
APPEHDIX A

FIELD DOCUMENTATION FORMS

Field Sample Log Book Format
Daily Tim* Log
Field Meter Instrument Calibration Log
Boring Log
Observation Hell 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)
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DONOHUE & ASSOCIATES, INC. CLIENT_______________ DATE

CONSULTING ENGINEERS PROJECT ______________ BY

SHEBOYGAN, WISCONSIN PROJECT NO. ________ PAGE NO.

Weather: A.M.
P.M.

Temp. Range Hi ________ Low _________ Frost Depth

Equipment Used _________________________________

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
5:00 - 5:30
5:30 - 6:00
6:00 - 6:30

Items requiring follow-up:

cc: Visitors Representing



FIELD METER
INSTRUMENT CALIBRATION LOG:

pH METER

Date
Calibrated

4.0 BUFFER

True
Value

Meter
Reading

7.0 BUFFER

True
Value

Meter
Reading

10.0 BUFFER

True
Value

Meter
Reading Adjustments

CAL
By

COMMENTS:

pH Meter MFG Model EPA ID #
Buffers: 4 Source Date Opened

7 Source Date Opened
10 Source Date Opened



FIELD METER
INSTRUMENT CALIBRATION LOG:
TEMPERATURE, CONDUCTIVITY,

DISSOLVED OXYGEN

Date
Calibrated

THERMOMETER

NBS
Reference

°C

Field
Thermometer• c

Correction
Factor
°C

CAL
By

CONDUCnVITY

True
Value
umhos

Meter
Readings
umhos

CAL
By

D.O. METER

Air
Temp.
°C

Calc.
D.O.
Air

(mg/L)

Read
D.O.
Air

(mg/L)
CAL
By

COMMENTS:

"hermometer # EPAID*
Conductivity Meter MFG Model EPAID#
Conductivity Standard: MFG Opened Date:
D.O. Meter. MFG, Model EPAIDt
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DRILLING METHOD:
FOREMAN:
ASSISTANT:
CEOL./ENG'R.. ^ ^

BORJNG LOG
SITE: PROJECT NO.

WATER LEVEL READINGS
DATE TIME OEPTH

SOIL BORING NO.

CD
GROUND SURFACE ELEV.
PHYSICAL SETTING:
DATE START:
DATE COMPLETE:
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SHEET_X)F

DRILLING DATA
SOIL BORING NUMBER

c

ADDITIONAL DRILLING DATA DRILLING INFORMATION

Split Tube Size ___ .
Hammer Wt. ______
Thin Wall Tube Size_
Caiing Uied _,_. ,__
Casing Hammer___
Drill Rod Size _____
Drill Bit Type _____
Drill Bit Size
Auger Type

_ID ____ OD i
Ib in drop i

_OD t
_LF Dia. ,
_ Ib in drop J

«
Ja) ___ _(b) »••""«

(a) ___ (b) '
_oo

Hollow Stem Aoger__ID
Core Barrel Size ID Length
Core Bit Serial
Core Bit Serial
Drill Mud Tvoe
Drill Mud Formula
Depth Drill Mud Used
Back Filled Date
Method
Drill Rig Mfg. Mod.
Other Eouio_ ,_ _
Other Eauio. . ,

Texture

Boulder

Gravel

Sand

Silt

Clay

bv
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Abbreviation Size Abbreviation Soil Particle Size

Bo Over 3.0"

Large L 1 .0" to 3.0"
Gr Medium M .38" to .99"

Small Sm 2.0mm to .38"

Coarse Co ,75mm to 1 ,99mm
S Medium M ,25mm to ,74mm

Fine F .05mm to ,24mm

Si .002mm to ,049mm

C Smaller than ,022mm

Consistency Abbreviation N

Very Soft
Soft
Medium
Stiff
Very Stiff
Hard

VS
S
M
St
VST
H

0-2
34
5-8
9-16
17-30
Over 30

Density Abbreviation N

Very Loose
Loose
Medium Dense
Dense
Vary Dense

VL
L
MD
D
VD

0-4
5-9
10-29
30-49
50+

% of Dry Weight

0-10
11-20
21-35
36-50

CONDITIONS FOR USE OF SOIL BORING LOG

Term
••MBMBMt

Trace or Occasional
Little
Some .
And or With

Abbreviation

TRorOC
LI
SO
&orW/

This field soil boring log records the soil descriptions and other data observed or measured in the field by qualfied soil technicians. The soils
between the samples 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 sampling tubes seldom retain these larger sized soil particles. Delayed readings of ground water
levels mav not be entered on this field log.



Sh«tt_of.

Donohue Site:.
By:_

OBSERVATION WELL INSTALLATION DIAGRAM
____________D«e:_________

Well No..

.Project No..

ProtKtivt Gating

Oiamittr
Length

Concrttt Collv

Quant. Ctment
Total Quant.

tbs. + Quant. Water__ gal
9*1.

Manufacturer

Seal

Powdtr/Granular/Ptlltts Quant.
Manufacturer
Hydrated

Manufacturer
Schedule

Length/par iac.

Threaded Flush Joint
Teflon Taped

Typed)
Source

No. Sott/ft.
Schedule

Length/oar sac

K=H
Notes: Water Source,



Donoh PIEZOMETER INSTALLATION DIAGRAM Wdl No..

By: Project No.

1^ , — 1 ^ * ' " . — . r̂ ^^^^^^^^

Notes: Water Source



Sheet of

Donohue
Engineers & Architects Project No.

Well Development

____Site___

Method of Development Pumped

Equipment Airlift

Pump ______ Manufacturer.

___ Bailed _____Blown.

_N2 Lift._____In. Bailer.

. Sure* Block ——————

.Length_____Ft. Material

Diameter

Description of ate (weather, tamp, toil condition*)

WeitNc
Time

Depth to
W«ter

Depth to
Bottom

Volume
Removed Depth

After
pH Good. Color Odor

Y/N Temp. Turbidity Comment!

Additional Notes:

Entered on computer Signature. Date__/ /



DONOHUE WATER ELEVATION

PROJEC

WEU
NUMICR

ELEVATION
Of

TOP Of PIPE

,«SCRIPTION OF SITI

son. CONDITIONS

DEPTH
TO

WATER

WATER

ELEVATION

DEPTH
TO

BOTTOM

WEU INTEGRITY

LOT Iff c~*« <*0* OBnuo

COMMENTS

WEATHER TEMPMATUW

ENTERED ON COMPUTE* SIGNATURE DAT*



Sheet. .of.

Donohue INFIELD PERMEABILITY TEST

Site

Client

Well Drilled By

Date Test Performed

Top of Pipe Elevation

Well Screened In , Diameter of Pipe (ft )
(formation)

Static Water Level Screen Length (ft.)
(SWL)

ni.m.t.r ftf Hole (ft ) "1 " 1 ength (ft )

(2R)
Vol Removed n»pth to Top of Screen
Estimated m * KH/KV

(2r)

(note below)

D<

D.

1 4
ND SURFACE

STATIC
WATER LEVEL

H! 01 t ,

H.ol 1,

W
%1

SILCA SAND

WELL SCREEN

Hvonlrv Eauition lor Pi*lom*ter in Annotroo* Soil

rl in / mL \ m

2L ( t t - l , )

• K( errviK

.
— | 1.508!
HI

READING

10

tl

12

13

14

15

t«

17

18

19

t 10

111

t 12

113

1 14

t IS

1 16

117

i ie
1 19

1 20

t 21

t 22

t 23

t 24

Time
(min.i

DEPTH TO WATER
(FT)

AFTER BAILING
Df

0,-SWL-H.
(fl 1

H t / H 0

Notes:

Test Performed By.
Calculations By__
Checked By____

.Date.

.Date.

.Date.



Donohue
Engineers & Architects

Well Purging and Sample Collection

Project No. Site

Method of Purging Pumped___

Equipment________Airl ift.

Pump—————Manufacturer —

•Bailed
.N2 Lift. Jn. Bailer. .Ltngth. .Ft. Material.

_Diametv. .Dticription of site—————
(weather. •mp.joB, condition!)

Well No,
Time

Depth to
Water

Depth to
Bottom

Volume
Calculated

(04.)

Volume Depth
After PH Cond. Temp Turbidity

Y/N Comments

Notes.

. Signature. .Date



APPBIDIZ B

SCHBHATICS

Piezoneter Construction



inside protec
tive casing Bentonite Slurry or Sand/

Bentonite Slurry

o-t. 5

Schematic of Piezometer Construction



APPENDIX C

FIELD METER CALIBRATION PROCEDORES

Thermometer
pH 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 recorded or.
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 KC1 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 Hastewater (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. Adjus
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 pE 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 pE meter is used when a
more accurate measurement is needed. The response of a pE 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 pE 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 pE measurements:

1. Orion portable pB meter, or equivalent.

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

3. pE indicator paper, such as Bydrion or Alkacid, to cover
the pE range 2 through 12.

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

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

Measurement Techniques for Field Determination of pH

1. pB Meter

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

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



b. 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.

c. Immerse the tip of the electrodes in water over-
night. If 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.

d. 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).

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

f. 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.

g. Adjust the pH meter to read 7.0.

h. 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.

i. 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 pH 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



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

j. 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 pH unit on the Field Meter Calibration Log.

k. Rinse the electrode(s) with demineralized water.

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

The sample used for pE measurement should never be saved for
subsequent conductivity or chemical analysis. All pB 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 pH 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:

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

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

3. 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.

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

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

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

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

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

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

ARCS/RP/AK1



APPENDIX D

PROJECT SCHEDOLB



JCHVITT ID ill* TO,6 W
1

11

51

PROJECT INITIATION 4 0 1WAY84 2«MY8<)
EPR PROJECT KICKOFF tCETIMG 1
BACKGROUND DATA REVIEW I3JUNW
TECHNICAL SCOPING MEETING 1 11 26HAY84 26MOYW
DEVELOP PROJECT APPROACH 0 HJUNOT I<UUN89
PREPARE COST I SCHEDULE ESTIMATES 0 20JUNOT 27JUNW

13 PREP DRAFT WtRKPLANS -SAP-QAPP-NSP-DNP 0 20JUN84 27JUNM
15 PRE-QAPP HEEFING S 20JUNW 20JUNM
17 DONOHUE QC REVIEW 6JULW

PRINTING t REPORT ASSEMBLY 0 7JULB9 12JULN
SUBHIT DRAFT WORK PLANS TO EPA 0 13JULW 14JULM

23 EPA REVIEW t CONMENT 40 0 17JULOT 115EPW
27 HORK PLAN REVISIONS 28 125EPW 225EPM
?\ COST I SCHEDULE REVISIONS 28 1ZSEPOT 225EPOT
43 PREPARE SUBCONTRACT SOU I SPECIFICATIONS - HW 14 o 12SEP84
35 DONOHUE QC REVIEW/WORK PLANS 28 25SEPOT 275EPOT
37 PRINTING t FINAL HORK PLAN ASSEMBLY 1 28 2SSEFW 255EPOT
y\ sumir TO EPA 1 28 265EPOT 26SEPOT
31 MEETING WITH MPCA I SITE RECONNAISSANCE 1 0 27SEPM 27SEPW
41 EPA REVIEW t APPROVAL 8 28 27SEP84 fiOCTW
33 SITE STATUS SUMMARY MEMO/FINALIZE NELL LOCATIONS 3 326 20CTOT 40CTBS
45 INTERNAL QC REVIEW 0 20CT8<« 40CTOT
47 REVISE BID DOCUMENTS 0 SOCTM 60CTM
41 PRE-BID CONFERENCE 0 WTB9

CONDUCT BIDDING 14 0 100CTBS 270CTM
54 EPA REVIEW t APPROVAL 0 300CTM
55 ARRANGE FOR EQUIPMENT 3 300CTW 310CTM
57 BID ANALYSIS t NEGOTIATIONS 3 1NOVW 3NOV84
5S PREPARE FIELD NOTEBOOK 3 1NOVOT 3NOVW
61 CONTACT LANDOWMERS/ACCESS COORDINATION 3 1NOVM 3NOVM
63 SUBCONTRACTOR COORDINATION 3 6NOV84
60 AWARD CONTRACT 0 7NOV89 8NOVW
56 ROBILIZATION - MONITORING WELLS I5NOV8S
64 CLP LAB COORDINATION
65 MW FACILITIES SET UP 0 16NOVB4 17NOVB<)
67 INSTALL WT WELLS 0 20NOVB9 22NOV8<t
71 CONDUCT FIELD AUDITS a 384
71 INSTALL PIEZOMETERS 0 21NOV84 30NOV89
75 NELL ABANDONMENT 4 0 1DECB4 60ECW
81 REPAIR NELLS 4 0 7DECB9 12DEC8<^
8? SURVEY NEW WELL LOCATIONS 0 130[CM 14DCCM
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ftCMVtTT ID llSCtlPTIDN .... •- -••-•Mi) rir SNOT ffiha
85 SUBCONTRACTOR COORDINATION 2 277 1XEC81 14DECOT
81 ARRANGE FOR EQUIPMENT C ACCESS 5 0 13DECB1 I9DEC91
11 CONDUCT SLUG TESTS 4 0 20DEC81 26DEC81
13 SLUG TEST ANALYSIS 4 51 27DECOT 2JAN10
17 PRE -FIELD COORDINATION - GM 30 27DEC81 2<»EC81
H ARRANGE FOR EQUIPMENT - GU 30 27DEC81 2<OEC81

101 SITE ACCESS COORDINATION - GU 21 27DEC81 28DEC81
103 ACCESS COORDINATION - PRIVATE UELLS - GU 21 27DEC81 28DEC81
105 PURGE/SAMPLE MONITOR UELLS 6 0 2JAN10 UAN10
15 FIELD TECH MEMO - SLUG TESTS 4 51 3JAN10 8JAN10

111 SITE GEOLOGY t GEOTECH RESULTS 12 51 1JAN10 24JAN10
121 SLUG TEST t HYDRO EVALUATION 12 250 4JAN10 24JAN10
107 PURGE/SAMPLE PRIVATE UELLS 1 0 10JAN10 IOJANW
101 COLLECT UATER LEVEL INFORMATION 1 0 11 JAN*) 11JAN10
111 PACKAGE/SHIPPING - GU SAMPLES 2 0 12JAN10 ISJAN10
112 CLP LAB COORDINATION 1 0 12JAN10 12JAN10
113 FIELD TECH MEMOS - GU SAMPLING 3 0 12JAN10 I6JAN10
1 15 OBTAIN GROUNDUATER ANALYTICAL RESULTS 30 0 17JAN10 27FEB10
125 GEOLOGY TECH MEMO 8 51 25JAN10 SFEB10
127 HYDRO TECH MEMO 8 51 25JAN10 SFEB10
116 DATA VALIDATION 14 0 29FEB10 1<HAR10
123 INPUT ANALYTICAL DATA 8 0 20MAR10 WWNO
121 GROUNDUATER DATA EVALUATION 10 0 30HARK) I2APR10
131 CHENI5TRY TECH MEMO 3 0 13APR10 I7APR10
133 DETERHINE MONITORING NEEDS 2 0 18APR10 11APR10
135 PRELIM ASSESSMENT TECH MEMO 50 20APR10 26APR10
137 EPA REVIEU MEETING 3 0 27APR10 1MAY10
131 AGENCY EVALUATION AND DETERMINATION 15 0 2MAY10 22MAY10
Ml DETERMINE DISCHARGE AREAS 1 46 23MAY10 23MAY10
143 DATA REVIEU I PRESELECTION 5 0 23MAY10 3CHAY40
145 OBTAIN I REVIEU PRIVATE NELL LOGS 10 46 24MAY10 7JUN10
M7 PREPARE SON 1 SCOPE - PUMP TEST 5 0 31MAY10 6JUN10
151 PREPARE TECH SPECS t CONTRACT DOCS - PUMP TEST 14 0 7JUN10 26JUN10
141 DETERHINE POTENTIAL RECEPTORS 5 46 8JUNK) 14JUN10
ISO EVALUATE POTENTIAL RISKS 5 46 15 JUNK) 21JUN10
1 52 PREPARE TECH MEMO - RECEPTORS 5 46 22JUN10 2BJUN10
1S5 INTERNAL QC REVIEH 2 0 27JUN10 28JUNK)
157 REVISE BID DOCUMENTS - PUMP TEST 2 0 21JUN10 2JUL10
151 CONDUCT BIDDING - PUMP TEST 20 0 3JUL10 31JUL10
160 BID ANALYSIS t NEGOTIATIONS 5 0 1AUG10 7AUG10
161 EPA REVIEU t APPROVAL - PUMP TEST BIDS 2 0 8AUG10 1AUG40
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ACTIVITY II lESCtlPflDN .... . .. ......^ w mi XKL
163 PRCFIELD PREPARATION - PUMP TEST S 3 10AUGW l6ftUG<W
165 SITE ACCESS - PUMP TEST 27 10AVG10 I3WGW
166 DRILLER MOBILIZATION 10 0 10ftUG«W 23ftUG<W
169 PRE-FIELD KICKOFF MEETING - PUMP TEST 1 7 HAUG<K> 14AUG10
167 FIELD SET-UP - PUMP TEST 2 3 17AUGW 20AUG40
171 HELL INSTALLATION - PUMP TEST 2 0 24AUG10 27AUG«W
173 CONDUCT PUNP TEST 4 0 28AUG10 31AUG40
ITS DEMOBILIZE - PUNP TEST 1 0 4SEP«W 4SEMO
177 EVALUATE PUMP
179 PUMP TEST TECH
181 2-0 HTDROLOGIC

TEST DATA 5 0 55EP««0 I15EWO
MEMO 5 0 12SEP90 IBSEPW
MODELING 10 0 19SCMO 20CT-W

183 HYDRO EVALUATION t NEMO 10 0 30CT«W I60CT<K>
IBS GEOLOGICAL CHARACTERIZATION 7 8 170CT<W 2SOCT40
187 HYDROGEOLOGICAL CHARACTERIZATION 10 5 170CTW 300CTW
18H GROUNDVATER CHEMISTRY CHARACTERIZATION IS 0 ITOCTtO 6NOV40
1<n ENGINEERING REVIEN DI DATA S 10 170CT40 230CT<W
n3 ENGINEERING EVALUATION I REPORT PREPARATION 7 0 7NOVW ISNOVW
1% PREPARE RECOMMENDATIONS 5 0 16MOVK) 26NOV»
147 INTERNAL «C REVIEH S 0 27NOVW XEC<W
I<W SUBMIT DRAFT REPORT TO EPA 20 IDECtO 5DEC40
201 EPA REVIEW t COMMENT 15 0 60ECW 27DECW
203 PREPARE FINAL REPORT 10 0 20DEC40 IOJAW1
20S PROJECT CLOSEOUT S 0 11JAN<)1 17JAX41
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April 9, 1990

E N G I N E E R S

ARCHITECTS

S C I E N T I S T S

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 Vork Assignment No. 13-5N45
Donohue Project No. 20022

South Andover Design Investigation
Submittal of Work Plan Addenda

Dear Mr. Sypniewski:

Enclosed with this correspondence are addenda to approved Vork
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 Vork Plan Modification Request No. 1.
As you are aware, the additional scope of services to be com-
pleted by Donohue 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 Vork Plan Addendum No. 1
allows for the revisions to be included as an appendix to the
approved Vork 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

•1738 \orth 4tlth Sinvi
Pa flat «M7
SMKXTian. Wiiamtin 53W2-K#>?
4I4.4\\!I7II
Tfiela.i 414 4 SX.lfit"



E N G I N E E R S

ARCHITECTS

SCIENT ISTS

•re occurring at the same site, such action appears inappropriate
since each is a different work assignment with different goals
and objectives.

Ve do not believe the tine required for EPA approval of the DI
QAPF addendum 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.

&****./
DaXrld S. Voight
Site Manager

Marcia A. Kuehl
Site QC Officer

DSV/MAK:cmJ

enc: As Noted

cc: Donohue

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

EPA

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

PMO Files (2 copies)

ARCS/0 /L/DS 7

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 **

SITE INVESTIGATION PLAN
SOUTH ANDOVER

DESIGN INVESTIGATION
ANDOVER COUNTY, MINNESOTA

APRIL 1990

Prepared bv: / A*£*//£&*a>df-_____ Date: 4/<r
David S. V o T g h t 7

Site Manager, Donohue & Associates, Inc.

Approved by: /i-f?*~-~. s(^*Z**~*A^ ̂ r^ Date:.
Roman Gau, P.E.
ARCS Project Manager, Donohue & Associates, Inc.

Approved by: st<1'*r5£ LsLA*L4*~~ Date:
Michael L. Grosser
ARCS V Technical Services/Quality Assurance Manager,
Donohue & Associates, Inc.



EXHIBIT A

Investigation Plan Addendum

South Andover Design Investigation
Vork 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 V26A.

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
5. Section 5.2.6

WORK PLAN REVISIONS

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

Item 1: Table 4-1 Location of Proposed Monitoring Well Installation.
Repair and Abandonments

1. Well Abandonment. Table 4-1 has been revised to include the abandonment
of wells B3A and B3B.

2. Well Condition Reconnaissance and Possible Replacement. Monitoring well
W26A has been determined to be usable, by the EPA and MPCA, and therefore
will not require abandonment.

Item 2: Section 5.2.3.3. Monitoring Well Installation

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

Item 3: Section 5.2.5 Soil Boring and Geotechntcal Sampling

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 (FID) for
select volatile organic compounds (VOC). This will be accomplished by immedi-
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 FID readings will be labeled, packaged and sent to the
laboratory for analysis. If no FID 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.

Item 4: Section 5.2.5.3. Drilling and Sampling Procedures

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

Item 5: Section 5.2.6 Monitoring Well Installation

5.2.6.1 Introduction

1. This investigation will include the installation of six 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
Vork Assignment No.: 13-5N45
Donohue Project No.: 20022

** 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

** ADDENDUM **

FINAL QUALITY ASSURANCE PROJECT PLAN
SOUTH ANDOVER

DESIGN INVESTIGATION
ANDOVER, MINNESOTA

APRIL 1990

Prepared bv: WWstLA ft. fauM- Date:__
Marcia A. Kuehl ' I
Site QC Office^, Donohue & Associates

Approved bv: /^ Jt^^S//fa* tfjf-_______ Date: i//?/90
David S . V o i g h t " /

Site Manager, Donohue & Associates

Approved by: f/7U<^df¥ L^^-^^l^^ Date: ^//VJ/7°
Michael L. Grosser
ARCS V Technical Services/Quality Assurance Manager,
Donohue & Associates

s~J .Xĵ
Reviewed by: /Tg-»-Ĥ - X—ĝ *̂ v̂ Q Date:.

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. EFA Region V



EXHIBIT B

Quality Assurance Project Plan Addendum

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

INTRODUCTION

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 soil collected during the installation of six monitoring
veils. 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 PLAN REVISIONS

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

Item 1; Section 3.5.1 Prolect Tasks

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

* Install six wells.
* Soil samples collected for grain size, Atterburg limits, RAS organics

and RAS inorganics. during the monitoring well installation at
3 depths at each well location to yield 18 gffffpl??

Item 2: Section 3.5.2 Intended Data Usage

1. Site Characteristics

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 OQO 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 HAS organics and inorganics methods for groundwater and soil samples
(DQO Level 4).

ARCS/P/SANDOVER/AQ3



South Amtover DI
ARCS V Quality Assurance Project Plan
EPA Contract No. 68-W8-0093 Table 3-2

Sampling and Analysis Summary
Andover Site, Minnesota

Section3
Revision 1
Dale: Sept. 1989

Sample
Matrix

GROUNDWATER
B2A B4C
B6A B7C
B7A W1C
B9A W21C
W1A W23C
W9A »W17A
W16A »B2B
WI9A
W21A
W26A
B4B
B6B
B7B
u/in

W2IB
W23B

Field
Panuneten

pH
Conductfrlty
Temperatnrc

Water
Lml

DQO
Level
I
I
I

I

Lab
Panuneten

_
-
-

_

TCLVOAs
TCLBNAs

TCLPCB/Pest
TALInorgania

COD
TP
TSS
TS

DQO
Level

_
—
-

_

IV
IV
rv
IV

V
V
V
V

Lab
_
—
-

_

CLP
CLP
CLP
CLP

SAS
SAS
SAS
SAS

Field
Samples

23
23
23

23

23
23
3

23

23
23
23
23

Field QC

BB
_
-
-

_

-

_

-

TB
—
-
-

_

3**
Max

_

-

FB
3
3
-

_

3
3
1
3

3
3
3
3

FD
3
3
3

.

3
3
1
3

3
3
3
3

Total
to

Lab
-
-
-

«.

29
Max
29
5
29

29
29
29
29

LabQC

LDor
MSD
-
-
-

_

2 MSD
2 MSD
1MSD
2LD

3LD
3LD
3LD
3LD

MS
-
-
-

_

2
2
1
2

3
3

Purpose
of Samples

Assea well stabilization
alter purging

• j-ilgMiaaninairalnyoffwgeoiogicni
monitoring for water
»-«-«- Î M!

Characterize
groundwaler
contamination for
design of extraction
system

Assess organic loading
factor, solids content,
phosphorus content for
Input to design of
system extraction and
selection of discharge

• Proposed by Donohue in addition to scope
•• The number of matrix totals exclude nip blank samples

Legend
TCL - Target Cewpound List
TAL - Target Analytc Uat
BB m Background Blank
TB • Trip Blank
FB m FMd Blank
FD « FMd Duplicate
LD m Uh Duplicate
MSD * Malrta Spike Duplicate
MS x Matrix Spike



South Andover Dl
ARCS V Quality Assurance Project Plan
EPA Contract No. 68-W8-0093

Table 3 - 2 (continued)
Sampling and Analysis Summary

Andover Site, Minnesota

Section 3
Revision Addendum
Date: April. 1989

Sample
Matrix

Residential Welb
RW01
RW03
RW04
RW06

Soil from
Monitoring well
Installation borings

Field
Parameters

PH
Conductivity

Temperature

DQO
Level
I
I
I

Legend
TCL = Target Compound LI*
TAL s Target Analyte Lot
BB = Background Blank
TB = Trip Blank
FB = Field Blank
FD = Field Duplicate
LD = Lab Duplicate

Lab
Parameters

-
-
-

Volatile!

BNAs

PCB/Pests

Metab/CN

Grain size

Atterberg
Limits

TCL VOAs

TCL BNAs

TCL PCB/pest

TAL Inorganics

DQO
Level

_
-
-

V

V

V

V

ni

m

IV

IV

IV

IV

Lab
_
-
-

CRL/
CLP SAS

CRL/
CLP SAS

CRL/
CLP SAS

CRL/
CLP SAS

PS

PS

CLP

CLP

CLP

CLP

Field
Samples

4
4
4

4

4

1

4

9
Max

9
Max

18

18

18

18

Field QC

BB
-
-
-

-

_

-

-

-

_

-

-

-
_

TB
-
-
-

!••

-

-

-

-

_

-

-

-
_

FB
1
1
-

1

1

1

1

-

_

2

2

2

2

FD
1
1
1

1

1

1

1

-

-

2

2

2

2

Total
to

Lab
-
-
-

6

<

3

6

9

9

22

22

22

22

LabQC

LDor
MSD
-
-
-

1MSD

1MSD

1MSD

1LD

-

_

1MSD

1MSD

1MSD

1LD

MS
-
-
-

1

1

1

1

-

_

1

1

1

1

Purpose
of Samples

Assess well
groundwater
quality indicators

Characterize
groundwater
contamination for
design of extraction
system

Geological characterization

Assess existing nature
and extent of soil
contamination in new
monitoring well
locations

MSD = Matrix Spike Duplicate
MS = Matrix Spike * Proposed by Donohue in addition to scope
PS = Pool Subcontractor •• The number of matrix totals exclude trip Nank samples



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

SITE
NAME: SOUTH ANDOVER
NUMBER:
PHASE: DESIGN INVESTIGATION

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

F I E L D A N A L Y S I S L A B O R A T O R Y A N A L Y S I S

MATRIX

RESIDENTIAL
WELLS

EH COND TEMP
RAS

INORGANICS

RAS
EXTRACT-
ABLES

RAS
VOLATILES

SAS
TP. COD.
TSS. TDS

SAS
CRL/CLP
RESIDENTIAL

WELL
ANALYSES

SOIL
PHYSICAL

GROUND
WATER

SOIL

4

4

4

4

4

4

ARCS/P/SANDOVER/AM7



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, or
made available to any person or person without the prior expressed approval of
a responsible official cf the U.S. Environmental Protection Agency.



EPA CONTRACT NUMBER: 68-W8-0093
WORK ASSIGNMENT NUMBER: 13-5N45

DONOHUE & ASSOCIATES, INC.

FINAL QUALITY ASSURANCE PROJECT PLAN
FOR

DESIGN INVESTIGATION ACTIVITIES
SOUTH ANDOVZR

ANDOVER, MINNESOTA
SEPTEMBER, 1989

Prepared b y t > 7 < t - * * - Date:
Marcia A. Kuehl
Site QC Officer, Donohue ixAssociates

Approved by; -^-f J> &*~ Date:
David S. Voight '
Site Manager, Donohue & Associates

Approved by; S/UstytAVg<£>6<M/2>-v Date:.
Michael L. Grosser
ARCS V Technical Services/Quality Assurance Manager ,

Donohue fr^Kfesociates

Reviewed b y ; ? % x t Date:
James W. G/r'vin, P.E.
ARCS Project Manager, Donohue & 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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C '80

FID£/FRAK PfiGES DATE

1 80/02/26

1 80/04/01

2 80/04/17

8 80/05/08

3 80/05/19

2 80/05/23

6 80/05/30

70 80/06/27

I 8C/07/22

18 60/08/04

80/10/13

14 81/01/00

TITLE

Staple SuMaries

Site Inspection
Andover City Investsent

Site Inspection
Musket Ranch and
Trading Post

Planned aeetinc
on Musket RancS

PJJTM jnd Trap

Lab No. 2-1070

ADMINISTRATIVE RECORD INDEX
South Andover

Minnesota

AUTHOR

TCohn -USEPfi

TCohn-USEPA

UToepfer - USEPfi

Twin City Testing

Field Investigation Report
concerning presence of
PQs at Punpkin City
InvestBents

Placsaent ard
drilling of wells

Trip Report to
determine point locations
for Hell placeuent

Subsurface exploration
and observation mil
installations it the . •
ftnaover, W site '

Letter to Histeiske of
Cescercia! Auto Pans ins
Scfierrai: of 'Jilaer fl«o
Parts infominj thes of
potential responsibility

Certifie-i Letter to
PRPs informing thea
of their potant-.il
responsibility

MPCA Agenda !tea
Control She?;
Meeting Da;e 10/28/80

Transcript of Statecent .
by Carl Ray Barker

RJ6raedinger

MToepfer - UScPft

MToepfer - USEFS

RECIPIENT DOCUMENT TYPE

JBoltfstein - UEEPfl K

JBolds;ein - UESPfl Meaorandiui

Warmer - IPCS

Cty Heilth

Otner

File

Soil Testing Services of Minnesota PDC
Enviromentii, Inc.

Clark, norfl se* title fisic

Clark,

MKanner -

PRPs CcrreEior.csr.C2

Other

Other
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SUMMARY OF t g l A L ALTERNATIVE SELECTION
SITE"

6ROUNDHATER OPERABLE UNIT

SITE LOCATION AND DESCRIPTION

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

A residential neighborhood exists 1/4 mile north of the site.
Development 1s 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 1s buried under a
pile of tires and miscellaneous junk. The Waste Disposal Engineering
landfill (WOE), which previously accepted hazardous waste, 1s located
3,000 feet northeast of the site. WOE 1s a National Priorities List site
which 1s undergoing remedial design.

The site 1s 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
Figure 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 1n 1970. Chemical waste storage began at the
Mistelske property 1n 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 prompted 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 1n 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 Heldelberger
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 1n 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, adheslves and
greases 1n 1-.2-, and SB-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 Heldelberger 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. ERA. A follow-up
investigation by RMT/PEDCo 1n 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 1s scheduled to be completed by Spring 1989. 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 nay be liable 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. ... .....
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Copies of the Proposed Plan for this operable unit were sent to the PRPs
on February 1, 1988. In 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 a good faith
proposal. No response has been received as of this date.

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 Initiating 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 1s a strong Interest from these local
bodies 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 WOE site.

SCOPE OF OPERABLE UNIT

This response action 1s an Initial groundwater operable unit and is
consistent with Section 300.68(c) of the National Contingency Plan (NCP).
This Initial groundwater operable unit 1s being Implemented to protect
public health and the environment by controlling the «1g ration 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 1s fully consistent with all future site work,
Including the subsequent RI/FS planned for Spring 1989. In addition, it
1s 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.

H was determined that the soils do not pose a. risk which needs to be
addressed as part of the present operabl« unit. A subsequent RI/FS is . .
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planned for the site following the tire removal presently scheduled 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, nay not be consistent
with the final remedy and nay 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 surflclal 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 Initial 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 if no exposure occurred. For example, a IxlO"6 excess
lifetime 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
completed January 29, 1988. A brief summary of the results 1s presented
below.

Groundwater Contamination

The site is underlain by a surficial sand aquifer, a middle aqultard, 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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dlrectlon from the eastern portion of the site. Water level measurements
in the well nests Indicate a dominant downward component of flow In both
the surfldal aquifer and the middle aqultard. Residence time of
ground water 1n the surflclal aquifer and the aqultard are less than 10
years and 28 to 70 years respectively. The potentlometrlc 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 1n shallow monitor wells on
site. The highest detected contaminant concentrations are shown 1n Table
2. Only one contaminant was detected 1n the lower sand aquifer, and 1t
was only detected 1n one well which contained 97 ppb methylene
chloride. The methylene chloride may be a lab contaminant as opposed to
actually being present 1n the well. Additional RI work 1s planned for
the lower sand aquifer. Residential well sampling by Anoka County and
the MPCA Indicated that one residential well on-site, which was drawing
from the surfldal 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
1n a continuous plume. This Is Indicative of the multiple waste handling
and disposal operations which occurred on the site.

The contaminated surfldal aquifer exceeds a number of maximum
contaminant levels as set by the Safe Drinking Water Act and pose
Incremental cancer risks of greater than IxlO"6. The groundwater does
not pose an Imminent risk to the population because the upper aquifer 1s
not currently used as a source of drinking water on or near the site.
However, because there 1s 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 Is 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 addition to the
cancer risk, use of the contaminated groundwater would exceed the
reference dose for b1s(2-ethylhexyl)phthalate and acetone.

Soil Contamination

A complete surface and subsurface 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 burled under tires or automobiles.

The soil samples Indicated elevated levels of organlcs and Inorganics.
For the most part, each contaminant was found at low levels and 1n a
limited number of locations. Under current land use the Incremental



TABLE 2

CONTAMINANT LEVELS AND STANDARDS

COMPOUND

HIGHEST
DETECTED

GROUNDWATER
CONCENTRATION

(ug/1)

1,1,1-Trichloroethane
1 ,1 ,2-Trichloroethane
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethylene
2-Hexanone
4-Methyl-2-Pentanone
Acetone 170
Chlorobenzene
Ethyl benzene
Methylene Chloride
Tetrachloroethylene
Toluene
Trlchloroethylene
Vinyl Chloride
Xylenes

Benzole Acid
Bis (2-Ethyl hexyl ) Phthal ate
Diethyl Phthalate
Di-n-butyl Phthalate
Di-n-octyl Phthalate
Isophorone
2-Methyl Phenol
4-Methyl Phenol
N-Nitrosodiphenylamine
Phenol

Arsenic
Cadmium
Chromium
Copper
Lead
Nickel
Zinc

330
37
12
2

20
9

75
18

,000
4

18
1600

20
3200

3
12
22

7
2200

1
24

3
25
21
56
6
6

17
256
127
673

23
168

8120

COON CREEK
30-DAY

AV. DISCHARGE
LIMITS

(ug/1) (e)

830
900

2140

1880

16,970
1,270,000

200
2410
6430
150
1010
1360
86
320

10
4340

9750

10
2550

400

220
2720
3060

GROUNDWATER
DRINKING

WATER
STANDARDS

(ug/1)

200 (a)
6.11 (b)

3.8 (b)

70 (a,b)

60 (b)
680 (a,b)
350 (c)
6.9 (b)
2000 (a.b)

5 (a)
0.15 (b)
440 (a.b)

21,000 (d)
434,000 (d)

5200 (d)

71.1 (b)
280 (c)

POTW
DISCHARGE
LIMITS
(ug/1)

5000 (f)
5000 (f)

10,000 (f)
15,000 (f)
10,000 (f)
10,000 (f)
15,000 (e)
15,000 (e)
15,000 (e)
1000 (f)

10,000 (f)
15,000 (e)
10,000 (f)
15,000 (e)
10.000 (f)
15,000 (e)
15,000 (e)

15,000 (e)
10,000 (f)
10,000 (f)
10,000 (f)
15,000 (e)
15,000 (e)
15,000 (e)
15.000 (e)
10,000 (f)
15,000 (e)

50 (a,b)
5 (b)

120 (b)
1300 (b)
20 (a.b)
150 (b)

100 (f)
1000 (f)

10.000 (f)
8000 (f)
100 (f)
1000 (f)
30 (f)

(a) Based on Federal Safe Drinking Water Act Primary Maximum Contaminant
Level

(b)
(c)

(d)

(e)
(f)

Based on State of Minnesota Recommended Allowable Drinking Water Limits
Based on Federal Office of Drinking Water Health Advisories (Relative

Source Contribution) for long-term exposure (to be considered only)
Based on Federal Clean Water Act Water Quality Criteria for Human Health

adjusted for Toxicity Protection { to.be considered, only) . .
Based on MPCA Division of .Water Quality proposed effluent ]lnita.t1on._ .
Based on Threshold 1n "inhibitory effect for;«ctivated sludge-plants*' '
• U.S.EPA/530-SU-86-004 (to be considered
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cancer risk posed by the soils 1s less than IxlO'6. The levels of lead
In three of the soil samples could result 1n lead Intakes which exceed
the reference dose. Under future residential or commercial development,
the cancer risk would exceed IxlO'6. Future use scenarios of light
commercial/Industrial development and residential development had
Incremental cancer risks of 4xlO'5 and 1x10'* respectively. Under both
of these development scenarios, three soil samples had lead levels which
could result 1n Intakes of lead greater than the reference dose.

Surface Hater 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 1n any of the samples. Phenol phthalates and benzole 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
soil 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 list 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 1n the evaluation process. The remaining
alternatives ranged in scope from no action through complete lateral
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contalnment of the surYicial aquifer with groundwater extraction. The
four alternatives developed are detailed below.

Alternative 1 - Mo Action
The no-action alternative 1s 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 Hater Supply
The alternative water supply alternative has the following three major
components:

- Provide municipal water to private well users oruor 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 - Sroundwater Extraction

The groundwater extraction alternative has the following four major
components:

- Extract groundwater from the surficlal 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.



-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 limit the vertical
migration of contaminants into the lower aquifer by withdrawing the
contaminated groundwater found in the surficial aquifer. The exact
number and location of the wells will be determined during the remedial
design process. Effects on the HDE 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 circumferential slurry wall. The slurry wall will further
limit 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 1n 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.

Groundwater Discharge Options

Alternatives 3 and 4 Involve groundwater extraction. It 1s 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;
- OnsHe treatment of groundwater with discharge to

Coon Creek; and . , . . -
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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 (RO) process. Information
needed to make the final decision would Include actual flow rates from
the extraction wells, confirmation of the levels of acetone, methylene
chloride and bis (2-ethylhexyl) phthalate present 1n the surficlal
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 NPOES permit 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 1n Coon Creek
from other sources and the uses of Coon Creek.

The levels of contaminants found 1n the surficlal aquifer onslte
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 level of
toluene, when the discharge of all the extraction wells are combined, 1s
expected to be below the discharge limitations. 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 1n Table 3.

If the NPDES discharge limits are exceeded by the extracted groundwater,
onslte treatment of groundwater prior to discharging to Coon Creek would
be provided as needed to meet proposed NPDES discharge limits established
by the MPCA. A possible system was analyzed in the FS which would remove
Inorganic, 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 1s 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 onslte treatment system 1s $1,700,000. A detailed breakdown of the
cost is shown in Table 3.



TABLE 3

COST SUMMARY

ASSEMBLED
ALTERNATIVE

Alternative 1
NO ACTION

Alternative 2
ALTERNATIVE

WATER
SUPPLY

Alternative 3
GROUNDWATER
EXTRACTION

Alternative 4
LATERAL

CONTAINMENT

DISCHARGE
OPTIONS

CAPITAL REPLACEMENT
COST COST

$0 $0

$65.000 $0

$290,000 $50.100

$3,000.000 $50,100

CAPITAL REPLACEMENT
COST COST

OPERATION
& MAINT.

$0

$48,000

$48.000

$48,000

OPERATION
A MAINT.

PRESENT
WORTH

$0

$520,000

$760,000

$3,500,000

PRESENT
WORTH

DISCHARGE TO
COON CREEK

ON-SITE
TREATMENT -
DISCHARGE TO
COON CREEK

DISCHARGE
TO POTW

$160,000

$430,000

$26,000

$0

$32,000

$0

$0 $160,000

$140,000 $1,700,000

$31,000 $320,000
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The discharge to a POTW option would entail sending the extracted
groundwater to the HWCC wastewater treatment system. The onsite sanitary
sewer lines could be used for this purpose. The MWCC POTW has adequate
capacity and 1s 1n compliance with all of Us discharge permits. The
highest level for each of contaminants found 1n the surfldal 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 1s expected
to have little 1f 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 1s presented in
Table 3.

SWMARY 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;
- ImplementablHty;
- Cost;
- Community acceptance; and
- State acceptance.

A summary of the relative performance of the alternatives with respect to
each of the nine criteria 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 1n 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 offslte 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, 1t is desirable that
this remedy meet all ARARs. . . . . . . • -
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The primary ARARs for this Initial groundwater operable unit are the
maximum concentration limits (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 1s
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 SDWA's MCLs by removing the contaminated
groundwater 1n the surfldal 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 limits (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 1s being Implemented for the purpose of
controlling contaminant migration as opposed to restoring the surfldal
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 either 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 toxiclty, 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 toxlcity, mobility or volume. Alternatives 3 and 4 would
Involve treatment if either the discharge to POTW option or the onslte
treatment with discharge to Coon Creek option Is chosen. Both of these
discharge options Involve treatment which would significantly reduce
mobility and volume. If 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 1n 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
significant time delays and is very effective 1n 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 environment 1n 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 1s 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 1n 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 aqultard or removes contaminants
already present 1n the aqultard, 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 1n the a subsequent RI/FS. The no
action alternative Is not adequately protective of human health and the
environment.

The 1mplementab1l1ty of each alternative 1s 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 1n 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 1f a surface water discharge is
used. Approval of the HWCC would be necessary 1f the POTV 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 readily 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 is 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 received 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
HWCC 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 ALTERJIATIVE

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 huma'n health
from the potential threats associated with consumption of
groundwater from the site.

- The alternative limits 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 1s also supported
by the predominately downward gradient which exists through the aqultard.
By Increasing the horizontal gradient through the remainder of the study,
the chances of capturing contaminants, prior to them entering the
aqultard, 1s Increased.
A second Important advantage of continuous extraction 1s that extraction
could significantly aid the subsequent RI 1n locating potential sources
of contamination. Previous efforts, using monitor wells and soil gas
analysis, did not locate any source areas of high concentration 1n
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 (O&M) activity to ensure that groundwater will be
extracted and treated to meet the clean-up levels. The degree of O&M
cannot be determined until the discharge option 1s selected. Dfrect
discharge to Coon Creek and discharge to the POTW would both require
monitoring of the discharge contaminant levels. An O&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 offslte or Into
the lower aquifer. This can be Incorporated Into the subsequent RI/FS
work planned for the site.

All O&M responsibilities will be covered as specified 1n Section 104(c)
of SARA. The O&M plan will be reviewed at the completion of the
subsequent RI/FS and be Incorporated Into the final remedy.

STATUTORY DETERMINATIONS

The U.S. ERA and MPCA believe 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 a
principal element.
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Protectlon of Human Health and the Environment
The selected remedy provides adequate protection of him an health and the
environment by preventing consumption of contaminated groundwater through
the provision of an alternate water supply, limiting offslte migration 1f
contaminated groundwater and protecting the deeper aquifer from becoming
contaminated by the Implementation of a groundwater extraction system.

Additional 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 1f discharged to Coon Creek.

Cost-Effectiveness
This alternative affords a high degree of overall effectiveness 1n not
only protecting existing well users against exposure to contaminated
groundwater through the provision of an alternate water supply, but also
1n halting further migration of the contaminated groundwater offslte 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 a slurry wall around the site.
U.S. EPA believes the costs of the selected remedy are proportionate to
the overall effectiveness 1t affords such that It represents a reasonable
value for the money.

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

U.S. EPA believes this remedy Is the most appropriate solution for
meeting the goals of the Initial 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, is
readily implemented, 1s cost effective and 1s 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,' which 1s not the final response
action for any of the principal threats posed by the site, the statutory
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preference for treatment nay not be net. The choice of discharge option
during design will determine 1f the preference 1s achieved. Subsequent
actions 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 Action (execute ROD)
Initiate Remedial Design
Complete Remedial Design
Initiate Remedial Action (Award Contract)

March 1988
June 1988
June 1989
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 onslte. The tires are
currently being shredded onslte and sent offslte. The operation is
taking place under a grant from the Minnesota Waste Management Board and
Is scheduled to be completed by Spring 1989. f-

v
A subsequent RI/FS 1s planned for the site fo l lowing the tire removal. ^
The subsequent RI/FS will study and determine appropriate f inal
groundwater remediation and source control measures.
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APPENDIX B

SAS REQUEST FORMS

5/016 Total Phosphorous
5/018 Chemical Oxygen Demand
5/024 Total Dissolved Solids
5/025 Total Suspended Solids
5/029 Drinking Water and Residential Wells - Organics with

Low Quantitation Limits Rev. 8.0, 6/89
5/030 Drinking Water and Residential Wells - Metals, CN

Rev. 5.0, 4/88 or Rev. 6.0.



5/016__-0-6/87

U.S. Environmental Protection Agency
CLP Sample Management Office
P , Box 818, Alexandria, Virginia 22313
Phu.it: (703)7557-2490 or FTS/557-2490

Total Phosphorus in ̂ 0 6/29/87

SAS Number

SPECIAL ANALYTICAL SERVICES Approved For Scheduling
Client Request

Regional Transmittal Telephone Request

A. EPA Region/Client:

B. RSCC Representative:

*. Telephone Number:

D. Date of Request:

E. Site Name:

Region V

JQr-l Pels
(312) 353-2-72O

f\Y\A Cf^C^ M /K)V> €£ cffc?

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. icous information may result 1n 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 organic* or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

lê eJ

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



5/016 -0-6/87 Total Phosphorus 6/29/87
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4. Estimated date(s) of collection; ffl r"h) b-gY~; /ff£>? • J_____________

F Estimated date(s) and method of shipment:_______________________________

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

Laboratory should report results within 30 days after receipt of samples.__________________________
7. Analytical protocol required (attach copy 1f other than a protocol currently used in

this program):

Total Phosphorus ERA Method 365.1 (Automated. Colorimetric. Ascorbic Acid)___________

Total Phosphorus ERA Method 365.2 (Automated. Colorimetric, Single Reagent)___________

Total Phosphorus EPA Method 365.4 (Block Digester)______________________

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

until analysis and validation of results.____________________________________

8. Special technical instruction (if outside protocol requirements, specify compound
names, CAS numbers, detection limits, 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 peak heights higher than the highest standaTtHAll standards, blanks, audits, e t c . "
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 include at least 5
standards. (One of the standards must be zero concentration)._________________

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:

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/1 P. Any digestion log
will be provided showing sample aliquots and concentrations of all samples tested. Records
must be legible and sufficient to recalculate all concentrations. A photocopy of the
instrument readout I.e. stripcharts. printer tapes, etc, must be included. ____
EPA QC reference samples, or any other reference sample or initial calibration verification,
will be identified as to source, lot number, and sample number. Corresponding "true" or
target values and associated 951 confidence limits 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; /folk*.

Phone; ft/40 f 50 -fi*7//



5/016G-0-6/87
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Total Phosphorus &/29/S7

DATA REQUIREMENTS

Parameter:

Total P
NOTE: These are minimum
requirements. Report
actual detection
used based on specified
methodologies. _____

Detection Limit

0.05 mg/1

Precision Desired
(+% or Cone.)

Duplicate resu1ts_must
agree to within 101
for concentrations
> 0.5 mg/1 or within
7.05 mg/1 for con-
centrations < 0.5 mg/1

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

Audits Required

Matrix Spike*

Lab Duplicate

Lab Blank (Also serves as
a calibration blank).

Calibration verification
standard

1 set of EPA nutrient QC
reference samples cone. 344

Frequency of Audits Limits* (% or Cone.)

at least 1 per group of
10 or fewer samples 85* - 1151

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

at least 1 per group of
10 or fewer samples <0.05 mg/1

1 per group of 10 samples 90* - 11 OX
and end of sample set

1 per sample set 851 - 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
pr' '.sing 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
P. 0. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request Approved for Scheduling

Regional Transmittal Telephone Request

A. EPA Region/Client: Region V

8. RSCC Representative; 3~an

C. Telephone Number: 312/

D. Date of Request: ______

E. 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
your request, please address the following considerations, if applicable. Incomplete or
erroneous information may result 1n 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

(COD) (Hi-level) (50 - 800 mg/1) and COD (Lo-level) (5 - 50 mg/1) in water (surface water,
groundwater. leachate. wastewater, drinking water, etc.). Samples will be unfiltered. Any
sample with COO values less than 50 mg/1 will be determined and reported as COO (Lo-level).
Samples with COD values greater than or equal to 50 mg/1 will be determined and reported
as COD (Hi-level).The COO (Lo-level) method is used for optimum precision and accuracy
of measurement of low concentration COD values.
If field specific conductance values are greater than or equalto bOOi) ̂ rius/cln, 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 for Possible Chloride
Interference 1n COD Test" for any such samples. If this 1s the case or if there is other
definite knowledge of chlorides exceeding 2000 mg/1, the laboratory will determine the____
chloride content and inhibit chloride interference pursuant to Section 7.1 of EPA Method
410.3. ______^__^______ __________________
NOTE:It is expected that few waters from Region V (<3%), will have chloride concentrations
1n excess of 2000 mg/1. however^ "It is the responsibility of field personnel to first iden-
tify any samples having a chloride Interference for COO so that the COD test can be modi-
fled to compensate for any chloride Interference.__________________________
Results are reported as mg/1 COD.

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organics or Inorganics; whether aqueous or soil and sediments;
andj*hether low, medium, or high concentration):

*~ /ni l ) It'
3. <rpose of analysis (specify whether Superfund (Remedial or Enforcement), RCRA,

.'DES, etc.):
£:hefc
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A Estimated date(s) of collection; LOc"f"pbfrr", /^09 • J_______________
I

5. Estimated date(s) and method of shipment:_____________________________

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

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

EPA Method 410.1 (Titrimetric, Mid-level) for COO > 50 mg/1 .
EPA Method 410.2 (Titrimetric, Low-level) for COD 7 50 mg/1.

Use Section 7.1 of Method 410.3 If chloride concentration exceeds 2000 mg/1 in a sample.
If 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 chloride 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 is noted.
Samples will be preserved with 1 ml of H?SOd 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. ___________________________________

8. 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. ________________ _______________

27 Use a) 50 ml sample aliquots for both methods, b) 0.250 N <2Cr207 reagent and 0.25 N
____ ferrous ammonium sulfate tit rant for Method 410.1. and c) 0*0250 N K?Cr?0? 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) if initial sample values
____ are > 50 mg/1 COD by Method 410.2. Reanalyze samples (by Method 410.2) if initial

sample values are < 50 mg/1 COD by Method 410.1.
4. Any sample aliquots < 50 mis will be diluted to 50 mis so that the COD reaction mix-

ture Mill be 50% H2S04/ 501 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 ml titrant for
Method 410.2. "" _____ ,—— — , __________

57 Separate sets of QA Audits will be performed for each method, if both methods are
used. __________ ________ _ ___________ ______ __

77 Use potassium hydrogen phthalate as a matrix spike compound. Use 20 mg/1 matrix spike
concentration for Method 410.2. ___ ______________________________

57 Samples will be refluxed for at least 2 hours.
9. Homogenize sample aliquots, as necessary, to obtain sample aliquots of representative

suspended solids. .
10. Use only the method specified.
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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 blank* (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 chloride 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 Cl) including weight of mercuric
sulfate used, sample titration volume and titration blank volume for each sample type.
ERA QC Reference samples, or any other reference samples, will be identified as to source,
lot number, and sample number. Corresponding "true" or target values and associated____
95S confidence limits 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:

Phone: J4} 4S~6 ' 6
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I. DATA REQUIREMENTS

Parameter:

COD (Method 410.1)

COD (Method 410.2)

NOTE; These are minimum
requirements. Report
actual detection
used based on specified
methodologies. ____

II. OC REQUIREMENTS

Detection Limit

SO mg/1

S mg/1

COD (Hi- and Lo-levels) 6-26-87

Precision Desired
(+1 or Cone.]

Method 410.1; Differences in
sample duplicates are to be
< or • to 0.2 ml titrant or
£ 8 mg/1 for concentrations
T 80 mg/1 and < 10% for COD
concentrations exceeding
80
Method 410.2: Differences in
sample duplicate results are t
be ± 1.0 ml titrant or ̂  4 mg/
for~concentrations les s"t h a n
40 mg/1 and are to be < 5 mg/1
for concentrations between 40
50 mg/1.

Audits Required

Matrix spike (KHP)
Method 410.1*
Method 41Q.2(Use 20 mg/1 spike)

Frequency of Audits

at least 1 per group of
10 or fewer samples

Lab duplicate

THration blank (used for
calculation of results)

1 set of EPA QC Demand
Reference samples -
2 concentration levels

at least 2 per sample

Limits* (I or Cone.)

85 - 115% Recovery (410.1)
75 - 1251 Recovery (410.2)

Diff < ( 8 mg/1 or 101)
(410.1)

Diff < ( 4 mg/1 - 5 mg/1)
~_____(410.2)

Diff in titrant volumes shall
set for each method used not exceed 0.1 ml for 410.1

1 per sample set for
each method used

and 1.0 ml for 410.2

90 - 110% Recovery or <_ 8 mg/1
error for 410.1 and <"~5 mg/1
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.

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. __________ _____

Contact Region V RSCC Dennis Wesolowskl (312) 686-1971 concerning questions on

chloride Interferences and modifications of COD test. ___

P se return this request to the Sample Management Office as soon as possible to expedite
pi messing of your request for special analytical services. Should you have any questions
or need any assistance, please call the Sample Management Office.
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U.S. Environmental Protection Agency
HWI Sample Management Office
P.O. Box 818. Alexandria. Virginia 22313
Phone: (703) 557-2490 or FTS-557-2490

SAS Number

Special Analytical Services
Regional Request

Regional Transmittal

A. EPA Region and Site Name:
B. Regional Representative:
C. Telephone Number: (312)
D. Data request:
E. Site Name:

Telephone Request

Region V
Tan Pels
-V72.O

JTW7 aveV iv\ \

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, groundwaters, drinking water, leachate,

etc.) Results are reported as mg/1 dissolved solids._____________________

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

v/

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

4. Estimated date(s) of collection:

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

should /1yt/t tesi/Hj u;H-Ai>> ^Oo/a^J Ct4ks
7. Analytical protocol required (attach copy if other than a protocol currently used in

this program):

1. EPA Method 160.1. 1983 ed.. or

2. Method 209B. "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 is
greater than 200 mg. repeat the analysis using a smaller sample aliquot. 2) If the
pH value is less than 4.0, raise thepH of the aliquot (using NaOH titrant) to between
pH 4 and 8 and subtract the weight of sodium added from the weigth of the residue.
3) Residue will be weighed either to constant weight pursuant to Section 7.6 of Method
160.1 the final weight is to be used for calculations. Constant weight is defined as
a) less than 0.5 mg or less than 41 weight loss from the previous weight, whichever is
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 QC reference sample lot 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.
All records of 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: A/UKC<A &4€h\ M\]fl^

Phone: (*ll V )
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.
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I. DATA REQUIREMENTS

Parameter Detection Limit Precision Desired
f+l or Cone.)

TDS_____________ 20 mg/1________ Difference in duplicate
sample aliquots shall

Note; These are mini- ________________ not exceed 2 mq for
mum requirements.""" residues.Duplicate
Report the actual ^______________ differences shall not
detection limits used exceed 101 for sample
based on allowable _______________ values greater than
methodology o p t i o n s . 2 0 0 mg/1.

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

Audits Required Frequency of Audits Limits* (*X or Cone.)

1. 1 set of EPA QC 1 per sample set 85-115% Recovery
™ M i n e r a l Reference

Samples*- 2 concen- _______________ ______________
tration levels.

At least 1 per group of ^ (101 or 2 mg of residue)
2. Lab Duplicate____ 10 or fewer samples ~______________

At least 1 per group of - 20 mg/1 to + 20 mg/1
3. Lab Blanks (100 ml 10 or fewer samples _______________

of filtered reagent
water)_________ _______________ _______________

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

III. *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 --/sy Total suspended solids in water 6/29/87

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

SAS Number

Approved for Scheduling
Special Analytical Services

Regional Request _______________

I I Regional Transmittal | | Telephone Request
IJLJ I__I
A. EPA Region and Site Name: Region V_____________________
B. Regional Representative:
C. Telephone Number: (3Z) 3̂ 3-2,720
D. Data request:
E. Site Name: .̂ Qû HU -f\*\d&es

Please provide below a description of your request for Special Analytical Services under
the Uncontrolled Hazardous Waste Oumpsite 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
fractions; whether organics or inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

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

Vdtf 60^

4. Estimated date(s) of collection: Qtfc)\2e*r . I Q

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



5/C25__-t-|/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 1f 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: Mi Hi pore AP-40, Reeve Angel 934-AH,
Gelman A/E. or equivalent. Use only membrane filter apparatus with 47 mm diameter
glass fiber filter and a coarse (40-60 micron) fritted disc filter support. The filter
and support specifications are mandatory. Samples will be held at 4°C until sample
analysis and validation of results are completed. Holding time is 7 days from date
of sample collection. _________________________________________

8. Specail technical instructionns (1f 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 filtratrion, filtration
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 200ml 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. T. Final residues are to be weighed either to constant weignt 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 At weight loss from the previous .
weight, whichever is smaller. 4~I Use only the method specified above in items 7 and •
8. __________________________________________________________

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 EPA PC reference sample lot numbers used and their true values and 95% con-
fidence intervals. 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) fi Itra-
tion of initial 100ml volume, b) determination of tare weights, c) sample filtration, and
d) determination of constant residue weights will be part of bench records. All records 5f
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: kUlfCJLfr Î Oĝ l //U I Yff va

Phone: ) VSS" Z*7}\

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.



-3- TSS in water 6/29/87

I. DATA REQUIREMENTS

Parameter

Suspended Solids_____

Note; These are minimum
requirements.Report the
actual detection limits
used based on allowable
methodology options.

Detection Limit

2-3 mg/1 for 200 ml

sample aliquot___

Precision Desired
l+l or Cone.)

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

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

Frequency of AuditsAudits Required

1) Lab Duplicates
(See item 8.3 on Page 2)

2) Lab Blanks
(200 ml aliquots}

3) 1 set of 2 EPA QC
Residue Reference
Samples-2 concentration
levels

1 per group of 10 or
fewer samples____

1 per group or lo or
fewer samples_____

1 per sample set

Limits* (+X or Cone.)

less than 0.5 mg^rfj

-0.5 to +0.5 mg.

< 5 mg/1 error for con-
centrations <_ to 50 mg/1
or < or • to""lOt for nom-
inal concentrations > than
50 mg/1____________

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

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. _________



U.S. Environmental Protection Agency
f Sample Management Office
V j. Box 818, Alexandria, Virginia 22313
PHONE: (703)/557-2490 or FTS/557-2490

SAS Number

SPECIAL ANALYTICAL SERVICES
Client Request

Regional Transmlttal Telephone Request

A. EPA Region/Client: y/

B. RSCC Representative: Jan

"-. Telephone Number: (312) 353-2720

. Date of Request: _________

E. 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
erroneous Information may result 1n 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 drinking

residential wells for volatile*, semi-volatileg, and pest^n'dp^/PCRs with 1

ouantitation limits.___________________________________

2. Definition and number of work units Involved (specify whether whole samples or
fractions; whether organ*cs or Inorganics; whether aqueous or soil and sediments;
and whether low, medium, or high concentration):

3. Purpose of analysis (specify whether Super-fund (Remedial or Enforcement), RCRA,
KPOES, etc.):



4. Estimated date(s) of collection;

- 2 -

' J

5. 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 due within 15 days.________________

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

CLP SOW for Organic Analysis (Multi-Media. Multi-concenl i ill

8. Special technical Instruction (1f outside protocol requirements, specify compound
names, CAS numbers, detection limits, etc.):

1. Modifications to the CLP Organic SOW gf& 1n Attachment I.

2.. Required low level quant 1tation limits in Attachment II.

9. Analytical results required (1f 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,

As per CLP Qrganlcs SOW jfeW with modifications as outlined 1n Attachment L______

_j. Other (use additional sheets or attach supplementary Information, as needed):

11. Name of sampl1ng/s:V:c-ng contact; M îT^d. Y<Uc&\\ I M\.YjL WJO I ff)



I. DATA REQUIREMENTS

3.

Parameter;

See attachment TI

Detection Limit

See attarhm»nt TT

Precision Desired
+1 or Cone.)

II. QC REQUIREMENTS

Audits Required

As per CLP Organic SOW

Frequency of Audits

As per CLP Organic SOW

Limits* (I or Cone.)

Exceptions to CLP Organic
SOW See attachment I

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

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

ease return this -?quest to the " 'anagement
- -

fa:-. is soon as possible f ?xoed:te ^
,«.. Kawa a-



ATTACHMENT 1 (page 1 of 2)
MODIFICATIONS TO THE CLP ORGAN ICS SOU 8/87
FOR THE REGION V RESIDENTIAL WELL SAS

1. Special Technical Instruction!.
Volatile Analysis
a) Sample volume it increased fro* 5 a! to 20 or 25 al to achieve

lower detection Haiti. Lab aust use the saae voluae of saaple that
is used for the NDL study. *

b) Acroliin and acrylonitrile are additional target
compounds. These compounds will be added to both initial
and continuing calibration mixes. Acrolein and
aeryionitrile will use brooochloroaethane as internal
standard. The priaary and secondary quantitation ions to
be used for these compound! are:

Compound Priaary Ion Secondary lon(s)
Acrolein 56 55
Acrylonitrile S3 52

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

d) Continuing calibration: Performed at 20 ug/L for all
compounds except acrolein and acrylonitrile, which should
be analyzed at 50 ug/L.

e) Surrogate standards: SOU standards spiked at 20 ppb.
f) Matrix spike/matrix spike duplicate: Matrix spike

compounds at 20 ppb.

Seaivolatiles Analysis
a) Extraction/blowdown: Extract the entire one liter bottle, rinsing

the cap fc bottle and add to sample. Final blowdown voluae Bay
be decreased to 0.5 al to achieve required detection
limits.

b> Initial Calibration: Five points at 5,10,20,50, and 100
total nanograms except for benzole acid, 2,4-
dinitrophenol, 2,4,5-trichlorophenol, all three
nltroaniline Isoaers, 4-nitrophenol, 4,6-dlnitro-2-
methylphenol and pentachlorophenol which should be
analyzed at 20,50,80,100 and 120 total nanograas.
The laboratory should notify the Region if this calibration range
is not possible.

c) Continuing calibration: 20 total nanograms except for
benzole acic, 2,4-dinltrophenol, 2,4,5-trichlorophenol,
all three nltroaniline isoaers, 4-nitrophenol, 4,6-
dinitro-2-aethylphenol and pentachlorophenol
which should be analyzed at 50 total nanograas.

d) Surrogate standards: SOU standards spiked as 20ppb
for base-neutral standards and 40ppb for the acid
standards.

e) Matrix spike/aatrlx spike duplicate: Matrix spike
compounds as per the SOU spiked at 20ppb for base-



neutrals and AOppb for the acids.

ATTACHMENT 1 (page 2 of 2)

Pestieides/PCBs Analysis
a) Extraetion/blowdown: Extract th« entire on* liter bottlt; rinse

cap fc bottle and add to sample. Final blowdown volume
•ay be dtcrtastd up to O.SmL to achieve required detection
limits.

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

compounds spiked at 1/5 the SOU concentration.
2. Analytical Results Required.

a. Quantitation Liaits: Organic Analysis Data Sheets, Fora 1
will reflect method detection Haiti experimentally
determined and verified previously by the contractor.

b. Additional volatile parameters: Results w i l l include
all data for acrolein/acrylonitrile analogous to the
other volatile target compounds in the SOU. Fora is may
be appended to include these parameters.

e. Dilutions: The contractor will request permission of tj»e
Region to dilute any sample exceeding the Initial
calibration range for any parameter. Diluted anc undiluted
sample data will be included in the results as per the
SOU.

3. QC Requirements:
a. Initial Calibration (Volatiles/Semivolatiles):

SPCC criteria apply.
The %RSD for the RFs for all compounds must be <. 35%.
The RFs for all other (non SPCC) compounds must be >. 0.05.

b. Continuing Calibration:
SPCC criteria apply.
The %D for the RFs for all compounds must be <. 25%.
The RFs for all other (non SPCC) compounds must be >_ 0.05.

e. Matrix Spike/ Matrix Spike Duplicates:
SOU criteria apply for SR and %RPDs.

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

•. Blanks:
Sow criteria apply, however, the calculated MDLs oust be used
instead of HAS CRQLs.



ATTACHMENT II 1 Of 4

CALL UNITS ARE

CAS
ANALYTE QUANTITATION LIMIT

CARr-ZN

CHL3RGME7HANE
0 ISRCMOCHL2RCMSTHANE
t, i-DIZ:-tu3?C£-HANE
1, 2-DICHLSRCETHANE
1. 1-DICHL2SCE-HENE
ToTa I "I • 2-0 1 C:-tU3RCETHENE
1. 2-DICHLORCPRCPANE
Ci«-l» 3-OICHL.3PRQPROPENE
ti-*n»-l, S-01CHU3RQPRGPENE
ETHYL BENZENE
WEThYLENE CHU3RIDE <»)
1.1.2. S-TE-5PC:-fL.ORC
TETaftG«l_3RCET.-tENE
TOLUENE <•)
1, I, 1-TRICHLCSCETHfiNE

TR i CHUDRCETHENE
VINYL CHL3RI2E
ACRCLE:N •
ACETONE (»>
ACRYLONITRILE
CARBON DISUL.-:3E *
2-5UTONONE (Jt)
VINYL ACETATE
*-W£THYL-a-P£NTANONE
2-HEXONQNE
STYRENE
•-XYLENE **
0-XYLENE •*
p-XYLENE •*

71-^.3-2
7S-27--
75-22-2
7<—33-3
55-22-3

106-50-7
73-OO-3

67-00-3
74-87-3

124—^8—1
73-34-3

107-O6-2
75-35-4

•
78-97-5

061-O1-3
061-O2-S
1OO-41-4
73-09-2
79-34-5

127-18-4. -
ioa-aa-3
71-55— £
79-00-3
79-0 l-S
75-O1 -4

1.5
1.5
1.5
1.5
1.5
i • w

1.3

1.5
1.5
1.3
1.3
i.S
1.5
1.5
1.5
2
1
1.5
1
1.5
1.5
1.3
1.5
1.5
1.5
1.5

107-02-9
67-«4-l
107-13-1
73-lS-O
78-93-3
108-OS-4
108-10-1
519-78-6
100-42-5
lOd-38-3
93-47-6
106-42-3

-5
2.5
I
1.5
5>•

COW«CN LPcCRATQRY SOLVENT
BLANK uim:- is s» WETHOO DETEZTIGN LIMIT

*~ THE o-Xvf"_£")£ AND o-XYLENE AS£ REPQRTE3 AS A TOTAL OP THE

Rev. r*"9>-



ATTACHMENT II

(ALL UNITS ARE MIC3CGSA.-S/LITE*)

2 of 4

*:

ANALYTE
E : = ( 2-CMt.3RC£~HYL> E7HES

CAS • QUANTITATION LIMIT

2-C*u3RCP-£NCL

1, S.-S: CHUG Sir E.sIENg
BENZYL At_C3r-CL
s : s x 2-r.--_3PC : S--==C?VL> E
2-"*"-YL s— £."iC«
HE*— C.̂;. 3 5CE"" '•'£"<•£
N-NlTSCSCOIP
NITRC5E.NZENE

ISCP-CSCNE
2-NITRCPHENCL
S.. *-2:w£7r

1. 2. A-TRICHU3ROBENZENE

HEX ACHL3RCPLTAO IENE
EENZDIC ACID
2-«£TH YLNA PTHALENE

hEXACWLOROCYC-aPENTACIENE
2, *. S-TR:CHU3ROPHENCL
2. *, S-TR I CHL3RO PHENOL
2-C:-L2SQNfiPTnAL£NE

STH YLENE

2. S-OINITROTOLUENE
ACSNCPHTHENE

DIBENZ2FURAN
2, ̂-
2, 4-OINITROTOLUENE

1 11— 44-4
108-95-2
95-27-8

5-1-73-1
1O6— 46 — 7
95-50- 1

1OO-51-5

"J;I«Jl7
67-72-1

621-54-7
98-95-3

106— 44—3
78-59-1
88-75-5

105-57-3
111-91-1
120-83-2
120-82-1
91-20-3

106-47-8
87-68-3
6S-35-O
91-57-6
59-50-7
77—47—4
88-06-2
95-95-4
91-58-7

208-96-8
131-11-3
606-20-2
82-32-9
99-09-2

132-64-9
51-28-5

121-1 -̂2

1.5
2
2
2
2
2.5
2
z •c . ̂
1
2
1.5
2.5
1
2.5
2
2
2.5
2
2
2
2
2.5
£0
2
1.5
2
1.5
1.5
1.5
1.5
1.5
1
l.S
2.5
1

(IS)
1

Rev.



ATTACHME?n II 3 of 4

(CONTINUED) (ALL UNITS ARE mlCROGRAr»S/L!TE3>

CAS •

ANAIYTE UUANTITATION LIMIT
FL'JCRENE 86-72-7 1

iOO-Oe-7 1.5
7005-72-3 1

a--£e-2 i

N-\:~5C5-i: :=-£Mr ;_£.-:%£ • as-T,;.-^
D:=-t£NY!_A-1'<:NE • lei-23-- 1.5

f *-r5C:*3=k-EN*L P>-£NYu E~H£= 101-55-3 1.5
i v _ , , _ » , _ » i . ^_7^»^i 1. w

87-86-5 2
PHENANTHSENE 85-Oi-s i
ANTHRACENE ' 120-12-7 2.5
DI-n-BUTYL PvTHALATE 8*-7*-2 2

PY R ENE i 29-OO-O 1.5
BUTYL BENZYL PHTKALATE 85-53-7 3.5
CHRYSENE ** zia-oi-9
BISC2-ETHYL.-EXYL) PHTHALATE 117-31-7 1
DI-n-OCTYL S^THALATE 117-8 -̂0 1.5

B£NZ3<k)FL_'C?.ftNTV(EN£ *•»* 207-O8-9 1.5
B£NZ3(*) PY = £.\£ 50-32-3 2
INDENC(1,2. :-c=)PYREN£ . 193-33-5 2.5
Di3ENZO<«.*>ANTHRACENE 52-70-3 2.5
BENZOtg.h . i )?£3VL£NE 19l-2*-2 *
E-NITRCAM.INE • ae

THESE r-c PQRA^ETESS ARE REPORTED PS a TOTSU
«• THESE TWC PO^anETESS ftRE REPORTED OS A TQTAi_
»* THESE T»C P«SGw£7£SS ARE REPORTED AS A TO TO;.

VALUES IN PARENTHESES ARE ESTIMATES. ACTUAL VALUES ARE BEING
DETERMINED AT THIS TInE.



f f

Targtt Compound List (TCL) and
Contract Ba-Qulrtd Quantltatlon Limits (CRQL)*

\

?esticldas/PCBs

•Ipha-BHC
b«ta-BHC
dalta-BHC
(ana-BBC (Llndan.)
•aptachlor

Aldrln
Bcptachlor apoxida
Endosulfan I
Dleldrin
4, 4 '-DDE

Endrin
Endosulfan II
4,4 '-ODD
Endosulfan sulfata
4, 4 '-001

Mathoxychlor
Endrin katona
alpha -CM ordan*
gamma -Chl ordana
Toxaphana

Ar odor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Arodor-1248

Aroclor-1254
Ar odor-1260

CAS Number

319-84-6
319*85-7
319-86-8
58-89-9
76-44-8

309-00-2
1024-57-3
959-98-8
60-57-1
72-55-9

72-20-8
33213-65-9

72-54-8
1031-07-8

50-29-3

72-43-5
53494-70-5
5103-71-9
5103-74-2
8001-35-2

12674-11-2
11104-28-2
11141-16-5
53469-21-9
12672-29-6

11097-69-1
11096-82-5

Ojuantitation Limits**
Vattr

ac/L

o.oio
0.005
0,005o.oof
0,030
0,005
O-005
p'.jpl Q.O.005

0,010
O.OIO
O.O^O
O, '0

0,0*0
0.030o.oao
O-ib
o. 10
Q ,10
O - l O
0,10
0,|0
o.io
o.io



TAS Number

5/030 • -4-5/87 Drinking Water (Inorganics)

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

Approved for Scheduling
Approved For Schaduiirj SPECIAL ANALYTICAL SERVICES

Client Request

Regional Transmlttal Telephone Request

A. EPA Region/Client: _____V

B. RSCC Representative:____Jar>

C. Telephone Number: (312)

D. Date of Request:

Site Name: piff̂ N A*vtoS€S, MtS~ AJ1 /Ift fSO fa

*">ase provide below a description of your request for Special Analytical Services under
£ Contract Laboratory Program. In order to most efficiently obtain laboratory capability for

your request, please address the following considerations, 1f applicable. Incomplete or
erroneous Information may result In delay 1n 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 Drinking Water_____

and/or residential well water for metals and cyanide using detection limits lower than

dT«̂ fa»7̂ 7 (See Attachment II) Six elements are to be determined by 6FAA using the method of

Standard additions. 6FAA analysis of samples free of partlculates may be conducted on the

'undigested samplV. 7L * cT'ZlV--
2. Definition and number of work units Involved (specify whether whole samples or

fractions; whether organlcs or Inorganics;.whether aqueous or soil and sediments;
and whether low, medium, or high concentration): - .-• > -.--..• -^

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

ef. 4.0



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

/" "? ~~]
•.. Estimated date(s) of collection; S ^Q C~tVL>6S~ IT 07 ' ^________

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

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

should /to/t /Hurts urffai* 30- ----- -
7. Analytical protocol required (attach copy 1f other than a protocol currently used In

this program): Inorganic analysis as per SOU 785, IF8 HA-85-J838, with the exceptions

listed 1n Attachments II * III. ICP emission spectroscopy. mercury, and cyanide analyses

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

Instrument detection limits and Mtrlx spike levels given In Attachment II and the PC
audits as described 1n Attachment III. 6FAA analyses may be run undigested 1f the samples
are free of partlculates. If partlculates are present the samples are to be digested as
per SOW mentioned above. The ICP digest 1s to be used for Sb analyses, 1f digestion 1s
required. A detailed set of Instructions for conducting the GFAA analyses are Included
in Attachment HI. Special Instrument detection limits and matrix spike levels are
listed on Attachment II.

8. Special technical Instruction (1f outside protocol requirements, specify compound
names. CAS numbers, detection limits, etc.); 1) Check the pH of each sample (wide range
pH paper 1s acceptable). If the pH values are outside of the specified limits of
SOW785. contact Region V for Instructions. _____ _________ • _________ ____
2) Instrument Detection Hmlts(IDL) of Attachment II are to be met prior to any sample
analysis. 3) Spike Ca. Mq. Na and K and all other parameters as per Attachment II.
The Spikes for these four analytes shall be to a separate aliquot unless documentation 1s
provided that no contamination results for the other analytes. ___________________

The 6FAA protocol 1s specified In Attachment III. The frequency and limits of certain ___
audits are changed from that given 1n SOW 785 for all analyses as per Attachment III.

9. Analytical results required (1f known, specify format for data sheets, QA/QC reports,
Chaln-of -Custody documentation, etc.). If not completed, format of results will be
left to program discretion.

?f .***?. dellvgrables Included 1n SOW78Sf a re required. AlsOj provide current quarterly
XI, XII, XIII for each case. Submit Form VI 1 1 separate for each separate parameter
analyzed by MS A. Form VIII must be modified to Include the slope of each addition as well
as the correlation coefficient. Use footnotes on Form I for reporting results, except

se IDL of Attachment II for detection I1«1t. mAX-e «*m*/e*$ o/v

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

... Name of sampling/shipping contact; MgfClA. j€hl / M\\(JU

Phone: fV/vO Mf^^ 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.



5/030S-4-5/87

I. DATA REQUIREMENTS -

Parameter;

ICP Metals

Furnace Metals

3.

Detection Limit

See Attachment II

Drinking Water (Inorganics)

Precision Desired
+1 or Cone.)

RPD or Duplicate
Differences < 5AS IOL
of - Attachment II

Mercury. Cyanide

II. QC REQUIREMENTS

Audits Required

For ICP -AES. Hq. and CN

6FAA (undigested) As.Cd.
Pb
AA undig
.Sb.Se.TI

6FAA (digested) As.Cd.Pp.
Sb.Se.TI

See Attachment II as per SOW 785

Frequency of Audits Limits* (t or Cone.)

See 9.A of Attachment III

See 9.B of Attachment III

See 9.C of Attachment III

III. ACTION REQUIRED IF LIMITS ARE EXCEEDED:

Take corrective action and repeat analysis
Contact Jay Thakkar*Lvay

13T12)886-1972 —•>»

Rev.«4r9 S",0



ATTACHMENT II

Instrument Detection Limit and Spiking Level for Drinking Water

Compound
Required Instrument
Detection Limit1 uq/L

6FAA ICP Other

Required Matrix Spike
Concentrations ug/L

6FAA ICP Other

Metal:

1. Aluminum
2. Antimony 2

3. Arsenic
4. Barium
5. Beryllium
6. Cadmium *
7. Calcium 3

8. Chromium
9. Cobalt
10. Copper
' Iron „
. Lead 2
13. Magnesium 3

14. Manganese
15. Mercury
16. Nickel
17. Potassium 3

18. Selenium
19. Silver ,
20. Sodium 3

21. Thallium
22. Vanadium
23. Unc
24. Cyanide

5
5

0.5

2

2

100

50
5

1000
10
10
10

100

1000
10

20
2000

5
1000

10
20

20
20

20

0.2

10

20

10

2000
500

2000
50
50

50.000
200
500
250

1000
500

25.000
200

400
20.000

50
50.000

500
200

1.0

100

1 Instrument Detection Limits (IDL) must be met before any samples are" analyzed. The Lab may
submit their quarterly Fora XI with each case 1f all IDLs meet the detection limits. \'f
L.i**i'r* c*r» tt*f 44./t)«/ *y t&AJfi- te,ft US* Of Grfi*A 4&eou/̂ E3> . "

* ICP analysis results My only be reported for Sb. Cd and Pb, If the concentration 1s
> 10 times the IDL of Instrument used. If 1C? results are reported, all ICP audits are
"required Including matrix spike.

10 rt Ca, Mg. Na and K on separate Fora V for Matrix Spike 1f a separate aliquot 1s
«d for this spike.

Rev.
5/87



5/030A-4-5/87 (Page 1 of 3)

ATTAQffENT III

Special Instructions for GFAA and QC requirements for all analyses.

1. Sample allquots are preserved 1n the field as follows:

•) One liter preserved with 5ml /I of 501 HN03 to pH<2 for all Mtals
(excluding Hg).

b) One liter sample preserved with 0.51 HN03 V/V and 0.051 K2Cr2°7 W/V
for Mercury.

c) One liter of sample preserved with 5*1/1 of 6N NaOH to pH > 12 for
cyanide determination. ~

2. Analysis of the six netals (specified 1n Attachment II) by graphite
furnace atomic absorption (GFAA) nust use the method of standard additions for
quantltatlon.

3. All of the samples for GFAA metals can be analyzed without digestion 1f the
samples are clean and without any partlculates. In this case, a calibration
blank, duplicate. ICVS, and CCVS shall be analyzed without digestion. if? cc\/ /-,

t~- ~ * *-• fo ,5«-».>»fcurf "*
4. If any of the samples contain partlculate or significant suspended sol Ids.

sample allquots, preparation blank, duplicate, matrix spikes and lab
control samples are to be digested per page 0-2 of SOW785. The samples
digested for ICP analysis are to be used for antimony determination.

5. No Identified field blank say be used as a laboratory duplicate or matrix
spike sample

-«/»-



(Page 2 of 3)
J30A-4-5/87

ATTACHMENT III

6.1 Zeeman, Smith/Hieftje background correction or equivalent (not 02) 1s required
for Arsenic, Selenium and Antimony or any element with structured background
Interferences.

6.2 The matrix modifiers of SOW78S are mandatory for As ft Se.

6.3 L'vov platform 1s allowed.

6.4 Any matrix modlfers 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.

6.5 Each sample or QC audit 1s to be determined by the MSA using the sample or QC
audit and then three consecutive spikes.

6.6 Each calibration blank and QC audit solution must contain the same nitric
add concentration as the sample (or diluted samples). All solutions analyzed
must have their matrix concentrations fully documented 1n the raw data.

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

6.8 The data for each MSA determination must show; slope (signal/cone.),
Intercept and correlation coefflcent (r). The results must be reported
on Form VIII for all samples and QC audits In order of analysis. Form
VIII must be modified to Include the above mentioned slope.

6.9 Samples and QC audits will be tested In the following order for the method of
standard addition quantltatlon.

a) calibration blank and + 3 spikes
b) ICVS (provided by EMSL-LV) +3 spikes
c) 5 samples, each with 3 spikes
d) calibration blank + 3 spikes
e) COS + 3 spikes
f) succeeding sets of 5 samples, cal. blank, and CCVS.

7. Report the correlation coefficient for all MSA analyses. r> 0.995 1s required
for all sample and audit analyses. A correlation coefflcen? (r) > 0.998 1s
recommended for the calibration blank or problems will occur wlth'the sample
analysis. If r<0.995 or the slope 1s <35l of the Initial calibration blank,
reanalyze the sarnie once. If the standard addition again falls these criteria,

s»m+~ii/i/ «t*««W»^g Tod reanalyze. If the standard addition again falls, flag .
"r the data with a*V. »

• • i

8. Care must be taken to avoid exceeding the linear range for all 6FAA analyses.
This problem 1s especially severe with Cd and Pb. Dilution of the samples may
be necessary to avoid this problem. 11 '.

*I
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Ill
O.C. REQUIREMENTS

A ICP Metals. Mercury and Cyanide
Audits R e q u i r e d F r e q u e n c y of Audits

ICVS. "CCVS, ICP strial
dilution. ICP ICS, 01st1l1td
CM standard
Calibration Blank

Preparation Blank

Duplicate

Matrix Spike (ICP)
Matrix Sp1ke(ICP-Ca.Mg.
Na K)*
Matrix spike (Hg t CN)

Digested Lab Control Sample

"is per SOW 785 "

Beginning of Run and
1 1n 10 thereafter
1 1n 10 samples

1 1n 10 samples

1 1n 10 samples
1 1n 10 samples
1 1n 10 samples
1 per sample set

•May be combined with other spike (cf Item 8 of SAS)
6.P.A.A. Undigested Samples

Audits Required
1) Duplicate

2) Calibration Blank

- 3) ICVS and CCVS _......-

9.C 6FAA Digested Samples
——ZTTudlts Required . .'

1) Calibration Blank

' 2) Preparation Blank
;r~"̂  (Digested) .;

Frequency of Audits
1 in 10 samples

Initially and after
every 5 samples
Initially ICVS.and CCVS
'after every 5 samples "

Limits
"as~per SOU 785

< IDL

< SAS IDL of
Ittachment II

10X RPO or
Difference 1s
< SAS IDL. 151 For
~ Hg I CN

85 • 1151 Recovery
85 - 1151 Recovery

80 • 1201

85 - 115%

Limits
D1fference of
< SAS IDL of
Ittachment II
or ,< 101 RPD

< IDL

901 - 1101

_Frequency of Audits
Initially and after
tvery 5

— .;: Limits _"!____i^-__

1 In 10 samples
'

SAS IDL Of .:^l:l Attachment II
5) "Dup"l1cateV (̂D1ges'tidj " — l i f 16 sdles *J^* "̂*-**i Difference'of •-•t--
a t̂t̂ yr.r̂ i-ss.r̂ .̂ .̂̂ Lr: T-;-»V~. .• .̂•-_-I._ .̂_v.-:. z_ :̂ - .-< SAS IDL or^^'f . .'
J3asai«î ^> l̂ato^sa^^a^ RPO_^^^£i: i

T* ~:?~4) Matrix SpTke (Dlgesfed)

- •_ 5) Lab Control Sample
-c,.-̂ ^ -̂b(D1 gested) _ r.T.T «. -.̂

• ̂ «.-vrjv. '•""-"•"i\ TC*V« re^ic " •"*":''•:"-

l in 10 samples" •

1 per set of samples

• IBS -,1151 Recovery
• . • .*. . * *

85 - 1151 Recovery

re^icCCVS CCVS
ifter every 5 samples

Recov'eiy

Rev.



APPENDIX C

PHYSICAL SOIL TESTING ANALYTICAL METHODS

Particle Size
Atterberg Limits



Method fof
PARTICLC-SIZE ANALYSIS OF SOILS1

I.
I.I This method coven the quantitative de-

termination of the distribution of partick sues
in soils. The dauibution of partick aiaes larger
than 75 urn (retained on the No. 200 s*ve) is
determined by Mvint whik the distribution of
partick sues smaller than 75 tin is determined
by a sedimentation process, uaiac a hydrometer
10 same the nacesaary data (Notts I and 2H

NOW Î ^Skâ paWMPOil aM9 Vat flUBf OB flat NO. 4
(CTVwnk Me. 40 (42S*ml or No.

tor OBI SMT thaa 30 IUB.

D42I Method for Dry Preparation of Sod
Sample* for Particfc-Siae Aaalysb and De-
tenniaation of Soil Coeauats2

E II SpedAcatkM for Wire-Goth Sieves for
Testing harpoats1

E 100 Spedfeatioa for ASTM Hydrometers4

II JdbKR—A balance sensitive to 0.01 f
for wnajiinj the material passim a No. 10(2.00-
mm) sieve, and a balance sensitive to 0.1 % of
tfx mass of the sample to be weighed for wei«hJnf

01*4

the nuieral rrtuned on a No lOvot
32 Stirring ApfV'W—Either apparatus A

or • ma> br toed
3.2.1 Appanius A shall coousi of a mechan-

ically operated, mmaa device in which a suiuN>
mounted etennc motor turns a vrrticaJ sha/l at
a apeed of not ten than 10 000 rpm without load
The sha/t ahaD be equipped *ith a replaceable
•mini paddle made of metal, plastic, or hard
rubber, at ahowa in Faj. I. The shaft shall be of
auch length that the aarrinf paddle will operate
aot leas thaa * in. (19.0 mm) nor more than lv>
in. (31.1 mm) above the bottoot of the duprmon
cup. A special diapenion cup conformini to
cither of the deaam shown in fie, 2 shall be
provided to hold the sample whik it is being

Apparatus B shall consist of an air-jet
dhpmiofi cup* (Note 3) conforming to the gen-
eral details shown in fig. 3 (Notes 4 and 5).

Mm J—T*e moioM of air nqnirvtf by aa airin
dMpenm np • af&t order of 2 ft*/mia: watt m**B
tit oompreBon aiv MI c^ocv tf mppi).taij Mfficmi
air to opmr a cup.

Otvidva at tan Stae CeOemt. ha§ ben Aovi to p««

' TVi •titari • w^v K
P. II am Soil Md Mat

of ASTM i
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ASTH hydrometer,
ifkfravii) of the

i p»* Hut of suspension, and
eoBfoncMt todM requirements for hydromeien
I5IH or IS2H M Sowficaoom E 100 Dune*-
•on* of both teydmcttn in? the same, the scale

J.4 SfrikOTmMiMOfarfrr—A flask cylinder
eaKsmaOy If ia 1437 ••) M heijjn and 2* M.
(613 mm) MBBBBBBT. aad marked for a volume
Of 1000 a*L Tie uwde diameier ihaB be such
tfttl *e IOOOHBL aMit is 36 * 2 cm from the

thermometer accurate

of squair-moh
to the require*

Ell . A felt set of

Jtat* «r CoiuiaM-Tempmnrt
or OBastuUHcaperature^ji mt^^Ml^,-l— n _

the hydrometer
•s. A B«BBBaorr •*»» tank • aa insulated

t temperature of the sus-
»at a OMevesBOl eoMUat tenperature at

or fjBV UTF OBrtJ. SK» • device »iOuatruad
i • P|§. 4. • CMSSI w6j0c gse work • penonDed
taarooBiataBi

lempmlurt. th< WIICT b»ih is no»
3.1 AnoArr— A boifr of 2SO-ml
39 Tinting D^nr— A »aiih i>r

ircond hand

4 I A toljtion ol'k^Jiu
(sunKiimA call«0 ttxlium
beiucd
rate of 40 |
Of fcWwlKM iSvHC *)

Silfl * — (Hit
u> thr

U> pH of I >»
Botiln oinuiiunc

mr*n» »J.

on

42 Ad ««ier used shall hr nthn
drminenJued water Thr »»trr f«w • h>Uromc
lefl shall be broufhi to thr trmprriiurr «rui
opened to prrtail dunn< thr hydrometer tc
For esamptr. if the sedimenuiion olmder n
be placed ia thr water bath, the distilled or c
nineralued water to be used shall be brouthi
the temperature of the controlled waier bath, i
sf the sedimentation cylinder • uted in a roc
with ooatrolled tempeiature. the waier for t
leal shaM be at the lemperaiure of the room T
basic temperature for the hydrometer lest » 61
(20"O Small variations of temperature do »
iatroduoe dtflerenca that are of pracucaJ sain;
icaaoe and do no* prevent the use of correnxx

5.1 Prepare the lea •unpk for mechanic
aaaryw m outUned ia Method D42I. Durir
IBC preparation procedure the sample is divide
iMO two portxxtt. One portion ooatains on!
partidei retained on the No. 10 (2.00-mm) BO
while the other portion contains only panicle
paannt the No. 10 sieve. The mass of air-dne
•oil selected for purpoae of tests, as preschbed n
Method D 421. shaO be sufficient to yield qua*
tides for mechanical analyss as follows:

5.1.1 The size of the portion retained on th>
No. 10 sieve shall depend on the maximum sia
of panide. acoordiot to the following schedule:

rof

I00°
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CTD AND SCY1 ANALYSE Of

3.IJ The ue of the portion paaaat the No.
10 «evt thafl be appro tiaiataly 115 | far auady
•oSs tad approAiaiatdy 43 f far ah aad day

3 J rVoviaioa it made ia Sactioa 3 of Method
D42! forweifiuajoftheair-dryaaladortodfor

of the waahad aad dried Iractkm n>
oa the Na 10

i the perotataaa
Na 10 aim eaa be cakulaiad ia aecordu

111.

•IVE ANALWB OF POaTnON UTAINOON na

al
IO(100«a)ar«iMo«
*e 3-ia. (73-raX 2-ia

(9.5-BB). Na 4 (4.7S-amX aad Na 10
or at auay at auy be aaaded drpradint c

rial aadcr tax.

^ m ^A*~ml »^J m^^tifmt — n' i «f -*- -a aaem aoo IWCBI BMHKM 01 me
accompaaiedbyajarriacacboaiaordertokeep

law
tiathe

Coatiaue acviat «anl aot
of the rcaidue oa • aevc pi
I mi* of

the by

weduriat

at the thoroo|haeai of acviat by
*e hand method of ara«a* deaaih

4J Daeraiat the wtm of each ftactioa oa a
bakaoe ooafoimiat to the rcquiroBcati of 3.1.
Al the cad of irighina, the Kirn of the m>a»i
rctaiaod oa al the ak««i mod abould equal
doedy the origiaal aaaai of the quantity

7.1 Equaoom for percrniaaa of toil mruir
iat in Hopnaoa. a* pwn in 14 3. air baaed c
the tor of doullad or demiwnlucd
dHpmnt aarat a toad in the »*ICT.
aad the a^eci/ic arB«it> of the raulun*
apprenabi> aroicr than irai of duiilteU or 4
aunerahad watrr

7. 1 . 1 Both ml hydromctm arr cmlihmieO
afT (20*0. and vanauom in umpcniuir ftv
tha •andard leiBpeniurt produce inavxureo
ia the actual hydrometer rcadinp. The amow
of the inaccuracy iitcnam a* the v«nat>on fro
the •andard temperaiuir tacrmt*.

7.1.2 Hydrometer* arc graduated by the iru
abrtum to be read at the bottom of the mm.
cut formed by the liquid on the arm Since it
aot poaabk to «cuit readinp of toil uoprauo
at the bottom of the ownorui. readina> must '
take* at the top aad a comcuoa appbed.

7.1.3 The aet amowat of the eorrerbom f
Ae thite ikms eaumcniod a î t̂r*"1^ aa tl

aad awy be devnoiik

7J For oonvtaieace, a graph or tabk of 00*
aoatle corractioat far a aenes of I* lemperatu

at of the oompoate correcuoo* m
be aude at two tempentum apanning the raa
of expected le« temperature*, aad correcuom f
a^e iaicrnMdiate tciaperatum ^«>^«!•«»*< ami
ia| a anajht-4iae rdaDooihip betweea the P

7J Prepare 1000 mL of liquid composed
dndOed or dtmtaenlixed water aad dopera
aacat ia the tune proportion at will prevail
the aedimentatioa (hydrometer) tot Race i
liquid ia a sedimcataikM cydiader aad the c
iader ia the ooojuat-temperature water bath,
far oee of the two temperature* to be toed. Wb
the temperature of the liquid becomes OOGJU.
men the hydrometer, aad, after a ihort inter
10 permit the hydrometer to come to the temp
atuit of the Squid, read the hydrometer at i
top of the meaiacus fanned oa the «em. F
hydrometer 151H the com pome correction is t
dtflertace between this readiat and ooc; for \
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•ad

l52Hh

to the
the com

betwuui the
liquid and the by-

•9 be
• before.

S.
1.1 When the Maple • weighed for the by-

dreaicicr tern. wcajn oat aa auxiliary portion of
from 10 to 13 | • a anal avtal or gha* con-
flaMf̂ aV a^aW fta^af •Aflat̂ B^aV' f«ft at e^a^a^^atftJlf HLâ K tfl AH

evca at 230 ± 9T (110 ± 5X\ MM! weigh again.
Record the nuaaca.

9.1 When the Mil isBMMly oftheday and ult
•as. weigh out a aunpte of atr<dry toil of ap»
protimatety 90 a. When the ml » mealy sand
the sample should be apprcmimaiety 100 g.

t.2 Place the avaple ia the 250-mL beaker
and cover with I2S mL of sodium heiameta-
phuaphate soiutioa (40 §/!>. Sbr unty the soil is
thoroughly wetted. AOov to soak lor M least 16
h.

fj AttheeadoftheMakiajprhod.dispme
I cxher anniat appmtta

A or ft. If AirnQf apparatua A ia ined. tniufcr
atony *o« the beaker mu> the

cup aaawa ia F% 2.
aay itaidue (roai the beaker iato the cup

(Note 9). Add
jf ^^^™«fv in

half IUL Stir for a

1 (F» 3)
goaaoct the cup to a

I air supply by aMaas of a rubber hoae.
A air aaje OHMI be on the aae between the cup
and the coatrol vaht. Opea the control viNc so
dttt the pat tndimft I pai (7 kPa) preswre
(Note 10% Tnaafcr the aoil-water Atrry from
the V^TT to the aa>jet dupuuoa cup by wish-
ill with dHoBad OF daavacrahaBd wster. Add

•tat the total vataaa* aa the cap ia 250 mU but

9.5 Race the cover cap on the cup a*d c
the air control vmJvr until the fajr presurr i

(140 kPi) Dupme the toil accwdjns tc
Kheduk

Owt X

So»b conuinint Uffr prrvrnu^rv >«t
be dtspcnrd for onl> I mm Mtrr ihr Ji\prr
period, reducr thr iatr pmM«rr i« I r*" (vc
ator> to transfer of KM! • »ai<r Uum to ilv
imeniauon rylinJrr

It. HydrowwrTm
10. 1 Immeduirl) after iiikprru«>n. innvicT

soil - water iJurn to the cUit iedim«nuiion
inder. and add dntilkd or deminerali/«0 «
until the loul volume a 1000 ml

10.2 Using the palm of the handover the o
end of the cylinder (or a rubber uopprr in
open endk turn the C)hnder upuOr du«n
bact for a pmod of I mm to compktr
afjUtionofUieilurry(No«e III At the end
anm an the cylinder in a con\«nieni location
take hydrometer readma> at the following ir
«ab of time (measured from the bepnmni
sedimentation), or as man) as ma> be neci
dependinc on the sample or the apecificatKMi
the material under te*t: 2. 3. 15. 30. 60. 250.
1440 min. If the controlled water bath a it
the sedimentation cylinder should be placet
the bath between the 2- and 5-min

Nort 1 1— TV Mmbtr of lurm dunng itut mn
•tewU bt approunuiety 60. cewntutf ihr lurn yp

aad bark m r»e turat. Aay toil irowintac ia
of CBC cyhader d«ria« the (im few turat *V

be lamriinJ by naorowi a)iafcinf of the cybndrr »
il • ia the iavencd pi

10.3 When it is desired to take a hydronv
reading. careruOy insert the hydrometer about
to 25 s before the readint is due to approxima:
the depth it will have when the reading is tai
As soon as the reading is taken, carefully rem
the hydrometer and place it with a spinn
motion in a graduate of dean distilled or derr
eralued water.

10-TWiHaalar
Non 12—his imponaai 10 remove the hydronv

MBOMdiaufy alter eacb reading. Readinp ihall be ta
BC the at the top of the smacm farmed by the Mapeni
to the aronad the acm. moot *

iapellheboooeaofthe
BDce * m act poeabie to

016?
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10.4 After each reading, take the temperature
of the suspension by inserting the thermometer
into the suspension.

II. Sim Analysts
I I.I After taking the final hydrometer read-

ing, transfer the suspension to a Na 200 (73-um)
sieve and wash with tap water until the wash
water is dear. Transfer the material on the No.
200 sieve to s suitable container, dry in an oven
at 230 * 9T (110 s 3D and make a eeve
analysis of the ponton retained, using as many
sieves as desired, or required lor the material, or
upon the specification of the material under test.

CALCULATIONS AND UPOflTT

12. Sem Analysts Vaam far tec
Cearetr than lee Ne. It C

12.1 Calculate the percentage passint the No.
10 sieve by dividing the mass passing the No. 10
•eve by the mass of soil originally split oa the
Na 10 sieve, and multiplying the result by 100.
To obtain the mass passing the No. 10 sieve.
subtract the mass retained on the Na 10 sieve
from the original mass.

112 To secure the total mass of soil peeing
tfse Na 4 (4.73-mrn) not, add to the mess of
•1st material peeing the Na 10 eeve the mass of
ate fraction passing the Na 4 sieve and retained
•a the Na 10 sieve. To secure the total mast of
aoB passint the H-in. (9 J-«m) eevt, add to the
total mass of toO paseJag the Na 4
••• of thr frsm'nn peering the ft ia
retained on the Na 4 ecve. For the remaining

continued the calculations in the

I2J To determine the total percentage pass-
is* tor each sieve, divide the total mass passint
(ase 112) by the total mass of mmpk and mul-
tiply the result by 100.
13. Hytneeepk Messfe*

111 Thehydroscopicmoi
tor is the ratio benum the

:ure correction lac-
nass of the oven-

before drying.dried sample and the air-dry
h is a number less than one, except when there
is no hyp
14.

14.1 Calculate the oven-dry mass of soil used
in the hydrometer analysis by nultiplyint the
air-dry mass by the hygroscopic moisture coerce-

lector
14.2 Calculate the mam oft touJ mmpk rrp-

resented b> the mas of toil used in the hydrom-
aer test. b> dividing the oven-do mas used t*
the percentage paawnf the No 10 (20u-mmi
sieve, and mulupiytni the result h> 100 This
value is the weight H m the equation for per-
centage remaining tn tusprnsion

14 3 The prirrnngi of sod remaining m tuv
at the level at which the h>aromrtrT n

ing the derail* of the uaprnuon nu\ hr
calculated as followt (Note l.M For hvUntm<nrr
I5IH

f-|tlOOOOO/M->«o7(0-(.MM-«• '
Non I.U-Thc brvlrMd poraon of ihr AIUMKM

ferayaromncr 151H • cnaami far i imn ol nadmn
and ••> hr akvteied (Ira tad thru Hiwrupiwd b* the

For hydrometer I32H
f -t*4/M-)» 101)

• • correction lacuoo to br applird to the read-
ing of hydrometer IS2H. (Values shown on
the scale are computed using s specific grav-
ity of 2.63. Correction (acton are given in
Table U

f « percentage of soil remaining in suspension
at the level at which the hydrometer mea-
sures the density of the susprniion.

K • hydrometer reading with composite correc-
tion applied (Section T\

W » oven-dry mass of soil in a total test sample
represented by mass of soil dispersed (see
14.21 g,

C " specific gravity of the soil particles, and
<7i - specific gravity of the bquid in which soil

particles are suspended. Use numerical
value of one in both instances in the equa-
tion, la the first instance any possible vari-
ation produces no significant effect and in
the second instance, the composite correc-
boa for A is based on a value of one for Gt.

IS. DbiaMlerefSeilFartksss
IS.I The diameter of a partide corresponding

to the percentage iadkaied by a given hydrome-
ter reeding shaO be csJnilaw* according to
Stokes* hw (Note 14). oa the basis that a psrbde
of this diameter was at the surfrce of the suspen-
SK» « the beginaint of scdinxnutioe and bad
settled to the levd at which the hydrometer is
measuring the density of the suspension. Acoord-
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ing 10 Stoka' lew:
D» - <?,)]» Z7r

• diameter of partide, mm.
• coefficient of wcoarfy of the wupending

HMdium (n this caar water) IB pooa( vanes
with change* • temperature of the

to the

D
m

' from the swttce of the suspension
level at which the density of the

• bang measured, cm. (For a
given hydromtur and mdimentauon cyl-
inder, values vary according to the hydrom-
eter reading} Tm» daunce a known M
effective depth (Tabk 2)1.

r •interval of time from beginning of sedimen-
tation to the taking of the reading, nun.

(i •n^eci/k gravity of soil partidek and
C» • apeonc gia*Ny (relative dcnaiiy) of

' BB practical purposes).

; oa the temperature of
gravity of

Varna of K lor a mage of
rgrtvitiei art given

ai Tabk X Tae vahje of K doa aet >
lor a atria of reediaa oonatitiitiag a
wale vahia of 1L and Tdo vary.

I3J
10-ia.

fraruon thai »ould ha«c been rruinrd on
No. 10 neve had it not been rrmo*ed Thu m
• equal to the uxaJ perrenuar mainrd on
No lOsrvtf 100 mmitt total prrrroufr PUM
limes the mau of the touf umptr rrrrnrn
b> the mau of vxl uvd >as i-ak-uUirO m u
and the mult divided h> Id'

16 2 Calculate ne»i thr iruJ mai* fuvun^. :
No 20(>iie%e Add tognhrr the inkt».>fuJ mjv
nnained on all the ye«e« ifvluJin^ thr s.>
aie%e. and uiNran Uin Mim irum thr
touU lample («i cak-ulaieU in 14 : i

16 3 CaJcuUir nrtl Ihr u»ul
each of the othrt uocv in a mjnrxr
thaipvenin 122

16 4 Calrulaie las the loul penrntacn (u\
ing by dividing the loul mau puung (as i~ak >
hucd in 16 J) b> the total mau of wmpir i.
calculated in M 2k and muluplv the mult h
100
17. Cna*

17.1 When the hydrometer analyut n per
formed, a graph of the hot ftsuhj ihall be made
plottiag the diameicn of the partides on a toga
mhmic aeak m the abanau and the percrnugr
amaOer than the corneapondiag dumeten to a>
arithmetk acak m the ordtaaie. When the h>
oTrunaeUiT aaalyM • not made on a portion o>
•ke tad. the preparation of the graph • opuonaJ

vahiex may be nxurcd duwtly from tabu-

It.
If. I The report ahaO include the following.
If.1.1 Maximum nze of partickt.
II.U Percretage paaaiag (or retained on)

which may be tabulated or proented
hy plottiag on a graph (Now 16).

U.I J Dacription of mad and gravd parti>

If. I J.I Shape—rounded or angular,
U.I.3.2 Hardnem hard and durable, loft, or

weathered aad friable,
|f.l.4 Spnci/k gravity, if BnuJuaOy high or

I1IJ Aay difficulty iadiaptniag the fraction
naming the No. 10 (2.00-mm) acve. iadkatiag
aay change ia type aad amount of

of the
The diapeniofl device uaed aad the

kagth of the diapervoa period.
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hates

Standard Tttt Mtthod lor
LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF
SOILS1

1. Scope
I. I This test method cov enthe determination

of the liquid limit, plank limit and the plasticity
index of soils as defined in Section 3.

I.I.I Two procedures for preparing test spec-
imens and two procedures for performint the
liquid limit are provided as follows:

A Multipoint test usinf a wet preparation
procedure, described in Sections 10.1. 11.
and 12.

B Multipoint ten osini a dry preparation
procedure, described in Sections IOJL II.
and II

C One-point teRusini a«« preparation pro-
cedure, described in Sections 13. 14, and
13.

D One-point test using a dry preparation pro-
cedure, described in Sections 13. 14. and
IS.

The procedure to be used shaft be specified by
the requesting authority. If no procedure is spec*
ifted. Procedure A shall be used.

Non I—Prior IP the adopuoe of thb ten method,
a rurvcd troovtnf tool »u ^eciAtd • pan of the
•ppmtu* lor prrforanf UK liquid limn tm. Tb«
curved tool it not coamkieJ to bt « acoime as UK
<Ut tool deioibcd ia 6^ mice h doet not control the
orpib of the toil in tbr bquid limii cup. Ho»c\vr. thrrt
•it MOW dau »hich indtnw thai tvpietlh ihr liquid
kmu » ilifhtt\ incrcaxJ »hrn ih* fbt uxM n u»rt
uutcad of the curved UK-!

1.1™ The ptasuc limit test procedure is de-
scribed in Sections 16. \">. and It. The plastic
limit test is performed on material prepared for

¥the bquid limit ten. In effect, there are two
procedures for preparing test specimens for the
(teak- lima u-w

. ih.
tlk L». nrrw>« •* 'v.T'

1.1.3 The priveUure lor calcuUtmy the pluv
ucity index is |i\on in Section lg

12 The liquid limit and plastic limit of soils
(along with the shrinkage limit) are often collec-
tively referred to as the Atierherg limits in rec-
ognition of their formation by Swedish soil sci-
entist. A MK-rrvr? These limits distinguish ihe
boundaries of the several consistency stale? of
plastic soils.

U .As used in this test method, soil is any-
natural aggregation of mineral or organic mate-
rials, mixtures of such materials, or artificial mix-
tures of aggregates and natural mineral and or-
ganic panicles.

1.4 The multipoint liquid limit procedure is
somewhat more ume consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately at its liquid
limit. In cases where this is not done reliably, the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
to the information obtained from additional
trials. It is particularly recommended that the
multipoint procedure be used b> inexperienced
operators.

1.5 The correlations on which thr calculations
of the one-p»Mnt procedure are ha«<J tru> not he
valid for vcruiin soils. >uch 3-- organ*. v>iN IT
soils from a marine environment The

1 Thn int mm** n nn4«t ihr junw:.ijo« et VSTM Com-
•rat* D-il o« Sou and kctt and a IIM Cinci rncumhilm 01
Svtcemminx Ol» 0} o* Trtiwt. Pla«K>i« an>l Dnwn Our-

lf«4
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limit of ibex soils should therefore be deter-
mined by the multipoint procedure (Procedure
Ai.

I .f> The liquid and plastic limits of man> Mils
that have been allowed to dry before testing may
he iMnskkrahrt different from valuer uKjinvd
on undritfvi samples. If the liquid and pkisac
limits of soils are used to correlate or estimate
the engineering behavior of soils in their natural
moist state, samples should not be permitted to
dry before testing unless data on dried sample*
arc Hveifioallv dewed.

I/ The composition and concentration of
soluble salts in a soil affect the values of the
liquid and plastic limits as well as the water
content values of soils (see Method 022161.
Special consideration should therefore be given
to soils from a marine environment or other
sources where high soluble salt concentrations
ma> be present The decree to which the salts
present in these soils are diluted or concentrated
must be given consideration if meaningful results
are to be obtained.

I.S Since the tests described herein are per-
formed only on that portion of a soil which passes
the 425-um (No. 40) sieve, the relative comri-
butioa of this portion of the soil to the properties
of the sample at a whole mud be considered
when using these tests to evaluate the properties
of a soil

1.9 The values suted in acceptable metric
•nits are to be retarded as the standard. The
values given in parentheses are for information
only.

1.10 This standard may inmlve kazarfata
man-rial*, uperaiion*. and equipment This
Standard does not purport in addra.t all flf the
safety problems associated *ith its use. It is the
responsihility of whoever uses this standard tn
consuh and eaaMsh appropriate safety and
health practices and determine the appiicoMin
•if rrfidaitiry limitaiiims pnnr to use.

2. Applicable Document*
2.1 .4ST.M Standard*
C •'O: Methods for Reducing Field Samrles of

Aggregate to Testing Si/e-'
D ?5 Practice for Sampling Aggregates'
DO) Recommended Practice for ln\nugat-

in| and Sampling Soil and Rock for Engi-
neering Purposes'

Dr-5? Terms and Symbols Relating to Soil
and Rock Mechanics'

DI2JI Specification for Maunul* for Soil-
Ay^roiutc Subbase. HJ>C. anJ Surface

D22lr- Meth.nllor Laboratory Determination
of Wjier (Moisture) Content of Soil. Rock,
and Soit-Aggregate Mixtures'

D224O Test Method for Rubber Property —
Duromeier Hardness'

D 2*>~ Test Method for Classification of Soils
lor Engineering Purposes'

D 2-**i« Practice for Devnption and Identitl-
cation of Sxvls i Visual-Manual Privedurei4

03202 Practice Tor Classification of Soils ami
Soil*Aggregate Mixtures for Highway Con-
strucrion Purposes'

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes*

E 3la Methods of Testing Single-Arm Bul-
aaces*

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

3.1 Aiterkerg limits—originally, seven •limits
of conssteacy' of fine-grained soils were defined
by Albert Anerberg. In current engineering usage,
the Jena usoatty refen only to the liquid limit,
plastic tout, and in some references, the shrink-
age Knrit

3.2 consistency-—the relative ease with which
a son can be deformed..

3.3 liquid limit <LL>—the water content, in
percent, of a soil at the arbitrarily defined bound-
ary between the liquid and plastic states. This
water content is defined as the water content at
which a 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 subjected to 25 shocks
from the cup being dropped 10 mm in a standard
liquid limit apparatus operated at a rate of 2
stocks per second.

. v 01040:
'.4mmii »•* .• iSTU bftiL.'J*. VuH (MIC (MIX. and

MM

V.4INUI
,<l 14 »:

.»..*,
' fWlulfcU.

N«nt :—Th* undntned v
liquid limit it contMJrrrU in N

?.4 /*/««•//«• Innil 'I'D—
percent. i>f a v>il ai the r
piattir an<J hniilr Mjte»
this boundary is the « jter
can no longer be deiorm.
mm (% in.) in diameter t
bting.

3.5 i>ld<tu HH/—a soil
water content o»or whict
and which «il) retain its W

3.6 plu.-iii'in i»iu.'\ '/'/
content over »hich a <o
Numencally. it is the difTr
uid limit and the pliHic h

3.7 iimminy mJi'.v—th'
percentaae. of (I) the nan
soil minus us plastic lim
index.

3.8 activity numhi'r 1.1
plasticity index of a soil
weight of panicles having.
smaller than 0.002 mm.

4, Summary of Method
4.1 The sample is pro

material retained on i 4:
The liquid limit is deter
trials in which a portion c
in a brass cup. divided in •
and then allowed to fk
shocks caused by repeatec
a standard mechanical tf
liquid limit. Procedures /»
or more tnals over a rang
be performed and the dau
or calculated to make a it
the liquid limit is deter
liquid limit. Procedures C
from two tnals at one w;
by a correction factor tc
limit.

4.2 The plastic l imn <•
nately pressing together
mm ('* in I diameter thr
plastic soil unt i l us ̂ trr
point at which the ifircj
longer able to be prnsod
The water content of ih
reported as the plastic lur

j;*. •••*-
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• with which

>ntent in
_ Abound-

utes. This
• content at
in! cup and
•ns will flow
r a distance
> 2? shocks
« » standard
•i rate of 1
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3.4 /«fa«M»- /iwu /•/.—- the water comeat. ia
percent, of u «.wl ̂ i the tvundarv between the
pUstic ana bntik state*. The water conm at
this boundary is the water content at whkfc a soil
can no longer br deformed by roaing into 3.2
mm ('/• in.) in diameter threads without crucB-
Ning.

.V5 /x!uwu »<•«/— a soil which has a rang* of
»4tcr content over which h exhibit* plasncny
jnd which will retain in shape on drying.

3 h /»to»"« "< "«/m <rV*— the range of water
content over which a soil behaves pUstically.
Numerically, it is the difference between the liq-
ui<l limit and *** pl«stic HmiL

3.7 liyiuJin iHdcx— the ratia expressed as a
percentage, of (/) the natural water content of a
soil minus its plastic limit, to (2) its plasticity
index.

34 arrrrtir itumfer /•.<>— the ratio of (/) the
plasticity index of a soil to (7) the percent by
weight of panicle* having an equhraknt diameter
smalier than 0.002 mm.

4.1 The sample is procesHd 10 remove any
material retained oa a 425-tua (No. 40) skvc
The liquid Hmh is determined by pcrformiaf
trials ia which a portion of UK svnple is spread
ia ibrtM cup. divided in two by a grooving tooL
and then allowed to flow together front the
shocks caused by repeatedly dropping the cup ia
a standard mechanical device. The muhjpoint
liquid limit Procedures A and B. requires three
or more trials o«er a range of water contents to
be performed and the data from the trials plotted
or calculated to make a relationship from which
*"e liquid limit is determined. The one-point
liquid limit. Procedures C and D. uses the data
(roc* two trials at one water content multiplied
by • correction factor to determine the Squid
Kmh.

4.2 The plastic lim:t is determined b> alter-
nau-l\ nrnstni toeciher and rolling into a 3.2
mm (:-» in. i dumctcr thmd a small portion of
plastic <o«l until its water tontem is reduced to a
P"*iu at Mhivh the thread crumMes and is m>
Kmarr oNv iy he pmsitl tognher and rrroOed.
I he WJICT ctmtcni id the soil at this Mage is
reported v> ihc pt»i»t limit.

0491C

O The plasticity index is calculated as the
difference between the liquid limit and the plastic
UML

S. Significance aad t'*r
5.1 This lest method is used as an integral pan

of several engineering classification systems to
Characterize the fine-grained fractions of soils (see
Tea Method D 24*7 and Practice D 3282) and
w specify the fine-grained fraction of construc-
tion autenats <*ce Specification D 1241). The
hquid limit, plastic limit, and plasticity index ot'
soils are also used extensively, either individual̂
or together with other soil properties to correlate
with engineering behavior such as compressibil-
ity, permeability, compactihilitv. shrtnk-swell.
aad shear strength.

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

SJ The one-point liquid limit procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when ased for the acceptance of a material or for
eontiatioa with other test data, the multipoint
procedure should be used.

5.4 These methods are sometimes used to
evaluate the weathering characteristics of day-
shale materials. When subjected to repeated wet-
bng and drying cydes. the liquid limits of these
materials tend to increase. The amount of in-
crease is considered to be a measure of a shale's
susceptibility to weathering.

5 J The liquid limit of a 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 a sample
before and after oven-drying can therefore be
ased as a qualitative measure of organic matter
content of a soil

4. Apparatus
6.1 Liquid Limit Dmic—A mechanical de-

vice consisting of a brass cup suspended from j
carriage designed to control its drop onto a hard
rubber base. A drawing showing the essential
features of the device and the critical dimensions
a given in Fig. I. The design of the device may
vary provided that the essential functions are

• i-;' < .C*i -. c*
*•••<* ± ;
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of ihr tip irf the grooving ton) mat be T» h> H. I
mm.

Nttrt ft—The »idih of the tip of pwwine Hub i*
convememly chevied UMBI a pnrkevmd measonm;
magnifier ntuipped »nh a mukmeat vale. Magnifier*
of thn rjrv arc >« jiljNe from mow lah>«v.trv Mippt*
rrnnromn 1 hr drr»l» itf thr tip >•<( ff»w» ««» uwk. afl
hr di»vlrt1 u«<nf ihr itrrxh ntraMtnnf fcatuiv i< xrmrr
nbprrv

height of drop i><° ihc cup *» that the point on the
cup that cinnes in contact with the base riso to
a height of Id ±OJ mm. See Fig. 4 for proper
location of the gage relative to the cup daring
adjustment.

Nnu 7—* conveniem proreuuie (at adbuioag the
height of drop is as follows: pbce a PMCC of masking
tape across the outside booom of the cap parallel with
the aus of the cup hanger pivot The edge of the tap*
away Item the cup hanger should buccc the spot oa the
cup thai contacts the bate. For new cups, piacmg a
pice* of carbon paper oa the bate and allowing the cap
M drop several times wfll mark the comact spot Aaach
the cup w the device and turn the crank until the cup
is rased to its maximum height. Sbdt the height pp
under the cup from the front, and observe whether the
pat contacts the cup or the tape. See Fig, 4. If the tap*
md cop are both conaciad. the height of drop is
approiimately correct. If not adju« the cup unol m-
muhaneous contact is made. Ctact adjustment by
•rang the crank at 2 revohaiom per strand while
holding the ppr in pomon agahM the apt and cup.
If a ringing or chdung sound » heart without the cup
mint from UV pet. the adjuamrni • correct If no
ringing is heart or if the cup hies from me ppc. rcadrav
the heiaht of drop. If the cup rack* M the par duimg
Uus checking operation, the cam follower pnot »«-
cenntty worn and the won pans tbouid be rcplacrd.
Alway* remove ape after completion of .

MULTIPOINT UQUD UMIT—PMXTDCU5
A AND •

10. Preparation of TmSpeciaar**
10.1 II if PrfpuruttiM—t. »cet« where the dn

mcnhud of vpenmcn pn-paratmn M spccifirU
(10.2). prtnare <>riecimen» for tot as lincnhcU m
the Mhmmy WCIHMIS.

50.I.I .Vtfin^it Attwnr fAf 4.V-tim'.Vn Hi,
\UT«—WtKTi rn \Kual and nunnal proctduto
H i\ ikii-rmini-J that the sjmpic has Imk or mi
nuk-rial rcUiinnJ nn a 425-|im i\4>. 41)i vrro.
prepare a ^pvctmcn .»* I S» to 3)0 | h> miunf
ihtitxHiEhK »ith diMilkd or deminvraliTnl «aier
on ihc |Jav% plate uMnj the spatub. If <i-s»rcU.
souk soil in a Morajc dish with small amount ot
water lo Milieu the MM! hvfiwc ihc Moil

t*H- «.!!« kiMitent id' ihc «.vl to hnnf it t»>
ii cunx>ienv> itut «<>ul«l rogutrc 15 to .i.< Mows
i>4' the liquid kmit dcxice u> cK>se the troote
iNon !»K UL duhna miMnc. a small pcrcenute of
matTiaJ h> encoumereJ that would be retained
on A •Oftun i No. 40) sine, remove these pani-
cle> K hand, it* f\>*«Wiv- 1C it » impractical to
remote the <r<\trvr matorul r<> hand, remote
MraH peroerjj^e* «kr*» than aNnn 15 'f) ol
coarser naienal h% oorkmj the specimen
thniuah a 4£.'-tim (No 44)) sieve using a piece of
rubber shevtrnj. rubber Mopper. or other conven-
ient device provided the operation does not dis-
tort the sieve or detrude maierul that would be
nrtauied if tne washing method described in
10.1-2 WOT used If kirfcr percentages of coarse
material arc encountered during mixing, or it is
comidereft impractical to remove the coarser
mmtexal by the methods just described, wash the
samptf a* described ia 10.1-2. When the coarse
parodo found during mixing are concretions.
shetts. or other fragile panicles, do not crush these
parades to make them pass a 425-um (Na 40)
sieve, but remove by hand or by washing. Place
the muctf soil in the storage dish, cover to pre-
vent lov> of moisture, and allow to sund for at
lean 16 h (overnight). After the standing period
and immediately before waning the test, thor-
oughly remix the soil.

Nori •— The mat taken to adequately mix a soil
wiB varv peaflv.deprndini on the plasticity and initial

content. Initial mivinf tim« of more than 30 —
ma» be needed far tuff, tat days.
M). 1-2 Samples Containing .\faienalReiaintd

Select a sufficient quantity of soil at
satural water content to provide 1 SO to 200 g of
•atenal passing the 42?-j»m ( No 40) s»e\e. Place
m a> pan or dish and add sufficient water to cov er
ttae soil. .*Uo*» to soak until all lumps have
softmeti and the fines no longer adhere to the
surfaces of the contse panicln (Note 9).

V— In wmc flirt, the cations of ulu piwni
»>U nchanpr »uh the natural catiom m

alter the te*4 rnults thould nr
u*ed m ihr *04kiny jnJ «jvhin$ operauonv

-"»n mat w».h »-anor- *tc IHH prnent |fl

the dp wsiier Jivnik-vl <« *.mmfr*:i/ed »awr *hou»J
hr uwa. A» a ttntnt ruk. »JUT ..^uininf more iron
im miyL of dnvilv<U v«»h -IH.^ not hr usrvl "*

water

tft.l 12 When the sample contains a
pctventapc ot" matcnjl rotaineO on the 42?

(No. J«ii »ie\c. pen'«>rni the
operation in increment*. *a-
0.5 kg 1 1 Ib) oi' material A o
425-um ( No. 4U) yeve in the t
pan. Pour the soil water mui
If gravel or coarse sand parnot
as many of these as possible *
of water from » v>avh bottW.
natively, pour ihe soil *jirt
mm (No. Id sieve nested *:.
40) sieve, nn^r the fine nu
remove the I-mm (No. 1UI <
and removing as much of the
possiNe. add sufficient water
the lev el lo about 1? mm< ' : i r
of the 423-um (No. 40) sieve
by yirnng with the fingers
lowering the sieve in the pa
suspension so that fine mate-
the coarser particles. Oisaggre
that have not slaked by gestlv
the sieve with the fingertipa. (
ing operation by raising the si
surface and rinsing the mate
small amount of clean w-au
retained on the 425-um (No.

10.1.2.3 Reduce the w«er
lerial passing the 423-um (N
approaches the liquid limit.
content may be accomplboe
binauon of ihe follow mg me
the air currents at ordinary
(6) exposing to warm air car
such as an eiectnc hair dry
Buckncr funnel or using fil
canting clear water from sur
or (e) draining in a colandc-
dish lined with high reu-ntmi
filter paper.7 If a plait. • of pa
care thai the dish n ta b
saturated that it fails to active
its surface. Thorough i dn c
Dunng rvaporutiun JR.! coo
often cnoucli !•> pre^cn1 over
ind s«>il pinnacle* on ;r>i- \«r
Fur h>il s;impk*v >.>niu in i tc
meih.nj of wall" riJii.tirn
•ill n>-( cl imirutc '.ft •- r'"'
XKvimen

10.1.2.4 Tli.<r.Hu'hK mi»

the s\»;ula \uiu-t thi- -A
lure, it nn.k->vai> h. jj.



..• soil to hnng it tu
>ie 2« h> .15 Wow*
dose the groove

•nan percentage of
«ould be retained
•move these parti-
• impraanal to

"*• hand, remove
about 15*7) of

g the Mvnmen
e using j owe of

•. or other com en-
MI does not dis>

_^al that would be
wd described in
entases of coarse
• muing, or it is
•ove the coarser
scribed, wash the
When the i

4 not crush these
«?* •» (No. 40)
« T» Place
O ertopre-
r\ ^aadfarat

I the test. thor.

ofsoiiat
15010 200 g of
40) neve. Place

4 voter to cover
.s» hunps hive
r adbuc to the
«te9i
« flf <Jto procnt

in

atMpvxrm m
•d wattrtfMM
•••g OHM* than
••M hr wafer

•ain» a tarpr

(No. 40) sieve, perform the (Mowing »a»hing
operation in inovmcmv washing mi more than
OJ kg ( I Ihi of nuicral at one time. Place the
425-un « No. 40) aev< i*the booom of the ckw
pan. POMT the so* waav mntofe ona» the sieve
If fravd or coarse sand parades are proem, tins*
at mam of thcxatpos*^ with sira!) quaimae*
of water from a wash bunk, ant 4bc*d. Alter*
natively. pour the noil water mixture oxer j I-
mmiNo liXMoenescdatoptheJw^-mniNo.
40) Me\c. nme the RIM matenai tttroufh and
remote the 2-mm (No. IU) sie\e. After »ashin»
and remoxint a* much of the coaner material at
possible, add sufficiem »ater to the pan to bring
the lex d to about Umn(Vtia.)abovethesur&ce
of the 4LS.«B (No. 4U) sieve Afitate the jlurrj
b> surrini »ith the ftiajen while rabinj and
lowering the sieve m the paa and tmrliag the
suspension so that fine material i» washed from
the coaner paredA Dba0«gacr fine sott lumps
that ha»* not slaked, by Bend? raMnag them a*v
the $ie*« whh the ffniernps. Complete the «asm-
mt operation b> raistnt the sieve abo«e the water
fuHace and rinstng the mairrial reoined with a
soiaO amouM of dean water, Dbcaid material
ictained oa the 425-tiB (No. 40>sie«e.

IO.IJL3 Reduce the WUB content of the ma»
terial passini the 425^mt (No. 40) sieve until it
approaches the liquid limk. Reduction of water
content may be accomplished by one or a com-
bination of the foflowini methods: (<i) exposing
the air currents at ordinary room icmperatute.
(A) exposini to warm air currents from a source
such as an electric hair dryer, (c) filtering in a
Buckner funnci or using filter candles. (4) de-
camin| dear water from surface of suspension.
or (r) draining in a colander or piaster of paris
dish lined with high retentiviry. high wct-flrength
filter paper.7 If a plaster of paris d»*h is used, take
care thai the disb never becomej suflkiendy
saturated thai it hub to actively absorb water into
n% surface Thorou#bly dn dshes between uses.
Dunn-. exaoKniKin and cooiiOK. Hir the sample
often i-nouyh to prc-.ent oxcrdrym| of the t'nnpn
and VH| piniuii.!^ nn the surface of the mixture
Fur %ii| Njmptos tiHicuning M>lur4e ultv uv a
methtid i>f wafer reductiiin su '̂h j» a or *• thai
• •II IWK clnvruu- the «"luHe ><itt> VIMT: rnr !>-a

I O.I. 1.4 Tl««ri>uthl> mu the Kuicrial
the 425-um i.Vv 4fi) xexe on the |lj«* ptitc u.«iny
the >(utuLj. Vhuvi the water ^vnten: of the mlv
lure, it' nvw^xary. K jtUinf >maO incrcmonu of

cbshlled i<r deminerali/evl water or by allowing
the mixture to dry at room temperature »hile
mining on the yLu» pbte. The soil should be at a
water content that will result in closust of the
IRXMC in 25 to 35 blows. Return the mixed soil
to the mixing dish, cover to prevent loss of mois-
tu*t. and aOow to stand for at least 16 h. After
the sanding period, and immediatdy before
suiting the tew. remix the soil thoroughly.

10— Dn PrtTuruiiiti
10.11 Seleet suificient soil to proxtde 150 to

200 | of material passing the 425-vm (No. 40i
sieve after processing. Dry the sample at room
temperature or in an oven at a temperature not
exceeding oO*C until the soil clods will pulverize
readily. Disaggrcgation is expedited if the sample
» not allowed to completely dry- However, the
sod should have a dry appearance when pulver>
bat Pulverize the sample in a mortar with a
nbbcr tipped pestal or m some other way that
dots not cause breakdown of individual grains.
When the coarse panicles found during pulveri-
zation are concretions, shells, or other fragile
parades, do not crush these partides to make
mem past a 425-um (No. 40) sieve, but remove
by hand or other suitable meanv such as washing.

10.12 Separate the sample on a 423-un (No.
40) sieve, shaking the sieve by hand to assure
thorough separation of the finer fraction. Return
the material retained on the 425-um (No. 40)
sieve to the pulverizing apparatus and repeat the
pulverizing and sieving operations as many times
at necessary to 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.

10.2,3 Place material remaining on the 425-
pm (No. 40) sieve after the final pulverizing
operations in a dish and soak in a small amount
of water. Stir the soil water mixture and pour
over the 425-um (No 40) sieve, catching the
water onJ any suspended fines in the cashing
pan. Pour this suspension into a dish containing
the dry uxl pre\ iou>l> ueved through the 425-
um iN.v 4ti)Mcir Divrjrd material retained on
the j;?-tim (No. 4iK »(e\e.

H» 2 4 Adjuu the vtjtcr content as neccvurv
}»> vtrjirtp ja, JexntvJ in 10.1.1.3 or h> mixing
.m the ^la«v pUie. uving the spatuli while JiUin^
inerenuiiK til' Uistilled ur demineralized water.



•mil the XMI i« at a »Her content mat win result
in ckMure of the gro»»e m 25 to 35 blows.

10.2.5 Put »*l m the storage dish, cover to
prevent km or' moisture and allow to staad Gar
at least 16 h. After the staadiag period, and
ivmediaMiy before starug the test, thoroughly
team the soil Near ft.

11.1 Place a portion of the prepared soil in
the cup of the liquid limit device at the point
where the cup resa on the base, squeeze it down,
and spread it into the cup to a depth of about 10
•m at its deepest point, apering to farm an
approximately horgontit surface. Take care to
eliminate air bobMcs from the sod pat but form
the pat whfa as few strokes at possible Heap the
Mused soil on the glass plate and cover with toe
inverted storage dish or a w« towei

11.2 Form a groove i» the sod pat by drawing
the toot beveled edge forward, through the soil
OB a line joining the highest pointtothe lowest
point on the rim of the cup. Who cutting the
giuowc. hold the grooving tool against the surface
of the cup aad draw in M arc manttanmg the
tool perpendicular to the surface of the cup
mroughoul in muvcmesL See Rg, 5. !• soOs
where a groove caaaot be made m one stroke
without tearing the soil, cut the groove with
arveral strokes of the grooving tod. Atenativery.
col the groove to slightly le*tha» required di-
atenstons with a spatula and use the grooving
tool to bring the groove to final drmcmiora.
Eaercise extreme care to prevent sliding the soil
pat relative to the surface of the cap.

IIJ Verify that no crumbs of soil are present
on the base or the underside of the cup. Lift aad
drop the cup by turning tar crank at a rate of 1.9
to 11 drops per second uaoi the two halves of
the soil pat come in contact at the bottom of the
groove along a drtuoce of 13 mm i* m.X See
F* 6.

Now 10—>l :MrtKenrfnfthe pooviof toot. Fif. 1
•r a ic4r in \«nf> Uut die prof h» doted 13 mm
I^M.1.

11.1 Verify that an atr bubble has not cauvd
premature closins; of the groove by obsmtng that
bMh vJrt .if the grrwe hav< flow%-d together
with appnixinuieh the umc >har* U a bubMe
has cauted premature dming of the groove, re-
form the mil in me cup. adding j wrtafl amount
•f soil to make up for that kM in the grooving
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operation and repeat I I.I to 11.3. ir the toil
slides on the surface of the cup. repeat 11 I
through 11.3 at a hither water content. If. after
several trials at successively hither water cor*
tents, the soil pat corarnua to slide in the cup or
if the number of Mows required to close the
groove is always less than 25. record that the
liquid limit could not be determined, and report
the soil as nonpiasuc without performing the
plastic limit lest.

11.5 Record the number of drops. .V. required
to dose the groove. Remove a dice of soil ap-
proximately the width of the spatula, extending
from edge to edge of the soil cake at right antics
to the groove and indudrag that portion of the
groove in which the soil flowed together, place in
a weighed container, and cover.

11.6 Return the toil remaining in the cup to
the glass plate. Wash and dry the cup and groov.
ing tool and reanach the cup to the carriage in
preparation for the nest trial.

11.7 Remu the entire soil specimen on the
glass plate adding distilled water to increase the
water content of the soil and decrease the number
of blows required to dose the groove. Repeat
11.1 through 11.6 for at least two additional trials
producing successively lower numbers of Mows
lo dose the groove One of the trials shall be for
a dosure requiring 25 to 35 blows, one for closure
between 20 aad 30 Mows, and one trial for a
dosure requiring 15 to 25 Mows.

11.8 Determine the water content H\. of the
soil specimen from each trial in accordance with
Method D 2216. Make all wetghinp on the same
balance. Initial weighings should be performed
immediately after completion of the test. If the
lest is to be interrupted for more than about 15
rain, the specimens alread) obtained should be
weighed at the time of the interruption.

12. CalcwteriMH
12.1 Plot the relationship between the water

content. H\. and the corresponding number ol'
drupv .V. of the cup on a semilofamhmic «raph
with the water content as ordinates on the anth-
metical scale, and the number ot*drops as abscis-
sas on the logarithmic scale Draw the be*t
straight line through the three or more piotteJ
pmnts.

12.2 Take the water content corresponding 10
the intersection o* the line wi th the 25-Or>>n
afochu as the liquid limit ol the ««»il. Compuu-
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uoiul mcthnh ma> be
teal mcihixJ lor tlttmn a ^tra
and determining the liquid li
OM-roivr UQI ID LIMI

C AND C

13. PreparatiM of Test Son
l?.l Prepare the specs me:

ner as dencnbeiJ m Section
mixing, ad.iust the water ci>m
requinng 20 to 30 drops of i
to close the groove.
14. Procedure

14.1 Proceed as describe.
1 1.5 except that the number k
dose the groove shall be 20 t>
or more than 30 blows are r
water content of the soil am
dure.

14.2 Im mediately after r
content specimen as descnb
the soil in the cup. adding :
soil to make up for that lost i
water content sampling open
through 1 1-5. and. if the sec
groove requires the same nun
more than two drops difTerer
water content specimen. Ou
enure specimen and repeat.

Nort It — EKCWVC drying o
•ill cause the number of Wo» j ic

14.3 Determine water con
as described m 11.8.
15. CatevbrioM

15.1 Determine the liquid t
content specimen using one
equations:

Ll. - njf

«hcre:
.V • the number uf bl.'«

liri>i«veat »ater k . -n
II x • ujter content, jn.l
A," • a l*t.>r jtiM-n in

The Ikjuid limit is the u\er.
liquid limit \aJuc>

15.2 It' i he dilTcrcna- bvtw



11.3. If thr sni!
tp. repeat II. I
untem. 1C after
yier water iiw-
tie m the cup or
rd 10 ctoae the
record thai the
ned. and report

:ipv V rrquircd
• lice of soil ap-
itula. extending
r at ngrn angles
(portion of the
ignher.pbcein
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unipandgrocn-
"the carnage ia

•cimtii on the
•to increase the
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troove. Repeat

•mal trials
of blow,

I jaObefar
lone (far doswr
one trial fora

km. RX of me
ccordaacewrdt
ip on the same
I be ptrfoimed
(the lest If the
ithan about 15
Ined should be
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U. Pupaiaeis* «f T«* S»ieimis»
I.Vl Pfcpurr the specimen ia the same man*

ner a» dcvnhcd in Section 10. except that at
rmxint. *liu» the water content to a consistency
requiring 20 to 30 drops of the liquid limit cup

r the groove.

Q431I

•quid limit values is greater than one percentaee
point, repeat the test

LIMIT

ML
U.I Proceed as described in 11.1 through

t 1.5 except that the aumber of Wows required to
dose the groove shall be 2ft to 30. If leu thai 20
ot more than 30 Mows are required, adjust the
water consent of the soil and repeat the proce-
dure.

14.2 ImmediateK after removing a water
JM^MA^^M *«A.M^K^^ ^* A^aj^S^^I ^A I t C f^A»^^^iuimm I|MI IIMCB • UQCTIDCD m i l w . luuim
me soil ia the rap, adding a small amount of
soil to make up for that lost ia the grooving and
water eomem sampling operations. Repeat I \2
through 11J. aud. if the second dosing of the
groove requires the same number of uiups or no
more than two dious oifierence. secure another
water content specimen Otherwise, remix the
enure specimen and upuL

Norr II—£acejarv« drymg or madequate miuag
»* auat me nunbv of Mow* to vary.

14.3 Determine water contents of specimens
1 as described in 11.1.

' 15. Cak«bti*na
I 15.1 Determine the liquid limit for each water
i content specimen using one of the following

equations:

U-r^} or

i/. - JUH\>

A » the numKf n» Nt>*% cauMng cknurf ol the
(LTiRic IM wahrr omtcni.

II » Mjiit i-i>nhTiL ami
A » AtKtix f\t'tt m IMc \

1V- IHIUU! Imm n the a\(Taai* .H the two tnal
kquul limit valucv

I.Vl If the diH-Kihx rvtHcen thr r»<« trul

Itw Preparation of Test Specimen «
1f».l Select a 20-f ponion of soil from the

material prepared for the liquid limit test, either
after the second muing before the leu. or from
the soil rcmainini after completion ol* the test.
Reduce the water content oi'the soil to a consist-
ency at which il on he rolled without sticking to
the hands h> iprejdin( and mixing continuous!)
on the glass plate. The drvint process ma> be
accelerated b> exposing the soil to the air current
from an eiecthc fan. or b> blotting «mh paper
that does not add an> fiber to the sotL such as
hard surface paper io»dmg or high wet strength
filter paper.

n *^ •. rTOCMUre

17.1 From the 20-g mass, select a ponion of
U to 10 g. Form the test specimen into an
ellipsoidal mass. Roll tms mas between the palm
or fingers and the ground-glass plate with just
sufficient pressure to roll the mas into a thread
of uniform diameter throughout ro length (Note
12V The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 ±0.5 mm (0.125 ±.020 in.),
taking no more than 2 min (Note 13). The
amount of hand or finger pressure required will
vary greatly, according to the soil. Fragile soils of
low plasticity are best rolled under the outer edge
of the palm or at the base of the thumb.

Son 12— A normal rate of rotting Tor matt toil*
should be 10 to 90 Broke per minute, counting a
svokc as oat complete mooon of ihe hand forward and
back to ibt «aniag petition. Tta me ol roOiag may
hat« to be dtCTcaaed CM \rfv fragile will.

\4rrc IJ— A )J-mm (Vin.) dumeirr rod or tube
• tncful (of fttmicm rooipamoa with the toil thread
10 4»ceruin then the thread hat reached the proper
dameier, no<cnU> for loopmencrd openton.

17.1.1 UVn the dumeter of the thread be-
comes 3.1 mm. break the thread into several
ptevev Squee/e the pieces together, knead be-
tween the thumb and firv finger of each hand.
reform into an cilip'txiUl mau. and reroll. Con-
tinvtc ilm altenutc fi'lling u> a thread 3.2 mm in
diameter. giUhenny loyether. kneading and re-
ruling, until the thread crumbln u ruler the pres-
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sure reuuired be rofliag aad me soil caa DO
longer hr rolled IMO a 3.2-mm diameter thread
(See fig. 7), H has ao sgmficaace if tbe thread
breaks imo threads of shorter leagn. Hoi each
of these shorter tanad* to 32 mm in dbaancr.
TV onry requiKMt for cnmimiing the tea is
that they are able » be refermed into an ctta»
soidai man and roNed out again. The operator
shall at no time attempt to produce fatlwe at
e\ardy 3.2 mm diameter b> allowing the thread
to reach J.I mm. then reducing the rate of raffing
or the hand pressure, or both, while contrauiBg
the rolbni without farther defotmanon until tbe
thmd (alls apart, b is penmsaWe, however, to
reduce the total amount of deformation for feebty
plajSticsoiU by making the iraaal diameter of the
ellipsoidal man neater to the required 32-mm
final diameter. V crumbling occun when the
thread has a <tiamnrr ireater than 32 mm, this
shaD be consktatd a satisfactory cad poaa. pro-
vided tbe soil ha> bees prerinaJy railed IBM a
thread 3 2 mm ia diameter. Crumbiiag of the
thread win mamfcs inetf dtffaeailj with tbe
various tjpes of wL Some nib caD apan in
aumcroiis smafl aorepdoa of parades.
Bury farm aa ouaade tubular layer that
spfining at bora eods. The spfinmf pre __
toward the middle, and fiaafly. the thread &0s
apart ia many smaO ptary panidei Fat day soils
require much preaure to defcnn the thread.
pvticuUrK as they approach the plastic Barn.
With these toils, the thread breaks into a series
of band-ihaped xpneoa about 32 to 9J mm
(H to H ia.) ia koBh.

PJ Gather the portion of the crumbled
thread totnher and pbce ii a weithed eouuiner.
Immediaiely cover die container.

17 J Select another 1.5 to 10 1 portioB of soil
from the original 2>-g specimeB and repeat tbe
operations described ia 17.1 aad 17.2 uuil the
container has at least 6 1 of tod.

17.4 Rennt ITl throuffi 17.3 to make an-
other container bobting at Inst 6 | of toil. De-
termine the »ai«r coment. in percent, of the soil
conuinnl in the coocunm in accordance with
Method D :: I * \tilc jr «ci^unt> o« the tame

N.ni 14— The imem m pcrn>raiMf 1*0
hnm iruh a to v<rrf> ihr cunwtirncx of thr KM rnultk
b B kxcpaNc pr*iwc to ptmxm oniv one ptenr
knui inal »h«n ttw CMBMirfx> i* the IN mute CM
hr cnnlirmnt K txhtri

04311

18. Calculation*
IK.I Compute the average of the two water

contents. If the difference between the two water
contents is greater than two percentage points,
repeat the tesL The plastic limit is the average of
the two water contents.

PLASTICITY INDEX

19. Calculation*
I V.I Calculate the plasticityindex as follows;

ft - LL - H
wherr.
LL • the liquid limit.
PL • the plastic limit

Both LL and PL are whole numbers. If either
the liquid limit or plastic b'mit could not be
determined, or if the plastic limit is equal to or
greater than the liquid limit, report the soil as
aonpUsrJc, NP.

2* Report
20.1 Report the following information:
20.1.1 Sample identifying information.
20.1.2 Any special specimen selection process

toed, such as removal of sand lenses from undis-
turbed sample,

20. IJ Report sample as airdried if the sample
was airdried before or during preparation.

20.1.4 Liquid limit plastic limit and plastic-
ity index to the nearest whole number and omit-
ting the percent designation. If the liquid limit or
plastic limit tests could not be performed, or if
the plastic limit is equal to or greater than the
liquid limit, report the soil as nonplastic. NP.

20.1.3 An estimate of the percentage of sam-
ple 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 interUhoraioT) testing program has

as yet tarn conducted using this test method to
determine multilaburatorv precision.

21.2 The within laboratory nrvvision ,>f the
result! of mis performed by different operator*
ai one laboratory on two soils using Procedure A
lor the liqunJ limit n *hu*n in Tank 2.

TAil C I FwMn hr O>iiMm
Cmtrm m* \«M>r ti On* Ca.

(Number of Droe»> (F.

21
a
33
J«

If:ii*
30
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ESSENTIAL DIMENSIONS
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