 10 (2.00-am)

3-ia. (%0-mm) Na. 20 (350-um)

In-ia. (37.3-aam0) Ne. 40 (25um)
No. 60 250-um)

Sia (190-am) No. 140 (106-pum)

Sia (03San) Na. 200 (?S-um)

Ne. 4 (A T3-aam)

Novt ¢—A me of sicves giviag waiform spacing of
puing lr the puph, 35 reguired ia Section 17, may be
wd if éonived. This st consions of the following sicves

3ia (T3-am) Na. 16 ().10-am)
% (77 5-am) No. 30 (600-um)
S (190-am) Na. 30 (J00-nm)
Bia AS-am) No. 100 (150-um)
Na 4 (4 7S-aamd No. 200 (7$-um)
Mo $(2.3%-mm)

17 Waer Bmh or Constant-Temperature
Room—A water dath or coasant-iemperature
soom for maistaiming the soil suspension ot &
coastant emperatere during the hydrometer
amalysia A stisfhcsory weter tank is an insulated
ek thet maintains the temperature of the sus-
pensios &t s canvenient CORStAnt temperature at
or sear 65°F QO'C). Such s device i illustrated

@ i Fig 4 Is cames where the work is performed

in & room st sa ssssmatically controlled constant

as  &Q

temperature. Ihe water bath 13 not nevessan
3.8 Berahrr—A beaier of 280-ml capacnt
39 Timung Device=—A watch of Chowh we
second hand

4. Disperiing Agenr

41 A solution of sadium Revametaphonp?
(sumcumes callad salium metaphaosphate ! &
be used 10 distiliend or Semineraliced water gt
rate of & g of safium NMervameuphanphate
of solvtion (Noee )

St T—Sulutions o A Mt ! A nIn Ve
vert of Mvdroivze Bk W e T AR RPALLE v e
8 reasiamt Jecremar A dngeTvwe At Nadulr
should br prepaced fregquentls (at fcast ome § moe
or adjusied W pH of 3 w ¥V M means W wnh
cartonate Botiin conuuning miulions vkl have
date of preparstion marted on them

4.2 All water used shall be oither distilied
demineralized water The water fur 3 Mydrome
test shall be brought 10 the tempersture that
caapected 0 presail dunng the Aydrometer te
For exampie. if the sedimentation cyhindet 18
be piaced 18 the water bath, the distilled or ¢
mineralized water 10 be used shall be brought
the emperature of the controlled water bath. ¢
if the sedimentauon cyhinder u used in 8 roo
with coatrolled iempersture. the water for t
test shall be ot the iernperature of the room. T
basic iemperature for the hydromerer test s 68
(20°C). Senall vanations of temperature do »
iatroduce differences that are of pracucal ugn:
icance and do not prevent the use of correcuo
derived as prescribed.

S, Test Semple

S.1 Prepare the et mampie for mechanic
snalysis & outlined in Method D 421. Dunir
the preparation procedure the sample i3 divide
810 two portioas. One portion cootains onl
particies retained on the No. 10 (2.00-mm) gev
while the other portion contains only parucie
passing the No. 10 sieve. The mass of air<dne
s0i] selected for purpose of tests. a3 prescribed i
Method D 421, shall be sufficient 10 yieid quan
tities for mechanical analysis as follows:

$.1.1 The size of the portion retained on th
No. 10 sicve shall depend on the matimum ua
of particle, according 10 the following schedule:

Nomussl Dameesr of ‘ _
Lasrgem Porecim, Approuman Mimmum
a (ee) Man of Poruoa, g
a9 300
(190 1000



Nemagl Onmny

of Larpen Pustn, Aguretsnun Mssmes
a (;.) Men of Perem, g
) 23%e 20
» (B.H o0
2 vam a0
3 D 2000

$.1.2 The size of the portion passing the No.
10 sicve shall be approzimataly (15 g for mady
soils and approzimately 65 g for sih and clay
soils. ‘

3.2 Provision is made ia Sectioa § of Method
D 421 for nesghing of the air-dry soil selecied for
purpose of tests. the separstion of the soil oo the
No. (0 sicve by dry-sieving and washing, and the
weighing of the washed and dried fractioo

e Y-ia. (75-am), 2<ie. (50-mm) IV-in. (37.5-
am), (4a (25.0-am), Wia. (19.0-mm), Win
9.5-mam). No. 4 (4.75-mm), and No._lo sStves,

6.2 Coaduct the sicving operation by means

of the sicve. [a 8o case turn or manipulste frag-
ment is the mmpile through the sieve by hand.
Coatinue sicving uatll oot more than | man %
of the residue oa 3 sieve passes that sicve during
! mis of sicving Whes mechanical sicving s
wsed, test the thoroughaess of sicvisg by using
the hand method of sieving as described above.

6.3 Determine the mams of each fractios oe 2
balance conforming 1o the requirements of 3.1.
At the ead of weighing, the sum of the mames
retzioed on all the sieves weed should equal
closely the original mass of the quantity seved.
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HYDROMITER AND SIEVE ANALYSES OF
PORTION PASSEING THE NO. 10 (1.50-am)

7. Determination of Compesite Correction k

Hydéremeter Ronding

7.1 Equavons for perventages of sonl remaus
ing 1a suspennoa. & pven n 14 3, are based ©
the use of dsulled or demineralized water
dimperung agent 8 used 1 INe waler, howeve
and the speaific gravity of the resulung hqua!
apprecuably greater than that of dustillend o &
mincralized water

7.1.1 Both ol hydrometers are calibrated
6F°F (20°C). and vanauoas 1n temperature fro:
this sandard lemperature produce IRTUrae
i the actual hydrometer readings. The amou
of the inaccurscy iacremses as e vanation fro
the sandard iemperature IncTeases.

7.1.2 Hydromeiers are graduated by the ma
whacturer 10 be read at the botiom of the men:

cwn formed by the biquad on the stem Sance ot
80t possibic 10 sccure readings of sovl suspenso
o the botlom of the menucus. reading must !
taken at the 0p and 3 correcuon apphed.
7.1.3 The act amount of the correcuions |
the three items caumerated s desgnated . U
composite cormmecuoa, and may be delcrmin

aperimentally.

7.2 For convenicnce, 2 graph or tabie of cos
posite corrections for & series of 1° emperaty
dilferences for the range of capecied et temp
stures may be prepured and used s acede
Measurement of the composite correcuons |
be made at two icaperatures punning the ras
of expecied et temperatures, and corrections |
the intermadiate iemperstures calculated assu:
ing 8 sraght-line relationship between the b
obecrved values

7.3 Prepare 1000 mL of liquid composed
dintiled or demuoenilized water and dispers
agent in the same proportion as will prevail
the sedimentation (hydrometer) test Place
Bquid in s sedimentation cyclioder and the ¢
inder in the coastant-lemperature water bath,
for ooe of the two temperatures 10 be used. Wh
the temperature of the liquid becomes coasta
insert the hydrometer, aod, afler 2 short inter
10 permit the hydrometer W come W e temp
sture of the hiquid, resd the hydrometer at {
10p of the meniscus formed oo the sem. F
hydrometer 151H the composite comection is t
difference between this reading and ooe; for |



dromxier 152H it @ the difference Detween the
reading and asro. Bring the bquid and the hy-
drometer 10 the other teperature “> be used,
and secure the composite correction as before.

8. Hygrescepic Melstwe

8.1 When the meaple is weighed for the hy-
dromeler tent, veigh owt as suailiary poruoa of
from 10 10 13 g in 2 small metal or glass con-
tainer, dry the mmpie 10 & coastant man in an
oven st 230 = 9°F (110 2 5°C). and wergh again.
Record the masses.

9. Dispersien of Sell Sample

9.1 When the 10il is mostly of the clay and ult
sizes, weigh out 3 mmple of srdry soil of ap-
prozimately 30 g When the soul s mosily sand
the sampie should be approaimasety 100 g

9.2 Place the mampie in the 250-mL beaker
snd cover with 129 ml of sodium herameta-
phusphate solution (40 g/N. Stir until the soil is
thoroughly wetied. Allow 10 soak for at least 16
h

93 Mdneadd’&tmﬁqwﬁod.m'

the mmpic further, using cither stirming apparatus
A or B If stirring apperatus A is waed. transfer
the 20il - water slurry from the besker into the
special dispersioa cup shows ia Fig 2. washing
oay residue from the beaker imto the cup with
distilled or demineralized water (Nowe 9). Add
dimilied or demineralized weter, il sccessary. 0
that the cup is more thas half full Stir for a
period of | min.

NOTE 9-—A larpe sise gyvinge @ 8 convenient device
for headliag the weser in the vashiag operatioa. Other
deviom iaciude the wash-water bottie aad & hose with
sozie consscted 10 & presswiand distilled weter tank

9.4 I stirving apparatus B (Fig 3) 8 used,
rmove the cover cap and connect the cup 10 &
compremed sir supply by means of a rubber hose.
A 3ir gage must be oa the kine between the cup
and the coatrol valve. Open the coatrol valve 0
that the gage indicates | pa (7 kPa) pressure
(Nowe 10). Transfer the 30il - water shurry from
the beaker 10 the sir-jet dispersion cup by wash-
ing with distilled or demimeralized water. Add
distiled or demnineraliznd water, if necessary, s0
that the 1otal volume in the cup is 250 mL, Dt
B0 more.

Nora 10— The initial air pressuse of | pui is required
® prevent the soil - vetr mixtere o entering the
-'\'ﬂj-hlhh-’-imhh
dispersion cup. .

0167

9.5 Place the cover cap on the cup and ¢
the air control valve unul Un' gage pressure !
pa (140 kP3). Dasperse the soul according t¢
follownng schedule

Dugrvane Prau

M.‘I |11
Uy ¢ )
ow X H
Ower 0 .

Sorls contasning large penenage of mica ¢
be disperaed for only | mun After ihe Jinper
penod. reduce the gage pressure Lo | P pre
atony 10 transfer of wnl - waler Murn 1o ihe

imentauon cylinder

10. Hydrometer Teut

10.1 Immeduaiely afler disperuon. transier
soul - water durm 0 the glass sedimentation
inder, and add distilled or demineralued »
uwnul the total volume u 1000 mL

10.2 Using the palm of the hand over the v
end of the cylinder (or a rubber Lopper in
open end). tumn the cylinder upsade down
back for a penod of | min 10 compicte
agtaton of the durry (Note 111 At the end
mun st the cylinder in a convenent location
take hydrometer readings at the following in
vals of ime (measured from the bepnning
sedimentation). or as man) as ma) be neex
depending on the sampie or the specification
the material under text: 2. 3, 15. 30. 60. 250,
1440 mia. If the controlled water bath s u
the sedimentation cylinder should be placex
the bath between the 2- and S-min readings.

NoTt 11—The number of turms dunng this mau
should be approumatety 60, counting the turn up
dowa aad back a5 reo turas. Any soil remaining in
bonom of the Cyhader during the first few turmns six
e looecned by vigorous shaking of the cytinder »
& & ia the iavened postioa.

10.3 When it is desired 1o take 3 hydrom:«
reading. carefully insert the hydrometer about
10 25 s before the reading is due to approzima:
the depth it will have when the reading is tak
As 300n as the reading is taken, carefully rem:
the hydrometer and place it with a2 spinn
motion in a graduate of clean distilled or demr
enalized water. ,

NotE 12— is imporiaat (o reroove the hydrom
immediaiely aller cach reading. Readings shall be ta
ot the 10p of the meniscus formed by the suspens
around the siem, since # 8 pot posmbie 10 mx
readings ot the boaoe of ihe meniscus.



10.4 Aler esch reading, take the iempersture
of the suspension by inserting the thermometer

into the suspension.

11. Sieve Analysis

11.1 Afer taking the final hydrometer read-
ing. transfer the suspension 10 8 No. 200 (75-um)
seve and wash with tap water uatil the wash
water is clear. Transfer the material on the No.
200 sieve 10 8 suitable container, dry in an oven
ot 230 £ F (110 £ $°C) and make a ueve
analysis of the porion retained. using as many
peves s desired, or required for the maternial, or
upon the specification of the material under 1ex.

CALCULATIONS AND REPORT

§2. Sieve Amalysisa Valees for the Pertien
Cearser than the Ne. 10 (2.00-am) Sirve

121 Cakulate the percentage paming the No.
10 sieve by dividing the mam pasing the No. 10
sieve by the mass of s0il originally split oa the
No. 10 sicve. and muhiplying the result by 100.
To obtsin the mass passing the No. 10 meve.
subtract the mass rewined on the No. 10 sieve
from the original mam.

122 To secure the total mas of soil pamsing
the No. 4 (4.75-mm) sieve, add 10 the mam of
the material passing the No. 10 sicve the mass of
the firaction paming the No. 4 sicve and retained
o8 the No. 10 sicve. To sscure the 10tal mass of
soil passing the %-~in. (9.5-mm) seve, add 10 the
total mass of il passing the No. 4 sewve, the
mam of the fraction passing the %-in. sieve and
retained oa the No. 4 sieve. For the remaining
sicves, continued the calculatioas ia the mme
manner.

12.) To determine the 0wl percentage pass-
ing for each sieve, divide the 10tal mas passing
(see 12.2) by the Lota) mam of mmpie and mul-
tiply the result by 100.

13. Hygroscopic Meistx. : Correction Facter
13.1 The hydroscopic motsture correction fac-
tor is the ratio between the mass of the oven-
dried sample and the air-dry mass before drying.
R is a aumber Jem thas one, except when there
is no hygroscopic moisture.
14. Percestuges of Sell In Saspension
14.1 Cakculate the oven-dry mas of soil used
iglhehydmmuﬂyisbynulﬁplyin;me
air-dry mam by the bygroscopic moisture correc-

0168

tioa factor.

14.2 Caiculate the mas of » total sampie rep-
reaenied by the mass of sou used 1n the hydrom.
ey et by divnding the oven-dry mams used ™
the percentage pasung the No 10 (2 OU-mm)
seve, and mulupining the result by 100 Ths
value 8 the weght ¥ in the equation for per-
COnLAgE MEMAINING IN SUSPENLON.

14 ) The percentage of soul remaining 1n sy
penson at the level at whach the hydrometer s
measunng the denuty of the suspeauon mas he
calculated as follows (Note 13). For hvdrometer
1SINH:

P [(100000/HY R GAG = GIRR = G )

NOTe 13—=The braciewed porton of U equatnmn
for hydromeier 1 31 H » comstant for 3 wenes of resing
ond msy br calculsied firm and then muttupied dv the
porton 18 the parenthesrs
For hydrometer 152H

Po(Ra/MYx 10D

where:

& = correction {acuon (0 he applied to the read-
ing of hydrometer 152H. (Values shown on
the scale are computed using a specific grav-
ity of 2.65. Correction facton are gven 1n
Table 1)

P = percenage of il remaining in suspension
ot the level 8t which the hydrometer mes-
sures the density of the suspension,

R = hydrometer reading with composite correc-
tion applied (Section 7),

W = oven-dry mam of il in 3 total text sample
represented by mass of soil dispersed (see
42\

G = specific gravity of the so0il particies. and

G, = specific gravity of the biquid in which soil
perticles are suspended. Use aumencal
value of one in both instances in the equs-
tion. Ia the first instance any possibie van-
ation produces no sgnificant effect. and in
the second instance, the composite correc-
tioa for R is based oa 8 value of one for G,.

15, Diameter of Sedl Particies

15.1 The diameter of a particle corresponding
10 the percentage indicated by a given hydrome-
ter reading shall be cakulated according to
Stokes’ law (Note 14), oo the basis that a parncie
of this diameter was st the surface of the suspen-
sion at the beginning of sedimentation and had
scttled 10 the level at which the hydrometer is
measuring the density of the suspension. Accord-




ing 10 Siohes’ lsw:
De dlmﬁc‘aﬂl x LT
where

D = diamerer of particie, mm.

a = coefficest of viscomity of the suspending
medium (in this case water) 18 poues { vanes
with changes i temperature of the sus-
pending medium),

L = dimance from the surface of the suspension
10 the level &t which the denuty of the
suspenuce s bang measured. cm. (For a
pvea hydrometer snd sedimentauon cyl-
inder, values vary according Lo the hydrom.
cwey reading. Ths distance 15 known
eflectsve depah (Tabie 2)x

T = inwrval of time from beginning of seimen-
tation 10 the taking of the reading. mun,

G = gpexific gravity of soil partucies. and

G, = wecific gravity (relative deamty) of sus-
pending medium (value may be used a8
1.000 for alt practical purposes).

Novt |é—Siace Sickes’ lve conmdens the wranaal
selocity of s sagie spheve hiling is 28 mfiasty of haud.
the siam caicuined reprumat e dismery of phere
that would il & the ssme mer 88 the w0dl particie.

1S2 For coswenmieace s cakculstions the
sbowve equation may be writien as follows:

D= xJ/I}

where
K = coastant depending oa the iemperature of
the suspension and the specific gravity of
the s0il particies. Values of X for a range of
temperatures sad spucific gravitics are givea
= Tabie 3. The value of X does a0t change
for s series of readings constituting 8 et
while values of L and T do very.
153 Values of D may b computed with suf-
*ﬁﬂ accuracy, ssisg an ordisary 10-ia. slide
NOTR 15—The vaiue of L is @ividad by T using the
A- 3ad D-ecsim, the sguave Jost Yuing indicsied on the
D-unis. Without sscartuiming the value of the square
g:rh-ﬂhl*dﬁ-’hc-u

36. Sisve Analysis Valuss for Pertics Flner thas
Ne. 10 2.00-an) Sisve
16.) Calkculation of parcentages passing the
various sicves weed in sicving the portios of the
mmple fom the bydrometer tast involves several
seps. The firet siep is 10 caiculase the mass of the
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fracuon thai would have been rewaned on

No. 10 seve had 1t not been removed Thus m
5 equal 10 the total pertentage retained on

No. 10 seve (100 minus (0wl perceniage pass
umes the mau of the 10w wample reprewen
D) the mass of wnl used 1as cakulated 1n 14
and the result dissded 1N

16 2 Cakulate neat the 10l Mmass pasun,y °
No 200 ueve Add tugeiher the iratwinal mav
rewned on all the uever iniuding the N\
seve. and suberact ths sum from 1he mass of |
towal sampie (o8 cakculated in 14 )

16 3 Calculate neat the 1l Masses pPav
each of the other uever 10 4 Manne! uMilat
that pvenn 122

16 4 Calkculate lagt the 1012l penventages pas
ing by divding the lotal mass pasung (as vak:
Isted 18 16.)) By the 1otal mass of sampie (.
calculated 1n 14 Q) and myluply the result ¢
100.

t7. Grapbd

17.1 When the hydrometer snalyms 13 pet
formed. a graph of the tem results shall be mad
plotung the diamctens of the parucies on » loga
rithmic scale as the shecims 3nd the percentage
smaller than the corresponding diamcters to or
srithmetic scale a5 the ordinate. Whes the hy
dromeicr analyms 8 8ot made on 3 poruoe o
the soil, the preparation of the graph is opuonal
since values may be secured directly from taby-
Inted data.

$18. Repert

18.1 The report shall inciude the follomng

18.1.1 Maximum size of particies,

18.1.2 Percentage pamsing (or retained om)
each sieve, which may be tabulated or presenied
by plotting o a graph (Note 16),

18.1.3 Dexcription of sand and gravel pani.
e

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardnems—bard and durabie, soft. or
westhered and friable,

18.1.4 Specific gravity, if wousually Righ or
low,
18.1.5 Aay difficulty in disperaing the fraction
mtheﬂo.w(lw-nn)kmwu
say change in fype and amount of dispersiag
agent, and ’

18.1.6 The dispersion device used and the
length of the dispersion period.
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(L)) ﬁy-’-.-dhm&ﬂin {

Caollouds, smaller thsa 000! mm L 3

18.4 For mawenals for which compliance with

definute specificatons 8 ht incdicated and when

mwmwmmwrummdonms.‘ 4

weve sufficient 10 EQUIFT 3 W e analyus On that

poruona, the results may he reponied as fallows
(Nowe I 7).
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Standard Test Method for

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
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1. Scope

1.1 This test method covers the determination
of the liquid limit plastic limiL and the plasticity
index of soils as defined in Section 3.

1.1.1 Two procedures for preparing test spec-
imens and two procedures for performing the
liquid limit are provided as follows:

4 Multipoint test using a wet preparation
procedure, described in Sections 10.5. 1.
and i2.

2 Multipoint test using 3 dry preparation
procedure, described in Sections 102, 11.
and 12

€ One-point test uting 3 wet preparation pro-
cedure, described in Sections 13, 14, and
15.

D Omne-point test using a dry preparation pro-
cedure. described in Secuons 13, 14, and
18.

The procedure 10 be used shall be specified by
the requesting authority. If no procedure is spec-
ified. Procedure A shall be used.

NOTI 1—=Prior w the adopticn of this e method.
acwndyomxulod-umﬁcd-undm
spperatus for performing the hquid limit wsi. The
curved ol is not conndered 10 be a3 accurate as the
fla1 wol described in 6.2 unce 1t does not control the
depeh of the soil in the liquid imit cup. However. there
sre some data which wdicate that npically the liquid
Kmit & slighth increased when the flat wel 15 used
nstead of the cyned und

1.1.2 The plastic limit test procedure 1s de-
scribed in Sections 16, 17, and 1R. The plastic
himit test is performed on matenial prepared for
yihe Bquad limit ten. In eflect there are two
ptoctdum for prepanng \est specimens for the
plastivc it teat,

1.1.3 The provedure tor calculating the plase
ucity inden 1s gien i Section 19

1.2 The liquid himit and plasuc limit of soils
(along with the shrinkage limil) are often collec-
uvely referred 10 as the Atterberg limits in rec-
ogrition of their formauon by Swedish soil sai-
entist. A Ancrherg. These himits distinguish the
boundancy of the several conustency stutes of
plastic soils.

1.3 As used in thus test method. soil is any
astural aggregation of mineral or organic mate-
nials. miztures of such materials. or anificial mix-
tures of aggregates and natural mineral and or-
ganic panicles.

1.4 The multipoint liquid limit procedure is
somew hat more ume consuming than the one-
point procedure when both are performed by
experienced operators. However. the one-point
procedure requires the operalor 10 judge when
the test specimen is approximately at its liquid
limit. In cases where this is not done reliabiy. the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
to the information obained trom additional
tnals. It is paricularly recommended that the
multipoint procedure be used by inespenenced
operalors.

1.8 The currelations on which the calculauons
of the one-pount procedure are hused may not he
salid tor certam souls, such 3¢ organe anls or
soils from a manne environment The hgund

' Thes tex it n under (N Jurii e of ASTAL Com.
mtwee O- 16 0n Sl and Row s amd 18 (he Drext responmiv e of
Subcomminese D13 U3 oa Tenture. Plastn ity amd Denun Char-
aurmay o Sewls.

Current sdmion appron ed vt 26, 19ES Pubinhad Devember
1984 Ongaalis prabiished o3 D 4415 < 33 Last previous edstwn
DaMs .

767
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limit of these soils should therefore be deter-
mined M the multipoint procedure { Procedure
Al

1.6 The liquid and plastic limits of man) soils
that have heen ailowed 10 dry hefore testing may
e consderably different from values obtuncd
on undricd sampies. It the hquid and plastic
limits of soils are used 10 correlate or esumase
the engineering hehavior of soils in theis natural
moist state. sampies should not be perminied to
dn hetore testing unless daw on Jdned samples
are spodrfically dewred.

1. The composiion and concentration of
soluble Qlts in a soil affect the values of the
liquid and plastic himits as weill as the water
content ‘alues of soils (see Method D 22160
Special consideranon should therefore be given
to soils from 3 marine environment or other
sources where high soluble salt concentrations
may he present. The degree 10 which the saits
present in these soils are diluted or concentrated
must be given consideration if meaningful results
are 1o be obtained.

1.8 Since the iests dexcribed herein are per-
formed only on that portion of a soil which passes
the 425-um (No. 40) sieve, the relative coatri-
bution of this portion of the 30il 10 the properties
of the sample as 3 whole mus be considered
when using these tests 10 evaluate the properties
of a soil.

1.9 The values stated in acceptable metric
wnits are 10 be regarded as the standard. The
values given in parentheses are for information
only.

1.10 This standurd may invoive hazardins
maierials. vperations. and equipmenr. This
Standard does not purporr to address all of the
saferv problems associaled with its use. I is the
responsibility of whoever uses this stondard to
consult and establish appropnate saferv and
health practices and detcrmine the applicability
of rexrdatony limitations prioe to use.

2. Applicable Documents

2.1 48T\ Siandards

€ 702 Methods for Reducing Field Samaies of
Aggregate to Testing Size’

D 75 Practice for Sampling Aggregates’

D 420 Recommended Practice for Ins estigat-
ing and Sampling Soil and Rock for Eng-
aoering Purposes®

D683 Terms and Symbols Relaung to Soil
and Roch Mechans?

D 1231 Spearfication for Matenals for Soil-
Appregate Subbase. Base. and Surface
Coura~’

D 2216 Methoad tor Lubtveraton Deterannation
of Water {\oisture) Content of Soil. Roch.
and Sotl-Aggregate Mixiures’

D 2230 Text Method for Rubber Property —
Durometcr Hardness'

D 2487 Test Method for Classification of Soils
for Engincening Purposes*

D 248% Pructice for Dessnpnion and ldenufi.
caton of Sotls ( Visual-Manual Provedure®

D 3282 Practice for Classitication of Suils and
Soil-Aggregate Mixtures for Highway Cone.
struction Purposes’

E 11 Specification for Wire-Cloth Sieves lor
Tesung Purposes”

E 319 Methods of Tesuing Single-Arm Bal-
ances’

E 898 Method of Testing Top-Loading. Dr-
rect-Reading Laboratory Scales and Bal-
ances’

3. Definicions

3.1 Aunerberg limits——originally. seven “limits
of consistency ™ of fine-grained soils were defined
by Albert Anerberg. In current engineering usage.
the 2erm usually refers only 10 the biquid limit,
plastic imit. and in some references. the shrink-
age limit. :

32 consistency—the relative ease with which
8 sotl can de deformed.

3.3 liquid limit (LL)—the water content. in
percent. of a soil at the artitrarily defined bound-
ay between the liquid and plastic states. This
water content is defined as the water content at
which 3 pat of soil placed in a standard cup and
cut by a groove of standard dimensions will flow
together at the base of the groove for a distance
of 13 mm (v in.) when sudjected 10 25 shocks
from the cup heing dropped 10 mm in a standard
bquid limnit apparatus operated at a raie of 2
shocks per second.

1 samiaad B ot ASTA Seanunds. N Ob 04 02

Y tnmmai Do oo AST N Seamdkards. Vo U 02 (i DY, ang
na08.

® tnnms Rod . ASTY Stamdunds Vod M Im

P v Bod oINPTV Seyndands, Vol it

? s ok o2 1STN Siontirae, Vol 14002

Notg 2—=The undrained st
liquad limat 13 considerad 10

34 plasve limn Pli~—
percent. of a4 «nl at the ¢
plastic and bnttle <tates
this boundan s the water
can no longer he deform.
mm (‘4 1n.) in hiameier t
bling.

A8 pluctic sonl=a sou
water content over whict
and which wiil retain its !

3.6 plusiiciy maeny P
content over which 4 <o
Numencally. it 1s the difle
uid hmit ard the plastic s

L7 hgundiny index—=—th
percentage. of (/) the natv
soil minus s plasuc im
index.

3.8 activiy aumber (4
plasticity index of a soil
weight of panucles having .
smaller than 0.002 mm.

4. Semmary of Method

4.] The sample is pro
material retained on 2 4
The liquid limit is deter
trials in which a portion ¢
in a brass cup. divided in :
and then allowed to0 fk
shocks caused by repeatec
a suandard mechanical d
hquid limit. Procedures 4
or more tnals over a rang
be performed and the dat
or calculated 10 make a e
the liquid limit is deter
liquid limit. Procedures €
from two trials at one ws
by 2 comrection factor &
limit.

4.2 The plastic hmut ¢
nateiy pressing together .
mm (Y 1n.) diameter thr
plasuc soil unul its water
potnt at which the threy
longer able to b pressed
The water content of th
reponcd as the piasuic hm
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NOT: 2—=The undramned shear strengeh of soil at the
Hiquid Lmit 13 comsaderad o v 2 20.2 kPa (0.28 pu)

X4 plosiec limp: - Pl.~ihe waler coment. in
peroent. of g <wnl ot the houndan Itween the
pMlastic and bntile Kates. The water comemt
this boundan\ is the water content at which a soil
can no longer be deformed by rolting im0 3.2
mm (Y in.) in diamcter threads withowt cruze-
Ming.

18 pusite worl=3 soit which has 3 range of
water content wver which it exhibits plastity
and which will retain its shape on dnving.

3.6 plasnciy index 1 Pli—the range of water
content over which a soil behaves plastically.
Numerically. it is the difference between the lig-
uid limit and the plastic limit.

3.7 Inpndity index—the ratio. expressed as a
percentage. of (/) the natural water content of a
soil minus its plagtic himit v (2) i plasticity
index.

3.8 acrivity number (4)—the ratio of (I) the
plasticity index of a s0il 10 (2) the percent by
weight of particies having an equivalent diameter
smaller than 0.002 mm.

4. Semmary of Methed

4.1 The sample is processed 10 remove any
material retained on 2 425um (No. 40) sieve.
The liquid limit is determined by performing
trials ia which 2 portion of the sample is spread
in a brass cup. divided in two by 2 grooving tool.
and then allowed w0 flow together from the
shocks caused by repeatedly dropping the cup in
8 standard mechanical device. The multpoint
liquid limit. Procedures A and B, requires three
or more triais over a range of water contents o
be performed and the data from the trials pioned
or caiculated 1o make a relationship from which
the hiquid iimit is dewermined. The onepoimt
liquid timiv, Procedures C and D. uses the data
from two trials at one waler content multiplied
by 3 correction factor W0 determine the BQuid
fimit. .
4.2 The plastic limit is determined by aher-
natcly presung together and rolling into a 3.2
mm (> 10 dumercr thread 3 small portion of
plasty «oil until its water content is reduced t0 3
poant at whaeh the theead crumbles and s ne
honger ohle 1u by pressed ogether and revolled.
The water contemt of the soil o this wage s
repuried as the plasise limit.

4.3 The plamicity index is calculated as the
diflerence between the hquid lirmit and the plastic
e

8. Siguificance and Use

5.1 Thus test method is used as an integral pan
of several engineering classification sysiems to
charactenze the fine-grained fractions of soils (see
Test Method D 2487 and Pructice D 3282) and
w specihy he fine-grained fraction of construc-
non matenals (e Specificaton D 1231). The
Biquid limit. plastic limit, and plasuaity index of
soils are also used cntensiseis. ether individualhy
or togerher with other soil properties (o correfate
with engineening behavior such as compressibii-
iy, permeability. compactitnlity. shnnk-sweil.
and shear strength.

.2 The liquid and plastic limits of a soil can
be used with the natural water content of the soil
10 express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-um size 10 determine its acuivity number.

§.3 The one-point liquid limit procedure is
frquenuy used for routine classification pur-
poses. When greater precision is required, as
when used for the acceprance of a maternial or for
correlation with other 1es1 data. the mubtipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjectied 10 repeated wet-
ting and drying cyces. the liquid limits of these
materials tend 0 increase. The amount of in-
crease is considered W be 2 measure of a shale’s
susceptibility 10 weathering.

5.5 The liquid limit of 2 soil containing sub-
stantial amounts of organic matter decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid limit of a2 sample
defore and afler ovendrying can therefore be
wsed a3 3 qualitative measure of organic matter
coment of a soil.

& Apparstws

6.1 Liquud Limit Device—A mechanical de-
vice consisting of a brass cup suspended from 2
carmiage designed to controd 1ts drop onto a hard
rubber hase. A drawing showing the ecssential
features of the Jevice and the cntical dimensions
is given in Fig 1. The design of the device mav
van provided that the essenual functions are
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magnifier oquipped with 3 milkmetre scale. Magfiern
of (b tpe 3re asgilabie from mow vrslon suppls
companns. 1he Jemth of the tip oF gruning tahs can
Ne chwnhed uang 1he derth meacwinmg Kature of serner
cabipen.

N2 Wdiesionctsi o Heoglis o Dropes Adyust the
hewght of drop of the cup s that the pont on the
cup that comes in antact with the hase rises 10
a height of 10 202 mm. See Fig 4 for proper
location of the gage relative to the cup during
adjusiment.

the Annch
the cup 10 the device and turm the craak undil the cup
ihe

MULTIPOINT LIQUID LIMIT—PROCEDURES
A AND B

10. Preparation of Test Specimenn

10.1 Mt Prepuration—Ercept where the dn
mcthad of speaymen prepanation is speaified
(10.2). prepare specimens fur 10t as descnivnd 1n
the Inllowing sections.

He Ll Sampion Pasung the 425-um (N0 8,
Suve=When M vinual and manual provedures
N determined that the sample has littke or o
material retinad on 2 425um (N0 3)) wese,
prepane 3 speaimen of 1540 10 200 g by mining
thuroughly with distilicd or demincralized warer
on (he glass plaie using the spatula. If desired.
souh soil in 3 storage dish with small amount of
wakr 1o sofien the snl hefire the stan of misiog

oas

Rdiust 1 woter ontent of the <l 10 bang 1t 1o
3 cumisiems that would reguire 25 10 33 Mows
of the Iquad Lmit device W close the groote
+Nome ). It during miving 3 small percentage of
mahnial 3 encountered that would be retained
on 3 3285-um (N, 301 sine. remove these parti-
ks v hand. of possiBe, If it s impracnical to
remone the Sourser maicnal o hand. remose
small percentages thew than about L2 %) ot
coarer meznal e oworking  the speamen
through 3 32%5.um (No. Wl sies e uvng a rece of
rubber shevtuny. rubber stopper. of other conven-
tent des ice pronvided the operation does not dis-
tort the s e or degrade maienal that would e
recined if the washing methad described 1n
10.1.2 were used. If lurger percentages of coarse
maternal are encountered dunng mixing. of it 1s
conmsidered impractical to remove the coarser
material by the methods just described. wash the
sample 3 dncribed in 10.1.22. When the coarse
purticies found during mixing are concretions.
shells. or other fragile particies. do not crush these
particies 1o make them pass a 425-um (No. 40)
sieve. but remove by hand or by washing Place
the miredt 30 in the storage dish. cover 10 pre-
vent loss of moisture. and allow 10 stand for at
Jeast 16 h (ovemmigt). After the standing period
and immediately before starting the test. thor-
oughly remis the soil.

Nott §—=The nme tahen 10 adequately mix 3 scil
will \ary greadly. depending on the plasticity and ininal
sater coment. Imnal mining umes of more than 3U —
m mx be neeced for snfl, fat clavs.

10.1.2 Sampies Comaining Material Retained
on g $25-um (No. 40) Sieve:

10.1.21 Select a sufficient quantity of soil at
satural water content 10 provide 150 to 200 g of
matenal passing the 425-um (No. 40) sieve. Place
m 3 pan or dish and add sufficient water 10 cover
the soil. Allow to soak unul all lumps have
softened and the fincs no longer adhere 10 the
surtaces of the coruse particles (Note 9).

NOTE Y10 some cases. the cations of salts prewent
i® &g waier will exchange with the natural catom 8
e wul and sgmificantly alier the teet results should 1ap
water e used i the waking and « zshing operations
Unitve o v b0 w8 1A31 SuLh CALOR. ar¢ Tl present 10
e ©p walcr Sroihy o deminsrgized water shouad
e vt As 2 general rule. wali? 913insng more than
10 mg/ L of dswolved winds «huusd not be used 1
wanhiag operahons

16.1 2.2 When the sumple contains a larngd
percentage of matengl retained on the 425-pm

(No. 3 siene, perform the
OPEFILIDA 1B INCTEMENIN, W3+
0.5 kg €1 1) of matenat & o
42%um(No. W uervein tiw t
pan. Pour the soil water muai
If gravel or coarse sand paruct
a3 many of these as possibie w
of water from a wash bottk:.
nativels. pour the sonl water
mm (NQ. 101 siev ¢ nested a2,
40 sieve, nnse the fine mu
remone the 2-mm (No. 1Ur s
and remosing as much of the
possible. add sufficient water
theleveltoabout I3 mmd'aar
of the 425-um (No. 30) siene
by stimng with the fingers
lowenng the sieve in the
suspension so that fine mawe
the coarser particles. Disaggre
that have not slaked by gemtly
the sieve with the fingenips. (
ing operation by raising the s
surface and ninsing the mate
small amount of clean wate
retained on the 425-um (No.

10.1.2.3 Reduce the waser
terial passing the 425-um (N
approaches the liquid limit
content may be accompiishe
binauon of the following me
the air currents at ordinan
(§) expoung 10 warm air cur
such as an electinc hair dryc
Buckner funnet or using 6l
canting clear water from sur
or {e) draining in a Ccolande:
dish lined with hagh re1cngvn
filier paper.” If a piast: - of pa
care that the dish n.\ex b
saturated that it fauls to active
118 surtace. Thoroughs dn ¢
Dunng evaporation and oo
oficn enough to preven: wver
ard soil peanacios O e wr
For sanl sampics Lontaiming
methad of water rodu, teen
Wil Nt chiminaty SRy w2k
spauimen

10.1.2.4 Thoroughly mes
the 25-umiNa H e, on
the \paiula Vet the water
e, of dooveaary by aduny




-2 soul to Pring it
we 25 10 1S blows
close the groove
-mall percentage of
vould he retained
“more these parti-
i impractal 10
™ hand. remose
abour 187 of
$ the specimen
-€ using 4 preve of
~ or other conven-
on does not dis-
wd desctibed in
entages of coane
3 miving or & is
wove the coarser
scribed, wash the
When the coarse
e concrenons.
0 not crush these
t2* -m (No. 40)
) ‘ng. Place
¥V e wpn

"\ aand for at
“standing period
§ the wst. thor-

weaeh mrs » soil
WO and inmial
nowe than 30 —

“—erial Rerained

antity of soil at
150 w0 200 g of
.40) sieve. Place
A wJieT WO Cover
M lemps have
r adbere to the
oe 91

« of aits preent
wtwral canues 18
3uls vkt e
theag crvranum,
¢ W Prownt |
0d water shouid
g more than
‘ot be werd for

a2 2 large
aY-32%um

(No. 40) sine. purtorm the Following washing
OPETIMION N IMCTECMEAIL. washing T MO thun
.4 kg t1 iy of inasenal at one ume. Place the
$254um (No. 0) siene it the botom of the clean
pan. Pows the soit wasmy mixtuse onso te seve
If gravel or cuarse sand particies are present. nmse
as man of thoe as poseible with small quantities
of watet from 3 wash hurle, amt discard. Alter-
natnely. pour the vl waler mriure over 4 2-
mm (No. 1) sicr e mested atop the 28-um 1No.
0) seve. nnse the fine mawnal through and
remove the J-mm (No. 10) sieve. Atler washing
and removing as much of the coarser material a8
ponible.addw!ﬁcian-mwd:emmhdm
the level 10 ahout 43 aran (v inL) above the surface
of the $25-um (No. 4} sieve. Agitace the shurry
™ siirring with the fngers while raising and
bweﬁudkmhmmwsﬁd'm;m
suspension so that fine material is washed from
1he coarser particies. Disagpregace fine soil lumps
that have not siaked by gently robinag them over
the sieve with the fiogertips. Complete the wash-
ing operation by raising the sicve above the water
surface and rinsing the material recained with 8
small amount of clean water. Discard material
retained on the 425-um (No. 40) sieve.

10.1.2.3 Reduce the water content of the ma-
terial passing the $23um (No. 40) sieve uatl it
approaches the liquid limit. Reduction of water
content may be accomplished by one or 3 com-
bination of the following methods: () exposing
the air currents a1 ordinan rovm emperature.
(M) exposing 10 warm air currents from a source
such as an electric kair drver. (¢) fltering ia 2
Buckner funnd or using filter candles. (d) de-
canting clear water from surface of suspension.
or (¢} draining is a colander or plaster of paris
dish lined with kigh retentivity. high wet-surength
filter paper.” If a plaster of paris disk is used. take
care thai the dish never becomes sufficiently
saturated that it fals 1o actisely absorh water into
its surface. Thoroughly dn dishes between uses.
Dunny evaporation and cooling. stir the sampie
ohen cnough W prewent orerdn ing of the fnnges
and sl punnacks on the surtace of the minture
For wil umples containing soluble Qlts. uw' 3
methad of water reduction sah s o o - thas
woll nent chiminute the eduble sl from e 1M
spaamen

110.1.2.3 Thoroughly mus the maienal passing
the 325 um tNo. 401 sieve on the glass plate uang
the satule Sdpust the water coaten: of the mix-
ture. if Aaasaans. My akhing small increments of

Bstilled or demineralized water or by allowing
the misture 10 dny al room lemperature while
mining on the glass piate. The soil should be ata
water coment that will result in closuse of the
groove in 25 10 35 blows. Return the mixed soil
1o the miving dish. coser 1o prevent loss of mois-
tuse. and allow 10 stand for at least 16 h. Afier
the sanding pened. and immediately betore
sartimg the tesi. remix the soil thoroughty.

102 Dry Prepurutnmn

1021 Select sutlicient soil 1o provde 150 to
200 g of matenal passing the 325yum (No. U

sieve alter processing. Dry the sample at room
temperature or in an oven a1 a lemperature Aot
exceeding 60°C until the soil clods will pulverize
readily. Disaggregation is expedited il the sample
is not allowed 1o completely dnn. However, the
s0il should bave a dry appearance when pulver-
fzed. Pulverize the sample in a monar with a
rebber tipped pestal of in some other way that
does oot cause breakdown of individual grains.
When the coarse particies found during pulveri-
zation are concretions. shells. or other fragile
particies. do not crush these particies 10 make
them pass 3 425-um (No. 40) sieve. but remove
bylnadu«hanﬁubkmmhanﬂﬁn;.

10.2.2 Separate the sample on a 425-um (No.
40) sieve. shaking the sieve by hand 10 assure
thorough separation of the finer fraction. Return
memmhlmaindonwlzs-ummo.w)
sieve 10 the pulverizing apparatus and repeat the
pulverizing and sieving operations as many imes
as necessary o assure that all finer material has
been disaggregated and material retained on the
425-um (No. 40) sieve consists only of individual
sand or gravel grains.

1023 Place material remaining on the 425-
pm (No. 40) sieve after the final pulvenizing
operations in a dish and soak in a small amount
of water. Siir the soil water mixture and pour
over the 325-um (No. 40) sieve. catching the
water and any suspended fines in the washing
pan. Pour this suspénsion into 3 dish conwaining
the dn sl previously sieved through the 425-
pm N 0} uere. Discard matenal retained on
the 425um (No. d)rseve.

10.2 4 Adjust the walcr CONICAT 35 NECCIIN
. dning s dewnbed 10 10.1.2.3 or v miung
Jn the glas plate. using the spatula while adding
iscremonts of ditilled or demineralized water.

Tn o N W e pure salulie R 2<m Gnko Res
RO Rtk b
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unul the sl 14 32 3 water content that will result
i closure of the grose it 25 o 35 blows,

10.2.8 Put swl m tine stonage dish. cover 10
prevent loss of morsture and allow to stand for
at least 16 b Afier the sanding period. and
immediasely hefore starting the test. thoroughly
remin the soid (Nowe 8).

11. Precedure

11.1 Place a pornion of the prepared soil in
the cup of the hquid lirsit device at the point
where the cup rests on the base. squeere it down.
and spread it into the cup o 3 depth of about 10
mm 3t #s deepest point. tapering to form an
approximatets horizontal surface. Take care to
eliminate air bubbles from the soil pat but form
the pat with as few sookes a8 possible. Heap the
snused oil on the glass plate and cover with the
invered storage dish or 2 wet towel,

11.2 Form a groose i the soil pat by drawing
the tool. beveled edge forward. through the soil
om 3 line joining the highest point 10 the lowent
poim on the rim of the cup. Whes cutting the
proove. hold the grooving tool against the surface
of the cup and draw in as arc. maintaining the
tool perpendicular o the surface of the cup
throughout its movernent. See Fig §. 1a soils
where 2 groove caxmot be made is one roke
without tearing the 0il, cut the groove with
seversl strokes of the grooving tool. Allernatively,
cut the groove to slightly lem thas required di-
mensions with a spatuls and use the groonving
wol 10 dring the groove o final dimensions.
Exercise extreme care 10 prevent diding the soil
pat relative to the surface of the capx

113 Verify that no crumbs of soil are present
om the base or the underside of the cup. Lift and
drop the cup by turning the crank at a rate of 1.9
0 2.1 drops per second until the two halves of
the 30il pat come in contact at the bottom of the
groove slong a disance of 13 mm (% in.). See
Fig 6.

NoTs 10—L'se the end of the grooving tool. Fig. 2.
;;ﬁmm\mf} A3t the pnore has closed |3 mm

113 Verif\ that anm ar hubhble kas not caused
premature closing of the groose ty observing that
ek sides of the grovne mave flowd Wogrther
with approumately the same siape. If a hubble
has caused prematuse ciowing of the groove. re-
form the soil in the cup. adding 2 small amount
of 30il 10 make up for that kns in the groosing

operation and repeat 11.1 w0 11.3. If the sol
slides on the surface of the cup. repeat 1.1
through 11.3 a1 2 higher water content. If. after
several trials at successively higher water cone
tents. the s0il pat continues to shude in the cup or
if the sumber of biows required to ciose the
groove is always less than 2S. record that the
liquid limit could not be determined. and repon
the soil as nonplasuc without perfoﬂmn; the
plastic limit test.

11.5 Record the number of drops. .\. required
w close the groove. Remove 3 slice of soil ap-
proximately the width of the spatula. extending
from edge 10 edge of the soil cake at right angles
10 the groove and including that portion of the
groove in which the soil Bowed together. place in
a weighed container. and cover.

11.6 Retum the soil remaining in the cup to
the glass plate. Wash and dry the cup and groov-
ing 100l and reartach the cup 10 the carmiage in
preparation for the next trial.

11.7 Remix the entire soil specimen on the
giass plate adding distilled water 10 increase the
water conient of the s0il and decrease the number
of blows required 10 close the groove. Repeat
11.1 through | 1.6 for at Jeast two additional trials
producing successively lower numbers of blows
10 close the groove. One of the trials shall be for
aclosure requiring 25 10 35 blows. one for closure
between 20 and 30 biows. and one trial for a
closuse requiring 15 to 25 blows.

11.8 Determine the water content. B°,_ of the
soil specimen from each trial in accordance with
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately after completion of the test. If the
1est is to be interrupted for more than about 14
min. the specimens already obtained should be
weighed at the time of the interruption.

12. Calculations

12.1 Plot the relationship hetween the water
conient. ', and the coresponding number of
Jropa. N, of the cup on a semiloganthmic graph
with the water conient as ordinates on the anth-
metical scale. and the number of’ drops as abscis-
sas on the lopanthmic scale NDraw the kewt
graght hine thruugh the three o more plotted
panis.

12.2 Take the water content corresponding to
the intenecton of the hine with the 2$adrop
abscvssa as the ligud it of the «il. Computa-

uonal methods may b subsi
wal method sor fitting a stra
and dotermining the liquid

ONE-POINT l.lOl 1D LIMI
C AND C

1), Preparation of Test Sper

13.1 Prepare 1the specime:
ner a8 dJexcnbed 1n Section
mining. adjust the water cont
requinng 20 1o 3 drops of t
10 close the gruove.

14. Procedure

§$.1 Proceed as descnbe.
11.5 except that the numbyr o
close the groose shall be 20
or more than 30 biows are r
water content of the soil an:
dure.

14.2 Immediately after 1
content specimen as descnb
the soil in the cup. adding :
soil 10 make up for that lost 1
water content sampling oper:
through 11.5. and. if the sec
groove requires the same nun
more than two drops differer
water content specimen. Ou
entire specimen and repeat.

NoTE | 1—Excessive dnang o
will cause the number of biows to

14.3 Determine water con
as descnbed in 11.8.

18. Calculations

15.1 Determine the liquid !
content specimMen using one
equations:

(U
u.-uJ_.—l()
1.1 = Aar

where:
N = the number of Blows oy
Eroen e at water onter”
I = water content. anid
K watatorginenin Tabic
The Inquid frmat 1s the aver.
hquid hmit salues
18.2 1t the ditference hetw
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13. Preparstion of Test Specimenn

13.1 Prepare the specimen in the same man.
mer 25 Jownbed v Secuon [0 envept that at
mning. adiust the RalCT CONLEnt 10 3 CORMINENSS
requiring 211 10 X drops of the lnquid himit cup
e chwe the gromwe,

. Precedwse

14.1 Proceed a3 descrided in [1.] through
1.5 excepn 1t the auymber of biows required o
ose the grovve siall be 200 0 30. If less thas 20
e muore than 30 biows are required. adjust the
waier consent of the soil and repeat the proce-
dure.

14.2 Immediatey afler removing 8 water
content specimen a8 descrided in 1.5, reform
the soi in the cep. adding 3 small amoum of
soil 10 make up for that Jost in the grooving and
waler coment ampling operations. Repest 11.2
through 11.5. and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
entire specimen and repeat. .

Norr 1l—Excemive dnving or madequate miring
will cause the number of biows 10 vary.

14.3 Determine water conients of specimens
as described in [ 1.8.

15. Calcuistions
15.1 Determine the liquid limit for each water
conent specimen using one of the following
eguanons
IS L1
LLe .";;) or
.= sy
when
N = the number of Mo causng chware of the
FREAC S MY vimtent,
It = water vonsent, ami
A = imntoe pren i Tubic )
The Ingusct botet s The average of the two tnal

Baqund fumit satues
15.2 f the BRreme taoen the twe il

bquid limit values is greater than one percentage
posnt. repeat the test.
PLASTIC LIMIT

36. Preparation of Test Specimen +

16,1 Select a 20-g poruon of soil from the
material prepared (or the liquid hmit test. either
after the secund mixing hetore the test. or from
the soil remaining after compiction of the test.
Reduce the water content of the soil 10 2 consist-
ency at which it «an be molled without sticking to
the hands b spreading and miung continyoush
on the glass plate. The dning process may be
accelerated by exposing the soil 10 the air current
from an elecine fan. or by blotting with paper
that does not add any fiber 1o the soil. such as
hard surface paper toweling or high wet sirength
filter paper.

37. Procedure

17.1 From the 20-g mass. select a portion of
1.5 w 2.0 3 Form the test specimen into an
or fingers and the ground-glass plate with just
sufficient pressure 10 roll the mass into a thread
of uniform diameter throughout its length (Nowe
12). The thread shall be further deformed on
each stroke 30 that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 32 205 mm (0.125 =020 in),
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
van greatly. according 10 the sotl. Fragile soils of
Jow plasticity are best rolled under the outer edge
of the palm or at the base of the thumb.

Nott 12—A normal rate of rolling for mont soils
should be 80 w0 90 strokes per minyte. counung &
|mroke a1 one compicie motion of the hand lorward and
beck 1 the sarung position. Thes e of rolling may
hase 10 be decremed for sery fragile soils.

NAg | 3=A J2-mm {'-in.) diameter rod or tube
s uscful for frequent companson with the soil thread
30 asceniain when the thread has reached the proper
damerer, especnlly fur inexpenenced operaion.

17.1.1 When the diameter of the thread be-
comes 3.2 mm. breal the thread into several
pieves. Squeere the meces together. knead be-
tween the thumb and fira finger of each hand.
rerorm into an clhiptmda) mass. and reroll. Con-
unuc this aiernate rolling w a thread 3.2 mm in
diameter. gathenng topether. kneading and re-
roiling until the thread crumbley under the pres-
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sure reyuired for rolling and the sof cas Bo
lonpt he rolled imto 2 3.2-mm diameter thread
{See Fig. 7). h has no sgmificance if the twead
breaks into threxds of shorter length. Rodl each
of these shorter taeads to 3.2 mm in diameter.
The ondy requirement for continuing the ext is
1hat they are abie o be reformed into sn ellip-
sodal mass and rolled 0wz again. The operator
shall & no time aempr w produce failure at
exactly 3.2 mm diameter by allowing the thread
to reach 1.2 mm. then reduciag the rate of rolling
or the hand pressure. or bodh, while continuing
the rofling without further deformation until the
thread falls apart It is permissible. however. 10
reduce the total amoum of deformation for feedly
plastic soils by making the initial diameter of the
ellipsordal mass neaser to the required 3.2-mm

falls
apart in many small platy perticies. Fat clay soils
nqujn much premoe to deform the thwead.

of barrel-shaped segments about 3.2 0 9.5 mm
(Bt Win) in lengh,

172 Gather the portions of the crumbied
thread together and place in 3 weighed container.
Immediately cover the container.

17.3 Select another 1.8 10 2.0 g portion of soil
from the original 20-g specimen and repeat the
operations described in 17.1 aad 172 uatil the
container has a¢ least 6 g of soil.

17.3 Repeat 17,1 through 17.3 10 make an-
other contuner bolding at least 4 g of soil. De-
termine the water coment. in percent. of the sosl
contunad in the cuaninen 10 accurdance with
Mcthad P 2216 Mube alf weighungs 0w the same
Raluny.

Nt (3—The mcar wi performing ten plasnc
bt traks 1 10 senfs the conwsiencs of the rest results.
K s aveptaMe prance © perhvm omis one ptashe
kmut 1nal when the comustem 1a the test resuls can
he crafirmed v odxer means

D4ad1s

18. Calculations
18.1 Compute the average of the two water
contents. If the difference between the two \fam
contents is greater than two percentage points,
repeat the 1est. The plastic limit is the average of
the two water contents.
PLASTICITY INDEX

19. (‘.akuhniou
19.1 Calculate the plasticity indea as follows:
Plell -PL

where:
LL = the liquid limit.
PL = the plastic limit.

Both LL and PL are whole numbers. If either
the liquid limit or plastic limit could not be
determined. or if the plastic limit is equal 10 or
greater than the liquid limiL report the soil as

‘ sonplastic, NP.

28. Report
20.! Report the following information:
20.1.1 Sample identifying information,
20.1.2 Any special specimen selection process
used. such as removal of sand lenses from undis-
turbed ample,
20.1.3 Report sample as airdried if the sample
was airdried before or during preparation.
20.1.4 Liquid limit, plastic limit. and plastic-
ity index 10 the nearest whole number and omit-
ting the percent designation. If the liquid limit or
plastic limit tesis could not be performed. or if
the plastic limit is equal 10 or greater than the
liquid limit. report the soil as nonplastic. NP,
20.1.5 An estimate of the percentage of sam-
pie retained on the 425-um (No. 40) sieve. and
20.1.6 Procedure by which liquid limit was
performed. if it differs from the multipoint
method.

21. Precision and Bias

21.1 No inwrluboratony tesung program has
a set heen conducted using this test method to
determine multilaboraton precision.

21.2 The within Laboraton precision of the
results of tests perfurmed by different operatons
31 one laboraton on two skls using Provedure A
tue the liquid hmit is shown in Tabie 2,
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