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ALBUQUERQUE OPERATIONS

4.5

4,7

4.3

4,10

~8 N HNO3: Add 250 m. of concentrated Nitric Acid to a 500 mL
volumetric flask containing 200 m. of distilled water and mix
solution well, Cnol solution in an ice water bath, Add distilled
water to 500 mL mark, stopper flask, and mix sclution well, Store
solution in a clean polyethylene bottle labelled with "8 N HNO3" ,
“250 mL HNO3/250 mL distilled water", “Corrosive Acid", dite, and
preparer's initials, NOTE: Always add acid to water., Shake & o
HNO3 bottle and contents to mix solution prior to use. D

Sulfuric Acid: HpSO4, ~98%, ~18 M (v 36 N),. Reagent Grade,
Purchased from chemical supply firms. Handlé oottle with ruoper
gloves and use a hood,

~J M HpS04: Wnile swirling water, slowly add 250 m. of concentrated
HpS04 to a 500 mL volumetric flask containing 200 mL of distilled
water, and mix solution, Cool solution in an ice water batn. Add
distilled water to the 500 mL mark, stopper flask, and mix solution
well, Store solution in a clean polyethylene pottle lavelled witn
"9 4 HaSQ4 (M8 N)", 250 mL MpS04/250 m. distilled water",
“"Corrosive Acid", dat€, and preparer's initials, NOTE: Always add
this acid to water, Use caution wnen nandling HpSUg:  tnis
acid 1is extremely corrosive and will sputter wnen adding to water,
Keep a oottle of ~1 N NaOH to neutralize any spilled Hp8J4 and a
bottle of distilled water nearbdy,

Sodium Hydroxide: NaOH, Reagent Grade, In pellet form, Purcnased
from chemical supply firms,

13 N NaoH: Dissolve 72 grams of Sodium Hydroxide pellets in a
100 ML volumetric flask containing 60 mL of distilled water, swirl
solution and cool in an ice batn, If necessary, add 20 m. of
distilied water to dissolve remainder of NaOH pellets, Cool
solution if necessary, Add distilled water to 100 mL mark of flask,
stopper flasks, and mix solution well, Store sclution in a
polyetnylene oottle labeled with “~ld N NaOH", "72 g wnNaoH/10J mi
distilled water", date, and preparer's inTtials,

~1 N Naod: Qissolve 4.0 grams of Sodium Hydroxide in a 100 mL
volumetric flask containing ~75 mL of distilled water and mix to
dissolve wNaud pellets, Cool solution 1in an ice Dpath. Add
distilled water to 100 m. mark of tne flask, stopper flask, and mix
solution well, Store solution in a polyethylene bottle laoeled
with “«1 N NaOH", "4.0 g NaOA/100 m. distilled water", date, and
preparer'sinitials, NOTE: Prepare fresh solution every 3J days.

Zinc Acetate:  In(CpH302)z, also Zn(Ac)p.  Reagent  Grade,
Purchased from cnemical supply firms, i

220 g In(Ac)p/L: Dissolve 22 grams of Zinc Acetate in a 100 mL
voiumetric flask containing ~75 mL of distilled water and mix
solution to dissolve the salt, [f necessary, add ~15 m. of
distilled water to dissolve remaining salt, and mix solution., Add
distilled water to tne 100 mL mark, stopper flask, and mix solution
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5.0

well, Store solution in a polyethylene bottle labeled with “-22y 9
In(Ac)/L", "22 % In(Ac)2/100 m. distilled water", date, and
preparer's inftials, NUTZ: Prepare fresn solution every JJ days
and discard old solution,

4,13 Hexane, Reagent Grade. Purchased from chemical supply firms.

4.14 pH paper (1-10): Hydrion or its equivalent,

PROCEDURE: PREPARATION FOR THE COLLECTION OF WATER SAMPLES

Two (2) weeks prior to water sampling, tne following steps must oe
initiated and completed oy appropriate members of tne TAC and 1its
subcontractors,

5.1 Tne Site Hydrogeologist (SH) will determine the site locations to oe
sampled, numdber of samples per location, and analytes to be
determined in eacn sample oy tne analytical laooratory,

5.1.1 Determine for wnich constituents each sample is to bpe
analyzed, Prepare a work order plan and give to #ater BOA
TR. Attachment 16,2,1,3 is a plank work order plan,

5.1,2 Tne §4 snall inform tne JEG Water Samplers of any changes in
site locations, samples to Dbe colliected, sample volume,
nuclides/anaiytes, or otner information wnich will ennance
water quality determinations,

5.1.3 Group tne samples into lots, A lot will consist of: 9 field
samples, 4 replicates of one of tne field samples, and one
known or control sample, As far as it is practicadle, lots
should be composed of chemically similar samples. At least
one out of two lots will contain splits, Tne TDS content of
the known solution should be similar to that of the lot witn
which 1t 1s associat~d. One plank sample will be prepared
for each sit., Notify the water Sampling Manager of the
sanples in . meno (see Attachment 16.2.1.,2 as an example)
including any special instructions and/or maps.

5.2 Tne SH or Tecnnical Representative (Tech Rep) shall prepare a work
order plan and a requisition, witn information from 5.1 apove, for
review and approval by tne Task Manager of #ydrological Services,

5.2.1 Upon approval and signature of the Task Manager, the Tech Rep
snall deliver the plan and requisition to tne designated
Contract Representative for tne Basic Urdering Agreement
(80A) Tech Rep.

5.2.2 Prepare UNC work order plan witn cover letter to UNC (see
Attacnment 16, 2.1,4), Qetermine tne desired TOS for each
known solution from eitner tne site nydrologist or previous
analyzation rounds,
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5.3

5.4

5.5

The BOA Tech Rep shall inform the analytical laboratory of tne:
5,3.1 Plannec collection of surface and/or groundwater samples,

5.3.2 Approximate numoer of surface and/or groundwater samples to
be collected and snipped to tne laporatory,

5.3.3 Analytes to be determined in each water sample, and
5.3.4 Approximate date samples to be delivered to the laporatory,
The JEG Water Sampling Manager shall perform tne following duties:

5.4,1 Determine the water sampling scnedule, Advise tne wWater BOA
TR of any changes,

5.,4.2 Prepare maps for the water samplers and the Health & Safety
Group showing all sample locations, Inform tne samplers in
writing of tne type of samples to be collected at eacn
location, Make sure samplers have all required keys,

$,4.3 Coordinate witn UNC tne snipping date of the known or control
samples to tne laboratory,

5.4,4 Provide the water samplers with all eqguipment and supplies
required for the site visit,

Tne JEG water Samplers snhall prepare for tr. coliection of water
samples by performing tne following duties.

5.£,1 Inventory the equipment to make sure that required equipment
is present, See Attacnment 19.2,1.5,

9.5, Review data from previous sample collections, For example,
oobtain  previous temperature, conductivity, and pH
measurements for use as a field reference wnen sampling and
testing water samples,

5.5.3 Make sure that the~e is & sufficient quantity of sample
bottles in the preper sizes, filters (if required), and
pre-addressed lanzls,

9.5.4 Make sure that tnere is a sufficient volume of reagents
and/or solutions for preservation, field measurements, or
field anralysis(es).

6.0 PROCEDURE: COLLECTION OF SJRFACE WATER SAMPLES

Surface water samples will pe collected oy tne “grad" metnod (i.e.,
random immersion of a clean sample container into a dbody of surface water
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4.2) Data Collection Sheets: Water Quality Sampling Record
Forms, Chain-of-Custody Forms, &nd Sample Collection
Procedures.,

5.0 ERQCEDURE: Field Measurements 2f a Collected Water Sample

$.1 Whenever practical, final field measurements are to be
taken after at least three (3) borehole volumes have been
punped from the well and as close to the time of sampling
as is possible.

5.2 Field measurements to determine temperature, conductivity,
and pH are performed on a water sample as it is be‘ng
collected and are to be recorded on Attachment 16.1.10.2.

5.3 Alkalinity is determined on an aliquot of the raw water
sample and prioer to shipment of the sample vo the
laboratory. Titration volumes at a specified »)H are
observed and recorded on Attachment 16.1.10.2, page .| of 4.
Known alkalinity solution data are cbserved and recoirded on
Attachment 16.1,10.3. '

5.4 Total Acid determinations are performed on seclected
groundwater or lysimeter (pore water) samples. This data
is recorded in the "COMMENTS" portion of Attachment
16.1.10.2.

6.0 FPEOCEDVRE:  Temperature Meas.-ement

A conductivity meter and electrode with a thermemeter built into
the electrode are strongly recommended for this procedure.

6.1 Clean thermometer by washing it in a solution of soap and
water, Use a brush to scrub the thermometer. Rinse

thermometer well with distilled water and blot dry with
lint-free tissue(s).

6.1.1 NOTE Alvays blot dry thermometer and electrode
with tissue. Water droplets remaining on these
probes may dilute or olherwise affect measurement
data. Rubbing probes with tissue may result in
warming the thermometer or produce an electrostatic
charge on the electrode and so directly alter meter
readings.

6.1.2 If Conductivity Meter has a thermometer built into
the electrode, use instructions of 6.1.

6.2 A combination conductivity-temperature probe is used in the
field. This thermometer must be checked against a lab
grade mercury thermometer at least once a month. At the

JEG-AL-QA~21(8/87)
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"Same time, the conductivity meter is alsu tested for
accuracy, using the following procedure.

6.2.1 Pour approximately 30 mL of lab prepared KCL
solution of 4.3 above intc a clean beaker. Place
the clean temperature- conductivity probe into the
solution. Place the beaker in an ice bath, and
using a lab grade mercury thermometer, chill the
solution to as near 0' C as possible., Salt should
be placed on the ice to reach thie low temperaturve.

6.2.2 When the KCL solution has reached » moximum of 23°*
C, read and record the temperature fiom the lab
thernometer and the meter.

Also read and record the conductance.

NOTE: 1If meter has an automatic temperati.re compensator
(ATC), turn off ATC or turn dial to "0." D¢ pot use ATC
for this test.

6.2.3 Remove the beaker from the ice bath to allow it to
warm. Continue reading and recording temperat.ire
pairs as well as conductance at least every 2° C up

S 35 €. Remove thermometer from he beaker,
clean with distillud water, pat dry with tissue(2)
and store.

€.2.4 Remove temperature~-conductivity probe from beaker,
rinse with distilled water, and blot dry with
tissues, Pour approximately 20 mL of the other
three KCl standards (at room temperature) into four
separate clean beakers. Measure and record the
conductance of each solution, being sure to rinse
and dry the probe between measurements.

6.2.5 Remove temperature-conductivity probe from thea
final beaker, rinse with distilled water, dry with
tissue(s) and store.

6.2.6 Using the data from 6.2.2, 6.2.3, and 6.2.4, plot
lab thermometer temperature versus meter
temperature on arithmetic
graph paper. Plot meter temperature versus meter
conductivity
and meter conductivity versus known conductivity on
arithmetic
graph paper. Submit the data and graphs tc the
water sampling
manager.

6.2.7 The meter is now ready for measuring temperature
and conductance in the field.

JEG-AL~-QA-21(8/87)
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6.7 Insert the dry and clean thermometur into the flow-through
. cell. Allow the temperature to stabilize. Record the
temperature measurements periodically on Attachment
16.1.10.2 throughout the time of pumping.

6.3.1 Place the flow-through cell close to the wellhead,
Be sure to keep the cell and discharge hose/tube
out of direct sunlight.

6.3.2 Use the temperature cata to adjust the pH
temperature compensator,

6.4 When the sample bottle {¢ 111, @'t off the pump, and
carefully withdraw the thermometer f.-m the flow-through
cell, NOJE: 1If water
sample looks "d'rty" and cunta.ns res due that will not be
remcved with distilled water, clean thermemeter probe as
stated ir 6.1.

6.5 Rinse thermometer probe with distilled water and blot dry
with lint-free tissue(s). 'The probe is now ready for
ancther water sampling activity or storage.

6.5.1 1If the probe is tv be stored, place it in its

carrying case. Label with '"cle-n", date, and
initials.
. 6.6 Clean equipment as described in 8.8 through 8.10 or Section

16.2.1.

6.7 If Conductivity, pH, Alkalinity, or Total Acidity
determination is required, proceed with 7.0, 8.0, 9.0, or
10.0!

6.8 To prepare wuample for filtration (if required),
preservation (if reguired), and shipment of samples to the
anaiytical laboratory, proceed with 12.0 of Section 16.2.1.

7.0 EROCERURE: _ Conductivity Measurement

A Conductivity Meter and electrode with a thermometer built into
the electrode is strongly recommended for this procedure.
Because conductivity measurement instruments and instrument
ocperation instructions

vary with each manufacturer, the analyst is advised to use the
specific instructions fox instrument operations that are
provided with the conductivity meter to be used by the analyst.

If not already performed, test conductivity meter as described
in Section 6.2.

. 7.1 Remove electrode and cable from carrying case, rinse well
with distilled water, and blot dry with tissue.

JEG-AL-QA~21(8/87)
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’ 7.1.1 Al¥ays blot dry electrode with tissue. Water

droplet(s) remaining on the electrode may dilute or
ctherwise affect conductivity measurement(s).
Pubbing electrodes with tissue may also produce
electrostatic charges on the electrode and thus
directly alter meter re¢adings.

) 7.2 Insert clean and dry electrode/cable into the flow-through
3 cell before water sampling is to begin. Read sample
conductivity and recnrd value(s) periodically throughout
the sampling period and especially just after sampling is
completed.

2

Withdravw electrode and cable, rinse well with distilled i
water, and blot dry with tissue papey. Electrode/cable now
ready for another sampling activity or storage.

T43:3 Label with “clean", date, and initials if electrode
ig to be stored.

7.4 It pH, Alkal'nity cr Total Acidity determination is

required, proceed with 8.0, ©.0, or 10.0. If pH
\ Alkalinity or Total Acidity determination is not required,
preceed with 12.0 of Section 16.2.1.

Tidud To prevare water sample(s) for filtration (if
. required), preservation (if required), and shipment
to the analytical laltoratory, proceed with 12.0 of

section 16.2.1.

7.5 Check Attachment 16.1.10.2 tc make sure that all of the
required sampling data has been recorded.

7.6 Proceed with 12.9 of Section 16.2.1 tc complete regquired
duties,

8.0 BROCEDURE: _ pH Measurement

A pH meter and electrode with a temperature compensator and
a slope adjustment feature are strongly recommended for
: this procedure. Because pH measurement instruments and
# instrument operation instructions vary with each
manufacturer, the analyst is advised to use the specific
instructions for instrument operations that are provided
with the pH meter to be used by the analyst. The meter and
B electrode can be readily adjusted to the temperature of the
sample solution and can be calibrated with pH buffer
solutions so that the analyst may easily and quickiy work
with samples having a pH range of 1-4, 4-7, 7-10, cr 10.

8.1 Rinse the pH electrode with distilled water and blot dry
with lint-free tissue(s).

L
JEG-AL-DA-21(8/87)
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AlxAY® blot dry pH electrrnde with tissue.
droplet (i) remaining on the electrode may d

.

Wate:
llute or
othervise affect neasurement data. Rubbing
electrodes with tissue may result in producing ar
e.octrostatic charge on the electrode and sc
directly alter ti2 meter readings.

wWher not using pH meter/electrode, plways place pH
elestrode in a container of pH 4 buffer solution
and sea. with parafilm or its equivalent.

to performing pH measuramerts in the field o:

in the
at I8t once per gquarter, test the pH meter and
trode: Determine Temperature and pH. The descriptior

is for a meter with an Automatic lTenper~ture
engator (ATC). For meters not equiped with an ATC, the
dure is the sanme.

Prepare a pH 5.0 buffer solution as described or
the pH tablet

bottle and label as "pH 5.% Buffer Soluti
date, and write initials on bottle.

vJour 30 mL of pH 5.0 buffer solution into each of
thrae (3) beakers labelled as "A«H 5.0" (

A), "B-pH 5.0" (beaker B), and "C-pi 5,0"
C).

beaker
(beakel

Plaze beaker A in an ice water bath,
the lab b 'nch, and beaker € in a hot water bath.
Allow beakers 10-15 minutes to acclimate to thei:
media. Swirl beakers to mix solution.

beaker " on

With automatic temperature compensator (ATC) off or
dialed to "0", place a clean and dry pH electrode
and a clean and dry lab thermometer into beaker A
Read pH to the nearest 0.0) pH units and temperature
to the nearest 0.1°' C. Record pH and tenmperature on
Attachment 16.1.10.1.

Withdraw electrode and thermometer, rinse each with
distllled water, and dry with tissue.

Repest 8.2.4 and 8.2.5 with be.ker B.

Fepeat 8.2.4 and 8.2.5 with beaker C. Store clean
¢lectrode as stated in 86.1.2. Store c¢lean
thermometer as stated in 6.5,
Piot pH and temperature data on semi-lo
paper (pH versus teuperature). Attach this
Attachment 16,1.10.1.

9 graph
aata to
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Unless foregoing data indicates that pH
meter/electrode are not operating properly, pH
meter/electrode is ready for sample collection trip
in the field or laboratory work.

8.3 Calibrate the pH m-“er and electrode with standardized pH
buffer soluti-ns., NOTE: See 4.13 to 4.21.

If pr meter has & slops wljustment feature,
calibrate pH meter and electrode with buffer
solutions which bracket the sample pH.

Set ATC on pH meter to the temperature of the
water pample. Use temperature data from 6.3,
Altarnatively, if the pH meter does not have an
ATC, chill the pH buffer sclution(s) to equal the
water sample ter-erature.

To cal.brate pH meter/electrode for pH 4-7 range,
in. .t clean and dry pH electrode into a labelled
beaker containing a fresh solution of pH 7 buffer,
Measure pH. Adjust pH reading to 7.0, Withdraw
electrode, rinse with distilled water, and blot
dry with tissue. Insert clean and dry pH
electrode into a labelled beaker containing a
fresh solution of pH 4. Measure pH. Adjust the
slope to give a pH reading of 4. Withdraw
electrode, rinse with distilled water, and blot
dry with tissue.

© To calibrate pH meter/electrode for pH 1-4
range, use pH 1 and pH 4 buffer solutions. Use
PH 4 buffer solution instead of pH 7 buffer
80 .ion and pH 1 instead of pH 4 as stated in
B- 4'3V..

© To calibrate pH meter/electrode for pH 7-10
range, use pH 7 and pH 10 buffer solutions.
Use pH 7 buffer solution and pH 10 buffer
solution instead of pH 4 as stated in B, above.

© To calibrate pH meter/electrode for pH 10~12.45
range, use pH 10 ~nd pH 12.45 buffer solutions.
Use pH 10 instead of pH 7 buffer solution and
PH 12.45 buffer 2solution instead of pH 4 as
stated in B. above.

Insert clean and dry pH electrode into a labelled
beaker contain.ng a fresh solution of one of the
buffers which bracket the sample. Measure pH,
Withdraw electrode, rinse with distilled water,
and blot dry with tissue. Repeat with the other
buffer which brackets the sample.

JEG-AL-QA-21(R/ 87
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s © 1f pH 1s within £0.02 units, depending on
certification

of pH buffer solution, proceed with 8.4 and
with pH measurements of wvater samples.

© If pH is mot within $0.02 unite, depending on
certification of pH buffer solution, repeat A,

B, and C
until pH meter/electroda gives repetitive
readings, Repeat at least twice. If pH

meter/electrode does not work satisfactorily,
see Troubleshooting Instructions for pH meter
and electrode.

1f _the pH meter does not have a slope adjustnent
feature, set ATC on pH meter to the temperature of
the water sample. Use temperature data from 6.3,
Aiternatively, if the pH meter does not have an
ATC, chill the pH buffer solution(s) to be used
for the calibration or calibretion checks to equal
the water sample temperature.

A. Insert a clean and dry pH meter into a pH 7 buffer
solution, 1If necessary, adjust pH meter to 7 or
PH reading on pH 7 buffer bottle. Record pH meter
reading. NOTE: Record all pH readings on
Attachment 16.1.10.2,.

B. Withdraw probe, rinse probe well with distilled
water, and blot probe ury with tissue paper.

C. Repeat A and B.

D. Insert clean and dry pH prbe into the sample
solution, obtain pH reading, and record pH
reading.

E. Repeat B,

F. Insert clean and dry pH prohe into a pH buffer
solution that best approximates the pH of the
sample solution. Obtain and record pH reading.

G. Repeat B.

H. Repeat A and B, NOTE: Analyst should determine
when and how often 1) pH meter should be
recalibrated with pH 7 buffer solution, and 2) pH
buffer solution that best approximates the sample
pPH should be used.

I. Analyst should continue with sample(s) until all
of pH data has been obtained and recorded. Use A
through H.

JEG-AL-QA-21(8/87)
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©.7 Insert clean and dry pH electrode into the flow=through
cell soon after well pumping has begun. This will
eliminate or reduce pH meter drift,

8.5 If the pH meter has an ATC, adjust the temperature setting
on the pH meter to the temperature of the sample solution,
NOTE: Use temperature measurement data from 6.3,

8.5.1 Alternatively, if the pH meter has no ATC, reduce
the temperature of the pH buffer solutions when
calibrating the pH meter.

6.6 Read pH and record measurement within five (5) minutes or
after drifs
has ceased, whichever is sooner. Pinse and blot dry
electrode. If possible, perform pH measurement at least
three (3) times during the purging of the well.

8.7 Periodically during purging, check accuracy of the pH meter
with buffer solution(s) that bracket the sample sclution
and adjust pH meter as needed according to 8.3.1 or 8.23.2.

8.8 When purging is completed, withdraw the electrode from the
flow= through cell, rinse the electrode with distilled
water, and blot dry with tissue(s). Measure the final pH
of each of the two (2) bracketing buffers, being sure to
clean the electrode between use of the buffer solutions.

8.8.1 If the meter is accurate within 0.10 units of each
buffer, record the results on Attachment
16.1.10.2. Proceed to 8.9.

8.8.2 I1f the meter is inaccurate (greater than 0.10
units variance with either buffer) recalibrate the
meter. Continue purging and recording pPH of the
sampie for at least four (4) to eight (8) liters

of sample. Return to 8.7 and repeat until
consistent pH reading within 0.10 units is
achieved,

8.9 When a sufficient volume of sample has been collected in
the sample bottle, remove hoses and pumps from the well
hole.

8.10 Clean pH electrode: rinse with distilled water and blot
dry with tissue. PH electrode now ready for another
sampling activity or storage. To store electrode, see
8.1, Label with "clean", date, and initials.

8.11 Clean equipment as described in 8.8 through 8.10 of
Section 16.2.1,

6.12 Check Attachment 16.1.10.2 tc make sure that all of the
sampling data has been recorded on the form.

JEG~AL~QA-21(8/087)
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™ 5.10. 1f Alkalinity or Total Acidity determination is

required, proceed with 9.0 or 10.0 respectively.
.14 To prepare sample for filtration (if reguired),

preservation (if required), and shipment to the analytical
laberatory, proceed with 12.0 of section 16.2.1.

EROCEDURE: _Alkalinity Measurenment

Alkalinity determination {fetpd
farbawtt) is performed on an aligquot of the

rav, unfiltered, and unpreserved water sample by titration of
the sample with an acid and measured by a2 pH meter.

9.1 Fill in all sample information on Attachment 16.1.10.2,
page 3 of 4. NOTE: Record gall procedure information on
Attachment 16.1.10.2, page 3 of 4.

9.2 Wash the Erlenmeyer flask(s) and volumetric flask(s), to be
used for this determination, with soap and water. Rinse
the flasks THREE (3) times with 20 nmlL of distilled water.
Discard rinses. Set flasks upside down to drain. After 10
minutes, remove remaining water droplete by shaking flasks
vigorously.

9.3 Connect clean pH electrode to the pH meter and rinse
electrode well with distilled water and blot dry with
tissue,

9.4 Calibrate the pH meter/electrode as described in 8.3 and
store electrode as described in 8.1,

9.5 Without too much splashing or other vigorous ag.tation ot

the water sample, carefully pour the water sample into a
labelled 100 mL volumetric flask, Add water sample to the
100 mL mark. NOTE: Pour sample down the side of the
flask,

9.6 With as little agitation as possible, carefully pour the

water sample from the flask into a labelled 125 mL
Erlenmeyer flask. If available, add a magnetic stirring
bar, turn magnetic stirrer on, and
stir sample slowly. Record sample aliquot volume on
Attachment 16,1,10.2, page 3 of 4.

9.7 Insert the pH electrode into the sample and suspend the

electrode in the water sample., Adjust the ATC on the pH
meter to the temperature of the water sample. Determine
sample pH and record value.

9.8 Place a 1.6 N H,80, cartridge in the titrator. Record the

titrant lot number of the cartridge (on Attachment
16.1.10.2). Eject a few drops of titrant from the titrator

JEG-AL-QA-21 (/87
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: N & clean tissue, and reset the counter to
' "0000",

9.9 While gently stirring the sample, titrace the sample with
acid by turning the titrator deliver; knob. Obtain pairs
©f pH and alkalinity readings at each pH value listed on
Attachment 16.1.10.2, page 3 of 4. NOTE: The alkalinity
value at the inflection point between pH & ard pH 4 will be
determined by the Site Hydrologist, The volume in nL
equals digital titrator reading divided by 800,

9.9.1 Alkalinity titration endpoints depend upon the
total alkalinity concentration. The following
endpoints will be used:

Alkalinity End Point
0~30 mg/L pH 5.1
31=150 mg/L pH 4.8
150 mg/L pH 4.5

9.9.2 When the titration is complete, check pH meter
calibration (See 8.3). If the meter is accurate
within 0.2 units of each buffer value, record the
results on Attachment 16.1.10.3. 1If the meter is
inaccurate (greater than 0.2 units of each buffer
value), recalibrate the meter and repeat the

. alkalinity test,

9.10 Repeat this procedure with a second Tech Rep performing
the titration on a fresh aliquot of water sample.

9.11 Calculate the relative error (R.E.) as:
xlr- ngrx 100%

R.E. (§) » X
8

Where X, is the first alkalinitf measurement at pH
endpoint, X, is the second alkalinity measurement at pPH
endpoint, and X, is the lesser of X, or X,

9.12 If the percentage error is greater than ten percent
( 10%), vepeat the foregoing procedure until two (2)
consecutive measurements are within 10% relative error.

9.13 Perform alkalinity determinations on three (3) Xknown
solution(s) submitted to JEG by a guality contrel
laboratory and record the pH and alkalinity values on
Attachment 16.1.10.3, When performing this procedure, the
standard solution identification, site identification,
alkalinity test kit identification, pH meter

identification, date, and Tech Rep name must be filled out

‘ on Attachment 16.1.10.3, Send this attachment to the

Quality Control Laboratory

JEQ~AL-QA-21(08/87)
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ALBUQUERQUE OPERATIONS PAGE _15 oF 1’
. - VIT.T Bénd 3 copy of Attachment 16.1.10.3 to the Data

nanugor who will record this data on a form
similar to Attachment 16.1.10.3 provided by a
guality control laboratory.

9.13.2 Fleld alkalinity valuees and known solution values
must agree within 10% of each other or the field
test will have to be repeated until the values are
accurate.

9.14 To prepare the sample(s) for filtration (if required),
preservation (if required), and shipment, proceed with
12.0 of Section 16.2.1.

9.15 If Total Acidity is required, proceed with 10.0.
9.16 To complete duties, proceed with 12.9 of Section 16.2.1.

10.0 FROCEDURE: _Total Acidity

This procedure is performed on selected yroundwater or
lysimeter (pore water) sa ples to determine the total acidity
of the solutions and to determine the acid-neutralizing
potential of carborate materia'’s within silty soils or

sediments.
i M

10.1 Record site identification, location identification, date,
and all titration data under "Comments" on the Soil Water
Sampler Data Record, under ‘"Notes" of Attachment
16,1.10.2, or on a separate data sheet.

10.2 Calibrate the pH meter’/electrode as described in 8.3 and
store pH electrode as escribed in 8.1,

10.3 Rinse & 100 mL graduated cylinder and a 125 mL Erlenmeyer
flask with distilled water. Place cylinder and flask
upside down to allow excess water to drain. Remove
residual water droplets by vigorously shaking the cylindar
and flask., NOTE: 1If a 100 mL cylinder is unavailable,
use a 100 mL volumetric flask.

10.4 Carefully pour a 100 mL aliquot of the unfiltered water
sample into the graduated cylinder and then carefully pour
the sample into the 125 mL titration flask. NOTE: Pour
sample down the side of the cylinder and flask.

10.4.1If necessary, use a sample aliguot of less than
100 mL, to perform a second titration. NOTE: Two (2)
. sample aliquots of 50 mL each with titrations on each

aliquot are preferred to one (1) sample aliguet of 100 mL
and one (1) titration.

JEG-AL-QA-21(8/87) .e
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10.5 Place clern pH electrode into the water sample, add a

magnetic stirring bar, place sanple on a magnetic stirre:
arnd gently stir sample. Record the initial sample pH.
Withdraw pH electrode, rinse electrode with distilled
wvater and blot dry with tissue.

Place a 1.6 N NaOH cartridge in the titrator. Record the
HACH titrant lot number of the NaOH cartridge. Eject a
few drops of titrant from the titrator tip, wipe tip with

clean tissue, and reset the counter to "0000".

While gently stirring the sample, turn titrator delivery
knotk and start titration. Record sample pH and
corresponding volume of NaOH

titrant after every 1-2 turns cf the titrator delivery
knob (volume

in mL = digital titrator reading divided bty 800). If pH
endpoint of 8.3 is obtained after less than eight (8)
turns, then re=-do the titration,

/7.1 Do not use color indicator tabletes to determine
the pH endpoint,

Use a 0.16 N NaOH cartridge to re-do the
titration. Record use of 0.16 N NaOH on the data
sheet Form 10.1.

Rinse all glassware with distilled water. Set glassware
upside down to allow excess water to drain

Calculate the total acidity as follows:

V& X N, X 10
Acldity, u egquiv/liter® T
a

Where V., = Volume, in mlL, of NaOH titrant used to obtain
PH 8.3, N = Normality of NaCH used to titrate the sample,
and V_ = Volume, in mlL, of sample aliguot (should be 5C

or
100 m

, unless lysimeter produces very little water).
NOTE: Be sure to specify and record which NaOH and Volume
of NaOH are used for the titration.

Repeat the titratien procedure with a second Tech
Rep performing the titration unless there is
insufficient sample volume produced by the well or
lysimeter,

Calculate the relative error in percent (R.E., &%)
as previously described in 9.11.

repeat

If the relative error is greater than 10%,
there 1is

the procedure a third time, unless
insufficient sample volume available.

JEG-AL~QA-R21(0/8T)
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ALSUGUERGUE CPERATIONS PAGE L _CF

‘ | ATTACHMENT 16.1.10.1

EQUIPMENT CHECKLIST
LE41) out all blanks prior 10 ledv!

squeez® bottle

scid dispensette

defonized Hzo
quantity ___ gallons

distilled H0 _____ gallons
water level sounder — Datt bl

hand tape
cloth towels or wipes

ELELD FORMS AND MISCELLANEQUS SQUIPMENT:
Expected no. of samples ___ No. of forms ___

. Clipboard with cover ___

Maps ___ marked w'th well locations
Well information (completion, depth, etc.) ___

Field instruction book ____

Key(s) to well(s) __ To be picked up at __
Clean pails __ Transparent tape _
WD-40 (for locks) ___ Strapping tape (nylon) __.

Marking pen ___
Coolers ___
Shipping address of lab(s):




JACOBS ENGINEERING GROUP INC. e

ALSVUQUERQUEOFERATIONS PAGE
. ATTACHMENT 16,1,10.,1
EQUIPMENT CHECKLIST
r ) i
Lonrents
Phone numbers and contact:
BUMES AND FILTERS
Logic unit Power cord
Regulator Logic unit cord
Wrenches Water hose _
. Air hose
BERISTALTIC PUMP
Battery cable ___ Rechargeable battery
Clean? yes __ no ___ Battery charger

Fiiter system:

Filter unit legs

Filter size

Inspect filter housing for cracks

Tubing _____ Length

Number of filters
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L AR RV DR AT

J’ E JACOBS ENGINEERING GROUP INC

——

WATER QUALITY SAMPLING RECORD

Fage 1¢1 4

(Gals) (Bore Velumes)

SITE 1D: FINAL FIELD VALUE AT THE SURFACE
LOCATION 1D:
SAMPLE 1D: , pHI(S.V) PRt v T— e
STATIC WATER LEVEL (FT) e Ec (umhos/cm) P S0 e S el
SAMPLE DEPTH (FT) TEMP, (*C) O —
SAMPLING DATE ALKALINITY (mg/l Cat0gy) B pH 4.5 -
SAMPLING TIME: TITRANT: 1.6 N H,80, LOT # e LR
START
COMPLETE FILTER(S) USED
;W——ﬁ“; — ——c——y
COMMENTS
LOCATION DESCRIPTION
AR TEMP. __ C DO (aln) mg/l _Eh soin( M) oy Al 'C
FIELD REP(S)
rnmpm._..mL ﬁum == — — —
DATE | Tive WITHDRAWN " 1 mnesrems L1oer Limui|mori|  commanrs

0.0 0.0

START PUNMPING




ATTACHMENT 16.1.30.2

P 8 o
WATER QUALITY SAMPLING RECORD ol
L ALKALINITY TITRATION
SITE ID: pH ALKALINITY
( /1
LOCATION ID: mg/l CaCOy)
ist 2and 3rd

DATE: INITIAL

pH

.90
ERROR AT 4.50: 'm ; X2 | x 100e__% :.:g

8.05

7.80
18t = % 7.50

§.50
2nd = % 5§70

5.10

480

4.50
pH CHECK AFTER TITRATION 4.25

400
7.00 =

' 400 =

SAMPLE ALIQUOT IS 100 ML UNLESS STATED OTHERWISE,

NOTES

JEG-AL~ENG-44 (8/80)
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"IE JACOBS ENGINEERING GROUP INC.

| ALIURVEIGUE OPLRATIONS

EXHIBIT C
ATTACHWENT 4
SUBCONTRACT NO, 34-8705-8

_AQKNOWLEDQQVE\T QF RECEIPT OF SA'MPLES FO- DELIVERY ORDER NO. 0

$17€ 19: LOCATION 1D SAVPLE 1D

SAVPLE S=1PMENT LIST SAMPLE MATRIX (Check one)
LUt WATER ( ) soiL ( )

BOTTLE SOTTLE

bl Akl HEd (v) 12 ALY REED

A Th 230 g

AYed T G2/8

1 N

M1 4 IR N s 2

¥.2 ot S S SoHITY _

baeA : T0¢ — ( ;

2 Alkalinit PR

Po 759 i d

Pa iif

Fa (i3

CATE ExIFFED: METHOD OF SHMIFMENT:

COMVENTS:

el I R

To be completed by subcontracting laboratory

1 heredy scknewledge receipt of the following on:

(Cate)
Delivary Order ROy e Work Order Plen dated:

Sudbcentracter:
Neme:
Title:

COMMENTS:

In tccordence with Exhidits 3 end C of the Subcontrect:
Water Quality Anglytical

Results due to JEG by:

(cate)

4 ¢l a




ATTACHMENT 16.1,10.3

ALBUBVIRGUE OPRRATIONE

DE’ JACOBS ENGINEERING GROUP INC.
|

STANDARD SOLUTION KNOWN VALUE

REQe

LABe

REQe

LABe

REQe¢

LABe

MR

SITE 1D:

STANDARD ALKALINITY TEST

(mg/l CaCOy)
pH

ALKALINITY TEST VALUES

mg/l CaCOy

FIELD REP ID:

ALKALINITY TEST

PH METER D e

KIT ID:

DATE

SEND TO:

COMMENTS:
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ALBUQUERGQUE OPERATIONS PAGE 2 oF ]

' 3.11 Rope

3.12 Sempling Data Forms: Water Quality Sampling Record, Chain-of.
Custody Forms, etc,

4,0 CHEMICAL AND REAGENTS

NOTE: Whenever required by the procedure, JEG purchases and uses
prepared, calibrated, and certified solutions froz chemical supply firms,
Tne following are 1isted in the event certified solutions are not readily
aveilable or are used whenever procedure parameters do not require
certified solutions, In the event that solutions require preparation,
they will be prepared at the laboratory defore going into the field,

4.1 Hydrochloric Acfd: HC1, Reagent Grade, 36-383: <12 M (M2 N).
Purchased from chemical supply firms, -

4.2 2 N HC1: Add 167 m. of concentrated Mydrochloric Acid to a 1000 mi
volumetric flask containing 750 m. of distilled water, and mix
solution, Add distilled water to the 1000 m. mark, stopper flask,
and mix solution well, Store solution in a clean polyethylene bottle
labelled with "2 N MC1", "167 mL HC1/1000 mL distilled water", date,
and preparer's initials, Shake solution prior to use.

4.3 Sodium Mydroxide: NaOM, Reagent Grade. In pellet form. Purchased

q from chemical supply firms,

4.4 ~1 N NaOH: Dissolve 4.0 grams of Sodium Mydroxide in a 100 mL
volumetric flask containing 75 mL of distilled water, and mix
solution to dissolve WaOH pellets, Cool solution in an fce bath,
Add distilled water to the 100 m.L mark of the flask, stopper flask,
and mix solution weli, Store solution 1n a polyethylene bottle
labeled with "~ N NaOW", “4.0 g NaOM/100 m. distilled water", date,
and preparer's inTtials, NOTE: Prepare fresh solution every 30 days
and add a new date,

4.5 Hexane: Reagent Grade. Purchased from chemical supply firms,

4.6 pH paper (1-10): Hydrion or its equivalent,

5.0 PROCEOURE: SAMPLE COLLECTION FOR ORGANIC SUBSTANCES

5.1 Sampling Principles

5.1.1 A consideration in organics sampling is what materials occur
in the well from which the samples are obtained. Where PVC
well casing 1s used to construct monitoring wells, casing
sections should be connected via screw threading, not with
organic cementing compounds, glues, or any solvents. Tnis
requirement should be specified in all Scopes of Work for

| well installation, Also, because the PV( casing may leach or

| adsord trace organics, identically constructed PVC wells in

JEG-AL-QA-21(8/87)
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ALEUQUERQUE OPERATIONS PACE

5.3

5.4

6.5

5.6

5.7

5.8

0

§.2.3 The trip dlank will be transported to each of the sampling
locations and returned to the analytical laboratory when
sampling has been completed,

Jnwrap & clean teflon bailer, rinse inside of baitler with disti))ed
water, and discard rinse, Repeat TWICE more with distilled water,
Shake batler vigorously to remove excess water, NOTE: If bailer s
not clean, clean bafler as described in Section 5,10,

5.3.1 Rinse outside of bailer several times with distilled water
and discard rinse., Dry outside of bafler with tissue(s).
Batler now ready for sampling activity,

Purge well unti] the temperature, conductivity, and pH of the purged
water stabilize, Tney may not staoflize within 10 percent of inftisl
reading 1f the finftial readings are taken on water that has been
standing n the well for a long time, NOTE: To measure and record
data for tnis and other steps of this procedure, use Sections 6.0,
7.0, and 8,0 of Section 16,1,10

After the well stabilfzes, slowly sudbmerge the bafler and fi1l the
sample chamber completely. NOTE: Do not agitate water sample by
splashing, etc, Vvolatile organics could escape due to the agitation,

arin? the dafler to the surface and, with a minimum of azitation,
slowly drain tne water finto a labelled sample bottle until it
overflows by adbout 1.5 bottle volumes, If possidle, obtain and
record temperature, conductivity, and pH of the sample on Attachment
16,1,11,3, NOTE: Drain sample down the side of the container.
Avold direct contact with a dirty surface; always rest the bailer(s)
on a clean plastic sheet. Use a new bafler rope for sampling each
well to avold cross contamination,

Immediately cap the bottle, making sure that no headspace or bubbles
exist within the bottle,

Place the sample(s) 1n a cooler that contains “blue ice" or its
equivalent and ship to the analytical laborator fmmedia“ely,
NOTE: Samples must arrive at the ladboratory witnin 24 nours of
collection,

5.,8.1 Separate field samples into sample lots for packaging and
shipment to the analytical laboratory,

5.8.2 A sample lot should consist of no more than nine (9) field
samples, four (4) replicates of one of the field samples, and
at least one (1) known solution,

$.8.3 GEvery field sample and known solution will also be split into
a sample suomitted for lad analysis(es) and a sample to be
archived, NOTE: Archived samples are stored by the
analytical laboratory and may be analyzed by that laboratory
and, at the discretion of JEG, used for re-analysis(es) or
other purposes,

JEG-AL-QA- 21 (0/87)




ALBUGUERGUE OPERATIONS PAGE. S _or ]

!l1 JACOBS ENGINEERING GROUP INC.  gecrion 1811

§.13

data has been entered, comments made, any deviation(s) from the
sampling procedure recorded, and reason(s) for such deviation(s).

| q 5.9 Check Attachment 16,1.11.3 to make sure a1l of the required sampling

6,10 Clean and decontaninate tne bailer(s) used for sampling as soon as

possidble, and do not allow batler(s) to air dry., NOTE: It fis
difficult to remove the contaminants adnering to the bailer when it
is dry.

6,10.1 Tnoroughly scrub and wash the bdafler with warm tap water
and detergent., JUse 8 brusn, Rinse bailer several times
with tap water to ensure complete removal of the detergent,

§.10.2 Rinse the batler at least three (3) times with hexane or -2
N HCY, followed by at least three (3) rinses with distilled
water,

§5,10.3 Dry dailer exterior with a lint-free towel, Bailer is now
ready for another sampling activity or storage,

5.,10.4 If patler is to be stored, wrap bailer with a clean plastic
:heet f"d seal with tape, Label with "clean“, date, and
nitials,

5,106 In coses where gross organic contamination or an immiscible
phase 1s present, it may be necessary to dedicate a bailer
to each sampling station,

To prepare the sample(s) for snipment to the analytical laboratory,
proceed with 6,0,

Perform the following POST«Ci LLECTION DUTIES:
65.12.1 Clean up field equipment,

5,12.2 Replace expended fitems, filters, reagents, reagent
solu*tions, etc.

5.12.3 Repair broken equipment or report/request replacement.

§,12.4 Make photocopies of all field forms associated with a given
sample lot and distribute copies to tne Site Hydrogeologist,
Data Manager, wWater Sampling Manager, and the BOA Tech Rep
within two (2) weeks of the date of sample collection,
Submit any additional information to the Data Manager,

§.12.5 Give original field form(s) containing the sampling
information to JEG Document Control,

Notify the Site Manager, by a memorandum, of the collection of the
field sampling data and delivery of this information to JEG
Document Control,

VJ!Q- AL=QA=21 (8/0T)
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ALBEUGUERQUE OPERATIONS PAGE or
. 8.2 Korte, N. an” P, Kear), 1984, “Procedures for tne Collection and
Preser ot~y of Groundwater and Surface wWater Samples and for the

8.3

8.4

8.5

8.6

8.7

Installation of Monitering Well.," U.S. Department of Energy, Grand
Junction, Colorade,

Miller, G, D., 1382, “Upteke and Relcase of Lead, Chromium, and
Trace Level volatile Qrganics Exposed to Synthetic well Casings.”
Proc., 2nd wNat') Symp. Aquifer Restoration and Ground Water
Monitoring, 1942, 236-245.

Nielsen, D, M, (ed.), 1983, ‘“"Chemical Prodlems 1in Groundwater
Monitoring Programs." Proc, 3rd Nat'l, Symp, Aquifer Restoration
and Ground Water Monitoring, 1983: 263.271,

Pettyjohn, Wayne A., W, J. Dunlap, R, Cosby, and J, W, Keelev, 1981,
"SlMplfn? Ground wWater for Organic Contaminants." Groundwater,
19 (2,: 180-189.

USEPA, 1979, Methods for Chemical Analysis of wWater and Wastes,
EPA-500/4-79-020,

USEPA, 1985, Practical Guide for Ground wWater Sampling., EPA
600/2-85/104

. 9.0 PROCEDURE REVIEW AND APPROVAL

Prepared By:
Reviewed By:

Reviewed By:

: Approved By: %LA-L\, A“( Hha 5 Hiw
0JeC ager

JEG-AL=QA~21 (8/87)
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ATTACHMENT 16.1.

Point Source
Bailer

POINY SOURCE BAILER
aliows samping o
specilic POt within 8
”,:-,q:,q'-.g well

.
Threaded and press ned
construction alipws 1
cese of geconiaminglion

.
Aggtiornal 1 100! midses
1on(s) may he 220l ot
the center 10 inC'ease
wiume

.
Avaiable 1n polyviny
thionge (PVC) o all
virgin palyietratiyoroethy
iere (PTFE) LEXANY ot
slaniess s'eel

SIZES AVAILABLE

PTFE:

1in¢h OD they

45 inches OO0

(254 mm . 11430 mm)
Lengths: 2 thru 6 1

TIMCO™ Bailers
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PAGE il OF .

EQUIPMENT CHECKLIST

| BUl

sufficient volume 4

sufficient volume 7

sufficient volume 10

REAGENTS & _BOTTLES

Litmus paper

Nitric acid (pres.)

Sulfuric acid (pres.)
not required *
Other reagents

not required

Required sample bottles:

Sufficient bottles

Alkalinity kit
ck reagent volumes
ck glass for breakage

Number of 1000 ml plastic bottles
for Al, M2, Poel0, Th230, CN, S,
Pb210, Ra226, Ra2ed® _____

Number of 500 ml plastic bottles
for Gross Alpha-Beta, Nl

Number of 500 ml amber glass
botties for TOC ____

Number of 1000 m) amber glass
bottles for TOX

* 1f required, must explain under Comments.

ATTACHMENT 16.1.11.¢




CEWF INC SECTION

ALBUQUERQUE OPERATIONS PAGE

EQUIPMENT CHECKLIST
{F11) out 211 blanks prior to leaving for field)

QTHER EQUIPMENT Lomments
squeeze bottle LS
acid dispensette R

defonizea H,0
quantity _____ gallone

distilled H0 ____ gallons
water level sounder battery check ,

hand tape
cloth towels or wipes

EIELD FORMS AND MISCELLANEQUS EQUIPMENT:

Expected no. of samples ____ No. of forms ___

Clipboard with cover ___
q Maps __ marked with well locations

Well information (completion, depth, etc.) ___

Field instruction book _ __

Key(s) to well(s) ___ To be picked up at ___
Clean pails __ Transparent tape _ __
WD-40 (for locks) ___ Strapping tape (nylon) __.

Marking pen ___
Coolers ___

Shipping address of iab(s):

ATTACHMENT 16.1.11.2

JEG-AL<QA-21 (8/87)
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WATER QUALITY SAMPLING RECORN

JORE VOL CALSULATION |
(i e L lJl SAMPLING INFORMATION

(9/72)

g e e i e Ll

LOCATIO!

L [ 1 O ——————————————

DEPTH TO WATER (':) (FT) LR WITHDRAWAL METHOD Ly

oL, (FT)° oo Ec METERID

pH METER 1D

PEPTH OF WELL (Mg)(FT.) e FILTER SI2B can ien R —
WELL DIA (g) (FT.). . THERMOMETER D s

PUMP 1D
Eh METER 1D .
A UETEL

) o S
W\ ik S

CALIBRATION INFORMATION
C

JATE OF LAST EC CALIBRATION i o

TIME OF pH CALIBRATION

»
oH AFTER MEASUREMENT . FOR STANDAR"™
oM AFTER MEASUREMENT F R STANDARL

SHIPPING INFORMATION

LAB(S) SHIPPED TO:

DATE(S) SHIPPED:

METHOD OF SHIPMENT:

L e

JEG-AL-ENG ¢4




Page 3¢l @

WATER QUALITY SAMPLING RECORD
ALKALINITY TITHATION

b SITE 1D _ oN ALKALINITY
LOCATION ID: Mgt Sy |
' T 2nd 318!
DATE: l
8.50 l
ERROR AT 4800 | X1 =X2|, 10pe o 860 | :
x5 _ 8.30 '
8.05 ’
7.80
gt % 7.50
6.50
2nd = % 570
5.10
480
4,50
pH CHECK AFTER TITRATION 425
7.00 = .99
400 =
NOTES

JEG-AL-ENG-4d (28/p7)
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ACKNOWLEDGEMENT OF RECEIPT OF SAMPLES

FOR ORGANICS ANALYSIS

SITE ID

LOCATION ID SAMPLE NO.

EQTTLE
1 GAL. AMBER

VOA VIAL #1

REC'D (/) DELIVERY ORDER NO.
DATE SHIPPED

METHOD SHIPPED

COMMENTS
| VOA VIAL #2 R
SITE ID LOCATION ID SAMPLE NO,
BOTTLE REC'D (/) DELIVERY ORDER NO.
DATE SHIPPED
1 GAL. AMBER s
METHOD SHIPPED
VOA VIAL #1 -
COMMENTS
VOA VIAL #2 e

| HEREBY ACKNOWLEDGE RECEIPT OF THE ABOVE SAMPLE(S) ON

DATE
SUBCONTRACTOR
LABORATORY
NAME
’ TITLE
ANALYSIS DUE DATE (IN ACCORDANCE WITH EXHI3IT B OF

CONTRACT NO.

JEG-AL~ENG-58 (10/88)
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EFFECTIVE 8.30-90

NEUTRON PROBE ACCESS HOLE CLOSURES SUPERSEDES

PAGE 1 OF 3

1.0

2.0

3.0

4.0

PURPOSE

To provide guidelines fer neutron probe access hole abandonment and closures
on UMTRA Project sites.

SLOPE

The scope of this procedure will encompass only the neutron access holes
that are located on DOE UMTRA sites and are installed on remediated uranium
mill tailing piles.

AUTHORITY AND NOTIFICATIONS

3.1 The DOE shall have the ultimate authority to designate abandonment and
¢lusure of neutron probe access holes. Recommendation to abandon and
close these access holes shall be made b the technical staff in
writing through the TAC Prcject Manager to the DOE and only in cases
where data gathering acti' *i¢ are determined to be complete or no
longer necessary.

3.2 When DOE has authorized the svandonment and closure of neutron probe
access holes, the TAC shall take the necessary steps to ensure that
abandonment and closure of access holes are appropriately performed in
accordance with the prescribed methods listed below and related
standard operating procedures.

3,3 The TAC shall notify all state and tribal government agencies in

addition tc the Nuclear Regulatory Commission and Department of
Interior, as appropriate.

ENVIRONMENTAL, HEALTH AND SAFETY

4.1 A1l reasonable precautions shall be taken in the performance of this
procedure to protect the environment and assure the health and safety
of employces and the public. Work under this procedure shall be
conducted in compliance with the established health and safety
regulations of the Occupational Safety and Health Administration
(OSHA), the Department of Energy (DOE), and other applicable Federal,
state, and local regulations and requirements. Because this procedure
involves excavation, particular attention is called to the recently
amended OSHA ruie on excavations (29 CFR 1926, Subpart P). The sides
of any excavation will need to be adequately sloped or shored. The
recommended means of cutting off the tube is the use of a pipe cutter,
if feasible.
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5.0

4.2 The personnel performing this procedure shall attend a fieldwork
brioJﬂng before starting any work and shall use the following personnel
protective equipment:

Hard hat

Safety boots

Eye protection

Hearing protaction (1f noise generating equipment is used)
Coveralls

Work gloves

coo00QCO

4.3 Adeguate fire extinguishers and first aid kits shall be available at
the work site.

4.4 Accidents and/or injuries shall be reported to the TAC Environmental,
Hea:th and Safety Manager promptly. A verbal report by phone should be
made as soon as possible, but in any event within 24 hours. Written
reports of incidents resulting in Tost work time or medical treatment
shall be submitted within 48 hours after the complete information on
the incident is known.

PROCEDURE

The Procedure to pe used to close the hole shall be in accordance with the
details provided in Figure 1and in the following steps. Please note that in
some instances a protective casing may not have been installed. Therefore
references to the protective casing can be ignored when implementing the
procedure,

5.1 Fi11 access tube with bentonite chips to the top of the radon
barrier and add water to hydrate chips. One hour is required for
complete hydration of chips.

5.2 Excavate access pit by hand using shovels, picks, and buckets. Ensure
access pit sidewalls have low enough angle to avoid slumping and
caving. Access pit must be of sufficient size to allow adequate
working space. Stockpile excavated material into separate piles for
easy reuse. Use buckets or plastic sheeting to contain and separate
excavated material. The bottom of the access pit is to be excavated
two to three inches into the filter bedding material. Do not excavate
pit below the base of the filter bedding material. Be sure to
stabilize protective casing and inner access tube during removal of
material by attaching a durable guideiine(s) for support.

5.3 Cut protective casing ard inner access tube using torch or cutoff saw
as close as possible to the bottom of the access pit. While cutting
the casing and tube, 1lateral tensfon must be applied to the
guideline(s) to prevent the protective casing and inner access tube
from collapsing. As the cutting proceeds, the upper portion
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(protective casing/inner aczess tube) can be slowly lowered to one side
of the access pit using the guidelines. Take particular care to avoid
disturbance to cover components.

5.4 Remove the upper portion from the access pit. Depending un the
fnstallation procedure employed, this upper portion may be extremely
heavy and cumbersome. Therefore, take necessary safety precautions to
avoid undue risk to personnel.

5.5 Inspect the cement grout anchoring the protective casing into the radon
barrier to ensure it is completed to the top of the radon barrier. If
necessary add bentonite-cement grout to achieve the desired level. At
least 24 hours are required for the cement grout to cure. During the
curing process finspect and add as required additional grout to
compensate for any settling and cracking that may have occurred.

5.6 Place additiona) bentonite chips in the inner access tube bringing the
level of chips up to within 0.2 feet of the top of the tube and hydrate
with water, After one hour is allowed for hydration place clean sand,
comparable to the filter bedding material, within the annulus between
the protective casing and the inner access tube., Fill the entire
annulus and allow the clean sand to fill the 0.2 feet in the top of the
fnner access tube,

5.7 Replace filter bedding material and recompact material as close as
possible to desiyn specifications for moisture content and dry density.

5.8 Finally, replace rock riprap cover carefully to avoid damage to filter
bedding materia).

5.9 If any additional material is needed for the two layers excavated, the
material must be as close as possible to design specifications.
6.0 ATTACHMENT
A schematic diagram is attached showing the idealized specifications for

neutron probe access hole installation, The diagram is provided to assist
in the abandonment procedure.

Prepared by: é&fk Z-"“"’ﬂf? 1
beck [

Reviewed by:

Reviewed by: " /(07

U .'a; 'P‘
Approved by




NEUTRON ACCESS TUBE CLOSURE DETAILS




| JACOBS ENGINEERING GROUP INC.

J* ALBUGUERGUE OPERATIONS

e U S U —

ALBUQUERQUE OPERATIONS MANUA

...... —




m

ALBUGQUERQUE OPERATIONS

as]
™
)

5
"

JE| JACOBS ENGINEERING GROWP INC.  sserion 162
| 10 € e OF
.

. -~ ] -
a for exact location and
own tendenly oOf waste t
10Cations uniike y L0 De
C 1ted sites, or classified a
vackground oampies” should be collected first in order to prever
cross-contamination of the water samples
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7.0 PROCEDURE: GENERAL GROUNDWATER SAMPLING RULES

d.J

7.1 Collect sample first from wells which are likely to oe
uncontaminated, THEN collect samples from wells which could be
contaminated,

7.2 Take water from domestic wells as close to the wellhead as is
practical and downhole, if possiole, NOTE: Do not take a sample
downstream of any device which alters water quality (e.g., a water
softener),

7.3 wWnenever tnere is sufficient wellwater, pump water from tne well and
purge at least three (3) well volumes, Record on Attachment 16,6
when this purging cannot be performed,

7.4 Record any odors, colors, etc, present in tne water s3ample on
Attacnment 16.2.1.6, Mark well location on a map., NOTE: Wnen
sampling domestic wells, request and record information regarding
well deptn, completion interval, use, diameter, etc.

7.5 Record any deviation(s) from or modification(s) to these general
precedures as well as the rationale for tnese changes,

PROCEQURE: DIRECT SAMPLING OF A GROUNDWATER SAMPLE

A water sample is pumped directl- from tnhe well to a proper sample
container, Dissolved constituant samples are tiltered througn a U.45-mn
filter and total constituent camples are not filtered,

8.1 Unwrap clean nose and pump, Connect nose to the c¢lean pump,

8.2 Place nl’ses and downnole pump into the wellhole, Connect a
flow-througn cell and place outlet hose into a clean container to
allow measure 2nt of flow rate, Insert tnerrometer, conductivity,
and pH electrodes intd tne flow-througn cell, NOTE: Position pump
intake a few feet above the screened interval and as near as
possiple to the well screen,

8,3 Start pump and begin purging well, Perform periodical temperature,
conductivity, and pH measurements on water in flow-through cell as
descrived in o.v, 7.0, and 3,0 of Section 16.1,10 and record data on
Attachment 16.2.1.6. Tnese data are used to verify tnat temperature,
pH, and conductivity have stapilized prior to sample collection,
NOTE: Adjust pH temperature compensator, if necessary,

8.4 degin coliecting the wellwater sample after the temperature,
conductivity, and pH of the discharging water has staoilized (i.e,,
within U.1 units, for at least 10 minutes), Collect the required
amount of sample, Close bottle and mix the water sample well,
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8.4,1 Collect the wunfiltered water samples upstream of tne
r;og-tnro: n cell and preserve and store as required, See
. ‘nd IU.

8.4.¢2 Collect tne filtered water sample upstrean of tne
flow-through cell, See Section 12,0,

8.5 If an alkalinity test is required, ootain an unfiltered sample
upstream of the flow-througn cell, Rinse tne volumetric flask two
times with well water, octain a fresn sample, and proceed witn 9.0
of Section 16.1,10.

8.6 Check Attachment 10,2,1.6 to make sure tnat all sample collection
data nas been entered on the form and that all sample bottles are
appropriately laoelled,

8.7 Clean and store tnermometer, conductivity, and pH elestrodes as
described in 6,5, 7,3, and 8.1 of Section io,1.10,

3.4 Dissassemole sampling apparatus., Orain hoses and pumps to ensure
tnat all of the previous water sample is expelled, Clean hoses and
pumps,

d.8.1 Pump 2000 mL of distilled water througn tne hoses and tne
pump, Continue pumping until all of the distilled water is
expellied, Clea~ outside of noses/pumps witn distilled water
and dry the hoses/pumps with tissues., The hoses/pumps are
now ready for anotner sampling activity or storage,

8.8.2 1f hoses and pumps are to be stored, place unit in a clean
plastic oag and seal with tape. Laoel with “clean", date,
and initials,

8.9 Clean flow-tnrougn cell witn distilled water and discard rinse. Set
cell to drain and snake cell vigorously to remove water, Tne cell
is now ready for anotner sampling activity or storage,

d.9.1 If the cell is to pe stored, wrap unit in a clean ~lastic pag
and seal with tape, Label witnh "clean", date, and tials,

8.10 If a filter nas been used, remove filter from nolder and discard.
Clear. apparatus several times with distilled water, #ake sure
inlet and outlet openings are well rinsed, Rinse outside of filter
apparatus and dry witn tissue, Filter apparatus is now ready for a
fresn filter and anotner sampling activity or storage.

8.10.1 I7 apparatus is to be stored, wrap unit in a clean plastic
bag and seal witn tape, Label with "clean", date, and
initials,
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9.0 PROCEDURE: GROUNDWATER SAMPLING FROM A PRODUCTION WELL

Raw samples from production wells will be collected by the "grab" sample
metnod from public, private, and TAC water supply wells during pump tests
or regular pumping,

9.1
9.2

9.3

9.4

3.7

9.8

Unwrap and connect clean hose(s) to tne clean pump(s).

Connect one end of the sampling hose(s)/pump(s) to the well and tne
otner end to a flow-tnrougn cell, Place cell outlet nhose iato a
clean container to measure flow rate, Check all connections to make
sure there are no leaks, Insert tnermometer, conductivity, and pH
electrodes into the flow-tnrougn cell,

Open flow regulator to allow water to pass tnrough flow-througn cell,
Periodically, perform temperature, conductivity, and pH measurements
as descrioed in 6.0, 7,0, and 4.0 of Section 15.1.10 and record data
on Attachment 16,6, Tnis data is used to verify tnat temperature,
PH, and conductivity have staoilized prior to sample collection,
NOTE: Adjust pH temperature compensator, if necessary,

Segin collecting tne water sample after tne temperature,
conductivity, and pH of the discnarging water has stadbilized {104,
witnin 0,1 wunits, for at least 10 minutes). GCollect the required
amount of sample, Close bottle and mix tne water sample well,

9.4,1 Collect the unfiltered water samples upstream of the flow-
through cell and preserve and store as required, See 12.J
and 15,0,

J.4.2 Collect tne filtered water sample upstream of tne flow-
througn cell and proceed with 12,0,

[f an alkalinity test is required, ootain an wunfiltered sampie
dpstream of the flow-through cell, Rinse the volumetric flask two
times with well water, ootain a fresn sample, and proceed witn 9.0
of Section 16,1,10,

Check Attacnment 16.2.1.0 to see tnat all of the required sampling
data has been entered,

Clean and store thermometer, ¢ ductivity, and pi electrodes as
described in 6,5, 7.3, and 3.1 of Section 16.1,10.

Clean filter apparatus: remove filter paper and discard (if
required), wasn filter apparatus witn detergent and water, and rinse
well with distilled water, 0Ory filter apparatus, with tissue,
Filter apparatus now ready for another sampling activity or
storage. NOTE: de sure inlet/outlet hoses are alsc cleaned and
rinsed.
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10,6

10.0

10,7

10,8

10,9
@

10,10
1J.1i

10.12

10,13

10.4.1 1If vatler 1s used because well is "unpumpanle," proceed
with 10,7 and tnen to 10,14, Omit all other steps,

Orain bailer into a clean sampling container such as a carboy,
Also, fill tne flow-tnrough cell with sample water, Unwrap angd
connect clean nose and pump, Place one end of hose into cardoy
*nd remaining end of nose into a sample bottle. Check connestions
10 make sure that they are tignt, Insert clean thermometer,
conductivity, and pH e.ectrodes 1into the flow=tnrough cell and
tignten connections,

rerform temperature, conductivity, and pH measurements on each

carboy as descrioed in 6,0, 7,0, 8,0 of Section 16.1.10 and record
data on Attacnhment 16,2.1.0.

Pump the unfiltered water samples from the carboy into the sample
potties and preserve and store as required, See 12,0 and 15,0,

10.7.1 Next collect the filtered water sample according to 12.0,

If an alkalinity test is required, ootain an unfiltered sample from
the cérboy, Rinse tne volumetric flask two times wi“h well water
and ootain a fresn sample and proceed with 9.u of Section 16.1.,10,

If the uncollected scmple is insufficient, repeat 10.4 and until
tne required sanpie volume has peen collected,

Check Attachment i6.2,1,6 to see tnat all of tne sampling data nhas
been entered,

Clean and store tnermometer, conductivity, and pH electrodes as
described in 6,5, 7.3, and 8,1 of Section 16.1.10.

Clean filter apparatus several times with detergent and water and
rinse witn distilled water, Rinse outside of filter apparatus
with distilled water and dry witn tissue. Tne filter apparatus
is now ready for another sampling activity or storage,

10.12.1 If filter apparatus is to pe stored, wrap unit with a
clean piastic sheet and seal witn tape, Label with
“clean", date, and initials,

Disassemble sampling apparatus, drain hoses/pumps to ensure that
all of the previous water sample is expelled, and clean .oses and
pumps,

10.13,1 Pump ~2000 mL of distilled water tnrough tne hoses and
pumps. Continue pumping until all of ‘the distilled
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water 1s expelled, Clean outside of hoses/pumps witn
distilled water and dry with tissues, Tne hoses/pumps
are 10w ready for anotner sampling activity or storage,

10.13.2 [f noses/pumps are to be stored, wrap unit in a clean
plastic sheet and seal witn tape, Lavel with "clean®,
date, and initials.

10.14 If possiole, disassemdle bailer and wash with detergent and warm
water, Use a brusn, Rinse well with distilled water to remove
detergent,

10,14,1 Rinse pailer at least three (3) times witn hexane or
~2 N HCl, followed by at least three (3) rinses with
distilled water,

10,14,2 Reassemdle pailer and rinse again witn distilled water,
Rinse outside of pailer witn distilled water and dry witn
tissue, Snaxke bailer vigorously to remove water, dailer
now ready for another sampling activity or storage,

10.14.3 If pailer is to ve stored, wrap unit with a clean plastic

sheet and seal with tape., Label with “clean", date, and
initials,

11,0 PROCEUURE: GROUNJWATER SAMPLIdG FPOM SEEPS AND SPRINGS

wnen seeps or springs are present within a study area, it is desiradle
to obtain a water sample, If the seep or spring discharge is small, it
will oe difficult to ootain a large sample. For large discnarge springs,
the sample should be collected by the grao metnod just as a sample is
collected from a discnarging well or collected witn a peristaltic pump.
In eitner case, the steps taken to collect and prepare tne sample should
pe well documented, A typical procedure to collect samples follows, dut
it may oe necessery to improvise to obtain a sample,

11.1 If the seep discnarge is small, place a clean and unused oottle
where tne seep will drip into the container, [f necessary, dig
out the soil matrix to increase tne flow, Dut document tnis on
Attachment 16,2.1.6, NOTE: 1if possidble, determine temperature,
conductivity, and pH data as described in o,0, 7.0, and 3.J of
Section 16,1.10,

11,1.1 Be sure to note and record now long it takes to obtain a
sample,
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1.2 Pump sample througn a filter into a clean, unused, and lapelled
bottle, Record sample volume on Attachment 16.2.1,0, Discard

filter unless directed by tne SH to save the filter for Jlao
analysis,

11.2,1 A small sample volume of as little as 10 m. can be analyzed
for uranium, NOTE: 1If seep flow is small, collect a small
sample and consult SH for furtner instructions.

12,0 PROCEDJRE: FILTRATION AND PRESERVATION OF WATER SAMPLE(S)

Whenever water samples are to be analyzed for solucle (or dissolved)
analytes, insoluble matter must e removed or tnis material may
interfere witn tne analysis(es) and could seriously affect detection
instrument operations, In addition, tne insoluble material in a water
sample may sometimes require analysis(es) and must oe separated from the
dissolved analytes, Tne soludble and insoludble analytes are separated by
filtration, Tne solunle analytes pass througn a filter wnile the
insolubles are retained oy tne filter, Then, if required, the insoluble
matter with tnhe filter 1is saved and submitted for laboratory
analysis(es), The JEG wWater Samplers should consult with the Site
Hydrogeologist prior to sampling to determine if sample(s) should ne
filtered and wnether the inscluble material should pe saved for analysis
or discarded, Tnis snould pe recorded on Attacnment 10,2.1.6,

12,1 Assemole clean hose(s) and clean pump(s), Insert a filter
apparatus containing a new filter between the water source and tne
sampie pottle, Check ali connections to make sure that they are
tignt., NOTE: If tne equipment nas not been cleaned, clean tne
equipment as descrivced in 12,7,

12,c Before collecting any sanples, run a few nundred m. of the water
sample through the filter, Discard tnis water at a site away from
the water source. NOTE: If filter pecomes clogged during tnis
step or during Step 12,3, replace filter as descriped in 12.8.1,
Jo not clean filter or back flusn filter with tne water sample,

12,3 Fill tne sample bottles. Allow no dirt or dust to blow into the
bottles or onto the bottle caps., Rinse *he inside of the bottie
caps with filtered water and screw cap onto oottle. Snake the
bottle to mix the sample, NOTE: wnile Filling tne sample pottle,
and once the sample is in the bottle, do not allow the water
sample to touch anytning but tne pottle walls. Never stick
anytning into the bottle, Do not smoke near open bottles.,

12.4 If  equired, add an appropriate amount of preservative after
filling tne sample potties. Refer to Attachment 10.,2.1,7 for
volumes required and preservation techniques, Record the type of
preservative on the sample label, If preservative is not
required, proceed with 13,0, NOT:: Keep the water samples out
of direct sunlignt,
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12,5

12,0

12,7

12,4,1 If Nitric Acid (MNO3) 1s to be added, add 5 m. of 3 y
HNO3 per liter of sample, mix sample well, and check p¥
of sample solution, pd should oe <2, If pH is >2, add
8 N HNO3, mL by m., with mixing after each addition
untTl pd of sample solution 1s <2, NOTE: Concentrated
HNO3 may be used as an alternate: add 3 m. of HNO3
per liter of sample and mix sample solution well,

12.4.2 1If Hydrocnloric Acid (HC1) is to oe added, add 5 mL of + o
N HCl per liter of sample, mix sample well, and check pA
of sample solution, pH should be <2. If pH is >2, add
6 N HCl, m. by mL, with mixing after each addition until
pH Of sample solution is <2, NOTE: Concentrated HC! may
be used as an alternate: add 3 m. of HCl per liter of
sample and mix sample solution well,

12,4.3 If Sulfuric Acid (HpS04) 1s to be added, add 5 m. of
J M Hp504 per liter of sample, mix sample well, and
check sampie pH, pH should be <2, If pH is »>2, add vy
H2504, m. by mL, witn mixing after each addition until
pi of sample solution 1is <2, NOTE: Concentrated
HS04 may be wused as an alternate: add 2 m. of
H2504 per liter of sample and mix sample solution well,

12.4.4 If Sodium Hydroxide is to pe added, add 2 mL of “13 N NaOd
per liter of sample, Mix sample well and cneck sampTe pH,
If pi 1s <10, add Naod m. by mL until pH s >10. Mix
sample solution well after each addition of NaQH,

12.4.5 If Sodium Hydroxide and Zinc Acetate solution are to pe
added, add 2 mL of ~18 N NaOH per liter of sample and mix
sample solution well, Check sample pH, If pd is <10, add
NaOH mL Dy mL until pH is >0, Add 2 mL of Zinc Acetate
solution (220 g/L) per liter of sample and mix sample
solution well,

Pour a few drops of tne preserved water sample onto tne bottle cap
and dip the tip of the litmus paper into the bottle cap to check
tne pH of tne water sample, If the pH is 2, add acid, or <10, add
Dase as appropriate, Discard cap contents, place cap on pottle and
tignten. NOTE: Keep sample(s) out of direct sunlignt,

Check Attachment 16.2.1,6 to make sure tnat all sampling data nas
been correctly entered, This snould include any comments or
deviation(s) from the procedure.

Clean equipment by draining noses and pumps to make sure tnat all
of the water sample 1s expelled, .
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: |
A . |
24 2 ) Diimr 2 \ ~ |
. 12.7.,7 Pump ~2,000 mL of distilled water or its equivalent t
l - the hoses/tudes and pump, Continue pumping until a fo
the distilled water 15 expelled. 1
|
le€./4¢ RINSE Outlside of hoses and pumps with distilled w 8 |
o - I, 1 N < - . Ty . ’
gr noses ,,Jn...: with t‘br)v’. 4 ’ Hoses JUMP S W T¢ v 4 |
n ," - ' 4 e |
angther sample or )t-’ﬂ,— NJUIL ry nhoses/pumig !
inserting them 1nto the well, before connecting tne t
another pump, or before putting tnem into a car
; P |
12.7.,3 If hoses and pumps are to be stored, place apparatus in a i
Clean pilastic Dag and seal witn tape, Label wit! clean’,
; date, and initials,
" 1 e dmnm  » anasanl 2% B ol e e bl |
1Z, If using disposable filters, disregard 12,83 and proceed t £ '
lean tne filter apparatus by disassembling the unit, discard tne
filter (if required), and rinse al SUrraces wnigh come
contact with the water sampie witnh distille water, ory ot L
apparatus with lint-free tissue(s). Filter apparatus now r
3 “ A " . | A M - ~ o . .
for anotner sampling activity or storage,
I€.8,1 With clean hands, 1nstall a new filter, touching tns
1 . R \ ) - ¢
filter only along its perimeter, Re-assemole the filter
apparatus. NUIL Js€ a pair of tweezers, 11 nece ATy, |
) - i
to handie tne filter, Allow no dirt or dust to olow ont ]
the cleaned apparatus or filts
|
R 2 f ne f1l o AnaAratuc e ¢+ el s r - ‘At |
1€40.,4 i the 11te apparatus > LU Dt » L ed, Plage dapparat
In a4 cliean plastic bag and sea wit! tape .| wil
u,", ' -~ N : 1
clean’, date, and initials,
|
! ¢ 4 rerrorm the folliowing ¢+ 3 [ =0 . ~. { >
1£,9,1 Clean up field equipment,
| ) Y 3 W nA ’ {1 v . . "o
2,9, Replace expended 1tems, filters, reagents, reajent
solutions, etc,
‘
{
ZL g 2 Pepair oroker e inmant r ranart/n $ » aman $ |
TR cpdl \ 1- uiIpmeny 9 SPL v SUMUES L epilacement. i
|
& D ’ " e .
" P Mak e as550C1ated wit a l
|
give COp1 ¢ t tne 1t |
e ~ ner ) ~
vyaro [ 3 A 3‘,r’ in !
A " {
t. s 8] 4 e w : 1 r tw WEPK S " :" : t I Dj b L
\ . , f .
: collection, NOTE oubmt the fina! field values for pH.
temperature, conductivity, an alkadln ty ¢t the it |
Manager who will include this data in the water qualit ‘
data dDase,

R e
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13,0

14,0

12,9.5 Give original field form(s) containing the sampling
information to JEG Document Control,

12,10 Notify the Site Manager, by memorandum, of the collection of the

field sampling data and delivery of tnis information to JEG
Document Control,

PRUCEDURE: PREPARATION OF SPLIT SAMPLES

13.1 Tnorougnly rinse tne split Jug with adbout one (1) gallon of
distilled water or its equivalent, Drain rinse through both the
inlet and outlet hoses,

13, Pump ~10 L of the filtered water sample into tne split jug and
rinse jug thorougnly with the sample, Drain ~inse througn botn
tne inlet and outlet noses/tuoes,

13,3 Wnenever possiple, pump more than enougn filtered water sample
into the split jug to fill all of tne semple sets, As a minimum,
pump more than enougn filtered water sample to fill all of tne
pottles wused for identical analyses, Swirl tne Jug contents
thoroughly to mix tne water sample,

13.4 Dispense sample types consecutively, i.e,, fill one anion bottle

immediately after the other, one metals bottle immediately after
tne other, etc.

PROCEVURE: PREPARATION OF SAMPLE SPLITS, KNOWW SOLUTIONS, AND ARCHIVED

SAPLES

14,1 Separate field samples into sample lots for packaging and shipment
to the analytical laboratory,

14.1.1 A sample 1ot should consist of no more than nine (9) field
samples, four (4) replicates of one of the field samples,
and at least one (1) known soiution,

14.2 Every field sample and known solution may also pe split into a
sample submitted for lap analysis(es) and a sample to be arcnived,
NOTE: Archived samples are stored by tne analytical laboratory
and may de analyzed by that laooratory and, at the discretion of
JEG, used for re-analysis(es) or other purposes.
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16,0 PROCEDURE: PREPARATION OF WATER SAMPLES FOR PACKAGING, LABELLING, AN)

19.V

]S.‘

15,2

15,3

19,4

15,5

15,0

YRANSPORT

Laoel bottles with tne TAC's pre-printed laoels, Fill in &l
appropriate 1nformation in the blank spaces,

Immediately put tne samples requiring refrigeration into an
fnsulated cooler containing “plue ice" or ice, Samples whicn do
not require refrigeration snould be placed in a box or otner
suitable container, filled with apsorper material, sealed, and
snipped to tne analytical laporatory, NOTE: Keep all samples out
of direct sunlignt,

Put the address and telepnone numoer of tne UMTRA Project Office
and the name of a JEG contact in the insulated container, Include
a 115t giving the numper of samples and sample identification in
each container, Use Attacnment 16,2.1.4, Tnis sample list will be
completed Dy tne laboratory and sent to tne BJA Tech Rép S0 tnat
records will be kept on tne list of samples received, This list
can be compared to a duplicate sample list whicn is retained witn
the water sampling data to assure that no samples were lost or
misplaced during snipment,

Tape the container witn strapping tape for shipping, Inform the
laboratory of the sample arrival time and date.

Scnedule sample collection/snipment so that tne samples do not
arrive at the lab after 4 p.m, on a Friday, Saturday or on a
Sunday, Wnenever possiple, snip tne samples so that they arrive
at the laboratory no later than 72 nours after they were collected,

Have tne laboratory document sample lot arrival times, and report
tnis information to the BOA Tecn Rep.

ATTACHMENT(S):  SUPPORTING DOCUMENT(S)

16.2.1.1 Schematic Drawing entitled "Point Source 3ailer”

10.2.1.2 Site Hydrologist to water Sampling Manager memo

19.,2,1.3 Site Hydrologist work Order Plan

16.2,1.4 UNC Cover Letter

e.2.1.5 Equipment Cnecklist

16.2,1,6 Water Quality Sampling Record Form--4 Forms

10.2.1.7 Potential Sample Qverview
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TIMCO™ Bailers

ATTACHMENT 16.2,

Point Source

Bailer

POINT SOURCE BAILER
allows sampling al
epeciic point within a
monioring well

.
Threaded and press fined
construction aliows for
ease of decontaminaiion

.
Agditional 1 100! midsec
hon(g) may be added a!
the center 0 Increase
wiume

.
Availi ble in polyvinyl
chiotige (PVC) or all

¢ ovirgin polytetratiuoroethy

lene (PTFF) LEXAN'Y o
slaniess slee!

SIZES AVAILABLE

PTFE

1ineh OD thry

45 inches QD

(254 mm . 11430 mm)
Lengths: 2 thru § h

]

« 4



ATTACHMENT 16.2.1.2 JEGG/JEC/118B-0620

JACOBS ENGINEERING GROUP INC., ALBUQUERQUE OPERATIONS

10: JFritts

FROM: RHeydenbuw‘%/.
DATE November 14, 1988

SUBJECT: Water Quality Sampling at Spook, WY

Weter quality sampling of monitor wells and lysimeters at the Spook
site should begin on November 28, 1988,

LOT 1

SPKp) 810

911

§13

814

915

818

820

821

822

823

838

84)

702 (1ysimeter)
951 UNC Known

LOT 2
SPKR]

940 splits 951, 952, 953, 954

O B B S N TR S e M
w
w
o

953 UNC Known

916

§25 splits 955, 956, 957, 958

834

944
695 UKL Knowr

SR S N BN EE N B e DL
w
o
~



.2.

Slug tests will be performed fn monitor wells $13, $2B, and 9233
through 844,

Attempt to collect samples from a1) lysimeters. See attached memo of
October &, 1988 regarding locatTOr and sample bottle priorities. 1Y
water 15 obtained from lysimeters 4n addition to 702, include
samples in LOT 1,

Hote thet monftor wells $26 and 830 will not be sampled.

RMire
Attachments

cc: BBearden
EBarks
MGilbert (w/out attechments)
FTitus
Document Contro)



B' JACOBS ENGINEERING GROUP INC.

JL atsvouesous operanons WORK ORDER PLAN - ANALYSIS OF WATER SAMPLES
PAGE 1 OF 2
WORK ASSIGNED BY: SITE:
DATE ASSIGNED: SAMPLE 1D, s
Bottle NO3 J Gross
NMame Ct |SO4] Na| K Mg | Ca a F CN S TKN NHa ¢ INOISIOAPOS] Br | Ay Sbi As | Ba [ Bae | Ca | Cr Co Atpha/3eta
NO2
e SRS * e e
—_— - - p— ——— §— — e
— _-T_ ~e—
Yorat | | | ; SN T TN FraD D)) T O BN P AR A R A o
” ol
Tests L o l
COMMENTS:

JEG-AL-ENG-63 (3/90) 1 OF 2
ATTACHMENT 16.2 1.3
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Mark Mollenbach
UNC Technical Services, Inc.
2597 B 3/4 Rd.

P.O. Box 14000

Grand Junction, CO B1507

Dear Mr, Hollenbach:

Please prepare known snlyu“ions as indicat.c below. Labeled s will
be sent to you by our sampiing team manager, The known solutiv.. should
be bottled 8y indicated on the attached Work Order Plan. Please send the
known solutions to Core Laboratories, 1300 South Potomac, Suite 130, <
Aurora, Colorado 80012.

Very truly yo

JACOBES ENGINE LF'N GROUP INC.

“I’ LC@J Fkﬁtg;

Frank B. Titus
Manager, HMydrological Servic

FRT: Iw

.

Enclosure

cc: MGilbert (w/attachments)
__—— (w c,taLhﬂ“"'

i CounS {

GéLe

IMATE DATE REQUI
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m JACOBS ENGINEERING GROUP INC.  ¢eerien

ALBUGUERQUE OPERATIONS PAGEt O 0
EQUIPMENT CHECKLIST
er 1o leaving for field)

squeeze bottle PR ORa
acid dispensette F<La T
defonized Hy0

quantity _____ gallons
cistilled M0 _____ gallons
water leve)l sounder —— battery check

hand tape

cloth towels or wipes ____

ELELD FORMS AND MISCELLANEQUS EQUIPMENT:

Expected no. of samples ___ No. of forms _
Clipboard with cover __
Maps _ _ marked with wi1) locations __
well information (completion, depth, ete.) ___
Field instruction book ____
Key(s) to well(s) ___ To be picked up at __
Clean pails ___ Transparent tape _
WD-40 (for locks) ___ Strapping tape (nylon) ___

Marking pen ___
Coolers ___

Shipping address of lab(s):

ATTACHMENT 16.2.1.5

JEG-AL=QA-21 (B/8Y)




m JACOBS ENGINEERING GROUP INC.  geerien
ALBUGUERQUE OPERATIONS PAGE 3 CF_ 3

. CQLIPMENT CHECKLIST

fomments

Phone numbers and contact:

BUMPS AND FILTERS
Logic unit __ Power cord
Regulaver . Logic unit cord ____
Wrenches Water hose ___
Afr hose

BERISTALTIC PUMP
Battery cable Rechargeable battery __ .
Clean? yes __ no ___ settery charger ____

Tubing ____ Length ___

Filter system:

Inspect filter housing for cracks __ ___
Filter unit legs __

Number of filters ___

Filter size

. ATTACHMENT 16.2.1.5

JEG=AL-QA- it/



ATTACHMENT 16.2.1.6

JACOBS ENGINEERING GROUP INC

LR R )

WATER QUALITY SAMPLING RECORD

—

Page 10! o

SAMPLING DATE
SAMPLING TIME:
START
COMPLETE

TITRANT: 16 N H,80, LOT #

SITE I1D: FINAL FIELD VALUE AT THE SURFACE
LOCATION 1D:

SAMPLE 1D: pH(S.V) R ——
STATIC WATER LEVEL (FT) oo E: ( umhos/em) R —
SAMPLE DEPTM (FT) TEMP. (*O) et |

ALKALINITY (mp/1 CaCOy3) @ pH 4.6 o

COMMENTS

e e ——————

FILTER(S) USED

LOCATION DESCRIPTION

AIR TENMP i) mp/l __Eh goin (114 my at. e
FIELD REP(S)
TRIAL YaLvig pH F' Ee e
DATE | TIME WITHDRAWN wmhosiem) | (o¢) |imv) ,,'9 , COMMENTS
(Gals) (Bore Volumes
0.0 0.0 - - - STARY PUMPING

JEG-AL-ENG-44 /80




sl

Page 2 of «
WATER QUALITY SAMPLING RECORD

BORE VOL CALCULATION

SAMPLING INFORMATION
(6/2) %9 (hy=hy)*

SITE 1D LOCATION iD
DEPTH TO WATER (hp) (FT.) WITHDRAWAL METHOD
DEPTH OF WELL (hy){FT.) e FILTER SI2ZE L ¥ v
WELL DIA (d) (FT.) THERMOMETER 1D
BORE VOL. (FT.)® Ec METER ID
SCREENED INTERVAL (FT) pH METER ID
PUMP 1D
Eh METER ID
D.0. METER ID ..

CALIBRATION INFORMATION
DATE OF LAST Ec CALIBRATION
TIME OF pH CALIBRATION

pH AFTER MEASUREMENT FOR STANDARD pH
o pH AFTER WMEASUREMENT FOR STANDARD p+

SHIPPING INFORMATION
LAB(S) SHIPPED TO:!
DATE(SY SHIPPED:
METHOD OF SHIPMENT:

NOTES

one vatoe of f1F w102 022 for 0 2' wei
OB8 for a 4" well

JEQ-AL-ENG-a4 lB/RY)




¥ ]
WATER QUALITY SAMPLING RECORD .y
. ALKALINITY TITRATION
SITE 1D oM ALKALINITY
LOCATION ID: img/l C4COy)
181 ing 1T
DATE:
2 880
BSROR AT 4.80: | X1 = X2/, 500 o :::g
8.05%
E— 780 =
650
end » % £70
5§10
480
4.50
pH CHECK AFTER TITRATION 425
4,00
TO9 R

’ "Oo @ e e

&

JEQeAL-ENGta T/



JACOBS ENGINEERING GROUP INC.

| ALBUGUVENGUE OPERATIONS

EXHIBIT C
ATTACHMENT 4
SUBCONTRACT NO, 34-6705-8

ACKNOWLEDGEMENT OF RECEIPT OF SAMPLES FOR DELIVERY ORDER NO. 0

$17E 10: LOCATION 1D: SAMPLE 1D:
SAVPLE SHIPMENT LIST SAMPLE MATRIX (Check one)
LoTH# WATER ( ) soi ()
BOTTLE BOTTLE
12 AMOUNT REC'D (v) 1B AMAUNT BEC'D
A1 $ ; Th ¢30 )
A)-A GA/B . ;
A N
M)sA e CH )
M2 S —
M2« A A T0C miasams
Fb 21 T Alkalinit e (
Po 210 sty
Pa 216 t §
Ra 278
DATE SKIPPED: METHOD OF SHIPMENT:
COMMENTS:

To be completed by subcontracting laboratory

1 hereby ecknowledge receipt of the follewing on:

(cate)

Delivery Order NOw o Work Order Plan dated:
Subcontractor:

Name:

Title:
COMMENTS:
In aceordence with Exhibits B and C of the Subcontract:
Water Quality Analytical

Results due 1o JEG by:
o N ' N

JEG-AL-ENG-44 (1/90)



JACOBS ENGINEERING GROUP INC.  ¢eerien

ALSURUVERQUE OPERATIONS PAGE CF
POTENTIAL SAMPLE OVERVIEW
Bottle Bottle Volume Preservation
LD, tipe (ml) techniques Analytes
A Polycthelene 2000  Filtered, 4°C F, €1, Soq, PO
$10,,'8, 10, br
M Polyethylene 1000 Filtered, HNO4 Na, K, Mz. Ca, Sr,
to pHe2 Ba, Mo, As, Cd, Cr,
Mg, Pb, Sb, Se, A1,
Fe, Mn, Ag, Co, Cu,
Ni, Sn, ¥, Zn, U,
Be, T
N Polyethylene 500 Ho504 t NHa, NOs» 4 NOg,
ohez! 45¢ v
(N Polyethylene 1000 ngH to pH>»12, CN°
4
3 Polyethylene 1000  NaOH to pH>9, 52
2.5 ML of 220g/L
2inc acetate
. solution per liter
TOC  Amber glass w/ 500  4° C HyS04 to Toc
Teflon liner pHe2
10X Amber glass w/ 1000  49C TOX
teflon liner
and septum
Pb210  Polyethylene 1000 Filtered, KNO4 Pb210
to pH<2
Po210 Polyethylene 1000 Filtered, HNO4 Po210
to pHe2
Rs226 Polyethylene 2000 Filtered, HNOy Ra226
to pH<2
Ra228 Polyethylene 2000 Filterea, HNO, RAZZ8
to pH<2
Th230 Polyethylene 1000 Filtered, HNO4 Th230
to pH<2
GASGB  Polyethylene $00 Filtered, HNO, GASGB
d to pH<?2
Any deviations from the above table will be noted on the Acknowledgement
of Receipt of Sample form which accompanies the samples to the laboratory.
ATTACHMENT 16.2.1,7

JERALeMAL 29 (R 7]
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JACOBS ENGINEERING GROUP INC.  secrion it

0

4.2
4.3

4.4
4.5
4.6

4.7

JE’ ALBUGUIRQUE OPERATIONS PAGE e OF 2
4.0 PROCEDURE

Water 1s recovered from the soifl zone with a sucttion water sampler
and from most wells with a bladder-type pump., Refer to the sepsrate
Standard Operating Procedures on soil water suction samples (16.1.7)
and well sampifng (16.2.1) for information on the use of these
devices, Sampling water for tritium analysis s similar to sempling
for other analytice! purposes, except that contact of the solution
with the open atmosphere should be minimized to limit contamination
by water vapor in the air.

CAUTION: Due to the use of tritium in modern luminous dia) wetches,
samplers should make sure that these watches and other
self-luminescent devices are not in the vicinity of open sample
containers or during sample collection activities

A minimum of 100 mlL of water 1s needed from each sampling site to
provide enough solution for tritium measurement at the required
detection 1imit of 3.2 pli/ml (0.1 Tritium Units) NOTE: Actusl
volue 1s 3,231 pli/mL based on tritium half-1ife of 12,30 years.

if possidble, collect four (&) 250-m. samples for analytical and
statistical purposes,

Using the appropriate procedure, prepare the suction sampler or
bladder-pump to deliver 8 water sample.

Purge an amber bottle with argon to remove air,

Insert clean tube from the water sampler to the bottom of the
bottle,

Allow water to fil1 bottle until there 1s a one-inth head space,
Remove the tube from the bottle and fit with polysea) cap.

Label bottle with site 1dentification, location fdentification,
sampler number, date, and time of sampling (use military time), and
name of sampler, State that the sample 1s for t-itium analysis and
note any special sampling circumstances (e.g9., . lor, turbidity of
solutfon, prolonged sampling period, etc.).

Fi11 out the same information on Attachment 5.1 or its equivalent,
If the tritfum water sample is taken during regular sampling of a
well, then the information on the sampling record pertinent to
purgirg the well need not be repeated. However, {f the tritium
sample 1s the only one taken frou the well, then the data on
well-purging should be recorded on the tritium sampling record. If
the sample was taken with a soil water suction sampler, fi11 out
only the information listed in 4.6 on the appropriate sofl water
sampling record.




ALBUGUERQUE OPERATIONS PAGE 2 OF _2

Mj JACOBS ENG'NEER'NG GROUP 'NC SECTION 16.2.2

r.

4.8

4.9

4,11

4,1¢

4.13

4,14

Place sample in shipping container and protect from breakage with
packaging material,

Wnen samples are tightly capped tnere are no special time or
temperature requirements during storage or transit, however,
temperature extremes should pe avoided and holding time(s) should
be kept to a minimum,

Obtain additional 25U-m. samples from this sam, ling site at this
time. If this 1s not possidble because of insufficient water
supply, prepare the suction sampler for later sampling,

when sampling 1s completed at &)l sites, send samples by the
fastest available means to the analytical laboratory, Include @
packing sheet with the samples that 1ists all the samples and
states that tney are for tritium analysis oy enrichment and
Tow-level counting, If possible, include a purchase reguisition
number with the samples,

Clean, wrap (1f necessary), and store eguipment, Laoel witn
“Clean", date, and initials,

Inform the Site Hydrolo?1st of the time at which the samples were
sent to the analytical laboratory and their expected arrival times
at the laooratory.

Make copies of tne sample collection field forms for document
control and for the fite Hydrologist,

6.0 ATTACHMEWT(S): Supporting Jocuments

5.1

Approved B

/)
Reviewed By: ;(?‘PL e, '.—_

Attacnment 5,1 wWater Quality Sampling Record Form
5.2 Attachment 5.2 Acknowledgement of Receipt of Samples

,“”’7 //),17/:// /’3
Prepared By: ::/ Za & 9ﬂ;?l / V1A~fr£;‘;)

Reviewed Ry:

Préject Manager

JEG-AL=~QA-21 (8/87)




o ATTACHMENT 6.1: Page 1 of 2 -
JACOBS ENGINEERING GROUP INC Poge 1ot 4

PR T TR

WATER QUALITY SAMPLING RECORD

SITE iD: FINAL FIELD VALUE AT THZ SURFACE
LOCATION ID:
SAMPLE 1D: pHIS.V) rmsse—
STATIC WATER LEVEL (FT) o Ec (umhos/em) R ——
SAMPLE DEPTH (FT) TEWMP, (*C) T LRI
SAMPLING DATE ALKALINITY (mg/l CaCO4) @ pH 4.5
SAMPLING TIME: TITRANT: 16 N H,80, LOT # S
STARY
COMPLETE FILTER(S) USED
COMMENTS

LOCATION DESCRIPTION

Yoo -

FIELD REPIS)
. s o PH Ee TEMP ‘ﬂ“ﬁ
DATE | TIME WITHDRAWN mhossem) | (9€) COMMENTS
(Ga's) |(Bore Volumes)
0.0 0.0 - - - START PUMPING

JEG-AL-ENG-aa tB/8T)



ATTACHMENT 5.1: Page 2 of 2

Poage 2 ot &

WATER QUALITY SAMPLING RECORD

BORE VOLCALCULATION

SAMPLING INFORMATION
(a/2)29 (ny=np)"*

SITE 10 LOCATION 1D . — "
DEPTH TO WATER (hp) (FT.) _______ WITHDRAWAL METHOD
DEPTH OF WELL (hy)(FT.) v FILTER SIZE ASy
WELL DIA (d) (FT.) THERMOMETER 1D
BORE VOL. (FT)3 Ec MET R ID
SCREENED INTERVAL (FT) pH METER ID

PUMP 1D

CALIBRATION INFORMATION
DATE OF LAST Ec CALIBRATION
TIME OF pH CALIBRATION

pH AFTER MEASUREMENT FOR STANDARD pH
. pH AFTER MEASUREMENT FOR STANDARD pH

e

SHIPPING INFORMATION
LAB(S) SHIPPED TO:
DATE(S) SHIPPED:
METHOD OF SH!PMENT:

NOTES

* The value of n{»'- f8: .022 for & 2' well
L0886 for a 4" well

JEG-AL-ENG-aa (/8T



ATTACHMINT 3.2

Fago 4 ¢! &

WATER QUALITY SANPLING RECORD

SUBCONTRACT KO __

Acknow!edgerent of Receipt of Semples for Delivery Orer No. 0
SI1T€ 10: LOCATION 1D: SAMFLE 1Dt
SAMPLE SHIPMENT LI

VK

BOTTLE BOTTLE

10 AMOUNT REC'D e AMOUNT BEC'D
Al é ) Th 230 ( )
Al«A 3 GA/B TR ( g
41 o { K1 e (
M1-A s ) N ( )
M2 il ) $ 2 T ( )
M2-A s g 100 ()
Fb 210 e T0K e 5 g
Po 210 $i02
Ra 225
Ra 228
DATE SHIPPED: METHOD OF SKIPMENT:
COMMENTS:

1 hereby acknowledge receipt of the following on:

( ) Delivery Order No. __  (Work Order Plan) dated:

Subcontractor:
Name:

Title:

Date:

Complete Analysis Due: __
COMMENTS:

Delivery of Analysis fn accordance with Exhibits B and C of the Subcontract
1s due no later than:

Complete to JEG by:

(cate)

JEG-AL-ENG-44 (8/09)



m ALBUGUERGUE OPERATIONS

ALBUQUERQUE OPERATIONS MANUAL  fr e il

DAYTE 8/28/8)
. EVALUATION OF CMEMICAL ANALYSES OF EFFECTIVE 0B/18/88
GATER SALES SUFEASEDES £.3.9 §/10 k¢

FAGE ) OF 13

1.0 PURPOSE

To define the procedure used in the UMTRA Project to evaluste ans
cocument the precision and eccurscy of laboratery endlyses of water
semples.

2.0 SCOPE

This procedure outlines the criterias for the systematic submission of
witer semples for laboratory aenalysis end the evaluetion ang
gocumertation of the resuitent data., This procedure 15 applicedle to
011 members c¢f the UHTRA Project for submitting water s’mples to
1abc:utories and evalueting results of laboratory enalyses of weter
semples.

3.0 PROCEDURE

3.1  Woter semples corteined 4n plastic or glass bdotiles will pe
. $hipoed to  ledoratory subtontractors by Jacodbs [Engineering
Group, Inc, representatives.

3.¢ Before and after anolysis, samples will be stored in 3 menner
spproved by Jecobs $0 o5 to minimize the precipitation of
unsteble constituents, Any remaining porticns of samples after
enalyses, and all archive samples, shall be reteined by the
laboratory until directicn is given by the Jecods Technice!
Representative for disposa) of the samples or shipment to
another ladboratory,

3.3 A1) laberatory analyses will be specified in writing by Jacet
Engineering Group (JEG) from the 1ist of constituents on
Figure 1. Figure 1 lists the acceptadle detection limit fer
each weter chemistry parameter,

3.4 The subcontractor laboratory shell maintain epproved quality
assurance/control  progrems, including eppropriste chain-of-
custocy procedures, to ensure adequate sample tracesdility, that
the cata transmitted ere correct, and that the laboratory
analyses were performed in eccorgdance with EPA approved methocs,
or other JEG aepproved metnogs, which result in verifiadle
acCuracy ranges os stated below.

3.5 Pre-estedlished oaccuracy criteria and cation-anion belance
. checks will be used to evaluate the acceptadility of lahoratory

JEQeA(~CA=Pn i)




# JACOBS ENGINEERING GROUP INC.  gecrion _6.2.:

 ALBUGUERGUE OPERATICNS

PAGE .2 __OF 3

2
3.6
3.7
3.8
3.9
3,10
AR

analyses, Instructions of the detafls of methods and
caiculations to be used are specified in Technical Memo No, 3
"Instructions for evaluating the accurscy, cation-anfon balarce,
and precision of letoratory analyses of water samples.®

JEG represercatives will group the water samples into lots, A
Tot 1s defined as 2 ’roup of field samples associated with at
least one sclution of known composition., Lots will consist of
not more than nine field samples plus known solutions and
splits. Known solutisns will »¢ shipped to the laboratory with
the field samples within that lot.

Instructions for inftiating water sampling, bottling, labeling,
end preservation of samples ere provided 1n Technica) Memo
No. 2, Revision 3, by Georg: Rice.

Instructions regarding preparation of splits, blanks, and
alkalinfty solutfons for submittal to laboratories are given in
Technical Memo No. 4, Revision 1, by George Rice,

Technical Memo No, 3, Revision § (referenced above), will bpe
followed by JEG hydrologists in evaluating the accuracy and
precision of each Tot of samples. The actual evaluation of the
lab dats will include the following:

1. Computation of the acceptable range of each constituent from
the known solution.

2. Values reported by the laboratory will be compared with the
ranges compi“ed above.

3. Each analysis shall satisfy the cation-anion bealence
criterion, The balance wust be within plus or minus,

When the reported value of any constituent in a known solution
folls outside 1its accepteble range, the laboratory will be
instructed to re-analyze the entire ot for that constituent.
Khen « sample analysis does not satisfy the cation-anion balance
criterion, the laboratory will be instructed to re-analyze that
sample until the anion-cation balance criterion is met.

DOCUMENTATION OF WATER QUALITY RESULTS

3.172 The JEG water quality analytical results form (Figure 2)
shall be wutilized by each subcontractor “laboratory .o
report the resuits of all analyses.

3.11db The evaluation of accuracy and precisiur by the UMTRA
hydrologists shall be documented according to Technica)
Memo N5, 3 on a furm that 15 filed with the UMTRA
Document Control Center.

JEG-AL-Qa-pr10/ Y
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Prepared By:
“~ HyErologist
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Reviewed By:

Reviewed by:

.l Approved B

&
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' JACOBS ENGINEERING GROUP INC.  secrion_ 16.2.3
' ALBUGUERQUE OPERATIONS PAGE oF
FIGURE 1
REVISED L1ST OF CONSTITUENTS AND
DETECTION LIMITS FOR WATER ANALYSES
Detection Detection
gnstituent Limit (mg/)) fonstituent Limit (mg/)!
Chlorice (C1) 1.0 Lead (PD) 0.0l
Sulfate (50) 0.1 Menganese (Mr) 0.0}
Sodium (Na) 0.002 Mercury (Wg) 0.000
Potassium (K) 0.01 Melybdenum (Mo) 0.0
Ml?ﬁtsiu" (Mg) 0.00] Nicke) (N1) 0.04
Celcium (Ca) 0.0} Selenium (Se) 0.008
Boron (B) 0.1 Siiver (83) 0.01
.Nouride (F) 0.1 Strentium (Sr) 0.1
Cyenige (CN) 0.01 Tin (8n) 0.008
Hydrogen Sulfice (Mg$) 0.1 Vranium (V) C.0C3
Armoniym (N+=3) 0.1 Veradium (V) 0.01
Nitrite (NO32) 0.1 2ing (2n) 0.005
Nitrite (h~3> 1.0 Tote) Dissclved Soligs
Nitrete & Nitrate 1.0 (YDS ) iC
Silica (510s2) 2.0 Teta) Orgendc Coardon
| Presphate (ﬁc4 0.1 o 1.0
Iron FE 0.03 T0x 1.0
Alumingm (Al) 0.1 Redionuclides (4/]
Antimony (Sb) 0.003 [e2d ¢.0 Z’b 210) §.5
Arsenic (As) 0.0} Polonium 210 (Po-210) 1.0
Berium (Ba) 0.1 Recium 226 (Ra-226) 1.0
Cagmium ((d) 0.00! Redium 228 (Ra-228) 1.0
Chromiym (Cr) 0.0} Thorium 230 (Th«230 1.0
Codalt (Co) 0.0% Gross Alphe 0.2
Copper (Cu) 0.02 Gross Bete 1.0

EG-AL-Ce- -2yt en




' JACORS LNGINEERING GROUP NC.

Sahi Ut O T

@ WATER QUALITY ANALYTICAL RESULTS
SITE ID: LOCATION ID! SANMPLE ID:

[ 1,17 ] — —

LOT CONTROL NO

[ SAMPLE TVPE o e SATE S0 WPLED :
LAB NAME: DATE RECD:
LAB SAMPLE ID:
DATE A*ALYZED: .= CHECKCLD BY.

SAMPLE CONDITION (ON RECEIPT).

COMMENTS:
M
REEULTSE DETECTION LiIMIY
PARAMETER COMMENTE
PRIMARY | UNITE] DUPLICATE | UNITS vaLUE uNT
p e

L -

L —-
F - FIEWD K = KNOWN R~ REPLICATE

SAMPLE TYPES A= ACID BLANK

RECEIVED BY JEG DATE cmmmsiassee APPROVED BY JEC DATE e
J‘°°Ak"~5"‘ 6/ 87 F]GJR{ 2




JACOBS ENGINFERING GROUP, INC., ALBUQUERQUE OPERATIONS

10: Ktrd Group and Water Samplers
AT

FROM: -N[ﬁ th/Dwi N Ter

DATE : Jenuary 28, 1986

SUBJECT: [Technica) mma.!gi 2[ Rev, 3
nstructions for TAitiating Water Sampling
and Bottling, Ladeling, ond Preservation of Semples

These instructions are to be followed by site Geohydrolopists, the Water
BOA TR, and the Water Sampling Teams,

DUTIES OF THE SITE GEOHYDROLOG)ST

No later than three weeks before seampling 15 to begin the site
Geohydrologist w1l

(1) Determine the number of samples to be collected end growp them into
Tots. A Yot will consist ©f no more than ning field semples, plus
four splits of one of the field samples, plus 4t leest one solution of
known composition, As far as is precticable, Tots shosid be composed
of chemically similar samples, At least two lots will contain splits,
One set of spiits should be for o sample with a high TDS content, the
other set for & sample with & low TDS content, The TDS content of the
known solution should be similar to that of the lot with which 1t s
associated.

(2) Determine which constituents each sample is to be anelyzed for, A1)
TOX analyses will be performed by ALLU-LAES,

(3) Te)l the water BOA TR how many known splutions are to ®« prepared and
the approximate TDS wvalues desired, In most cases, * o) solutions
wil1l be prepared for nearly #1) of the constituents cho.en in Step ¢.
If Bendix 13 to enalyze any samples, tel) the TR how meny and what
types of analyses they are to perform, Prepare required paperwors
(Attached), ‘

(4) Determine the number of sample bottles required. Notify the water
sampling team manager.

(8) Prepsre & work order plan and reguisition. Give them to the water
BOA TR (see attached example), See section titled Duties of water
Samplers for Informatien Concerning Bottle Types, Constituents,
Labeling, etc.



(6)

 PERE e R A e L e e

Prepare meps for the waler samplers And the Health and Safety Group
thouing o)) sample Vocations, Tel) samplers the type of sample to be
:ciloc ed ot edch location, Make sure samplers have all requires
eys.

DOYIES OF THE WATER BOR TR

(1

(2)

(3)

Review work order plans to assure they are sppropriste ond complete.
Upor approvel, sign atteched requisition end deliver to contracts
within two days.

Tel) Bendix how many known solutions are to be prepared and what anee-
1yses they ere to perform, as per step 3 above.

Order sample bottles 8s requested by the manager of the water samiiing
teams. The bottles are to be pre-clesned and oven dried s per [F&
recommendations. They are not to conta’n any preservetives, A source
of bottles 1s:

JCHEM Research

23787 Eichler St., Blog. F

Haywerd, Colifornia 94545
4)5-762-3805

DUTIES OF THE WRTER SAVMPLERS

Samples will be bottled as follows,

BOTTLE BOTTLE vO. UMt PRESERVET]ON
!'Q: TYPE SH.‘.) TECNM;.‘iS ENE YTES
Al Polyethylene 2000 Filtered 4°C g, F.’C1.
AU .SV‘o
S’uz.
904. 108
wo Polyethylene 1000 Filtered Ba, As, Co,
HND, t0 Cr, Hg, PO,
pH<§ Se, Al, Fe,
Mn, Ag, Co,
Cu, N, ¥,
In, U, ©b,
Mg, Na, K,
Sr, Mo, St,

&n



teflon liner
angd septum

=

S0TTLE BOTTLE VO, UME PRESERVAT]ON

1.0, TYPE (m) TECHNIQUES ANALYTES

Pb210 Polyethylene 1000 Filtered, Pp210
NND, to pH<T

Po2l0 Polyethylene 1000 Filtered Po210
NNO, to p<2

Ra226 Polyethylene 2000 Filtered Hhﬁa Ra2ib
to pH<2

Ra228 Polyethylene 2000 Filtered nh33 Ra22s
to pH<2

Th230 Polyethylene 1000 Filtered wnﬁa Th230
to pH<d

bl & 6F Polyethylene 500 Filtered tha € oG5
to pH<2

Nl Polyethylene 800 .50, to ND?'hba
Rt #°¢ N

N Polyethylene 1000 N:3~ t) pH>12, N
&

$ Polyethylene 1000 NadH 4o pH>S, S
2.5 ¥ of 220N
2ine acetate
solution per liter

TOC Anber gless w/ 500 [ 144 H2504 1ol

teflon liner to pH%2
TOx Anber glass w/ 1000 4 TOx

Each set of samples sent to & laboratory will contain @ table listing the
number of samples and sample 1.D.'s contained 1n the shipment, Any Oepare
ture from the above procedures will be noted on the table,



Known solutions will be handled as follows, Sample botties will be ladeled
sccording to the site geohydrologist's {nstructions and sent to Bendix,

Bend'x will f111 them ang send them back to the sampling teun, In ceases
where Bendix does not provide known solutions for certain constituents the
sampling tesm will make up phony solutions and press ve them just s res)
solutions ere preserved, Known solutions are to by .2nt to the laboratory
at the same time as their associated 10ts are sent,

Keep an inventory of sample bottles, When more bottles are requirec, noti-
fy the water BOA TR,

GR/BD/DM/cfm
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Ror Chessmore

Berdix Fielo Engineering Corporation
P.O. Box 1568

Grand Junction, Colorado BISD2

Dear Mr, Chessmore:
Please prepere known solytions as inZicetes below, Labeted bottles wil) be
sent 10 you by ovr sampling tesm menpger. The known soluticns shoul0 be

bottled as Ingiceted on the dttaches work order plen,

Very truly yours,
JASDBS ENGINIERING GROUP INC,

John Thacthstor
Marager, Mysrologice) Servites

S$ITE:

APPROX IMATE DATE RIQUIRLD:

¢ 0F KNDwN SDLUTIONS APPROXIMATE 105 DISIRID (m3/0)
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JACOBS ENGINEERING GROUP, INC., ALBUQUERQUE OPERATIONS

.

T0: Hydrology Staff

g ST

DATE : Juw(/57: {256

SUBJECT: [Mechnica. Memo #3 Rev. §
frstructions for Evaluating the Accuracy, Cation-Arion Batence,
o ¢ Precision of Laboratory Analyses of water Samples

FROM : G“ricg

This memy accompanies the S0P ®Evealuetion of Chemice’
Samples.* 1t outlines steps to he taken after laboratory
samples are received,

EVALUATION OF ASCURACY

A solution of known compositic
fsee Technical Memo €2: “instruct
Bottling, Labeling, and Preservats
require the reported value of ¢act
within an ascieptable rangse, 1f
analyses for that cr~ttityent
evaluttion will be pe rmec as fo!

The acceptable range of eacn constiity

computed.
The reported va)

1f a)) reporied ve
acceptable witt

1f the orted wvalues of |
accepladie 13 notify the water
instructed -andly2e the entire

above sieps wil) be completed no later
recelved.

'¢ any veported values from re-analyses

acceptadble venges, notify the water BOA TR ¢

to perform further re-analyses. The entire lot is
respect to & given constituent until the re-analysis fal
acceptable range.




- — v — -

————— ——— " e . -

"CALCULATIONS

Sc;§u1ato the acceptable ranges for reported values of known soluiions as
ol lows:

(1) Aecount for the wuncertainty 4n preparing the known solution, Tie
known concentrat.on e - 'ry from:

X (1<'1) 20 (avV)
Where:
X » Knpwn goncentration as reported by Bendix

Ve Cretrol semdle uncertainty as reported by
Bencix

(2) Use the allowadle deviation (D, in perce t) from the attached accuracy
criteria to calculate the acceptadle range.

Acceptable Range = 5i%l§l;T- & aqu- *1)X(1+V)
o0 !

EXAMPLE :

Bend = veports the known concentration of Cl1 in @ known solution t. 36 mg/)
+ 3%,

The known concentration may vary from:
36 m; 1 (1-0.03) to 36 mg/]1 (1+0.,00) = 32,89 mg/ > 37,1 m3/

From the accuraty criteria, Group 111, for concer. e:ions greater thar |
mg/1, the allowable deviation is 10%.

The atceptable rangs ‘s:
/mm to(ré_g 4%'(3".1 m;""s s 31,7 mg/L to 40.8 mg/L
\ v
L

® Any reportec value out of this range 1s unacceptadle.



WATER BOA
o REVISED ACCURACY CRITERIA
FOR ANALYSIS OF WATER SAMPLES

Criterda for Approve) of Analyses

Allowable Deviation

GROUP J: Sb, As, Ba, Cd, Cr, Pb, HWg, Mo, Se, U, PbL-210*, Po.2]10e,
Ra-226*, Ra-228", The230%,

The a)lowable deviations for the Group 1 constituents may be derived
from the following table:

Concentration (mg/l) PYloaable Deviatior (percert)
<0.01] 100

20.0]1 to<0.] 50

20.1 to 1.0 oD
21,0 10

1f » constituent 4s dncorrectly reported as being below the detection
1imit, that 1imit will be used as the reported concentrplion in the
sbove equation,

‘ *Convert Radioactivity (pli/L) to mass (mg/L) as follows:
RADIONUCL IDE CONVERS 10N
Pb ‘0 1,3160003%  my/p3d
Po «i0 2.23:)0 g mg/pt
Ra 226 I.Clxlc_lz mg/plH
Ra 228 3.67x10_ 8 mg/pli
Th 230 §.15x10 mg/ps i

Group 11: B, CN, st. UL noz. PO‘. Co, Cu, Ni, Ag, Sr, Sn,
v, In, TOC.

The aYlowable deviations for the Group 11 constituents may be derived
from the following tabdle:

Concentration (mo/L) Allowable Deviatior (percent)
<0.01 200

20.01 to <0.1 100
21 20




- - - & - e - .

A

1f 8 constituent s fincorrectly reported as being below the detection
1mit, that 1imit, wi1)l be used as the reported concentration in the
above equstion. .

GrOUP 111: €1, SO, WDy, Na, K, Mg, Ca, F, A1, Fe, Wn, $10,,
T0S.

The a'lowsbdle deviations for the Group 111 constituents may be derivel
from the following table:

Corcentration (ma/l) AV1owsble Deviation (percert)
<0.01 200

20,0 to <0.1 100

20.01 to 1.0 50

210 10

1f 8 constituert s dncorrect’y reported @S being below the
detection 1imit, that limit will be wused @as the reported
concentration in the above equation,

EVALUATION OF CATION-ANION BALANCES

(1) The cotion-anicn balance of each field sample (not known solutions)
‘ will be computed.

(2) 11 the lysis satisfies the balance criterion 1t s acceptadle

(3) 1f the an2lysis does not gatisfy the balance criterion, rotify the
water BOA TR, The laboratorv will be instructed to re-analyze the
sample for constituents of its own choosing.

The above steps will be completed no later than seven Gays dfter analyses
are received,

(4) 1f the re-analysis does not satisfy the balance criterion, notify the
water BOA TR, The Yaboratory may choose 0 re-analyze the sample. Tne
entire sample analysis is unacceptabdle urless it satisfies tne balence
criterion.

CALCULATIONS

The balance may be computed using the DB¥S. The steps presented bé & Show
how to do it by hand. An example is given at the enc of this sectic

(1) AMkalinity Calculations
ia) Account for uncertainty in ihe field alkalinity measurement. This

will be done using data proviged by Berdix (see memo by GRIce:
. Splits, Blanks, Alkalinity Solutions; April 188%).



(b) Corvert the
dividing the
. summed with the

(step 3).

alkalinity reported as my/L Cal to meq/L by

alkalinity by 50.0.

The resulting value can be
other ariors (in mea/L) in the balance Calculation

(2) Convert concentrations of cations and arfons from mg/1 to meg/1 by
dividing them by constituert equivalent weight, Consiger only those
constituents which comprise more then 0.1% of the semple's TDS.
Compute for both oxidizing and reducing conditions.

EQUIVALENT WEIGHTS OF ANIONS

A1 Conditions

;
$0,

N02

N03

Br
CN
HS
S
PO,
(9
Mo

19.
&E.

L
62
7%
26

33.

16

(as "2904) 84,

3

(as M00,") 4,

00
03

00
.00
90
.02

07
03

oR

A5

97

Oxidizing Conditions

EQUIVALENT WEIGNTS OF CATIONS

A1l Conditions

.
Na

KQ
Mo

Ca

22,
38.10
12.

9%

15

m.m

Oxidiz2ing Conditions

Reducing Conditions

Reducing Conditions
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@ W, 16. 04

Al L 8.9 -
Mn 13,74 2.4
Fe 18.62 27.92
Sr 43,81
Co 16.64 29. 4%
Ni 19.57 29,36
Cu 31.78 63.55
In 32.69
b 26,35 40,58
Ea 68.67

' Cd 56.20
Pb ].80 103.60
Mg 209.3v 09.60
Ag 107.87
Sn 28.67 53,34

(3) Calculate Balance:

meg Cations « meg Andors x100
Mmeq Lations + meg Anions

Use the values which result 4n the lowest absolute valuer, f.e., @n
akalinity value and values for oxidizing conditions, or, an alkalinity
value and values for reducing conditions, 1f the adsolute values of @
sample's balance 1s greater tuan 5%, the sample @nalysis s
unacceptable.

XAMPLE
The analysis for 6UN-01-010, B4/07/13 will be used.

(1a) The renorted alkalinity 4s 323 mg/]l as Cal0,. Bendix reported the
. following: o



S S S—— -
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Field Anelysis of Known Alkalinity Solutions, Bunrison, 6/27/84

"Field Value True Value Uﬂt!'t;*"ty
(mg/1 as CalOy) (mg/1 as Cal0y) (+%)
22.7 211 8
362 m 4
gt 820 1

The reported alka)inity of 323 mg/l s nearest to the true value of
377 mg/1 therefore, on uncertairty of ¢+ 4% will be wused. The
dkalinities wsed to calculate the balance will be 310 mg/l s
CuCO3 ang 336 ma/l s C‘COS.

(1b) Convert alkalinity values to meg/l.

310 mg CaCO x Jmmole x 2meq = 6,20 meg
IW0mg mole K S

336 mg Cal0 x Imeg = 6.72 meq
_[-_L BT mg 4

(2) The sample's TDS 4s 2520 mg/l. Only those constituents with reportec
concentrations greater than 2.52 m3/l will be used to calculate the
balance.

CATIONS
Oxidizing Reducing
Concentration Conditions Conditions

Constituent (mg/1) (meg/1) meg/l)

Ce 595 25.69 29.6%

Fe 26.1 1.40 0.63

Mg 44.3 3.65 3.65

Mn 7.01 0.5] 0.26

K 6.26 0.16 0.16

e 19.2 0.84 0.84

3.0 ~30.53




ANTONS

Oxidizing Reduc ing
Concentration Concitions Conditions
Constituent (rg/1) (meg/)) neg/l) |
€l 19 0.54 0.54
$0 1450 31.02 31 .52
aediinity (Cacoy) 310; 336 * 6.20 §.20

. / a

*310 mg/] was used because 1t will result 4n the lowest absolute value ir
the balance.

{3) The Balancs for Oxidizing Conditions is:
36.25-37.76\100 = 2,04%
36.05+437.7

-

For Reducing Conditions:

(35.53 < 37.76\100 = 3.04%
The analysis s aecceptable wunder both oxigizing and reduting
conditions,

EVALUATION OF PRECISION

The analtytical precision of splits will be evaludted tc supplement the
accurecy and catinn-anion balance criteria oand @id  in  identifyirg
analytical problems.

Calculations

Precision will be evaluated using the coefficient of wvariation of the
splits.

The coefficient of variation is:

Cv =35
¥ . | pin
Ll
S = Standard Deviation {}% 1:2?(x1'!-/
"tie]
X = Arithmetic Mean -,;f?l1 (
ni=j



The following table 1ists allowable deviations taken from the attaches
accuraty criteria and maximum coefficients of wvarfation. If these
coefficients are exceeded, precision 1s poor. Notify the water BOA Tk,

Allowable Deviatior (%)
200
10¢

[8

L ]
-

|

o

>

(‘(—,f_‘hﬁu

report

-

the following

'

S
0.00% m3 .

reported concentrations
it's 100%.
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ADVANCED SYSTEMS DIVISION, ALBUQUERQUE OPERATIONS

T0: - Distributihn -
FROM: Gice A

DATL: May 9, 1985

SUBJECT: [Technice) Memo No, 4] Rev, 1

Splits, Blanks, lﬁk|‘1nﬂty Solutions

-

SPLITS

At this time, 1t s not possidble for our water sampling teams to colle:t
true splits for analysis of precision, This 15 becavse we have been unadle
to find an ecceptable container which cen hold five samples @t once,
Instead of splits, five consecutive replicetes will be collected, In most
instances, we will be able to treat these replicates as splits, The time
at which each replicate was collected will be noted on 1t's field form,

ANK §

The following blanks will be submitted to the analyzing laboratory each
time & site 1s sempled or reagents are changed, Blanks gre meant to check
the purity of preservatives and consist of the preservative alone in ge-
fonized water,

PRESERVATIVE MAYTE

KaOH Pellets (o

NaOK Peliets and Zn Acetate Solution S

NZSO‘ NOZ.NDB. he gy YOC
HND MITALS

Wl Mo, S, Sn

ALYAL TNITY SOLUTIONS

Field measurements of alkalinity are critica) and we must have 2 way of
checking their accuracy. This will be done as follows,

Each time » site 15 sampled, Bendix will send three solutions of known alka-
1inity to the sampling team in the field. The teaw will measure their alka-
1inities and send the results to Bendix,

Bendix will submit a report giving the true values along with the team's re-
ported values.

Any inaccuracies n ihe reportes values must be accounted for when comput-
ing cation-anion belances.

CUNAR
gc: DBetsil Dviller

TBuiabonun el ew
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SECTICN 16.2.4

SAMPLING RADON IN WATER

DATE 09/18/90
EFFECTIVE 09/28/90
SUPERSEDES

PAGE OF

-

1.0

2.0

3.0

4.0

5.0

QBJECTIVE
To establish a procedure for the collection of water camples for the
analyses of radon in water,

REFERENCE
EPA/EERF - Manual-78 Raden in Water Sampling Program.

APPLICABILITY

Radon content in water analyses will be used in health risk assessment
determinations.

EQUIPMENT

Water collection vials - supplied by laboratory (two 40 ml vials per
iocation 10).

EROCEDURE
5.1 Samples are to be collected in duplicate.

5.2 If collected at 1aucet with small screen aerator, remove the aerator
before sample collection. Do not colect from faucet with carbon
filtration system,

5.3  Run the water for a minimum of two minutes before collecting sample
to purge the line. Use cold water.

5.4  Reduce the flow rate to a slow stream, trying ‘o avoid as much
agitation and turbulence as possible.

$.5 Place the sample vial under the faucet outlet, as close as possible
to the outlet. Direct the water stream down the inside wall of the
glass vial and allow it to overflow. After the vial is full (with
some overflow) replace tne screw cap tightly., Invert the sample
vial. [f there are any bubbles in the vial discard the sample ang
collect another sample in the same vial. PRepeat this process as
many times as needed to obtain a sample without an air bubtle.
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5.6

5.7

Prepared By:
Reviewed By:

Reviewed By:

Approved

Record the collection time and date on the vial label. Also record
pertinent information on form 1€.2.4A. Note that field parameters
are not required for the analysis.

On the day of collection, or no later than 24 hours after sample
collection, return the samples by overnight mai)l to the laboratory
for analysis. Because the laboratories are closed on weekends
collecc and ship samples only on Mondays, Tuesdays and Wednesdays of
each week,

Y
Kmk (,,Lu- 5 ,'-—-

Wd full

Task Manager

roject Manager
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FORM 16.2.4A
SAMPLING RADON IN WATER

Site ldentification:

Location Identification:

Date of Sample vollection:

Time of Sample Collection:

Date of Sample Shipped to Lab:

.ime of Shipment:

Method of Shipment :

Sample Cuiiected by:

Sample collec.ed from:

Comments:
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DATE 06/09/89

EFFECTIVE 11/20/89

COMPLETION OF WELL AND SPRING INVENTORY SUFERSEDES 08/28/87
g

PAGE 1 OF

1.0

2.0

3.0

PURPOSE

These procedures enable the use of a uniform methodology for inventory
and documentation of wells and springs located in the vicinity of UMTRA
sites.

SCOPE

These procedures are applicadble to members of the TAC or its contractors
and subcontractors wno have responsibilities and duties for the
fdentification, acquisition, and inventory of descriptive cata for each
well or spring located within UMTRA Project siudy areas.

PROCEDURE: Data Collectinn Preparation

3,1 The location of each well or spring identified by this well and
spring inventory shall be identified by the relevant Site Code and
ocation 1D in accorcance with Section 17.4,1 entitled, "Standard

acation ldentification for Test Borings, Test Pits, and Monitoring
ocations".

3,2 Each Site Hydrologist (SH) shall review the computer 1isting for
Borehnle Definitions/Test Pit Definitions (BHD/TPD) tc obtain
previously assigned Location ldentification numbers for data
collection purposes. For existing and future purposes, a specific
Tocation which has been previously assigned a Location
Identification number shall permanently retain and use this number,
unless this number 18 changed 1in accordance with required
procedure. Otnerwise, a new Location Identification number shall
be assigned by the SH in accordance with Section 17.4.1,

3.3 Each SH suall prepare and maintain an updated map of the site
vicinity showing all wells and springs located in the course of the
well and spring inventory.

3.3.1 Each SH shall incorporate the methodology of this procedure
into all wel)l and spring inventories and permit no dcta
gathering efforts that do not include the Standard Location
Identification system,

3.3.2 The SH shall review the BHD/TPD computer 1listing to
dotermine previously assigned Location Identification
numbers,
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4.0

5.0

3.4 Record a)) field data on the attached form entitled "wWell and
Spring Inventory Field Data" form. See Attachment 10,1,

PROCEDURE: Determination of Measuring Point Description

Determine the height above or below land surface of the measuring point
by use of & pocker steel tape measure graduated in 0.C1-foct intervals,
Determine the height of the measuring point to the nearest 0.01 foot,
Enter this value 8long with a description of the measuring point on
Attachment 10,1 as the "Measuring Point Description” (1PD).

PROCEOURE: Water Leve! Measuremert of Non-Flowing Wells

5.1 Wetted-tape Method

§.1.1 Prepare tne tape fo- measurement by coating several feet of
the lower end ol a steel tape with chalk,

5,1.2 Attach lead weights to the lower end of the steel tape to
keep 1t taut.

5§.1.2 Lower the tape into the well until a foot or two of the
cha'ked portion 1s submerged. Alternatively, wuse tape
withou* weight if the well opening or pump casing clearance
is too smal) and restricts the passage of a weight,

5§.1.4 Cetermine by experimentation the proper length reg' -ed to
lower the tape.

5.1.5 Perform measurement as follows:

A. Lower and hold tape at an even foot mark at the
measuring point and record this tape reading.

B. Remove the steel tape from the well, Subtract the
wetted length from the even foot mark recorded 17 A
above and record this on Attachment 10.1 as "Static
water Level Depth" (SWLD).

5.2 Electric Sounder Method (M-scope)

An electric sounder consists of a contact electrode that s
suspended into a water body by an insulated electric cabdble from a
reel, The sounder has an ammeter, & buzzer, or other closed
¢ircuit indicator attached. The indicator shows a closed circuit
and flow of current when the electrode touches the water surface,
calibrate the electric sounder(s) used in this survey by measuring
each interval and re-marking them where necessary. Measure the
water levels with an electric sounder as described below.

5.2.1 Switch on.
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6.0 PROCEDURE: Weter Level Measurement of F1= .ig wells

6.2.2 Lower the eleztric cable into the well wunit until the
ammeter or buzzer indicates a closed circuft., FRafse and
lower the electric cable slightly until the shortest length
of cabie that gives the maximum response on the indicator is
found,

§,2.3 With the cacle in this fixed position, note the length of
cable at the reasuring peint,

5.2.4 Since the elec'ric cable 1s usually graduated in five-foot
intervals, use 8 pocket stee)l tare measure, graduated fn
0.01-foot 1inte~vals, to 1interpolate between consecutive
five-foot mark:., Care must be taken that the stee! tape
measurements are added tu the nearest graduated mark foctage
value when the water level hold point 1s above the mark,
The stee! tape measurements are subtracted when below the
nearest mark., Determine this tota)l distance t- the nearest
0.01 foot and record this value on Attache * 0,1 as the
SWLD,

6.1

Preferred Method

Measure the water level (pfezometric surface) in a flowing wel)
with a manometer or a pressure gauge as described below,

6.1.1 Shut off all flow of the well to any uses (i.e., domestic
Su?p1y. 1ivestock watering tank, etc,) other than at the
wel) itself, +Yalves are usually present near the well for
this purpose., 1If it is impossible to shut off the flow of
the well other than at the well f{tself, record this
observation on Attachment 10,1 and skip the remaining
procedures.

6.1.2 Measure the water level in flowing wells with a manometer,
This method 1s shown schematically in Attachment 10,2,

6.1.3 Record the e.evation at the top of the well casing as the
"MP Elevation" (MPE).

6.7.4 Attach a vertical section of the flexible transparent
plastic tubing to the top of the well casing using various
couplings carried into the field for this purpose.

6.1.5 Extend the plastic tubing vertically above the well casing
until water ceases to flow from the end of the tubing and
stands at a fixed height in the tubing.

6.1.6 Record the height of the water in the plastic tubing above
the measuring point as SWLD.




JACOBS ENG’NEERING GROUP INC SECTION . 16.3.1

J..' ALBUQUERQUE OFERATIONS PACT b OF &

7.0

8.V

6.1.7 Add SW.D to MPE and record this as a "Static water Level
clevaticn" (SHLE).

0.2 Alternative Method

The water level in a fiowing well could also be measured by using a
pressure gauge as described below,

6.2.1 Record the elevation at the top of the we. casing as the
“WP Elevation" (MPE),

6.2.¢ Attach a pressure gauge to the well casing using the various
couplings ccrried into the field for this purpose,

6.2.3 If the ga.je 1s calibrated to indirate pressure in feet of
water, record the gauge readings (to the nearest one-half
foot) as SWLD., If the gauge is calibrated in pounds per
square inch (psi), multiply the gauge reading by 2.3 to
convert it to feet of water, and record this numder as SwWlU.

6.2.4 Add SWLD to MPE, and record tnis as o “Static Water Level
tlevation" (SWiE).

PRUEVURE: water Level Measurement of Springs

Tne water level of any spring will be identified as that land elevation
above mean sea level (MSL)., MSL 1s determined from the inventory
location as plotted on the relevant JSGS topographic map at the
intersection of the spring and the land surface.

PROCEJURE: Uischarge Measurement of wells

8.1 Oetermine the discharge from a weil in gellons per minute (gpm) by
reading a water meter, if tre well .3 §0 equipped. Alternatively,
measure the time required to fill & buciet >f known volume,

8.2 UVetermine tne discharge for most well. <hat are pumping when
visited during tne field survey by usirg a bucket or drum and a
stopwatch, F111 the bucket or drum of kinown volume (gallons) with
the water that is discharging from the well, Measure the time, t
(seconds), required to fill the bucket. 1his discharge, Q (gpm),
is calculated by :

Q = 60 V/t
Where, { = discharge in gpm,

¥ = volume of rontainer in gallons
t = time required to fill the bucket in seconds

JEO AL-DA-2118/87)
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The condition of a well at the time the water level is measured
must be recorded in the "“remarks" column of Attachment 10,1, Such
conditions may include:

B.2.1 Wel) was pumping during water level measurements,

8.2.2 well was pumping intermittently during water level
measureaent,

8.2.3 Well was pumping two hours before water level measurements,
8.2.4 Owner reports well has not been pumping for four days, etc.

8.3 If wel) is pumping at the time of measurement, it will be necessary
to record the static water level at a later time. This would be
done by taking another measurement after pumping has ceased and
sufficient time has been allowed for recovery.

9.0 PROCEDURE: Discharge Heasurement of Springs

The natural variability of springs as to location, ease of access,
discharge, etc. precludes the estadlishment of rigid procedures to
measure spring discharge. The following 1ist of spring discharge
measurement methods are availadble to the investigator. Based on field
. conditions, the investigator will determine the method best suited to
the characteristics of the spring under investigation.

9.1 Erect a V-notch weir and measure spring discharge. The application
of this method is covered in a number of standard references. See
Reference 11,1, Wnhile this method provides reliable estimates of
spring discharge, it 1s labor intensive, time-consuming, and not
suited to al! applications.

9.2 Detormine the cross-sectional area of the spring discharge outlet.
Introduce a floating object 1into an wunobstructed rrach of the
spring discharge channel and time the object's progress over a
fixed distance; this will yield an approximated spring discharge
velocity. The product of the cross-sectional area and spring
discharge velocity is an approximate measurement of the spring
discharge.

9.3 Channel the spring discharge into a container of & known vilume and
record the time needed to fill the container, This will yield an
approximate measurement of spring discharge.

9.4 Make a visua), qualitative estimate of spring discharge. This
would include remarks such as very slow, flowing, seepage,
moderate, etc. Thiz 1s possibly the least accurate of the methods
discussed.
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. 9.5 Collect we' snd spring ata by completing Attachment 10.1. Record
all data aation as completely as possiple,

10,0 ATTACHMINTS
10,1 Well and Spring Inventory Field Data (WSIF0) Form,

10,2 Figure ) Schematic Diagram l1lustrating water Level Measurement
in a Flowing wWell,

11,0 REFERENCES
11.1 Nationa) Handbook of Recommended ™Methods for wWater Jata

Acquisition, 1977, Uffice of water Data Lcoordination, U.3,
Beological Survey, MS-417, National Center, Reston, virginia 22032,

12,0 PROCEUJRE REVIEW AND APPRUVAL

7oTPate

L//‘/
7 Date

//2., /i

77 Qate

JEG-AL=QA~21 (8/87!
L—.._—____.______



NCOES ENGINEERING GROUP INC.

A Pt O e

WELL AND SPRING INVENTORY FIELD DATA FORM (WSIFD)

o

DATE FIELD REPRESENTATIVE (8)
SITE CODE
LOCATION ID. _ NORTHING 0O T0PO MaAP
EASTING ] O SURVEY
DESCRIPTION OF LOCATION (IF NEEDED)
O WELL DATA METHOD OF LIFT
[ DISCHARGE WELL DISCHARGE
) OBSERVATION WELL HOW DETERMINED
LAND SURFACE DATUM O TOPO MAP O SURVEY
MEASURING POINT ELEVATION O TOPO MAP C SURVEY
MP DESCRIPTION
Psvmc WATER LEVEL DEPTH 0 M-SCOPE O WETTED TAPE
PUMPING WATER LEVEL DEPTH :]D PRESSURE O MANOMETER

GAUGE
STATIC WATER LEVEL ELEVATION

PUMPING WATER LEVEL ELEVATION e . 0 TOPO MAP O SURVEY
WATER LEVEL REMARKS

OWNER

ADDRESS

USE OF WELL [ HUMAN CONSUMPTION [ LIVLSTOCK C IRRIGATION
O OTHER

NO. OF PEOPLE SERVED
O SPRING DATA :
DISCHARGE HOW DETERMINED

WATER LEVEL ELEVATION (D TOPO MAP 0 SURVEY

. REMARKS

JEG-AL-ENG-28 (g/p7) ATTACHMENT 10.1

m i



* ATTACHMENT 10,2

OBSERVED
/wnsn LEVEL

-

DTW -‘

| e WOODEN ROD

TRANSPARENT
FLEXIBLE
PLASTIC TUBING

WATER TIGHT SEAL
(MINOR LEAKAGE

ALLOWED)

AMP
_~ct

) CASING
[} /

FIGURE 1. Schematic Diagram IMNustrating Watcr Leve)
Measurement 1n a Flowing Well
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WELL AND SPRING INVENTORY FIELD DATA FORM (WSIFD)

DATE ) FIELD REPRESENTATIVE (8)

SITE CODE

LOCATION ID. NORTHING O TOPO Mar
EASTING O Survey

DESCRIPTION OF LOCATION (IF NEEDED)

O WELL DATA METHOD OF LIFT
0D LISCHARGE WELL DISCHARGE
[0 OBSERVATION WELL HOW DETERMINED
LAND SURFACE DATUM C TOPO MAF o SUARVEY
MEASURING POINT ELEVATION O TOPO maP T SURVEY
= MP DESCRIPTION B
..snnc WATER LEVEL DEPTH = 0 M-SCOPE o WETTED Tang
PUMPING WATER LEVEL DEPTH JD PRESSURE C MANOMETER

Iy GAUGE
STATIC WATER LEVEL ELEVATION oo

PUMPING WATER LEVEL ELEVATION . TOPO maP O SURVEY

WATER LEVEL REMARKS

OWNER

————

ADDRESS

USE OF WELL T HUMAN CONSUMPTION D LIVESTOCK C IRRIGATION
0 OTHER

NO. OF PEOPLE SERVED
O SPRING DATA

DISCHARGE HOW DETERMINED
WATER LEVEL ELEVATION 0 TOPO MAP 0 SURVEY

. REVARKS

JEG-AL-ENG-25 (Sme
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DATE 3/30/87
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ANALYS1S OF DATA AND COMPILATION OF
THE SITE CHARACTERIZATION APPENDIX

EFFECTVE 4/29/88

SUPERSEDES 6.3.2 B/3/8%

PAGE | OF 3

T

1.0

~>
o

3.0

PURPOSE

The purpose of this document 1s to establish procedures for the
analysis and dicumentation of data on the UMTRA Project,

SCOPE

In order to prepare remed‘al action plans (RAP's) for UMTRA Project
Sites, deta are collected and analyzed. The data as collected,
analyzed, and interpreted form the basis for the formulation of the
$§ite Conceptual Designs and the final Site Designs of approved
remedial actions, The Processing and Disposal Site data and other
pertinent data are formally documented in the Site Characterization
Appendix of the draft and final RAP,

This procedure delineates the responsibilities for analyzing data and
compiling the Site Characterization Appendix. Also described cre the
methods of analyzing deta, documenting the analyses, and checking,
reviewing, and approving data analyses.

PROCEDURE

3.1 Analysis of data relevant to a particular aspect of the site
shall be done by, on behalf of, or under the direction of the
discipline site team member responsible for that aspect of the

L PN
L

Analysis of data shill be undertaken at the direction of the
Site Manager, who 15 responsible for the schedule and budgets
involved in compiling the site RAP, The Task Manager shall
exercise delegated authority to control manhour budgets. In the
event that the analyses do not relate to a specific site, the
Task Manager of the section responsible for collecting and
collating the data shall direct the analysis.

3.3 Data analyses for specific sites shall be done in accordance
with the directions and advice of the responsible Tark Manager,
The Task Manager or his designated representative shall approve
all analyses, shall sign the analyses, and shal)l be responsible
for the adequacy and correctness of all data &nalyses,

3.4 The lead page of a data analysis shall dindicate th. Project,
originator, subject, and date. The An lysis cover sheet to De

A

used is given as Exh-oit A,

AEG-AL-QA-20(0/87)
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3.5 Analyses shall be numbered 4n accordance with the numbering
system set out in Exhibit B, or 4n accordance w'th & numbering
system specifically compiled for a particuler site to accord
with the particular requirements and facts at that site,
3.6 Calculations wundertaken prior to, in conjunction with, or
pursuant to data analyses shall be performed and documenied as
described in Standard Operating Procedure Number 17.1.2,

3,7 Analysis of data shall be done in accordance with the methods
and approaches described in the DOE Technical Approach Document
(TAD), 1f an appropriate or applicable method is not given in
the TAD, a method that s standard in the relevant technical
discipline shall be used.

3,8 Analyses shall be checked by qualified person other than the
person who performed the analysis, The Task Manager shall
designate the checker, and shall determine the amount of
checking necessary. The checker shall evaluate the consistency,
applicability, and defensibility of 2all references, technical
concepts, assumptions, calculations, analyses, and conclusions.
The Task Manager or his designated representative shall approve
the analyses,

3.9 At the direction of the Task Manager or at the specific request
. of the Site Manager, analyses may be reviewed, A review may be

requested or ordered if the analyses involve unusual approaches
or methods, or pertain to signi‘ficant aspects of the work.
Reviews will be performed in accordance with the requirements of
Standard Operating Procedure Number 9.2.6 and, if applicable,
8.5.2,

3.10 Conflicts between the person compiling the analysis and &
reviewer or checker shall be resolved by the Task Manager and,
if necessary, by the Project Manager,

3.11 Analyse and documentation of the checking and review process
shall be filed with Project Document Control. Documents
recording the analyses shall be legible and suitable for
reproduction and filing.

3.12 When a computer is used in an analysis, only appropriately
verified, validated, and documented programs approvec by the
TIMS Manger and the Task Manager shall be used.

3.13 As directed by the Site Manager, or advised by the Task Manager,
the results of analyses shall be incorporated into or reportec
and documented in the Site Characterization Appendix of the RAF,

3.14 The format of the Site Characterization Appendix shall be
d arranged to meet the specific requirements of each site,

JEG-AL-QA-21 (VO
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Generally, the approach adopted in previous successful DSite
Characterizatior ppendices will be adopted and modified at
‘ appropriate. The Site Manager, 4n consultation with Tas!
l Managers, may establish the format of the Site (haracterizatior
' Appendix for reports for which he is responsible,
3.15 As directed by the Site Manager or advised by the Task Managers, ‘
the Site Characterization Appendix shall be reviewe by Peer
Reviewers at appropriate stages of compilation of the document
’.<. £ :"f"'f"lz’j"'v’ ";‘-r‘\(," ‘r“r' (ew:J«ém,_ ne may .:\_.‘ incorg rated St
the 5'(‘:‘ :P?vﬁ‘v:‘.y"vt‘t' r L.;:‘,.H, i accordance with the
provisions of this Standard Operating Procedure
@
A
>
= /4 el
Py irp > ¢ e 4 /A
R B s N A R e
YA
/ £/ //
Reviewed R 4 ;
ewe Y. 4
eviewed & Rlal ;r._*A,‘!f:{{t e e R e
,' “2!‘. RE 1¢
; : X, /
Reviewed By ’ j
s - SRy — —— et e vt e
“% —ir. \,‘ ?r I "ld’_’.""
| >
Approved Byy __ > '?, g .,»;,:;:‘f.‘i".,,_“-_w_.._.._..,__.
-
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ALCULATION VER SHEET

CALC NO. DISCIPLINE NO. OF SHEETS o
PROJECT:

SITE:

FEATURE:

SOURCES OF DATA:

SOURCES OF FORMULAE & REFERENCES

P

PRELIMINARY CALC. [ ] FINAL cALc.[ ] SUPERSEDES CALC. NO.

)

Cul CKE APPROVED -
REV, REVISION CALCULATION DATE CHE ED DATE DATE
NO. BY BY BY

JEG-AL-ENG~51 (8/87) EXHIBIT A
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JYHIBIT B
DESIGN FEATURES

Major Design Sub-Desigr
Feature Feature
Design Features Class No. No.

Subgrade Limits of Contamination 0l - 01
Subgrade M:teria) Properties - 02
Subgrade Material Quantities - 03
Tailings Matersial Properties 02 - 01
Tailings Material Quantities . 02
Tatlings Long-Term Moisture Content . 03
Tailings Limits of “ontamination . 04
Embankment Slope Stabildty 03 - 01
Emt.ankment Liquefaction and Cyclic

Mobility - 02
Embankment Settlemenc - 03
Radon Barrier Material Properties 04 - 01
Radon Barrier Material Quantities - 02
Radon Barrier Long-Term Moisture

Content - 03
Radon Barrier Cover Thickness - 04
Rudon Barrier Diffusion Coefficient - 05
Erosion Protection for Top and Side

Slopes 0% - 0)
Erosion Protection for Ditches - 02
Erosion Protection Due to Off Pile

Flooding - 03
Erosion Protection Rock Durability

Properties - 04
Erosion Protection Quantities 05
Restoration Material Quantities 06 - 0
Restoration Material Properties - 02
Waste Water Retention Basin &

Temporary Utility Ditches 07 - 01
Waste Consumption - 02

surface Water Flood Studies
PMP Calculations 08

Miscellaneous Topics =
Subsidence
Pile Configuration Analysis

- (]
OO

P

JEG AL-QA-2118/87)
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COMPILATION OF DESIGN CALCULATIONS SUPERSEDES ¢/ 2 60
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3.2

3.3

3.4

1.0 PURPOSE

Tne purpose of this document 1s to estaplisn procedures to be used to
compile Design Calculations for the UMTRA Project,

2.0 SCOPE
Formulation of a design for the UMTRA Project involves analy2ing data
and completing calculations to assess and support tne design, The
Calculations are kept on record in Document Control to support design
decisions, They are aiso submitted to review agencies and otner
affected parties as needed. Tnis procedure descrives responsipilities
for compiling tne Calculations and also sets out the metnods and
approacnes involved in compiling a typical Calculation,

3.0 PROCEDURE
3.) Tne Calculations relevant to a particular aspect of tne formulation

of the design or disposal cell performance snall be compiied oy or
under tne direction of tne site team member responsiple for tnat
aspect of tne design or disposal cell performance,

Calculations shall bpe compiled at the direction of tne 3JSite
Manager, wno is responsible for tne schedule and budgets involved
in compiling tne Calculations, Tne Task Managers, as Work Package
Managers in terms of tne Cost/Scnedule Control System, shall
exercise delegated autnority over mannour budgets,

Calculations shall be performed and compiled in accordance with the
directions and advice of the responsinie Task Manager, The Task
Manager snall approve, sign, and is responsidle for tne adequacy
and correctness of the Calculations,

The lead page of a Calculation shall indicate tne Project,
originator, subject, and date., Tne Calculation cover sheet to De
used is given as Exnidit A,

Calculations shall Dpe numoered 1in accordance witn tne numoering
system set out in Exhipit 8, or in accordance with a numbering
system specifically compiled for a particular site to accord with
the particular requirements and facts at that site,

JEG-AL-QA-2018/87)
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3.6

3.7

3'd

3.9

3,10

3.12

3.13

3.14

Analyses of data undertaken in connection with or in support of
Calculations shall be performed and documented as descriped in
Standard Operating Procedure Nu, 17.1.1,

Calculations shall be done in accordance with the methods and
approacnes descrined in the CO2¢ Technical Approach Document
(TAD). If an appropriate or applicadble metiod is not given in
the TAD, @ method that 15 standard in the relevant tecnnical
discipline snall pe used,

Examples of acceptable Calculations are given in Exhibits 0, E,
and F,

Calculations snall be checxed by a qualified person other than
the person who performed the calculations and analyses, The
Task Manager snall designate tne checker and shall determine the
extent of checking and review that 1s necessary, The checxer
snall evaluate the consistency, applicanility, and defensiotiity
of all references, technical concepts, assumptions,
calculations, and conclusions,

bt the discretion of tne Task Manager or at tnhe specific request
cf the Site Manager, caiculations may be reviewed, £ review may
be ordered or requested if tne calculation involves wunusual
approaches or methods, or results in significant or ditputed
conclusions, Reviews will be performed in accordance with the
requirements of Standard Operating Procedure Numoer ¥,2,6 and,
if applicavle, 8,5.2,

Conflicts between tne person compiling the Calculations and the
reviewer shall br resolved by the Task Manager and, |if
necessary, oy the Project Manager,

Documents recording Calculations shall pe legible and suitable
for reproduction and fiiing, Calculations and documentation of
the review process snall pe filed with Project Document Control,

wnhen a computer is used by the compilation of Calculations, only
appropriately verified, validated, and documented computer
programs approved by tne Task Manager shall be used, Reference
Standard Operating Procedure Numoer 8,3.3,

In compiling Calculations, tne metnods, approaches, and layout
adopted in previously accepted Calculations shall be considered
or followed as appropriaie,
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3,15 In the case of calculations compiled oy staff of tne Engineering
Department, tne Site Engineer snall collate all engineering
calculations into one or more stand-alone volume(s), Tne Site
Engineer snall be responsiole (via delegated authority from tne
Task Manager) for delivering to Document Control, a copy of the
collated Engineering Calculation volume, Delivery shall pe
effected by a Document Transmittal Notice,

3.16 In case of calculations compiled oy staff of the Hydrological
Department, the Site Hydrologist shall coliate all Hydrologic
calculations into one or more stand-alone volume(s), Tne Site
Hydrologist shall be re.ponsible (via delegated authority from
the Task Manager) for delivering to Document Control, a copy of
the collated Hydrologic calculation volume, Delivery shall be
effected by a Document Transmittal Notice.

Prepared By:

Reviewed dy:

Reviewed gy:

Approvegjdyffﬂ—'

R
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CALC NO.

CALCULATION COVER SHEET

DISCIPLINE

NO. OF SHEETS e

PROJECT:

SITE:

FEATURE:

&

SOURCES OF DATA:

SOURCES OF FORMULAE & REFERENCES:

PRELIMINARY CALC. [ ]

FINAL CALC.[ ] SUPERSEDES CALC. NO.

REV,
NO,

REVISION

CALCULATION
BY

CATE

CHECKED
BY

DATE

APPROVED
8y

DATE
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EXHIBIT 8
DESIGN FEATURES

Major Design ~Jesign

Feature ature
Design Features Class No, NO,

Geotechnical feature

Subgrads 1imits of contamination..icevesvvvvornvnveselonrissvennossesess¥l
SUDgr’Je material properties.OIIOOCCOl..l!l."IOO'OI'..O!.I!l!.‘.ll!.llloz
SURZIBUE AT IA] QUENTIRTEE (v v v st s na vt e s o e i s RN R Ss s e e s assiastsnasDd

Ta11Ings matecial propertietssesccivvnsssarinsroserarB8essenesssvorensarl]
111008 BALOrIA) QUERBILINS i inihcsnrnsiavonscussamavainenedssesiinesssDE
Tailings long-term moTS2ure CONLeNt. s vsvevraessenarsesnsnsavenns-sunessldd
TO11EAgS VIMISS OF COntamInAtION sy avrevsino s snanrsssnsests: saneanecesldd
Off.Pi eR‘-sz sou"‘ce term..l.oO.IOIOOOOOll!.‘ll!.i ‘l"l..!l'.l.l'llllus

Emoan‘mnt s‘ope staoi]itylitllltltv 'l"l..l.'l..".'03."""'!.""."01
Embankment 1iquifaction and Cyclic MODT iUy ussvcervosvvavsssnsnonsossssbd
Embanxment settlemnt'.lil.ﬁtiIQCQ.ltlllI!IlIO'lIl'Oll..lllI..l'l‘l"c0003

Radon bDarrier material propertieS.csiceceevsvscrsrssssPesvsvesssnsenvenedl
Radon parrier material QUANLI LI @S, v uverrasssrorvosasonssnsnonsnsoseesdl
Radon barrier long term MOISture CONLeNT, suvvrerrrvororvssrnsssessnssseedd
RAGON DANPIEr COVEr BNICKNORB s vaivsorassnstisnasss huds pussunsanssvesisron
Radon parrier diffusion CoeffiCieNt e vvsvrsnvsorssnsnossasrosnensoreesedd
Radon pDarrier Sensitivity analySiS.uvusveversesnvnnrsnranosnornasssessssdd

gErosion protection for top and s1de S10PeS.evserreses0 eavenvrnveresnsesll
ErOION proteceion For QILeneB cisiererrevnatunsreaseonsnsesssnessssnsas et
Erosion protection due to off pile F100d1NGusersnsneensanssrvnssssenesnidd
Erosion protection rock duradility PropertiesS. e vosesvsssvarsencavsses0d
ErOSiOn protectjon quantit‘eSOOOUDIIOOO"ClI'!.l'llll.lIDI.!'Q‘IOOCI.I.OOS

Restoration material QuUaNtitiesS. .. cvvvoesovovosssssesVBsunvrnsasssonesssldl
ROSEOPEEION MATErLa] proportielisvineesvesasrotdarsssdesareres seedens el

Waste water retention pasin & temporary
uti‘ity ditcneS'l'llll..‘\lll'!l...'llnl!I.'00000l070!lil'."'t'.l".dl
“aste consumpt‘onOOGI'OOOOIIOI'.Ol.-‘l'!"’!.'tl!'l'."ll.‘!v!'lli.‘ll'loz

Surface water flood studies
pMP cd‘cu]ations..OOO.l.l'!.'.'l"ﬂ.l.c'l"".'.'()dill"l.'ll.l."'.d]
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EXAIBIT B
DESIGN FEATURES
(Continued)
Major Design Sub-Design
Feature Feature
Design Features Class No, NO,

Healtn effects from radon/radon daughter
1nna'ati°n..........".....l..."l..’...'.'.".'l.UQOII.O'..I.'.'..IO)
Health effects from gamma radiation EXpPOSUr€.vsservrsrrrsrrvorssnnessessdd
Healtn effects from radioactive
BUEPTICUTETE TN TR IO s sseo i satadistaserssssdeasndesvioainsvorsasisd
Healtnh effects from radicactive water
1ngest1°n-0!300!!'0!.'00.!000citooonco|cl|oovovolano.ncoccvluc-'--oooa
Health effects from radicactive food
1ngestion'lll'o'!l'!l'l'!l"'ll!Dlltll!"ll0!0!"'!1103000'1‘ll!UOOlUj

Miscel laneous topics -
SuosidenceOUIl'."'lil"'l.ll.'l"l'l'l."ll'.l.!l'Jll’.l..o"l'l..’lal
pile Configurdtion ‘ndlysisi'l"lolotoitlICOCIIOO“'.Ql.'ll!!.'l'.lool

Disposal Cell Hydrologic and Geochemical

Properties O'I'Oll.l..lll....‘.'l.’ll.'.'.l00."!!'!.‘2
REEOTY L) DRORRrEIOE cir v e e s in sustm s s i e avin dindsevaunens et riess gl
Relation of nydraulic conductivity to
MOTSLUre CONBRNE.vroversvavssssososasvssonsnsnsrssasinesssssssssnsseUl
HyerUI‘C gradientl.000.."!'00.'"l"'lll"'.'l.ll.o.ll"lll..Il.nlUj
Seepage flux through the COVEr...usesssrsrsvesrsrsvsnavesssssssnressdd
Transient t“lings dr‘inageoliilitilll..'.'ll'l.ll..l.lll'll'tl.cl.cus
Seepage flux from the disposal Cell...vvuvvescrssnnsrrssnssosnenness03
Source Concentration; weignted lysimeter data,
back calculated from groundwater peneatn
tailings, Batch-leach or column extract
T T At A R ST e PGS SRy S PRSI 1
Geochemical modeling of Speciation and
saturation indices of tailings fluidS.vevvrveovsrosnsrvrnesvsraseessdd

Soil Hydrologic and Geochemical Properties...essesvesld
L UM T T A T e SPRT P (PO SIS AR S |
Relation of nydraulic conductivity to
MOISLUre CONBONL o uesoonveatecsrasrncassvasatserverrssnensssvressssse
Hydr‘u‘ic gradientlool.l..l'l.'l.lll.ta.llll000.'0.!00....’0.!0.0.0.J3
Travel time of see~.je to grounduater...............................04
Geochemical modeling; speciation and
saturation indices of soil solution, pH
puffering or mixing of tailings fluids
and s0T] PROCNOMISLrY ovnssvvossnvesrsussranssrensoninvessasrisavsesd




JE JACOBS ENGINEERING GROUP INC.  secrion

ALBUQUERQUE OPERATIONS PAGE oF
EXHIBIT B
DESIGK FEATURES
ontinue
Major Design Sup-Design
Feature Feature
Design Features Class No, NO,

Geochemicai attenuation of contamination

Dy 501]...'.l......'.l"'l'.l".vlI.".llll.l"".ll.ll'l'll.'l.ll.l\)o

Aquifer Hydrologic and qeocnemical Properties........l4
mter‘a] propertllescll‘.!"'l'.'l.!'.!llall!liCit'lllllll'cl!"'l'll\)]
Slug test .nd]ys‘.SCIOOOOOI l'l.!.l!c.tlvtllll!'llI!'l‘IlOl.tl..olo.!dZ
pumping tes* ‘n‘]y‘is.lill.lt‘l!llllll..l"..!'.l!l.l.l'!ll'l."'ll.\)l
D‘SperSfVity .n‘]y515110-v00al¢--n-ooucooouvonocloclnon10!0000100000\)4
DISERIDULION CORTTICIANT ANBIYST8 svnrcnrvrasssonasessosessnenessreaeldd
H_Vdraulic grad‘entilittcloolll'-lluvl'cooc sesssesnssensnnrvaesnss
Average 1inear groundwater veloCity.vesevesssoeesvvssvnsosvovsrsasssstd?
Potential for vertical flow of groundwater,..veeeresreossvensnnessssd
well yield (Class II1 groundwater)...eveeecsssenersrsssossnnessosssedd
Statistica) analysis of packground
“‘ter qu‘l‘ityl"lliﬁlll.'O'llll"l...ll.ll'l..!.t‘l.llll.lll!.lll!l"\)
Statistical aralysis of existing
SrOUNNATEr CONTEMINELION: cosavsssvnsasnnsreseesr vnsnarsansresveseesl)
Bivariate analysis of water QUality.veesevversnesrssrsnnrsnnsosonnnsll
Trilinear or Stiff Diagram analysis of
'ater qu.]ity type...'.lcll'IOIIl!l"‘ll..I'll.ll.l!!!‘.ll".l'.'ovlli
Geochemical modeling; speciation and
saturation indices of groundwater, p+
buffering or mixing of t2ilings fluids
"it:‘ ‘QUifer geocnanistryl.'.iililioiQ'l"llll.."!t"!0!0.!..!!6.'0‘4

water Resources Protection Strategy..evevesrsrvsersaeld
Identification of hazardous ConstitueNtS.vsvesvessovsovssensssveranssll
RONREDEPRVIDN TAMERE snan 0 wp o 5 S A0E 50963 00300 00E G405 LoV # ¢ 650000 S
Simulation of concentration of nazardous
constituents at POC 1n uppermost aQUifer...oevevrvsvvsersssarsenssnseld
Simulation of concentration of nazardous
constituents at point Of @XPOSUre. . uvevvversssnrrrvssnassvessssnssssdd

Groundwater Restorationtlll'l.!.'.l..l..ll.lll'l..llllo.
Passive flusningl".'!0.0l!!ll“l"JIC"'O'UAlll"l!llll."l"llc'l':‘-‘l
Yolume of contaminated groundwater...eessess sovssoverovnnnnsanarirsl
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1.0

2.0

EXHIBIT C « CONTENTS OF A STANDARD CALCULATION

INTRODUCTION

Tnis exhipit, a part of the Standard Operating Procedure for
compilation of Calculations, describes tne contents of a standard
Calculation, A standard Calculation should contain at least those
sections described in tnis Exnidit, It is recognized that in specific
instances some sections may not be incorporated; however, tnat snould
be done only for good and sufficient reason, Additional Sections as
warranted by the nature of the Calculations being compiled may be used
as necessary to compile a complete and comprehensive Calculation,

CONTENTS OF THE STANDARD CALCULATIONS

2,1 Proplem Statement or Purpose of Calculation: Tnis section should
describe whaet design proolem 15 to De addressed, how tnhe
calculation fits 1into tne formulation of the SCD. way tne
caiculation is performed, and in wnhat manner tne results may be
used,

2.2 Qverview of tne Metnod and Procedures to be Adopted: Tnis
Section should descrioe the met,ods and procedures, or the models
that are to pe used in tne analyses, evaluations, or calculations,
For methods that are descrioed in tne Tecnnical Approach Document,
reference to that document is sufficient, Metnods not included
in tne Technical Approach Document requirée a more detailed
discussion,

2.3 Assumptions: Provide a series of tullet items listing the
assumptions used as input to tne models or methods used,

2.4 Material Properties: List all material properties used in the
carcurations, This section will be necessary for a calculation
involving soils, but may not pe needed for & calculation involving
pile layout or quantities,

¢,5 Data Source: List the sources of field, laooratory, or reference
data tnat are to oe used in tne analyses,

2,6 Solution - Calculations and Analyses: Tnis section snould
descripe and detail tne calculations actually performed.
Sufficient detail snould pe given for a checker or reviewer to
follow tne work done witnout recourse to the originater,

2.7 Sensitivity Analyses and Parametric Evaluations:
[T precise pari#%!ér values are not known or are likely to vary
during tne design life of tne facility, sensitivity analyses
and/or parametric evaluations shall pe undertaken, Such analyses

and evaluations snould consider a feasiole range of values for
relevant parameters, The range may pe derived from statistical
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2ld

2.9

analysis of available daca or the ranje may pe defined on tne
basis of judgmental assessment of the lfxely or feasidble range of
values, Tne effect of differing results on tne design or
performance of the disposal cell shall be considered in deciding
on reasonable design details,

Conclusions and Recommendations: The results of the calculations

should be Clearly stated, Tables, grapns, or botn should be used
to summarize the results, If the results are to be used as inputs
to anotner calculation, that fact snould pe noted, and the results
tnat are to oe used should be clearly identified, If tne celcula-
tion includes a parametric or sensitivity analysis, tnis should
be noted and conclusions stated, Tne effect that the calculation
nas on the design layout should be noted, Recomnendations for
furtner analyses or design evaluations snould be noted,

Results: This should 1ist the main, relevant results,

2.10 References

2.1

Attacnments: Computer projram listings or output, Laboratory
a.
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conclusions: This section concludes that the rate of settlement i

such that all significant settiement will occur while the tailings a

other soills that will be used to reshape the pile are peing place

The sensitivity analyses indicate that even 1f extreme values of tne

tailings properties are assumed, tnis conclusion remains valid, [t ‘

concluded that the magnitude of settlement 1s shown to be such that a |

further assessment of the potential for cover cracking 1s warrants

The calculation from whicn tnis assessment is made is referenced,
.
|
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EXHIBIT F
EXAMPTE CACTUCATION
DISPOSAL CELL GEOCHEMICAL PROPERTIES: SOQURCE U CONCENTRATION

Pureose

In aosence of lysimeter data, this calculation will be used to provide

a conservative estimate of uranium (U) concentration in tailings fluid,

Tnis concentratisn will pe used to calculate flux of U below the

tatlings pile, Thnis flux 1s used to calculate concentration of U in

groundwater of the uppermost aquifer beneatn tne pile in order to

?:t:rmine if U concentration exceeds the EPA regulated concentration
mits,

Overview of Method/Procedure

Using tne Jleachable wuranium concentration 1in tailings and the
concentration of fluid in tatlings, calculate concentration of uranium
in the taflings fluid, Tnis 1s an alternate way to estimate the
source concentration of contaminants when direct dat:. sucn as from
analysis of lysimeter water samples, are not availadble, Because the
entire amount of leachable constituents 15 assumed to De concentrated
in the pore fluid, tnis calculation provides a very conservative
estimate,

ASSUME“ Qns

o Cnemical conditions in tne tailings fluid are similar to those in
the leacn solution,

o Tne entire amount of leacnaole U is present in the tailings fluid,

0 Density of tne tailings fluid 1s same as that of the leach water, |
g/m‘ .

Material Properties

N/A (Can skip items not applicaple)

Data Sources

The leaching and tailings fluid content data are from the reports
referenced on the Calculation Cover Sheet,

Calculation
a) Concentration of leachadle uranium in tailings = 1.5 g/3.

o) If tots! mass of tailings is M gram, total amount of leachacle
uranium = ! 3 M g,




JE

JACOBS ENGINEERING GRC . " INC.  seerion

ALBUQUERQUE OPERATIONS PAGE OF

¢)

d)

Fluid (moisture) content = 10% (wt); tnerefore, total amount of
fluid = 0,1 Mg,

Assuming fluid density = 1 g/ml, total volume of fluid = 0,10 M ml,

From b and d above, concentration of U in tailings fluid =
T ® 15 g/ml = 15 mg/)

Congclusions and Recommendations

1s

o

3'

Estimated U concentration in tne tailings fluid, when tne tailings
fiuid concentration 1s 10% (wt), 1s 15 mg/1,

Tnis 1s a nighly conservative value since all of leachable U 15
assumed to be concentrated in 10% pore fluid,

Tnis estimate should be substantiated whenever possidle, for
example, using U concentration in lysimeter samples,

Results

See Calculation above,

References

See source of data.

Attachment

None,
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1.0 PURPUSE

The purpose of this document is to describe the Procedures involved in
compiling the Site Conceptual Design (SCU) for the UMTRA Project Sites.

2.0 SCUPE

An SCD 1s prepared for each UMTRA Project site, Tne SCD 1s described
in a section of the draft Remedial Action Plan that is compiled to
describe remedial actions at tnhe site, Tnis Procedure describes the
methods and the steps involved in formulating and documenting an SCL.
Also described are the responsibilities of the various members of the
Site Tean involves in formulating end documenting the SCD.

3.0 PROCEDURES

3.1 Tne Task Managers responsible for the Technical Departments
involved in formulating an SCU assign technical staff to the
Site Team,

3.2 The Site Manager leads tnhe Site Team and 1s responsible for
organizing ang controlling the schedule and budget involvea 1n
formulating tne SCD. The Task Managers exercise delegated
authority over manhour budgets,

3.3 Table 17.2.1 lists the  Technical Disciplines normally
represented in a Site Team,

3.4 The Site Team, as directec by the Site Manager, meets 10
consiger site characterization data available and makes
recommendations for the collection of additional site
characterization ana otner relevant data required to formulate
an SCD., Site Charactcrization and other data are analyzed and
documented as described in Standard Uperating Procedur” Number
17.1.1. As adequate site characterization and other ~atz are
obtained and reviewed, the site design team formulates the SCU.

3.5 The Task Managers, at appropriate times during data collection
and the formulation of tne SCD, consider with their technical
staff activities, recommendations, and contributions to the
formulation of the SCD.

i

JEG-AL-QA-20(#



[JE JACOBS ENGINEERING GROUP INC.  gecrion 172

ALBUGUERGUE CPERATIONS PAGE . OF 23

3.6

3.7

3.8

3.9

3.]2

The Site Team, 8s directed by the Site Managers and as advised
b{ the Task Managers, compiles an SLD by: (1) formulating
alternative disposal options; (2) evaluating the alternatives;
ang (3) selecting the alternative option which best meets the
design criteria, whicn 1s economical, and wnich 1s acceptadle to
the LS,

The SCD 1s documented in the SCU section of the draft Remedial
Action Plan, Text and Figures are used as appropriate to
gescribe and document the SCD,

The site design team members compile design calculations to
support the SCU, Design calculation compilation is described in
Standarg Uperating Procedure Number 17,1.2 of tne Albuquerque
Operations Manual,

In compiling the SCD, account is taken of: Design Criteria as
documented 1in NRC, EPA, and UMTRA Project related documents;
UMTRA Project technical approaches; Project requirements and
plans @as documented in appropriate Management plan, or
procedures; standard practice in the fields of expertise
involved 1n the formulation of the SCL; and approaches and
details adopted and successfully implemented on other SCD and
fina) Remedial Action Plans and construction works.

The format of the SCD section of the draft Remedial Action Plan
will be arranged to meet site needs. Generally, the approach
adopted 1in previous, successful draft Remedial Action Plans will
be adopted and modified as appropriate. Tne Site Manager, 1in
consultation with Task Managers, may establisn for his site the
appropriate format for the draft Remedial Action Plan.

As d¢irected by the Site Manager or advised by the Task Managers,
the SCU will pe reviewed Dy Peer Reviewers (Reference S.0.P,
8.5.2) at appropriate stages of the formulation and
documentation of the SCU.

As directed by the Site Manager, or as advised by the Task
Managers, the SCD will be considered in Value Engineering
workshops at appropriate stages of the formulation of the
Remedial Action Plan and the SCU.

-AL=DA-21(8/87
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, 4.0 LIMITATIONS

4.1 Should conflicts exist between the requirements presented herein
and those definer’ in the UMTRA Project Site Management Marual,
the requirements of the Site Management Manual shall take
precedence,

Prepared By>_ ‘///_/A/c‘gw[‘-(

Reviewed By:

Reviewed By:

q Approved By:

~-AL~DA-21(8/87)
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TABLE 17.2.) SITE TEAM MEMBERS ANV
SITE CUNCEPTUAL DESIGN RESPONSIBILITIES

Site Managers

Task Managers

Civil Engineering

Geotechnical Eng.

Genydroiogy

Radiology

Cost

Team Leader; organize teams; control budgets and
schedules; dnteract with project management, ¢lient,
public, and agencies; direct formulation of 3Site
Conceptual Design.

Review Site Conceptual Design; advise on specialist
matters; exercise delegated authority for manhour
budgets.

Specify pile layout, volumes, erosion protection
requirements, surface-water control features,
construction schedules, and quantity estimates,
Compile relevant celculations,

Define site soil ang rock; tailings geotechnical
characteristics; site geology, geomorphology, and
seismicity; and pile stapility and defornation
analyses. Compile relevant calculations,

Characterize ground-water and interconnected
surface-water congitions &t the site, Define present
and potential for contamination of ground water and
surface water from pile remedial action, Assess
possible design options to maintain or restore ground
water quality.

Define areal and vertical extent of subpile and
off-pile contanination and specific healtn and safety
requirements, Calculate radon source term and
thickness of radon barrier.

Confirm quantities and prepare cost estimates for the
site gesign and alternatives,

AL-QAa-21(8/87)
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SECTION 17.2.2

RADON BARRIER
SITE CONCEPTUAL DESIGN

DATE 7/20/87

EFFECTIVE (04/29/88

SUPERSEDESB, 5.2 9/25/86

PAGE 1 OF 2

1.0 PURPOSE
2.0 SCOPE

complete a Site Conceptual Design,

3.0 PROCEDURE

. 3.2 The designated health physicist

representative.

This procedure describes the responsibilities
design calculations, reviews, and other

3.1 The Manager of Radiological Services
physicist to formulate the Site Conceptual Design, Cther
Radiological Services staff will serve as checkers on any
projects to which they have not been assigned.

Management computer program to make 2
the volume of contaminated material and
These estimates will be presented to the Manager of Radiological
Services and the Site Manager for review, ppropriate changes
on the preliminary estimates will be made as directed by the
Manager of Radiological  Services

To describe the Radiological Site Conceptual Design Procedures.

for the data analysis,

activities required to

will assign a health

will use the Materials
preliminary estimate of

the Ra-226 source term,

or nis designated

3.3  Upon aproval of the volume and source term calculations, the
designated health physicist will evaluate the radon diffusion
coefficient data, the radon emanating fraction data, and the
contaminated material porosity and density data,. Modeled or
default value of =15 bar long-term moisture content to be
provided by Engineering. The data evaluation will provide a
determination of the appropriate input parameters for the RAECOM
Computer Code. All 1input parameters
approved by a checker on the radiological services staff,

will be checked and

3.4 A sensitivity analysis will be performed by the designated
health physicist to evaluate the effect of cover long-term
moisture, Ra-226 concentration, radon diffusion coefficient, and
radon emanating fraction on the proposed cover thickness. The
results of the sensitivity analysis
checker on the radiological services staff,

will be reviewed by @

JEG-AL-QA-201(8/87)
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3.6 The cover thickness estimates generated by the RAECOM and the
results of the sensitivity analysis will be approved by the
Manager of  Radiological Services or  his designated
representative,

Prepared By:

o ?
y/
Reviewed By: 7
[ (R : "() 2
Reviewed By: h’~ / I LA e
1ty Rssurance Manager

-
e S w—e-

' Approved By:

JEG-AL-QCA-21(8/87)
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DATE /31/€7

PRODUCTION OF DUCUMENTS: TECHNICAL EFFECTIVE 04/25/88

UEPARTMENT PARTICIPATION

SUPERSEDES £,10.2 £/14/8C

PAGE ) OF 3

‘.U

'Y

3.0

PURPUSE

The purpose of this section s to describe the procedures for the
participation by Technical Departments in the production of UMTRA
Project documents,

SCUPE

In order to documert the remedial action plans and planning for UMTRA
Project sites, the following documents are produced: Discussion
Papers, Uption Papers, and other similar documents; Environmental
Impact Reports = tA and EIS; the Comparative Analysis of Disposal Site
Alternatives Report - CADSAR; and tne Remedial Action Plan « RAP, The
Site Managers are responsible for producing the documents. The
Technical Services (Engineering, Hydrological Services, Radiological
Services, and Environmental Services) produce appropriate sections
that are collated to compile the complete document, This procedure
gescribes the participation by and input from tne technical staff
(Site Team members and Task Managers) to the documents. It does not
cover the procedures adopted by Site Managers in compiling documents.

PROCEDURES: THE CADSAR

3,1 The Site Manager is responsivle for compiling and writing the
CAUSAK.

3.2 Site team members shall assist the Site Manager in writing the
CADSAR by providing information, data, advice, text of
appropriate sections, figures oOr diagrams as requested by the
5ite Manager and directed by the Task Manager.

3.3  Site team members may, as requested by the Site Manager, and as
directed by the Task Manager, write Appendices for tne CAUSAR,
Such Appendices shall be written in a format similar to the
format of the corresponding Appendix or Section of the RAP,

3.4 Site team mempers shall input to and contribute information and
data to the CADSAR either by oral discussions or 1tne
transmission of white papers, figures, diagrams, tables,

analyses, calculations, or ap~  ‘Ces,
3.5 Site team members and Task P« shall review the CADSAR, 1in
accordance with the requireme ° Standard Uperating Procedure

Number ¥.2.6, prior to 1issue for techrical acceptability,
correctness, and reasonability.

JEG-AL-QA-20(0/87)
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1

3.6

3.7

3.8

The Site Mansger is responsible for ascertaining and confirming
that Task Manager approval of all information, etc., provided by
Site Team members has been cbtained,

It is not necessary to compile calculations or analyses to
support data and designs incorporated into the CADSAR.

Tne provisions of this section shall apply also to the
compilation of Discussion Papers, Option Papers, and other
similar documents,

4.0 PROCEDURES: EA AND EIS

4.1

4.2

4.3

4.4

4.5

The Site Manager and Task Manager, Environmental Services (EV)
are responsible for compiling the site EA or Els.

Site team members shall contribute text, tables, figures,
diagrams, and information to the documents &s requested by the
responsible Site and Task Manager,

Information provicea to the EV Specialist compiling the EA or
EIS shall be reviewed by tne responsible Task Manager as soon as
practical after compilation of the first draft, This may Dbe
before or after submission of the information to the EV
Specialist,

The EA or EIS shall be reviewed and approved by the Task
Managers 1in accordance with the applicaple Standard Uperating
Procedures: Peer Review 8.5.2 or Reguest for Review 9.2.6.

Responses to comments on the EA or E]S shall be compiled by site
team members as requested by the Site Manager and as directed by
the Task Manager. Responses to comments shall be reviewed and
approved by Task Managers if possible before submission to the
Site Managers, and at any rate before issue to DOE,

5.0 PROCEDURES: RAP (Draft and Final)

5.1

5.2

5.3

The Site Manager is responsible for compiling and collating the
RAP, and he shall do this in accoraance with tne provisions of
the UMTKA Project Site Management Manual, UMTRA=DOE/AL
40005.0000,

Technical Departments are responsible for compiling sections of
the RAP that relate to their specific disciplines, Tecnnical
contributions to the RAP are made by way of written text anc
associated figures ana tables.

Site team members shall compile the written sections of the RAP
text for wnich they are responsibie at the direction of the Site
Manager and in accordance with tne concurrence and knowledge of
the responsiple Task Manager.

TO-AL-CA-21(8/87)
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) Rev

Approved By:

b.4 Before submitting sections of the RAP to the Site Manager for
incorporation into tne KAP, site team members shall have that

text checked and approved by the responsible Task Manager,

The

Site Manager is responsivle for confirming that Task Manager

concurrence has been obtained,

5.5 The RAP shall be checked and approved by the site team members
and tne Task Managers before publication or issue of the RAP.

This shall be done 1n accorgance with Standard
Procedure 9.2.6.

Operating

%.6 Updates or revisions to the RAP shall be made by the site team
members as requested by the Site Manager ana as directed by the

Task Manager.

6.7 Responses to comments oOn the RAP ,hall be compiled by the site
team members as reguested by the Site Manager and as directed by
the Task Manager, Responses to comments shall be checked and
approved by Task Managers if possible before submission to the

Site Managers, and at any rate before issue to DUE.

LIMITATIONS

6.1 Should conflicts exist between the requirements presented herein
and those defined in the UMTRA Project Site Management Manual,

the requirements of the Site Management Manual
precedence.

Prepared By: A i A el

jewed By: ///

7/

iewed By: A
11t Assu?‘ndé Manager

A
s QN A;4%yi{(~\‘______:;___
/LProject Manager

shall

take
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TECHNICAL APPRUACK DOCUMENT (TAD) 4l 10 0/3%
v
CHECKLIST FUR REVIEW OF UMTRA EFFECTIVE 04/29/88
RAP REQUIREMENTS SUPERSEDES
LF PAGE | OF

1.0 PURPUSE

Tne purpose of this procedure is to provide guidance and direction to
UMTRA personne. and minimum requirements for verification that draft
and final Remedial Action Plans are reviewed and completed; containing
all required material and data as prescribed Dy the UMTRA Project
Technical Approach Document (TAD).

.V SCUPE

The scope of this procecure will encompass personnel responsibilities
and requirements for performing reviews of UMTRA Project RAPs to
minimum requirements listed on the attached checklist,

3.0 PRUCEDURE

3.1 UMIRA Project site manager oOr task managers will assign
. tecnnical staft to review RAPs for evaluation of technical
content, conclusion, and conp leteness.

4.2 Tecnhnical staff personnel shall review all assigned UMTRA RAPS
and verify that said documents conta’ at a minimum, all items
joentified in tne Technical Approac socument (TAD) checklist
for document review (Attachment 1),

5.3 As each TAD checklist item is verified as being containec in, OF
absent from, the reviewed document, and that tne item(s) 1%
determined either complete or lacking data, the reviewer will
check the appropriate corresponding space for yes or no. "Yes"
will indicate tne item(s) 1s incorporated into the document and
that tne data and information contained within the document 1S
complete and accurate, 1f, however, the document does not
contain tne required item(s) or the data or information 18
getermined to be incomplete, the checklist item should be marked
"No.* A1l “No" responses should be accompanied by a brief
statement 1in the ‘“Remarks" space explaining the negative
response, If the item(s) does not apply to the document under
review, check “No" and write “K/A" under remarks,

3.4 Upor completion of review, completed checklists will be returned
to the responsiblie task manager.

3.5 Tne task manager shall review all returned TAD checklists. Task
managers shall take appropriate action as indicated below,

JEG-AL-QA-201(8/87)
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3.6,1 If the documnent 1is determined to be complete, with all
minimum characteristics satisfastorily addressed, it will
be approved by the task manager and forwarded for final
review as directed in 3.6,

3.5.2 1f comments on the checklist indicate that an item(s) 1is
not incorporated, or data or information 1s determined to
be incomplete, the document and & copy OT the check1ist
will be returned to tne appropriate technical personnel
for rewrite or data incorporation and completion, as
necessary.

3.6 Upon task manager approval, the document ¢nd TAD checklist will
be routed for final review and approval and/or comment to the
appropriate site manager, yuality assurance, and project manager.

3.7 After the document has completed the final review cycle, it
shall be returned to the task manager for incorporation of

comments and final processing. Final document final processing
shall be in accordance with AOM, Section 17.3.1.

Prepared By:

Reviewed By: // /
5 r

Reviewed By: ;.~A'
y Assurande ﬁanager

poject Menager

Approved By: _

JEG-AL-QA-Z21(8/8T)



TECHNICAL "PPROACH DOCUMENT
CHECKLIST FOR RAP DOCUMENTS

PAGE 1 OF 6

SITE: REVIEWER:
TASK MANAGER: DATE:
CONCURRENCE: __ ——
ITEM COVERAGE
YES | NO ARK
. BACKGROUND WATER QUALITY
A. Literature review
B. Well and sprino inventory for two-mile radius
C. Background munitor wells
1. Uppermost aquifer
1. Three or more monitor wells
2. Lower aquifer
1. Three or more monitor wells
3. Sampled at least twice
i. Six or more sample analyses
4. Well logs
D. Surface waters (pile side of stream or river)

1. Low flow

i.  Upstream

il. Intermediate

11, Downstream

2. High flow

1. Upstream

ii. Intermediate

111, Downstream

JEG-AL-QA-22 (10/88)
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ITEM

COVERAGE

0

s

IV.  IMPACTS ON BENEFICIAL 'SE OF GROUNDWATER

A, Present value of affected resource

B. Potential for human exposure

V.  CONTROL ALTERNATIVES FOR GROUNDWATER

A, Aguifer restoration

1. Potential restoration alternatives

1. Technical feasibility

1. Estimated cost

111, Impacts on other users

B. Alternate water supplies

C. Institutional controls

VI, RADIOLOGICAL SITE CHARACTERIZATION

Appropriately spaces grid points

A,
8. Borehole dri11ing/logging/sampiing for deep
contamination

>

Gamma exposure rate measurscents

S IR sampling/delta measurements for shallow
contamination

E. Soil sampling below tailings for thorium and
heavy metals

F. Bullding surveys for salvageabie buildings

G, Volume calculations based on reasonable,
conservative assumptions

H. Off pile Ra-226 source

I. Tailings pile Ra-226 source

JEG-AL-QA-22 (10/88)









Page 6 of 6

ITEM

COVERAGE

MO

. Slope stabiiite: static and seismic; factors
of safety adeguacy

J. Pile settlement: settlement defined, potential
effect on pile integrity considered

K. Ligquefaction potential: adeguate soil strength
soil meisture adequacy, compaction of tailings

il. NON-REDTOLOGICAL CONTAMINANTS

K. Review of ex sting s011 and tariings data

B. Tnventory of potentially hazardous materiais

C. Data gaps (additional sampiing)

D. Correlation between non-radicological consti-
tuents and Ra-226

JEG-AL-QA-22 (10/88)
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DATE 6/12/87

LOCATION IDENTIFICATION FOR TEST BORINGS,
TEST PITS, AND MONITORING LOCATIONS

EFFECTIVE 04/29/88

SUPERSEDES 8.2,13 7/4/8L

PAGE OF 2

1.0

2.0

3.0

PURPOSE

This operating procedure establishes a uniform test boring, test pit,
and monftoring location fdentification system for use on UMTRA site
fnvestigations,

POLICY

A1l test borings, test pits, monitoring locations, and observation
wells where physicsl, chemical, biological, or radiological
measurements are made will be designated wusing the standard
fdentification system described herein, This procedure includes all
existing locatfons that are or will be used by the TAC for the
completion of the site characterization tasks, Note, however, that
excluded from this standard procedure are the thousands of su-face
locations scanned or sampled for the purpose of site characterization
requiring no specific identifier. These surface locations (where the
elevation (Z) 1s implied to be the topographic surface) will be simply
referred to by & north coordinate (Y) and an east coordinate (X),

PROCEDURE

Each location defined above shall be identified by & Site Code and @
Location 1D, The site code will consist of the standarJ 3-character
designation as 1isted ‘n Section 8,3.5 of the AOM plus an additional
two=digit number further describing a specific aspect of the site
defined categorically by the site type. This two-digit number is
assigned by the Data Administrator after concurrence with the Site
pcnagor and maintained in the General Site Information (GSI) Master
ile.

The Location 1D will consist of a 3-digit designation with a range per
site as follows:

001 through 999

This three-digit number is assigned and maintained in & log by the
Data Administrator,

Thus, the fdentification will take the form,

SSSNN=NNN

:T
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UMTRA PROJECT
TAC MYDROLOGICAL STANDARD OPERATING PROCEDURES

16.0 HMydrological Standard Operating Procedures

16.1 Field Operations

16.1.1 Monitor Well Installation

16.1.2 Well Development

16.1.3 Slug Testing

16.1.4  Packer Testing

16.1.5 Aquifer Pump Testing

16,1,6 Soi)l Water Sampler Installation and Use
16.1.7 Installation and Servicing of Tensiometers
16.1.8 Batch and Column Leach Testing

16,2 Water Sampling
16.2.1 Water Sampling, Preserving, Shipping, and Testing
16.2.2 Water Sampling for Tritium Analysis
16.2.3 Evaluation of Chemical Analysis of Water Samples
16.3 Data Control

16.3.1 Completion of Well and Spring Inventory




JE JACOBS ENGINEERING GROUP INC.
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TAC TECHNICAL STANDARD OPERATING PROCEDURES

17.0 Technica)l Standard Operating Procedures - Office

17.1  Analysis and Calculavions

17.1.1  Analysis of Data

17.1.2 Compilation of Design Calculations
17.2 Design

17.2,1 Conceptual Design

17.2.2 Radon Barrier Site Conceptual Design

17.3 Documents

17.3.1 Production of Documents: Technical Division
Participation

17.3.2 Technica) Approach Document (TAD) Checklist for
Review of UMTRA RAP Documents

17.4 Data Contro)

17.4.1 Location 1D for Test Borings, Test Pits, anu
Monitoring Locations
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DATE 10/02/90

@ LALBLOUERQUE OPERATIONS MANUAL

EFFECTIVE 11,4¢/9y

MONITOR WELL INSTALLATYON SUPERSEDES 02/2° /87

PAGE 1 OF g

1.0 PURPOSE

To provide guality control for monitor well installation that will enable
successful completion of field driliing {fnvestigation(s) oriented toward
obtaining representative geohydrological quality information, and to
provide regulatory compliance for monitor well construction, modification,
repair and abandonment activities.

2.0 SCOPE

This procedure 1s applicable to members of the TAC ond 1ts contractors and
subcontractors with responsibilities and duties frr the installation of
monitor well(s), well development, well testing, und collection of water
samples for water quality determinations.

3.0 PROCEDURES

3.1 A1l field measurements and coments shall be recorded on Attachment
‘ g.! :ros.z pursii*nt to TAC data repurting formats and protocols.
.. . .

3.2 A1 Yines on the forms shall be completed. The letter designation
*NA" (Not Applicuble) or "MK" (Not Known) shall be used in all blank
spaces

3.3 !f some steps or procedures were not performed as described, the
reason must be stated on Attachment 5.1 or 5.2 or submitted as an
attachment to the data sheet.

3.4 When granuiar backfill 1s used as part of a well installation, at
least one-half to one pint of sample shall be taken from each
shipment of granular material, stored with the soil samples, and
recoroog on the sketch of each installation for which that material
was used.

3.5  The contractor sha))l submit the spe.!fications of the proposed sand
pack materfal to the TAC Field Technical Representative (FTR) for
approval prior to use. Describe each sample in terms of 1ithology,
grain size distribution, and source. Record both the company from
whom the material was purchased and the pit or quarry of origin.
This material shal)) be clean, inert, and siliceous. Use typically
well-sorted (?oorly graded) sand such as No. 8-12 or similar
material with less than ten percent (10%) passing through the design
slot size for medium to course grain aquifer materials and No. 10-20
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P.f

3.6

37

3.8

3.9
.10

with Yess than ten percent (10%) passing through the design slot
size for fine to medium grain aquifer materials,

Sketch the well instaliation on Attachment 5.1 and show, by depth
from surface grade, the bottom of the boring. sump, screen location,
coupling design and location, granular backfill, seals, grout, cave-
fn centralizers, and height of riser above ground surface. Record
the actual composition of the grout, seals, and granular backfill on
each Attachment 5.1. Also include the screen slot size (in inches),
slot configuration, total open area per foot of screen, and screen
manufacturer,

Note: Any use of PVC solvents, glues, soap, or cleaners is
prohibited below grade wunless otherwise stated 1in the
specifications. Where such materfal s used, 1t shall be recorded
and described on Attachment 5.1 and sha'l include manufacturer end
type (specification).

Use, whenever applicable, PVC centralizers to assure the uniform and
complete annular filling by granular backfill, seal, and grout
materials. Fasten centralizers to the well casing with mechanical
fasteners., The centralizers shall be radially spaced about the
cas!n? at 120° or 90° intervals. On Attachment 5.2, provide a
description and location(s) of the fastening device and centralizer,

Attachment 5.3 and 5.4 depict typica) well construction. However,
specific contract requirements may alter some of the components
and/or values shown. Furthermore, when installed as a plezometer or

eN rolnt (for water levels only), the well configuration may
significantly vary from these figures. After development 1s
complete,, indicate the static water level in the well on the well
construction diagram,

Well sketches shall include the protective casing detail,

Install protective casing around all monitor wells, The TAC shall
determine exceptions on a case-by-case basis. Minimum elements in
the protection design include:

3.10.1 A five-foot minimum Yength of black fron pipe or galvanized
pipe extending about 1.5 to three feet above the ground
su;fgc; and set in cement grout. See Attachments 5.3, 5.4,
and 5.5,

3.10.2 The pipe diameter shall be eight inches ;a' 1.d.) for four-
fnch wells and six inches (6" 1.d.) for two-inch wells
(depending on approved borehole size). A 0.5-inch drain
hole near ground level is permitted.

3.10.3 Instal) a protective steel cap (as in Attachment 5.3 and
§.4) and secure the cap to the top of each pretective
casing by the use of a steel pin which penetrates the
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3.1

3.10.4

3.10.5

3.10.6

3.10.7

3.10.8

casing and cap. Paint the location identification on the
inside and outside of the cover with enamel type paint,
The Site Manager shall designate location identification
which shall conform with TAC format.

The well cover must keep precipitation out of the
protective casing and shall be secured to the casing by
means of padlocks,

It 15 desirable that &11 padlocks at a given site be opened
by the same key. The numbers on the locks shall be noted
and then rubbed off the back of the lock.

(0€tion|1) Paint the protective casing with aluminum
colored paint,

As shown in Attachment 5.5, secure those wells which are
not grotectod by the steel surface casing with an enclosure
of three (3) fenced wood or steel posts., Cement each post
in place. NOTE: The instaliation of the posts fis
recommended in addition to the protective casing in areas
where vehicle traffic might pose a hazard.

1) The wood posts should be 4" x 4" x ~6', the steel posts
should be 3" diameter (0.d.) x ~6', and the T-bar driven
steel posts should be 6’ long.

2) Place vach of the posts radiall{ and about four feet
(4") from the well, placed two feet (2') below ground
sur:aco. and have four feet (4') minimally above ground
surface.

3) 1f high vegetation exists around the well site, flag the
posts with bri?htly-colorod plastic ribbon-1ike material
or its equivalent,

Optional. Use three-strand barbed wire strung on four (4)
posts as shown in Attachment 5.5, as livestock guards in
grazing areas. For post dimensfons see 3.10.7.

Emplace a filter pack (granular backfill; sand pack) in the annulus
adjacent to the well screen in all monitor wells as follows:

3,111

F111 the annulus between the well screen and boreshole wall
with approved silica sand.

When neither of the two proposed generic filter
sand/screen-slot sizes are used, it will be required that
representative aguifer material be collected and sieved to
determine grain size distribution.

——
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3.12

3.11.2 The avcrlge rain-size of the filter sand shall be based on
expected n-size distributions in the screened formation
and on t 0 siu of predesigned well-screened openings.
Ideally, the filter pack will pass only the smallest of the
grain size (40%) found within the formation. The sand
shall have a gradation which will allow not more than ten
percent (10%) of rack naterial to pass through the screen
slots. Refer to Figures 16.1 1-5, 16.1 1-6, 16.1 1-7, for
s:lecting filter pack material size and wel®l screen slot
size

3.11.3 For wells deeper than 75 feet, or as determined by the FTR,
emplace the sand pack with a tremie pipe. Gravity feed the
sand through the tremie pipe into the annulus throughout
the entire screened interval and a minimum of three feet
over the top of the screen.

3.11.4 As a last resort, clesn vater should only be added when no
other practicable m thud exists for proper filter pack
emplacement. In such a case 1t is necessary to pump
sufficient sand slurry through the tremie pipe to cover the
screen after the sans pack has densified and settled. As
a general rule-of-thumb, apply at least a seven-foot (7')
thick laver of sand slurry over the top of a 15 foot-lon
screen. Increase the sand-pack thickness by two feet (2'?
for each additional five feet (5') of screen. Thus, the
top of a 30-foot long screen would be 13 feet deeper than
the top of the sand pack after emplacement.

3.11.5 Using the tremie pigc. ascertain the depth of the top of
the sand and veri the thickness of the sand pack.
Additional sand shalI be added to bring the top of the sand
pack to the proper elevation, 1f necessary.

3.11.6 Under no circumstances shall the sand pack extend into any
aquifer other than the one to be monitored. In most cases,
the well design can be modified to allow for a sufficient
sand pack without threat of cross-flow between producing
zones through the sand pack.

3.11.7 The Site HydroIo?ist and FTR are the only individuals
authorized to modify an existing well design,

The filter pack shall consist of clean silica sand and ensure
g:ntinuous flow capability from the natural formation to the well
re.

Emplace a bentonite seal between all contacts of sand pack and grout
to prevent infiltration of cement into the well. In special
circumstances, where an open borehole has been drilled to a depth
below that at which the screen will be set and 1f grout is used to
seal off a lower aquifer or as backfill up to the proper level,
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emplace a bentonite seal above the grout before casing, screen, and
sand pack are fintroduced. Allow the grout to set up prior to
g1:§1n9 the seal. Place any bentonite seal in the monitor well as
ol lows:

3.12.1 F111 the annulus between water-tight well casing and
borehole (and in the interval between the sand pack and the

rout seal) with a bentonite seal at least five-feet thick

Yvort‘ \11y§. The annulus must be filled with a bentonite

seal . & level above the highest seasonal groundwater

fluctuation.

3.12.2 Emplace the seal material as bentonite pellets or graded
bentonite chip. The bentonite shall have a minimum purity
of 90% montTorlllonito ¢lay and a minimum dry bulk density
of 75 1b/ft” for 1/2-1nch pellets, v'providod by American
Colloid, or its equal and 50.0 1b/ft” for 3/4" graded chip.
The pellets and graded chip should be screened prior to
placement in order to separate the fines from the unbroken
- intact seal material. The fines are discarded. Place 2
cap over the top of the casing and pour a five (5) gallen
bucket of bentonite directly down the annulus. Note: Care
must be taken to avoid introducing pellets into the well
bore. Pour the pellets from different points around the
casing to ensure even application. Use a tremie pipe to
redistribute and leve)l out the top of the seal.

3.12.3 For wells deeper than 75 feet, pour the bentonite as
pellets, or if necessary, introduce the bentonite as @
slurry. The TAC FTR shall determine the method of
emplacement after evaluating the condition cf the well and
borehole wall.

1) 1f there are no centralizers in the upper portions of
the casing, manipulate the casing to prevent pellets
from hanging up in the narrow annulus and to allow them
to settle as rapidiy as possible to thé bottom,

3.12.4 If a slurry of bentonite is used &s an annular seal,
prepare the slurry by mixing powdered bentonite with
potable water. The slurry must be of sufficiently high
specific gravity and viscosity to prevent its displacement
by the grout that will be emplaced above. As a precaution,
regardless of depth and depending on fluid visocity,
emplace a few handfuls of bentonite pellets in to solidify
the surface of the bentonite slurry.

3.12.5 Before pumping the seal, make sure that the sand pack has
ceased settling by measuring the depth of the top of the
sand with the tremie pipe. The sand pack must provide an
adequate cover over the screen as discussed in 3.8,
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3.13

3.12.6 V!sua\l{ check the condition of the slurry by pumping inte
8 bucket or onto the ground. Retract the tremie pipe three
feet and commence pumping.

3.12.7 In a)) situations, emplace & bentonite sea) & mintmum
thickness of five feet. The top of the sea) shall be
tagged bg tremie pipe to verify that the proper thickness

of seal has been placed in the annulus.

3.12.8  Repeat applicaticn and verification as necessary until the
spoc:f!ed quantity of bentonite has been placed in the well
annulus.

Use only Type | or Type Il cement without accelerator additives,

Allow 20 minutes for bentonite slurry or bentonite pellets to set
20{?ro grouting commences. Place grout in the monitor well as
ollows:

3.13.1  F41) the annulus between the well casing and borehole wall
with grout,

3.13.2 Place the grout with a grout tremie-pipe located just over
the top of the seal.

3.13.3  The tremie pigc should normally consist of 1.25-inch PVC or
steel pipe. One-inch rolled thin-walled poly pipe has been
used with success in some cases.

3.13.4  Pump the grout through this pipe to the bottom of the open
annulus until undiluted grout flows from the annulus at the
ground surface.

3.13.5 The grout shall consist of a neat cement mix with four
pounds of commercial bentonite and approximately 7.5
gallons of water added per 94-pound bag of cement. Use
only grout mixed with TAC-approved water.

3.13.6 An{ drill casing or hollow-stem auger shall be left in the
hole during grouting to the extent practical.

3.13.7 During grouting, the dril) casing or hollow-stem auger may
be removed as the grout level rises above the contact,

3.13.8 While the grout 1s sti11 green (per 3.13.5 above), add
additional grout to compens»te for the removed casing or
auger and tremie pipe ard to ensure that the top of the
grout 1s at or above gr.und surface. Construct a grout
apron at the base of thi protective casing to facilitate
surface water runoff,

3.13.9 Instal) the protective casi g.
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3.13.10 After the grout has set for 48 hours or more, fill any
depresrion in the grout due to settlement with a grout
similar to that described in 3.13.5.

Clean up equipment and work area.

4.0 MONITOR MELL REGULATORY COMPLIANCE

4.1

4.2

43

It shall be the responsibility of the UMTRA site hydrologist, site
manager, or other project personnel designated by the site manager
proposing to construct,, modify, repair, or abandon an UMTRA monitor
voIg to notify in writing the regulatory compliance staff, within
Environmental Services, of the proposed action. This shall be done

]1_*ng_xlmg_11mu as the scope of work 1s developed for the proposed
action.

4.1.1 The notifization to Environmental Services shall be
recorded on Part 1 of the Regulatory Compliance Data Sheet,
Attachment 5.8,

It shall be the responsibility of the regulatory compliance staff,
upon being notified that a proposed monitor well action is pending,
to initiate the roa:1atory complfance and clearance process, and
update the central Monitor Well Inventory database.

4.2, With this information, the regulatory compliance staff will
open a record or modify existing records in the Monitor
Well Inventory database (available via the DART) provid'ng
a tracking system of the regulatory, maintenance, and
access status of all UMTRA monitor wells.

4.2.2 Envir_nmental Services will obtain necessary regulatory
permits or clearances from the appropriate state, tribal,
or Federal permitting agencies and provide coples to the
FTIR before drilling can commence.

In the case of new monitor wells or those wells requiring repairs,
the site hydrologist/FTR must provide a status report to
Environmental Services on the proposed activity within 30 days of
tne initial notification.

4.3.1 For those states where licensed drillers are required to
file completion reports, the site hydrologist/FTR must
provide verification of filing, including a copy of the
completion report, to the regulatory compliance specialist,

4.3.2 for those states where the well owner files compliance
documentation, the site hydrologist/FTR must provide copies
of the completion report to the regulatory compliance staff
within one week of the completion of drilling.
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5.0 LJTACHMEN. . S): _Supporting Documentis)
£.) Figure 16.1.1-1; Well Completion Record [JEG-AL-ENG-3(6/87))

¢ Figure 16.1.1-2; Borehole/Well Construction Log [JEG-A
1{6/87)]

Figure 16.1.1-3a; Typical Construction of Alluvial Well,
Figure 16 3b; Typica) Construction of Bedrock Well.
Figure 16.1.1-4a; Post Placement Around Well,

Figure 16.1.1-4b; Post Placement Around Well

Figure 16. §; Sieve Retention Graph

Figure 16 -6; Sieve Retention Graph

Figure 16 7; Correlation Chart of Screen Openings and Sieve

b .

Figure 16.1.1-8; Regulatory Compliance Data Sheet
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FIGURE 16.1.1.2
, JAZOBS ENGINEERING ™= "OUP INC.

| AL PO DR A TR

BOREMOLE/WELL CONSTKUCTION LOG

® ..

LOCATION ID: FIELD REP:
APPROX, SITE CCORDINATES (FT): N E
GROUND ELEVATION (FT, MSL): COMPLETION DATE:
BOREMOLE SUMMARY CONSTRUCTION TIME LOG
START
DRILLER: ACTIVITY END
RIG TYPE: oAte | Time | TME
HOLE ND @ FLUID DRILLING
BIT TYP A, =
€] fnj D%ni” TYPE
CASING
CASING SUMMARY FILTER PACK
END®
GASE'®l  oEscRmiPTION ns OFPTR
Ll dseaL
‘ BACKFILL
DEVELOPMENT
OTHER
¢ P-Protective S-Screen B-Blank O-Open  N-None
&oopm from Tep of Casing L_J._____.
WELL CONSTRUCTION WELL DEVELOPMENT
TYPE
. COMMENTS:
& B - Backiit 8 -~ Seal F - Firer Pack

® Depth from Ground Surface
JEG-AL-ENG-1 (g/87)
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PLAN VIEW
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FIGURE 16.1.17

Correlation Chart of Screen Openings and Sheve Shres

Tylet U:F.!!E!..,_.-
Goure e Bioe of Opoaieg Sheve
E;:: Ne. 'ﬂ.. inches | mm No. °f-'.""’u-
- 00 | 00018 | 003 | 400 | 00018
clay - - 328 | 00017 | 0043 | 328 | 0.0017
& - - 270 | 0.0021 | 0083 | 270 | 0002
silt - - 250 | 00024 | 0061 | 230 | 0.0024
- - 200 | 00020 | 007 | 200 | 0.0020
- - 170 | 00038 | 0088 | 170 | 0.0038
- - 150 | 00041 | 0104 | 140 | 0.004)
6 - - 118 | 00049 | 0124 | 120 | 0.0049
“:; ¢ %0 100 | 00088 | 0147 | 100 | 0.0089
1 80 80 | 00069 | 0178 80 | 0.00%
] 2 68 | 0.0082 | 0.208 70 | 0.0083
10 60 60 | 00097 | 0.246 60 | 0.0098
12 56 a6 | 00116 | 0298 8 | 00117
14 - 42 | 00138 | 0351 45 | 00138
medium 16 3% | 00164 | 0417 40 | 00165 (%)
sand 18 40 - | 00180 | 0487 | ~ | 00180
20 32 | 00198 | 0488 3 | 0097
23 28 | 00232 | use9 30 | 00232
28 30 - | 00280 | 0638 | «~ | 0025
2 26 | 002% | 0.701 28 | 0.0280
coarse 3l - 0630 | 0788 | - | 0.0310(%) | (2)
sand 3 20 | 0.0328 | 0833 20 | 00331
' 38 20 - | 0038 | O889 | = | 0035
\ Ll 16 | 003 | 0991 18 | 00394
4 14 | 0046 | 1168 16 | 0.0469 (b)
very 56 12 | 0088 | 1.397 14 | 0.0888
sand 66 10 | 0065 | 1.651 12 | 0.066!
7 9 | 0078 | 1981 10 | 00787
93 8 | 0093 | 2362 g | 00931
very L - | 0,094 2390 | = | V0% (%)
fine 1 T |00 | 279 1] 01
gavel 128 - | 0125 | 3180 | = | 0125 (B
132 6 | 0131 3327 6 | 0132
187 s | 0156 | 2962 $ | 0197
187 4 | 0I8S | 469 4 | 0187 (W
fine 223 3 | 0221 | S613 | 34 | 0223
grevel 250 - | 0250 | 6.350 W | 0250 (W
263 3 | 0263 | 6680 | = | 0263
312 2v | 0312 | 7928 | % | 0312 (W)
375 0371 | 0371 | 9423 [ W | 0378 (%)
a3 064l | 0441 | 11.20 Y | 0438 (%)
$00 0.528 | 0525 | 13.3) % | 0500 (%)

a) UMTRA specifications suggest 10-20 silica sand
with 0.030 slotted screen for fine to medium
grain aquifers,

b) UMTRA specifications suggest 8-12 silica sand
with 0.050 slotted screen for medium to course
grain aquifers,



REGULATORY COMPLIANCE DATA SHEET
PART I (To Completed by Site Hydrologist/FTR)
Submit to Regulatory liance Specialist, Enviror:

Comg
concurrent with initiation of the scope of K.
range, and section (See k

.

. WOl
ack of sheet) and atta

Site Hydrologist/FTR

Site ID Code:

Action to be taken: [_) Drill Wells

No, of wells: Monitor Wells ___ Bore Hc
Driller (name/address):

tate License #! I
(name/address) :
Proposed Construction Start ovate!

Proposed Construction Completion

Drill Rig/Construction Type:_

B ———
PART II (To be completed by Regulatory Compliance Staff)
Permit/Clearance Date:

Access Agreement §¢:

Open reccord in Monitor Well Inventory [_) Yes [ ] Date:

AR SR ST AR, S AT G RS S R AR AN L AR

PART III (To be completed by Regulatory Compliance Staff)
Actual Construction Start Date:_ Actual
Well Completion Report filed: Driller [ ] Jacobs

Records in files: [_) Yes [_) No

Update Monitor Well Inventory: Date
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o ALBUQUERQUE OPERATIONS MANUAL  joscfoN  1€.1.2

DATE §/27/87
EFFECTIVE 08/18/88
WELL DEVELOPMENT SUPERSEDES B8,2.8 6/6/86

PAGE OF 3

1.0 PURPOSE

To define the procedures to be followed while developing a well in
order to obtain water zamples for future water-quality testing.

2.0 SCOPE

The following procedures shall be implemented after the installation
of an observation monftoring well,

As attachments to this section are the applicatle TAC forms:
Figure 1, Borehole/Well Construction Log JEG-AL-ENG-1 (3/84),

A1l field measurements and comments shall be recorded on the
. appropriate TAC forms as per TAC data reporting formats and

protocols, All lines on the forms shall be completed. The letter
designation “NA" for not applicable or “NK" for not Kknown shall te
used in all blank spaces, If some stens or oprocedures were not
performed as described, the reason must be stitea (s 1§ practicable on
the appropriate form or submitteo as an attachoent thereto,

3.0 PRICEDURES

3.1 The development shall be performed as soon as practical after
well installation, but no sooner than 48 hours after grouting is
completed.

3,2 Development shall be accomplished by airlift pumping and/or
bottom discharge bailer until the well water is clear and
sediment within the well 1s removed to the fullest extent
practical,

a) For those wells where the boring was made without the use of
drilling fluid (mud, and/or water), remove approximately
five (5? times the standing water volume in the well (well
screen and casing plus saturated cnnulus). Should recharge
he so slow that five volumes could not be removed in one
day, or the water remain discolored or contain greater than
one percent particulates after this five-volume removal, the

TAC Office shall direct an alternate procedure based on the
‘ subjective Jjudgment of the lead geotechnical engineer or
hydrologist.
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b) For those wells where the Horing was made or enlarged witt
tho use of driliing fluid (mud, and/or water), remove
approximately five times the measured amount of total fluids
lost while driliing plus five times the standing water
volume as above (in paragraph a.). Toe same procedure als

pplies here as above fc cases of slow recharge,
disrolored, or particulatae-lad

3.3 No dispersing agents, acids, or disinfectaits shall be used t¢
enhance development of the well,

3.4 No water shall be added to the well to assist development
without prior TAC/TR approval, 1f & well cannot be cleaned of
mud using airlift to produce formation water becsuse the aquifer
yields insufficient water (e.g., one gallon per minute or less),
small amounts of potable water may be injected to clean up this

poorly yielding well, This may be done by dumping in buckets of

water o by pumping it through the air line intermittently.
when most of the bentonite 1is out, continue development with
formation water only, It is essential that at least five time

the amount of water injected must be produced back from the well
in order to assure that all injected water 1s removed from the
formation When most of the bentonite 1§ cut, continue
development with formation water only, as described It

Section 3.2.b.

3.5 During development, the effort shall be made to remove the
standing water from points near the bottom of the well screen as
well as from the top of the water column, Moreover, the airlift
outlet should be placed at several depths along the scCreened

interval to ensure complete deveiopment through the sand pach

Since casing consists primarily of PVC material, the control of
air-blast within the screen section 1is essential to avoid|
rupturing the screen.

To eva‘'uate initia! water quality, the FTR shall conduct pH and
specific conductivicy tests during development, The detectior
of abnormal readings should be relayed to the TAC/TR prior to)
completion of development. |

- . If problems are encountered during development, the TAC :f::éifi
team shal)l be notified by telephone within one working day after |
problem detection, k

!
3. The following data shall be .ecorded on the Borehole/Well|
Construction Log or an attachment thereof as part of :e»e'unme't.}
|
a) Well designation (location ID). ;
b Date(s) of we installatior |
|
|
o kb J
EG-A OA~g 8’87
Ty " -
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Date(s) and time of well deve

lopment .

Static water leve!l before and after development,

of water removed and time of removal,

open hole inside well before and after deve!

Physica' character of removed water, lude

to Inc

during development in clarity, color, particulates, ar

Physical
1ithe ‘\(‘gy

character of
and grain size,

removed diments, t
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section 16.1.3

PAGE .2

OF ¢

ground surface. The initial water

will be measured and recorded on the form,

foot. The corresponding elapsed time will

every 20 minutes.

performance of a slug test.

data base as described in Section 8.3.1.

Prepared By: 7 7/47*‘*-"

Reviewed By:

A o~

Manager !

ents.

using the datum as the top of casin? or, for uncased ©-lgs, the
evel will also be recorded
as the first entry in groundwater depth measurem

3.7 The test will start upon removal or addition of the slug from
the water, and that moment will be designated as “to"
elapsed time will be measured from that moment using & siop
watch or other accurate and precise timing device,

The

3.8 Periodically, after the removal of the slug, the deptn to water
The datum will be
the top of casing, or, for uncased holes, the

ground surface,

The depth will be recorded in feet to an accuracy of +

01

be recorded as

3.9 Tests shall be conducted on relatively undisturbed wells,
test 15 conducted on a well that has recently been pumped for
water sampling purposes, the measured water level must be within
0.10 foot of the water level prior 10 sampling.
week should elapse between the drilling of a well

elapsed time in minutes and seconds. The initial frequency of
measurement shall be approximately every 30 seconds
about 5 minutes, the frequency of measurement
approximately every minute. Measurement frequency will
upon the rate of recharge in each individual well.
20 minutes, the observers shall make further measurements at
their convenience. The test shall be conducted for at least 2V
minutes or until the water level recovers to w'.
the initial water level, 1f pressure transduLers are used as
. the primary water-level measurement device, the values should be

checked and calibrated witn a sounder or tape,

After
shall
depend
After about

be

in 0.10 foot of

approximately

If a

At least one
and the

3,10 Upon completion of the slug test, the completed form shall be
checked by the Site Hydrologist. Upon acceptance as being
complete and accurate, the data shall be stored in the technical

~JEG-AL-CA-2\lGleH
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PACKER (PERMEABILITY) TESTING SUPERSEDES 05/27/87

PAGE 1 OF S

1.1

2.1

3.
3.2
3.3
3.4
3.5

1.0 PURPY

SE

To provide procedures, equipment requirements, and test metnods for
conducting packer tests and analyzing data,

2.0 SCOPe

Tnis procedure 1s applicanle to members of TAC and its contractors
and its subcontractors who have responsibilities and duties for the
installation of well(s), well development, packer testing, data
analyses, anc¢ collection of water samples for water quality
determinations,

3,0 EQUIPMENT

Packer unit(s)

extra glands

Strapping Tool
clectric Tape: several rolls to seal "A" rod joints
Top of "A" rod connector with pressure gauge
Tnree (3) sections of water hose

In-1ine straight pipe sections near flowmeter
Two (2) flowmeters: 1+5J gpm, 50-350 gpm
By-pass "T"

Stopwatch

Air line

vUz tank

€0, regulator

Air line couplings

Thermometer

JEG~AL=QA-20(8/87I
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4,5 Stop tne water flow and inflate the packer unit(s)., The pressure fis
. a function of the depth to tnhe test interval and rock conditions,
Experfence nas shown that 35 to 45 psi is wusually sufficient,
Higher pressure can be used; however, prodlems with leakage rnay be
mora pronounced., During this procedure check for possible leaks
(1.e,, air buobles in borehole head, leakage at tank, etc.).

4.0 Comnence water flow to the test interval using only clean potadle
water, Regulate the water pressure using the by-pass valve (Figure
4.2). Avold exceeding a maximum water pressure of 25 psi. Record
the water temperature on the packer test form, In tests above tne
water table, pump water at the desired pressure into tne test
section for about 10 minutes in coarse materials or 20 minutes in
fine-grained materials before making measurements, Check for poor
packer seal oy checking whether water is rising in tne borehole,

4.7 Commence tne actual test holding the water pressure as constant as
possiole, Record the water flow rate and water pressure, the air
pressure of the packer, and the elapsed time, e.g., 0.0 minutes, 0.5
minutes, 1.0 minutes, 1.5 minutes, etc, Record every 30 seconds for
at least 10 minutes, Test should be run until staoilization occurs;
that is, until three or more readings of flow rate and pressure are
essentially equal, The test can be cut short if flows are too nigh
to estadblish pressure, Hcwever, a constant inflow value should be
estaolisned, If there 1s no flow, check all the joints, connections,
and hoses to make sure they are tignt so no water loss occurs and

‘ cneck tne lines for dlockage.

4.3 dnen test is complete depressurize the packer and allow a minimum of
seven (7) minutes for packer deflaticn before witndrawing equipment
from dorendle,

4.9 Attachments
4.9.1 Figure 4,1 Packer (Permeadility) Test Form

4.9.2 Figure 4.2 Schematic Diagram of Packer System Set-Up

5.0 TEST METHODS

5.1 Tne two metnhods presented are described in detail in the U.S. Bureau
of Reclamation (USBR) Ground Water Manual (1977), All figures and
examples are from this reference. A schematic drawing of the two
methods is shown in Figure 5,1,

Tne Ground Water Manual (1977) and <ne USBR Earth Manual (1374)
provide additional packer (permeability) test methods for various
conditions in individual drill noles in unsaturated and saturated
material, These two references are readily available and provide
access to other sources of literature on packer test methods whicn

can be used to analyze test data, Vvalues for head loss in pipes due
. to friction are availadle from Qriscoll (1385). Also, otner standard
references are available on head loss in pipes and may pe used in
tne computation of perneadility.

JEG-AL~QA-21 (8/87)
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. 5.2 detnhod 1: lnvolves' the use of a single pscier in consclidated rock,
The hole may be cased down to the test interval or uncased depending

on materfal staoility. Tne hole is drilled to a given distance, tnhe
tools removed, and a packer is seated at a prescribed distance adbove
tne bottom of the hole, Water s pumped intu the test section under
pressure and readings are recorded, For additional tests deeper in
tne boring, tne equipment s removed and the hole is drilled deeper,
Tne packer is inserted again to isolate the newly drilled hole, and
tne test 1s repeated,

5.3 dethod 2: Involves the use of two packers 1in consolidated rock.
Tne material must be stadble and not require casing above the test
interval, The nole 1s drilled to tne final depth and cleaned prior
to testing. Two packers are spaced to isolate a desired test
interval starting at the bottom of the hole and, after the test,
lifted a prescribed distance to test the next section., This
procedure is repeated until the entire hole 1s tested,

5.4 Examples: The equations presented in Figure 5,1 are based on the
percent of unsaturated material, Three examples are provided
addressing the three aifferent zones of saturation, Figure 5,2 it
to be used in delineating between Zone | and Zone 2, Figures 5.3
and 5.4 are to be used to determine the respective conductivity
coefficients (Cu and Cs) for tne equations provided in Figure 5.1,

5.5 Attachments
q 5.5,1 Figure 5,1 Permeability test for wuse 1in saturated or
unsaturated consolidated rock,

5.5,2 Figure 5.2 Location of Zone 1 lower boundary, for use in
unsaturated materials,

5.5,3 figure 5.3 Conductivity coefficients for permeadility
determination in unsaturated materials with partially
penetrating cylindrical test walls,

5.5.4 Figure 5.4 Conductivity coefficients for semispherical flow
fn saturated materials through partially penetrating
cylindrical test wells,

5.5.5 Examples 1, 2, and 3.

6.0 REFERENCES

Oriscoll, F. G., 1985, Groundwater and wWells, second edition, Jonhnson
Division, St. Paul, Minnesota, 1033 pp.

' J.2. Bureau of Reclamation, 1974, Earth Manual, second edition, U.S.
Government Printing Office, Washington, 0.C., 310 pp.

U.S. Bureau of Reclamation, 1977, Ground wWater Manual, first edition,
U.S. Government Printing Office, Wasnington, D.C,, 480 pp.

JEG-AL-QA-21 (8/87)



ALBUQUERQUE OPERATIONS PAGE e OF et

0 s N T T .\ D INICS 2 1.4
ilE JACOBS H#Q-\M.Uuhb GROUP INC.  secrion TREL
LA

F ' 4
" 4
"B RAPS oA
rrepared oy & i e Vs o
’
alr
4 ‘ { ! ““'l
YyIiews y » i g =
- i 1Y
3 5K a f
Reviewed vy !
AT - oo A T
¥3 AR Irance ¢
>
- -
A roved Y » 7 L4 / KA C AT
e — ol b -y y ¥ -
- rr A 19¢
‘ o,
4
4
L
4
\
|
1
|
1
|
|
‘ 1
|
! {
! l
TeE——




o
(o)
ofe.
O
—
-
wd
o
a0
O
<

RS S -

S—— —
|




g

YPASS T0 TANK

2 FT. LONG SECTION OF STRAIGMT P

P

PE

“T" VALVE UNIT

WATER

i
AR

\
r
A" RLD=tamt -y AIRLINE
////7/ ¢
/4 PACKER
'//////2'1‘ e
T
TEST
INTERVAL
7
L2 AR
FIGURE 4.2

SCHEMATIC DIAGRAM OF PACKER SYSTEM SETUP




K= coefficient of permecbility, feet per second under g unit grodient
Q=stecdy flow into weil, f17,
H=h,+h, -L = effective heod, ft

: Bourdon goge — —— e e
e intoke pipe : \\_ . S h, (abovg; water toble) = distonce bl:mn Bowd(;dqoge ond bo:tom ;f
= My hole for method | or d:stance between gage upper surfoce
Ground_surfoce . "l lower packer for method 2. ft
ZONE | Y k, (below water tgble) ~ distonce between goge ond woter tcble, ft
g h,=oppled pressure at goge, | Ib/mn® =2 307 ft of woter
=T, m o : L =heod loss in pipe due to friction, 1 ignore heod loss for Q<4 gol/min
i e in 14 - inch pipe; use length of pipe between goge ond top of test
o _ _ _Baseofzonet! L -hc_cﬁm for computetions
o) j . g X=<5-(100) = percent of unseturated strotum
ZONE 2 R&N A=lefdgth of test section, ft
i METHOD | METHOO 2 r =radws of »fCSf hole, ft - -
: 2Q - 2Q Cy:conductivity coefficient for unsaturated materiols with portiily
J }K“ {Cora)r(T,+H-A) K= (Cori{T,+#-A) L penetrating cylindricel test welis
2r Cy conductivity coefficient for semi-sphericol flow in soturated
Woter toble motergls through portially penetrgting cylindricol test wells
3 U = thickness of unsoturoted moteriol, ft
ZONE 3 S = thickness of soturcted materic!, ft
w METHOD 1! METHOD 2 T.= U-D+H =distonce from woter surface in well to water toble, ft
K= . K= D =distonce from ground surfoce to bottom of test section, ft
(Cs*4)rH CsrH o =surface orea of test section, f1*; grea of wall plus area of
AY bot tom for method 1 oreo of well for method 2
~~ Top of impermeqbl= zone Limitghions -
Q/0 <010, 5=5A.A =10r, thickness of each packer must
be = 10r in method 2
REF: U.S. BUREAU OF RECLAMATION (1977)
FIGURE 5.1

PERMEABILITY TEST FOR USE IN SATURATED OR
UNSATURATED CONSOLIDATED ROCK
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PERMEABILITY TESTS IN INDIVIDUAL DRILL HOLES
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FIGURE 5.3 '
CONDUCTIVITY COEFFICIENTS FOR PERMEABILITY DETERMINATION
IN UNSATURATED MATERIALS WITH PARTIALLY ?
PENETRATING CYLINDRICAL TEST WELLS

|

|
L e R S e L B '

————]




| L] 10 80 100 800 1000
goa
ForTs

REF: U.8. BUREAU OF RECLAMATION (1877)

. FIGURE 5.4
CONDUCTIVITY COEFFICIENTS FOR SEMISPHERICAL FLOW IN SATURATED
MATERIALS THROUGH PARTIALLY PENETRATING CYLINDRICAL TEST WELLS




FIGURE 5.5
PRESSURE PERMEABILITY TESTS EXAMPLES OF
METHODS 1 AND 2




FIGURE 5.5
PRESSURE PERMEABILITY TESTS EXAMPLES

OF METHODS 1 AND 2 (CONCLUDED)
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AQUIFER PUMP TESTING

EFFECTIVE 085/18/88

SUPERSEDES 8.2.12 4/8/85

PAGE OoF 3

1.0

¢.0

3.0

PURPOSE

To define the procedures to be followed by TAC hydrologists in
conducting pumping tests of aquifers for characterization of
hydrogeologic units on the UMTRA Project.

SCOPE

The pumping test will be performed to estimate the hydrologic
characteristics of the hydrogeologic interval. The equipment used in
the test will depend on the rate of flow of fluid encountered and
drill hole stability conditions. Because of the great variety of
hydrogeologic conditions that are likely to be encountered during
drilling and testing, several different test tool arrangements are
planned in order to be able to perform the pumping .est.

PROCEDURE

3.1 The test methods used will follow the guidelines for well
testing in Technical Memorandum No. 1 (April 8, 1985) which is
provided as Attachment #2. The data obtained during the test,
regardless of method or equipment, shall include:

Static water Tevel,

Water discharge rate.

Pressure versus time data for each gauge.

Water temperature and specific conductivity.

Depth of water intake.

whaether or not a flowmeter/trace ejector survey was
performed,

o QOO0 oo
et S Tty St P

3.2 An aquifer test data form (Attachment 1) shall be completed for
each test in order to document the test results. Tnis form
shall be the lead page of the data records of the test, The
complete, original test data records shall be sent to the
Albuquerque Office, to the attention of the site hydrologist,
after each test, and filed in the Project Document Control
Center files. Additionally, a copy of these records shall be
retained by the field representative in charge of the test.

JEG-AL-QA~20(8/87)
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3.3 A diagram of the equipment actually used in each pumping test
shall be prepared by the TAC site hydrologist or received from
the subcontractor responsible for the testing. The dicgram will
show the tubiny dimensions, the depth of water intake, &nd the
location of gauges and packers, This diagram shall become part
of the date records of eech test.

3.4 A1 gauges and flowmeters used in the pumping test procedures
shall be calibrated befcre arrival c¢n site. Copies of the
documentation of instrument calibration shall be obtained from
the instrument or testing service company by the TAC site
hydrologist. The calibration records shall consist of
laboratory measurements and, 1if performed, any on-site zero
adjustment and/or calibration.

3.5 Water pumped from the well during the pumping test shall be
disposed of in such a manner so that no adverse impacts are
created on surface water quality or on the quality of the
drawdown data from observation wells.

3.6 In cases where a weir or an orifice are used to measure flow
volumes or rates, these devices will be checked on-site, using a
bucket of known volume and stopwatch, and their accuracy will be

' documented before testing proceeds.

3,7 A1l equipment shall be installed, and 1t shall be demonstrated
to the technical representative that the system is in proper
working order and performing to specifications at least 24 hours
before the proposed start of the pumping test.

3.8 For air-1ift pumping tests, water samples will be collected by
wireline sampler which shall be put down the hole after the
pumping has stopped. The actual depth of the interval which is
producing the fluid and the depth at which the sample was
collected shall be recorded.

3.9 For pumping tests which employ mechanical pumps, samples will be
collected above ground level from the discharge line.

3.10 After collection, the water sample will be treated in accordance
with Water Sampling/Preserving/Shipping and Testing Standard
Operating Procedure 16.2.1, and wi!! be analyzed by a
geochemical laboratory 1in accordance with Standard Operating
Procedure 16.2.3.

4.0 REFERENCES
Thackston, J., 1985, Technical Memorandum No. 1, “Bore Hole Hydraulic
. Testing for Aquifer Characterization.”

i __JEG-AL-CA-:ne'en
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TECHNICAL MEMORANDUM NO, 1
BORE HOLE HYDRAULIC TESTING FOR
AQUIFER CHARACTERIZATION

1.0 INTRODUCTION

This technical memorandum provides guidelines and procedures for
determining the hydraulic parameters of aquifers using slug tests and
pumping tests., The hydraulic conductivity (K} of an aquifer is a
measure of the aquifer's ability to condust water. The greater the
value of hydraulic conductivity, the more readily the aquifer conducts
water, Figure 1 1llustrates. the typical range of hydraulic
conductivity values associated with a variety of earth materials. The
transmissivity (T) of an aquifer is defined as the ability of the
aquifer to transmit water through its entire thickness and 1s equal to
the hydraulic conductivity (K) times the saturated thickness of the
aquifer (b); this can be stated as T = Kb, for cases in which K 1°
constant with depth. Otherwise, transmissivity 1is equal to the
integratio., of hydraulic conductivity over depth, which can be stated
as T = K(Z)dz.

.' The specific yield of an aquifer is the ratio of the volume of water
drained by gravity from a unit volume of aquifer material. The
storage coefficient of an aquifer is the volume of water in storage
released from a column of aquifer with unit cross section under a unmit
decline of head,

1.1 SLUG TEST
1.1.1 PURPOSE

The purpose of this section is to outline procedures for the
conduction and evaluation of slug tests, which are a quick and
inexpensive method of estimating the .ydraulic conductivity or
transmissivity of many aquifer systems.

A slug test will generally work 1in aquifers where the hydraulic
conductivity is less than or equal to 10°2 cm/sec. In aquifers of
greater hydraulic conductivity the water level may return to static
level before a sufficient number of water level re2d1ngs can be made.
In aquifers of low hydraulic conductivities (10°% to 10°7 cm/sec),
slug tests are generally a reliable field metncd of determining
hydraulic conductivity or transmissivity near the screened zone of the
well.

The advantages of using slug tests to estimate hydraulic
. conductivities are:

o Estimates can be made in situ and errors incurred in laboratory
testing of disturbed samples are avoided.

JEG-AL-QA-21t0/8T)
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o Tests can be performed quickly at relatively low cost, because 2
pumping well and observation wells are not required,

o The hydraulic conductivity of small ¢iscrete portions of an aquifer
can be mede, such as sand layers in a clay.

There are disadvantages in using slug tests which must be evaluated
before the test 1s conducted. These include:

o Only the hydraulic conductivity of the area immediately surrounding
the well 15 estimated, These results may not be representative of
the average hydraulic conductivity of the area.

o Often only a range of hydraulic conductivity values rather than an
average value cen be deduced from test results.

o Certain assumptions are made 1in the analysis process. If the
assumptions made are inappropriate for the geclogic conditions at
the site, the results may be erroneous.

o The storage coefficient (S) usually cannot be determined,

' o Data sufficient for analysis may not be collected if the hydraulic
conductivity is relatively high,

This technical memorandum explains procedures and equipment commonly
used in conu. <‘ng most slug tests, and a 1ist of analysis techniques
used under difrerent geologic conditions and for different bore hole
or well systems, Also included are example calculations of typical
slug tests (Appendices 1-1 and 1-¢).

1.1.2 DESIGN, DRILLING AND CUNSTRUCTION OF SLUG TEST WELL

Several factors ente~ ‘nto the design of a well for the performance of
slug testing. These 1include depth and diameter of the test well,
length of screened interval and size of screen openings. Some of
these factors can be chosen as drilling proceeds or be predetermined
from previous borings. Well design 1s generally determined from an
evaluation of drill cuttings, corings, and geophysical logging.

The depth and screened interval of the hole are determined by the
location of the zone of interest. The diameter of the hole and casing
to be inserted in the hole should be large enough in order that the
volume of the slug does nct overflow the top of casing, This may be @
problem when the water level in the bore hole 1§ relatively close to
the ground surface, The screened interval should consist of screen
with a percentage of open intervals large encugh so as not to
] excessively restrict water flowing from the bore hole to the
' subsurface materials tested. Wells with screered intervals which

require a gravel pack should be packed with material of a grain size
distribution that would result in approximately an orcer of magnitude
of hifher hydraulic conductivity than the subsurface materials being
tested.




:l—f JACOBS ENoINEERING GROUP INC.  secrion _tech weno 1

 ALBUQUERQUE OPERATIONS PAGE_ 3 ___oF_ 28

A variety of drilling techniques can be used in completing the test
well, These m.: include mud-rotary, air-rotary, coring and auger
techniques., The type of drilling method used depands on the behavior
of the material being drilled and the specific objectives of the
project. Drilling without drilling fluids is preferred because this
prevents further contamination of the subsurface. Mud-rotary
techniques are sometimes required in order to lubricate the bit and
hold up the bore hole walls when relatively thick, coarse,
unconsolidated materials are encountered. Augering 1s normally
performed without the use of drilling fluids and used in the drilling
of shallow holes with relatively cohesive materials.

The construction of the test well is relatively simple and involves
the assembly of the appropriate diameter casing (usually PVC because
of lower cost) for insertion into the bore hole. A pre-slotted
screened section 1s prepared and attached to the casing string,
normally with a cap on the bottom (to prevent material from entering
the bottom of the screen), and the whole assembly is lowered into the
hole. If a grave! pack is necessary as a filter due to the aquifer
containing very fine unconsolidated sand, then it should be placed
opposite the screened interval using a tremie pipe. The annulus 1s
then grouted from the top of the gravel pack up to the ground surface
in order to allow hydraulic connection only between the test well and
. the zone to be tested. The hole should be flushed or bailed before
grouting if drilling fluid remains in the hole. If the ground water
in the hole is highly contaminated, special safety precautiors should
be taken to control the discharge water before test well develupment,

1.1.3 EQUIPMENT
Equipment necessary to conduct a slug test includes:

o Well or bore hole

o Water level measuring device

o Known solid volume of particular shape (slug) that will easily fit
into the wel) or bore hole or container to add or remove & known
volume of water

0 Watch with second hand

o Semi-log graph paper

o Indelible pen or pencil and paper

A number of water level measuring devices can be used for measuring
the deptn to water in a well, An excellent device for measuring the
depth to witer during a slug test is the pressure transducer. An
example strip chart data record is shown in Appendix 1-2., Accurate
readings may also be obtained with electric water level indicators or
weighted tapes with ploppers. water level measurement by the
wetted-tape method should be avoided as it may be difficult to obtain
a sufficient number of readings for analysis of the test if the water
' level recovers in a short amount of time.

'.\[3~-'-.-C-'.-2a.= g
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scale). A straight line is applied to the early-time data and used to
calculate a value for K. An example of the use of this technique is
presented in Appendix 1-2. A plot of the data and calculations are
includec.

Pressurized slug test methods have been ?fveloped for testing
extremely low conductivity materials (10° cm/sec  or lower)
(Bredehoeft and Papadopulos, 1980). Basically, the pressurized slug
technique is a modification of the conventional slug test discussed
previously. The advantage of the pressurized slug technique is the
reduction of time required to perforin & test in tight formations.
This method involves creating an instantaneous surcharge on drawdown
in the test zone, then closing a valve to shut in the well. Based on
the rate of decay of the pressure slug and the geometry of the test
zone, the transmissivity, hydraulic conductivity, and storativity may
be calculated.

1.2 AQUIFER PUMP'NG TEST

1.2.1 PURPOSE

The purpose of this section is to briefly describe the use of aquifer
pumping tests to evaluate aquifer characteristics., Aquifer pumping
tests, commonly referre. to &s pump tests, are used to determine
hydraulic characteristics and oroperties of water-bearing 2zones.
Pumping tests provide results that are often more representative of
the aquifer's characteristics than do slug tests.

Aquifer characteristics which may be obtained from pumping tests
include hydraulic conductivity (K), transmissivity (T), and specific
yield (S,) for unconfined aquifers and storage coefficient ($) for
confined ‘aquifers. ‘

Equipment, personnel and time commitments needed to conduct pumping
tests are greater than those required for slug tests. Briefly, a
pumping test consists of pumping one well and recording the drawdown
in the pumping well and in other nearby observation wells.

There are advantages and disadvantages of pumping tests. Some of
these are listed below,

Advantayes of pumping test:

o A greater portion of the aquifer is tested and the results obtained
may be more reliable and representative of the aquifer
characteristics.

o Coefficient of storage and specific yield values can be determined,

Disadvantages of pumping test:
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0 In Tow permeability squifers long-term pumping may be required to
complete the test and obtain relfable aquifer characteristics.

0 Disposal of discharged water may require specis) provisions 1f the
ground water 1s contaminated,

0 Test may be very expensive when compared to s)ug tests,

There are several types of pumping tests. The most common type 1s the
constant rate discharge test (Todd, 1980), Varfable rate tests are
also employed under some conditions. Although the analysis 1s mory
complicated, eany sort of tempora)l variations in flow rate can be
accounted for by assuming the law of superimpositions holds. Usually
this 1s a good assumption. The most widely used varisbie rate tests
are the step-drawdown test, the constant head test, and the air-lift
pump test (Kruseman and DeRidder, 1976),

Another useful technique 18 injection testing., Injection tests, both
constant rate and variable rate, are analytically identical to pumping
tests except for consider1ng the flow rate a surcharge on the aquifer
rather than a withdrawal, The data quality 1s also similar, Although
injection tests are commonly used 1n the petroleum industry
(Earloughar, 1877), numerous applications exist in hazardous waste
practice. Obviously, water sampling for hydrochemical
characterization of the aquifer must be conducted prior to injection
in application of this technique. The injection fluid should be free
of suspended svlids ard should be of equal or highe: quality than the
ground water at the test site,

One major advantage of this type of test is that contaminated ground
water 18 not removed from the formation and, thus, 15 not a disposal
problem. A potential disadvantage of the {injection test is that in
certain cases the injection well would have to be able to withstand
some induced hydraulic pressure., Cases where the injection rate f1s
large enough to elevate the water level above the well casing would
require a sealed well head configuration and proper well construction
8% that there would be no leakage of injected fluid on to the r-yuno
surface, These requirements may be reiatively expensive and di‘ficult
to operate in the field without the necessary precautions, Once an
injection system is working at & constant rate of flow, the oata
collected are analyzed in much the same way as those from an aquifer
pumpin? test, except that the water level buildup 1s used in the
enalysis instead of drawdown,

PUMP NELL DESIGN

Design of the pump well s an important consideration in aquirer
testing. In some cases an existing well will be used for pumping.
when sufficient funds and conditions permit, & pumping we': can be
desifnod and constructed specifically for the test. The pumping well
should be screened throughout the thickness of the aquifer to be
tested with standard well screen. The well should be gravel packed,

JEG-AL-Ca 2118707
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{f necessiry, to minimize sand production in unconsolidated
fine-grained aquifers. standard well construction techniques are
discussed in Johnson (1986), The well should be correctly sealed from
ovorlyinﬁ and underlying units that are not to be directly pumped, and
s0 that leakage down the well annulus cannot occur which may interfere
with the interpretation of the test. The completed pumping well
should be developed by the appropriste methods to remove driliing
fluid from the well, and to wash and grad. the grain sizes of the
gravel pack and surrounding aquifer mater.els. Proper development of
the well may prevent an unexpected variation in the pumping rate
during the constant discharge test, which could lead to inconsistent
drawdown data from the pumping well. -

1.2.3 EQUIPMENT

The amount of equipment necessary to perform a constant-rate pumping
test 18 greater than that used in a slug test. This 1s part of the
reason why the aquifer pumping test is considerably more expensive.
Equipment needed for & pumping test includes:

o Pumping well and pump. pumps are commonly of the submersible or
turbine type. The pumping well should be properly developed prior
to testing.

o One or more observation wells hydrauliceily sonnectad to the pumped
aquifer and completed tn the proper spectfications for the
particular test.

o An orifice, weir, flow meter, container oF other type of water
measuring device to accurately measure and monitor the discharge
from the pumping well.

o Sufficient pipe to transport the discharge from the pumpine well
away from the ares to prevent infiltration in the area of influence
of the pumped z0ne,

o Gate valve on the discharge pipe to control the pumpina rite.

o Outlet near well head for water quality determinatisne , and sampl 'ng.

o Depth-to-water measuring devices for each observe.ion well and the
pumping well (these may include steel tapes, electric sounding
probes, Stevens Recorders, or pressure transcucers).

o A thermometer and other water quality equipment necessary.

o Watches capable of reading to the nearest second for all observers,
or a stopwatch.

o

3-cycle by S-cycle 109 and 5-cycle semi-log graph paper.

o thG'&L'C&-‘;Hg:p;



 JACOBS ENGINEERING GROUP INC.  seerion _1iii s

 ALBIQUERQUE OPERATIONS PAGE .. 2. OF 28

g

@

o Indelible pens or pencils, and forms for recording timas and
drawdown measurements at each well,

0 App;opriate references, and calculator for determinations 1n the
field.

o A barometer or recording barograph (for tests conducted in confined
aquifers),

1.2.4 DOBSERVATION WELL SITING

The location and number of observation wells depends on several
faztors:

Whether the aquifer tested is confined or unconfined

The thickness of the aquifer

The anistropy of the aquifer

Location of the screened interval of the numping well relative to

the tota' aquifer tnickness

o Location of aquifer boundaries, whether positive (lake or stream)
or negative (impermeadble boundaries)

o Practical and economic considerations

coQoo0

Any number of observation wells may be considered. Often, four wells
are desirable, three on a line passing through the center of the
pumped well and one on @ line normal to that l1ine and also passing
through the pumpine well, A number of guidelines for location of
observation wells are presented in the Ground Water Manusl (prepared
by the U.S. Department of Interfor), and Kruseman and DeRTdder (1676).

As a genera) rule for tests performed in both confined and unconfined
aquifers, the observation wells should be screered or completed in @
substantial portion of the aquifer thickness ir approximately the
meaian depth of the test zone, In some cases, special tests require
that observation wells be selectively completed in several depth zones
fn order to accurately determine agquifer characteristics such as
anisotropy and vertical hydraulic conductivity.

The location of observation wells, relative to the pumping well,
generally depends on four aquifer conditione:

o Most aquifers with fully penetraiing pumyng wells: observation
wells should be located ot a distance estimated by using the Theis
formulation (Theis, 1935), Use of this formulation 1s dgescribed by
Walton (1970), Assumed aquifer parameters are used to determine a
'Ioc1at1on which will give the amount of drawdown required for proper
analysis,

o Thin aquifers with fully penetrating pumping wells: for confined
aquifers the nearest observation well should be located at least 25

-
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feet from the pumping well, For unconfined squifers, sbservation
u!}1s should generally be loceted 15 to 100 feet from the pumping
well,

o Thick, fsotropic aguifers with a pertially penetrating pumping
well: observation wells should be located one and one-half to two
times the aquifer thickness from the pumping well.

o Thick, anisotropic agquifers with partially penetrating pumping
well: observation wells should be located at & minimum distance
from the pumping well equa)l to twice the thickness of the aquifer
times the square root of the ratio of the horizontal to the
vertical hydraulic conductivity.

1.2.5 PROCEDURES

The field procedures tc conduct pumping tests are similar to field
procedures to conduct slug tests. ne basic procedure consists of
monitoring the water level over time in the pumping well and each
observation well as the pumping well 1s discharged at a constant rate,

The following data must be recorded accurately at the time the test 1s
performed:

o Well identification number or location of pumping well and each
observation well

o Location of each wel)

o Location and eievation of reference point from which water depth
measurements are made, and elevation of ground with respect to the
reference point ,

o Date and time of test

0 Well depth, pump depth, screen length, well radius and radius of
gravel pack plus well screen for each well

A1 gauges, transducers, flow meters,etc. used in conducting pumping
tests shall be calibrated before use at the site. Copfes of the
documentation of instrumentation calibration should be obtained by tne
TAC hydrogeologist and later filed with the test data records. The
calibration records will consist of laboratory measurements and, if
performed, any on-site zero adjustment and/or calibration, In cases
where a weir or an orifice s used to measure flow rates, the device
will be checked on site using a container of measured volume and a
stopwatch, Accuracy of the meters must be verified before testing
proceeds.

If funds are available, it 1s normally advised to monitor pre-test
water levels at the test site for about one week prior to performance
of the test. This can be accomplished by using a continuous-recording
device such at a Stevens Recorder. This information allows the

b '.‘tG-\L-ca.gu; (54



JACOBS ENGINEERING GROUP INC.  secrion _tech b

ALBUQUIRGQUE OPERATIONS PAGH A

JE




D_'EJACOBS ENGINEERING GROUP INC.  seerion_stilde 1
oF

CALBUGUERQUE OPERATIONS PACE

1.2,6 DATA ANALYS!S

Numerous techniques of analysis have been developed by researchers to
evaluate water level data collected from constant discharge aquifer
pumping tests. Many of the analyses use the graphical ‘curve
matching” technique which involves the matching of theoretical “type”
curves to plots of log-drawdown versus log-time from the observation
wells, Other analyses rely on other graphical techniques such as
application of a straight 1ine to plots of drawdown versus log-time.,

Thets (1835) developed a theoretical formulation which analyzed the
lowering of the potentiometric level in an aquifer due to the constant
withdrawal of water from the aguifer. Tnis classic formulation has
been widely used to predict water level response in aquifers due to
specified pumping stresses. Several authors have described the use of
this formulation in estimating transmissivity and storativity from
aguifer test data Lohman (1872), walton (1970), Todd (1980), and
Freeze and Cherry (1978), In brief, the method fnvolves superimposing
the Theis solution (or "type" curve) on a log-log plot of drawdown
versus time data from 2 test wel), The coordinate axes of the type
curve must be kept parallel to the field date plot axes. Data from
the "match pofnt" 1s used to solve two algebraic equations which give

the value of transmissivity (7) and storativity (S) (or storage
i coefficient). Hydraulic conductivity (K) may be computed by dividing

T by the aquifer thickness (b). An example of the application of this
technique 1s presented in Appendix 1-3,

The same aquifer parameters can also be determined from a semi-log
plot of drawdown versus time for efther the pumping well or
observation wells, Cooper and Jacob (1946) showed that after a
relatively short time after pumping begins an analysis of the data,
plotted as described above, provided essentially the same T, S, and K
values as the Thei. technique.

Hydrogeologic Jjudgment should be used 1in applying straight line
(Cooper~Jacob method) fits to these plots because different
hydrogeologic conditions can produce similar trends fn the data plot.
For example, bounded aguifers produce straight line trends that may
yield apparent transmissivity values that are too low. Knowledge of
the hydrogeology of the area and the type of aquifer conditions 1s
essential for correct analysis of test data.

Since the development of the (nefs equztion, several other
formulations have been published which attempt to describe the
response of certain aquifers to a constant pumping stress, Hantush
(1955, 1956) developed furmulations and a corresponding set of type
curves for an aquifer which 1s overlain and/or underlain by a
confining bed which has significant storage and experiences vertical
. flow when the adjacent aguifer is pumped. The same curve matching

procedure is used here as with the Theis type curve except that
several type curves are available fur matching to the data depending
on the degree of leakage 1into the pumped aquifer, Hydraulic

VEG-AL-Ca-2118/8M)
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characteristics of the confining unit can be calculeted using the set
of Hantush type Curves,

Another commonly used set of "type” curves was developed by Boulton
(1954, 1963) and 15 used when the aquifer tested fs unconfined snd may
exhibit a phenomenon known as delayed yield, Delayed yield s @
result of retardation of drainage due to such a force as capillary
sersion. Boulton's type curves include & set of early-time type
curves and late-time type curves. The early-time data and late-time
data are respectively matched to the early-time and Yate<time type
curves to give values for transmissivity, storage coefficient, and
specific yield, The particular curve used in the set of “"type" curves
yields additional information concerning how the uncornfined aquifer
responds to pumping, Neuman (1972, 1974, 1975) also developed a set
of type curves for the response of unconfined aquifers to pumping but
L-ed different assumptions concerning the physical processes in
¢ Ject. In practice, Neuman and Boulton curves have been shown to
give similar results.

Other less common analytica) techniques have been descrived in detafl
by t*. authors mentioned above. A publication by Kruseman and
DeRidder (1976) 1s one of the most compicte works on the analysis and
evaluation of pumping test data. Methods described (with practical
g:’ examples) include treatment of aquifers from confined to unconfined

under both non-steady and steady-state pumping conditions, Methods of
egrrecting drawdown data from tests in which partially penetrating
wells exist are a1so discussed by Kruseman and DeRidder (1976), In
addition, the analyses of data from aquifers which have a nun=1deal
shape or are bounded in some fashion by different vdrogeologic units
are presented. Techniques for analysis of recovery data collected
after the completion of pumping are presented, Analyses for various
types of variable discharge rate tests, such a. the Aron-Scott method,
are also presented in Kruseman and DeRidder (1976).

This memo has briefly described equ’oment, procedures, and other
tactors which must be considered for conitant-rate pumping tests.
koferences which provide additional information are presented in the
1ist of references. Ground Water and Wells (Johnson, 1886) is a field
guide with many sufgeitions on how to perform the tests, Ground Water
Hydrology (Todd, 1980) and other references, such as Kruseman and
3 &r (1976), provide analytical techniques and example problems of
pumping tests conducted under different geologic conditions.

JEQ-AL-Ca-2118/EY)
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APPENDIX 1+1
EXAMPLE OF ANALYSIS OF SLUG TEST
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APPENDIX 141

EXAMPLE OF ANALYSIS OF SLUG TEST
AFTER COOPER, BREDEMOEFT AND PAPADOPULOS (1867)

SLUG TEST Mu-20

From Recorder Chart

Time (sec) mv x 0,556 =  Head (ft) H/Ho

30 2.7 1.50 0.94

60 2.5 1.39 0.87
120 2.2 1.2¢ 0.76
180 1.9 1.06 0.66
330 1.4 0.78 0.49
480 1.0 0.56 0.35
630 0.7 0.39 0.24

From 2-Cycle Semi-Log Plot

. Ho « ]1.60 ft

From 4-Cycle Semi-Log Plot at Match Point (o = 10'5 Curve)

Tt = 3.2 H/H0 « 0,66 t = 1B0 sec
2

r

C

¢ 4 ftz/scc

T e 1,23(0,126)° =1.07 x10°
T80

K (using screen length)

" rao-(30.48) = 6,14 x 10" %em/sec

JES-AL-Ca-2118/07)
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APPENDIX 1.2
EXAMPLE OF PRESSURE TRANSDUCER CHART
AND ANALYSIS OF SLUG TEST
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APPENDIX -2
EXAMPLE OF ANALYSIS OF SLUG TEST DATA ANALYSIS

FAR AN UNCONFINED AQUIFER
After Bouwer and Rice (1976)

1) S$lug Test Data for Example Well

r, * 0,353 1t ye * 1.2) ft at t » 300 sec
rh » 0,167 ft yo * 1.67 feet

L€ = 10,0 ft

D = 27.8 ft

W= 1.6 ft

2) Eveluate Coefficients A and B or  as required (Figure 3 of Bouwer and

Lir, * 10 ft = 30.03
5 n

As=2.5 B =0,38 L= (C 1 not determined because DeH)

3) Evaluate In (R_/r ) where Re it the effective radius over which the heads
are dissipated.

In [(D-H/r,) = 3,841 (1f 1n [D:H) 5 6, then = 6)

"
-
In fg\)- 1.1 * A+Bin [(D'H)/rwj (where D = H)
R 1n(H/rQT (7r,)

Or,

1n<f£>- 11+ ¢ 17" (where D = H)
Yy Tn(R/r, ) MYLn

Using the slug test data,

\n([‘3>- 1,0 +2.5% (0.38 x 3.87)]"
TN ]n(ll'TE) 30,03

= 2,27

-

JEG-AL-Ca-21(8787)
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f
APPENDIX 1+2 (continued)
EXAMPLE OF ANALYSIS OF SLUG TEST DATA ANALYSIS

FOR AN UNCONFINED AQUIFER
After Bouwer and Rice (1576)

4) Evaluate the Hydraulic Conductivity, K

? ln(:£>
ne rc \r! 1n_'_y.9
¢t Yt

6

¢ 3,4 x 10°® fe/sec # 1.0 x 107" en/sec = 2.2 gpastt

6) Evaluate the Transmissivity, T

. T = KxD = 61 gpd/ft

\V/ AN AN TA\RZA\Y/ A
§ -
© 4
I - ) T
» L
l :
#

. | SRS XK Lowsr confining bed WYY)’);?-
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B . JACOBS ENGINEERING GROUP INC.
ALBMBVEPSUE OFLRATORS
. | - Page 1 of
AQUIFER TEST
SITE I1D: LOCATION ID:
START TEST: DATE END TEST: DATE
TIME TIME
DATUM ELEV, (FT, MSL): AVGE. PUMPING RATE (GAL/MIN):
STATIC WATER LEVEL (FT. MSL): MEASUREMENT METHOD:
INITIAL (AT 1) WELL DEPTH (FT.):
FINAL _ CASING DIAMETER (IN.):
WATER LEVEL MEASUREMENT METHCD:
DISTANCE FROM PUMPED WELL, r(FT.):
DATA ADJUSTED FOR SEGIONAL WATER LEVEL CHANGES?
FIELD REP(S):
COMMENTS:
PUMP TEST RECOVERY TEST
ELAPSED DEPTH TO PUMPING ELAPSED DEPTH TO
TIME WATER » RATE TIME WATER ®
' (MIN.) (1) (GAL/MIN) (MIN) (FT.)

®F OW DATUM
JEQ-AL-ENG-8 (6/87)
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Page: 2Bs of 28

Attachment 1, Page 2 of 2
——————

AQUIFER TEST

PUMP TEST
ELAPSED  DEPTHTO  PUMPING
M WATER ® RATE
(MIN.) (FT) (GAL/MIN)

o — -

#BELOW DATUM

Page _ of
RECOVERY TEST
ELAPSED DEPTH TO
TIME ATER ®
(M0, (FT.)

JEG=AL-ENG-86 (8/87)
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SOIL-WATER SAMPLER INSTALLAT!ION SUPERSEDES (¢
AND SAMPLE COLLECTION (SUCTION LYSIMETERS) ’;A.’{“’”l‘"'mih'"””“"“ W A—
- )
e s
1.0 PURPOSE
To provide a procedure for the installat and documentation of pressure
vecuum so01)] water samplers and for the collect of water sam
¢.0 SCOPE
This procedure section will outiine the steps for the installat f
pressure-vacuum soil water sampler Also, procedures fe pnducting field
measurements, filtration, preservation, end shipment of sample ar
presented
3.0 EQUIPMENT AND SUPPLILS
3.1 Porous ceramic cug
3.2 Body tube
3.3 Nail or similar object
3.4 Neoprene plug
3.9 Clamp ring
3.6 Pinch (\H'UWS
3.7 Polyethylene tubing: 1/4" diameter
3.8 Neoprene tubing: 2/16" 1.d. x 1/8" wa
3.9 Distilled water
3.10  Vacuum grease
3.11 Tamping rod: PVC, 1" X 5 everal 5-foot sections hreads
or & tremie pipe
3.12 PVC pipe for casing purposes, 6" diameter, should be Schedule
type
3.13  PVC pipe cap: for above
3.14 Hollow stem auger (HS/ with r r 0.25%" ¢ and 25 |
drill suger
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3.15 Afr rotary dril)

3.16 Spiit spoon: 3* diameter (0.d.)

3.17  Vacuum-pressure pump, hand pump

3.18 Sample bottles

3.19 pHM paper

3.20 F{ilter apparatus

3.21 Filters, 0.45 u membrane

3.2¢ Syringe filter with filters, disposable

3.23 Kiv-wipes or equivalent

3.26 Rubber gloves, disposable '
3.25 pH meter and electrode; with temperature compensatour and with slope

adjustment
26 Alkalinity test kit
27 Thermometer
.28 S$1lica flour: minus 200-mesh silica flour, dry. See Figure 2.
29 Silica sand, quartz: ~50-mesh, clean, well-graded
.30 Bentonite, powdered
.31 Native soil: from sampler site location (1f site is uncontaminated)
.32 Wooden dowels: 3/16" diameter (0.d) x 2" long

33 Posts: wood (4" x 4" x ~6'), steel (~4" diameter x ~6'), or steel
tee-bar (~6'). See 16.1.1 (3.7.7).

W W W W W W W W

3.34 (Optional) cement for posts
3.35 Barbed wire
3.36 Flagged materia)

€.0 CHEMICALS AND REAGENTS

NOTE: Whenever required by the procedure, JEG purchases and uses prepared,
calibrated, and certified solutions from chemical supply firms. The
. following are listed in the event certified solutions are not readily on

JEG-AL-QA-21 (0/87)
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5.0

6.0

hand or are used whenever procedure parameters do not require certified
solutions.

4.1 Nitric Acid: HNOy, ~70%, concentrated 16 M (~16 N)

PROCEDURE: _GENERAL COMMENTS

The number of required sofl-water samplers (samplers) shall be determined
by the Site Hydrologist (SH) end approved by the Task Manager of the
Hydrological Services and Technical Data Review Committee (TDRC). The SH
shall assign the area and depth, up to a maximum of 50 feet, where the
samplers are to be installed. Samplers should not be placed within five
(5) feet of a tensiometer. No recommended method for determining station
Tocations can be given that is applicable to all conditions. Each specific
site requires preliminary investigation, interpretation of early results,
adjustments in frenvenc,, and location of tensiometer stations to meet the
unique requirements of each site. The number of installations to be made
would depend upon cost, the variability encountered, and the desired
precision, Standard sampling analysis which incorporates these variables
may be used to establish the simpling frequency (see References 14.]1 and
14.2). Fencing around the site(s) may be necessary due to the potential
for damage from intrusion by people, wildlife, livestock, or mechanical
equipment, The surface area above the samplers should not be covered in
a manner that would interfere with the normal percolation of soil moisture
down to the depth of the sampler. The following guidelines are provided
for drilling noles, installing the suction water sampiers, collection of
samples, and shipment of sampies to the analytical laboratory.

6.1 Before drilling, immerse the porous ceramic cup of the sampler in
distilled water for approximately 1 hour or until the tip fis
saturated. To ensure that the tip is saturated, immerse in a bucket
of distilled water, and put suction on the sampler. Proper
operation of the sampler Cen also be observed at this time. During
drilling, leave the sampier immersed in a bucket of distilled water
to ensure that the tip does not dry out. Prior to installation,
disassemble the sampler and remove the distilled water that has
entered the sampler body. The sampler should be free of all
distilled water and foreign objects prior to installation.

6.2 Once the hole has been drilled, determine the length of access tubes
(f.e., 1/4" 1.d. polyethylene tubing). Two lengths/colors are
required. See Figure 1.

6.3  Push the discharge tube through the neoprene plug so that the end of
the tubing reaches to within 1/8" of the bottom of the porous
ceramic cup.

|
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7.0

6.4 The pressure vacuum tube should protrude approximately 1" through
the neoprene plug.

6.5 Leave a sufficient length of tubing sticking above the neoprene plug
s0 that the access tubes are about 6" above ground level after
fnstallation of the soil water sampler. Cut the discharge tube
spproximately 6" longer than the pressure-vacuum tube to {dentify
the different tubes, or use different colored tubing for discharge
and vacuum 1ines,

6.6 Slip 6" of neoprene tubing (2/16" 1.d. x 1/8" wall) over the ends of
each access tube.

6.7 After installing the access tubes, coat the sides of the neoprene
plug with vacuum grease, and insert the plug into the body tube.

6.8 Make sure the plug 1s held in place with the clamp ring by
tightenin? the clamp with a nail or similar object. Tighten the
ring until 1t meets the body tube. See Figure 1.

PROCEDURE: Installation of Soil Water Sampler

Depending on subsurface conditions, drilling shall be performed with either
2 Hollow Stem Auger (MSA) or an air rotary drill. An alternate drilling
method can be used that does not involve the use of drilling mud or that
does not excessively disturb soils. Holes shall be drilled using a four-
inch minimum diameter bit. A1l drilling shall be accomplished without the
addition of drilling mud or water. If the site is uncontaminated, native
;oil:i:?tracted from the drill hole should be removed, saved, and used as
ac '

7.1 Hollow Stem Auger (HSA) Drilling

Perform drilling with a HSA and as provided by a standard soil-
sam?11ng drill rig. HSA sho1d be used in unconsolidated granular
soils where there is a potential for borehole-wall collapse and
cave-in,

7.1 Terminate the augering about one foot above the desired
depth of instrument installation. Do no withdr'w auger
(HSA) string at this time. Stockpile the soil remosed from
the borehole during drilling according to depth (1.e., soil
from the 5-10' interval should be kept separate from the
10-18' interval) and returned to the borehole at the same
depth from which it was removed. Place all stockpiled soil
in plastic sheets or tarps to avoid surface contamination
of the soil cuttings,

7.1.2 Use a split-spoon (nominal 3" o0.d.) to knock the plug out
of the bottom of the auger and to collect the final foot of
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7.1.8

7.1.9

material, NOTE: if site 1s uncontaminated, save soil for
7.3.5 and use for backfill., See TR.

Aftes coupieting the borehole, drop approximately one to
two pounds of dry silica flour down such a manner that most
of the silica hits the bottom of the hole vith considerable
force. Wet the tip of the scturated ceramic cup with
distilled water and rub tip with dry silica flour uitil a
silica cake has formed on the tip.

With the silica flour patted onto the ceramic tip, lower
the sampler through the hollow stem (while the auger is in
the ground) to the bottom of the borehole so that it rests
directly on the native soil. Push 1ightly on the top of
the sampler with the tamping rod to ensure good contact
between the ceramic cup, silica flour, and ~ative soil.

Backfill the borehole to the top of the sampler (about
2.5, with the stockpiled native soil retrieved from the
appropriate depth. Tamp soil in place using the tamping
rod.

Pull a five (5) foot section of auger f.om the nole using
a sand line and chain. Use the tamping rod to hold the
instrument in place while pulling oul the auger.

once the five (5) foot section of auger has been removed,
backfill the borehole with stockpiled material from the
appropriate depth (i.e., from the bottom of the borehole to
the face .f the auger bit). Perform backfilling in 6-inch
i1fts, as a maximum, followed by compaction with a tamping
rod. After sufficient soil has been added to the borehole
s0 as to Uring the level of the soil up to the face of the
auger bit, remove an additional five (5) foot section of
auger and backfill as stated previously. Continue
backfilling and removing auger until a depth equal to 1/3
of the distance from the surface to the top of the sampler
is reached. For example: given a 20-foot borehole with 2
2-foot sampler, backfill to 12 feet from the surface.
NOTE: Use the tamping rod to keep the instrument seated as
che HSA auger string 1s retracted by sand line and ct: "

Install a one (1) foot bentonite seal using pow..ced
bentonite. Hydrate the bentonite by pouring fin
epproximately one (1) gallon of distilled water. Wait
approximately 30 minutes for bentonite to fully hydrate.

Once the bentonite has been given sufficient time to
hydrate. continue pulling five (5) foot sections of auger
and backfilling the borehole to a depth of 2 feet below
land surface.
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1.3 Final Installation

Once the soil water sampler has been assembled, the sampler is
insta. _od into the borehole. The primary concern during
installation 1s that the porous ceramic cup be in tight and intimate
contact with the soil so that suil moisture can readily move from
the soil to the soil water sampler,

. JEG persianel shall check the sofl water sampler for proper
operation prior to final installation.

Replace any instrument which fails to operate properly in
the same borehole or in another borehole drilled adjacent
to the first.

Refer to operating instructions (Attachment 1) for the
Moga) 1920 pressure-vacuum soil-water sampler for
adirtional methods of 1installing the pressure-vacuum
sanyler in the event the method outlined in the SOP is not
seiisfactory.

As 00y 2. oractical after installation, the FTR shall use
the presso: 2-vacuum pump to purge the sampler te obtain
representative soil fluids. Continue purging until the
slurry water 1is removed and the soil moisture can be
sampled. If the SOP is used, purging will not be necessary
because water was not added to the installation process,

Where the lysimeters are to be placed in a traffic area,
sink a PVC protective casing in the bentonite-soil plug,
thus surrounding the soil-water vacuum tubes. See 3.12.

Extend the casing down about two (2) feet into the plug and
allow the casing to protrude above land surface about one
(1) foot. Cover the top of the pipe with a slip-on PCV
cap. Mark the lyrimeter ID on the protective casing with
an indelible ink pen.

Protect the soi! water sampler from possible damage by
vericular traffic or grazing livestock whenever
appropriate. Install 3-4 wood, steel, or tec-bar driven
steel posts at 2 4-foot radius around each PCV casing.
Flagging shouid be attazhed to a post to visually mark the
location. If livestock present a threat to the sampler,
three strands of barbed wire should be affixed to the
posts. NOTE: See Section 16.1.] entitled “"Monitor Weli
Installation® (Step 3.7.7) for details on installation of
posts.
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8.0 PROCEDURE: Colleciion of Soil-Water Samples

A vacuum applied within the soil water sampler causes moisture to move from
the soil through the porous ~~ramic cup into the sample bottles. Because
the rate at which a samp)/ collncted 1s a function of the unsaturated
hydraulic conductivity r 2 soil and the amount of vacuum which is
created, the time requ’ <o to collect a sample may vary. Generally, a
vacuum between 50 to B0 centibars 1s sufficient to collect a sample in a
fuw hours. However, under conditions of low conductivity or low soil
moisture content, several days or weeks may be required to collect &
sample. Because 1t 1s usually not possible to collect enough sample for
a complete analysis, the order in which the constituenis are analyzed must
be prioritized., Table I 1isis the bottle 1D and minimum volume required
by the lab for analysis in order or priority. Constituents in each bottle
are listed from high te low priority. The SH may establish a different set
of analysis(es) priorities if concurrence is obtained from the Task Manager
of Hydrological Services.

Table 1 Listed in Decreasing Priority

Minimum Volume
Bottled ID Requirement Analytes

M 100 ml Ba, Mo, As, Cd, Cr, Hg,
Pb, Sb, Se, Al, Fe, Mn,
Ag. Co, Cu, Ni, Sn, V,
In, U, Be, T1, Na, K,

Mg, Ca, Sr
Ra-226 1000 m) Ra-226
Geap 200 m) Cabp
Ra-228 1000 ml Ra-228
NI 100 m NOy, NO,#NOy, NH,
CN 50 m CN
A 100 m! F, C1, SO, PO,, Si0., B,
T0S, Br
50 m g%
Th®*° 500 m) Th¥0
T0C 200 m) TOC

8.1 To collect a sample,* close the pinch clamp on the discharge access
tube and connect the vacuum port of the pressure-vacuum hand pump to

JEG-AL-QA~31 (0/87)
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9.0

the pressure-vacuum access tube. Stroke the pump until a vacuum of
approximately 65 centibars 1s created within the sampler. Check the
readout on the pump gauge.

8.1.) *Samples collected from, on, or near tailings piles may be
h;{*:dgu;. Wear disposal surgical-type gloves when
collecting such samples. Care should also be taken to
a:oid splashing the sample liquid in the eyes or on the
clothes.

8.2 Securely close the pinch clamp on the pressure-vacuum access tube to
seal the sampler under vacuum. Remove the hand pump, 1f required
for other uses. Allow the sampler to set for a period of time under
vacuum (see Figure 5B).

8.3 To recover a soil-water sample, attach the pressure-vacuum access
tube to the pressure port on the pump. Place the discharge access
tube into a small, clean collection bottle and open both pinch
clamps. Apply a few strokes on the hand pump to develop enough
pressure within the sampler to force the collected water out of the
sampler and into the collection bottle {(sse Figure &).

8.4 Collect subsequent samples by again creating 3 vacuum within the
samg1er and repeating steps 8.1 through 8.3. FBe sure to collect
each sampler in a separate and clean container. NOTE: Alwiye leave

& vacuum on the soil water sampler when leaving & site,

BROCEQURE: Sample Filtration

Before performing ficld measurements, filter the samples through a 0.45
p ron filter, If more than 500 ml of sample is available, use a large
f tering system; otherwis2, use a syringe/filter system. Filter samples
collected from tailings with a syringe/filter,. follow the Standard
Operating Procedures for water sampling documented in Section 16.1.1.
Procedures specific to collecting soil-water samples are found below.

8.1 Large filtering system

9.1.1 Disassemble the filter apparatus and discard the oid
filter, Use distilled water to thoroughly rinse all
surfaces which come into contact with the sample.

9.1.2 With clean hands, install a new filter. Handle filter only
by i1ts edges. Reassemble the apparatus. NOTE: If
possibie, use a pair of tweezers. Allow no dirt or dust to
blow onto the cleaned apparatus or filter,

9.1.3 Before filtering any samples, rinse filter and filter
apparatus with a few m]l of sample water. Filter and
discard water,

JEG-AL-QA=21 (8/87)
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5.1.4 F111 the sample bottles Allow no dirt or dust t:
into the bottles or onto the bottle caps.

Syringe/f* ter system

9.2.1 Insert sy: =2ne tip into sample soiution and fill the
syringe wit» =ample by withdrawing the plunger.

9.2. Connect » new syringe filter to the tip of the syringe and
force sample through the filter into a clean sample bottle
by depressing syringe plunger. NOTE: Sampler should
practice with a syringe, filter system, and distilled water
before filtering a sample.

Repeat above steps for each sample until entire samp'e has
been filtered.

Discard used syringe and filter

Repeat above steeps with a new syringe, f
sample bottle for each sample until al)
been fi'“ered.

10.0 PROCEDURE: _ Field Management of Samples for Temperature, pH, Specifig
Conductivity, Alkalinity, and Total Acidity

Record all field measurements and cements on Attachment 2 entitled, "soil
Water Sampler Data Record." Complete all lines on the field form. If some
steps were not taken or were not applicable, so indicate in the appropriate
space. Complete the forms with nonwater soluble ink (felt-tip type pens
or pencils are not acceptable). If any procedure was not performed as
prescribed, state the reason on the field form. Once samples have b
collected, perform mea:urements for temperature, pH, and alkalinity w
procedures documented in Section 16.1.10. However, since some sample |
will occur during testing, perform measurements only if a 500-ml or more
sample is collected. Also, omit alkalinity tests unless the sample pH is
greater than 4.5, As always, exercise care to protect the samples fron
cross-contamination,

eel
%
!

r
n
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t
S
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PROCEDURE: Sample Preservation

11.1 If there is less than 250 m! of sample, check sample pH, and record
pH on Attachment 2. NOTE: If soil-water sample pH is less than 2.0
without being acidified, do not add any acid. Revord this on
Attachment 2.

1111 1f the sample pH is 5 or more, acidify the s
nitric acid (HNOy in sufficient volume (~0.15 ml)
the sample pH to 2.0 Check sample pH. NOTE:
directed otherwise by TR/FTR or SH, use HNC

71
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11.2

2.1

.-
L L]
ro

12.3

12.5

12.6

12.8

12.0 PROCEDURE: Shipment of Collected Sample

11.1.2 If micropipets are not available, add HNO; drop by drop.
Mix sample solution well before checking sample pH.

11.1.3 Record amount of HNO, added to the sample on Attachment 2.

If there is more than 250 m) of sample, put the next 150 ml into a
bottle unacidified. Record on Attachment 2.

Orce HNO; or other appropriate acid has been added, seal the sample
witles with electrical tape.

Compare information or sample containers with Attachment 2 to make
sure that identification (e.g., sampling date, sample number, site
number and location, date, analysis(es), etc.) are correct, sample
containers zre properly labeled, and that Attachment 2 has been
filled with required field1 data and notes,

Separate samples into samplc lots that consist of at least nine (9)
samples, and one (1) known solution

12.3.1 Include any .amples classified as "blank" or "spike"
samples.

12.3.2 F111 out chain-of-custody and other required forms with
information from Attachment 2 or other field notes.

Place sample(s), chain-of-custody forms, sample identification
forms, etc., into an ice chest containing "blue ice" or its
equivalent and seal with appropriate tape.

Affix laboratory address and JEG return address. Ship samples by
fastest mode with appropriate carrier.

Notify laboratory of time/date of shipment of sample(s), carrier,
and expected time/date of shipment arrival at the laboratory.

Perform close out procedures.
12.7.1 Cleanup field equipment and instruments.
12.7.2 Replace expended time.

12.7.3 kepair and report broken equipment. Replace equipment if
necessary.

Submit completed and xeroxed copies of Attachment 2 and other field
forms to the Site Manager, TR/FTR, and Data Manager.

JEG-AL-QA-21 (8/87)
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13.0

14.0

15.0

Reviewed By:

Approved By:

12.8.1 Inform SH by memorandum of completion of soil-water samplér
installation and/or sample collection with shipment of
sample(s) to the laboratory.

ATTACKNEY1S
13.1 Figure 1 - Description of soil-water samplers

13.2 Figure 2A-C - View of installation of soil-water sampler
13.3 Figure 3A-B - View of installed soil-water sampler

13.4 Figure 4 - Assembly of soil-water sampler

13.5 Figure 5A, B - Procedure for sample collection

13.6 Figure 6 - Procedure for sample removal

13.7 Attachment 1 - Operating instructions for the Mode1 1920 pressure-
vacuum soil-water sampler

13.8 Attachment 2 - Soil-Water Sampler Data Record

REFERENCES

14.1 Allmaras, R.R, 1965, in C. A. Black, ed., "Methods of Soi)
Analysis," Agronomy Monograph No. 9, Part 1, American Society of
Agronomy, Madison, Wisconsin, pp. 24-42.

14,2 Krumbein, W.C. and F.A. Graybill, 1965, An__Introduction to
Statistical Models in Geology, McGraw-Hill, New York, New York, pp.
171-181.

14.3 Soil Moisture Equipment Corp., P.0. 3002J), Santa Barbara, CA 93105.

Prepared By: if? %
Reviewed By: nu{{;;é;

Task Manager

y Assurincp Marag

Prgject Manager
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FIGURE 1
DESCRIPTION OF A SOIL WATER SAMPLER
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VIEW OF INSTALLATION OF SOIL WATER SAMPLER
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FIGURE 3
ASSEMBLY OF SOIL WATER SAMPLER
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FIGURE 4A

PULLING A
VACUUM
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FIGURE 4B

PROCEDURE FOR SAMPLE COLLECTION
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Model 1920

PRESSURE-VACUUM SOIL WATER SAMPLER

Attachment 1

OPERATING INSTRUCTIONS for the

ACCESS TUBES
BACKF I LL

l

mmcn\ APPROX ,
smaseett ONE FT.,

il /X ACCESS
= (

TUBES

SITE LOCATION

The Mode! 1920 Pressure~Vacuum Sol| Water
Sampler can be Installed In any location,
at any depth up to a maximum of 50 +¢t,

The sccess tubes from the sampler may be
terminated dlrectly above the sampler
Installation or, |f conditions require, the
access tubes may be lald In a trench and
carrled to a remote location, terminated
above the sol| surface, The access tubes
should be located so that they will be free
from damage by mechanical equipment and by
llvestock, The surface area directly above
the sanpler shouid not be covered In any
manner that would Interfere with the normal
percolation of soll moisture down to the
depth of the sampler. Once the depth and
location for the pressure-vacuum sol| water
sampler has been decided, the length of the
access tubes should be determined so that
they can be cut and mounted into the soll
water sampler.

ACCESS TUBE
(PRESSURE VACUUM)

ACCESS TUBE
(D! SCHARGE )

CLAMP RING

NEOPRENE
PLUG

'

(FIG.2)

NAIL OR
SIMILAR OBJECT

BODY TUBE

POROUS CERAMIC CUP

INSTALLATION OF ACCESS TUBES IN THE SAMPLER

(Fig.1) 7The access tubes are normally made
from 1/4" dismeter copper or polyethylene
tubing., When Installing the tubes, one tube
should be pushed through the neoprene plug
so that the end of the tubing reaches almost
down to the bottom of the porous ceramic
cup. This "discharge" access tube should be
marked at the other end in some fashion as
to ldentify It., The other "pressure=vacuum"
sccess tube should be Inserted Into the
neoprene plug so that |t extends through the
plug perhaps one inch.

(Flg.2) After the tubes are Installed,
tighten the clamp ring with a nall or simiiar
cbject Inserted through the holes provided in
the clamp ring., Tighten only untii It meets
the body tube. See note on page 5 |f potting
s deslred,

e 1



CORING THE HOLE

1/4" MESH SCREEN

In rock=free uniform solls a8t shallow
“-n

depths, use & " screw Or bucket auger
for coring the hole,

it the soll is rocky, & 4" puger should

be uvsed. The soll should then be sifted
through @ 1/4" mesh screen to free It of
pebbles and rocks, This will provide »
ressonably uniform back*ill soll for fill-
ing In around the soll water sampler,

The Mode!l 230 Series Soll Augers can be
vsed for this purpose.

N

INSTALLATION OF PRESSURE~VACUWM SOIL WATER
SAMPLER USING A SOIL SLURRY

DEPTH
AS
REQ’D

] SLURRY

(FIG.1)
(FIG,2)

TAMP SOIL

BACK FiLL

SLURRY

('I‘r-* (FIG.3)

(Fig.1) After the hole hes been cored,
mix & substantlisl quantity of soll from
the bottom of the hole with water 1o make
2 slurry which hes a consistency of cement
mortar, This slurry |s then poured down
to the Sottom of the cored hole to Insure
2 good sol| contact with the porous
ceramic cup.

(Fig.2) Immedistely after the slurry has
been poured, push the so! | water sampler
down Into the hole so that the porous
ceramic cup |s completely embedded In the
soll sturry,

(Fig.3) Backf!l| the remaining ares
around the sol | water sampler, tamping
lightly with 2 small dlameter rod. Back=
flil the remainder of the hole, tamping
soll fimly, to prevent surface water
from running down the cored hole.
Facn‘i|| hole with native soll free of
pebbles and rocks.




ACCESS TUBES
TAMP SOIL

SCREENED BACKFILL

REQ'D }é‘; : )

TP SOIL
fh% i ,Nan-hhr.

W) H )
L s l :
(FIG.1)
i
SCREENED B 8 f
BACKF |LL o |
TAMP SOIL, 200 MESH 5,

SILICA=SAND

(FI1G.2)

SCREENED
BACKF!LL

BENTONITE

SCREENED BACKFILL

200 MESH
SILICA~SAND

BENTONITE

(FI1G.3)

ADD ITIONAL METHODS OF INSTALLING THE
PRE SSURE «VACUUWM SAMPLER

(Fig.1) Core hole to deslired depth,
Insert sol| water sampler and backtl || the
hole with native soll, tamping continuous~
ly to Insure good soll contect with the
porous ceramic cup and complete sealing of
the cored hole.

(Flg.2) Core hole to desired depth, pour

In @ small quantity of crushed 200 mesh

pure s!llce~sand of almost talcum powder
conslstency (comercially avallable under
trade names of Super~5Si| and Silice

Flour), Insert soll water sampler and

pour another layer of the 200 mesh si|ica-
sund et least s'x Inches derp around cup of
the sol | water sampler., Backfill the hole
with sol| free of pebbles and rocks, tamping
continuously with a long metal rod to insure
against surface water channeling down between
the soll and the body tube of the sampler,

(Fig.3) Core hole to desired depth, pour In
2 small quantity of wet bentonite clay. This
will Isolate the sampler from the soll below.
Pour in a small quantity of 200 mesh s!lice~
sand and Insert sol| water sampler, Pour
snother layer of 200 mesh sil|ica-sand at
least six Inches cdeep around the cup of the
sol | water sampler, Backflll with native
soll to 2 level Just above the soii water
samp ler and again add a small quantity of
bentonite as a plug, to further Isolate the
sc!| water sampler and guard against possible
channeling of water down the hole. Backfill
the remalnder of the hole slowly, tamping
continuous!y with a long metal rod. Agaln
backfl || should be of native soll free of
pebbles and rocks.

There are other methods of installing the
sol | water samplers that may be used, largely
dictated by the type of sollyou sre concerned
with and the tools avallable. The primary
concern In any method of installation Is that
the porous ceramic cup of the sampler be In
tight, Intimate contact with the soll, so
that sol| molsture can move readlly from the
pores of the so!| through the pores In the
ceramic cup end Into the soll water sampler,




PRESSURE VAQUUM PORT
PORT PINCH CLAMP
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(PRESS. VAC.
ACCESS TUBE)

PULLING A YACUUM

- P INCH CLAMP
CLOSED
(D1 SCHARGE
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COLLECTING SOIL WATER SAMPLE

After the pressure-vacuum sol| water sampler
has boen Installed In the fleld, the acces~
sory (tems are added as shown on page 6.

(Fig.1) Tn collect a sample, the pinch
clamp on the discharge access tube Is closed
.nd the vacuum port of tha pressure=-vacuum

hand pump |s connected to the pressure-
vacuum access tube. The pump Is then stroked
untl! & vacuun of perhaps 60 centibars (18"
of mercury) Is created within the sampler, 2s
read out on the gauge connected to the pump.,

(Filg.2) Tne pinch clamp on the pressure~-
vacuum access tube |s then closed securely to
seal! the sampler under vacuum, The hand pump
can then be removed for other uses, The
sampler Is allowed to set for a perliod of
time under vacuum,

The vacuum within the sampler causes the
moisture to move from the soll, through the
porous ceramic cup, and into the sampler,
The rate at which the soll solution will
collect within the sampler depends on the
capl!lary conductivity ot the soll, the soll
suction value within the soll (as measured
with tensiometers), and the amount of
vacuum that has been created w!thin the
sompler, In molst solls of good conductive
ity, et fleld capacity (10 to X centibars
of soll suction as read on a tensiometer)
substantial soll water samples can be
collected within a few hcurs., Under more
diftflcult conditions |+ may require several
days to collect an adequate sample,

In genera!, vacuums of 50 to B5 centibers
(15" to 25" of mercury) are normally applied
to the sul |l water sampler. In very sandy
solls It has been noted, however, that very
high vacuums applied to the soil water

sanp ler seem to result In slower rate of
collection of the sample than lower applied
vacuums, |t Is our feeling that in these
coarse, sandy solls, the high vacuums within
the sampler may deplete the moisture In the
Immediate vicinlty nf the porous ceramic cup
and hence reduce the caplllary cunductivity,
which creates 8 barrier to the flow of
moisture to the cup under these clrcum-
stances, In |oams and gravelly clay loams,
users have reported collection of X0 to

500 m! of solution over a perliod of a day
with applied vacuum of 15" of mercury

(50 centibars) when solls are at fieid
capaclty, On waste water dlsposal sitrs,
some users have obtalned up to 1500 m of
sample within 24 hours after cessation of
Irrigation with 1" to 2" of waste water on
sandy or clay loam soll,




PINCH CLAMP
OPEN
PRESS. VAC,
ACCESS TUBE) PINCH CLAMP
1] OPEN
(D1 SCHARGE
ACCESS TUBE)

PRESSURE

PCRT COLLECTED

WATER

SCIL WATER SAMPLE

(Flg.3) To recover @ soll water sample,
sttach the pressure=vacuum access tudbe to
the pressure port on the pump, FPleace the
discharge access tube In & small collection
bottle and open both pinch clamps. Apply

2 few strokes on the hard pump to develop
enough pressure within the sampier to force
the collected water out of the sampler and
Into the collection bottle,

Subsequent samples are collected by agaln

creating & vacuum within the sampler and
following the steps as outlined above,

MA INTENANCE

There are no malntenance requirements for
the pressure-vacuum sol| water samplers,
other than protecting the sccess tubes from
damage., Tube ends should be covered or
plugged to prevent debris from entering the
tubes and later contaminating the sample,

Freezing conditions will not demage the
samplers, The samplers are normally left
permanently In place throughout the year,

ACCESS TUBE
(PRESSURE VACUUM)

ACCESS TUBE
(D1 SCHARGE)

CLAMP RING
EPOXY

: l!" Y ““"l

N/

ﬁuéﬂ?t-
&
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o

3 CLAMP WASHER
L&

EPOXY
NEOPRENE PLUG

BODY TUBE

INSTRUCT IONS FOR POTTING

With our current design, we do not feel that
petting of the neoprene plug |s necessary to
maintaln a permanent pressure-vacuum seal;
however, |f you desir . the design has been
arrenged so that these elements can be potted
with an epoxy resin,

(1) INSTALL ACCESS TUBES

(2) INSTALL FIRST CLAMP WASHER

(3) INSTALL NEOPRENE PLUG AND ADD
EPOXY TO THE OUTSIDE DIAMETER

(4) INSTALL SECOND CLAMP WASHER

(5) SCREW CLAMP RING IN PLACE, AND
POUR EPOXY INTO CAVITY TO
COMPLETELY SEAL THE NEOPRENE

PLUG AND ACCESS TUBES




ACCESSORY ITEMS REQUIRED FOR OPERATION OF THE PRESSURE=VACUUM SOIL WATER SAMPLER

3N

EACH SAMPLER

TWO €" (MINIMUM) LENGTHS REQ'D FOR

6" 1.0, X 1/8" WALL NEOPRENE TUBE.\

MODEL #1901 MODEL #1901
PINCH CLAMP | PINCH CLAMP
~ gt | |

v c..
[
MODEL 1920K1 SERVICE KIT, ;
CONSISTING OF THE PRESSURE - - e b
VACUUM HAND PUMP, WITH THE >
YACUM DIAL GAUGE ADAPTER o>
MOUNTED ON PUMP
<
>
o -
3 Py
PRESSURE «VACUUM
SOIL WATER <O
SAMPLER Q
NOTE : <
ALL ACCESSORY ITEMS ARE
AVAILABLE FROM <R
SOILMOISTURE EQUIPMENT
CORP,
| A
=
<
<G
<«
. (g ~ e

ACCESS TUBES,
1/4" 0,0, COP7ER
OR POLYETHYLENE
TUBING

Sorlmoisture Equipment Corp. PO. Box 80025, Santa Barbara, Calif 98105 U.S.A.
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ATTACHMENT 1 CONTINUED
Sotlmoisture Equipment Corp.

About Our Soil Water Samplers

Our Soil Water Samplers, which are sometimes referred to as "suction
lysimeters" or "lysimeters" are now in general use, and many thousands of
these are currently installed in chis country and other countries throughout the
world. The soil water samplers had their origin back in 1961 when we
cooperated with Dr. George H. Wagner at the University of Missouri to
fabricate a porous ceramic cup for this purpose, The outgrowth of this work
was the first commercial soil water sampler, which was assigned our Cat. No.
1900, Since that time, these samplers have been generally accepted as an ideal
tool for securing soil water samples in situ for a great variety of soil moisture
monitoring work.

The most extensive initial use of these samplers was made by Pennsylvania
State University, largely under the direction of Jr. L. T. Kardos and others, on
the Pennsylvania Waste Water Project, Modifications of the original Cat. No.
1900 Soil Water Sampler to produce a pressure-vacuum type unit was done by
Richard R. Parizek and Burke E. Lane at the Pennsylvania State University,
and reported on in the Journal of Hydrology. Since that time, we have made
available commercially our Model 1920 Pressure-Vacuum Soil Water Sampler.
Some of our soil water samplers have been in continuous use now for a period
of ter. years and are still yielding satisfactory soil moisture samples. The
samplers find application not only in research work but for pollution control
purposes, such as monitoring the moisture under sanitary landfills and under
areas irrigated with wastewater. Various models of our Soil Water Samplers
are available for installation at depths ranging from the surface to 300 ft.

Our Model 1900 Soil Water Sampler is designed for installation near the
surface, at depths ranging from 6" to 6'. This type of sampler projects several
inches above the soil surface after installation and is serviced at the exposed
end. The Model 1900 Soil Water Sampler, along with the Model 1920 Pressure-
Vacuum Soil Water Sampler, is pictured and described on the backpage of our
six-page general brochure entitled, "A Full Range of Soilmoisture Extractors".
The enclosed operating instructions for this unit wili give you details of
instaliation and operation and also spell out the accessory items required. All
items are carried on our current price list,

Our Mode! 1920 Pressure-Vacuum Soil Water Sampler is designed to be
completely buried in the soil. The overall length of this unit is approximately
24" and 1s serviced by two access tubes. This is the type of sampler frequently
used in monitoring for polution, since the access tubes can be located at a
distance from the sampler and in an arsa out of the way of surface traffic.



These samplers are normally installed at a minimum depth of 3 ft. and can be
used at depths of up to 50 ft. It is possible to use these units at somewhat
greater depths than 50 ft., perhaps as high as 7C ft,; however, at greater
depths, a substantial amount of the collected sample is forced back into the
soil, through the porous ceramic cup, by the high air pressure necessary 1o
force the collected sample up to the surface, If you are concerned with
extracting solutions at great depths, our Mode! 1940 Mi/Pressure-Vacuum Soil
Water Sampler should be used.

The enclosed instruction information on the Model 1920 Pressure-Vacuum Soil
Water Sampler will g‘i:e you details of installation and operation. Page 6 of
these instructions shows a cross section of the 1920 Pressure-Vacuum Soil
Water Sampler installed in the field and indicates the specific accessory items
required for its operation. All items are carried on our current price list.

If you are involved with sampling moisture at depths beyond the range of our
Model 1920, we have available our Model 1940 Hi/Pressure-Vacuum Soil Water
Sampler thai can be used up to depths of 300 ft. The enclosed engineering
schematic shows the operating features of this type of sampler. Basically, the
unit incorporates two check valves which permit the flow of water from the
soil into an upper chambder when vacuum is applied. When pressure is
subsequently applied to remove the collected sample, the pressure is prevented
from reaching the porous ceramic cup chamber by one of the check valves.
With this type of arrangement, high pressures can be exerted to remove the
collected sample from great depths without damage to the porous ceramic
cup. Other than the features mentioned above, the operation of the
Hi/Pressure-Vacuum Soil Water Sampler is similar to the Model 1920 Pressure-

Vacuum Soil Water Sampler. Prices are carried on the current price list.

€
‘& Soilmoisture Equipment Corp. P.O. Boz 30025, Santa Barbara, Calif 98105 U.S.A.
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ATTACHMENT 1 CONTINUED

OPERATING INSTRUCTIONS for the

Model 1900

SOIL WATER SAMPLER

= MAINTAIN 2"
ABIVE SOIL
SURFACE

BOOY TUBE

/

S M o

"//,STOPPEQ ASSEMBLY
|

MODEL 1900L6"
TO ASSORTED
LENGTHS UP TO
L72"

ROUND BOTTOM
CERAMIC CuP

SITE LOCATION

The Mode! 1900 Sol! Water Sampler can be
Instelied In any location., The sampler can
be Installed Iin well drained soil or In
areas where the water table Is above the
sampling depth, The surface area directly
above the sampler should not be covared In
any manner that would interfere with the
normal percolation of soll molsture down to
the depth of the sampler,

The samplers are normally Installed
vertically In the soll, However, they can
be Installed at an angle 1f this is neces-
sary to reach some otherwise Inaccessible
point,

The samplers are avaiiable In various stock
lengths for Installiation at depths up to

6 ft. Extra length samplers can be
provided on special order, |f this is
necesssry., However, for depths greater
then & ft, 11 |Is normally less expensive

to useé the Mode! 1920 Pressure-vVacuum Sol |
wWater Sampler,

The Mode! 1900 Soi | Water Sampler has been
designed so that the body tube of the
sanpler projects 2' above the soll surtface
when the sampler is Installed to the
proper depth, as shown In the figure to
the left.

ale



CORING THE HOLE

In rock=free unlform solls at shallow
depths, use a 2" screw or bucket auger for
coring the hole,

It the soll |s rocky, & 4" auger should ba
used, The so!l stould then be sifred
through & 1/4" m» ' screen to free it of
pebbles and rocks, This will provide &
reasonably unlform backtill soll for fill=
Ing In around the sol |l water samoler, The
Mode! 230 Serles Soll Augers can be vsed
for this purpose,

— et

INSTALLATION OF SOIL WATER SAMPLER
USING A SOIL SLURRY

(Fig. 1) After the hole has been cored,
mix & substential quantity of soll from

DEPTH the bottom of the hole with water to
AS' make & slurry which has & consisteacy of
REQ'D cement mortar. This slurry Is the

poured down to the bottom of the corad
hole to Insure a good soll contact wivh
the porous ceramic cup.

\ SLURRY
(Fig., 2) Immediately atter the siurry has

(FiG, 1 been poured, push the soil| water sampler
down Into the hole so that the porous
ceramic cup Is completely embedded in the
soll slurry.

(FIG, 2)
(Fig. 3) Backfill the remaining area around

the sol! water sampler, tamping soll firmly,
to prevent surface water from running down

TAMP SOIL the cored hole. Backfili hole with rative
soi!l free of pebdbles and rocks.

BACF ILL

SLURRY

‘I' (FIG, 3)
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. STOPPER ASSEMBLY
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(FIG, 1)

TAMP SOIL
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(FIG, 2)

e TAMP SOIL

e SCREENED
BACKF ILL

BENTONITE

200 MESH
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BENTONITE

‘ (FIG, 3)

ADD ITIONAL METHODS OF INSTALLING THE SOIL
WATER SAMPLER

(Fig.,1) Core hole to des!ired depth, Insert
so!| water sampler and backflil| the hole
with native soll, tamping continuousiy to
Insure good sol | contact with the porous
ceramic cup and complete sealing of the
cored hole,

(Flg.2) Core hole to desired depth, pour
In & small quantity of crushed 200 mesh
pure sllica-sand of aimost talcum powder
conslistency (commercially avallable under
trade names of Super=SI1| and Sillice
Flour), Insert sol| water sompler and
pour snother layer of the 200 mesh s!|lce~
sand et least six Inches deep around cup of
the soll water sampler, Backfill the hole
with soll free of pebbles and rocks, temp-
Ing continuously with & long metal rod to
Insure against surface water channeling
down between the sol| and the body tube of
the sampler,

(Fig, 3) Core hole to desired depth, pour
in @ small quantity of wet benton'te clay.
This wlil isolate the sampler from the
soll below. Pour In & small quantity of
200 mesh s!lica-sand &nd Insert soll water
sampler, Pour ancther layer of 200 mesh
slllca~sand at least six inches deep
around the cup of the soll water sampler,
Agein, add @ smali gquantity of bentonite
as & plug to further Isolete the ceramic
cup and guard agalinst possible channeling
of water down the hole, Backfill the
remainder of the hole with native soll
tree of pebbles and rocks, tamping con-
tinvously with a long metel rod.

There are other methods of Installing the
sol| water sampler that may be used,
largely dictated by the type of soll you
are concerned with and the tools avaliable.
The primary concern In any method of in=
stallation Is that the porous cup of the
sampler be in tight, Intimate contact with
the soll, so rhat soll molsture can move
readl|ly from the pores of the soll through
the pores In the ceramic cup and Into the
soil water sampler,
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(FIG, 2)

COLLECTING SOIL WATER SAMP.Z

After the soll water sampler has been
Installed In the fleld, the accessory |(tems
as shown on page & ere used for collecting
sol ! water sample,

(Fig.,1) To collect a sample, the pinct
clamp on the stopper assembly |s opened,
The serrated tube fitting on the end of the
vacuum dlal gauge adapter is then Inserted
into the neoprene tube of the stopper
pssembly, The vacuum hand pumg
stroked untl| a vacuum of perhaps 60 cent!-
bars (18" of mercury) I8 created within the
sampler, as read out on the vacuum dial
gauge.

is ther

(Fig.2) The pinch clamp |s then closed
securely to seal the sampler under vacuum,
The hand pump can then be removed other
uses, The sampler Is allowed 1o for @
period of time under vacuum,

for

set

The vacuum within the sampler causes the
molsture to move from the soil, through the
porous ceramic cup, and into the sampler,
The rate at which the soll solution will
col lect within the sampler depends on the
capl | lary conductivity of the soll, the soll
suction value within the soil (as measured
with tensiometers), and the amount of
vacuum that has been created within the
sampler. In molst scolls of good conduct|ve
ity, ot fleld capacity (10 to 30 centibars
of soll suct'on as read on a tensiometer),
substantial soll water samples car be
collected within & few hours. Under more
difficult conditions It may require seversal
days to collect an sdequate sample,

In general, vacuums of 50 to B5 centibars
(15" +o 25" of mercury) are normally ap-
plled to the soll water sampler, |1 very
sandy solls It has been noted, however,
that very high vacuums applled to the sol |
water sampler seem to result In slower rate
of collection of the sample than |ower
applled vacuums, It Is our feeling that In
these cosrse, sandy solls, the high vacuum
within the sampler may deplete the moisture
in the Immediate vizinity of the porous
ceramic cup and hence reduce the caplllary
conductivity, which creates a barrier to
the flow of molsture to the cup under these
clrcumstances, In loams and gravelly clay
loams, users have reported collection of
30 to 500 m| of solution over a period of
& day with applied vacuum of 15" of
ry (50 centlibars) when solls are at
capacity, On waste water disposal

mercu=
fleld
sites,

-l -
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some users have obtalned up to 1500 m| of
sample within 24 hours after cessation of
irrigetion with 1" to 2" waste water on
sandy or clay loam soll,

(F1g,3) To remove the soll water sample
from the sampler, & simple assembly Is
usually made up consisting of & small
dlameter (3/32" 0.0. or less) plastic
tube, & two=hole rubber stopper, a flask
or bottle, as shown,

The pinch ciamp on the sampler |s opened
and the small diameter plastic tube Is
Inserted Into the end of the neoprene tube
on the stopper assembly and pushed down
untl| It reaches the bottom of the sampler,

(Flg.4) The vecuum hand pump Is then
connected to the other hole In the stopper,
Stroking the hand pump creates 2 vacuum
within the bottle or flask which In turn
sucks the sample up from the sampler and
Into the collection bottle or i =k,

It It Is more convenlent, tha <topper
pssembly can be removed fr.n thp sampler
s0 that the coliscte: ~vle cun %s re-
moved with 8 plputie ¢ L*ther ¢ ns,
However, repeatec remova! and rep.w.

ment of the rubber stoppe: assembly can
disturdb the seal between the soll and

the body tube of the sempler, particular!y
on shallow units,

Subsequent samples are collected by again
creating @ vacuum within the sampler and
foliowing the steps as outlined above.

MA | NTENANCE

There are no maintenance requlrements for
the sol | water sampiers other than pro-
tecting the expcsed end of the body tube
and the stopper assembly from physical
damage. The end of the neoprene *ube of
the stopper assembly should be covered

or plugged to prevent debris from enter-
ing the tube and lateur contaminating the
sample.

Freezing conditions will not damage the
samplers, The samplers are nommally left
permanentiy In place throughout the year.

vt




ACCESSORY ITEMS FOR OPERATION
OF THE SOIL WATER SAMPLER

W“

REPLACEMENT ITEMS FOR
THE SOIL WATER SAMPLER

1900K1 SERVICE KIT
CONSISTING OF :

PUMP

VACUUM DIAL
GAUGE

VAGUUM TEST HAND PUWP

MODEL 1901
PINCH CLAMP

PINCh CLAMP®

NEOPRENE
TUBE

- CONNECT ING
. SLEEVE
NEOPRENE
STOPPER
MODEL 1900=200
STOPPER ASSEMBLY
TUBING |
116" 0.0, X 1/64" WALL NYLON TUBE
$/64" 0.D. X 1/64" WALL NYLON TUBE
3/32" 0.D. X 1/24" WALL NYLOK TUBE N e
MODEL 1910
3/16" 1.D. X 1/8" WALL NEOPRENE TUBE 22:}:3.2"218“
(ORDER NUMBER OF FE.T REQUIRED) \\ p
NOTE ; ;
ALL ACCESSORY ITEMS ARE
AVAILABLE FROM SOILMOISTURE
EQU I PMENT CORP, p
‘somaonswas EQUIPMINT CORP, P.0. BOX 30015, SANTA BARBARA, CALIF, 93105 U.S.A.
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ALBRAE P . OMLLA TGN

SOIL WATER SAMPLING RECORD

®TE 0 FINAL FIELD VALUES:
LOCATION 1D :

pH (BU, )
BAMPE D

Ec( mhos/om )
SAMPLE DEPTH (FT. ' _

YEMP, (*C):
Jo W RO ALKANUNTY (mgiA CaCO3 )

m |

BAMPUNG TIME v 3
VOLUME SAMPLE LOCATION DES CRIPTION
COLLECTED (m! )

VACUUM APPUED

CONTAINER SIZE NONACDIFIED ACDIFED

VOL ACD (ml)
NUMBER OF ONE~LITER
- wNTAINERS $00 mi
COLLECTED : 250 ml

SPECIFY OTHERS :

COMMENTS :

—— m———

RELD REPRESENTATIVE .

ATTACHMENT 2
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[JE JACORS ENGREERING GROUP INC

LYSlMETEP COL‘Pt ET!ON REC(‘RD

8TE D . LOCATION D | e DATE INSTALLED
APPROX, SITE COORINATES ((FT. I N . -
FORMATION OF COMPLETION !
FELD REP :

HY, ABOVE GROUND (FT.)
MOLE DIA (IN ) SAVPLE TUBE }

| MT, ABOVE GROUND (FT,)
GROUND SURFACE T B BSs VACUUM TUBE

W’vvvﬂwwm

TOTAL LENGTH it 1]
"7, ) } 4 HAXh | BACKFILL TYPE
BAMPLE TUBE SRR | RN e

¥ ¥ X BACKFILL LENGTH
BEAL TYPE P00 § FOoH | (FT, )

BEAL uucm"cfﬁ_
(N )

TOTAL LENGTH
' .‘j (FT,)

TOTAL LENGTM (FT, )
VACUUM TUBE

ATTACHMENT 2
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ROCKXT MOUNTAIN FOREST LANGE EXPERIMENT STATION
2205 COLUR...A BE
ALBUQUERQUE, MEN MEXICO 87106
APPENDIX 1
EMERCENCY EVACUATION ROUTE
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3.20
3.21
3,22

" Bentonite slurry! & mixture of bentonite and distilled water as

specified by the SH,

Jentonite/sofl seal: a8 1:1 mixture of bdentonite, clean native
soil, and distilled water as speci‘ied by the SM,

Native Soil: from Sample Site Location only if site is
uncontaminated,

oden dowels: 3/15" diameter (0.d.) x 2" long

Posts: wood (4" x 4" x ~8'), steel (4" difameter x ~5'), or
Teo;b;; steel driven, 3.4 posts per site., See Section 16.1.)
(3. . .

(Optional). Cement for posts,

Barbed wire, 100 ft, rol),

Flazging Material

4,0 PROCEDURE: Pre-field Preparation

. 4.1

4.2
4.3

4.4

®

The following steos shall be performed no less than ten (10) day: before
leaving for the field,

The Site dydrojeoloagist (SH) shall determine the number of required
tensiometers and locations and shall be approved by the Task Manager
of Hydrological Services and the Technical Data Review Committee,
NOTE: The tensiometer s an instrument which provides a direct
measurement of the negative pressure potential or suction in sofl,
Tensiometers are used in field experiments where it 1s necessary to
ileasure the gradient in pressure potential in order to determine
the direction and rate of water movement 1n a sofl profile,

The SH or the Field Technical Representative (FTR) shall check all
equipment to ensure that a) there 1s a sufficient amount of
equipment, b) they are in good condition, and ¢) they are working
properly,

The FTR shall check the supply of distilled water to ensure that
there 1s a sufficient quantity for the proposed field activities or
that distilled water can be obtained near the site location pefore
the tensiometers are to be installed.

For transportation to a site, the SH or FTR shall properly pack the
tensiometers so that tne dial gauges and ceramic tips are not
damajed, Individual tensiometer pieces should be separately wrapped
in paper and must be packaged so that they are secure inside the
shipping boxes., U=e special care so that ceramic tips do not touch
grease or similar iaterfal that could ¢log the ceramic tip pores,
Label all boxes with proper shipping and return addresses,

JEG-AL~QA-21 (B/87)




[‘ JALUDY EINGIINLEKING ORUWVUF TING,  secrion J0 00
ALBUGLERQUE OPERATIONS PAGE 2 __OFr 10

. 4.5 The FIR shal)l use Attachment 12,1 entitled "Tensiometer Equipment
Cnecklist" to record the checkout and readiness of the equipment,

6.0 PRICEOJRE: vPrinciples for Field Placement of a Tensiometer

5.1 Location of the tensiometer stations and the number of tensiometers
fnstalled depends on the varfapility of the soil at the site, tne
nature of the topography, deptn to the water table, and the depth
at which water flow 18 to be studifed, Locate stations in areas
waicn représent the site's sofl/water charscteristics, The 54 shall
select tensiometer depths and locatfons (stations) Dbased on data
such as borenole geopnysical data, core samples, and surface
geophysical data.

6.2 Stations should be loucated in areas of efther maximum past or
potential contaminant sources. Each station must have tensiometers
at multiple depths, Increased density of tensfoneter fnstallation
will give more finformation about water movement within the so1)
profile. In nost cases, fnstall the tensiometers at a minfmun of
tnree depths above the capillary fringe region of the water tadvle
at increments of two feet or less., Monftoring snould e intensified
on those sites which exnibit a nigh potentfal for contrinuting
contamination to tne ground-water system,

. 5.0 Eaech  specific  site  requires  preliminary  fnvest’yation,

interpretation of early results, and may require adjustn. is 1n
sampling frequency and number of tensiometer statfons to ensure
adequate characterization, The number of installaetions to be made
would depend upon cost, tne variability of tne sofl types and
geacnenical environments encountered, and the desired precision,
Statistical analyses which incorporate these variaples mey be used
as guidelines 1in estadblishing the sampling frequency. See
References 13,1 and 13,2,

5.4 Protection of the tensiometers is essentfal, [he FIR may need to
construct & fenced area around each statfon to limit damage from
intrusion b( people or animals, See 3.7.7 of AOM, Section 19.1.1
(3.,7.7) entitled "well Installation",

6.0 PROGEDJRE: Tensiometer Assemoly and Preparation

6,1 Tensiometer Assembly

6.1.1 defore assemdbling the tensiometer, make sure all parts are
clean and have nut been damaged in shipping, L0 not use any
damaged equipment, NOTe: See Figure 1 for component parts
of a tensiometer,

JEG-AL-QA-21(0/87)
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ALBUQUERQUE CPERATIONS

1.0

PROCEDURE: Orill Tensiometer Site

orilling can pe accomplished using either a nollow-stem auger (HSA),
air-rotary equipment or hand auger, depending on subsurface conditions,
Orill holes with a two (2) inch minfmum diameter Ddit. rerform all
drilling without the addition of drilling mud or water,

ASA drilling as provided by a standard sofl-sampling dril) rig snould de
Jsed in unconsolidated, granular soils where there s 2 potential for
borenole-wall collapse and cave-in, Air rotary drilling should only be
used for well-consolidated oorehole soils, clays, or tight si1ts where
the borchole wall can be expected to maintafn its integrity. A nand
auger imay be used when drill-iite accessibility is a prodlem for snallow
(C¢v') installations,

7.1 dollow-stem auger drilling

7.1.1 Terminate tne augering ap,.c«imately one foot adove the
desired depth at which the tensiometer 1s to De installed.
Leave the auger string in the ground. NOTE: Stockpile tne
sofl cu*tings on a clean plastic sheet in the order in which
:ney}qrzf removed from the bdorehole and save the cuttings
or . . L

7.1.2 Jse a split spoon to knock the plug out of the bottom of the
auger and to collect the final foot of material, See 3.10,

7.1.4 Install the tensfometer by lowering tne instrument through
tne hollow stem auger until th tensiometer makes contact
witn the bottom of the dorehole, Push down lightly on the
tenstometer to insure that good contact is made between the
ceramic tip and native soil,

7.1.4 Remove one five-foot joint of auger using a sand line and
cnain. Add ~6 inches of native soil to tne dorenole. WOTE:
Jse the stockpiled cuttings of 7,1.1 and add the cuttings to
tne borehole at the same depth from which they were removed
s0 as to simulate as near as possidle the original downhole
conditions.

7.1.5 Ccompact the backfill around the tensfometer using a l=in¢h
tamping rod. See 3.5. NOTE: Initial backfill 1ifts should
pe linited to 6-inches or less to insure that sufficient
compaction of the s 1 around the instrument occurs.

7.1.9 After ~4 feet of backfill has been added and compacted, place
a one (1) foot thick bentonite seal in the borehole so that
no vertical migration of water is possible, See 3,18 and
3.19. NOTE: Introduce the bentonite seal into the borenole
by either pouring it down the borenole or by use of a tremie
pipe.

JEG-AL-QA-21 (8/87)
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. 7.2.8 Wait at least 30 minutes between the addition of the water
and the addition of the next 1ift of native s01) so that the
bentonite has sufficient time to hydrate,

7.2.9 Add bentonite/native soi) mixture to the borehole and compact
the bentonite/soil mixture with 3 one-inch tamping rod. See
3.15 and 3.5,

7.2,10 Continue backfilling and tamping until the borehole 1
filled to ground level.

7.3 Hand Auger Drilling

7.3.1 Terminate the drilling at the desired depth of tensiometer
ifnstallation, NOTE: Stockpile the soil cuttings on a clean
plastic sheet in the order in which they were removed from
the borehole and save the cuttings for 7.2.4,

7.3.2 Withdraw and remove the hand auger from the borehole,

7.3.3 Install the tensiometer by 10wer1n? the instrument to the
bottom of the borehole. Push down 11ghtly on the tensiometer
to insure that good contact 15 made between the ceramic tip
and native soil,

. 7.3.48 Add ~6 inches of native soi) to the borehole, NOTE: Use the

stockpiled cuttings of 7.2.1 and add tne cuttings to the
borehole at the same depth from which the, were removed $o
as to simulate as near as possidble the original downhole
conditions,

7.3.5 Compact the backfill around the tensiometer using a 1-inch
tamping rod., NOTE: Initial backfiil 11fts should be
1imited to 6-inches or less to f{nsure that sufficient
compaction of the soil around the instrument occurs,

7.3,6 After~4 feet of backfil) has been added and compacted, place
a one (1) foot thick bentonite seal in the borehole so that
no vertical migration of water is possible, NOTE: Introduce
the bentonite seal into the borehole by either pouring it
down the borehole or by use of a tremie pipe.

7.3.7 Once the bentonite has been placed, pour ~5 gallons of
distilled water down the borehole in order to hydrate the
bentonite.

7.3.8 Wait at least 30 minutes between the addition of the water
and the addition of the next 11ft of native soi)l so that the
hentonite has sufficient time to hydrate,

7.3.9 Add bentonite/native soi) mixture to the borehole and compact
the bentonite/sof]l mixture with a one-inch tamping rod, See

3.15 and 3.5,

JEG-AL=QA-21i8/87)
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. 9.3 If freezing condgitions are expected to occur, keep the water level
fn the tubes at least five feet below the surface. NOTE: D0 not
refill and calibrate until actual measurements are to oe made, The
gauge should be protected by finsulation or placed in the project
storage facility for the winter tc protect from freezing,

19,1 Most tensfometers have a dial type manometer to indicate pressure
potential, Their scale 1s given in centibars, from 0 to «100,
Therefore, <5 centioars 1s equal to -U.5 par which in turn 1s
equivalent to a pressure potential of 38,0 c¢cm water,

1.2 Read gauio and record tensioneter pressure potentials on the field
form entitled "Tensiometer Sampling Record", See Attachment 12.2,

11,0 PROCEJURE: completion of Duties

11,1 Clean field equipment,
11,2 Ndeplace and report any broken or damaged ftems,

i1.3 Make copies of field form: and give tne original data to document
. control, Transmit copies of tne field forms to the SH,

12,0 ATTACHMENTS

12,1 Tensfometer checklist

12,2 Tensiometer Sampling Record

14,3 Figure 1: Component Parts of a Tensfometer
12,4 Figure 2 and 3: Removing Air from Tensfometer

12,6 Figure 4: Adjusting the vacuum Gauge Dial

1.0 REFERENCES

13,1 Allmaras, R, R,, 1965, @ias, in C, A, ulack, ed., "Methods of
So1) Analysis", Agronomy Monograph No. ¥, Part 1, HMadison,
Wisconsin, American Society of Agronomy, pp. 24-42,

13.2 Arumdein, W, C., and F, A, craybill, 1965, An Introduction to
Statistical Models in Geology, Mcaraw-Aill, New York, New fork,
Dp. "]'ld]a
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’ TENSIOMETER SAMPLING RECORD
SITE 1D
LOCATION 1D
SAMPLE 10 TENSIOMETER DEPTH PRESSURE POTENTIAL
(INCHES ) ( CENTIBARS )
1
2.
3
E
. . —— - o ——— "
6.
L 8
8.
9
10- P —————
COMMENTS:
FIELD REP, (8 ):
ATTACHMENT 12.2
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RESEAVOIR BUTTON

RESERVOIR COVER

= JET=FILL RESERVOIR CAP

'O RING CAP SEAL

CEPTH LABEL

PORT, MOLDED INTO
SIDE WALL OF
BODY TUBE

HEAVY, CLEAR PLASTIC
COVER PLATE

VENT SCREW

S VACUUM DIAL GAVGE

BACKUP WASHER

'O' RING STEM SEAL

PLASTIC BODY TUBE

CERAMIC SENSING TIP

’ FIGURE 1

CONPONENT PARTS CF A TENSIOMETER




FIGURE 2

FILLING TENSIONMETER TUBE BY INDUCING VACUUM

FIGURE 3
REMOVING AIR FROM TENSIOMETER
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ADJUSTING THE VACUUM GAUGE DIAL




m_
i
”
!
i
!
!
!
!

UL SRl AL L

L




* JACOBS ENGINEERING GROUP INC.

ALBUQUERQUE OPERATIONS

P ———r——— e
) . SECTION £
ALBUQUERQUE OPERATIONS MANLUAL
~ ¥ IN 8 . ———
b DATE ‘- |
- — e R e ———— - |
d
EFFE VE
' i
! AN MN ! T ) v f E |
{
¢
s t ’
— — - — — - S—— - s SRR § — - - e
' |
|
|
3 !
I 24 2 4 - rnet + f t 1
4 b 4 4 ’ ‘ 4
’ *h f
‘ |
|
|
i » P ‘ g . b ) ¢ § ’
. ’ » » | ‘ ’ 4 *
! f + ‘) + A ¢ re Ve + ~ ’ 4 +
! V v {ad F ¢ v + W ¥ + * 4 ‘b F
: ¢ 4 “ Y | ’ h' "t ? .l v T f ¥ ’
‘ ;
|
* | l
| |
| ¢ * "~ L ¥ * ¢ ’ |
: l
| ‘ 4 { ne b ' + ) W i ' |
+h " pnt ¢ * ¢ . ¢ F ¢ X ‘ !
| . |
y b “ 4 ¢ t wit + ¢ ‘ |
|
! + § ' et F 4 ’ A *
| b
|
1 |
| [ . ¢ * + t r t
| |
| A ! Y ! f . = \‘
| v + W M X
I Av k $ * \ " |
l ‘b Y + r +r y 4 N
|
|
| t [ n Px ¢ |
| |
|
' b p ’ B X oy . W o ¢ |
| fied from ASTM ~ '
|
|
A +
|
|
| Yy il w %
| t \ t £ Y ) . £ w
wit . + . " ¢
» +r 4 L ¢ A

£




JACOBS ENGINEERING GROUP INC.  sceron 16.1.¢

ALBUGUERQUE OPERATIONS PAGE L __oOF "

—

3.3

¢. Leboratory shaker or rotator,
d. Analytical balance,
e. Laboratory oo book,

3.2.2 Solutions

0. Site specific  waters, synthetic oaroundwater or
Tixfviant solutions can be used as & Yeach medium,

b. Prepare synthetic groundwater or Yixiviant solutinng
using reagent grade chemicals.

€. Record masses of chemicals an® volumes of Yiquid used
in making the solutions 1n the laboratory 109 bock,

3.2.3 Procedure:

0. Based upon the results of the moisture content
determination, wefgh out the equivalent ot 76g + § ¢
(dry weight) of sample and record the weight (neBrest
0.01 ¢).

b, Introduce advout 300 mL of solution inte the sample
container, The actual volume (mL) of lixiviant
should be four timee the weight of the solid sample
in grams.

¢. Shake the contents of the vessel to ensure contact
between the 11quid and solid phases, Place the
vessel on a laboratory shaker/rotator and gently
agitate for a minimum of two hours per day for @
minimum of three days.

d. At the end of the contact period, centrifuoe (minimum
1400g) or filter (maximum 0.45 mm pore size) the
Tixiviant solid sample mixture, One hundred mi of
the solution will be acidified to pH 2.0 with HND3
and placed 1in refrigerated (4 ) storage. The
remainder of the solution wil) be refrigerated (4°C)
without treatment and will have the following
parameters measured upon 1t within one hour of
¢ollection: pM, Eh (Redox Potentia)), and electrica)
conductivity,

Column leach experiments
3.3.1 Apparatus:

8, 4" diameter by 12" lono ponlycarbonate cylinders with
either rubber stoppers or machined fittings to seal

JEG-AL~-QA-21(0/07)
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RECORDS

In order to document the activities associated with each testing 8,
laboratory notebook will be maintatned. This notebook will contain
the following information:

A, Instrumentation calitration
1. pH meter - 1isted by number or description
a, Date and time of calibration
b. Standard used as set point
¢. Readings for other known pHs
d. Slope factor

2. Redox potential (Eh) meter - Visted by number or description
2. Date and time of calibration
v, Standard used as set point
¢. Readings for other known Ehs

3. Conductivity meter 1isted by number or description
a. Date and time of calibration
b, Conductivities of standards

olid sample moisture content

, Date and time of determination
. Sample numoer and description
. Mass of sample before drying

. Drying time and temperature

. Mass of dry sample

. Calculated percent moisture

ffluent characteristics

. Date and time of sampie collection

. Sample number and description

.+ Physical description - clear brown, c¢loudy yellow, etc.

. Chemical parameters measured at time of collection -
dependent upon type of experiment,

. pH

. Eh

. Conductivity

. Excess 1ixiviant

S
)
2
3
4
5
6
£
1
2
3
¢

Akalinity
Any other parameters that may be specific to the type of
experiment

- O oo

5.0  REFERENCES

ASTM, 1984, Method D2216, Laboratory Determination of Water (Mofsture)
Content of Soil, Rock, and Sofl Aggregate Mixtures; Vo). 04,08, Soi)
and Rock, Building Stones; ASTM, 1916 Race St., Philadelphia, PA,

JEG-AL=QA-21 (B/87)
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. ASTM, 1984, Method 4319, Distribution Ratios by the ShorteTerm Bateh
Method, Vol, 04,08, Sof) and Rock, Building Stones; ASTM, 1916 Race
St., Philadelphia, PA,

Prepared By: A ‘l‘y{‘-\z,vu‘.,__’

Reviewed By: / St
‘—Wn/ G / anager
{ n

Approved By:\\_.:/*’;../v;, AIIAN e

‘1 Project MaRgaer
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{ - S wtant Blw 1A N :
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DATE
—
s ———— e —
» , ’ EFFECTIVE
FIELD MEASUREMENT OF WATER SAMPLES FOR el il A TN EE L SRC——
TEMPERATURE, CONDUCTIVITY, pM, ALKALINITY, SUPERSEDES
" \ r A R ————
AND TOTAL ACID 5208 o |
0 BURPOSE
1‘ proy 1€ DY \(f"(' tyh' 4 i dgeterminat f for ;(",9'1. i
l onductivity, alkalinity, and tota) acidity w be perfor
jocumented
SCOPE
-
Thest py £ res are apg able 1t mombey f ) TA ar i 4 tract
subcontractors with responsibilities a ties for the field me » '
of ¢ lected water samples prior to shipment to the analytical 1at tory
.“;,“v;..'\.'
1 “‘u;
3 pH Meter & Ltlectrode with "slope" a tment feature wit?
temperature compensator
4 Conductivity Meter & Electrode with thermometer
@ 3.8 Thermometer
3.6 Magneti Stirrers ar Magnet stirring ba Ay able !
Laboratory)
3.7 ‘\.'\'qt !
. & Filter Apparatus and Filters
3.9 Erlenmeyer Flask 125 m (Available at Lat ratory)
3:18 Volumet Flaske lass A 100, 250, 500, and 1000 mL (Ava
&t Laboratory £ bput | m are re i re only if presg
solutions T1ste n 4
3.11 Graduatea Cylinder : 100, 250, and 500 mL (A ,
Laboratory) All but mL are required only 1if prepari
. 1isted in 4.
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3.12 Beakers: 150, 250, and 400 mL (Available at Laboratory) Required
only 1f preparing solutions 1isted in 4.0,

3.13 Sample Bottles: 250, 500, 1000 ml. (or U.S. equivalents)

. 3.14 Cooler w/"blue fce" or equivalent

4.0

3.15  Parafilm or 1ts equivalent

REAGENTS & SUPPLIES

NOTE: Whenever required by the procedure, JEG purchases and uses prepared,
calibrated and certified solutions from chemical supply firms. The
following are listed in the event certified solutions are not readily
available or are used whenever procedure parameters do not require use of
certified solutions. In the event that solutions require preparation, they
will be prepared at the laboratory before going into the field. Items 4.)2
through 4.21 are required only as needed,

4.] Potassium Chloride: KC). Reagent Grade. Purchased from chemica)
supply firms,

4.1.1 0.2 ™ potassium Chloride: 0.2 M KC) Standard Solution
iequivalent to 24,820 umhos/cm and 14,910 mg KC1/L). Weigh
out 14.91 grams of KC1 crystals into a 1000 mL volumetric

lask containing 750 mL of distilled water. Mix solution
to dissolve KC1 salt, Add distilled water to 1000 mL mark,
stopper flask, and mix sciution well, Store solution in @
polyethylene or glass bottle labelled with "24, 820 umhos/cm:
14,910 ﬂ? KC1/L", "0.2 M KC1: 14.9] 3 KC1/L distilled
water", date, and preparer’'s initials. Make all dilutions
from this bottle.

Conductance of KC)1 Solutions @ 250 C.*

Loncentration Conductance (umho/cm)
b o 2 oy
0. ee 149,85 .-
0.000) 7.8 149,43 14,94
0.0008 37.3 147.81 73.90
0.001 74.6 146.95 147.0
0.005 373 143,56 717.8
0.0] 746 41,27 1,413
0.02 1,491 138.34 2,767
0.0% 3,728 133,37 6,608
0.1 7,455 128.96 12,900
0.2 14,910 124.08 24,820
0.5 37,276 117.27 58,640
1.0 74,55] 111.87 111,900

*From Reference 12.1. See 12.0.
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KC1-A Solution: Pipet 10 ml of the 0.2 M KC1 Standard Solution into
8 200 mL volumetric flask containing 150 mlL of distilled water and
mix solution well, Add distilled water to 200 mlL mark of flask,
stopper flask, and mix solution well., Label flask as “KC1:-A",
*1,413 umhos/cm", *10 mL of KC1 Standavrd Solution/ 200 mL of
distilled water", date, and preparer's initials,

KC1-B Solution: Pipet 10 mi of the KC1 Standard Solution into a 100
ml volumetric flask containing 70 mL of distilled water and mix
solution well, Add distilled water to 100 mL mark, stopper flask,
and mix solution well, Label flask as "KC1-B*, 2,767 umhos/cm”, 10
ml of KC1 Standard Solutien/100 mL of distilled water", date, and
preparer’s initials.

KC1-C Solutfon: Pipet 25 ml of the KC1 Standard Solution into a
100 ml. volumetric flask contatning 70 mL of distilled water and mix
solution well., Add distilled water to 100 mL mark, stopper fiask,
and mix solutfon well, Label flask as "KC1-C", "6,668 umhos/cm",
*25 mL of KC1 Standard Solution/100 mL of distilled water", date,
and preparer’s initials,

KC1-D Solution: Pipet 50 mL of the KC1 Standard Solution into a
100 mL volumetric flask containing 40 mL of distilied water and mix
solution well, Add distilled water to 100 mlL mark, stopper flask,
and mix solution well. Label flask as "KC1-D*, “7,446 umhos/ce",
*50 mL of KC1 Standard Solution/100 mL of distilled water", date,
and preparer’'s initials,

Hydrochloric Acid: HC1, 36.5-38%, 12 M (~12 N); Reagent Grade.
Purchased from chemical supply firms,

Nitric Acid: HNOy. 70%, 16 M (~16 B); Reagent Grade. Purchased
from chemical supply firms.

Sulfuric Acid: H,S0,. 98%, 18 M (~36 N); Reagent Grade. Purchased
from chemical supply firms.

Sodium Hydroxide: NaOH. Reagent Grade. In peliet form. Purchased
from chemical supply firms.

~]1 N NaOH Solution: Add 40 g of reagent grade Sodium Hydroxide
pellets to a 1000 mL volumetric ¥lask containing 900 wlL of
distilled water or its equivalent and swirl soiution to dissolve the
NaOH pellets. Cool solution in an ice water bath. Aud distilled
water to the 1000 mL mark, stopper flask, and mix solution well.
Store solution in a polyethylene bottle labeled with “«1 N NaOK",
*40 g NaOH/1000 mL of distilled water', date, and preparer’s
initials. Prepare fresh solution every 30 days and add new date.

1.6 N NaOH. HACH cartridge. Purchased from chemical supply firms,
0.16 N NaOH., HACH cartridge. Purchased from chemical supply firms.
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‘ 4.°3 pH 1 Buffer Solution: Certified as $0.0z pH unmits and wit!
expiration date. Purchased from chemicel supply firm., Supplied ir
tablet or powder form NOTE : Prepare fresh before use¢ a
instructed. Discard solution after use
6.14 pH 4 Buffer Solutior Certified os 40.07 pH units and wit)
axpiration date Purchased in solution form from chemical supply
firm NOTE Discard any solution whose expiration date has
. ¢lapsed.
\
4.15 pH 5 Buffer Solution: Certified as £0.02 pH units and with
expiration date. Purchased in solution fornm from chemical suppiy
firm NOTE: Discard any solution whose expiration date has
y elapsed,
4.16 pH 7 Buffer Solution: Certified as 40.02 pH wunils and witt
expiration cate. Purchased in solution form from chemical supply
b firm. HOTE : Discard any solution whose expiration date has
elapsed,
4.7 pH 10 Buffer Solution: certified as +£0.02 pH units and wit!
; expiration date Purchased in solution form from chemical supply
% firm, NOTE : Discard any solution whose expiration date ha
! elapsed.
‘ . 4.18 pH 12.45 Duffer Solution: Certified as 40.02 pH units and with
: expivation date. Purchased from chemical supply firm., Supplied ir
powder form NOTE Prepare fresh before use as instructed
) Discard solution after ute. Due to the instability of this high pH
buffer solution, prepare this buffer solution fresh 3s neided and do
) not store
. 4.19 Distilled Water ur Defonized Water
" 4.20 Masking Tape, Nylon Tape, Electricians Teve, and Magic Marker,
]
' 4.21 Plastic Sheet and Aluminum Foi).
) 4.22 Lint-free Tissue(s)
L 4.23 Data Coliection Sheets: Witer Quality Sampling Record Furn .
) Chain-of-Custody Forms, and Sample Collecticn Procedures |
J
& 5.0 PROCEOURE: Field Mcasurements of a Collected Water Samole ]
‘i 5.1 whenever practical, final field measurement: are to be taken after
_ at least three (3) borehoie volumes have beer pumped from the well
: and as close to the ti~e of sampling as 1s pos:ible,
’
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' 5.2  Field measurements to determine temperature, conductivity, and pM
are performed on a water sample as 1t s being collected and are to
be recorded on Attachment 16.1.10 2.

5.3  Alkalinity 1s determined on an a.i¢wt of the raw water sample and
prior to shipment of the sample te f13e laboratory. Titration
volumes at a specified pH are observed and rerorded on Attachment
16.1.10.2, page 3 of 4. Known alkalinity solu on data are observed
and recorded on Attacnment 16.1.10.3.

5.4 Totu: Ac'J determinations are performed on selicted groundwater or
lytineoie, (pore watorl samples, This data fx recorded in the
*COm“TY 5" partion of Attachment 16.1.10.2.

6.0 PROCEDURE: Temps ature Measyrement

A conductivity ¢ cer and electrode with a thermometer built into the
" vode are 81~ 2gly cecommended for this prucedure.

. ~1ean the, mometer by washing 1t in a solution of «\ip and water.
Use « brush to scrub the thermometer. Rinse thermon- '~ well with
distilled water and blot dry with 1int-free tissue(s,

6.1.1 NOTE: blot dry thermometer and eleciivce with
‘ fssue, ater droplets remaining on these prales may

6r 'ute or otherwise affect measurement data. T:Sing
prof« with tissue may result in warming the thermome: - or
prodiy - an electrostatic charge on the electraue anc v
girec / alter meter readings.

v.l.2  If Coructivity Meter has a thermomete. built into ine
elect ode, use instructions of 6.1,

6.2 A combination conductivity-temperature probe is used in the fleld.
This thevmometer must be checked against & lab grade mercury
thermomecer at least once a month, At the same time, the
conduc*iv'ty meter is also tested for accuracy, using the following
A 5 (L

6.2.1 to.* approximataly 3¢ wl of lab prepared KCL solution of
4.3 above inte @& clear Dbeasker, Place the clean
temper ‘ture- conductivity probe into the solution. Place
the bea-:= in an fce bath, and using a lab grade mercury
thermome*«r. c¢hiil the solution to as near 0o C as

ossible, 5.t should be 9laced on the ice to reach this
ow temperatvr,

6.2.2 When the KCL soli.fon has reached a maximum of 3o C, read
and record the Lo rerature from the Yab thermometer and the

meter,
' Als> read and recc 'd the conductance,
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NOTE: It meter has an automatic temperature compensator (ATC), turn
off ATC or turn dial to "0." Do not use ATl for this test.

6.2.3 Remove the beaker from the ice bath to allow it to warm,
Continue reading and recording temperature pairs as well as
conuuctance at least every 20 C up to 250 C. Remove
thermometer from the beaker, clean with distilled water,
pat dry with tissue(s) and store.

6.2.4 Remove temperature-conductivity pi . vbe from beaker, rinse
with distilled water, and blot dry with tissues. Pour
approximatcly 20 mL of the other three KC1 standards (at
room temperature) into four separate clean beakers,
heasure and record the cunductance of each solution, being
sure to rinse and dry the probe between measurements,

6.2.%5 Remov. temperature-conductivity probe from the final
beaker, rinse with distilled water, dry with tissue(s) and
store,

6.2.6 Using the dJdata from 6.2.2, 6.2.3, and 6.2.4, plot lab
thermometer temperature versus meter temnerature on
arithmetic
graph paper. Plot meter temperatuie versus meter
conductivity

and meter conductivity versus known conductivity on
trithmetic

wraph paper. Submit the data and graphs to the water
sampling
JAanager,

6.2.7 The meter is now ready for measuring temperature and
conductance in the field,

6.3 Insert (he dry and clean thermometer into the flow-through cell.
Allow tle temperature to stabilize. Record the temperature

measurenants periodically on Attachment 16.1.10.2 throughout the
time of pumping.

6£.3.1 Place the Yiow-through cell close to the wellhead. Be sure
to keep the cell and discharge hose/tube out of direct
suniight.

6.3.2 Use the temperature data to adjust the pH temperature
compensator,

6.4 When tho sample boitie is full, shut off the pump, and carefully
withdraw the thermometer from the flow-through cell. NOTE: If
water
sample louvks "dirty" and contairs residue that will not be removed
with distilled water, clean thermometer probe as stated in 6.1,
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6.5 Rinse thermometer probe with distilled water and blot dry with
lint-free tissue(s). The probe 1s now ready frr another water
sampling activity or storage.

6.5.1 If the probe is to be stored, place 1t in {ts carrying
case. Label with "clean", date, and initials,

6.6 Clean equipment as described in 8.8 through 8.10 of Section 16.2.1.

6.7 If Conductivity, pH, A]kclinitg. or Total Acidity determination is
required, proceed with 7.0, 8.0, 9.0, or 10.0.

6.8 To prepare sample for filtration (if required), preservatio. (if
required), and shipmen* of sampies to the analytical laboratory,
proceed with 12.0 of Section 16.2.1.

7.0 PROCEDURE: Conductivity Measurement

A Conductivity Meter and electrode with a thermometer built intc the
electrode 1s stronaly recommended for this procedure. Bacause ~onductivity
measurement instruments and instrument operation instructions vary with
each manufacturer, the lnl]Kst is advised to use the specific instructions
for instrument operations that are provided with the conductivity meter to
be used by the analyst,

éfznot already performed, test conductivity meter as described in “ection

7.1 Remove electrode and cable from carrying case, rinse well witn
distilled water, and blot dry with tissue.

7.1.1 Alwavs biot dry electrode with tissue. Water droplet(s)
remaining on the electrode may dilute or otherwise affect
conductivity measurement(s). Rubbing electrodes with
tissue may also produce electrnstatic charges on the
electrode and thus directly alter meter readings.

7.2  insert clean and dry electrode/cable into the flow-through cell
before water sampling is to begin. Read sample conductivity and
record value(s) periodically throughout the sampling period and
especially Just after sampling is completed.

7.3  Withdraw electrode and cable, rinze well with distilled water, and
blot dry with tissue paper. Electrode/cable now ready for another
sampling activity or storage.

7:3:1 label with "clean", date, and initials if electrode is to
be stored.
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7.4 if pH, Alkalinity or Total Acidity determination 1s required,
proceed with 8.0, 9.0, or 10.0. If pH, Alkalinity or Totnr] Acidity
determination s not required, proceed with 12.0 of Section 16.2.1.

7.4.1 To prepare water sample(s) for filtration (if required),
preservation (if required), and shipment to the analytical
laboratory, proceed with 12.0 of Section 16 2.1.

Check Attachment 16.1.10.2 to make sure that 27! of the required
sampling data has been recorded.

7.6 Proceed with 12.9 of Section 16.2.) to complete required duties,

PROCEDURE: _pH Measurement

A pH meter and electrode with a temperature compensator and a slope
adjustment feature are strongly recommended for this procedure. Because
pH measurement instruments and instrument operation instructions vary with
each manufacturer, the analyst 1s advised to use the specific instructions
for instrument operations that are provided with the p!! meter to be used
by the snalyst. The meter and electrode can be readily adjusted to the
temperature of the sample solution and can be calibrated with pH buffer
solutions so that the analyst may easily and quickly work with samples
having a pH range of 1-4, 4.7, 7-10, or >10.

8.1 Rinse the pH electrode with distilled water and blot dry with
lint-free tissue(s).

8.1.1 Always biot dry pH electrode with tissue. Water droplet(s)
remaining on the electrode may dilute or otherwise affect
measurement cata. Rubbing electrodes with tissue may
result 1in producing an electrostatic charge on the
electrode and so directly alter the meter readings.

When not wusing pH meter/electrode, always place pH
electrode in a container of pH 4 buffer solution and seal
with parafilm or its equivalent.

Prior to performing pH measurements in the field or in the lab, at
least once per quarter, test the pH meter and Electrode: Determine
Temperature and pH. The description below 1s for a meter with an
Automatic Temperature Compensator (ATC). For meters not equipped
with an ATC, the procedure is the same.

8.2.1 Prepare a pH 5.0 buffer solution as described on the pH
tablet bottle and label as "pH 5.0 Buffer Solution", add
date, and write initials on bottle.

Pour 30 mL of pH 5.0 buffer solution into each of three
(3) beakers labelled as "A-pH £.0" (beaker A), "B-pH 5.0"
(beaker B), and "C-pd 5.0" (beaker ().
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8.2.3 Place beaker A in an ice water bath, beaker B on the lab
bench, and beaker C in a hot water bath. Allow beakers
10-15 minutes to acclimate to their media. Swirl beakers
to mix solution,

8.2.4 With automatic temperature compensator {ATC) off or dialed
t* "0", place a clean and dry pH electrode and a clean and
dry lab thermometer into beaker A, Read pH to the nearest
0.01 pH units and temperature to the nearest 0.le C,.
Record pH and temperature on Attachment 16.1.10.1.

8.2.5 Withdraw electrode and thermometer, rinse each with distilled
water, and dry with tissue.

8.2.6 Repeat 7.2.4 and 8.2.5 with beaker B.

8.2.7 Repeat 8.2.4 and 8.2.5 with beaker C. Store clean electrode
as stated in B.1.2. Store ciean thermometer as stated in

6.5.
8.2.8 Plot pH and temperature data on semi-log graph paper (pH
:ersus temperature). Attach this da*a to Attachment
6.1.10.1.

8.2.9 Unless foregoing data indicates that pH meter/electrode are
not operating properly, pH —eter/electrode 1is ready for
sample collection trip in the field or laboratory work.

8.3 Calibrate the pH meter and electrode with standardized pH buffer
solutions. NOTE: See 4.13 to 4.21.

8.1 If pH meter has a slope adjustment feature, calibrate pH
meter and electrode with buffer soiutions which bracket the
sample pH.

A. Set ATC on pH meter to the temperature of the water
sample, Use temperature data from 6.3. Alternatively,
if the pH meter does not have an ATC, chill the pH buffer
solution(s) to equal the water sample temperature.

B. To calibrate pH meter/electrode for pH 4-7 range, insert
clean and dry pH electrode into a labelled beaker
containing a fresk solution of pH 7 buffer. Measure pH.
Adjust pH reading to 7.0. Withdraw electrode, rinse with
distilled water, and blot dry with tissue. Insert clean
and dry pH electrode into a {abelled beaker containing a
fresh solution of pH 4. Measure pH. Adjust the slope to
give a pH reading of 4. Withdraw electrode, rinse with
distilled water, and blot dry with tissue.

0 To calibrate pH meter/electrode for pH 1-4 range, use
pH 1 and pH 4 buffer solutions. Use pH 4 buffer
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solution instead of pH 7 buffer solution and pH 1
instead of pH 4 as stated in B. above.

o To calibrate pH meter/electrode for pH 7-10 range,
use pH 7 and pH 10 buffer solutions, Use pH 7 buffer
solution and pH 10 buffer solution instead of pH 4 as
stated in B. above.

o To calibrate pH meter/electrode for pH 10-12.45
range, use pH 10 and pH 12.45 buffer solutions, Use
H 10 instead of pH 7 buffer solution and pH 12.45
gffer solution instead of pH 4 as stated in B.
above.

C. Insert clean and dry pH electrode into a labelled beaker
containing a fresh solution of one of the buffers which
bracket the sample. Measure pH. Withdraw electrode,
rinse with distilled water, and blot dry with tissue.
Repeat with the other buffer which brackets the sample.

o If pH 1s within £0.02 units, depending on
certification
of pH buffer solution, proceed with 8.4 and with pH
measurements of water samples.

o If pH {s not within #£0.02 units, depending on
certification of pH buffer solution, repeat A, B, and
C until pH meter/electrode gives repetitive readings.
Repeat at least twice. If pH meter or electrode does
not work satisfactorily, see Troubleshooting
Instructions for pH meter and electrode.

8.3.2 1f the pH meter does not have a slope adjustment feature, set
ATC on pH meter to the temperature of the water sample. Use
temperature data from 6.3. Alternatively, if the pH meter
does not have an ATC, chill the pH buffer solution(s) to be
used for the calibration or calibration checks to equal the
water sample temperature.

A. Insert a clean and dry pH meter into a pH 7 buffer
solution. If necessary, adjust pH meter to 7 or pH
reading on pH 7 buffer bottle. Record pH meter reading.
NOTE: Record all pH readings on Attachment 16.]1.10.2.

B. Withdraw probe, rinse probe well with distilled water,
and blot probe dry with tissue paper.

C. Repeat A and B.

D. Insert clean and dry pH probe into the sample solution,
obtain pH reading, and record pH reading.
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Repeat B,

Insert clean and dry nH probe into a pH buffer solution
that best approximates the pH of the sample solutior
Obtain and record pH reading.

Repeat B

Repeat A and B. NOTE: Analyst should determine when
and how often 1) pH meter should be recalibrated with pH
7 buffer solution, and 2) pH buffer solution that best
approximates the sample pH should be used,

Analyst should continue with sample(s) until all of pH
data has been obtained and recorded. Use A through H.

insert clean and dry pH electrode into the flow-through cell soon

efter well pumping has begun. This will eliminate or reduce pH
meter drift.

It th> pH meter has an ATC, adjust the temperature setting on the pH
reter to the temperature of the sample solution, NOTE: Use
temperature measurement data from 6.3.

8.5.1 Alternatively, 1f the pH meter has no ATC, reduce the
temperature of the pH buffer solutions when calibrating the
pH meter,

Read pH and record measurement within five (5) minutes or after
drift has ceased, whichever 1s sooner. Rinse and blot dry
electrode. If possible, perform pH measurement at least three (3)
times during the purging of the well,

Periodically during purging, check accuracy of the pH meter with
buffer solution(s) that bracket the sample solution and adjust pH
meter as needed according to 8.2.]1 or 8.3.2.

when purging 1s completed, withdraw the electrode from the flow-
through cell, rinse the electrode with distilled water, and blot dry
with tissue(s). Measure the final pH of each of the two (2)
bracketing buffers, being sure to clean the electrode between use of
the buffer solutions,

8.8.1 1f the meter is accurate within 0.10 units of each buffer,
record the results on Attachment 16.1.10.2. Proceed to
8.9,

If the meter is inaccurate (greater than 0. 10 units
variance with either buffer) recai.brate the meter.
Continue purging and recording pH of the sample for at
least four (4) to eight (8) liters of sample. Return to
8.7 and repeat until consistent pH reading within 0.10
units is achieved
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dL 8.9 When a sufficient volume of sanple has been collected in the sample
bottle, remove hoses and pumps from the well hole.

8.10 Clean pH electrode: rinse with distilled water and blot dry with
tissue. pH electrode now ready for anothor sampling activity or
storage. To store electrode, see 8.1, lzbel with "clean”, date,
and initials.

8.11 Clean equipment as describad in 8.8 through 6.10 of Section 16.2.1.

8.12 Check Attachment 16.1.10.2 to make sure that all of the sampling
data has been recorded on the form.

8.13, 1f Alkalinity or Total Acidity determination is required, proceed
with 3.0 or 10.0 respectively.

8.14 To prepare sample for filtration (if required), preservation (if
required), and shipment to the analytical laboratory, proceed with
12.0 of section 16.2.1.

9.0 PROCEDURE: Alkalinity Measurement

Alkalinity determination (total carbonate) is performed on an aliquut of
the raw, unfiltered, and unpreserved water sample by titration of the
' sample with an acid and measured by a pH ineter,

8.1 Fi11 in a1l sample information on Attachment 16.1.10.2, page 3
NOTE: Record g}l procedure information on Attachment 16.1
page 3 of 4,

9.2  Wash the Erlenmeyer flask(s) anc volumetric flask(s), to be used for
this determination, with soap and water. Rinse the flasks THREE (3)
times with 20 mL of distilled water. Discard rinses. Set flasks
upside down to drain, After 10 minutes, remove remaining water
droplets by shaking flasks vigorously.

9.3 vonnect clean pH electrode to the pH meter and rinse electrode well
with distilled water and blot dry with tissue.

9.4 Calibrate the pH meter/electrode as described in 8.3 and store
electrode as described in 8.1.

9.5 Without too much splashing or other vigorous agitation of the water
sample, carefully pour the water sample into a labelled 100 ml
volumetric flask. Add water sample to the 100 mL mark. NOTE: Pour
sample down the side of the flask.

9.6 With as 1ittle agitation as possibie, carefully pour the water
sample from the flask into a labellec 125 mL Erlenmeyer flask. If
. available, add a magnetic stirring bar, turn magnetic stirrer on,
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and stir sample slowly. Record sample aliquot volume on Attachment
16.1.10.2, page 3 of 4

9.7 Insert the pH electrode into the sample and suspend the electrode in
the water sample. Adjust the ATC on the pH meter to the temperature
of the water sample. Determine sample pH and record value.

9.8 Place a 1.6 N H,S0, cartridge in the titrator. Record the titiant
1ot number o the cartridge (on Attachment 16.1.10.2). Eject a few
drops of titrant from the titrator tip, wipe tip with a clean
tissue, and reset the counter to "0000".

9.9 While gently stirring the sample, titrate the sample with acid by
turning the titrator delivery knob. Obtain pairs of pH and
alkalinity readings at each pH value listed on Attachment 16.1.10.2,
page 3 of 4. NOTE: The alkalinity velue at the inflection point
between pH 5 and pH 4 will be determined by the Site Hydrologist.
The volume in mL equals digital titrator reading divided by 800.

9.9.1 Alkalinity titration endpoints depend upon the total
alkalinity concentratior. Tne following endpoints will be

used:

Alkalinity End Point
0-30 mg/L pH 5.1
31-150 mg/L pH 4.8
150 mg/L pH 4.5

9.9.2 When the titration is complete, checx pH meter calibration
(See 8.32. If the meter is accurate within 0.2 units of
each buffer value, record the results on Attachment
16.1.10.3. If the meter is inaccurate (greater than 0.2
units of each buffer value), recalibrate the meter and
repeat the alkalinity test.

.10 Repeat this procedure with a second Tech Rep performing the
titration on a fresh aliguot of water sample.

9.11 Calculate the relative error (R.E.) as:

(X, = X;) x 100%
RE. (%) =

Where X, is the first alkalinity measurement at pH endpoint, X, is
the second alkalinity measurement at pH endpoint, and X, is the
lesser of X, or X,.

9.12 If the percentage error is greater than ten percent (>10%), repeat
the foregoing procedure until two (2) consecutive measurements are
within 10% relative error.
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9.13 Perform alka11n1tg determinations on three (3) known solution(s)
submitted to JEG by a quality contro)l laboratory and record the pH
and alkalinity values on Attachment 16.1.10.3. When performing this
procedure, the standard solution identification, site
fdentification, alkalinity test kit identification, pH meter
fCentification, date, and Tech Rep name pust be filled out on
Attachment 16.1.10.3. Send this attachment to the Quaiity Control
Laboratory

9.13.1 Send a copy of Attachment 16.1.10.3 to the Data Manager who
will record this data on a form similar to Attachment
16.1.10.3 provided by 2 quality control laboratory,

9.13.2 Field alkalinity values and known solution vilues must
agree within 10% of each other or the field test will have
to be repeated until the values are accurate.

9.14 To prepare the sample(s) for filtration (if required), preservation

(1f required), and shipment, proceed with 12.0 of Section 16.2.1.

9.15 If Total Acidity 1s required, proceed with 10.0,
9.16 To complete duties, proceed with 12.9 of Section 16.2.1.

10.0 PROCEDURE: Total Acidity

This procedure is performed on selected groundwater or lysimeter (pore
water) camples to determine the total acidity of the solutions and to
determine the acid-neutralizing potential of carbonate materials within
silty soils or sediments.

Digital Titration with HACH Cartridge

10.1 Record site identification, location identification, date, and all
titration data under "Comments" on the Soil Water Sampler Data
R:cord. under "Notes" of Attachment 16.1.10.2, or on a separate data
sheet,

10.2 Calibrate the pH meter/electrode as described in 8.3 and store pH
electrode as described in 8.1.

10.

(%3]

Rinse a 100 mL graduated cylinder and a 125 ml Erlenmeyer flask with
diztilled water. Place cylinder and flask upside down to allow
excess water to drain, Remove residual water droplets by vigorously
shakin? the cylindar and flask. NOTE: If a 100 mL cylinder is
unavailable, use a 100 mL volumetric flask.

10.4 Carefully pour a 100 mL aliquot of the unfiltered water sample into
the graduated cylinder and then carefully pour the sample into the
125 mL titration flask. NOTE: Pour sample down the side of the
cylinder and flask.
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10.4.11f necessary, use a sample aliquot of less than 100 mL to
perform a second titration. NOTE: Two (2) sample aliguots of 50 ml
each with titrations on each aliquot are preferred to one (1) sample
aliquot of 100 mL and one (1) titration,

Place clean pH electrode into the water sample, add a magnetic
stirring bar, place sample on a magnetic stirrer, and gently stir
sampie. Record the initia) sample pH. Withdraw pH electrode, rinse
electrode with distilled water and blot dry with tissue.

Place a 1.6 N NaOH cartridge in the titrator. Record the HACH
titrant lot number of the NaOH cartridge. Eject a few drons of
titrant from the titrator tip, wipe tip with clean tissue, and reset
the counter to "0000".

wWhile gently stirring the sample, turn titrator delivery knob and
start titration. Record sample pH and corresponding volume of NaOH
titrant after every 1-2 turns of the titrator delivery knob (volume
in mlL = digital titrator reading divided by 800). If pH endpoint of
8.3 is obtrained after less than eight (8) turns, then re-do the
titration,

10.7.1 Do not use color indicator tablets to determine the pH
endpoint.

10.7.2 Use a 0.16 N NaOH cartridge to re-do the titration. Record
use of 0.16 N NaOH on the data sheet Form 10.1.

Rinse all glassware with distilled water. Set glassware upside down
to allow excess water to drain,

Calculate the total acidity as follows:

V., x N, x 10
Acidity, u equiv/liter = -L“"~VL——-*'
a

Where V., « Volume, in mL, of NaOH titrant used to obtain pH 8.3, N,
- Normaﬁity of NaOH used to titrate the sample, and V, = Volume, in
mL, of sample aliquot (should be 50 or 100 mL, unless lysimeter
produces very little water). NOTE: Be sure to specify and record
which NaOH and Volume of NaOH are used for the titration,

Repeat the titration procedure with a second Tech Rep performing the

titration unless there is insufficient sample volume produced by the
well or lysimeter.

Calculate the relative error in percent (R.E., %) as previously
descridved in 9.11.

If the relative error is greater than 10%, repeat the procedure a
third time, unless there is insufficient sample volume available.
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10,13 Check Attachment 16.1.10.2 to see that all of *he
required data has been recorded on the forms.
10.14 See 12.9 of Section 16.2.1 to complete reguired
duties.
11,0 ATTACHMENT (8): Supporting Document(s)

16.1.10.1 FEgquipment Checklist

16.1.10.2 Water Quality Sampling Record Form
16.1.10.2 Alkalinity Titration Form (page 3 of 4)
16.1.10.3 Sstandard Alkalinity Test

12.0 REFERENCES

12.1 APHA/AWWA/WPCF, 1885. - the
Examination of Wat » 16th Edition.
American Public Health Association, Washington, D.C.
200085,

12.2 Korte, N. and P. Kearl, 1984, "Proceaures for the
Collection and Preservation of Ground Water and Surface
Water Samplos and for the Installation of Monitoring
Wells," U.S. Department of Energy, Grand Junction,
Colorado.

13.0
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12 Beakers: 150, 250, and 400 mL (Available at Laboratory)
Required only if preparing solutions listed in 4.0,

Sample Bottles: 250, 500, 1000 mL (or U.S8. equivalents)
Cooler w/"blue ice" or egquivalent

Parafilm or its equivalent

BEAGENTS & SUPPLIES

NOTE: Whenever required by the procedure, JEG purchases and
uses pre,ared, calibrated and certified solutions from chemical
supply firms. The following are listed in the event certified
solutions are not recdily available or are used whenever
procedure parameters do not require use of certified solutions,
In the event that solutions require preparation, they will be
prepared at the laborat-ry before going into the field. Items
4.12 through 4.2]1 are required only as needed.

4.1 Potassium Chloride: KCl. Reagent Grade. urchased from
chemical supply firms.

4.1.1 0.2 M Potassium Chloride: 0.2 M KCl Standard
Solution (equivalent to 24,820 umhos/cm ana 14,910
mg KCl/L). Weigh out 14,91 grams of KCl crystals
into a 1000 mL volumetric flask containing 750 mL
of distilled water. Mix solution to dissolve KCl
salt. Add distilled water to 1000 mL mark,
stopper flask, and mix solution well. Store
solution in a polyethylene or glass bottle
labelled with "24,820 umhos/cm: 14,910 mg KCl/L",
"0.2 M KC1l: 14.91 g KC1/L distilled water", date,
and preparer's initials. Make all dilutions from
this bottle.

Conductance of KCl Solutions € 25°* C.*
concentration conductance (umho/cm)
M EPM Eguivalent Specific
) - 149.85 -
149, 14.94
147, 73.90

147.0

717.8
1,413
2,767
6,668
12,900
24,820
58,640
111,900
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4.2 KCl=A Solution: Pipet 10 mL of the 0.2 M KC1l Standard
Solution into a 200 mL volumetric flask ccntainin? 150 mL
of distilled water and mix solution well. Add distilled
water to 200 mL mark of flask, stopper flask, and mix
solution weil. Label flask as "KCl=-A", "1,413 umhos/cm",
"10 mL of KC1 Standard Solution/ 200 mL of distilled
water", date, and preparer's initials.

4.3 KCl~B Solution: Pipet 10 mL of the KCl Standard Solution
into a 100 mL volumetric flask containing 70 mL of
distilled water and mix solution well. Add distilled
water to 100 mlL mark, stopper flask, and mix solution
well. Label flask as "KCl-B", 2,767 umhos/cm", 10 mL of
KCl Sstandard Solution/100 mL of distilled water", date,
and preparer's initials.

4.4 KCl1-C Solution: Pipet 25 mL of the KCl Standard Seclution
into a 100 mL volumetric flask containing 70 mL of
distilled water and mix solution well. Add distilled
water to 100 mL mark, stopper flask, and mix solution
well. Label flask as "KCl=-C", "6,668 umhos/cm", "25 mL of
KCl Standard Solution/100 mL of distilled wate-", date,
and preparer's initials.

4.5 KCl-D Solution: Pipet 50 mL of the KCl Standard Solution
into a 100 mL velumetric flask containing 40 mL of
distilled water and mix solution well. Add distilled
water to 100 mL mark, stopper flask, and mix solution
well. Label flask as "KCl-D", "7,446 umhos/cm", "50 mlL of
KCl Standard Solution/100 mL of distilled water", date,
and preparer's initials.

4.6 Hydrochloric Acid: HCl. 36.5-38%, 12 M ( 12 N): Reagent
Grade. Purchased from chemical supply firms.

4.7 Nitric Acid: HNO,. 70%, 16 M ( 16 N): Reagent Grade.
Purchased from chemical supply firms.

4.8 S8Sulfuric Acid: H,50,. 98%, 18 M ( 36 N): Reagent Grade.
Purchased from chemfcal supply firms.

4.9 Sodium Hydroxide: NaOH. Reagent Grade. In pellet form.
Purchased from chemicai suppl' “irms.

4.10 1 N NaOH Solution: Add 40 g of reagent grade Sodium
Hydroxide pellets to a 1000 mL volumetric flask containing

900 mL of distilled water or its eguivalent and swirl
solution to dissolve the NaOH pellets. Cool solution in

an ice water bath. Add distilled water to the 1000 mL
mark, stopper flask, and mix solution well. Store
solution in a polyethylene bottle labeled with * 1 N
NaOH", "40 g NaOH/1000 mL of distilled water", date, and

JEG-AL-QA-21(8/8ET)
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and add new date,
supply firms,

supply firms.

4.1 pH 1 Buffer Solution: Certified as 20,02 pH

use.

4.14 pH 4 Buffer Solution: Certified as 40.02 pH
with expiration date. Purchased in solution

expiration date has elapsed.

4.15 pH 5 Buffer Solution: Certified as 20.02 pH
with expiratiocn date. Purchased 1n solution

expiration date has elapsed.

4.16 pH 7 Buffer Solution: Certified as +#0.02 pH
with expiration date. Purchased in golution

expiration date has elapsed.

with expiration date, Purchased in solution

expiration date has elapsed.

¥

before use as instructed. Discard solutio

store.

o
b

Distlilled Woater or Deionized Water

4.20 Masking Tape, Nylon Tape, Electricians Tape,
Marker.

4.21 Plastic Sheet and Aluminum Foil.

4.22 Lint~free Tissue(s)

2] »

4.17 pH 10 Buffer Solution: Certified as +0.02 pH

Due to the instability of this high pH buffer
prepare this buffer solution fresh ac needed and do not

preparer's initials., Prepare fresh soluti every

an

30 days

unite
with expiration date. Purchased from chemical
firm, Supplied in tablet or powder form. NOTE:

fresh before use as instructed. Discard solution

~
teh

4.11 1.6 K NaOH. HACH cartridge. Purchased from chemical

4.12 0.16 N NaOH. HACH cartridge. Puhrchased from chemical

and

supply
Prepare
after

unlits and
form

from
chemical supply firm. NOTE: Discard any solution

wvhose

unitse and
form

from
chemical supply firm, NOTE: Discard any solution whose

units and
form from
chemical supply firm, NOTE: Discard any sclution whose

units and
form

from
chemical supply firm. NOTE: Discard any solution

whose

18 pH 12.45 Buffer Solution: Certified as +0.02 pH units and
with expiration date. Purchased from chemical
firm. Supplied in powder form. NOTE: Prenare fresh

after use.

solution,

supply

Magic
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